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Advantages of Fast GC

•• Shorter Column lengths, faster ramp ratesShorter Column lengths, faster ramp rates
–– Increased sample throughputIncreased sample throughput

•• Smaller column I.d., faster ramp ratesSmaller column I.d., faster ramp rates
–– Narrower peak widthNarrower peak width

–– More plates/meterMore plates/meter

–– Lower carrier flow ratesLower carrier flow rates

–– Higher column head pressuresHigher column head pressures



Disadvantages of Fast GC

•• Smaller columnSmaller columnIDsIDs
–– Lower column capacityLower column capacity–– can require injectioncan require injection

modification, andmodification, andextract cleanupextract cleanup

•• Narrower peak widthNarrower peak width
–– Places demands on detection systemsPlaces demands on detection systems

•• Fast GC has not been accepted as much asFast GC has not been accepted as much as
academic literature would imply, mainly due toacademic literature would imply, mainly due to
limitations of detection systemslimitations of detection systems



How many data points are necessary to
correctly characterize a chromatographic

peak?

Minutes Seconds



Sampling Frequency Limitations of
Quadrupoles and Ion Traps Can

Cause Peak Biasing



Peak Biasing...



Peak Biasing...





SpectraSpectra-- TOF vs. Scanning MSTOF vs. Scanning MS
TOF Ion Ratios Vary Less Than 1% Across the PeakTOF Ion Ratios Vary Less Than 1% Across the Peak
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PAH StandardPAH Standard –– AICAIC
D10D10--PhenanthrenePhenanthrene,, PhenenthrenePhenenthrene,, AnthraceneAnthracene





Sample DSample D--09980998
Analytical Ion Chromatogram (AIC)Analytical Ion Chromatogram (AIC)



Sample DSample D--09980998



Sample DSample D--09980998
PCB77PCB77--d6, PCB151, PCB77,d6, PCB151, PCB77,DieldrinDieldrin , PCB123, PCB123



Sample DSample D--09980998
Analytical Ion Chromatogram (AIC)Analytical Ion Chromatogram (AIC)



Sample DSample D--09980998
PyrenePyrene--d10, ad10, a--CHL,CHL, EndosulfanEndosulfan II



Sample DSample D--09980998
PyrenePyrene--d10, ad10, a--CHL,CHL, EndosulfanEndosulfan II



Sample DSample D--09980998
PCB18, PCB37,PCB18, PCB37,PhenanthrenePhenanthrene--D10,D10, AnthraceneAnthracene--D10D10



Sample DSample D--09980998
PCB37,PCB37,PhenanthrenePhenanthrene--d10d10



Sample DSample D--09980998
PCB95, PCB84,PCB95, PCB84,FluorantheneFluoranthene--d10d10



Sample DSample D--09980998
PCB44,PCB44,AldrinAldrin --R, PCB28R, PCB28



SmapleSmapleDD--09980998
aa--BHCBHC--d6, ad6, a--BHC, HCBBHC, HCB



ResolutionResolution
R = 1/4 L / h x ( k / k+1 ) x (R = 1/4 L / h x ( k / k+1 ) x ( αααααααα--1 /1 / αααααααα ))

Capacity FactorCapacity Factor
k = tk = t RR -- tt00 / t/ t00

SelectivitySelectivity
αααααααα = k= k22 / k/ k11

Equations and Terms



Coupling Tuned-Selectivity Phases to
TOF-MS

•• Do not need to rely as much onDo not need to rely as much ondeconvolutiondeconvolution
proceduresprocedures

•• May be especially important for compounds withMay be especially important for compounds with
similar mass spectrasimilar mass spectra

•• More easily understood by auditors, andMore easily understood by auditors, and
regulatory agencies?regulatory agencies?



Fast GC/TOFMS of OCPs on CLPII

1. Alpha-BHC
2. Gamma-BHC
3. Beta-BHC
4. Delta-BHC
5. Heptachlor
6. Aldrin
7. Isodrin
8. Heptachlor epoxide
9. Gamma-Chlordane
10. Alpha-Chlordane
11. 4,4’-DDE
12. Endosulfan I
13. Dieldrin
14. 4,4’-DDD
15. Endosulfan II
16. 4,4’-DDT
17. Endrin aldehyde
18. Endosulfan sulfate
19. Methoxychlor
20. Endrin Ketone

Baseline resolution in less than 4.5 minutes!
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Fast GC/TOFMS of OC/OPPs on CLPII

1. 1,2-Dibromo-3-chloropropane
2. Dichlorvos
3. Hexachlorocyclopentadiene
4. Mevinphos
5. Demeton O
6. TEPP
7. Ethoprop

LECO Pegasus II GC/TOFMS
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Fast GC/TOFMS of OC/OPPs on CLPII

8. Trans-Diallate
9. Sulfotepp
10. Cis-Diallate
11. Phorate
12. Naled
13. Hexachlorobenzene
14. Alpha-BHC
15. Demeton S
16. Monocrotophos
17. Diazinon
18. Gamma-BHC
19. Disulfoton
20. Beta-BHC
21. Dimethoate

LECO Pegasus II GC/TOFMS
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22. Delta-BHC
23. Heptachlor
24. Ronnel
25. Methyl parathion
26. Aldrin
27. Chlorpyrifos
28. Malathion
29. Merphos
30. Trichloronate
31. Fenthion
32. Parathion
33. Isodrin
34. Heptachlor epoxide



Fast GC/TOFMS of OC/OPPs on CLPII

35. Gamma-Chlordane
36. Alpha-Chlordane
37. Tokuthion
38. Stirofos
39. 4,4’-DDE
40. Endosulfan I
41. Dieldrin
42. Chlorobenzilate
43. 4,4’-DDD
44. Sulprofos
45. Endosulfan II
46. 4,4’-DDT
47. Fensulfothion
48. Endrin aldehyde
49. Endosulfan sulfate
50. Methoxychlor
51. EPN
52. Endrin ketone
53. Azinphos methyl
54. Coumaphos

LECO Pegasus II GC/TOFMS
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54 compounds in 6 minutes!



Automatic Peak Find Using TOFMS

27. Chlorpyrifos
28. Malathion
29. Merphos

LECO Pegasus II GC/TOFMS

TIC

258

93

57

Fast acquisition rate of
TOFMS allows location
of unique masses and
subsequent deconvolution
of mass spectra.

Three compounds located in a one-second wide peak.

20 spectra/second



Summary

•• TOFTOF--MS has “scan” speed required to accuratelyMS has “scan” speed required to accurately
characterize peaks eluting from fast GC methods.characterize peaks eluting from fast GC methods.

•• Deconvolution procedures are further enhancedDeconvolution procedures are further enhanced
when some chromatographic separation iswhen some chromatographic separation is
possible.possible.

•• Coupling tunedCoupling tuned--selectivity phases with TOFselectivity phases with TOF--MSMS
can lead to very powerful separation tool.can lead to very powerful separation tool.
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Product Definition

Design a GC analysis for 8270 that increasesDesign a GC analysis for 8270 that increases
laboratory sample throughput by:laboratory sample throughput by:
–– Decreasing analysis timeDecreasing analysis time

–– Resolution of key analytesResolution of key analytes

–– Utilizing run parameters that can be used for currentUtilizing run parameters that can be used for current
mass specs including HP59XX.mass specs including HP59XX.

–– 106 compounds including internal standards and106 compounds including internal standards and
surrogates plus 30 chlorinated and organophosphorussurrogates plus 30 chlorinated and organophosphorus
pesticidespesticides



Classes of Compounds
8270 Calibration Mix #1

benzoic acid 3-methylphenol
4-chloro-3-methylphenol 4-methylphenol
2-chlorophenol 2-nitrophenol
2,4-dichlorophenol 4-nitrophenol
2,6-dichlorophenol pentachlorophenol
2,4-dimethylphenol phenol
4,6-dinitro-2-methylphenol 2,3,4,6-tetrachlorophenol
2,4-dinitrophenol 2,4,5-trichlorophenol
dinoseb 2,4,6-trichlorophenol
2-methylphenol

8270 Calibration Mix #2

aniline 3-nitroaniline
benzidine 4-nitroaniline
4-chloroaniline N-nitrosodimethylamine
3,3'-dichlorobenzidine N-nitrosodi-n-propylamine
diphenylamine pyridine
2-nitroaniline



Classes of Compounds

8270 Calibration Mix #3

aramite hexachlorobenzene
bis (2-chloroethyl) ether hexachlorobutadiene
bis (2-chloroethoxy) methane hexachlorocyclopentadiene
bis (2-chloroisopropyl) ether hexachloroethane
4-bromophenyl phenyl ether hexachloropropene
chlorobenzilate isodrin
2-chloronaphthalene kepone
4-chlorophenyl phenyl ether pentachlorobenzene
1,2-dichlorobenzene pentachloronitrobenzene
1,3-dichlorobenzene 1,2,4,5-tetrachlorobenzene
1,4-dichlorobenzene 1,2,4-trichlorobenzene
1,3-dinitrobenzene



Classes of Compounds

8270 Calibration Mix #4

acetophenone 2,6-dinitrotoluene
azobenzene ethyl methanesulfonate
benzyl alcohol isophorone
bis (2-ethylhexyl) phthalate isosafrole (cis & trans)
butyl benzyl phthalate methyl methanesulfonate
dibenzofuran 1,4-naphthoquinone
diethyl phthalate nitrobenzene
dimethyl phthalate 4-nitroquinoline-1-oxide
di-n-butyl phthalate phenacetin
di-n-octyl phthalate safrole
2,4-dinitrotoluene



Classes of Compounds

8270 Calibration Mix #5

acenaphthene fluoranthene
acenaphthylene fluorene
anthracene ideno(1,2,3-cd)pyrene
benzo(a)pyrene 1-methylnaphthalene
benzo(ghi)perylene naphthalene
benzo(a)anthracene 3-methylcholanthrene
benzo(b)fluoranthene 2-methylnaphthalene
benzo(k)fluoranthene phenanthrene
chrysene pyrene
dibenz(a,h)anthracene



Classes of Compounds
8270 Calibration Mix #6

diallate (cis & trans) parathion
dimethoate phorate
disulfoton pronamide
famphur thionazine
methyl parathion 0,0,0-triethyl phosphorothioate

Organochlorine Pesticide Mix AB #1

aldrin endosulfan II
a-BHC endosulfan sulfate
a-chlordane endrin
b-BHC endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE g-BHC (lindane)
4,4'-DDT g-chlordane
d-BHC heptachlor
dieldrin heptachlor epoxide (B)
endosulfan I methoxychlor



Current Analysis
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Analysis Conditions

30m, 0.25mm ID, 0.50µm Rtx-5MS (cat.# 12638)
2µL splitless injection. On-column concentration: 20ng.

Oven temp.: 40°C (hold 2 min.) to 300°C @
10°C/min. (hold 4 min.), to 330°C
@ 10°C/min. (hold 10 min.).

Inj. / det. temp.: 280°C / 300°C
Det. type: MS
Carrier gas: helium
Linear velocity: 32 cm/sec. set @ 40°C
Ionization: EI
Splitless hold: 0.5 min.
Scan Range: 35-500AMU



Peak Identification
1. 2-fluorophenol (Surr)
2. phenol-d5 (Surr)
3. phenol
4. bis(2-chloroethyl)ether
5. 2-chlorophenol-d4 (Surr)
6. 2-chlorophenol
7. 1,3-dichlorobenzene
8. 1,4-dichlorobenzene-d4 (IS)
9. 1,4-dichlorobenzene

10. 1,2-dichlorobenzene-d4 (Surr)
11. 1,2-dichlorobenzene
12. 2-methylphenol
13. 2,2'-oxybis-(1-chloropropane)
14. 4-methylphenol
15. N-nitroso-di-n-propylamine
16. hexachloroethane
17. nitrobenzene-d5 (Surr)
18. nitrobenzene
19. isophorone
20. 2-nitrophenol
21. 2,4-dimethylphenol
22. bis(2-chloroethoxy)methane
23. 2,4-dichlorophenol
• 1,2,4-trichlorobenzene
25. napthalene-d8 (IS)
26. napthalene

27. 4-chloroaniline
28. hexachlorobutadiene
29. 4-chloro-3-methylphenol
30. 2-methylnaphthalene
31. hexachlorocyclopentadiene
32. 2,4,6-trichlorophenol
33. 2,4,5-trichlorophenol
34. 2-fluorobiphenyl (Surr)
35. 2-chloronaphthalene
36. 2-nitroaniline
37. dimethylphthalate
38. acenaphthylene
39. 2,6-dinitrotoluene
40. 3-nitroaniline
41. acenaphthene-d10 (IS)
42. acenaphthene
43. 2,4-dinitrophenol
44. 4-nitrophenol
45. dibenzofuran
46. 2,4-dinitrotoluene
47. diethylphthalate
• Fluorene
• 4-chlorophenyl-phenylether
50. 4-nitroaniline
51. 4,6-dinitro-2-methylphenol
52. N-nitrosodiphenylamine

53. 2,4,6-tribromophenol (Surr)
54. 4-bromophenyl-phenylether
55. hexachlorobenzene
56. pentachlorophenol
57. phenanthrene-d10 (IS)
58. phenanthrene
59. anthracene
60. carbazole
61. di-n-butylphthalate
62. fluoranthene
63. pyrene
64. terphenyl-d14 (Surr)
65. butylbenzylphthalate
66. 3,3-dichlorobenzidine
67. benzo(a)anthracene
68. bis(2-ethylhexyl)phthalate
69. chrysene-d12 (IS)
70. chrysene
71. di-n-octylphthalate
72. benzo(b)fluoranthene
73. benzo(k)fluoranthene
74. benzo(a)pyrene
75. perylene-d12 (IS)
76. indeno(1,2,3-cd)pyrene
77. dibenzo(a,h)anthracene
• benzo(g,h,i)perylene



Fast Analysis Concerns

•• Flow rate considerations for diffusion pumps (<1.3Flow rate considerations for diffusion pumps (<1.3
mL/min)mL/min)

•• Closely eluting compounds w/same quantitation ionsClosely eluting compounds w/same quantitation ions
–– phenol / aniline / bis(2phenol / aniline / bis(2--chloroethyl)etherchloroethyl)ether

–– 1,31,3-- & 1,4& 1,4--dichlorobenzenedichlorobenzene

–– 22-- & 1& 1--methylnaphthalenemethylnaphthalene

–– 2,4,62,4,6-- & 2,4,5& 2,4,5--trichlorobenzenestrichlorobenzenes

–– phenanthrene / anthracenephenanthrene / anthracene

–– benz(a)anthracene / chrysenebenz(a)anthracene / chrysene

–– benzo(b)fluoranthrene / benzo(k)fluoranthrenebenzo(b)fluoranthrene / benzo(k)fluoranthrene



Reducing Analysis Time

•• Important criteria to reducing run timesImportant criteria to reducing run times
–– initial hold timeinitial hold time

•• resolve early eluting compoundsresolve early eluting compounds

–– eluting compounds on ramp rateeluting compounds on ramp ratevsvs isothermalisothermal

–– fast ramp rate through non critical areasfast ramp rate through non critical areas



Initial Work

•• Constant flowConstant flow

•• Maximize ramp rateMaximize ramp rate
–– Start out with fast ramp rate and work backwardsStart out with fast ramp rate and work backwards

–– Adjust oven temperature program so all compoundsAdjust oven temperature program so all compounds
after initial hold elute on ramp rateafter initial hold elute on ramp rate

•• Overload of high standardOverload of high standard
–– Testing performed with 160ng due to potentialTesting performed with 160ng due to potential

overload causing coelution of closely elutingoverload causing coelution of closely eluting
compoundscompounds



Resulting Run Conditions

•• Constant flow rate @ 1.0 mL/minConstant flow rate @ 1.0 mL/min

•• Temperature program:Temperature program:
–– 40°C (2 min)40°C (2 min)

–– 20°C/min20°C/min

–– 290°C (0 min)290°C (0 min)

–– 2°C/min2°C/min

–– 303°C (0 min)303°C (0 min)

–– 6°C/min6°C/min

–– 330°C (1 min)330°C (1 min)



Rtx-5Sil MS
(30m x 0.25mm ID, 0.5µm film)



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

phenol

aniline

bis(2-chloroethyl)ether



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

1,3-dichlorobenzene

1,4-dichlorobenzene

1,2-dichlorobenzene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

2-methylnaphthalene

1-methylnaphthalene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

2,4,6-trichlorophenol 2,4,5-trichlorophenol



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

phenanthrene

anthracene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

benz(a)anthracene
chrysene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

benzo(k)fluoranthene
benzo(b)fluoranthene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.5µm film)

indeno(1,2,3-cd)pyrene

dibenz(a,h)anthracene

benzo(g,h,i)perylene



Can We Go Faster?

•• Thinner film columnsThinner film columns

•• Shorter columnsShorter columns

•• Smaller IDSmaller ID



Rtx-5Sil MS
(30m x 0.25mm ID, 0.25µm film)



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

phenol

aniline

bis(2-chloroethyl)ether



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

1,3-dichlorobenzene

1,4-dichlorobenzene

1,2-dichlorobenzene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

2-methylnaphthalene
1-methylnaphthalene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

2,4,6-trichlorophenol

2,4,5-trichlorophenol



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

anthracenephenanthrene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

benz(a)anthracene

chrysene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

benzo(k)fluoranthene benzo(b)fluoranthene



Separation of Critical Pairs
Rtx-5Sil MS(30m x 0.25mm, 0.25µm film)

indeno(1,2,3-cd)pyrene

dibenz(a,h)anthracene

benzo(g,h,i)perylene



Rtx-5 MS Chromatogram
(30m x 0.25 mm ID, 0.25µm film)



Conclusion

•• Faster analysis can be accomplished for 8270Faster analysis can be accomplished for 8270

•• Keep compounds eluting on the temperatureKeep compounds eluting on the temperature
program ramp rateprogram ramp rate

•• Faster elution of PAHs helps with columnFaster elution of PAHs helps with column
capacity due to lower k valuecapacity due to lower k value



Restek CorporationRestek Corporation
www.restekcorp.comwww.restekcorp.com

The Analysis of Semi-Volatiles with
Various Inlet Liner Deactivations

Gary Stidsen, Frank Dorman andGary Stidsen, Frank Dorman and
David SmithDavid Smith



GC Inlet Liner Deactivation is Critical
for Demanding Analyses

•• Chlorinated pesticidesChlorinated pesticides

•• Amines (basic compounds)Amines (basic compounds)

•• Environmental semiEnvironmental semi--volatilesvolatiles



Criteria for Evaluating Inlet Liner
Performance

•• Breakdown of endrin and DDTBreakdown of endrin and DDT

•• Linear response for acids and basesLinear response for acids and bases

•• Short conditioning times and low bleedShort conditioning times and low bleed

•• Thermal stabilityThermal stability

•• Resistance to sample degradationResistance to sample degradation



Pesticide Breakdown, On-Column

1

2
3

4

5

1. TCX
2. endrin
3. 4,4'-DDT
4. methoxychlor
5. DCB

Rtx®-CLPesticides2
30m, 0.53mm ID, 0.42µm
On-column injection



2

3

5 6

7

1. TCX
2. endrin
3. 4,4' -DDT
4. endrin aldehyde
5. methoxychlor
6. endrin ketone
7. DCB

1

4

Rtx®-CLPesticides2
30m, 0.53mm ID, 0.42µm
Direct injection

62% Endrin Breakdown62% Endrin Breakdown

Raw Glass Inlet Liner



Types of Liner Deactivation Chemistry

•• PinpointPinpoint

•• PolymericPolymeric

•• Base or amineBase or amine

•• Siltek™ DeactivationSiltek™ Deactivation



Siltek™ Deactivation

•• Inertness for acids, bases, neutrals, pesticidesInertness for acids, bases, neutrals, pesticides
(developed for pesticides analysis)(developed for pesticides analysis)

•• Low bleedLow bleed
•• Thermal stabilityThermal stability
•• Durability (acids, bases, water)Durability (acids, bases, water)
•• Regeneration (solvent sonication: explosivesRegeneration (solvent sonication: explosives

analysis and customer feedback)analysis and customer feedback)
•• Developing Siltek II for SemiVols+Developing Siltek II for SemiVols+



Siltek™ Inertness

1. TCX
2. endrin
3. 4,4'-DDT
4. methoxychlor
5. DCB

1

2 3

4

5

1.5% Endrin Breakdown1.5% Endrin Breakdown



Acid Response Splitless XTI Injection

1
2

3

4

5

6 7

8

9
Rtx®-5
30m, 0.25mm ID, 0.25µm
Splitless

1. 1,2-hexanediol
2. nitro-di-n-propylamine
3. benzoic acid
4. C14
5. 2,4-dinitrophenol
6. nitrophenol
7. nitroaniline
8. pentachlorophenol
9. carbazole
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1.4

1.6

day 1 day 5 day 7 day 9

Carbazole
BenzoicAcid
NitroPhenol
PCP
Diol
DNP
n-propylamine
nitroaniline

Thermal Stability at 330°C

XTI-5, 30m, 0.25mm ID, 0.5µm, splitless Siltek™ liner; Inj.: 330°C; Det.: 330°C;
Oven temp.: 40°C (hold 2 min.) to 190°C @ 6°C/min to 330°C @ 30°C/min. (hold 10 min.)

10-Day Relative Response Factors
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Siltek Sleeve Resistance to Basic Matrix

# of 1µL NH4OH (pH = 10.1)

Direct Injections on to Siltek Uniliner



Chromatographic System

•• Agilent 6890 GCAgilent 6890 GC
•• Agilent 5973 GC/MSAgilent 5973 GC/MS
•• Restek RtxRestek Rtx--5Sil MS 30m x 0.28mm x 0.5um5Sil MS 30m x 0.28mm x 0.5um
•• Constant flow rate @ 1.0 mL/minConstant flow rate @ 1.0 mL/min
•• Temperature program:Temperature program:

–– 40°C (2 min); 20°C/min to 290°C (0 min); 2°C/min to40°C (2 min); 20°C/min to 290°C (0 min); 2°C/min to
303°C (0 min); 6°C/min to 330°C (1 min)303°C (0 min); 6°C/min to 330°C (1 min)

•• Splitless hold time 0.4minSplitless hold time 0.4min
•• Single gooseneck 4mm ID linersSingle gooseneck 4mm ID liners



Classes of Compounds
8270 Calibration Mix #1

benzoic acid 3-m ethylphenol
4-chloro-3-m ethylphenol 4-m ethylphenol
2-chlorophenol 2-nitrophenol
2,4-dichlorophenol 4-nitrophenol
2,6-dichlorophenol pentachlorophenol
2,4-dim ethylphenol phenol
4,6-dinitro-2-methylphenol 2,3,4,6-tetrachlorophenol
2,4-dinitrophenol 2,4,5-trichlorophenol
dinoseb 2,4,6-trichlorophenol
2-m ethylphenol

8270 Calibration Mix #2

aniline 3-nitroaniline
benzidine 4-nitroaniline
4-chloroaniline N-nitrosodimethylamine
3,3'-dichlorobenzidine N-nitrosodi-n-propylam ine
diphenylamine pyridine
2-nitroaniline



Classes of Compounds

8270 Calibration Mix #3

aramite hexachlorobenzene
bis (2-chloroethyl) ether hexachlorobutadiene
bis (2-chloroethoxy) methane hexachlorocyclopentadiene
bis (2-chloroisopropyl) ether hexachloroethane
4-bromophenyl phenyl ether hexachloropropene
chlorobenzilate isodrin
2-chloronaphthalene kepone
4-chlorophenyl phenyl ether pentachlorobenzene
1,2-dichlorobenzene pentachloronitrobenzene
1,3-dichlorobenzene 1,2,4,5-tetrachlorobenzene
1,4-dichlorobenzene 1,2,4-trichlorobenzene
1,3-dinitrobenzene



Classes of Compounds

8270 Calibration Mix #4

acetophenone 2,6-dinitrotoluene
azobenzene ethyl methanesulfonate
benzyl alcohol isophorone
bis (2-ethylhexyl) phthalate isosafrole (cis & trans)
butyl benzyl phthalate methyl methanesulfonate
dibenzofuran 1,4-naphthoquinone
diethyl phthalate nitrobenzene
dimethyl phthalate 4-nitroquinoline-1-oxide
di-n-butyl phthalate phenacetin
di-n-octyl phthalate safrole
2,4-dinitrotoluene



Classes of Compounds

8270 Calibration Mix #5

acenaphthene fluoranthene
acenaphthylene fluorene
anthracene ideno(1,2,3-cd)pyrene
benzo(a)pyrene 1-methylnaphthalene
benzo(ghi)perylene naphthalene
benzo(a)anthracene 3-methylcholanthrene
benzo(b)fluoranthene 2-methylnaphthalene
benzo(k)fluoranthene phenanthrene
chrysene pyrene
dibenz(a,h)anthracene



Classes of Compounds
8270 Calibration Mix #6

diallate (cis & trans) parathion
dimethoate phorate
disulfoton pronamide
famphur thionazine
methyl parathion 0,0,0-triethyl phosphorothioate

Organochlorine Pesticide Mix AB #1

aldrin endosulfan II
a-BHC endosulfan sulfate
a-chlordane endrin
b-BHC endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE g-BHC (lindane)
4,4'-DDT g-chlordane
d-BHC heptachlor
dieldrin heptachlor epoxide (B)
endosulfan I methoxychlor



Criteria for Trace Analysis
EPA Method 8270C

0.050 15

0.050 15

0.050 15

0.050 15

2,4-dinitrophenol2,4-dinitrophenol

4-nitrophenol4-nitrophenol

N-nitroso-di-n-propylamineN-nitroso-di-n-propylamine

hexachlorocyclopentadienehexachlorocyclopentadiene

Min. RRFMin. RRF Min. %RSDMin. %RSD

•• Linearity of response relative to ISTD 20Linearity of response relative to ISTD 20-- 160ng/µL160ng/µL

•• Minimum relative response factor (RRF) and % relativeMinimum relative response factor (RRF) and % relative
standard deviation (RSD)standard deviation (RSD)



Sample Chromatogram



Standard Liner Response

Response Factors for SPCCs

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

20 50 80 120 160

ppm conc.

R
F

DNP

4-NP

NdnPA

HCCP



Standard Siltek Liner Response

Response Factors for SPCCs
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Experimental Siltek-A Response

Response Factors for SPCCs
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Experimental Siltek-B Response

Response Factors for SPCCs
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Relative Standard Deviation Comparison

Standard Siltek Siltek A Siltek B
DNP 13.6 35.1 24.7 36.1
4-NP 9.0 16.2 12.4 12.1

NdnPA 7.0 3.2 7.6 7.6
HCCP 14.8 24.5 19.1 7.4



Results of Other Test Probes - Standard Liner
and Siltek Liner

Response Factors
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Results of Other Test Probes - Siltek A & B

Response Factors
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Other Test Probes: RSDs

Standard Siltek Siltek A Siltek B
PCP 17.8 22.3 18.0 17.9

Acenapthylene 4.0 9.7 4.3 2.8



Conclusions

•• Current Siltek™ products allow a wide variety ofCurrent Siltek™ products allow a wide variety of
analyses, except at acidic and basic extremesanalyses, except at acidic and basic extremes
–– standard liners for acidic (i.e., semivols)standard liners for acidic (i.e., semivols)
–– basebase--deactivated for amines (ethanolamines)deactivated for amines (ethanolamines)
–– Siltek for pesticides, explosives, sulfurs, volatiles,Siltek for pesticides, explosives, sulfurs, volatiles,

petrochemical, high temp., caustic, etc.petrochemical, high temp., caustic, etc.

•• Progressing on Siltek II which will also allowProgressing on Siltek II which will also allow
highly efficient Semihighly efficient Semi--Volatile analysesVolatile analyses

•• FutureFuture-- Siltek III to include amines (i.e., oneSiltek III to include amines (i.e., one
surface for all analyses)surface for all analyses)
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Chlorinated Pesticides
Fast Runs

Rtx-CLPesticides
(30m x 0.32mm, 0.5µm)

Rtx-CLPesticides2
(30m x 0.32mm, 0.25µm)
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Chlorinated Pesticides
Siltek Deactivation

Stx-CLPesticides
(30m x 0.32mm, 0.5µm)

Stx-CLPesticides2
(30m x 0.32mm, 0.25µm)
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Chlorinated Pesticides
Analytical conditions

GC oven: 120°C(1min) up at 20°C /min to 245°C,
up at 6°C /min to 310°C

Injector: 220°C, splitless, 1min purge off hold,
4mm single gooseneck Siltek sleeve

Detector: 310°C, Agilent ECD

Column: Stx-CLPesticides on Siltek, cat# 11544

30m x 0.32mmID, 0.5µm

Rtx-CLPesticides, cat# 11139

30m x 0.32mmID, 0.5µm

Column: Stx-CLPesticides 2 on Siltek, cat# 11444

30m x 0.32ID, 0.25µm

Rtx-CLPesticides 2, cat#11324

30m x 0.32mmID, 0.25µm

RT# Analyte
1 2,4,5,6 tetrachloro-m-xylene - surrogate
2 alpha-BHC
3 gamma-BHC
4 beta-BHC
5 delta-BHC
6 heptachlor
7 aldrin
8 heptachlor epoxide
9 gamma-chlordane

10 alpha-chlordane
11 4,4' DDE
12 endosulfan I
13 dieldrin
14 endrin
15 4,4' DDD
16 endosulfan II
17 4,4' DDT
18 endrin aldehyde
19 methoxychlor
20 endosulfan sulfate
21 endrin ketone
22 decachlorobiphenyl - surrogate



Organophosphorus Pesticides

Rtx-OPPesticides
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Organophosphorus Pesticides
Retention Comparison

RT# Analyte - RTX-OPP2 Analyte - RTX-OPP
1 dichlorvos dichlorvos
2 hexamethylphosphoramide hexamethylphosphoramide
3 mevinphos trichlorfon
4 trichlorfon mevinphos
5 TEPP demeton-o
6 demeton-o thionazin
7 tributyl phosphate -surrog ethoprop
8 thionazin phorate
9 ethoprop tributyl phosphate -surrog

10 naled sulfotepp
11 sulfotepp naled
12 phorate diazinon
13 dicrotophos terbufos
14 monocrotophos TEPP
15 demeton-s fonophos
16 terbufos dioxathion
17 dimethoate disulfoton
18 diazinon demeton-s

GC oven:
80°C(0.5min)up12°C/min to
280°C(15min)

Injector: 200°C splitless, purge
off time 1min, 4mm single
gooseneck Siltek sleeve

Detector: Agilent FPD 250°C
DT @80c=1.44min, helium
carrier

Columns:
RTX-OPPesticides, cat# 11239
30m x 0.32ID, 0.5um

RTX-OPPesticides2, cat# 11241
30m x 0.32ID, 0.32um



Organophosphorus Pesticides
Retention Comparison

RT# Analyte - RTX-OPP2 Analyte - RTX-OPP
19 dioxathion dichlorofenthion
20 fonophos chlorpyrifos methyl
21 disulfoton dimethoate
22 phosphamidon isomer monocrotophos
23 dichlorofenthion dicrotophos
24 phosphamidon merphos
25 chlorpyrifos methyl ronnel
26 parathion-methyl chlorpyrifos
27 ronnel aspon
28 aspon fenthion
29 fenitrothion trichloronate
30 malathion phosphamidon isomer
31 chlorpyrifos malathion
32 parathion-ethyl parathion-methyl
33 trichloronate fenitrothion
34 fenthion tokuthion
35 merphos phosphamidon
36 chlorfenvinphos merphos oxone



Organophosphorus Pesticides
Retention Comparison

RT# Analyte - RTX-OPP2 Analyte - RTX-OPP
37 crotoxyphos chlorfenvinphos
38 stirofos parathion-ethyl
39 tokuthion crotoxyphos
40 merphos oxone stirofos
41 ethion bolstar
42 fensulfothion carbophenothion
43 bolstar ethion
44 carbophenothion triphenyl phosphate -surrogate
45 famphur leptophos
46 triphenyl phosphate -surrogate fensulfothion
47 EPN tri-o-cresyl phosphate
48 phosmet EPN
49 leptophos phosmet
50 tri-o-cresyl phosphate famphur
51 azinphos-methyl azinphos-methyl
52 azinphos-ethyl azinphos-ethyl
53 coumaphos coumaphos



Organophosphorus Pesticides: MS Data
GC oven: 80°C (0.5min) up12°C/min to

280°C (15min)

Injector: 200°C splitless, hold time 1min,
4mm single gooseneck Siltek sleeve

Detector: Agilent 5971A MSD
full scan 50-550AMU

DT @80°C=1.44min, helium carrier

Column: RTX-OPPesticides2, cat# 11241
30m x 0.32mmID, 0.32µm

9 12 15 18 21



Organophosphorus Pesticides
MS Spectra Rtx-OPPesticides2

(30m x 0.32mm, 0.32µm)

parathion-ethyl trichloronate



Organophosphorus Pesticides
MS Spectra Rtx-OPPesticides2

(30m x 0.32mm, 0.32µm)

tributyl phosphate thionazin



Organochlorine Pesticides

•• Chromatographic resolution of USEPA 8081Chromatographic resolution of USEPA 8081
compoundscompounds

•• RtxRtx--CLPesticides andCLPesticides andRtxRtx--CLPesticides2 columnsCLPesticides2 columns

•• Dual column configurationDual column configuration

•• Low bleedLow bleed

•• High inertnessHigh inertness

•• Faster analysis timesFaster analysis times



Chlorinated Pesticides

1 2,4,5,61 2,4,5,6--tetrachlorotetrachloro--mm--xylenexylene
2 alpha BHC2 alpha BHC
3 gamma BHC3 gamma BHC
4 beta BHC4 beta BHC
5 delta BHC5 delta BHC
6 heptachlor6 heptachlor
7 aldrin7 aldrin
8 heptachlor epoxide8 heptachlor epoxide
9 gamma chlordane9 gamma chlordane
10 alpha chlordane10 alpha chlordane
11 4,4'11 4,4'--DDEDDE

12 endosulfan I12 endosulfan I
13 dieldrin13 dieldrin
14 endrin14 endrin
15 4,4'15 4,4'--DDDDDD
16 endosulfan II16 endosulfan II
17 4,4'17 4,4'--DDTDDT
18 endrin aldehyde18 endrin aldehyde
19 methoxychlor19 methoxychlor
20 endosulfan sulfate20 endosulfan sulfate
21 endrin ketone21 endrin ketone
22 decachlorobiphenyl22 decachlorobiphenyl



Rtx®-CLPesticides Column
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30m, 0.32mm ID, 0.5µm, Rtx®-CLPesticides; EPA 8081 list, direct injection, Uniliner® liner
(cat. #20335). Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°C/min. (hold 10 min.); Inj. temp.:
200°C; Dead time: 1.797; Head pressure: 5.0psi (constant); Flow rate: 2.1mL/min. at 120°C.



Rtx®-CLPesticides2 Column
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30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2; EPA 8081 list, direct Uniliner® sleeve
(cat. #20335). Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°C/min. (hold 10 min.);
Inj. temp.: 200°C; Dead time: 1.797; Head pressure: 5.0psi (constant); Flow rate:
2.1mL/min. @ 120°C.



Siltek Deactivation

•• SurfaceSurfacemodificationmodification, not deactivation layer, not deactivation layer
–– Does not attach to existingDoes not attach to existingsilanolsilanolgroupsgroups

•• Higher level of inertness forHigher level of inertness forEndrinEndrin

•• More resistant to acid or base attackMore resistant to acid or base attack
–– Stays inert for longer timeStays inert for longer time

•• More easily cleanedMore easily cleaned
–– Solvent rinsing usually acceptableSolvent rinsing usually acceptable



Requirements of Organophosphorus Column

•• Chromatographic separation of USEPA 8141Chromatographic separation of USEPA 8141
compoundscompounds

•• Companion column toCompanion column toRtxRtx--OPPesticidesOPPesticides

•• 20 minute total run time20 minute total run time

•• Also compatible withAlso compatible withGC/MSGC/MS analysisanalysis
–– Low BleedLow Bleed

–– Resolution of compounds with similar spectraResolution of compounds with similar spectra



“Old Days of GC”

•• Chromatography has become a “history lesson”Chromatography has become a “history lesson”
rather than a sciencerather than a science

•• Applications compromised to fit existing columnsApplications compromised to fit existing columns
and stationary phasesand stationary phases

•• Most phases not designed with any application inMost phases not designed with any application in
mindmind

•• Marketing based on “subtle” differencesMarketing based on “subtle” differences



Future of GC

•• Columns and stationary phases designedColumns and stationary phases designed
around applicationsaround applications

•• Potential for specific phase and column for anPotential for specific phase and column for an
individual separationindividual separation

•• Marketing based on real differencesMarketing based on real differences

•• Requires understanding and ability to model ofRequires understanding and ability to model of
analyteanalyte--phase interactionsphase interactions



Stationary Phase Optimization Techniques

•• WindowWindow diagrammingdiagramming

•• ComputerComputersimulationsimulationof Rt and Wof Rt and W1/21/2 (ezGC(ezGCTMTM))

•• ComputerComputerpredictionpredictionofof optimizedoptimizedstationarystationary
phasephasecompositioncompositionandandcolumncolumndimensionsdimensions

•• ComputerComputerpredictionpredictionofof solutesolute//stationarystationaryphasephase
interactionsinteractionsforfor newnewpolymerpolymerdesignsdesigns



How Resolution Affects Quantitation
VRX phase

Results of Resolution Tests @ 20ppb

MeCl2 & Freon 113 Rep 1 19.85 18.48
Rep 2 19.29 18.48
Rep 3 19.36 18.52

Methylene Chloride Rep 1 21.48
Rep 2 20.79
Rep 3 20.95

Freon 113 Rep 1 16.3
Rep 2 16.46
Rep 3 16.25



Achieving Analyte Separation

ResolutionResolution
R = 1/4 L / h x ( k / k+1 ) x (R = 1/4 L / h x ( k / k+1 ) x ( αααααααα--1 /1 / αααααααα ))

Capacity FactorCapacity Factor
k = (tk = (t RR -- tt00) / t) / t00

SelectivitySelectivity
αααααααα = k= k22 / k/ k11

Thermodynamics:Thermodynamics:
∆∆∆∆∆∆∆∆G =G = ∆∆∆∆∆∆∆∆HH -- TT∆∆∆∆∆∆∆∆SS ∆∆∆∆∆∆∆∆G = RT ln KG = RT ln K DD



Stationary Phase Optimization

•• WindowWindow diagrammingdiagramming

•• ComputerComputersimulationsimulationof Rt and Wof Rt and W1/21/2 (ezGC)(ezGC)

•• RtxRtx®®--CLPesticides,CLPesticides,RtxRtx--CLPesticides2CLPesticides2

•• ComputerComputerpredictionpredictionofof optimizedoptimizedstationarystationary
phasephasecompositioncompositionANDAND columncolumndimensionsdimensions
–– RtxRtx--TNT RtxTNT Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--

VRX,VRX, RtxRtx--OPPesticides2, CustomerOPPesticides2, Customer--specific columnsspecific columns

•• ComputerComputerpredictionpredictionofof solutesolute//stationarystationaryphasephase
interactionsinteractionsforfor newnewpolymerpolymerdesignsdesigns



Process for Rtx-OPPesticides2 Column

•• Acquire data for target compounds under twoAcquire data for target compounds under two
temperature programs for functionalitiestemperature programs for functionalities
displaying selectivitydisplaying selectivity

•• Computer Assisted Stationary Phase DesignComputer Assisted Stationary Phase Design
(CASPD)(CASPD)
–– CalculateCalculate∆∆H andH and∆∆SS for each compoundfor each compound

–– Working in Retention Index, perform optimization ofWorking in Retention Index, perform optimization of
Selectivity and DimensionsSelectivity and Dimensions

•• Synthesize and coat columnSynthesize and coat column



3-Space Selectivity Model for 3 Compounds



End-on View of Selectivity Model
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Compounds 1 – 25 of 53 OP Pesticides
Target Predicted Actual Difference

Compound Rt Rt (min)
dichlorvos 4.08 4.05 -0.03

HMPA 4.70 4.70 0.00
mevinphos 6.43 6.34 -0.09
trichlorfon 6.44 6.43 -0.01

TEPP 8.20 8.40 0.20
demeton-o 8.46 8.52 0.06
thionazin 8.58 8.52 -0.06

TBP 8.60 8.52 -0.08
ethoprop 8.84 8.74 -0.10

naled 9.34 9.32 -0.02
sulfotepp 9.42 9.56 0.14
phorate 9.53 9.56 0.03

dicrotophos 9.61 9.59 -0.02
monocrotophos 9.70 9.62 -0.08

demeton-s 9.80 9.62 -0.18
terbufos 10.44 10.32 -0.12

dimethoate 10.67 10.62 -0.05
dioxathion 10.78 10.77 -0.01
fonophos 10.91 10.79 -0.11
diazinon 10.93 10.90 -0.04
disulfoton 11.13 11.09 -0.03

phosph isomer 11.19 11.16 -0.04
dichlorofenthion 11.38 11.37 -0.01

chlorpyrifos methyl 11.94 12.03 0.09
phosphamidon 12.14 12.03 -0.11



Summary

•• RtxRtx--CLPesticides andCLPesticides andRtxRtx--CLPesticides2 columnsCLPesticides2 columns
utilizingutilizing Siltek™Siltek™ deactivationdeactivationprovideprovideultimateultimate
separation ofseparation oforganochlorineorganochlorinepesticides.pesticides.

•• RtxRtx--OPPesticidesOPPesticidesandandRtxRtx--OPPesticides2 columnsOPPesticides2 columns
are optimal dual column pair for USEPA 8141.are optimal dual column pair for USEPA 8141.

•• RtxRtx--OPPesticides2 column best for separation ofOPPesticides2 column best for separation of
organophosphorousorganophosphorouspesticides bypesticides byGC/MSGC/MS..
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Abstract

Many polar compounds are difficult to retain using Many polar compounds are difficult to retain using 
conventional reversed phase columns, even with little or conventional reversed phase columns, even with little or 
no organic solvent in the mobile phase. The Ultra no organic solvent in the mobile phase. The Ultra 
Aqueous C18 and Ultra IBD columns were designed to Aqueous C18 and Ultra IBD columns were designed to 
provide enhanced retention and selectivity for highly provide enhanced retention and selectivity for highly 
polar compounds in the reversed phase mode, as well as polar compounds in the reversed phase mode, as well as 
compatibility with highly aqueous mobile phases.   The compatibility with highly aqueous mobile phases.   The 
unique features of these columns are demonstrated in the unique features of these columns are demonstrated in the 
analyses of analyses of nutraceuticalsnutraceuticals, pesticides, and carboxylic , pesticides, and carboxylic 
acids. acids. 



Figure 1. Stationary Phases

The Aqueous C18 and The Aqueous C18 and 
Ultra IBD stationary Ultra IBD stationary 
phases have secondary phases have secondary 
polar functionalities that polar functionalities that 
enhance the retention of enhance the retention of 
polar compounds, polar compounds, 
eliminate retention loss eliminate retention loss 
caused by chain folding caused by chain folding 
(even in 100% aqueous (even in 100% aqueous 
mobile phase), and, in mobile phase), and, in 
some cases, provide some cases, provide 
unique selectivity. unique selectivity. 
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GlucosinolatesGlucosinolates are contained in a number of are contained in a number of 
edible plants.  The consumption of these edible plants.  The consumption of these 
compounds is associated with a significantly  compounds is associated with a significantly  
reduced risk for a variety of malignant cancers.  reduced risk for a variety of malignant cancers.  
Glucosinolates Glucosinolates are precursors of are precursors of isothiocyanatesisothiocyanates, , 
including including sulforaphane sulforaphane (4(4--methylsulfinylbutyl methylsulfinylbutyl 
isothiocyanateisothiocyanate), which regulate mammalian ), which regulate mammalian 
enzymes of enzymes of xenobiotic xenobiotic metabolism. metabolism. 

Fahey, J.W, et al, Proc. Nat. Acad. Fahey, J.W, et al, Proc. Nat. Acad. SciSci. USA, Vol. 94, pp. 10367. USA, Vol. 94, pp. 10367--10372, Sept. 1997.10372, Sept. 1997.



Figure 2. Glucosinolates

GlucosinolatesGlucosinolates are are ββ--
thioglucoside thioglucoside NN--
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Figure 3. Phenethyl Glucosinolate

Phenethyl glucosinolate Phenethyl glucosinolate 
((gluconasturtiingluconasturtiin)  is one )  is one 
of the numerous of the numerous 
glucosinolates glucosinolates widely widely 
distributed in cruciferous distributed in cruciferous 
vegetables, and was used vegetables, and was used 
as a marker for as a marker for 
glucosinolatesglucosinolates in this in this 
study.study.
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Glucosinolates

Figure 4 shows the analysis of the Figure 4 shows the analysis of the phenethyl phenethyl 
glucosinolateglucosinolate standard using the Aqueous C18 standard using the Aqueous C18 
column.  Extracts of cabbage and watercress were column.  Extracts of cabbage and watercress were 
analyzed using the same conditions, as shown in analyzed using the same conditions, as shown in 
Figures 5 and 6.  Gradient elution from 0 to 75% Figures 5 and 6.  Gradient elution from 0 to 75% 
acetonitrile was used to retain and elute analytes acetonitrile was used to retain and elute analytes 
with a wide range of polarities.with a wide range of polarities.



Figure 4. Phenethyl Glucosinolate Standard
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Figure 5. Cabbage Extract
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Figure 6. Watercress Extract
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Pesticides

The unique selectivity of the Ultra IBD column was used The unique selectivity of the Ultra IBD column was used 
to develop a twoto develop a two--column method for analyzing a mixture column method for analyzing a mixture 
of the 17 of the 17 triazinetriazine, , phenylureaphenylurea, and carbamate pesticides , and carbamate pesticides 
and metabolites shown in Figure 7.  Figure 8 shows the and metabolites shown in Figure 7.  Figure 8 shows the 
separation on the Ultra C18 column in which 15 of the 17 separation on the Ultra C18 column in which 15 of the 17 
compounds are resolved.  Figure 9 shows that an Ultra compounds are resolved.  Figure 9 shows that an Ultra 
IBD column with the same conditions also resolves 15 IBD column with the same conditions also resolves 15 
out of 17 compounds, but the pesticides that out of 17 compounds, but the pesticides that coelutecoelute on on 
the C18 are well resolved, as indicated by the arrows.        the C18 are well resolved, as indicated by the arrows.        



Figure 7A. Pesticides: 17-Component Mixture
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7. 7. CyanazineCyanazine 8. 8. DesethylterbuthylazineDesethylterbuthylazine

9. 9. ChlortoluronChlortoluron 10. 10. AtrazineAtrazine

11. 11. IsoproturonIsoproturon 12. 12. DiuronDiuron

Figure 7B. Pesticides: 17-Component Mixture 
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13. 13. TerbumetonTerbumeton 14.14. PropazinePropazine

15. 15. TerbuthylazineTerbuthylazine 16.16. LinuronLinuron

17. 17. TerbutrynTerbutryn

Figure 7C. Pesticides: 17-Component Mixture 
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Figure 8. Pesticides on Ultra C18 Column
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Figure 9. Pesticides on Ultra IBD Column
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Carboxylic Acids

Small carboxylic acids can be difficult to retain Small carboxylic acids can be difficult to retain 
by reversed phase HPLC, often requiring a highly by reversed phase HPLC, often requiring a highly 
aqueous mobile phase.  Highly aqueous mobile aqueous mobile phase.  Highly aqueous mobile 
phases are problematic for many C18 columns, phases are problematic for many C18 columns, 
leading to retention loss that is attributed to chain leading to retention loss that is attributed to chain 
folding.  The Aqueous C18 column was designed folding.  The Aqueous C18 column was designed 
to enhance retention of polar compounds and to to enhance retention of polar compounds and to 
provide stable retention, even with completely provide stable retention, even with completely 
aqueous mobile phases.aqueous mobile phases.



Figure 10. Carboxylic Acids
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Carboxylic Acids (Cont.)

Figure 10 shows four small carboxylic acids that Figure 10 shows four small carboxylic acids that 
were analyzed using the Aqueous C18 column were analyzed using the Aqueous C18 column 
and a completely aqueous mobile phase.  Figure and a completely aqueous mobile phase.  Figure 
11 shows the resolution of a mixture of standards 11 shows the resolution of a mixture of standards 
and Figure 12 shows the analysis of a tobacco and Figure 12 shows the analysis of a tobacco 
extract.  The stability of the Aqueous C18 column extract.  The stability of the Aqueous C18 column 
is demonstrated in Figure 13, which shows the is demonstrated in Figure 13, which shows the 
reproducible separation of the same sample as in reproducible separation of the same sample as in 
Figure 12 after 168 injections. Figure 12 after 168 injections. 



Figure 11. Carboxylic Acids on Aqueous C18 
Column
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Figure 12. Tobacco Extract on Aqueous C18 
Column
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Figure 13. Stability of Aqueous C18 Column
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Chain Folding

Figure 14 depicts how highly aqueous mobile Figure 14 depicts how highly aqueous mobile 
phases can cause chain folding with conventional phases can cause chain folding with conventional 
C18 columns.  Chain folding can result in a total  C18 columns.  Chain folding can result in a total  
loss of retention as shown in Figure 15.  Exposure loss of retention as shown in Figure 15.  Exposure 
to completely aqueous mobile phases at ambient to completely aqueous mobile phases at ambient 
pressure (no flow) accelerates the chain folding pressure (no flow) accelerates the chain folding 
process.  Figure 16 demonstrates that the Aqueous process.  Figure 16 demonstrates that the Aqueous 
C18 column provides reproducible retention, even C18 column provides reproducible retention, even 
when stored in completely aqueous mobile phase when stored in completely aqueous mobile phase 
at ambient pressure for extended periods.   at ambient pressure for extended periods.   



Figure 14. Chain Folding (Conventional C18)
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Figure 15. Chain Folding with Conventional 
C18
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Figure 16. Stability of Aqueous C18 Column 
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Conclusions

The secondary polar character of the Aqueous The secondary polar character of the Aqueous 
C18 and Ultra IBD columns provide enhanced C18 and Ultra IBD columns provide enhanced 
retention of polar compounds, stable retention in retention of polar compounds, stable retention in 
totally aqueous mobile phases, and unique totally aqueous mobile phases, and unique 
selectivity. selectivity. 

The characteristics of the Aqueous C18 and Ultra The characteristics of the Aqueous C18 and Ultra 
IBD columns can be advantageous for analyzing a IBD columns can be advantageous for analyzing a 
wide range of polar compounds, including wide range of polar compounds, including 
nutraceuticalsnutraceuticals, pesticides, and carboxylic acids.   , pesticides, and carboxylic acids.   
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Abstract
The standard environmental test method for nitroaromatic, nitramine, and

nitroester analysis has been US EPA method 83301. This method uses HPLC
separation and detection by ultra-violet absorption. Analysts have been
interested in a GC method that overcomes the disadvantages of the HPLC
method, including high solvent usage, multiple co-elutions, and long run
times.

US EPA method 80952 has been written as a GC/ECD alternative to method 8330.
This GC/ECD method was developed at the U.S. Army Cold Regions
Research and Engineering Laboratory3. Method 8095 includes all of the
method 8330 target compounds plus 3,5-dinitroaniline, nitroglycerine, and
PETN.

Restek has designed two new stationary phases, Rtx®-TNT and Rtx®-TNT 2
columns, specifically for method 8095. The TNT columns provide better
resolution and higher thermal stability than any of the columns currently
recommended in Method 8095. The Rtx®-TNT, primary column and Rtx®-
TNT 2, confirmational column, operate under identical GC oven temperature
programs, allowing simultaneous dual-column confirmational analysis of all
16 nitroaromatic compounds.



Explosives Analysis by Gas
Chromatography Using Method 8095

•• GC more common than HPLC in
environmental laboratories

• Selective detection using ECD

• Direct flash injection of ACN extract

• Simultaneous dual-column analysis



Explosives Target Compound List
Method 8095
1. nitrobenzene
2. 2-nitrotoluene
3. 3-nitrotoluene
4. 4-nitrotoluene
5. nitroglycerine
6. 1,3-dinitrobenzene
7. 2,6-dinitrotoluene
8. 2,4-dinitrotoluene
9. 1,3,5-trinitrobenzene
10. trinitrotoluene
11. PETN
12. RDX
13. 4-amino-2,6-dinitrotoluene
14. 3,5-dinitroaniline
15. 2-amino-4,6-dinitrotoluene
16. tetryl
17. HMX



Sample Extraction and Preparation
Water Samples
• A main difference in sample preparation for GC is that the samples are not

diluted 1:1 with reagent water prior to being injected, as is the case for HPLC
samples

• Method 8095 requires solid phase extraction (SPE) disks or cartridges to
extract analytes of interest from water samples, such as described in EPA
3535A2. The extraction is performed using SDB/RPS-type disks or RDX type
cartridges. Please note that method 8095 does not use the acetonitrile/salting
out extraction procedure as described in method 8330.

• The use of SPE for explosives extraction requires extra drying time after the
sample is loaded. Most explosive compounds have low water solubility, so the
extra drying time helps their recovery into the acetonitrile elution solvent, and
reduces the water content in the injected sample. Safety considerations
prevent explosive extracts from further concentration by Kuderna-Danish
concentrators. The extra drying time, when using SPE, leads to drier extracts
which reduce the need for recalibration and maintenance when using water-
sensitive electron capture detectors.



Sample Extraction and Preparation
Soil Samples

• In Method 8095, analytes of interest are extracted from soil and sediment
samples using the same acetonitrile extraction with ultra-sonication procedure
as described in Method 8330. Samples are air-dried at room temperature or
cooler to a constant weight. Then the samples are screened with a colorimetric
test, such as EPA Method 8515, to determine if they contain too much
explosive residue to be safely ground with a mortar and pestle. If the sample
contains less than 1% explosive residue, generally it is considered safe to be
ground with a mortar and pestle. Two grams of the finely ground soil are
extracted using 10 milliliters of acetonitrile in a cooled ultra-sonication bath
for 18 hours. The acetonitrile extracts are then dried and filtered before
analysis.

• A main difference in sample preparation for GC is that the samples are not
diluted 1:1 with reagent water prior to being injected, as is the case for HPLC
samples



Injection Modes
Cool On-column Injection
• While few laboratories routinely use cool on-column injection ports because of

the perception of high maintenance, it has several advantages over direct
injection for the analysis of explosives. These advantages include complete
sample transfer into the column via a highly inert pathway and reduced peak
width.

• For those with more questions about on-column injection ports, Jack Cochran,
LECO Corporation, will be presenting a talk on on-column injection ports and
explosives analysis.

Tuesday Morning, Room 261, 8:30 AM, (428)

New Tools for the Analysis of Explosives: An On-column Injection Liner
for a PTV Inlet, Two TNT GC Columns, and a Gas
Chromatograph/Time-of-Flight Mass Spectrometer.



Injection Modes
Direct Flash Injections
• Most laboratories will analyze explosive samples by direct injection. Many

direct injection parameters need to be optimized for successful analysis of
these compounds. The injection port temperature must be determined
carefully to provide good response for the thermally labile compounds, such as
nitroglycerine and PETN, and sufficient vaporization for the high boiling
compounds, such as HMX. For most analyses, an injection port temperature
between 250 – 275°C is best.

• Restek offers a unique Siltek deactivated sleeve to meet the needs of explosive
analysis by direct injection. The internal diameter of the sleeve was reduced
from the typical 4mm ID to a new 1mm ID. This reduction of dead volume in
the injection port reduces peak broadening. Initial results with Siltek indicate
improved reproducibility and better inertness to explosive residues than
standard deactivations. Most sample residue can be solvent rinsed off of
Siltek, allowing the sleeve to be reused without the need for re-deactivation.



Carrier Gas Flow

• Explosive analysis by GC works best when using very high carrier gas
flows. While low-boiling compounds (e.g., nitrotoluenes) could be
analyzed well at normal carrier gas flow rates, the high boiling
compounds (e.g., HMX) are best analyzed with carrier gas flow rates
five to seven times the normal linear velocity.

• Most laboratories will find a column head pressure of 2 to 3 psi is
optimum for this analysis. This should provide a linear velocity of 100
to 140 cm/second, or a flow of 12 – 17 ml/min..



Oven Temperature Programming and
Solvent Focusing
• While Method 8095 recommends an initial oven temperature of 100°C,

Restek discovered improved solvent focusing and decreased peak widths by
using an initial oven temperature of 80°C with acetonitrile injections. This
improvement was seen with both cool on-column and direct injections.



Columns Recommended in Method 8095
• EPA 8095 lists the DB®-1 (100 % dimethylpolysiloxane) and the HP®-5 (5%

diphenyl 95% dimethylpolysiloxane) as possible primary columns.
• The DB®-1 completely co-elutes RDX and PETN.
• The HP®-5 resolves RDX and PETN but usually co-elutes 4-amino-2,6-

dinitrotoluene and 3,5-dinitroaniline.
• The Rtx®-TNT is much better than the DB-1 since RDX/PETN is a critical

separation.

• EPA 8095 list the Rtx®-200 (trifluoropropyl methyl polysiloxane) and the
Rtx®-225 ( 50% cyanopropyl methyl 50% phenyl methyl polysiloxane) as the
possible confirmational columns.

• The Rtx®-200 is significantly more retentive than any of the primary columns.
HMX is usually not detected. RDX and 2-amino-4,6-dinitrotoluene co-elute.
Nitroglycerin and 2,6-dinitrotoluene co-elute.

• The Rtx®-225 has poor thermal stability. The column is only stable to 260°C.
This column is also too retentive. ECD bleed levels are also an issue with
cyano containing polymers.

• The Rtx®-TNT2 is better than any of the confirmational columns since all
compounds can be detected with the the Rtx®-TNT in a simultaneous dual-
column run.



Gas Chromatography Column Design
Criteria for the Rtx®-TNT and Rtx®-TNT2

• Short Column, Wide-bore, Standard df

• Analysis Time < 20 min

• Low Bleed with ECD

• Critical Resolution

• Column Inertness

• Dual Column Analysis

Capability



Stationary Phase Optimization

• Window Diagramming

• Computer Simulation of Retention Time

• Computer Prediction of Optimized Stationary
Phase Composition and Column Dimensions



Window Diagramming and Computer
Assisted Stationary Phase Development
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6 m x 0.53 mm Restek Rtx-TNT Columns

1 Nitrobenzene
2 2-Nitrotoluene
3 3-Nitrotoluene
4 4-Nitrotoluene
5 Nitroglycerin
6 1,3-Dinitrobenzene
7 2,6-Dinitrotoluene
8 2,4-Dinitrotoluene
9 3,4-Dinitrotoluene

10 1,3,5-Trinitrobenzene
11 TNT
12 PETN
13 RDX
14 4-Amino-2,6-dinitrotoluene
15 3,5-Dinitroaniline
16 2-Amino-4,6-dinitrotoluene
17 Tetryl
18 HMX

Direct Injection

6m, 0.53mm ID, 1.50µm Rtx ® -TNT (cat. #12998)
6m, 0.53mm ID, 1.50µm Rtx ® -TNT2 (cat. #12999).
Direct injection using a 1mm Siltek ™ Uniliner ® (cat. #21052-214.1).
On-column conc.: 200-1000pg for each compound. 8095 Calibration
Mix A (cat.# 31607), 8095 Calibration Mix B (cat.# 31608), and 3,4-dinitrotoluene (cat.#31452).
Oven temp.: 80°C (hold 1 min.) to 180°C @ 10°C/min. to 300°C @ 30°C/min. (hold 3 min.);
Inj. temp.: 250°C; Det.: ECD @ 330°C with anode purge;
Dead time: 4.4 sec.; Head pressure:
He @ 3psi (20.7 KPa);
Flow rate: He @ 17mL/min. @ 80°C.



Analytical Reference Materials

• Obtaining pure, neat compounds for the preparation of calibration standards
can be very difficult. Some of these compounds are not available
commercially at a high enough purity for accurate analytical results. These
materials can contain desensitizing agents, such as beeswax, water,
plasticizers, or other manufacturing by-products. Many commercially available
explosives are shipped wet and must be dried carefully before solution
preparation.

• To ensure the highest quality explosive standards, Restek chemists carefully
purified or synthesized all of the compounds listed in Method 8095. All
compounds used to prepare these standards have 98% purity or higher.
Multiple analytical techniques, including GC, HPLC, GC/MS, FTIR, and
DSC, are used to verify raw material purity.



Conclusions

• Using GC/ECD for explosives analysis as per Method 8095 is now an
excellent alternative to HPLC analysis. Careful consideration of sample
extraction, preparation, and analytical techniques will ensure successful
analysis of the explosives. Restek has optimized the column stationary phases
and dimensions, injection technique, and analytical reference materials to help
achieve the best resolution of nitroaromatic compounds in the fastest analysis
time.
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Abstract 
 
Storage of volatile sulfur compounds is a challenge for analysts. Tedlar bags traditionally 
have been the media for collecting volatile organic compounds (VOCs). Several 
researchers have investigated canister-based methods for the collection of sulfur VOCs 
but have found them unsuitable due to the canisters’ reactive nature. In SilcoCan™ 
canisters a surface treatment process called Silcosteel® has been developed which bonds a 
layer of silica-like material to the inner surface of the electropolished stainless steel 
ambient air canisters. This surface treatment creates a protective barrier between the 
sulfur compounds and the reactive metal surface of canister. Stability studies up to 6 days 
were performed to demonstrate the ability of the SilcoCan™ canister to store sulfur 
VOCs at very low ppbv levels in dry and humid conditions. 

 
 



 
 
 
 

Introduction 
 
The analysis of low-level sulfur volatile organic compounds (VOCs) has become more 
important due to odor complaints near manufacturing sites and refineries. Collection and 
measurement of volatile sulfur compounds in the atmosphere is very difficult because of 
their low concentration and high reactivity. These compounds not only react with 
themselves but can also react with the vessels they are collected in. This results in low 
recoveries. These compounds include hydrogen sulfide (H2S), methyl mercaptan 
(CH3SH), ethyl mercaptan (C2H5SH), and dimethyl disulfide (CH3SSCH3).  Tedlar bags 
traditionally have been used for the collection of sulfur VOCs. However the stability of 
low level sulfur VOCs at 100ppbv is poor within 24 hours1.  It is well documented that 
electropolished canisters (e.g., SUMMA canisters), are excellent for storage of VOCs in 
ambient air, however the samples react with the canister’s metal surface. This makes 
electropolished canisters unsuitable for the collection and storage of low-level sulfur 
VOCs2. Silcosteel® treatment is a process in which a silica-like layer is deposited on the 
surface of stainless steel. Electropolished canisters have been treated with the Silcosteel® 
process to create a barrier between the reactive compounds and the metal surface. 
Silcosteel® treatment increases the storage capability of the sulfur VOCs in canisters. 
Parmar et al studied the capability of SilcoCan canisters for the storage of sulfurs at 
concentrations of 200-1000ppbv3.  The purpose of this study was to evaluate the stability 
of sulfur VOCs within SilcoCan™ canisters at very low levels (1-20ppbv) for 6 days. A 
comparison study of dry vs. humidified standards was also performed to demonstrate the 
ability of SilcoCan™ canisters for storage of low-level sulfur VOCs in real-world 
conditions. 
 
 



 
 

Experimental Design 
 
Analytical System 
High resolution capillary gas chromatography offers many advantages for performing 
trace analysis of these sulfur VOCs in conjunction with sensitive selective detectors such 
as sulfur chemiluminescences detectors (SCD) or flame photometric detectors (FPD). For 
this study a 60m, 0.53mm ID, 7.0µm Rtx®-1 capillary column was selected. A 6-port 
Valco® valve was used with Silcosteel® 1mL sample loop and 1/16” sample pathway 
lines. The GC was a HP5890GC with Sievers Model 355 SCD.  The temperature profile 
was 30°C (1.0 min.) 10°C/min to 180°C (5 min.). The flow rate was 8.5mL /min. 
measured with an electronic flow meter (Figure 1). 
 
 
Canisters 
For this study 18 SilcoCan™ caniters and 2 
electropolished TO-Can™ canisters were used (Restek 
Corporation). 
 
 
Standards 
The dry standards were made by taking 2mL of a 
100ppm stock sulfur standard and adding it to each 
precleaned and evacuated canister, then pressurizing 
to 30psig with ultra-pure nitrogen. The resultant 
concentrations are listed in Table I. The humidified 
standards were made by injecting the evacuated 
canisters with 100µL of DIH2O prior to adding the 
2mL aliquot of stock standard. The resultant %RH 
was 50%. 
 
 
 
 Table # 1

Stock Standard Standard
Conc Conc Conc as S

Compound Name Formula (ppmv) (ppbv) (ppbv)
hydrogen sulfide H2S 105 11.51 10.83
carbonyl sulfide COS 98 10.74 5.73
methyl mercaptan CH3SH 101 11.07 7.38
ethyl mercaptan CH3CH2SH 101 11.07 5.71
dimethylsulfide CH3SCH3 99 10.85 6.81
dimethyl disulfide CH3SSCH3 100 10.96 7.46



 

Results and Discussion 
 
 
Section # 1 Analytical system repeatability. To ensure the analytical system was 
repeatable, the reference standard canister was run at 55 ppbv final concentration for 7 
replicate runs. Raw area counts were plotted and %RSD was calculated (Table II). All 
values are below 10%, indicating the system is in control. 
 
 
 
 
 
 
 
 
 
 
 

Section # 2 Standards preparation reproducibility. This was evaluated to ensure the 
process for making the standards was consistent. This was achieved by analyzing the 
diluted standards by GC/SCD immediately after their preparation. Table III shows the 
raw area counts for 7 SilcoCan™ canisters and %RSD for each compound. All the values 
are below 10% except methyl mercaptan at 17%. This may be due to instability of the 
compounds immediately after the standard are made. There was no equilibration time 
allowed.  
 
 
 
 
 

Table # 2
Compound Name Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 %RSD

hydrogen sulfide 341976 338133 334164 321637 327805 332097 325412 2.2
carbonyl sulfide 202037 206494 192443 183263 192524 188622 189439 4.2
methyl mercaptan 403861 390882 404358 390528 401388 407396 388261 2.0
ethyl mercaptan 154550 132887 157266 122290 140219 150073 145671 8.7
dimethylsulfide 342990 353464 344496 326731 338573 345838 321469 3.3
dimethyl disulfide 255783 249647 256716 198271 257623 267076 240651 9.2

Table # 3
Compound Name 6874 6872 6602 1901-1 1901-2 0202-1 0202-2 %RSD

hydrogen sulfide 151135 145070 149589 157606 165487 151564 155534 4.3
carbonyl sulfide 89946 79774 96010 99457 101822 97249 100290 8.1
methyl mercaptan 140662 219308 194347 238200 199373 247989 216972 17.0
ethyl mercaptan 83856 90000 80927 105565 92097 88750 96807 9.0
dimethylsulfide 184539 201190 196821 193154 183285 183227 191405 3.7
dimethyl disulfide 200742 215654 209997 187717 180067 176338 224980 9.3



 
Section # 3 the stability test within the canisters. The duration of the stability study 
was 6 days. A reference standard was made at 55ppbv and run 3 times each day. The 
concentration of the sulfurs was 11ppbv. Dimethyl sulfide was used as the internal 
standard. The results showed excellent stability of each of the low level sulfur VOCs in 
the dry standards of all 18 SilcoCan™ canisters. The electropolished canisters exhibit 
rapid degradation of the H2S, methyl mercaptan and ethyl mercaptan (Figures 2-6). 
 
 













 
Section # 4 Humidity Effects. Fivee SilcoCan™ canisters used in the first part of the 
study were cleaned according to the US EPA Compendium of Toxic Organic Methods 
TO-14 and resubmitted for the humidity study4. After adding 100µL of DIH2O to each 
canister, the resultant relative humidity was 50%RH.  2mL of the stock sulfur standard 
was added to each canister and analyzed for 6 days. Figures 7-11 show the stability of 
each sulfur VOC for the 5 canisters compared to the results of the dry standards. The 
results show the SilcoCan™ canisters are suitable for storing humidified sulfur VOCs as 
they show no difference to the performance of the SilcoCan™ canister in the dry standard 
study.  
 













 
 
 
 

Conclusion 
 
This study investigated the stability of very low level sulfur VOCs (1-20ppbv) in 
SilcoCan™ and electropolished canisters, using both dry nitrogen and humid conditions. 
The electropolished canisters exhibit degradation of reactive sulfurs VOCs such as H2S 
and methyl mercaptan and ethyl mercaptan. Both dry and humidified 11ppbv sulfur 
VOCs exhibited virtually no breakdown or reactivity in SilcoCan™ canisters after 6 days 
of storage.  
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Abstract

EPA method 8270 and Appendix IX contain over 150 commonly analyzed
semi-volatile pollutants. The compounds include PAH's, chlorinated
hydrocarbons, aldehydes, ketones, nitrosamines, phenols, anilines and
benzidines. Preparing stable analytical reference materials for this
extensive compound list is not trivial. Poorly formulated mixtures will
give compound interaction over time in the flame sealed ampule that
ultimately misrepresents the originally prepared target concentration
leading to poor calibration data quality.

Data will be presented on the stability of many different semi-volatile
analytical reference materials formulations. Incompatible compounds
and their proposed reactions and products will be described. The role
of solvent purity and specifications in good long term reference
material will also be described.



Purpose

The purpose of this work was to identify the
most commonly analyzed EPA 8270 and
Appendix IX compounds and formulate
these into a minimum number of stable,
easily handled calibration stock mixtures.



Acid / Base Reactions

• Acids, such as phenols and benzoic acid will react
with bases, such as anilines, benzidines, and
nitrosamines. Most calibration standards prepared
with these compounds together will only be usable
for only about one week. These incompatible
compounds were kept separate to ensure
maximum shelf life of the ampulated stock
solutions.

• Low response, tailing peaks, or complete loss of
these compounds are signs of acid / base reactions
in your calibration standards.



Ketone Addition Reaction with Alcohols

• Most ketones will form hemi-acetals and acetals in the
presence of alcohols. The general reaction is as follows:

This reaction may be catalyzed by either acid or base

    O                                O-R" 
     ||                                  |
 R-C-R' + 2  R"OH  ->  R-C-R' + 2 H20
                                         |   
                                        O-R"



PAH Reactions in the Presence of
Hexachlorocycopentadiene and
Hexachlorobutadiene
• PAHs have been known to spontaneously chlorinate in the presence

hexachorocyclopentadiene and hexachlorobutadiene. The reaction is a
substitution reaction with chlorine for hydrogen on the PAH. The exact
mechanism has not been determined at this time. No loss of
hexachlorocyclopentadiene nor hexachlorobutadiene is seen in this reaction.

• The reaction is believed to be caused by free chlorine or chlorine radicals in
certain lots of hexachlorocyclopentadiene and hexachlorobutadiene.

• Purification of hexachlorocyclopentadiene and hexachlorobutadiene by
distillation prevents this reaction.



Aldehyde Adduct formation in the
presence of alcohols
• Aldehydes will form adducts in the presence of alcohols. An example is benzaldehyde

in the presence of methanol. This reaction may take place immediately or slowly over
several months.

• Most brands and grades of methylene chloride contain methanol added at a
concentration of about 500ppm as a stabilizer. This may or may not be listed on the
bottle label. Methylene chloride can be quickly screened for added methanol by
GC/FID on a non-polar column, such as the Rtx-5.

• The methylene chloride used for this study was amylene stabilized and contained no
methanol.
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This reaction may be catalyzed by either acid or base



Chorinated Triazine Herbicides

• Chlorinated triazine herbicides will substitute chlorine for OH or OR in the
presence of water or alcohol.

• This reaction is catalyzed by light or acid.

• The reaction is very fast once started since the reaction product HCl is a
catalyst.

Chlorinated Triazines include:

Atrazine

Cyanazine

Cyprozine

Procyazine

Propazine

Simazine

Terbuthylazine

Trietazine

+ �

+



Stability Testing

• Stability testing was based on flame sealed ampules stored at 4°C or –18°C
under real-time conditions.

• Stored solutions where compared by GC/MS to newly prepared solutions.

• A stored solution was determined to be unusable if there was more than 5%
difference in response for any one analyte.



Final Phenols Calibration Mixture

2,3,4,6-Tetrachlorophenol
2,4,5-trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,6-Dichlorophenol
2-Chlorophenol
2-Methylphenol (o-cresol)
2-Nitrophenol
3-Methylphenol (m-cresol)
4,6-Dinitro-2-methylphenol
4-Chloro-3-methylphenol
4-Methylphenol (p-cresol)

4-Nitrophenol
Benzoic acid
Dinoseb
Pentachlorophenol
Phenol

2000 ppm each in methylene chloride

This mixture is currently stable for 37
months at 4°C



Final Anilines / Nitrosamines Mixture #1

2-Nitroaniline
3,3'-dichlorobenzidine
3-Nitroaniline
4-Chloroaniline
4-Nitroaniline
Aniline
Benzidine
N-Nitrosodi-n-propylamine
N-Nitrosodimethylamine
Pyridine

2000 µg/ml in methylene chloride

This mixture is currently stable for 18 months at –18°C.



Final Chlorinated Compounds Mix

1,2,4,5-Tetrachlorobenzene
1,2,4-trichlorobenzene
1,2-dichlorobenzene
1,3-Dichlorobenzene
1,3-Dinitrobenzene
1,4-Dichlorobenzene
2-Chloronaphthalene
4-Bromophenyl phenyl ether
4-Chlorophenyl phenyl ether
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl) ether
bis(2-chloroisopropyl)ether [2,2'-

oxylbis-(1-chloropropane)]
Chlorobenzilate
Hexachlorobenzene

Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexachloropropene
Isodrin
Kepone
Pentachlorobenzene
Pentachloronitrobenzene
Aramite

2000 ppm each in methylene chloride

This mixture is currently stable for 12
months at –18°C. More stability testing is
in progress.



Final Neutral Compound Mixture

1,3,5-Trinitrobenzene

1,4-Naphthoquinone

2,4-Dinitrotoluene

2,6-Dinitrotoluene

4-Nitroquinoline-1-oxide

Acetophenone

azobenzene

Benzyl alcohol

Bis(2-ethylhexyl)phthalate

Butyl benzyl phthalate

Di-n-butyl phthalate

DI-n-octyl phthalate

Dibenzofuran

Diethyl phthalate
Dimethyl phthalate
Ethyl methanesulfonate
Isophorone
Isosafrole (cis & trans)
Methyl methanesulfonate
Nitrobenzene
Phenacetin
Safrole

2000 ppm each in methylene chloride

This mixture is currently stable for 24
months at –18°C. More Stability testing is
in progress.



Final PAH Mixture
1-methylnaphthalene
2-Methylnaphthalene
3-Methylcholanthrene
Acenaphthene
Acenaphthylene
Anthracene
Benz(a) anthracene
Benzo(a) pyrene
Benzo(b) fluoranthene
Benzo(g,h,i) perylene
Benzo(k) fluoranthene
Chrysene
Dibenz(a,h) anthracene
Fluoranthene
Fluorene
Ideno(1,2,3-cd) pyrene
Naphthalene
phenanthrene
Pyrene

2000 ppm each in methylene chloride
This mixture is currently stable for 37 months at 4°C.



Final Organophosphorus Mixture

0,0,0-Triethyl phosphorothioate
Diallate (cis or trans)
Dimethoate
Disulfoton
Famphur
Methyl parathion
Parathion
Phorate
Pronamide
Thionazine

2000 ppm each in methylene chloride

This mixture is currently stable for 11 months at 4°C.



Final Organochlorine Pesticide Mixture
4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
alpha-BHC
Alpha-chlordane
beta-BHC
delta-BHC
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Endrin ketone
gamma-BHC (Lindane)
Gamma-chlordane
Heptachlor
Heptachlor epoxide
Methoxychlor

200 ppm each in 1:1: hexane/toluene

Currently stable for 37+ months at 4°C.



Final Anilines / Nitrosamines Mix #2
1,4-Phenylenediamine
1-Naphthylamine
2-Acetylaminofluorene
2-Naphthylamine
2-Picoline
3,3'-Dimethylbenzidine
4-Aminobiphenyl
5-Nitro-o-toluidine
a,a,-Dimethylphenethylamine (free base)
Methapyrilene (free base)
N-Nitrosodibutylamine
N-Nitrosodiethylamine
N-Nitrosomethylethylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
o-Toluidine
p-Dimethylaminoazobenzene

2000 ppm each in methylene chloride

This mixture is currently stable for 18 months at –18°C.



Conclusions

•• Stable stock calibration mixtures can be prepared by carefully cStable stock calibration mixtures can be prepared by carefully consideringonsidering
potential chemical interactions between targetpotential chemical interactions between targetanalytesanalytes,, impuritesimpurites, solvents,, solvents,
and solvent stabilizers.and solvent stabilizers.

•• Solvents must be carefully chosen and screened to obtain good shSolvents must be carefully chosen and screened to obtain good shelf life ofelf life of
stock solutions.stock solutions.

•• Stock solution storage plays a role in shelf life. Amber glassStock solution storage plays a role in shelf life. Amber glassampulesampuleswillwill
prevent reactions caused by light. While refrigerator storage iprevent reactions caused by light. While refrigerator storage is generallys generally
recommended forrecommended forsemivolatilesemivolatilestandards, freezer storage will improve stabilitystandards, freezer storage will improve stability
for certain mixtures, especially anilines andfor certain mixtures, especially anilines andbenzidinesbenzidines..
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Analysis of Dioxins,
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Abstract
The analyses of Dioxins, Furans, and PCBs are generally performed using at least 2 different methods, and if data for the co-
planar PCBs is required a third method is often utilized.  This can mean that for 1 sample it may be necessary to perform a
dual-column ECD method for the non-coplanar PCBs, high resolution mass spec analysis for the dioxins and furans, and either
a mass spec or another ECD analysis for the co-planar PCBs.  Additionally common methodologies for these analyses can
result in 1-hour long chromatographic separations, and different sample preparation procedures may also be required.

This investigation describes the preliminary data in the attempt to consolidate all of these analyses plus the toxaphene and PAH
analyses into a single high resolution GC/MS separation.



Experimental
GC/MS
All separations using Agilent 6890 GC coupled to a Micromass Ultima HRMS @10,000RP; Injection port: 280°C;
Carrier gas: He or H2

Columns
20M: 0.10mm ID, 0.10µm Rtx®-5MS (Restek Corp.); Column head pressure: 100psi; Oven program: 100°C (hold 1 min.) to
200°C @ 100°C/min. to 235°C @ 13°C/min. to 300°C @ 27°C/min. (hold 4 min.); Injection volume: 0.2µL.

40M: 0.18mm ID, 0.18 µm Rtx®-5MS (Restek Corp.); Column head pressure: 61psi.; Oven program: 100°C (hold 0.62
min.) to 200°C @ 64.5°C/min. to 235°C @ 4.8°C/min. (hold 6.2 min.) to 300°C @ 9.7°C/min (hold 5.6 min); Injection vol-
ume: 1.0µL.

Extract Preparation
Extracts are prepared similar to the US EPA Method 8290, but the extracts are further cleaned using carbon SPE. This method
allows for the collection of two sample extract fractions: one containing the non-coplanar PCBs, and the other containing the
coplanar PCBs, dioxins, furans, and PAHs.



Separation Requirements
Dioxins and Furans
Chromatographic resolution and analysis times are dependant on column dimensions (length, i.d., phase thickness). The table
below summarizes a number of column options for the analysis of dioxins/furans. The conventional 60M 5% diphenyl column
is assigned a relative analysis time of 1. Experimentally it has been determined that 175,000 plates are required to obtain the
necessary separation of 2,3,7,8-TCDD from its nearest neighbors (1,2,3,7/1,2,3,8-TCDD unresolved pair eluting before, and
1,2,3,9-TCDD eluting after). This criterion can be easily met on both the 40M, and the 60M columns, however, the analysis
can be completed in nearly ½ of the time on the 40M column. The 20M column is also capable of meeting these requirements
in about ¼ of the time, however, there is little room for trimming the column when the column performance begins to deterio-
rate with use. For the dioxin and furan analysis, therefore, a 40M column was selected for this work.

PCBs
In order to minimize the number of ions that must be simultaneously monitored, it is desirable to elute the bulk of the PCB
compounds prior to the elution of the dioxin and furan compounds. This can be accomplished by injecting the non-coplanar
PCB fraction into a 20M column that is parallel to the 40M column used for the separation of the dioxin/furan fraction.

Column Configuration
Columns are installed in parallel into an MS ion source, with PCB fraction being injected onto the 20M column, and the di-
oxin/furan fraction being injected onto the 40M column. Resulting analysis time is less than a single fraction on the conven-
tional 60M column.



Analysis
Sample chromatograms are shown for the separation of several PCBs and dioxins by chlorination level. PCB data for the
analysis of two reference materials (sediment and biota) are summarized in the tables below. This method was also evaluated
for three different extracts, soil, biota, and air versus the conventional separation on the 60M column. This data appears as a
comparison of the �fast� method to the �conventional� method in the table.

Analysis of PCB Congener Reference Sediment EC-3
PCB Congener Expected Value ng/g N Average Value

18 9.0 +/- 4.7 8 9.2

28 18.6 +/- 8.6 8 14.7

52 35.6 +/- 12.9 8 28.9

105 13.1 +/- 4.3 8 18.9

118 28.5 +/- 5.4 8 28.6

138 25.2 +/- 6.3 8 26.0

153 24.2 +/- 4.1 8 22.6

170 8.9 +/- 1.3 8 9.6

180 15.4 +/- 6.6 8 13.7

Extract Compound Conventional GC/HRMS (60M) Fast GC/HRMS (40M)

Soil 2,3,7,8-T4CDD 2.2 ppt 2.3 ppt

Fish 2,3,7,8-T4CDD 14 ppt 13 ppt
Air 1,2,3,7,8-P

5
CDD 0.093 pg/M3 0.093 pg/M3



Summary

Acknowledgements

This presentation describes the initial attempt at method consolidation and throughput increase from a parallel-dual-column
separation using GC-HRMS for the analysis of PCBs, Dioxins, Furans, and PAHs.  The authors are continuing to refine this
method, but initial results are very promising.  This method should allow for the combining of several different analytical
methods to a single instrument, whit a total analysis time of less than 30 minutes.
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Abstract

Mixtures of nucleotides, nucleosides and their respective
purine or pyrimidine bases are difficult to analyze by
reversed phase high performance liquid chromatography
(RP HPLC).  These compounds cover a wide range of
polarities and functionalities, from the acidic nucleotides to
the basic purines and pyrimidines, making it very difficult
to retain and resolve all of them with conventional alkyl
stationary phases.  Traditional HPLC analyses of these
compounds often use a combination of reversed phase- ion
pairing (RP-IP) and/or ion exchange (IEX) mode.



Abstract (cont.)

Nucleotides are often analyzed by anion exchange while
nucleosides are sometimes analyzed by cation exchange
modes.  These methods are not compatible with all the
solutes in these mixtures and lack ruggedness.

This study is important in demonstrating that all three
classes of compounds (nucleotides, nucleosides, bases) can
be analyzed by RP-HPLC using one column and the same
simple isocratic mobile phase.  This provides greater
convenience, reproducibilty  and ruggedness in developing
methods for these mixtures.



Abstract (cont.)

By using a unique, intrinsically base deactivated stationary
phase (Ultra IBD), simple RP-HPLC conditions were
identified which resolve any common purine or pyrimidine
base from its related ribonucleoside and mono-,  di- and
triphosphate nucleotides.



Introduction

  A nucleoside consists of a nitrogenous base linked to a
pentose (sugar).  A nucleotide is composed of a nucleoside
plus one or more phosphate groups.  The nitrogenous bases
of nucleosides and nucleotides are either purines or
pyrimidines.  Figure 1 shows the structures of the major
purines (adenine, guanine) and pyrimidines (cytosine,
uracil, thymine).  Figure 2 shows the structures of four
common ribonucleosides in which a base is linked to
ribose. Figure 3 shows the structures of  three important
nucleotides, ATP, ADP, and AMP, which are composed of
the nucleoside adenosine plus three, two and one
phosphate group(s), respectively.



Figure 1. Purine and Pyrimidine Bases
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Figure 2.  Nucleosides
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Figure 3.  Nucleotides
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Introduction (cont.)

  The Ultra IBD (intrinsically base-deactivated) column is
particularly effective for retaining and resolving complex
mixtures of nucleotides, nucleosides, and purine and
pyrimidine bases.  The unique stationary phase of the Ultra
IBD is composed of a polar group within, or intrinsic to, an
alkyl chain.  The polar group gives extra retention for
many polar analytes as well as unique selectivity, a very
high level of base deactivation, and compatibility with
highly aqueous mobile phases.  The Ultra IBD is ideal for
LC/MS because it can often resolve acidic, basic,
zwitterionic and/or neutral compounds in a single analysis
using simple mobile phases.



HPLC Conditions

• Column: Ultra IBD, 150x4.6mm, 5um (Restek
Corporation)

• Instrument: HP 1100

• Mobile Phase: 97.5:2.5 (v/v) 20mM Ammonium acetate,
pH 5.8: MeOH

• Flow Rate: 1.0 mL/min

• Detection: UV 260nm

• Temperature: 35°C

• Injection Volume: 20µl



HPLC Conditions (cont.)

Samples: Mixtures of standards dissolved in 20mM
Ammonium acetate, pH 5.8.  Concentrations of individual
components were approximately 80-360 µg/mL for the five
component mixtures and approximately 40-160 µg/mL for the
11 component mixture.
All nucleotides had the phosphates linked to the C5 hydroxyl of
ribose (ie. 5'-ATP).



Results

 Figures 4 through 8 each show a separation of one of the
major purines or pyrimidines from its respective
ribonucleoside and mono-, di-, and triphosphate
nucleotide.  Note that each of these separations was
achieved using the same conditions and that in each case
the order of elution is triphosphate, diphosphate, then
monophosphate nucleotide, followed by the base, and
lastly the nucleoside.  There are slight “shoulders” on the
peaks for GDP (Figure 5), TTP (Figure 7), and UMP
(Figure 8).  These were present in the GDP, TTP, and
UMP standards, respectively and were presumed to be
impurities or degradation products.
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Figure 4. Adenine Family
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Figure 5. Guanine Family
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Figure 6. Cytosine Family
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Figure 7. Thymine Family
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Figure 8. Uracil Family
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Results (cont.)

  Table 1 lists the typical retention times obtained for all 25
of the compounds separated in Figures 4 – 8. While not all
25 compounds can be resolved in a single run, it would be
possible to analyze all of these compounds using these
chromatographic conditions with MS or MS/MS detection.
Note that the mobile phase is compatible with MS
detection, as all of its components are volatile.  Figure 9
shows the resolution of a mixture of 11 various
nucleotides, nucleosides, and bases.



Table 1. Typical Retention Times For Common Nucleotides,
Nucleosides, and Purine and Pyrimidine Bases.

Compound Ret.(min)

CTP 1.5

UTP  1.5

CDP 1.6

UDP 1.6

GTP 1.7

TTP 1.8

CMP 1.9

GDP 1.9

UMP 2.0

Compound Ret.(min)

TDP 2.2

ATP 2.3

GMP 2.6

Cytosine 2.6

ADP 2.7

Uracil 2.7

Cytidine 3.1

TMP 3.3

Uridine 3.6



Table 1. Typical Retention Times For Common Nucleotides,
Nucleosides, and Purine and Pyrimidine Bases (Cont.).

Compound Ret.(min)

AMP  4.2

Guanine  4.6

Thymine  4.6

Guanosine  7.4

Thymidine  9.0

Adenine  9.3

Adenosine 16.2



Figure 9. Eleven Component Mixture of Nucleotides, 

Nucleosides, and Related Bases
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Conclusions

The unique stationary phase of the Ultra IBD column can
retain and resolve mixtures of nucleotides, nucleosides,
and purine and pyrimidine bases by RP HPLC, using
isocratic elution with a simple, volatile mobile phase.  A
single set of chromatographic conditions was identified
which can resolve any of the common purine or pyrimidine
bases from its respective ribonucleoside and mono-, di-,
and triphosphate nucleotides.  Future work will focus on
MS detection.



The Analysis of Marine Oil 
Based FAMEs by Capillary 

Gas Chromatography



Food Lipids:  Acylglycerols

Neutral fats:  mono-, di-, or triesters of glycerol with fatty acids

Tristearin or glycerol tristearate
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O

O

O

CH3

CH3

CH3



Food Lipids:  Free Fatty Acids

O

OH

CH3

Three fatty acids are contained in a triglyceride

§ Saturated ≈ no double bonds in the carbon chain

§ Unsaturated ≈ one or more double bonds in the chain

§ Cis or trans possible around the double bond

§ ω3 ≈ double bond is on 3rd carbon from the methyl end



Typical Fatty Acid Compositions

TraceC20:2

Trace C14:1

3TraceTraceC22:0

TraceC20:1

Trace2TraceTraceTraceC20:0

Trace9C18:3

1122165154C18:2

3861642529C18:1

145244C18:0

3Trace2C16:1

296141113C16:0

3TraceTraceC14:0

LardPeanutOlive OilSoy OilCorn OilFatty Acid



Marine/Fish Oil Fatty Acids

18.413.812.7C18:1

Trace1.30.8C22:5ω3

ND1.020.8C22:1

20.919.612.7C16:0

7.029.84.9C22:6ω3

5.817.08.4C20:5ω3

1.72.50.3C20:4ω6

ND3.014.1C20:1

3.20.41.7C18:4ω3

1.60.10.6C18:3ω3

7.30.71.1C18:2ω6

8.33.80.9C18:0

3.93.58.8C16:1

2.71.46.4C14:0

TroutTroutCodCodHerringHerringFatty AcidFatty Acid

From:  deMan, Principles of Food Chemistry



Nutraceuticals & Functional Foods

n Naturally derived, biologically active 
compounds

n Health benefit

n Consumed in various forms

u Dietary supplement

u Functional food or ingredient

n Regulation is still unclear



Nutraceutical Products
Marine/Fish Oils

§ Rich in Polyunsaturated Fats

♦ ω-3 fatty acids: potential health benefit

♦ PUFAs can oxidize more readily

§ Consumed as Fish or in Capsule Form

♦ Enrichment of PUFAs possible in capsules

§ Fatty Acid Composition Monitored by GC

♦ Levels of DHA, EPA

§ Lipid Class Separations by LC



Marine Oil FAME Analysis
Preparation of the FAMEs

n Standard Methods
u AOCS Ce 1b-89

u European Pharmacopeia 2001:1352

n Saponification with NaOH or KOH

n Methylation 
u BF3/MeOH or BCl3/MeOH

n Extraction
u Add saturated salt solution

u Extract into isooctane



Marine Oil FAME Analysis
Standard GC Conditions

n Analytical Column
u FAMEWAX™, 30m x 0.32mm x 0.25µm

n Oven Program
u 100°C to 210°C at 8°C/min, 30 min hold 

n Flow Rate
u Hydrogen @ 1 mL/min

n Injector
u 250°C, 100:1 split

n FID @ 250°C (or MSD)



Marine Oil FAMEs - Standard

1. C14:0
2. C14:1
3. C16:0
4. C16:1
5. C18:0
6. C18:1
7. C18:1
8. C18:2n6c
9. C18:3n3
10. C20:0
11. C20:1n9

12. C20:2n6
13. C20:4n6
14. C20:3n3
15. C20:5n3
16. C22:0
17. C22:1n9
18. C24:0
19. C22:6n3
20. C24:1



Marine Oil FAMEs - Standard

1. C14:0
2. C14:1
3. C16:0
4. C16:1
5. C18:0
6. C18:1
7. C18:1
8. C18:2n6c
9. C18:3n3
10. C20:0
11. C20:1n9

12. C20:2n6
13. C20:4n6
14. C20:3n3
15. C20:5n3
16. C22:0
17. C22:1n9
18. C24:0
19. C22:6n3
20. C24:1



Marine Oil FAME Analysis
Fast vs. Slow GC Programs

n Oven Program
SLOW:  100°C to 210°C at 8°C/min, 30 min hold

FAST: 195°C to 240°C at 5°C/min, 1 min hold

n Flow Rate
SLOW:  Hydrogen @ 1 mL/min

FAST:  Hydrogen @ 3 mL/min

n Injector
SLOW:  100:1 split

FAST:  300:1 split



Marine Oil FAMEs – Slow Program
18% EPA/12% DHA Triglycerides

1.  C14:0
2. C14:1
3. C15:0
4. C16:0
5. C16:1
6. C16:2
7. C17:0
8. C17:1
9. C16:4
10. C18:0
11. C18:1 (oleate)
12. C18:1 (vaccenate)
13. C18:2n6c
14.  C18:3n3
15.  C18:4n6

16. C18:4n3
17. C20:0
18. C20:1n7
19. C20:4n6
20. C20:4n3
21. C20:5n3
22. C22:1n7
23. C22:1n9
24. C21:5n3
25. C23:0 (IS)
26. C22:5n6
27. C22:5n3
28. C22:6n3
29.  C24:1EPA

DHA



Marine Oil FAMEs – Fast Program
18% EPA/12% DHA Triglycerides

• C14:0
• C15:0
• C16:0
• C16:1
• C16:2
• C17:0
• C17:1
• C16:4
• C18:0
• C18:1 (oleate)
• C18:1 (vaccenate)
• C18:2n6c
• C18:3n3
• C18:4n6

15. C18:4n3
16. C20:0
17. C20:1n7
18. C20:1n9
19. C20:4n6
20. C20:4n3
21. C20:5n3
22. C22:1n7
23. C21:5n3
24. C23:0 (IS)
25. C22:5n6
26. C22:5n3
27. C22:6n3
28. C24:1

EPA

DHA



Validation Study
18/12 Triglyceride Capsule

mg of EPA mg of DHA mg of EPA mg of DHA
EPA DHA

191.87 128.93 192.38 129.66 0.26 0.57
190.97 127.81 191.54 128.45 0.30 0.51
190.64 128.16 192.65 129.24 1.06 0.84
190.44 128.46 192.07 128.66 0.86 0.16
191.36 128.49 191.45 129.37 0.05 0.68
190.52 128.81 192.61 129.92 1.10 0.86
172.40 110.22 172.26 108.98 0.08 1.12

AVERAGE--> 0.53 0.68

SLOW GC PROGRAM FAST GC PROGRAM
% Difference

Data courtesy of Dave Waddell, Ocean Nutrition Canada



Summary of Validation Study:
Slow vs. Fast GC Programs

Data courtesy of Dave Waddell, Ocean Nutrition Canada

0.380.20High EPA

Triglyceride

0.520.5340 EPA/20 DHA

Triglyceride

0.610.5630 EPA/12 DHA

Ethyl Ester

0.680.5318 EPA/12 DHA

Triglyceride

% Difference

DHA

% Difference

EPA

Product



Marine Oil FAMEs – Sample
30% EPA/20% DHA Ethyl Esters

DHA

EPA

IS



Summary of Marine Oil FAME Analysis

n Preparation of the Methyl Esters
u AOCS vs. European Pharmacopeia

n Column Selection
u PEG vs. high cyano phases

u Column configuration

n GC Program Optimization
u Oven program and linear velocity

u 40+ minute run to under 10 minutes!

u Excellent agreement between methods 



Advantages of Using Highly
Retentive Phases in LC/MS

Development

Keith J. Duff, David S. Bell,

C. Vernon Bartlett

Restek Corp., Bellefonte,PA

Shane R. Needham

Pfizer Inc, Groton, CT



Introduction

● Electrospray ionization (ESI) requires
evaporation of the mobile phase (M.P.)
leaving the analyte ions in the gas phase.

● The higher the organic content in the M.P.,
the more efficient the evaporation process.

● This added efficiency translates into greater
signal in the mass spectrometer.



State-of-the-Art LC/MS
Columns

● New LC/MS packings have been developed
that can be used with very high organic
content in the M.P.

● This can results in an order of magnitude
improvement in LC/MS sensitivity.

● Also provides fast LC/MS analyses.



New phases enable the use of more % organic
in the mobile phase.  This, in turn, allows for
more efficient ESI desolvation/ionization,
which yields higher LC/MS sensitivity.

Higher % organic
improves efficiency 
of this step



Five novel phases were developed for
optimum LC/MS performance and
sensitivity:

ANALYTE TYPE NEW PHASE

Neutral AllureR C18 

Acidic/Amino Acids AllureR Acidix

Basic (1st Generation) AllureR Basix

    (2nd Generation) AllureR PFPP

Combination - all types Ultra IBD



Allure TM C18 VS. Conventional
C18 Phase - Neutral Steroids
Allure TM C18 VS. Conventional
C18 Phase - Neutral Steroids

●● Higher C load allowsHigher C load allows
use of 12% moreuse of 12% more
organic; Results in aorganic; Results in a
26% increase in26% increase in
LC/MS sensitivityLC/MS sensitivity

●● 1. Deoxycorticoster-1. Deoxycorticoster-
one (DCC) Acetate, 2.one (DCC) Acetate, 2.
DCC Glucoside, 3.DCC Glucoside, 3.
DCC; 0.4mL/min;DCC; 0.4mL/min;
Pos. ion ESI-TOFPos. ion ESI-TOF

Conventional C18                     AllureConventional C18                     AllureTMTM C18 C18
   12%C   12%C           27%C          27%C

50 x 2.1mm50 x 2.1mm

Data courtesy of Shane Needham, Pfizer IncData courtesy of Shane Needham, Pfizer Inc

11
11

22

22

33

33

 H2O:MeOH (40:60)       H2O:MeOH (33:67)



Allure TM Acidix - New Acidic
Analyte Packing
Allure TM Acidix - New Acidic
Analyte Packing

Polar stationary phase:Polar stationary phase:

●● Allows increased %Allows increased %
organic in M.P.organic in M.P.

●● Increases signal:noiseIncreases signal:noise

●● Improves selectivity/Improves selectivity/
resolutionresolution

●● Improves peak shapeImproves peak shape

●● 150 x 4.6mm; 20mM150 x 4.6mm; 20mM
NHNH4 4 HCOHCO22, pH, pH
4.5:ACN (v/v);4.5:ACN (v/v);
1mL/min; Neg. ion ESI1mL/min; Neg. ion ESI1. Salicylic Acid,  2. Aspirin1. Salicylic Acid,  2. Aspirin

11

22

11

22

AllureAllure
AcidixAcidix

C18C18

20:8020:80

95:595:5



Allure TM Acidix - Underivatized
Amino Acid Separation
Allure TM Acidix - Underivatized
Amino Acid Separation

● Excellent peak shape
under mild M.P.
conditions.

● No derivatization
necessary.

● Enables monitoring
reaction pathways
with minimal
experimental
interferences.

Column: Allure Acidix
Sample:  1. homocysteine thiolactone, 2. 
homocyteine, 3. homocystine
Mobile Phase: water, pH 3 (HCOOH):
                        ACN (40:60 v/v).

%
Int.

Min.

11 22

33



Allure TM Basix - 1st Generation
Basic Analyte Packing
Allure TM Basix - 1st Generation
Basic Analyte Packing

● Designed to use for
basic compounds.

● Adjusted % organic
(in 5mM Am. Acet.,
pH=4.5 M.P.) from
35% (conven. C18) to
80% (Basix) for same
k’.

● Signal-to-noise
increase: 243%

Allure Allure TMTM Basix  Basix 
20:8020:80

Conventional C18Conventional C18
65:3565:35

Amitriptyline



uracil

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50
Time0

100

%

nuke_base8 Sm (Mn, 4x3) Scan ES+ 
112.96
3.29e4

3.65

7.39

Allure TM PFPP - 2nd Generation
Basic Analyte Packing

1

2

3

Conditions:
Column: Allure PFPP 150 x 4.6 mm
Mobile Phase:  10 mM ammonium acetate, pH 4.5

           acetonitrile (95:5, v/v)
Flow: 1 mL/min, split post column
Detection:  ESI positive ion mode

Peak List:
1.  cytosine
2.  uracil
3.  thymine

PFPP even retains
a void marker (uracil)



Allure TM PFPP - Uses Highest
% Organic for Basic Analytes

● PFPP allows the use of much
more organic in M.P. to give
the same amount of retention
of conventional phases.

● This allows increased
sensitivity in LC/MS, LC/IR,
and LC/ELSD of 600% or
more.

● 5mM NH4OAc, pH 4.5:ACN;
30 x 2.1mm; 0.4mL/min

Retention Behavior of Amitriptyline

0

50

100

0 50 100% ACN

k

C4

CN

OH

PFP

% ACN

k’

50                 100

Amitriptyline

Data Courtesy of Shane 
Needham, Pfizer Inc



Ultra IBD - Separates
Acid/Basic Mixtures

● Good peak shape for
both acids and bases.

● Unique selectivity
compared to C18
phases.

● M.P.: 65:35 - 50mM
KH2PO4, pH 3:ACN
Flow: 1mL/min

● Detection: 254nm

1

2

3

4
5

__________
0              5
           min.

1. Lidocaine
2. Chlorpheniramine
3. Doxepin
4. Maleic Acid
5. Benzoic Acid



Conclusion

● New LC/MS packings have been developed
that enable the use of higher % organic
content in the mobile phase.

● These packings typically provide up to an
order of magnitude increase in sensitivity.

● The proper column choice is easily made, a
priori, based on the pKa of the analyte.



A Low Bleed, High Temperature 
Polydimethylsiloxane Liquid Phase 
for Simulated Distillation



Introduction

nn ASTM Method D 6352ASTM Method D 6352--98 is used for the 98 is used for the 
determination of the boiling range determination of the boiling range 
distribution of petroleum distillate fractions. distribution of petroleum distillate fractions. 

nn The method specifies the use of a short, The method specifies the use of a short, 
wide bore, thin film capillary column.wide bore, thin film capillary column.

nn The upper temperature of the analysis is set The upper temperature of the analysis is set 
at 400at 400ooC. C. 



Column Design

nn Method criteria: 5 m x 0.53mm ID x 0.10um Method criteria: 5 m x 0.53mm ID x 0.10um 

nn Stainless steel tubing Stainless steel tubing 

nn Treated with Sulfinert process Treated with Sulfinert process 

nn A high temperature, nonA high temperature, non--polar stationary phase polar stationary phase 
was developed that was able to withstand was developed that was able to withstand 
430430ooC while producing minimal bleed. C while producing minimal bleed. 

nn Matching the McReynolds requirements of the Matching the McReynolds requirements of the 
method.method.



Experimental Design

nnA lifetime study was performed by repetitively  A lifetime study was performed by repetitively  
injecting a standard mixture designed for ASTM injecting a standard mixture designed for ASTM 
D2887 calibration. D2887 calibration. 

nn A Polywax 1000 sample was injected and A Polywax 1000 sample was injected and 
resolution between C50 and C52 was calculated resolution between C50 and C52 was calculated 
according to the method. according to the method. 

nn Record kept of the retention time for C52 and the Record kept of the retention time for C52 and the 
bleed at 430bleed at 430ooC over the course of the experiment. C over the course of the experiment. 
nnRepeated until the column resolution  fell below Repeated until the column resolution  fell below 
ASTM D6352ASTM D6352--98 specifications. 98 specifications. 



GC Conditions

nn D2887 sampleD2887 sample
4040ooC to 430C to 430ooC at 70C at 70ooC/minuteC/minute
Hold at 430Hold at 430ooC for 10 minutesC for 10 minutes

nn Polywax 1000 samplePolywax 1000 sample
5050ooC to 430C to 430ooC at 10C at 10ooC/ minuteC/ minute
Hold at 430Hold at 430ooC for 6 minutesC for 6 minutes

nn Carrier Gas Carrier Gas –– Helium, 1.8psi (14ml/min)Helium, 1.8psi (14ml/min)
nn Sample Sample –– 0.2uL, 2% sample in Carbon Disulfide0.2uL, 2% sample in Carbon Disulfide
nn Cold On Column Injection with Oven TrackingCold On Column Injection with Oven Tracking



Results

nn Column demonstrated consistent Column demonstrated consistent 
performance for 400 analyses at performance for 400 analyses at 
temperatures 30temperatures 30o higher than method higher than method 
specifications.specifications.

nn Column resolution for C50/C52 did not fall Column resolution for C50/C52 did not fall 
below the specifications of the method until below the specifications of the method until 
approximately 350 injections.approximately 350 injections.



Polywax 1000 – Run #1

5 10 15 20 25 30 35 40

C50
C100



Polywax 1000 – Run #400

C50

C100
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C50 / C52 Resolution – Run #1

t1

t2

w1

w2

R=2(t2-t1)/(1.699(w2+w1))

C50 C52



C50 / C52 Resolution
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Column Stability

nnC52 retention time was monitored to ensure that C52 retention time was monitored to ensure that 
significant amounts of stationary phase were not significant amounts of stationary phase were not 
being lost due to thermal cycling. being lost due to thermal cycling. 

nnAfter 400 injections the retention time of C52 After 400 injections the retention time of C52 
moved approximately 1.4 minutes. moved approximately 1.4 minutes. 
nnColumn bleed at 430Column bleed at 430ooC was monitored to ensure C was monitored to ensure 
that the phase had not undergone significant thermal that the phase had not undergone significant thermal 
decomposition. decomposition. 
nnBleed values were consistently low and did not Bleed values were consistently low and did not 
interfere with the analysis.interfere with the analysis.



C52 Retention Time Stability
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Column Bleed Stability
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Column Performance
after 400 Cycles
nn After 400 cycles to 430After 400 cycles to 430ooC, a Polywax 1000 C, a Polywax 1000 

sample gave a column resolution value of 2.7 sample gave a column resolution value of 2.7 
nn A mixed sample of the D2887 standard and A mixed sample of the D2887 standard and 

Polywax 1000 was injected to calibrate the Polywax 1000 was injected to calibrate the 
column for C10 through C100. column for C10 through C100. 

nn A diluted sample of Pennsylvania light crude oil A diluted sample of Pennsylvania light crude oil 
was then analyzed and compared to the calibration was then analyzed and compared to the calibration 
mixture. mixture. 

nn Adequate resolution of the hydrocarbons in the Adequate resolution of the hydrocarbons in the 
crude oil sample was obtained even though the crude oil sample was obtained even though the 
column was below the minimum resolution column was below the minimum resolution 
criteria of the method.criteria of the method.



C10 to C100 Calibration



Pennsylvania Light Crude Oil

5 10 15 20 25 30 35 40



Summary

nn The MXTThe MXT--1HT column demonstrates superior 1HT column demonstrates superior 
performance compared to columns made from performance compared to columns made from 
fused silica or aluminum clad tubing. fused silica or aluminum clad tubing. 

nn When combined with a high temperature, nonWhen combined with a high temperature, non--
polar stationary phase, the column was able to polar stationary phase, the column was able to 
withstand 400 cycles at 430withstand 400 cycles at 430ooC.C.

nn Column demonstrated low bleed and adequate Column demonstrated low bleed and adequate 
separating efficiency to resolve hydrocarbons in a separating efficiency to resolve hydrocarbons in a 
crude oil sample.crude oil sample.
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GC/MS Volatiles Analysis EPA Methodology

uu EPA Method 8260B GC/MS EPA Method 8260B GC/MS 

uu Over 100 Organic CompoundsOver 100 Organic Compounds

uu Dynamic Headspace SamplingDynamic Headspace Sampling

uu Extracted IonExtracted Ion Quantitation Quantitation 
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Dynamic Headspace Sampling – Purge & 
Trap

uu Purge & Trap increases sensitivity compared to Purge & Trap increases sensitivity compared to 
other introduction methodsother introduction methods

uu However, purging However, purging analytes analytes from the sample to the from the sample to the 
trap, then desorbing the trap, can result in broad trap, then desorbing the trap, can result in broad 
peaks for the most volatile compounds.peaks for the most volatile compounds.

uu Column design needs to take into account the Column design needs to take into account the 
early eluting peak shapes and isomeric pairs (ex. early eluting peak shapes and isomeric pairs (ex. 
ChlorotoluenesChlorotoluenes, , dichlorobenzenesdichlorobenzenes).).
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Column Design Criteria 

uu Analysis Time Analysis Time 

uu Low BleedLow Bleed

uu Critical ResolutionCritical Resolution

uu NoNo CryofocusingCryofocusing

uu GC/MS CompatibleGC/MS Compatible

uu Computer Aided Stationary Phase Design  Computer Aided Stationary Phase Design  
(CASPD) can help achieve these criteria(CASPD) can help achieve these criteria
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Computer Aided Stationary Phase Design

uu Phase modeling involves comparing Phase modeling involves comparing analyte analyte 
retention times collected on different stationary retention times collected on different stationary 
phases.phases.

uu This data can be used to predict the optimum This data can be used to predict the optimum 
resolution of compounds with different phase resolution of compounds with different phase 
combinations.combinations.

uu For example, RtxFor example, Rtx--1 and Rtx1 and Rtx--35 can be modeled to 35 can be modeled to 
predict a composition for the Rtxpredict a composition for the Rtx--502.2 stationary 502.2 stationary 
phase.phase.
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Modeling

18

19

20

21

Rtx-1 Rtx-502     Rtx-35
Chlorobenzene 17.79 18.57 19.27
1112te ethane 17.78 18.58 19.29
E benzene 18.26 18.78 19.25
m/p-xylene 18.48 18.90 19.27
o-ClF benzene 18.16 18.93 19.61
o-xylene 19.07 19.60 20.07
Styrene 18.93 19.63 20.25
Bromoform 18.58 19.96 21.19

Rtx-1 Rtx-502     Rtx-35
Chlorobenzene 17.79 18.57 19.27
1112te ethane1112te ethane 17.7817.78 18.5818.58 19.2919.29
E benzene 18.26 18.78 19.25
m/p-xylene 18.48 18.90 19.27
o-ClF benzene 18.16 18.93 19.61
o-xylene 19.07 19.60 20.07
Styrene 18.93 19.63 20.25
BromoformBromoform 18.5818.58 19.9619.96 21.1921.19

21

20

19
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Stationary Phases Used for Modeling
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Stationary Phases Used for Modeling
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Predicted vs. Actual Using 
a 4 Dimensional Phase
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Rtx-VMS

uu Stationary Phase created using CASPD and Stationary Phase created using CASPD and 
optimized for GC/MS.optimized for GC/MS.

uu Resolution and bleed levels were evaluated across Resolution and bleed levels were evaluated across 
a range of column dimensions and run conditions a range of column dimensions and run conditions 
for maximum versatility.for maximum versatility.
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Rtx®-VMS                                   Extracted Ion
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55

Ext.Ion 52 Ext.Ion 72

TIC
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Chloroprene
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Rtx®-VMS               Volatiles GC/MS Column
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Rtx®-VMS               Volatiles GC/MS Column

Time-->

KETONES Ion 43
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Column Variations for GC/MS – 0.18mm ID

uu 0.18mm ID columns are attractive due to 0.18mm ID columns are attractive due to 
increased efficiency and resolution enhancementsincreased efficiency and resolution enhancements

uu An RtxAn Rtx--VMS 20m x 0.18mm x 1.0um column VMS 20m x 0.18mm x 1.0um column 
gives excellent resolution of EPA 8260B gives excellent resolution of EPA 8260B 
components in 10 minutes without cryogenic components in 10 minutes without cryogenic 
coolingcooling

uu Desorb Desorb flow rate set at 40ml/min for 1 minflow rate set at 40ml/min for 1 min

uu Column flow rate optimized at 1 ml/minColumn flow rate optimized at 1 ml/min
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Volatile Organics
EPA Method 8260B
Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (100ppb)
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate
20. allyl alcohol (250ppb)
21. ethyl-tert-buyl ether
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane
25. chloroform

26. ethyl acetate
27. carbon tetrachloride
28. methyl acrylate
29. propargyl alcohol (500ppb)
30. dibromofluoromethane (SMC)
31. tetrahydrofuran
32. 1,1,1-trichloroethane
33. 2-butanone
34. 1,1-dichloropropene
35. benzene
36. pentafluorobenzene (IS)
37. tert-amyl-methyl ether
38. 1,2-dichloroethane
39. isobutyl alcohol (500ppb)
40. isopropyl acetate
41. trichloroethene
42. 1,4-difluorobenzene (SMC)
43. dibromomethane
44. 1,2-dichloropropane
45. bromodichloromethane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)
49. cis-1,3-dichloropropene
50. toluene-d8(SMC)

51. toluene
52. pyridine (250ppb)
53. tetrachloroethene
54. 4-methyl-2-pentanone
55. trans-1,3-dichloropropene
56. 1,1,2-trichloroethane
57. ethyl methacrylate
58. dibromochloromethane
59. 1,3-dichloropropane
60. 1,2-dibromoethane
61. n-butyl acetate
62. 2-hexanone
63. 2-picoline (250ppb)
64. chlorobenzene-D5 (IS)
65. chlorobenzene
66. ethylbenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. stryrene
72. bromoform
73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. bromobenzene

76. n-propylbenzene
77. 1,1,2,2-tetrachloroethane
78. 2-chlorotoluene
79. 1,3,5-trimethylbenzene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. pentachloroethane
84. 1,2,4-trimethylbenzene
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4 (IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,4-trichlorobenzene
96. naphthalene
97. 1,2,3-trichlorobenzene

20m, 0.18 mm ID, 1.00µm Rtx®-VMS (cat.# 49914)
Compounds in at 10ppb in 5mL of RO water
unless otherwise noted, ketones in at 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature
Dry purge: 1 min. @ 40mL/min.
Desorb preheat:245°C 
Desorb: 250°C for 2 min., Flow 40mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel® tubing

1:40 split at injection port. 1mm ID sleeve.
Oven temp.: 50°C (hold 4 min.) to 100°C @ 18°C/min. (hold 0 min.)

to 230°C @ 40°C/min. (hold 3 min.)
Carrier gas: helium @ ~1.0mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 1.03 min. @ 50°C.
Detector: HP 5973 MSD
Scan range: 35-300amu

min. 2 4 6 8 10
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GC_EV00428

12

Innovations at Work
•1st choice for use with dual purge & traps1

•EPA recommended surrogate used.

1A.L. Hilling and G. Smith, Environmental Testing & Analysis, 10(3), 15-19, 2001.
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Column Variations – 0.25mm ID 

uu RtxRtx--VMS 60m x 0.25mm x 1.4um column VMS 60m x 0.25mm x 1.4um column 

uu 6060ooC starting temperatureC starting temperature

uu 20:1 split injection20:1 split injection

uu Constant Flow @ 1.3 ml/min.Constant Flow @ 1.3 ml/min.

uu 97 components in EPA 8260B in 18 minutes97 components in EPA 8260B in 18 minutes
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Volatile Organics
EPA Method 8260B
Rtx®-VMS

1.dichlorodifluoromethane
2.chloromethane
3.vinyl chloride
4.bromomethane
5.chloroethane
6.trichlorofluoromethane
7.ethanol (2500ppb)
8.1,1-dichloroethene
9.carbon disulfide (40ppb)
10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. tert-butyl alcohol (100ppb)
15. methyl tert-butyl ether
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate*
20. allyl alcohol (250ppb)
21. ethyl-tert-butyl ether*
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane
25. chloroform

26. ethyl acetate
27. methyl acrylate
28. propargyl alcohol (500ppb)
29. dibromofluoromethane (SMC)
30. tetrahydrofuran
31. carbon tetrachloride
32. 2-butanone
33. 1,1,1-trichloroethane
34. 1,1-dichloropropene
35. pentafluorobenzene (IS)
36. tert-amyl methyl ether
37. benzene
38. isobutyl alcohol (500ppb)
39. 1,2-dichloroethane
40. isopropyl acetate
41. 1,4-difluorobenzene (SMC)
42. trichloroethene
43. dibromomethane
44. bromodichloromethane
45. 1,2-dichloropropane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)
49. cis-1,3-dichloropropene
50. toluene-d8 (SMC)

51. toluene
52. 4-methyl-2-pentanone
53. pyridine (250ppb)
54. trans-1,3-dichloropropene
55. ethyl methacrylate
56. tetrachloroethene
57. 1,1,2-trichloroethane
58. dibromochloromethane
59. 1,3-dichloropropane
60. n-butyl acetate
61. 1,2-dibromoethane
62. 2-hexanone
63. 2-picoline (250ppb)
64. ethylbenzene
65. chlorobenzene-D5 (IS)
66. chlorobenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. styrene
72. bromoform
73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. n-propylbenzene

76. 1,1,2,2-tetrachloroethane
77. bromobenzene
78. 1,3,5-trimethylbenzene
79. 2-chlorotoluene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. 1,2,4-trimethylbenzene
84. pentachloroethane
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4 (IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,4-trichlorobenzene
96. naphthalene
97. 1,2,3-trichlorobenzene

min. 6 8 10 12 14 16

60m, 0.25 mm ID, 1.40µm Rtx®-VMS (cat.# 19916)
Compounds in at 10ppb in 5mL of RO water (unless noted)
ketones 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature
Dry purge: 1 min. @ 40mL/min.
Desorb preheat:245°C 
Desorb: 250°C for 2 min., Flow 26mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel® tubing
1:20 split at injection port. 1mm ID sleeve.
Oven temp.: 60°C (hold 2 min.) to 180°C @ 12°C/min. (hold 0 min.) to 

225°C @ 45°C/min. (hold 6 min.)
Carrier gas: helium @ ~1.3mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 4.03 min. @ 60°C.
Detector: HP 5973 MSD
Scan range: 35-300amu
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*These compounds can be resolved using a lower starting temperature.

Innovations at Work
60°C starting temperature
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EPA Method 8240

uu Developed to monitor 73 compounds in Developed to monitor 73 compounds in 
hazardous wastehazardous waste

uu RtxRtx--VMS 30m x 0.25mm x 1.4um is  a good VMS 30m x 0.25mm x 1.4um is  a good 
choice for this shorter listchoice for this shorter list

uu Analysis times of 14 minutesAnalysis times of 14 minutes
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Volatile Organics
EPA Method 8240 (8260 Short List)
Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol
8. 1,1-dichloroethene
9. carbon disulfide

10. iodomethane
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. 1,1-dichloroethane

16. acrylonitrile
17. allyl alcohol
18. vinyl acetate
19. bromochloromethane
20. chloroform
21. carbon tetrachloride
22. propargyl alcohol
23. 1,1,1-trichloroethane
24. 2-butanone
25. benzene
26. propionitrile
27. methacrylonitrile
28. 1,2-dichloroethane-d4
29. isobutyl alcohol
30. 1,2-dichloroethane    

31. trichloroethene
32. 1,4-difluorobenzene
33. dibromomethane
34. 1,2-dichloropropane
35. bromodichloromethane
36. methyl methacrylate
37. 1,4-dioxane
38. 2-chloroethanol  
39. 2-chloroethyl vinyl ether
40. cis-1,3-dichloropropene
41. toluene-d8
42. toluene
43. pyridine
44. 4-methyl-2-pentanone
45. tetrachloroethene

46. trans-1,3-dichloropropene
47. ethyl methacrylate
48. 1,1,2-trichloroethane
49. dibromochloromethane
50. 1,2-dibromoethane
51. 2-hexanone
52. 2-picoline
53. chlorobenzene-D5
54. ethylbenzene
55. chlorobenzene
56. 1,1,1,2-tetrachloroethane
57. m-xylene
58. p-xylene
59. o-xylene
60. styrene

61. bromoform
62. 4-bromo-1-fluorobenzene 
63. cis-1,4-dichloro-2-butene
64. 1,1,2,2-tetrachloroethane
65. 1,2,3-trichloropropane
66. trans-1,4-dichloro-2-butene
67. pentachloroethane
68. 1,3-dichlorobenzene
69. 1,4-dichlorobenzene
70. benzyl chloride
71. malononitrile 
72. 1,2-dichlorobenzene
73. 1,2-dibromo-3-chloropropane

Top chromatogram:
Oven temp.: 40°C (hold 4 min.) to 90°C @ 16°C/min. (no hold) 

to 210°C @ 32°C/min. (hold 5 min.)  
Adjust dichlorodifluoromethane to a retention time of 2.27 min. @ 40°C.
MS Scan Range: 35-300amu
compound concentrations, by mix: (in 5mL of RO water)
Compounds at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols at 1ppm (cat.# 30214) except 2Cl ethanol at 10ppm.
vinyl acetate at 500ppb (cat.#30216)
8240 Nitrile Mix at 200ppb (cat.# 30215)
8240 Mix 1A at 300ppb (cat.# 30217)
8240 Mix 2A at 500ppb (cat.# 30218)

Bottom chromatogram:
Oven temp.: 45°C (hold 4 min.) to 110°C @ 19°C/min. (hold 5 

min.) to 220°C @ 32°C/min. (hold 5 min.) 
Adjust dichlorodifluoromethane to 2.23 min. @ 45°C. 
MS Scan Range: 29-260amu, for 2Cl ethanol response
compound concentrations, by mix: (in 5mL of RO water)
Compounds at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols at 1ppm (cat.# 30214)   (see MS scan)
vinyl acetate at 100ppb (cat.# 30216)
8240 Nitrile Mix at 400ppb (cat.# 30215)
8240 Mix 1A at 300ppb (cat.# 30217)
8240 Mix 2A at 500ppb (cat.# 30218)

Innovations at Work

Instrumentation & Conditions Common to BOTH RUNS…
Carrier gas: 1.3mL/min. @ constant flow
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K) — see concentrations in 5mL/RO
Purge: 11 min. @ 40mL/min. @ ambient temp.
Dry purge: 1 min. @ 40mL/min. (MCS bypass)
Desorb preheat: 245°C
Desorb: 250°C for 2 min., flow 26mL/min.
Bake: 260°C for 8 min.
Interface to GC: transfer line 0.32mm ID Siltek fused silica

1:20 split at injection port w/ 1mm ID sleeve. 
GC: HP 6890
Detector:  HP 5973 MSD

Rtx®-VMS
30m, 0.25mm ID, 1.40µm
(cat.# 19915)
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1

2
3 4

5
6

8-9

7
10

1112

13
14

15
16

17

18

19
20

21,22

23
24

25 26-27

28,29

30

31,32

33

34 35

36,37

38

3940

4142

43

44-46

47

48

49
50

51

52

53-56

57,58

59,60

61

62,63
64 65,66

676869 70

71

72

73

1

2

3

4

6

7

8,9

10

11

12

13

14
15

16

17,18

1920
21

22,
23

24

25-27

28,
29

30

31,32

33

34

35

36

37

38

39

40

4142

43

44
45,46

47

48

49

50 51

52

53-55

56

57,58

60,61

59

62
63

65
66

64

67

68
69

70

72

71

73

min. 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

5

methanol

sl
ow

er
 ru

n 
re

so
lv

es
 th

es
e

Slower Run
OPTIMIZED

Separations

GC_EV00426



R e s t e k    www.restekcorp.com 

EPA Method 624 

uu 37 aromatic and 37 aromatic and halogenated halogenated compounds in compounds in 
wastewaterwastewater

uu Previously used packed columns, but can be Previously used packed columns, but can be 
performed with many different capillary column performed with many different capillary column 
dimensionsdimensions

uu RtxRtx--VMS 30m x 0.25mm x 1.4um gives VMS 30m x 0.25mm x 1.4um gives 
separation in less than 15 minutes, starting at separation in less than 15 minutes, starting at 
4040ooCC



Restek Corporation   110 Benner Circle   Bellefonte, PA 16823
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EPA Method 624
Rtx®-VMS

1. chloromethane
2. vinyl chloride
3. bromomethane
4. chloroethane
5. trichlorofluoromethane
6. 1,1-dichloroethene
7. methylene chloride
8. trans-1,2-dichloroethene
9. 1,1-dichloroethane

10. bromochloromethane
11. chloroform
12. carbon tetrachloride
13. 1,1,1-trichloroethane
14. benzene
15. pentafluorobenzene
16. 1,2-dichloroethane
17. fluorobenzene
18. trichloroethene
19. 1,2-dichloropropane

20. bromodichloromethane
21. 2-chloroethyl vinyl ether
22. cis-1,3-dichloropropene
23. toluene
24. tetrachloroethene
25. trans-1,3-dichloropropene
26. 2-bromo-1-chloropropane
27. 1,1,2-trichloroethane
28. dibromochloromethane
29. ethylbenzene
30. chlorobenzene
31. bromoform
32. 4-bromofluorobenzene
33. 1,4-dichlorobutane
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

30m, 0.25mm ID, 1.40µm Rtx®-VMS (cat#19915)
Conc.: 20 ppb in 5mL of RO water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature.
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using 

Silcosteel® tubing)
Desorb preheat:245°C
Desorb: 250°C for 2 min. , Flow 10mL/min.
Bake: 260°C for 8 min.
GC Interface: 1:10 split at injection port. 1mm ID sleeve.
GC: HP 6890 
Oven temp.: 40°C (hold 4 min.) to 95°C @ 24°C/min. (hold 3 min.), to 

210°C @ 40°C/min. (hold 6 min.)
Carrier gas: helium @ ~1mL/min. constant flow 
Adjust dichlorodifluoromethane to a retention time of 2.54 min. @ 40°C
Detector: HP 5973 MSD
Scan range: 25-300amu

1

2
3

4

5

6

7
8

9
10

11
12

13

14

15

16

17 18

19

20

21 22

23 24,25

27

26
28

29 30

31

32

33,34 35
36

37

GC_EV00425



R e s t e k    www.restekcorp.com 

EPA Method 524.2 revision IV

uuMonitors 84 compounds in drinking waterMonitors 84 compounds in drinking water
uu RtxRtx--VMS overcomes closely eluting pairs found VMS overcomes closely eluting pairs found 

on other phases (ex. “624”) such as 1,1on other phases (ex. “624”) such as 1,1--dichlorodichloro--
22--propanonepropanone/4/4--methylmethyl--22--pentanone pentanone and methyl and methyl 
acrylateacrylate//propionitrilepropionitrile

uu RtxRtx--VMS 30m x 0.25mm x 1.4um performs the VMS 30m x 0.25mm x 1.4um performs the 
analysis in less than 11 minutesanalysis in less than 11 minutes

uu Only difficult pair on the RtxOnly difficult pair on the Rtx--VMS is 2VMS is 2--
nitropropanenitropropane/ 1,1/ 1,1--dichlorodichloro--22--propanone propanone which which 
share ion 43 share ion 43 



Restek Corporation   110 Benner Circle   Bellefonte, PA 16823
814-353-1300  •  800-356-1688  •  Fax: 814-353-1309  •  www.restekcorp.com

EPA Method 524.2, Revision 4
Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. diethyl ether
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. methyl tert-butyl ether
16. 1,1-dichloroethane
17. acrylonitrile
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane
20. bromochloromethane
21. chloroform
22. methyl acrylate

23. carbon tetrachloride
24. tetrahydrofuran (40ppb)
25. 1,1,1-trichloroethane
26. 2-butanone
27. 1,1-dichloropropene
28. 1-chlorobutane
29. benzene
30. propionitrile
31. 1,2-dichloroethane
32. fluorobenzene
33. trichloroethene
34. dibromomethane
35. 1,2-dichloropropane
36. bromodichloromethane
37. methyl methacrylate
38. cis-1,3-dichloropropene
39. toluene
40. chloroacetonitrile
41. 2-nitropropane*
42. 1,1-dichloropropanone*
43. 4-methyl-2-pentanone
44. tetrachloroethene

45. trans-1,3-dichloropropene
46. ethyl methacrylate
47. 1,1,2-trichloroethane
48. dibromochloromethane
49. 1,3-dichloropropane
50. 1,2-dibromoethane
51. 2-hexanone
52. ethylbenzene
53. chlorobenzene
54. 1,1,1,2-tetrachloroethane
55. m-xylene
56. p-xylene
57. o-xylene
58. styrene
59. bromoform
60. isopropylbenzene
61. 4-bromofluorobenzene
62. n-propylbenzene
63. bromobenzene
64. 1,1,2,2-tetrachloroethane
65. 1,3,5-trimethylbenzene
66. 2-chlorotoluene

67. 1,2,3-trichloropropane
68. trans-1,4-dichloro-2-butene
69. 4-chlorotoluene
70. tert-butylbenzene
71. 1,2,4-trimethylbenzene
72. pentachloroethane
73. sec-butylbenzene
74. p-isopropyltoluene
75. 1,3-dichlorobenzene
76. 1,4-dichlorobenzene
77. n-butylbenzene
78. hexachloroethane
79. 1,2-dichlorobenzene-d4
80. 1,2-dichlorobenzene
81. 1,2-dibromo-3-chloropropane
82. nitrobenzene
83. hexachlorobutadiene
84. 1,2,4-trichlorobenzene
85. naphthalene
86. 1,2,3-trichlorobenzene

2 3 4 5 6 7 8 9 10 11

30m, 0.25mm ID, 1.4µm Rtx®-VMS (cat.# 19915)
Carrier gas: helium @ ~1.3mL/min. constant flow 
Adjust dichlorodifluoromethane to a retention time of 2.29 min. @ 45°
Concentrator: Tekmar LSC-3000 Purge and Trap
Oven temp.: 45°C (hold 2 min.) to 85°C @ 14°C/min. to 

210°C @ 40°C/min. (hold 4 min.)
GC: HP 6890 Series II
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min. (MCS bypassed)
Desorb preheat: 245°C
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: 1:10 split in port
Transfer line: 5m, 0.32mm ID Siltek™ tubing (cat.# 10027)
Detector: HP 5973 MSD
Scan range: 35-300amu

Standards:
20ppb in 5mL of RO water (unless otherwise noted); ketones at 40ppb.
502.2 Cal Mix #1 (cat.# 30042)
502.2 Cal2000 MegaMix™ (cat.# 30431)
524 Cal Mix 7A & 7B (cat.# 30202)
524 Cal Mix #8 (cat.# 30203)
524 IS/SS Mix (cat.# 30201)
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Innovations at Work
Excellent Gas Resolution!

*These peaks (41 and 42) share a quantitation ion (43)
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Conclusions

uu Computer modeling can be used to optimize phase Computer modeling can be used to optimize phase 
development, column dimensions and run conditionsdevelopment, column dimensions and run conditions

uu Column dimensions to interface with the GC/MS is a Column dimensions to interface with the GC/MS is a 
matter of customer preferencematter of customer preference

uu Analysis of 100 + compounds typically use longer Analysis of 100 + compounds typically use longer 
columns for better resolution and higher starting columns for better resolution and higher starting 
temperaturestemperatures

uu RtxRtx--VMS has excellent selectivity and rapid cycle time VMS has excellent selectivity and rapid cycle time 
for all commonly used EPA GC/MS volatile methodsfor all commonly used EPA GC/MS volatile methods
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Introduction

• What to consider in sample flowpaths

• How to shield metal surfaces

• Examples of flowpath components
– Sampling

– Holding

– Transfer

• Advantages to using coatings

In this presentation we will discuss the need for inert sample flowpaths for
analysis of reactive chemical species.

In particular the reduction of activity of metal surfaces by application of an
inert thin-film coating. This presentation will focus on the use of the
Sulfinert

TM
 coating, a proprietary thin-film coating developed by Restek

Corporation.

This presentation will show the importance of passivated system components
when transfer of sulfur compounds is required.  We will demonstrate the need
for activity-reduction in these components and show specific examples of the
effectiveness of the layer.



Flowpath Considerations
• Transfer and holding of adsorptive or reactive

species such as sulfurs, alcohols or
pharmaceuticals

• Low-level analysis

• All Components:
– Tubing

– Valves

– Cylinders

• All Wetted Flowpath Components

For the analysis of reactive or adsorptive species, the metal components of
sampling and storage hardware often interfere in proper quantitation.  For
example, hydrogen sulfide will adsorb strongly to stainless steel components in
instruments. When adsorption occurs proper quantitation of concentration is
impossible.

When trying to quantitate trace levels of any chemical species all flowpaths
must be considered active. During any transfer there is always an equilibrium
that can occur between metal surfaces and chemical species. A non-adsorptive
layer can be used to ensure chemical species are transferred without loss.



Sulfinert
TM

 Coating Characteristics

• Capable of storing and transferring single digit
part-per-billion levels of active sulfurs, such as
H2S, methyl mercaptan

• Will not delaminate

• Incorporated into lattice of substrate to insure no
pin-holes

The Sulfinert
TM

 layer is the leading passivation coating available for the storage
and transfer of extremely low levels of organo-sulfur compounds.

Examples will be shown of 1.5ppbv holding of hydrogen sulfide and methyl
mercaptan. Even lower levels are being tested!

These low levels are not possible on even inert Fused Silica based coatings.

Also, Fused Silica based coatings can hydrolyze when amines are present,
creating reactive Si-OH groups that can adsorb organo-sulfur species.

The Sulfinert
TM

 coating is strong, durable and flexible. Unlike polymeric
coatings, the Sulfinert

TM
 layer cannot delaminate. Sulfinert

TM
 is the result of

years of experience on surface coating developed by Restek.

The Sulfinert
TM

 coating is uniform and dense enough that analytes transferred
or stored in coated components cannot reach the active steel surface.



Physical Properties of
 Sulfinert

TM Coating
• Durable and flexible

• Strong adhesion to substrate

• Non-porous surface

• Non-permeable surface

• Stable to high temperatures

The Sulfinert
TM

 layer has several key properties which make it ideal for sample
transfer and holding hardware.

The Sulfinert
TM

 layer is bound to the surface and no problems such as
delamination or fracturing can occur.

The Sulfinert
TM

 layer is non-polymeric and will not suffer from any of the
disadvantages associated with these coatings. These include porosity and gas
permeability. This layer has no gaps or ribbons as such a polymer would, thus
eliminating porous paths to the surface. Because the layer is non-polymeric it
will have no ability to “dissolve” or permeate gases.

The Sulfinert
TM

 coating has been used in application ranges up to 450°C.



Chemical Inertness Properties of
Sulfinert

TM

 Coating
• Has no interactions with organo-sulfurs,

or polar organics

• Useful in a wide range of pH.  Acidic to Caustic.

The Sulfinert
TM

 coating is ideal for transfer and storage of organo-sulfur
compounds because it cannot react or adsorb. No mechanism exists for
adsorption or reaction to occur.

Sulfinert
TM

 coatings have been tested under acidic and caustic conditions. The
Sulfinert

TM
 coating has demonstrated a useful pH range that makes it ideal for

environmental or petrochemical applications.

Fused Silica coatings cannot be used when amines are present in the sample.
The basic amines will open up the Si-O bonds, creating high levels of activity
toward all polar organic compounds.

The Sulfinert
TM

 coating, however, solves this problem, making the Sulfinert
TM

coating an ideal passivation technique or sampling and transfer hardware.



Components That Benefit from
Inert Coatings

• Sample-holding vessels

• Valves and regulators

• Transfer tubing

• Vaporizing or flash chambers

• Reactors

• Tubing connectors and fittings

• All stainless internal components of GC

• Sample loops

A wide variety of parts can benefit from Sulfinert
TM

 coating.

In general, if there are any species in your streams which are reactive or
corrosive, all metal components in the sample stream should be shielded.

When sampling, storing, or transferring organo-sulfur compounds, always
classify wetted hardware. Plan to use non-adsorptive hardware or else plan to
passivate all stainless hardware. This will save possible troubleshooting efforts
later on in your work.



Advantages of Inert, Coated
Instrument Components

• Sulfur-containing compounds

• Coated storage vessels vs. non-coated storage
vessels

• Analytical systems

• Results

Following are examples of storage of sulfur-containing species.

These tests are performed under static conditions. All samples are enclosed in
vacuum/pressure chambers, either sampling canisters or sample cylinder.

The static condition is the most rigorous test for low-level organo-sulfur
compounds. Under static conditions if any active, uncoated site exists, analysis
will show a decrease in sample recovered.



Organo-Sulfur Compounds

• Certain species adsorb to steel surfaces (e.g.,
hydrogen sulfide)

• Reactions can occur on a non-coated stainless
steel surface (e.g., methyl mercaptan and ethyl
mercaptan)

• Importance of accurate quantitation
(e.g., odorants)

Organo-sulfur compounds are notorious for adsorption or reaction on non-
coated stainless steel. For example, hydrogen sulfide will adsorb to non-coated
steel and mercaptans will actually react on the surface to form disulfides.

It is quite important that any sampling, holding, or transfer equipment and the
analytical system designed to measure low-level sulfur species use passivated
components. This becomes apparent in the natural gas industry in which the
odorants are often mercaptans and hydrogen sulfide. It is quite possible that the
level of these can be wrongly reported due to activity associated with non-
coated steel components in an analytical system.

Another example are sulfur impurities in ethylene and propylene. These sulfur
compounds can poison catalysts used to make polyethylene and polypropylene.

The Sulfinert
TM

  coating is the most advanced and reliable passivation
technique available.



Analytical System

SCD
1mL sample

loop

Orifice = 0.0060"

 SulfinertTM treated canister

column

GC

This is a diagram of the system used to test the sample vessels. A sample valve
and loop were used to grab and transfer the sample from the sample vessel and
deliver it to a chromatographic column. The column was optimized to separate
all of the species contained in the sample. The detection system used was a
sulfur chemiluminesence detector provided for this work by Sievers
Instruments.

The chromatographic column was required because all data is generated on
mixtures of organo-sulfur compounds, not just single standards.

Note that all metal flowpaths of this system were passivated using the
Sulfinert

TM
 coating process.

This method was used with both low-pressure sampling cans and high pressure
sample cylinder.



Results of Stability Test

• Tests performed over several concentration levels
and holding times

• SulfinertTM-treated canisters showed excellent
stability of all levels of all sulfur compounds

• Loss of hydrogen sulfide, ethyl mercaptan, and
methyl mercaptan will occur in non-coated
canister

The following data demonstrate the performance of the Sulfinert
TM

 coating for
storage of low-level organo-sulfur compounds.

Without the use of a passive coating, rapid loss or active sulfur compounds —
hydrogen sulfide and the mercaptans — will occur.

The Sulfinert
TM

 coating is opening new doors to low-level organo-sulfur testing
by offering a reliable and repeatable substrate for single digit part-per-billion
samples, and even lower.



Methyl Mercaptan
11ppbv

Excellent 14 Day stability
Methyl Mercaptan at 11ppbv
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Methyl Mercaptan
1.5 ppbv

Excellent 6 Day Stability

Methyl Mercaptan at 1.5ppbv
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Hydrogen Sulfide
11.5ppbv

Excellent 14 Day Stability
Hydrogen Sulfide at 11.5ppbv
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Conclusion

• Consideration in sample
flowpath construction

• Importance of shielding exposed
metal surfaces

• Usefulness and advantages of using inert, coated
components in the development of analytical
instrumentation

This presentation has highlighted the importance of the passivation of metal
surfaces when developing flowpaths for organo-sulfur sampling and analysis.

Applications such as organo-sulfur or polar organic quantitation require the use
of inert components in sample flowpaths to reduce adsorption and breakdown.

The Sulfinert
TM

 coating, when applied to metal surfaces that may be part of a
sample flowpath, provides the most inert surface for low-level analysis of
organo-sulfur species!
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Selecting an LC/MS 
Interface



LC/MS Interfaces

I. Background of LC/MS

I. Historical Perspective

II. Reasons for use

II. Interfaces

I. Transport devices

II. Particle Beam

III. Thermospray

IV. Atmospheric Pressure Interfaces



Historical Perspective

• Goldstein – 1886
– Existence of positively charged particles

• Wein – 1898
– Positively charged ions can be deflected in 

electrical and magnetic fields

• J.J. Thomson – 1913
– Demonstrated isotopes of Neon
– “Father of mass spectrometry”

• First GC-MS interface - 1960’s



Historical Perspective

• First LC-MS interface developed - 1969
– 1uL/min flow into an EI source

• Transport devices applied to LC/MS - 1970’s
– Loss of volatile components
– Thermally-reactive compound losses

• Thermospray (TSI) gains popularity - 1983
– 1.0 – 1.5 mL/min
– Mobile phases consist primarily of an 

aqueous buffer



Atmospheric Pressure Interfaces (API)
– Early 1990’s (commercialization)
– Now most common interface
– Electrospray (ESI)

¾Initial interfaces required lower flows (1-5 uL/min)
¾Able to produce multiply-charged molecules

– Atmospheric Pressure Chemical Ionization
¾Similar to Thermospray
¾“Solvent-mediated” ionization

Historical Perspective



Why Use Mass Spectrometry?

• Spectral resolution is possible
– Chromatographic coelutions

• Compound identification from spectral 
data
– Mass spectrum is very dependant on the 

ionization
– Limited availability of LC/MS libraries

• High degree of specificity



LC/MS Interfaces

I. Background of LC/MS

I. Historical Perspective

II. Reasons for use

II. Interfaces

I. Transport devices

II. Particle Beam

III. Thermospray

IV. Amospheric Pressure Interfaces



Components of an MS Detector

Ions 
Made

Ions
Selected

Ions
Detected



LC/MS Systems
Interfaces Analyzers

• Transport Devices

• Particle Beam

• Thermospray

• Atmospheric Pressure
– Electrospray

– APCI

• Others

• Quadrupoles

• Ion Trap

• MSn

• High Resolution

• Time-of-Flight (TOF)

• Others



Ion Sources
• Analytes must be charged (ions) 

– Needed to separate and detect
• Where ionization occurs

– In the interface
– In a separate ion source

• Types of ionization 
– “Hard” - considerable fragmentation 
– “Soft” - molecular ion is main product

• Ions can be positive or negative



Requirements of LC/MS Interfaces

• Elimination of the mobile phase
– Most difficult step
– Can use splitters
– Volatilized solvent vapor removed under 

vacuum

• Often where ionization occurs
• Vacuum required by mass analyzers



Challenges in Interfacing LC to MS
� Flow Rate Concerns

� Differential pumping can only handle 2 
µL/min of water

� For maximum sensitivity, want to use all of 
the eluent

� Use of Buffers and Additives
� Non-volatile buffers a concern
� Some additives suppress ionization

� Wide Range of Analytes
� Many are nonvolatile, thermally labile



Transport Devices
• One of the first commercial interfaces
• Sample deposited onto a moving belt or 

wire
• Sample passes through multiple vacuum 

zones
– Solvent elimination

• Sample is desorbed into source using 
heat
– Electron impact ionization

• Belt/wire cycles back



From: Niessen

Moving Belt Interface



Particle Beam Interface

• Column effluent is nebulized
– Pneumatic or thermospray nebulization

• Desolvation chamber is under a moderate 
vacuum

• A momentum separator is used for analyte
enrichment
– High MW compounds favored

• Analytes into the EI or CI source as small 
particles
– Evaporative collisions with the walls



Particle Beam Interface

From LC

Helium added

Desolvation

Nebulization

Source

Pumping System

Skimmers

Momentum Separation

EI or CI
typical



Analyte Enrichment in PB Interfaces

Pumping System

Analyte Ion

Solvent

Analyte enrichment with a molecular beam approach

Heavier molecules are in the core of the vapor jet and are 
sampled through the skimmer



Electron Impact Ionization

• LC interfaces with the ion source
• Electrons are “boiled” from a hot wire 

(filament), and accelerated (70eV)
• As electrons pass neutral molecules, 

they may remove outer shell electrons

M + e- Æ M+. + 2e-

M+. Æ F+ + N.



Electron Impact Ionization

• Produces positively charged ions

• Fragmentation is generally significant 
for most molecules – “hard ionization”
– Masses of these fragments is the 

information used in interpretation

• Efficiency of ionization is 1/105

– Bulk of molecules are removed by vacuum 
pump – Use Traps



Electron Impact Ionization (EI)

e-

e- e-

e-
e-

Sample 
from LC

filament

++

+ +

Fragment ion

Mass
Analyzer



• Nebulization of the eluent from a heated 
transfer tube 

• Uses a “reagent gas”
– Mobile phase buffer
– Added buffer solution
– Similar spectra to GC/MS CI 

• Reagent gas is ionized 
– Volatilization
– EI with high energy electrons 

• Charge transfer to the analyte(s)

Thermospray Interface



Thermospray Interface

• Effectively replaced transport systems

• Ionization in a medium pressure environment

– Approx. 1000 Pa or 0.01 atm

• Inlet flows of 1 to 2 mL/min

– Can use standard LC column flows

• Positive and negative ions are possible

• Temperature optimization is critical

– Maintain gas phase



From: McMaster and McMaster

Thermospray LC/MS System



• Positive Ion Mode
� M  +  SH+ → MH+ +  S         PA(M) > PA(S)
� M  +  SH+ → MHS+ PA(M) ≈ PA(S)

• Negative Ion Mode
� M  +  [S-H]- → [M-H]- +  S    gpa(M) > gpa(S)
� M  +  A- → MA- polar molecules

gpa = gas phase acidity

Thermospray Ionization



Typical Proton Affinities

880-1000Peptides

750-840Alcohols

<800Carboxylic Acids

710-800PAHs

630-670Ethers, esters, ketones

797Acetonitrile

773Methanol

723Water

Proton AffinityCompound

From:  Niessen



• Solvent-Mediated CI
– Typical mobile phase:  MeOH or MeCN

+ 0.1M NH4OAc
– Ionization by ion evaporation (pre-formed ions) 

or ion-molecule reactions

• Discharge or Filament On Mode
– High energy electrons (0.5-1 keV) ionize the 

reagent gas
– Ion-molecule reactions

Thermospray Modes of Operation



Electrospray Interface

• High electric potential applied to eluent
from transfer capillary
– Atmospheric pressure
– Droplet formation
– Ionization in the solution phase 

• Orthogonal sampling of ions
– Reduces contamination of the sampling 

orifice
– Z-Spray devices



Electrospray Interface

• Higher flows now possible
– Pneumatic + thermal nebulizers

• Applicable to volatile and nonvolatile 
analytes
– Need to be ionizable

• Can create multiply-charged ions
• Allows for analysis of large molecules



Electrospray LC/MS System

From: McMaster and McMaster



Electrospray Interface

Nebulizer gas

Transfer
capillary Electrospray

(Taylor cone)

Skimmers

Focusing
Lenses

Quadrupole

First pumping stage Second pumping stage

+/- 3 kV



Electrospray Needle Design

From
LC

Example of an electrospray needle design (coaxial flow)

The nebulizer gas disrupts the liquid surface so that small 
droplets are formed and then dispersed by the gas

Sheath
Liquid

Nebulizer gas

Electrospray
Droplets



Theory of API Electrospray

Rayleigh
Limit

Reached

Coulomb Explosions
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+
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+

+

+
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Evaporation

+

+

Charged Droplets

Analyte Ion

Solvent Ion Cluster

Analyte Ions

Solvent Ion Clusters

Salts/Ion pairs

Neutrals

Courtesy of Agilent Technologies



Capillary

HPLC inlet

Nebulizer

Waste

heated 
N2

Nebulizer
gas inlet

Fragmentation 
zone (CID)

Neutral Molecules
Analyte Ions

Clusters
Salts

Skimmers

Octopole Quadrupole

HED detector

+

+
+

+
+

++ ++ + + ++ + + +++

Agilent 1100 LC/MSD Electrospray

+

Lenses

Courtesy of Agilent Technologies



• Best vaporization with higher % organic 
and lower flow rates

• Cluster ion formation possible
– Solvent clusters
– Analyte/salt clusters

• Salts and sample impurities can affect 
the response
– TFA causes signal suppression
– TFA anion masks the analyte ion

Electrospray Interface



APCI Interface

• Atmospheric Pressure Chemical Ionization 
• Initially investigated in 1974

– Popular in late 1980’s

• Uses an API (ESI) source
• Column effluent nebulized into heated 

vaporizer tube
• Solvent vapor acts as a reagent gas

– Charge transfer to the analytes

• Can be very sensitive



APCI Interface
• Results in a chemical ionization spectrum 

[M+H]+ or [M-H]-

• Products depend on equilibrium 
(concentration) conditions

• Analytes must have sufficient proton affinities

• May be simplest interface to operate

• Liquid flow rates of 0.2-2.0 mL/min

[Solv+H]+ + M --> Solv + [M+H]+



APCI Interface

From: Scott



From
LC

Nebulizer
Gas

Auxiliary gas

APCI Probe (Heated)

Vaporizer

The vaporizer tube temperature is optimized for 
complete transfer to the vapor state



Analyte containing aerosol

Theory of APCI

Charged reagent 
gas formed

+

+

+
+

+

+ +
++

+ +

+

+
+

+
+

+

+
+

+
+

+

+

Vapor 

Heat

+

Analyte ions

Charge transfer 
to analyte

+ +
+

+

Courtesy of Agilent Technologies



Heater

Waste

Capillary

Agilent 1100 LC/MSD - APCI

Fragmentation 
zone (CID)

Corona 
needle

++ + + +++ +
+

+++

heated 
N2

2

Nebulizer
Skimmers

Quadrupole

HED detector

+ ++

Octopole

+

Lenses

Vaporize to the gas phase
and ionize the gas with 

a discharge
Courtesy of Agilent Technologies



Corona Needle

Agilent 1100 LC/MSD
APCI Ion Source

Vaporize into the gas phase and ionize the gas with a discharge 
Courtesy of Agilent Technologies



API-ES vs. APCI for Triamterene

100 200 300

0

100000

200000

300000

400000

254

255

276

API-ES

M+ H

M+ Na

m/z100 200 300

0

500000

1E6

1.5E6

2E6
254

255

APCI

M+ H

Comparison of the mass spectra typical of 
Electrospray vs. APCI



Optimizing Mobile Phases for API-MS

• Ion-Pair Agent Alternatives
¾ Use highly bases-deactivated silica columns
¾ Use low pH (3-4) to reduce tailing
¾ Use columns that retain based on polar 

interactions (e.g. CN, IBD)

• Using Ion-Pair Reagents
¾ Use low amounts (<0.02%)
¾ Use post-column addition to negate the effect 

of the ion-pair agent



Sample Considerations for LC/MS

• The Analyte Must Have Ionizable Groups
¾ Amines
¾ Carboxylic Acids
¾ Ketones, Aldehydes

• For Best Sensitivity, Work at a pH Where 
the Analyte is Ionized
¾ Neutral to basic pH (7-9) for acids
¾ Acidic pH (3-4) for bases



Sample Considerations

• Positive Ion Mode
¾ Analyte = (M+H)+

• Negative Ion Mode
¾ Analyte = (M-H)-



Basic Compound –
Sensitive in Positive Ion Mode



Acidic Compound –
Sensitive in Negative Ion Mode



Selecting an Interface

“Advances in LC/MS”, Waters Corporation, Milford, MA.



Electron Ionization (EI)

• Analytes Suitable for EI
¾ Small molecules with rings and double bonds
¾ Compounds that would need derivatization for 

GC/MS
¾ Pesticides, PAHs, natural products

• Compound Identifications
¾ Fragmentation is possible

• Poor Detection Limits
• Will Not Tolerate Non-Volatile Buffers



Comparison of API vs. EI
• Atmospheric 

Pressure Ionization  
(API)
– MW confirmation
– Good for fragile 

compounds
– Able to fragment in 

the source
– Low (ppb) LODs in 

SIM mode

• Electron Ionization 
(EI)
– Ionization occurs in a 

vacuum
– Standard libraries are 

available
– Classical EI spectra 

(similar to GC/MS)
– Higher LODs (ppm to 

high ppb)



Atmospheric Pressure Ionization (API)

• Electrospray Ionization (ESI) Uses Solution 
Phase Ionization

• Atmospheric Pressure Ionization (APCI) Uses 
Gas Phase Ionization

• Products are [M+H]+ and [M-H]-, adducts
• Suitable for Analyzing Drugs, Small Molecules, 

Dyes, Peptides
• Good Sensitivity
• Thermal Degradation is Possible (APCI)



Adduct Formation with API

Adducts can form between polar molecules and 
sample or solvent components.  For example, 

adducts with Na+, K+, NH4+, MeOH, MeCN, and 
H2O are common.

O

CH3

CH3 K
+

O

CH3

CH3

H

NH3



Electrospray Ionization

+ Good molecular weight information, including 
high MW compounds

+ Can be used for volatiles, nonvolatiles, ionic/polar 
compounds

+ Good sensitivity
− Need relatively low flow rates
− Need to be able to form ions in solution
− Limited structural information
− Problems with high aqueous and buffer solutions



Atmospheric Pressure Chemical Ionization

+ Gives molecular weight information
+ Easy to use, rugged
+ Can use higher LC flow rates (up to 2 

mL/min)
− Thermal degradation can occur
− Limited structural information
− Not appropriate for higher MW (e.g.,  

>1000 Da)



MALDI

• Matrix-assisted laser desorption/ionization
– Sample is deposited on a target and co-

crystallized with a solid matrix 
(dihydroxybenzoic acid)

– Desorption/ionization occurs using a laser 
such as Nd-YAG (266nm, v4)

– Energy transferred to matrix, then analyte
– Useful in excess of 200kDa 

(biomacromolecules)



Fast Atom Bombardment (FAB)

� Cf-FAB = Continuous Flow FAB

� Column eluent mixes with a matrix 
(glycerol)

� Eluent + matrix deposited on a target

� Analyte film hit with fast atoms or ions

� Only low flow rates used
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Brominated Diphenylether Flame Retardants:

•• Products based on Products based on pentapenta--, , octaocta--, and , and decaBDE decaBDE are are 
commercially used as flame retardants.commercially used as flame retardants.

•• Global production of Global production of DeBDE DeBDE is approximately is approximately 
40,000 tons/year.40,000 tons/year.

•• Heavily used for furniture treatment and Heavily used for furniture treatment and 
electronics in USA, Japan, and Europeelectronics in USA, Japan, and Europe

•• May form May form PBDDs PBDDs and and PBDFs PBDFs when combusted, when combusted, 
and toxicicity is estimated to be similar to and toxicicity is estimated to be similar to PCDDs PCDDs 
and and PCDFsPCDFs
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Polybromonated Diphenylethers

O
BrBr

Br 1-10
- Named similarly to PCB congeners (BDE 1-209)

- Human exposure via the food chain is 0.2 – 0.7 mg/day
Organohalogen Compounds 35:411

J. High Resolut Chromatogr 15:260

- Listed as Endocrine Disruptors
Environ Health Perspect 101:378
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Common Amenable Methods of Analysis

•• HighHigh--resolution mass spectrometric detectionresolution mass spectrometric detection
–– Additional specificity may improve sensitivity in complex Additional specificity may improve sensitivity in complex 

matricesmatrices

–– Many dioxin labs are also interested in Many dioxin labs are also interested in PBDE’sPBDE’s

•• Electron capture detectionElectron capture detection
–– More common to most labsMore common to most labs

–– Lower costLower cost

•• Others not investigated yetOthers not investigated yet
–– GCGC--NCINCI--MSMS

–– HPLCHPLC--MSMS
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Prior Reported Analyses

•• GCGC--HRMSHRMS
–– Difficulty eluting Difficulty eluting nona’s nona’s andanddecaBDEdecaBDEdue to high molecular due to high molecular 

weightweight

–– OnOn--column injection required to minimize molecular weight column injection required to minimize molecular weight 
discriminationdiscrimination

•• May require more maintenance and cleaner sample extracts than hoMay require more maintenance and cleaner sample extracts than hot t 
flash techniques.flash techniques.

–– Column bleed levels hurt sensitivity of higher Column bleed levels hurt sensitivity of higher brominationbromination level level 
congenerscongeners

–– Often done using two columns:Often done using two columns:
•• Longer column to separate lower Longer column to separate lower bromination bromination level congenerslevel congeners

•• Short column to analyze Short column to analyze nona nona and and decaBDE’sdecaBDE’s
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Prior Methods of Analysis

•• Decision made if Decision made if deca deca (and possibly (and possibly nona nona and and 
octaocta) are desired.) are desired.
–– Higher molecular weight congeners are either Higher molecular weight congeners are either 

analyzed separately, or not at all.analyzed separately, or not at all.
–– Higher molecular weight congeners are allowed to Higher molecular weight congeners are allowed to 

“ghost” out on “standard” column (5% diphenyl)“ghost” out on “standard” column (5% diphenyl)
–– If interested in BDE 209, longer run times are If interested in BDE 209, longer run times are 

commoncommon

•• Loss of higher molecular weight congeners is Loss of higher molecular weight congeners is 
generalygeneraly due to injection techniquedue to injection technique
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Analytical Needs:

•• Need injection technique which does not have Need injection technique which does not have 
discrimination issues like discrimination issues like splitlesssplitless

•• Extracts may contain high levels of Extracts may contain high levels of 
contamination, and not all labs will want to contamination, and not all labs will want to 
thoroughly clean the extractsthoroughly clean the extracts

•• High temperature stationary phase and column High temperature stationary phase and column 
that has necessary selectivity, and low bleed that has necessary selectivity, and low bleed 
levelslevels
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Column Head 
Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

HP 5890 Splitless
Capillary Injector 
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Convert Split or Splitless Inlets to Direct Injection 
Mode

Remove  
the split 
or 
splitless 
sleeve

Install a Direct 
Injection sleeve

Press-fit 
connection



R e s t e k    www.restekcorp.com 

Uniliner w/ Hole

•• Allows Direct injection Allows Direct injection 
and and Splitless Splitless injection injection 
methodsmethods

•• Minimizes injection port Minimizes injection port 
discriminationdiscrimination

•• Reduces loss of active Reduces loss of active 
compounds for more compounds for more 
accurate resultsaccurate results

Column seals via 
a press tight connection
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Rtx-500 Capillary GC Column

•• CarboraneCarborane--stabilized stationary phasestabilized stationary phase
–– Maximum temperature of  380 C in “standard highMaximum temperature of  380 C in “standard high--

temperature” tubingtemperature” tubing

–– Maximum temperature of 440 C in Maximum temperature of 440 C in passivated passivated metal metal 
columns (columns (MxtMxt--500)500)

•• Extremely low bleed levelsExtremely low bleed levels
–– Surpasses phenyl/methyl phases, and Surpasses phenyl/methyl phases, and silphenylene silphenylene 

stationary phasesstationary phases

•• Common dimensions availableCommon dimensions available
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4-bromodiphenyl ether (3) 250 141,115
2,4-Dibromodiphenyl ether (7) 168 328,139
4,4’-dibromodiphenyl ether (15) 328 168,221
2,2’,4-tribromodiphenyl ether (17) 248 408,406
2,4,4’-tribromodiphenyl ether (28) 406 248,246
2,2’,4,5’-tetrabromodiphenyl ether (49) 326 486,328,324
2,3’,4’,6-tetrabromodiphenyl ether (71) 326 486,324,328
2,2’,4,4’-tetrabromodiphenyl ether (47) 326 486,328,324
2,3’,4,4’-tetrabromodiphenyl ether (66) 326 486,328,324
3,3’,4,4’-tetrabromodiphenyl ether (77) 326 486,328,324
2,2’,4,4’,6-pentabromodiphenyl ether (100) 406 564,566
2,3’,4,4’,6-pentabromodiphenyl ether (119) 404 406,564
2,2’,4,4’,5-pentabromodiphenyl ether (99) 406 564,566
2,2’,3,4,4’-pentabromodiphenyl ether (85) 406 564,566
3,3’,4,4’,5-pentabromodiphenyl ether (126) 566 564,568,406
2,2’,4,4’,5,6’-hexabromodiphenyl ether (154) 484 644,486
2,2’,4,4’,5,5’-hexabromodiphenyl ether (153) 644 484,486,482
2,2’,3,4,4’,5’-hexabromodiphenyl ether (138) 642 484
2,2’,3,4,4’,5’,6-heptabromodiphenyl ether (183) 722 564
decabromodiphenyl ether (209) 956

Wellington Laboratories BDE Mix-C
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bde209 13C

14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00
Time0

100

%

0

100

%

0

100

%

0

100

%

0

100

%

0

100

%

0

100

%

Feb04_02bde2 Voltage SIR 7 Channels EI+ 
969.2102

1.18e6
43.43

Feb05_02bde2 3: Voltage SIR 11 Channels EI+ 
721.4405

1.58e5
29.33

Feb05_02bde2 2: Voltage SIR 12 Channels EI+ 
643.5000

3.66e5
24.61

26.06
28.00

Feb05_02bde2 2: Voltage SIR 12 Channels EI+ 
563.6215

1.90e6
21.79

22.55 24.70

26.06

Feb05_02bde2 2: Voltage SIR 12 Channels EI+ 
485.7111

4.22e6
20.35

19.32

24.6121.79 22.55 26.06 28.01

Feb05_02bde2 1: Voltage SIR 9 Channels EI+ 
485.7111

1.07e6
18.80

17.80

Feb05_02bde2 1: Voltage SIR 9 Channels EI+ 
405.8026

2.48e6
14.7114.14

18.01
18.79

13c-deca-BDE (209)

Hepta-BDE

Hexa-BDE

Penta-BDE

Tetra-BDE

Tetra-BDE

Tri-BDE

Baseline separation of Tri, Tetra, Penta, Hexa, Hepta, and 
DecaBDE’s congeners in 44 minutes! 
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bde209 13C

43.10 43.20 43.30 43.40 43.50 43.60 43.70 43.80 43.90 44.00
Time0

100

%

Feb04_02bde2 Voltage SIR 7 Channels EI+ 
969.2102

1.18e6
43.43

13c-Deca-BDE13c-Deca-BDE in 43.4 minutes
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BROMINATED FLAME RETARDANT GC PROGRAM

INSTRUMENT CONFIGURATION
Micromass Autospec-UltimaNT (High Resolution Mass Spectro

Source Temperature =  300°C

GC CONDITIONS (HP 6890 +)

Constant flow @ 1.5mL/min
Injector Temp.      300°C

Temp. Ramp Temp. Hold Time
Start Temp. 100 1 min

10 110 0.64
80 180 0
5 350 23

TOTAL RUN TIME = 60.51

**NB:   DecaBDE (last elutor) elutes at ~43 min.
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GC-ECD Analysis

•• Electron capture detector is common to many Electron capture detector is common to many 
laboratorieslaboratories

•• Compounds have excellent response by ECDCompounds have excellent response by ECD

•• Higher flow rates may allow for more rapid Higher flow rates may allow for more rapid 
separation using largerseparation using larger--diameter columnsdiameter columns

•• Instrumentation less expensive than HRMSInstrumentation less expensive than HRMS

•• Instrumentation is also field portableInstrumentation is also field portable
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380 C.
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12
6

85

15
4

0.53 mm i.d. column partially resolves 
BDE 154 and 126 under these conditions

Resolution is improved using 
0.25 mm i.d., or oven program 
optimization
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Commercially Available PBDE Mixes

DE-71TM DE-83TM
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Commercially Available PBDE Mixes

DE-79TM
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Column:  Rtx-500 30m x 0.53mm x 0.15 Ser# 233548
Flows: Hydrogen 7.69ml/min (66.7cm/sec) @ 100°C
Dead Time: MeCl2 Headspace 0.76min @ 100°C
Oven:           100(1) 15/260(5) 15/380 (15)  ~ 40 min runtime
Standards:  Wellington Laboratory BDE-Mix C 

1ul injection 30pg on column. 
Injection: Drilled Press-Tight Uniliner. 

Conditions
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Outline

BackgroundBackground
Column BleedColumn Bleed
Column SelectivityColumn Selectivity
Unique Attributes of High Temperature ColumnUnique Attributes of High Temperature Column
ApplicationsApplications
ConclusionsConclusions
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Polydimethylsiloxane
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Thermal Stability of PDMS

Adapted from Siloxane Polymers, ed. Clarson & Semlyen, 1993.

Beginning of 
decomposition
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Bleed 

•• Chromatography of silicone “bleed” from the gas Chromatography of silicone “bleed” from the gas 
chromatography column under temperature chromatography column under temperature 
programmingprogramming

temperature

p
A

Bleed
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Origin of Bleed...

•• Polymer SynthesisPolymer Synthesis

Adapted from Inorganic Polymers, Mark, Allcock, & West 1992.
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Polymer Synthesis

•• Silicone Polymers can be synthesized using well Silicone Polymers can be synthesized using well 
known catalysts (KOH,known catalysts (KOH, HClHCl) under equilibration ) under equilibration 
polymerization conditions.polymerization conditions.

•• We use newer, more advanced catalysts, better We use newer, more advanced catalysts, better 
synthetic techniques.synthetic techniques.
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Origin of Bleed...

•• OligomersOligomers that are “created” in a column’s lifetimethat are “created” in a column’s lifetime

O
Si Si

O
Si

O
Si

O
Si Si

OH

Si
O

Si

OH

(polymer coating)

PDMS

D3/D4 bleed

(FS tubing)

[  ]
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Typical Chemical Structure of Bleed
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Deactivation of Metal Columns

•• We are using an advanced deactivation calledWe are using an advanced deactivation called
SiltekSiltek™. It is a deposition process, unlike™. It is a deposition process, unlikesilazanesilazane
or silicone deactivation.or silicone deactivation.
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Enhancement of Thermal Stability by Using 
“Additives”

Si O

CH3

CH3

OSi O

CH3

CH3

CH3

CH3

SiSi
x y z

SilphenyleneSilphenylene
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Additives...

•• A column with true A column with true PolydimethylsiloxanePolydimethylsiloxane selectivity selectivity 
cannot be obtained by havingcannot be obtained by having silphenylenesilphenylene in the in the 
backbone.backbone.
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n
Si Si

CH3

CH3

CH3

CH3

O
m
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Stationary Phases for High Temperature 
Simulated Distillation

Dimethyl
Polysiloxane

Carborane
Dimethyl Polysiloxane
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Retention According to BP
methyl silicone

Aromatic hydrocarbon

Aliphatic hydrocarbon

Boiling
Point (°C)
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Retention According to BP
carborane

Aromatic hydrocarbon

Aliphatic hydrocarbon

Boiling
Point (°C)

minutes
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Effect of Stationary Phase on Calculated 
BP

Aromatic

Hydrocarbon

benzene

p-xylene

naphthalene

acenaphthalene

anthracene

chrysene

dibenzo(a,h)anthracene

Published BP1

(°C)

80

139

218

280

342

447

524

Rtx-1

81.3

138.6

204.6

252.7

304.1

385.6

452.3

UCW-982

82

140.2

206.9

255.6

307.2

389.2

455.7

OV-101

80.3

137.7

204.3

252.2

303.4

384.9

450.4

Calculated BP

1 from API Project 44
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Published vs Calculated BP for Aromatics

Compound

naphthalene

acenaphthalene

phenanthrene

anthracene

pyrene

chrysene

benzo-a-pyrene

Published BP (°C)

217

279

340

340

393

448

477

Dimethyl

Polysiloxane

201

249

300

302

342

382

414

Carborane Dimethyl

Polysiloxane

180

222

275

277

321

363

410

Calculated BP
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High Temperature Simulated Distillation

•• ASTM Method D 6352ASTM Method D 6352--98 is used for the 98 is used for the 
determination of the boiling range distribution of determination of the boiling range distribution of 
petroleum distillate fractions. petroleum distillate fractions. 

•• The method specifies the use of a short, wide The method specifies the use of a short, wide 
bore, thin film capillary column.bore, thin film capillary column.

•• The upper temperature of the analysis is set at The upper temperature of the analysis is set at 
400400ooC. C. 
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Column Design

•• Method criteria: 5 m x 0.53mm ID x 0.10um Method criteria: 5 m x 0.53mm ID x 0.10um 
•• Stainless steel tubing Stainless steel tubing 
•• Treated with Treated with Siltek Siltek Deactivation Deactivation 
•• A high temperature, nonA high temperature, non--polar stationary phase polar stationary phase 

was developed that was able to withstand was developed that was able to withstand 
430430ooC while producing minimal bleed. C while producing minimal bleed. 

•• Matching the McReynolds requirements of the Matching the McReynolds requirements of the 
method.method.
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Experimental Design

••A lifetime study was performed by repetitively  A lifetime study was performed by repetitively  
injecting a standard mixture designed for ASTM injecting a standard mixture designed for ASTM 
D2887 calibration. D2887 calibration. 
•• A Polywax 1000 sample was injected and A Polywax 1000 sample was injected and 
resolution between C50 and C52 was calculated resolution between C50 and C52 was calculated 
according to the method. according to the method. 
•• Record kept of the retention time for C52 and the Record kept of the retention time for C52 and the 
bleed at 430bleed at 430ooC over the course of the experiment. C over the course of the experiment. 
••Repeated until the column resolution  fell below Repeated until the column resolution  fell below 
ASTM D6352ASTM D6352--98 specifications. 98 specifications. 
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GC Conditions

•• D2887 sampleD2887 sample

4040ooC to 430C to 430ooC at 70C at 70ooC/minuteC/minute

Hold at 430Hold at 430ooC for 10 minutesC for 10 minutes

•• Polywax 1000 samplePolywax 1000 sample

5050ooC to 430C to 430ooC at 10C at 10ooC/ minuteC/ minute

Hold at 430Hold at 430ooC for 6 minutesC for 6 minutes

•• Carrier Gas Carrier Gas –– Helium, 1.8psi (14ml/min)Helium, 1.8psi (14ml/min)

•• Sample Sample –– 0.2uL, 2% sample in Carbon Disulfide0.2uL, 2% sample in Carbon Disulfide

•• Cold On Column Injection with Oven TrackingCold On Column Injection with Oven Tracking
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Results

•• Column demonstrated consistent performance for Column demonstrated consistent performance for 
400 analyses at temperatures 30400 analyses at temperatures 30o higher than higher than 
method specifications.method specifications.

•• Column resolution for C50/C52 did not fall below Column resolution for C50/C52 did not fall below 
the specifications of the method until the specifications of the method until 
approximately 350 injections.approximately 350 injections.
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Polywax 1000 – Run #1

5 10 15 20 25 30 35 40

C50
C100

C50

C100

5 10 15 20 25 30 35 40

Polywax 1000 – Run #400
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C50 / C52 Resolution – Run #1

t1

t2

w1

w2

R=2(t2-t1)/(1.699(w2+w1))

C50 C52
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C50 / C52 Resolution
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Column Stability

••C52 retention time was monitored to ensure that C52 retention time was monitored to ensure that 
significant amounts of stationary phase were not significant amounts of stationary phase were not 
being lost due to thermal cycling. being lost due to thermal cycling. 
••After 400 injections the retention time of C52 After 400 injections the retention time of C52 
moved approximately 1.4 minutes. moved approximately 1.4 minutes. 
••Column bleed at 430Column bleed at 430ooC was monitored to ensure C was monitored to ensure 
that the phase had not undergone significant thermal that the phase had not undergone significant thermal 
decomposition. decomposition. 
••Bleed values were consistently low and did not Bleed values were consistently low and did not 
interfere with the analysis.interfere with the analysis.
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C52 Retention Time Stability
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Column Bleed Stability
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Column Performance
after 400 Cycles

•• After 400 cycles to 430After 400 cycles to 430ooC, a Polywax 1000 sample gave C, a Polywax 1000 sample gave 
a column resolution value of 2.7 a column resolution value of 2.7 

•• A mixed sample of the D2887 standard and Polywax A mixed sample of the D2887 standard and Polywax 
1000 was injected to calibrate the column for C10 1000 was injected to calibrate the column for C10 
through C100. through C100. 

•• A diluted sample of Pennsylvania light crude oil was then A diluted sample of Pennsylvania light crude oil was then 
analyzed and compared to the calibration mixture. analyzed and compared to the calibration mixture. 

•• Adequate resolution of the hydrocarbons in the crude oil Adequate resolution of the hydrocarbons in the crude oil 
sample was obtained even though the column was below sample was obtained even though the column was below 
the minimum resolution criteria of the method.the minimum resolution criteria of the method.
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C10 to C100 Calibration
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Pennsylvania Light Crude Oil

5 10 15 20 25 30 35 40
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Summary

•• The MXTThe MXT--1HT column demonstrates superior 1HT column demonstrates superior 
performance due to performance due to SiltekSiltek Deactivation and our Deactivation and our 
inin--house polymer synthesis. house polymer synthesis. 

•• The MXTThe MXT--1HT has the selectivity of 1HT has the selectivity of 
polydimethylsiloxanepolydimethylsiloxane..

•• Able to withstand 400 cycles at 430Able to withstand 400 cycles at 430ooC and still C and still 
retain good column efficiency and low bleed.retain good column efficiency and low bleed.

•• Column demonstrated low bleed and adequate Column demonstrated low bleed and adequate 
separating efficiency to resolve hydrocarbons in a separating efficiency to resolve hydrocarbons in a 
crude oil sample.crude oil sample.



Chlorinated Pesticides 
and PCB Analysis

Frank L. Dorman, Chris English, and Frank L. Dorman, Chris English, and 
Gary StidsenGary Stidsen
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Target Compounds

•• 2020--40 Individual Chlorinated Pesticides40 Individual Chlorinated Pesticides
•• Examples: BHC, DDT,Examples: BHC, DDT, EndrinEndrin,, MethoxychlorMethoxychlor

•• Chlorinated Pesticide MixturesChlorinated Pesticide Mixtures
•• Chlordane,Chlordane, ToxapheneToxaphene

•• 9 PCB9 PCB AroclorAroclor® mixtures: 1016, 1221, ® mixtures: 1016, 1221, 
1232, 1242, 1248, 1254, 1260, 1262, 12681232, 1242, 1248, 1254, 1260, 1262, 1268
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Pesticide & PCB Analysis

•• Injection techniquesInjection techniques
•• Split/Split/splitlesssplitless

•• Gooseneck linersGooseneck liners

•• Drilled Drilled UnilinerUniliner

•• AnalysisAnalysis
•• Dual columnDual column

•• Electron capture detectorsElectron capture detectors
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Split/Splitless Injection

•• Important aspects of injectorImportant aspects of injector
•• Flow patternFlow pattern

•• Hold timeHold time

•• Sample VaporizationSample Vaporization

•• LinersLiners

•• ActivityActivity
•• EndrinEndrin/DDT breakdown/DDT breakdown
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Split/Splitless Injection Port

septa

inlet sealinlet liner

carrier gas in

purge vent

o-ring

column entrance



Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Splitless
Injection



3  min
1.5 min
45 sec
30 sec

Factors Affecting Splitless Injection

1. Hold Times

Column ID
(mm)

0.18
0.25
0.32
0.53

Note: based on a 2µL injection volume of CH2Cl2 = 0.8 mL sample
expansion value @ 250°C & 10 psig.

Column Flow Rate 
(cc/min.)

0.3
0.7
1.2
2.6

He

Approx.
Hold Time  

Determine 
this 
empirically

Determine Determine 
this this 
empiricallyempirically



Factors Affecting Splitless Injection

1. Hold Time Optimization 
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Factors Affecting Splitless Injection

1. Hold Times

0 10 20 0 10 20

Hold Too LongHold Too Long ——
no purgeno purge

Proper Hold TimeProper Hold Time
with purgewith purge

Time (min)



Factors Affecting Splitless Injection

3. Sample Vaporization 

FastFast AutosamplerAutosampler ::

Incomplete vaporizationIncomplete vaporization

AerosolsAerosols or droplets reach the or droplets reach the 
column instead of vaporscolumn instead of vapors



Factors Affecting Splitless Injection

3. Sample Vaporization 

FastFast AutosamplerAutosampler ::

Pack with wool orPack with wool or CarboFritCarboFrit™™

STOPS AEROSOLS COMPLETELYSTOPS AEROSOLS COMPLETELY

WOOL



0 min 8 16 24 32

Rtx-1:   30m, 0.32mm ID, 0.25µm

Split InjectionSplit Injection of n-alkanes    
15ng / component ?

40oC to 200oC @ 5oC/min
Slope is 
Repeatable

Add several 
internal 
standards

II. Splitter Discrimination
Molecular Weight Discrimination



0 min. 8 16 24 32

OnOn--ColumnColumn InjectionInjection of n-alkanes
15ng/component same run conditions

Rtx-1:   30m, 0.32mm ID, 0.25µm

II. Splitter Discrimination
No Molecular Weight Discrimination



Splitless Liner Designs

Straight Gooseneck
Double 

Gooseneck
Cyclo Double-

Gooseneck



Splitless Injection — Other Considerations
Sample Breakdown

Sleeve Type endrin breakdown
clean disk dirty disk

Splitless with Wool

Gooseneck

6.0%

2.0%

12.8%

2.4%

Double gooseneck inlet sleeves minimize 
the catalytic effects of the hot metal parts
at the base of splitless inlets.
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Vespel® Ring Inlet Seals
Types of Surface Treatments



Split/splitless Injection using Drilled 
Uniliner

•• For trace analysisFor trace analysis

•• Inlet sleeve has a pressInlet sleeve has a press--fit connection with fit connection with 
column at bottom of sleevecolumn at bottom of sleeve

•• More inert sample pathwayMore inert sample pathway

•• Helps eliminate injection port discriminationHelps eliminate injection port discrimination
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Drilled Uniliner

•• Allows DI and Allows DI and 
Splitless Splitless injection injection 
methodsmethods

•• Minimizes injection Minimizes injection 
port discriminationport discrimination

•• Reduces loss of active Reduces loss of active 
compounds for more compounds for more 
accurate resultsaccurate resultsColumn seals via 

a press tight connection



Installing the Drilled Uniliner

Remove  
the split 
or
splitless
sleeve

Install a Direct 
Injection sleeve

Press-fit 
connection



Direct Injection Mode 
Making the proper press-fit connection

1. Pre-seat or pre-crush new ferrules

New Ferrule Pre-seated Ferrule



2. Install column into press-fit seal

Direct Injection Mode 
Making the proper press-fit connection

3. Tighten column nut



Direct Injection Liners

Standard
Uniliner®

Cyclo
Uniliner®

Open-top
Uniliner®
w/ wool
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Drilled Uniliners

4mm 
IP deactivated

4mm 
Siltek deactivated

2mm 
Siltek deactivated
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Inlet Liner Deactivation

•• “Pinpoint” deactivation“Pinpoint” deactivation
•• ChloroChloro--silanessilanes

•• Polymeric deactivationPolymeric deactivation
•• “IP” deactivation“IP” deactivation

•• Surface modificationSurface modification
•• SiltekSiltek
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Chlorosilane Deactivation

Si

CH3

CH3

ClCl

CH3

SiCl Cl

Adds to silanol group by HCl elimination
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Polymeric Deactivation

Si O
n

CH3

CH3

OSi
m

m= 3-6n or

May “cover” unreacted silanols
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Modification of the Fused Silica 
Surface

•• Siltek™ is a deposition process, unlikeSiltek™ is a deposition process, unlikesilazanesilazaneor or 
silicone deactivation which modifies the surface of silicone deactivation which modifies the surface of 
the silica tubing.the silica tubing.



Guard Column Bleed Comparison at 
330C

Figure 8

6 8 10 12 14

30m Siltek Guard Column

30m Standard Guard Column



29

Endrin and 4,4’DDT Breakdown

•• EndrinEndrin breaks down tobreaks down to Endrin AldehydeEndrin Aldehyde andand
Endrin KetoneEndrin Ketone
•• Active sites, septa particles, carrier gas Active sites, septa particles, carrier gas 

contaminationcontamination

•• 4,4’4,4’--DDT breaks down to 4,4’DDT breaks down to 4,4’--DDD andDDD and
4,4’4,4’--DDEDDE
•• Dirty injection port Dirty injection port –– oils, nonvolatile materialoils, nonvolatile material
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Column Selection -
Dual Column Analysis

•• UtillizesUtillizes columns of columns of 
different selectivitydifferent selectivity

•• Changes elution order and Changes elution order and 
retention times for retention times for 
componentscomponents

•• Improves qualitative Improves qualitative 
reliabilityreliability

•• Can be done Can be done 
simultaneously to increase simultaneously to increase 
sample throughputsample throughput
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Typical Column Pairings

•• RtxRtx--5 and 5 and RtxRtx--5050
•• Good  resolution, runs typically greater than 25 minutesGood  resolution, runs typically greater than 25 minutes

•• RtxRtx--1701 and 1701 and RtxRtx--3535
•• Good resolution, activity problems on 1701 polymer, Good resolution, activity problems on 1701 polymer, 

runs typically greater than 25 minutesruns typically greater than 25 minutes

•• RtxRtx--CLP1 and CLP1 and RtxRtx--CLP2CLP2
•• Best resolution and run times less than 15 minutesBest resolution and run times less than 15 minutes

•• DimensionsDimensions
•• Length: 15, 30, or 60 meterLength: 15, 30, or 60 meter
•• ID: 0.10mm ID: 0.10mm -- 0.53mm0.53mm
•• Film thickness variesFilm thickness varies
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Dual Column Fitting
With a Two-Hole Ferrule for Split Inlets

inlet seal

2 or 4 mm ID
recessed gooseneck sleeve

two-hole ferrule
analytical
columns
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Dual Column “T”

analytical 
columns

press-tight taper

cyclo or cup w/ 
glasswool
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Dual Column Injection

Press-Tight® “Y” or
Vu-Union® “Y” connector Split/Splitless

or Drilled Uniliner

Guard column
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ECD – General Information

•• TypeType
•• Selective, concentrationSelective, concentration--dependent, nondependent, non--destructivedestructive

•• ResponseResponse
•• Electronegative Electronegative substituentssubstituents (halogens, nitro groups,(halogens, nitro groups,

organometallicorganometallic compounds)compounds)

•• Published Linear Dynamic Range Published Linear Dynamic Range -- 101044

•• Minimum Minimum DetectabilityDetectability
•• 0.5pg on column for g0.5pg on column for g--BHC   BHC   

•• Typical ApplicationsTypical Applications
•• Chlorinated pesticides, PCBs, and herbicidesChlorinated pesticides, PCBs, and herbicides



36From: Buffington & Wilson 

Hydrocarbons 11

Ethers, esters 1010

Aliphatic alcohols, ketones, amines, 100100
-Cl,  -F compounds

-Br,  -Cl2, &  -F2 compounds 1,0001,000

Anhydrides &  -Cl3 compounds 10,00010,000

-I, -Br2, poly-Cl, & poly-F compounds 100,000100,000

-I2,  -Br3, poly-Cl, & poly-F compounds 1,000,0001,000,000

ECD Response Relative to Hydrocarbons
CompoundCompound ECD ResponseECD Response
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Vent

Make-up gas

Heater 
Block

Cell 
Assembly

Column 

ECD

Anode

Anode cable

Anode purge 
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Column EntranceColumn Entrance

AnodeAnode

Radioactive Radioactive 
Nickel LiningNickel Lining

ECD – Cell Disassembly

Do not disassemble without proper permit.
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ECD
1   2,4,5,6-tetrachloro-m-xylene
2   α-BHC 
3   γ-BHC
4   β-BHC
5   δ-BHC
6   Heptachlor
7 Aldrin
8   Heptachlor epoxide
9   γ-Chlordane

10   α-Chlordane
11 Endosulfan I
12   4,4’-DDE
13 Dieldrin
14 Endrin
15   4,4’-DDD
16 Endosulfan II
17   4,4’-DDT
18 Endrin aldehyde
19 Endosulfan sulfate
20 Methoxychlor
21 Endrin ketone
22 Decachlorobiphenyl

10 17 24

1

2

3

4

5

6 7
8 9

10 11

12

13

14
15

16
17

18
19

20

21

22

Rtx-CLPesticides2

30m, 0.53mmID, 0.42µm
120°C(hold 1 min.) to

300°C @ 9°C/min (hold 10 min.)
Direct injection w/Uniliner® at 200°C
ECD at 300°C with anode purge

16-160pg on-column concentration
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ECD Operating Briefs

•• Nitrogen or argon/methane (95/5) makeNitrogen or argon/methane (95/5) make--up up 
gasgas

•• Oxygen and water free systems:Oxygen and water free systems:
•• Produce stable baselineProduce stable baseline

•• Increase lifetime of radioactive foilIncrease lifetime of radioactive foil

•• Require a molecular sieve “S” trap, oxygen Require a molecular sieve “S” trap, oxygen 
trap, or a triple filtertrap, or a triple filter
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ECD Operating Briefs

• Precondition column out of the (cooled) detector

•• ECDs are very sensitive to ECDs are very sensitive to 
bleed bleed 

Note: This is a non-
destructive detector. 
Vent or trap toxic 
eluents during 
analyses!
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•• Change traps regularly to prevent oxygen Change traps regularly to prevent oxygen 
and moisture contaminationand moisture contamination

•• Clean anode w/ aluminum oxide powderClean anode w/ aluminum oxide powder

•• Thermal conditioning Thermal conditioning -- refer to instrument refer to instrument 
manufacturer’s proceduremanufacturer’s procedure

•• Wipe testWipe test

•• RefoilRefoil detector celldetector cell

ECD Maintenance
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Peak Table and GC Conditions for 
Fast Analysis

1. 2,4,5,6 tetrachloro-m-xylene (SS) 12. endosulfan I
2. a-BHC 13. dieldrin
3. g-BHC 14. endrin
4. b-BHC 15. 4,4'-DDD
5. d-BHC 16. endosulfan II
6. heptachlor 17. 4,4'-DDT
7. aldrin 18. endrin aldehyde
8. heptachlor epoxide 19. methoxychlor
9. g-chlordane 20. endosulfan sulfate
10. a-chlordane 21. endrin ketone
11. 4,4'-DDE 22. decachlorobiphenyl (SS)

Oven temp.: 110°C (hold 1 min.) to 245°C @ 20°C/min. to 300°C @ 6°C/min.
Inj. & det. temp.: 210°C / 310°C
Carrier gas: helium
Dead time: 0.8min. @ 120°C
Inlet liner: Siltek(tm) Drilled Uniliner® liner (cat.# 21055-214.5)
Inj.: 1µL direct injection of 20/40/200ng/mL std. concentration in hexane
Make-up gas: nitrogen
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Rtx-CLPesticides

30m, 0.32mm ID, 0.50µm Rtx-CLPesticides
column (cat # 11139) run in parallel with the
Rtx-CLPesticides2 column.
Oven temp.: 120°C (hold 1min.) to 300°C @ 
9°C/min. (hold 10min.);
Dead time: 1.4 min. Carrier gas: He.

1

2 3

4

5 6 7

8
9

10

11
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13
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15
16

17
18

19

20

21

22
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Rtx-CLPesticides2

30m, 0.32mm ID, 0.25µm Rtx-CLPesticides2 
column (cat # 11324) run in parallel with the
Rtx-CLPesticides column.
Oven temp.: 120°C (hold 1min.) to 300°C @ 
9°C/min. (hold 10min.);
Dead time: 1.4 min. Carrier gas: He.

1
2 3

4

5
6

7
8 9

10

11

12

13
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22
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EPA Method 8080 Pesticides

1. 2,4,5,6-tetrachloro-m-xylene
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4’-DDE

12. endosulfan I
13. dieldrin
14. endrin
15. 4,4’-DDD
16. endolsulfan II
17. 4,4’-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

Lit. #59547 — 8081A
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Aroclor 1242

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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Aroclor 1254

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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Aroclor 1260

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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Summary: Chlorinated Pesticides

•• CleanClean--up suggested to remove matrix up suggested to remove matrix 
interferencesinterferences

•• Dual column setup suggested with one Dual column setup suggested with one 
injection portinjection port

•• RtxRtx®®--CLPesticidesCLPesticides&& RtxRtx®®--CLPesticides2 CLPesticides2 
columnscolumns



Fast Analysis of Volatiles by
Gas Chromatography Using

US EPA Methods 502.2 & 8021
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& DINESH PATWARDHAN.

Restek Corporation, 110 Benner Circle, Bellefonte, PA, 16823



ABSTRACT

Traditionally, column development has relied on analyzing a list of
compounds using all existing stationary phases, and then choosing
the column that produces the best separation. Also, with the recent
changes in US EPA methods for the analysis of volatile compounds
using GC/PID-ELCD, many laboratories struggle to achieve resolu-
tion of a continually expanding compound list. All of the current
phases available for these types of analyses suffer from lack of reso-
lution between critical compounds, and many suffer from low ther-
mal stability and long analysis times. With the aid of computer sta-
tionary phase modeling, existing polymers, combinations of poly-
mers, and new functionalities can be tailored to the application—to
give unsurpassed separation of specific compounds of interest.

Disinfectant by-products of drinking water, known as the
trihalomethanes (THM), are the most commonly found contaminants
in the public water supply.  They must be well resolved from other
target analytes to prevent poor compound quantitation of  “real-
world” samples.  All other currently available columns either have
unacceptable resolution or coelutions of these ubiquitous compounds
with other analytes in the method compound list.  This paper will
discuss an alternative Volatile GC column  that addresses these is-
sues. It is designed using computer modeling and results in a column
with unsurpassed resolution and fast analysis for all compounds
listed in US EPA Methods 502.2 and 8021. Method-specific chro-
matograms will be presented, including “added” compounds com-
monly requested with these analysis.



INTRODUCTION

US EPA Methods 502.2 and 8021 employ purge and trap to concen-
trate volatile contaminants in water, soil and wastewater.  While
purge and trap significantly increases sensitivity relative to other
sample introduction techniques, it has its downside.  Early eluting
volatile compounds typically exhibit broad peak shapes due to ineffi-
cient sample transfer from the trap to the gas chromatograph (GC).
This distorted peak shape decreases resolution between closely elut-
ing compounds, placing demands on the analytical system and GC
operating conditions.

US EPA GC methods for the determination of volatiles often recom-
mend the use of photoionization detector (PID) and an electrolytic
conductivity detector (ELCD) installed in series on the GC system.
The PID responds to aromatics, alkene, alkynes and oxygenates.  The
ELCD detector is sensitive to halogenated compounds.  Therefore, it
is allowable to have coelutions on an analytical column as long as
they can be resolved using separate detectors.  The most problematic
of these two detectors is the ELCD because of the characteristic peak
tailing; sensitivity can be increased on the ELCD, but not without a
sacrifice in peak shape.  Optimization of this detector results in mini-
mized tailing and maximized sensitivity.  Even under these condi-
tions, choosing an analytical column that can give reasonable separa-
tion of these halogenated compounds is difficult.



The Rtx®-VGC column is specifically designed to analyze volatiles
using GC/PID/ELCD. The phase is optimized to achieve excellent
separation of gases and early eluting compounds, specifically the four
critical trihalomethanes (chloroform, bromodichloromethane,
dibromochloromethane and bromoform).  The column also provides
unsurpassed separation in the fastest analysis time and cycle time,
thereby increasing sample throughput.



EXPERIMENTAL

Several factors contribute to the total analysis time of volatile separa-
tions, such as purge and trap cycle time, GC runtime,  GC oven cool
down time (time it takes for the GC to cool down to the initial oven
temperature) and column length.  Long purge and trap cycles result
from lengthened purge times, dry purges,  long desorb times, and
long trap bakes. Long oven cycle times result from low initial oven
temperatures (from subambient to 35°C), slow temperature program
rates, and low column operating temperatures. Although cryofocusing
improves the separation of early eluting compounds, most environ-
mental laboratories do not use it because it increases cost and cycle
time.  And, while a certain column length is necessary for separation,
a column that is too long can increase analysis time and cost without
a significantly increasing resolution.

The Rtx®-VGC provides the best GC separations and fastest analysis
time of target compounds found in US EPA Method 8021 & 502.2.
Application #1 shows the Rtx®-VGC as the primary column and the
Rtx-VRX as a confirmation column.  The target list includes com-
monly analyzed, but unregulated compounds, such as methyl-tert-
butyl ether  (MTBE) and Freon® 113.  This application shows the
separation of the gases and the trihalomethanes  — there are no
coelutions using the PID/ELCD detectors in series.

Application #2 shows the analysis of the 8021A / 502.2 compound
list without the addition of Freon® 113.  This allows for a 50°C start-
ing temperature which greatly reduces the total cycle time — that is
the time it takes for the GC to complete the oven cycle and come



back down to starting temperature. The time it takes a Hewlett-
Packard 5890 GC oven to cool from 205°C down to 35°C is 9 min-
utes. That time, added to the analysis time in Application #1 of 28
minutes results in the fastest possible total cycle time of 37 minutes.
Application #2 has a final temperature of 200°C and a starting tem-
perature of 50°C.  The time it takes for the oven to cool down is 4
minutes. The application has a total cycle time of under 30 minutes,
significantly faster than any other column available. For instance, the
VRX stationary phase requires a starting temperature of 40°C. This
combined with the 28 minute runtime ensures that the total cycle
time can not be faster than 35 minutes. This faster sample throughput
allows environmental laboratories to make at least 4 more runs-per-
day over other volatile columns with better data quality.

Client compound lists may remain the same as the compound list
given by Method 601/602, however, the calibration criteria and low
detection limits of Method 8021 are enforced. Application #3 illus-
trates a common list of compounds analyzed by GC/PID-ELCD,
along with the addition of 2-chloro-ethyl-vinyl ether. The starting
temperature to aquire these chromatogram was 40°C with a runtime
of 20 minutes.

These chromatograms (Application #5) incorporated a broader range
of analytes, many of those compounds are found in US EPA Method
8021B, along with other requested compounds such as 1 & 2 methyl-
naphthalene. There are 72 target compounds in this list, coelutions on
the Rtx®-VGC are resolved on the Rtx®-502.2 column. Even with the
addition of the semi-volatile methylnaphthalenes the runtime is still
under 30 minutes.



CONCLUSION

Disinfectant by-products of drinking water – known as the
trihalomethanes (THMs) – are the most commonly found contami-
nants in the public water supply. These four compounds: chloroform,
bromodichloromethane, dibromochloromethane and bromoform are
found in all treated municipal drinking water. The THMs must be
well resolved from other volatile organic pollutants to prevent poor
quantitation, inaccurate data, or mis-identification. All other columns
exhibit partial or complete coelutions of the THM’s with other target
analytes even under optimized conditions.  The Rtx®-VGC column
provides better than 85% resolution of the THMs from other volatile
compounds (application #1).

The Rtx®-VGC column provides 30% resolution of 1,1,2,2-tetrachlo-
roethane/2-chlorotoluene and greater than 60% resolution of all other
volatile compounds found in US EPA Methods 502.2 and 8021. This
column provides the best resolution in less time than any other col-
umn commercially available.



1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon® 113
9. allyl chloride

10. methylene chloride
11. trans-1,2-dichloroethene
12. methyl tert-butyl ether
13. 1,1-dichloroethane
14. cis-1,2-dichloroethene
15. 2,2-dichloropropane
16. bromochloromethane
17. chloroform
18. carbon tetrachloride
19. 1,1,1-trichloroethane
20. 1,1-dichloropropene
21. benzene
22. 1,2-dichloroethane

23. fluorobenzene (SS)
24. trichloroethene
25. dibromomethane
26. 1,2-dichloropropane
27. bromodichloromethane
28. 1-bromo-2-chloroethane (SS)
29. cis-1,3-dichloropropene
30. toluene
31. tetrachloroethene
32. trans-1,3-dichloropropene
33. 1,1,2-trichloroethane
34. dibromochloromethane
35. 1,3-dichloropropane
36. 1,2-dibromoethane
37. 1-chloro-3-fluorobenzene (SS)
38. chlorobenzene
39. ethylbenzene
40. 1,1,1,2-tetrachloroethane
41. m-xylene
42. p-xylene
43. o-xylene
44. stryrene

45. bromoform
46. isopropylbenzene
47. bromobenzene
48. n-propylbenzene
49. 1,1,2,2-tetrachloroethane
50. 2-chlorotoluene
51. 1,2,3-trichloropropane
52. 1,3,5-trimethylbenzene
53. 4-chlorotoluene
54. tert-butylbenzene
55. 1,2,4-trimethylbenzene
56. sec-butylbenzene
57. p-isopropyltoluene
58. 1,3-dichlorobenzene
59. 1,4-dichlorobenzene
60. n-butylbenzene
61. 1,2-dichlorobenzene
62. 1,2-dibromo-3-chloropropane
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

20ppb in 5mL of RO water.
primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC

(cat.# 19409)
confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-VRX

(cat.# 19309)
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb™ 3000;
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min. (MCS by-passed

with Silcosteel® tubing [cat.# 21035])
Desorb preheat: 245°C;
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct
Transfer line: 0.32mm ID Siltek™ tubing
GC: Finnigan 9001
Oven temp.: 35°C (hold 4 min.) to 75°C @ 3°C/min.

(hold 2 min.) to 175°C @ 21°C/min. to
205°C @ 35°C/min. (hold 5 min.)

Carrier: helium 11mL/min., constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.28 min. @
35°C on the Rtx-VGC column.
Detectors: µGold Tandem PID/HALL
PID: makeup 7mL/min., purge 7mL/min., set

@ 0.35mV, base temp 200°C.
Hall 2000: RxnGas 25mL/min., RxnTemp.:  940°C,

propanol flow 470µL/min.

Application #1
Volatile Organics EPA Method 8021 Rtx®-VGC
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75m, 0.45mm ID, 2.55µm
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Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization Detector & Hall 2000 Detector provided courtesy of ThermoQuest/CE
Instruments, 2215 Grand Avenue Parkway, Austin, TX 78728.



Application #1
Volatile Organics EPA Method 8021 Rtx®-VRX
Confirmational column to the Rtx®-VGC
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Application #2
Volatile Organics EPA Method 8021A/502.2 Rtx®-VGC
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Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization Detector & Hall 2000 Detector provided courtesy of ThermoQuest/CE
Instruments, 2215 Grand Avenue Parkway, Austin, TX 78728.



Application #2
Volatile Organics EPA Method 8021A/502.2 Rtx®-502.2
Confirmational column to the Rtx-VGC.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. allyl chloride
9. methylene chloride

10. trans-1,2-dichloroethene
11. methyl tert-butyl ether
12. 1,1-dichloroethane
13. cis-1,2-dichloroethene
14. 2,2-dichloropropane
15. bromochloromethane
16. chloroform
17. carbon tetrachloride
18. 1,1,1-trichloroethane
19. 1,1-dichloropropene
20. benzene
21. 1,2-dichloroethane
22. fluorobenzene (SS)
23. trichloroethene
24. dibromomethane
25. 1,2-dichloropropane
26. bromodichloromethane
27. 1-bromo-2-chloroethane (SS)
28. cis-1,3-dichloropropene
29. toluene
30. tetrachloroethene
31. trans-1,3-dichloropropene
32. 1,1,2-trichloroethane
33. dibromochloromethane

34. 1,3-dichloropropane
35. 1,2-dibromoethane
36. chlorobenzene
37. ethylbenzene
38. 1,1,1,2-tetrachloroethane
39. m-xylene
40. p-xylene
41. 1-chloro-2-fluorobenzene(SS)
42. o-xylene
43. stryrene
44. bromoform
45. isopropylbenzene
46. bromobenzene
47. n-propylbenzene
48. 1,1,2,2-tetrachloroethane
49. 2-chlorotoluene
50. 1,2,3-trichloropropane
51. 1,3,5-trimethylbenzene
52. 4-chlorotoluene
53. tert-butylbenzene
54. 1,2,4-trimethylbenzene
55. sec-butylbenzene
56. p-isopropyltoluene
57. 1,3-dichlorobenzene
58. 1,4-dichlorobenzene
59. n-butylbenzene
60. 1,2-dichlorobenzene
61. 1,2-dibromo-3-chloropropane
62. 2-bromo-1-chlorobenzene (SS)
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

primary column: 75m, 0.45mm ID, 2.55µm Rtx-VGC (cat.# 19409)
confirmation column: 75m, 0.45mm ID, 2.55µm Rtx-502.2 (cat.# 10986)
Concentration of Analytes: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb3000
Purge: 11 min. @ 40mL/min.
DryPurge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C
Desorb: 250°C for 2 min
Bake: 260°C for 8 min
Interface: direct connection from concentrator to column
Transfer line: Siltek 0.32 fused silica transfer line direct to

columns w/ Press-Tight “Y” connector

Gas Chromatograph: Finnigan 9001
Carrier Gas: Helium @ ~10 mL/min. constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.28 min. @ 50°C on the
Rtx-VGC column.
Oven temp.: 50°C (hold 2 min.) to 70 @ 2°C/min. to 130 @ 9°C/min.

to 200 @ 40°C/min. (final hold 5 min.)
Detectors: uGold Tandem PID/Hall

PID: makeup 7mL/min., purge 7mL/min., set @ 0.35mV
base temp 200°C.
Hall2000: RxnGas 25mL/min., RxnTemp.940°C,
Propanol Flow 470 µL/min.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm
(cat.# 10986)
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Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization Detector & Hall 2000 Detector provided courtesy of ThermoQuest/CE
Instruments, 2215 Grand Avenue Parkway, Austin, TX 78728.



Application #3
Volatile Organics EPA Method 601/602 Rtx®-VGC

min.  5 10 15 20
PID HALL

min.  5 10 15 20

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. methylene chloride
9. trans-1,2-dichloroethene

10. methyl tert-butyl ether
11. 1,1-dichloroethane
12. bromochloromethane (SS)
13. chloroform
14. carbon tetrachloride
15. 1,1,1-trichloroethane
16. benzene
17. 1,2-dichloroethane
18. fluorobenzene (SS)
19. trichloroethene

20. 1,2-dichloropropane
21. bromodichloromethane
22. 2-chloroethyl vinyl ether
23. cis-1,3-dichloropropene
24. toluene
25. tetrachloroethene
26. trans-1,3-dichloropropene
27. 1,1,2-trichloroethane
28. dibromochloromethane
29. chlorobenzene
30. ethylbenzene
31. 1-chloro-2-fluorobenzene (SS)
32. bromoform
33. 1,4-dichlorobutane (SS)
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene
38. 4-bromo-1-chlorobenzene (SS)

primary column: 75m, 0.45mm ID, 2.55µm Rtx-VGC (cat.# 19409)
confirmation column: 75m, 0.45mm ID, 2.55µm Rtx-502.2 (cat.# 10986)*
concentration of analytes: 10ppb in 5ml of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb3000
Purge: 11 min. @ 40mL/min.
Dry Purge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C
Desorb: 250°C for  2 min.
Bake: 260°C for 8 min.
Interface: Direct connection from concentrator to column
Transfer line: Silcosteel Tubing
Gas Chromatograph: Finnigan 9001
Carrier Gas: helium @ ~10 mL/min. constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.47 min. @ 40°C.
Oven temp.: 40°C (hold 2 min.) to 58°C @ 4°C/min. to 90°C @

10°C/min (hold 5 min.) to 220°C @ 40°C/min (hold 5 min.)
Detectors: uGold Tandem PID/Hall

PID: makeup 7mL/min., purge 7mL/min., set @ 0.35mV
base temp 200°C.
Hall 2000: RxnGas 25mL/min., Rxn Temp. 940°C,
Propanol Flow 470µL/min.
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Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization Detector & Hall 2000 Detector provided courtesy of ThermoQuest/CE
Instruments, 2215 Grand Avenue Parkway, Austin, TX 78728.

suggested surrogates: peaks 18, 31, & 38



Application #4
Volatile Organics EPA Method 8021B Rtx®-VGC

primary column: 75m, 0.45mm ID, 2.55µm Rtx-VGC (cat.# 19409)
confirmation column: 75m, 0.45mm ID, 2.55µm Rtx-502.2 (cat.# 10986)
Concentration of Analytes: 10 ppb in 5 mL of RO Water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40 mL/min.
Dry Purge: 1 min. @ 40mL/min.  (MCS bypassed using

Silcosteel tubing)
Desorb Preheat: 245°C ,Flow 10mL/min.
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct using 0.32 mm ID Siltek transfer line
GC: Finnigan 9001
Carrier Gas: helium @ ~10 ml/min constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.40 min. @ 45°C on the
Rtx-VGC column.
Oven Program: 45°C (hold 4 min.) to 70°C @ 2°C/min. to

210°C @ 20°C/min. (hold 10 min.)
Detectors: uGold Tandem PID/HALL

PID: makeup 7mL/min., purge 7mL/min., set @
0.35mV base temp. 200°C.
Hall 2000: RxnGas 25mL/min., RxnTemp.940°C,
Propanol Flow 470 µL/min.

Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization Detector & Hall
2000 Detector provided courtesy of ThermoQuest/CE
Instruments, 2215 Grand Avenue Parkway, Austin, TX 78728.
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Application #4
Volatile Organics EPA Method 8021B Rtx®-502.2
Confirmational column to the Rtx-VGC.

PID HALL
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon 113
9. chloromethyl methyl ether

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-buyl alcohol (40ppb)
16. chloroprene
17. 1,1-dichloroethane
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane

20. bromochloromethane
21. chloroform
22. carbon tetrachloride
23. 1,1,1-trichloroethane
24. 1,1-dichloropropene
25. benzene
26. 1,2-dichloroethane
27. fluorobenzene (SS)
28. trichloroethene
29. dibromomethane
30. 1,2-dichloropropane
31. bromodichloromethane
32. 1-bromo-2-chloroethane (SS)
33. 2-chloroethyl vinyl ether
34. cis-1,3-dichloropropene
35. toluene
36. tetrachloroethene
37. trans-1,3-dichloropropene
38. 1,1,2-trichloroethane

39. dibromochloromethane
40. 1,3-dichloropropane
41. 1,2-dibromoethane
42. chlorobenzene
43. ethylbenzene
44. 1,1,1,2-tetrachloroethane
45. m-xylene
46. p-xylene
47. 1-chloro-2-fluorobenzene(ss)
48. o-xylene
49. stryrene
50. bromoform
51. isopropylbenzene
52. bromobenzene
53. n-propylbenzene
54. 1,1,2,2-tetrachloroethane
55. 2-chlorotoluene
56. 1,2,3-trichloropropane
57. 1,3,5-trimethylbenzene

58. 4-chlorotoluene
59. tert-butylbenzene
60. pentachloroethane
61. 1,2,4-trimethylbenzene
62. sec-butylbenzene
63. p-isopropyltoluene
64. 1,3-dichlorobenzene
65. 1,4-dichlorobenzene
66. benzyl chloride
67. n-butylbenzene
68. 1,2-dichlorobenzene
69. 1,2-dibromo-3-chloropropane
70. 2-bromo-1-chlorobenzene (ss)
71. hexachlorobutadiene
72. 1,2,4-trichlorobenzene
73. naphthalene
74. 1,2,3-trichlorobenzene
75. 2-methylnaphthalene (40ppb)
76. 1-methylnaphthalene (40ppb)

Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization Detector & Hall 2000 Detector provided courtesy of ThermoQuest/CE
Instruments, 2215 Grand Avenue Parkway, Austin, TX 78728.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm
(cat.# 10986)
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Application #3
Volatile Organics EPA Method 601/602 Rtx®-502.2
Confirmational column to the Rtx-VGC.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm
(cat.# 10986)
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ABSTRACT

In the past, GC stationary phases were designed without consideration
for their final application.  This resulted in long analysis times, high
bleed, and coelutions. Column choice becomes even more of an issue
in the separation of volatile organic compounds (VOCs) because US
EPA Method updates, such as Method 524.2, rev. IV, have added
coeluting compounds having minor ions of one compound interfering
with the quantitation of another compound (e.g., methyl acrylate/
propionitrile and 1,1-dichloro-2-propanone/4-methyl-2-pentanone).
These compounds can be resolved on the typically-used “624/1301”
phase, but with a longer column and longer analysis times.

With the use of computer stationary phase modeling, it is possible to
design a column that achieves the fewest number of coelutions and the
fastest analysis time for the separation of VOCs found in US EPA
Methods 8260, 524.2, 624, 8240, and OLM O4.1 (O4.2). This paper
will explain the limitations of current columns and  the thermodynamic
modeling used to develop a new stationary phase, taking into account
the specific requirements of the MS system. Compound lists and phase
requirements were determined using EPA methods and collaboration
with environmental laboratories across the country. These columns will
result in increased sample throughput via shorter analysis times and
better resolution of critical compounds, with the aid of extracted ion
detection. Five EPA Methods compound lists will be presented on
several column dimensions, including “added” compounds commonly
requested with these analysis.



INTRODUCTION

Volatile organic compounds (VOCs) are classified as having low
solubility in water and high vapor pressure. Their boiling points range
from -24°C for the light gases to 220°C for naphthalene and the
trichlorobenzenes. When VOCs are present in water or a solid matrix,
they readily partition themselves into the gaseous phase and therefore
are often concentrated from the sample matrix using purge and trap.
Having such a diverse range of pollutants places significant demands
on the analytical column. The column must have a selective station-
ary phase to resolve the volatile pollutants, a sufficient film thickness
to retain and resolve the low-boiling volatile compounds (e.g.
purgeable gases and Freons®), and must be thermally stable to elute
the high-boiling volatile compounds, such as hexachlorobutadiene.

Many capillary columns have been designed for the separation of
VOCs by GC/MS. Traditionally, the “624” stationary phase was the
column of choice because it provided the best resolution of the early
eluting gases. However, this phase often is unable to resolve all
compounds of interest that share quantitation ions without resulting
in a sacrifice in in analysis time (<24 minutes).

The Rtx®-VMS column was designed to provide the fastest analysis
times for volatile organics, such as those listed in US EPA Methods
8260, 524.2, 624, 8240, and OLM 04.2.



EXPERIMENTAL

The Rtx®-VMS phase was designed to provide excellent resolution
of the gases (Applications #1, 2, 3, 4 & 5). Initial starting tempera-
tures of up to 60°C are possible with this column (Application #1).
This higher temperature provides the required separation and allows
for a faster oven cycle time. The Rtx®-VMS phase was also designed
to resolve all compounds by primary quntitation ions using extracted
ion chromatography. This is important because US EPA method
updates, such as Method 524.2, rev. IV, have added new compounds
with minor ions that interfere with the quantitation ions of other
target compounds. An example of this problem occurs when using
the “624/1301” 75m x 0.53mm ID column for methyl acrylate and
propionitrile. The quantitation ion for methyl acrylate is 55.
Propionitrile has a minor ion of 55, which can interfere with deter-
mining actual concentrations  of methyl acrylate in “real world”
samples. Another difficult pair to resolve on the “624/1301” column
is 1,1-dichloro-2-propanone and 4-methyl-2-pentanone, which share
ion 43. These compounds can be resolved using the “624/1301”
60m x 0.32mm ID column in more than 30 minutes. The only
difficult pair for the VMS phase to resolve in US EPA Method 524.2
rev. IV are 2-nitropropane and 1,1-dichloro-2-propanone which share
ion 43 (Application # 2).



US EPA Method 8260 contains many mid-range volatile compounds,
which are the most commonly found non-petroleum contaminants in
the environment. Unfortunately, mid-range volatile compounds tend
to exhibit broad peak shapes due to poor sample transfer from the
purge and trap, making them difficult to resolve. The Rtx®-VMS
column was designed to have better solubility of these analytes into
the stationary phase, thereby providing the greatest degree of separa-
tion for these compounds. This tuned selectivity separates tetrahydro-
furan/2-butanone, carbon tetrachloride/1,1,1-trichloroethane, and
methyl acrylate/propionitrile.  Although these compounds share com-
mon ions and have very similar spectra, they are resolved by reten-
tion time difference on the Rtx®-VMS column (Applications #1 & 3).

Higher boiling volatile compounds are made up of branched and sub-
stituted aromatic compounds, and possess their own set of analytical
challenges. Isomers of the branched aromatic compounds share the
same parent ions and cannot be identified accurately by MS alone.
This new column was modeled for maximum separation of the substi-
tuted aromatic isomers, such as 2- and 4- chlorotoluene (Applications
#1 and 2). This tuned selectivity allows a rapid final GC oven ramp
rate of 40°C/min or faster, yielding faster analysis times.

Client target lists may remain the same as the compound list given for
Method 8240, however, the calibration criteria and low detection lim-
its set by Method 8260 are enforced (Application #3). The chromato-
grams showing the 8240 compound list are run under different GC
oven conditions, different compound concentrations, and altered MS
scan windows. The analysis of alcohols require scanning below
35amu because many of the fragments used to identify the spectra for



these compounds are found between 25 and 35amu. A good example
is 2-chloroethanol; this target analyte purges poorly and does not
respond well by MS detection. The best way to increase sensitivity
with the detector is by changing the scan rate to include ion 31, the
base peak. This increases the ability of the software and the user to
better identify alcohols because it gives more spectral data. The dis-
advantage of this technique is an increase in noise, resulting in an
overall decrease in sensitivity for all compounds.  In Application #3
the second chromatogram shows the increase in baseline noise as a
result of the lowered scan window. A direct comparison of the two
chromatograms for peak 38 (2-chloroethanol) clearly shows a signifi-
cant increase in response despite a lower concentration.

EPA Method 624 is generally analyzed using capillary chromato-
graphic techniques (Application #4). The compound list includes 35
commonly analyzed aromatic and halogenated compounds in waste
water. This analysis can be done on many different capillary column
dimensions. The Rtx®-VMS 30m x 0.25mm ID column shows
baseline gas separation (Application #4).

The US EPA has recently awarded contracts for organic low medium
(OLM) concentration samples within the Superfund program under
the 04.2 revision Statement of Work. These compounds are well re-
solved even on a large-bore column.  Faster runtimes are possible
using narrowbore VMS columns (Application #5).



CONCLUSION

This new column shows excellent selectivity for EPA volatile purge
and trap methods with an overall faster runtime than traditional phases
currently on the market. Decreasing oven cycle time is the most impor-
tant factor to increasing productivity. The Rtx®-VMS column can start
at temperatures of 60°C (Application #1), thereby allowing a shorter
total cycle time without a significant sacrifice in gas resolution.



Application #1
Volatile Organics EPA Method 8260B Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. tert-butyl alcohol (100ppb)
15. methyl tert-butyl ether
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate
20. allyl alcohol (250ppb)
21. ethyl-tert-buyl ether
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane

25. chloroform
26. ethyl acetate
27. methyl acrylate
28. propargyl alcohol (500ppb)
29. dibromofluoromethane (SMC)
30. tetrahydrofuran
31. carbon tetrachloride
32. 2-butanone
33. 1,1,1-trichloroethane
34. 1,1-dichloropropene
35. pentafluorobenzene(IS)
36. tert-amyl-methyl ether
37. benzene
38. isobutyl alcohol (500ppb)
39. 1,2-dichloroethane
40. isopropyl acetate
41. 1,4-difluorobenzene(SMC)
42. trichloroethene
43. dibromomethane
44. bromodichloromethane
45. 1,2-dichloropropane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)

49. cis-1,3-dichloropropene
50. toluene-d8(SMC)
51. toluene
52. 4-methyl-2-penanone
53. pyridine (250ppb)
54. trans-1,3-dichloropropene
55. ethyl methacrylate
56. tetrachloroethene
57. 1,1,2-trichloroethane
58. dibromochloromethane
59. 1,3-dichloropropane
60. n-butyl acetate
61. 1,2-dibromoethane
62. 2-hexanone
63. 2-picoline (250ppb)
64. ethylbenzene
65. chlorobenzene-D5(IS)
66. chlorobenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. stryrene
72. bromoform

73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. n-propylbenzene
76. 1,1,2,2-tetrachloroethane
77. bromobenzene
78. 1,3,5-trimethylbenzene
79. 2-chlorotoluene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. 1,2,4-trimethylbenzene
84. pentachloroethane
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4(IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,3-trichlorobenzene
96. naphthalene
97. 1,2,4-trichlorobenzene

min. 6 8 10 12 14 16

60m, 0.25 mm ID, 1.40µm Rtx- VMS (cat.# 19916)
Compounds in at 10 ppb in 5mL of RO water (unless noted)
ketones 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40 mL/min. @ ambient temperature
Dry Purge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C
Desorb: 250°C for 2 min., Flow 10mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel MXT tubing
1: 20 split at injection port. 1mm ID sleeve.
Oven Program: 60°C (hold 2 min.) to 180°C @ 12°C/min. (hold 0 min.)

to 225°C @ 45°C/min. (hold 6 min.)
Carrier Gas: helium @ ~1.3 mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 4.03 min. @ 60°C.
Detector: Hewlett-Packard 5973 Mass Selective Detetector

scan range 35 to 300 AMU
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Application #2
EPA Method 524.2, Revision 4 Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. diethyl ether
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. methyl tert-butyl ether
16. 1,1-dichloroethane
17. acrylonitrile
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane
20. bromochloromethane
21. chloroform
22. methyl acrylate
23. carbon tetrachloride
24. tetrahydrofuran (40ppb)
25. 1,1,1-trichloroethane
26. 2-butanone
27. 1,1-dichloropropene
28. 1-chlorobutane
29. benzene
30. propionitrile
31. 1,2-dichloroethane
32. fluorobenzene
33. trichloroethene
34. dibromomethane
35. 1,2-dichloropropane
36. bromodichloromethane
37. methyl methacrylate
38. cis-1,3-dichloropropene
39. toluene
40. chloroacetonitrile
41. 2-nitropropane*
42. 1,1-dichloropropanone*
43. 4-methyl-2-penanone
44. tetrachloroethene
45. trans-1,3-dichloropropene
46. ethyl methacrylate

47. 1,1,2-trichloroethane
48. dibromochloromethane
49. 1,3-dichloropropane
50. 1,2-dibromoethane
51. 2-hexanone
52. ethylbenzene
53. chlorobenzene
54. 1,1,1,2-tetrachloroethane
55. m-xylene
56. p-xylene
57. o-xylene
58. stryrene
59. bromoform
60. isopropylbenzene
61. 4-bromofluorobenzene
62. n-propylbenzene
63. bromobenzene
64. 1,1,2,2-tetrachloroethane
65. 1,3,5-trimethylbenzene
66. 2-chlorotoluene
67. 1,2,3-trichloropropane
68. trans-1,4-dichloro-2-butene
69. 4-chlorotoluene
70. tert-butylbenzene
71. 1,2,4-trimethylbenzene
72. pentachloroethane
73. sec-butylbenzene
74. p-isopropyltoluene
75. 1,3-dichlorobenzene
76. 1,4-dichlorobenzene
77. n-butylbenzene
78. hexachloroethane
79. 1,2-dichlorobenzene-d4
80. 1,2-dichlorobenzene
81. 1,2-dibromo-3-chloropropane
82. nitrobenzene
83. hexachlorobutadiene
84. 1,2,4-trichlorobenzene
85. naphthalene
86. 1,2,3-trichlorobenzene

2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

30m, 0.25mm ID, 1.4µm Rtx®-VMS (cat.# 19915)
Carrier gas: helium @ ~1.3mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 2.29 min. @ 45°C
Concentrator: Tekmar LSC-3000 Purge and Trap
Oven program: 45°C (hold 2 min.) to 85°C @ 14°C/min.

to 210°C @ 40°C/min. (hold 4 min.)
GC: HP6890 Series II
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min. (MCS bypassed)
Desorb preheat: 245°C
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: 1:10 split in port
Transfer line: 5m, 0.32mm ID Siltek™ tubing (cat.# 10027)
Detector: Hewlett-Packard 5973 Mass

Selective Detetector scan range 35 to 300 AMU

Standards:
20ppb in 5mL of RO water (unless otherwise noted); ketones in 40ppb.
502.2 Cal Mix #1 (cat.# 30042)
502.2 Cal2000 MegaMix™ (cat.# 30431)
524 Cal Mix 7A & 7B (cat.# 30202)
524 Cal Mix #8 (cat.# 30203)
524 IS/SS Mix (cat.# 30201)

*These peaks (41 and 42) share a quantitation ion (43)
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Application #3
Volatile Organics EPA Method 8240 (8260 Short List) Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol
8. 1,1-dichloroethene
9. carbon disulfide

10. iodomethane
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. 1,1-dichloroethane

Top chromatogram:
Oven Conditions: 40°C (hold 4 min.) to 90°C at 16°C/min. (no hold) to 210°C at 32°C/
min. (hold 5 min.)
Adjust dichlorodifluoromethane to a retention time of 2.27 min. @ 40°C.
MS Scan Range: 35-300amu
compound concentrations, by mix: (in 5mL of RO water)
Compounds in at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols in at 1ppm (cat.# 30214) except 2Cl ethanol at 10ppm.
vinyl acetate in at 500ppb (cat.#30216)
8240 nitrile mix at 200 ppb (cat.# 30215)
8240 mix 1A at 300 ppb (cat.# 30217)
8240 Mix 2A at 500 ppb (cat.# 30218)

Bottom chromatogram:
Oven Conditions: 45°C (hold 4 min.) to 110°C at 19°C/min. (hold 5 min.) to 220°C at
32°C/min. (hold 5 min.)
Adjust dichlorodifluoromethane to 2.23 min. @ 45°C.
MS Scan Range: 29-260amu, for 2Cl ethanol response
compound concentrations, by mix: (in 5mL of RO water)
Compounds in at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols in at 1ppm (cat.# 30214)   (see MS scan)
vinyl acetate in at 100ppb (cat.# 30216)
8240 nitrile mix at 400 ppb (cat.# 30215)
8240 mix 1A at 300 ppb (cat.# 30217)
8240 Mix 2A at 500ppb (cat.# 30218)

Instrumentation & Conditions Common to BOTH RUNS….
Carrier gas: 1.3mL/min. @ constant flow
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K) -- see concentrations in 5mL/RO
Purge: 11 min. @ 40mL/min. @ ambient temp.
Dry Purge: 1 min. @ 40mL/min. (MCS bypass)
Desorb Preheat: 245°C
Desorb: 250°C for 2 min., flow 15mL/min.
Bake: 260°C for 8 min.
Interface to GC: transfer line 0.32mm ID Siltek fused silica
1:20 split at injection port w/ 1mm ID sleeve.
GC: HP6890
Detector:  HP5973 Mass Selective Detector

Rtx®-VMS
30m, 0.25mm ID, 1.40µm
(cat.# 19915)

16. acrylonitrile
17. allyl alcohol
18. vinyl acetate
19. bromochloromethane
20. chloroform
21. carbon tetrachloride
22. propargyl alcohol
23. 1,1,1-trichloroethane
24. 2-butanone
25. benzene
26. propionitrile
27. methacrylonitrile
28. 1,2-dichloroethane-d4
29. isobutyl alcohol
30. 1,2-dichloroethane

31. trichloroethene
32. 1,4-difluorobenzene
33. dibromomethane
34. 1,2-dichloropropane
35. bromodichloromethane
36. methyl methacrylate
37. 1,4-dioxane
38. 2-chloroethanol
39. 2-chloroethyl vinyl ether
40. cis-1,3-dichloropropene
41. toluene-d8
42. toluene
43. pyridine
44. 4-methyl-2-pentanone
45. tetrachloroethene

46. trans-1,3-dichloropropene
47. ethyl methacrylate
48. 1,1,2-trichloroethane
49. dibromochloromethane
50. 1,2-dibromoethane
51. 2-hexanone
52. 2-picoline
53. chlorobenzene-D5
54. ethylbenzene
55. chlorobenzene
56. 1,1,1,2-tetrachloroethane
57. m-xylene
58. p-xylene
59. o-xylene
60. stryrene

61. bromoform
62. 4-bromo-1-fluorobenzene
63. cis-1,4-dichloro-2-butene
64. 1,1,2,2-tetrachloroethane
65. 1,2,3-trichloropropane
66. trans-1,4-dichloro-2-butene
67. pentachloroethane
68. 1,3-dichlorobenzene
69. 1,4-dichlorobenzene
70. benzyl chloride
71. malononitrile
72. 1,2-dichlorobenzene
73. 1,2-dibromo-3-chloropropane
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Application #4
EPA Method 624 Rtx®-VMS

1. chloromethane
2. vinyl chloride
3. bromomethane
4. chloroethane
5. trichlorofluoromethane
6. 1,1-dichloroethene
7. methylene chloride
8. trans-1,2-dichloroethene
9. 1,1-dichloroethane

10. bromochloromethane
11. chloroform
12. carbon tetrachloride
13. 1,1,1-trichloroethane
14. benzene
15. pentafluorobenzene
16. 1,2-dichloroethane
17. fluorobenzene
18. trichloroethene
19. 1,2-dichloropropane
20. bromodichloromethane
21. 2-chloroethyl vinyl ether
22. cis-1,3-dichloropropene
23. toluene
24. tetrachloroethene
25. trans-1,3-dichloropropene
26. 2-bromo-1-chloropropane
27. 1,1,2-trichloroethane
28. dibromochloromethane
29. ethylbenzene
30. chlorobenzene
31. bromoform
32. 4-bromofluorobenzene
33. 1,4-dichlorobutane
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

30 m, 0.25mm ID, 1.40µm Rtx-VMS (cat#19915)
Concentration of Analytes: 20 ppb in 5ml of RO water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature.
Dry Purge: 1 min. @ 40mL/min.  (MCS bypassed using Silcosteel tubing)
Desorb Preheat: 245°C
Desorb: 250°C for 2 min. ,Flow 10mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.32mm ID Siltek fused silica

1: 10 split at injection port. 1mm ID sleeve.

GC: HP6890
Oven Program: 40°C (hold 4 min.) to 95°C @ 24°C/min. (hold 3 min.), to 210°C @ 40°C/min. (hold 6 min.)
Carrier Gas: helium @ ~1 mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 2.54 min. @ 40°C
Detector: Hewlett-Packard 5973 Mass Selective Detetector

scan range 25 to 300 AMU
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Application #5
Volatile Organics OLM 04.1(04.2) Rtx®-VMS

mins. 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. carbon disulfide
9. 1,1,2-trichloro-1,2,2-trifluoroethane

10. methylene chloride
11. acetone
12. trans-1,2-dichloroethene
13. methyl acetate
14. methyl tert-butyl ether (MTBE)
15. 1,1-dichloroethane
16. cis-1,2-dichloroethene
17. bromochloromethane (IS)
18. cyclohexane
19. chloroform
20. carbon tetrachloride
21. 1,1,1-trichloroethane
22. 2-butanone
23. benzene
24. 1,2-dichloroethane-d4 (SMC)
25. 1,2-dichloroethane
26. trichloroethylene
27. methyl cyclohexane
28. 1,4-difluorobenzene (IS)
29. 1,2-dichloropropane
30. bromodichloromethane
31. cis-1,3-dichloropropene

EPA Method OLM 04.1 SOW
60m, 0.45mm ID, 2.55µm Rtx-VMS (cat.# 19909)

100ppb in 25mL of RO Water (ketones in @ 250ppb);
Concentrator: Tekmar LSC-3000 Purge & Trap;
Trap: Vocarb 3000;
Purge: 11 min. @ 40mL/min.;
Dry Purge: 1 min. @ 40mL/min. (MCS OFF)
Desorb Preheat: 245°C;
Desorb Flow: 10mL/min.;
Desorb: 250°C for 2 min.;
Bake: 260°C for 8 min.;

32. toluene-d8 (SMC)
33. toluene
34. 4-methyl-2-pentanone
35. tetrachloroethene
36. trans-1,3-dichloropropene
37. 1,1,2-trichloroethane
38. dibromochloromethane
39. 1,2-dibromoethane
40. 2-hexanone
41. chlorobenzene-d5 (IS)
42. chlorobenzene
43. ethyl-benzene
44. m-xylene
45. p-xylene
46. o-xylene
47. styrene
48. bromoform
49. isopropyl benzene
50. 4-bromofluorobenzene (SMC)
51. 1,1,2,2-tetrachloroethane
52. 1,3-dichlorobenzene
53. 1,4-dichlorobenzene
54. 1,2-dichlorobenzene
55. 1,2-dibromo-3-chloropropane
56. 1,2,4-trichlorobenzene

GC Interface: direct, using 0.32mm ID Siltek transfer line;
GC: HP 5890 Series II;
GC Program: 40°C (hold 7 min.) to 50°C @ 9°C/min. (hold 0 min.) to

110°C @ 27°C/min. (hold 1 min.) to 225°C @ 40°C/min.
(hold 5 min.);

Carrier: Helium;
Adjust dichlorodifluoromethane to a retention time of 1.72 min. @ 40°C;
Flow Rate: 10mL/min. constant pressure to OSI

(EZ-Vent 3000), 1mL/min. to source, 10:1 split;
Detector: HP 5971A MSD;
Scan Range: 35-300 AMU.
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ABSTRACT

There are a variety of methods for the analysis of oxygenates in
gasoline, such as ASTM D2887/D4815, EPA 8015, EPA 8260, and
EPA 8020. Most environmental laboratories have relied on one of
these methods to report gasoline and oxygenate concentrations in
difficult sample matrixes. The success of these methods is based on
the ability of capillary columns to resolve the oxygenates and the
early-eluting alkanes such as 2-methylpentane and 3-methylpentane.

The Rtx®-VGC column is more polar than other capillary columns
commonly used for gasoline range organic (GRO) analysis, which
allows excellent solubility and, thus, more retention and capacity of
the oxygenates. This prevents the interference of these alcohols with
the alkanes and early-eluting oxygenates. The unique ability of the
Rtx®-VGC column to resolve these difficult compounds prevents
mis-identifications, which are common with detectors such as the
photo ionization detector (PID) and flame ionization detector (FID).
GC/MS column selection also is very important in preventing
compounds that share ions from coeluting. Because gasoline may
contain more than 500 analytes, tuned selectivity and fewer
coelutions will prevent high bias. The Rtx®-VGC column has a
programmable temperature limit of 260°C and exhibits exceptionally
low bleed at common operating temperatures of 230°C.  This paper
will show applications on the Rtx®-VGC column using different
methods of detection.



INTRODUCTION

The US Clean Air Act of 1990 mandated the addition of oxygenates
in 30% of America’s gasoline supply to improve combustion of
gasoline and decrease polluting emissions. Oxygen-containing
compounds most commonly added to gasoline are methanol, ethanol,
tert-butanol, methyl-tert-butylether (MTBE), diisopropylether
(DIPE), ethyl-tert-butylether (ETBE), and tert-amylmethylether
(TAME). Of these compounds MTBE is the primary additive.
The combination of its relatively low manufacturing cost and
non-corrosive nature made it a clear choice for the petroleum
industry. Other oxygenates are added at much lower concentrations.

These compounds have vapor pressures that range from 68mm Hg
for TAME to 250mm Hg for the most volatile, MTBE. The high
vapor pressure of MTBE threatens air quality at the gasoline pumps.
The oxygenates are polar, which contaminates ground water. In fact,
an estimated 9,000 community drinking water wells now have
detectable levels of MTBE contamination.  Therefore, the US EPA
has moved to ban MTBE use in gasoline. Other ethers can be used as
additives, but they are more expensive and pose similar health risks.



Corn-based ethanol is the proposed gasoline additive, however higher
percentages of this compound (above 20%) have been shown to aid
in migration of gasoline plumes from leaking underground storage
tanks (LUST).  Ethanol has a lower toxicity, lower volatility, and is
not environmentally persistent. A variety of methods has been used
for the capillary gas chromatographic (GC) analysis of oxygenates in
gasoline. Success of these methods is based on the established ability
of the GC capillary column to resolve oxygenates from early-eluting
alkanes such as 2-methylpentane and 3-methylpentane.  Because of
the possibility of widespread corn-based ethanol use, the environ-
mental chemist must address the analytical challenges associated
with determining concentrations of alcohols in samples.

This new column retains the alcohols to allow quantitation of
ethanol without interference from methanol. Methanol is commonly
used in preparing standards and may be added to gasoline as well.
The increased polarity of this column retains oxygenates and
alcohols, thus, the elution order is different compared to other more
non-polar stationary phases. MTBE elutes after 2-methylpentane and
3-methylpentane. These are the most commonly misidentified com-
pounds when using PID/FID for GRO analysis (Applications #1-5).



EXPERIMENTAL

The analysis of oxygenates by EPA Method 8260B is a common
way to increase the level of confidence in chromatographic data over
GC methods. The first application shows the Rtx®-VGC column
using a Quadrapole Mass/Spectrometer for the identification of
oxygenates and alcohols. The most demanding analytes in this
analysis are the alcohols since these compounds are poor purgers
and can interfere with other target analytes. The methylpentanes are
resolved from the oxygenates in Application #1. Although these
analytes are resolved by MS detection, a slight signal on the PID
from these alkanes can contribute to the quantitation of low concen-
trations of oxygenates that share retention times. In Application #2
all of the oxygentates are shown on an optimized column dimension,
a 30m, 0.45 mm ID column. This column allows for correct desorb
flows from the purge and trap, a faster analysis time, and better
resolution of closely eluting peaks over regular 0.53mm ID columns.
This chromatogram shows the slight response from the
methylpentanes on the PID (peaks 3 & 5), and highlights the differ-
ence in retention of these analytes using the Rtx®-VGC column.
Positive identification of the oxygenates and pentanes was conducted
using a MS as shown in the third application. Peak shapes of all of
these analytes are sharp. This is a good example of matched polarity
between the analytes and the stationary phase. Using a 100% dim-
ethyl polysiloxane (i.e., Rtx®-1) column can result in broader peaks
and less capacity of the alcohols due to incompatibility between the
stationary phase and the analyte.



Once the standard was analyzed by MS and identification of the
target compounds was complete, it was then run by purge and trap
using a photoionization detector (PID). This standard contains
common gasoline components that are compared to a composite
gasoline standard (Application # 4). The composite gasoline standard
was also analyzed by MS to confirm the presence of oxygenates.
Our gasoline sample had no matches in retention time except one
peak that shares the retention time of diisopropylether. Using the MS
for confirmation, we believe the compound to be 2-methyl-1-pentene.
Although this analyte is found at low concentrations relative to the
methylpentanes, it responds well on the PID. Using  this gasoline
composite, no other peaks matched within the 0.10 minute retention
time window, making identification of the oxygenates possible using
the PID. The use of a confirmation column is strongly suggested
because alkenes can interfere with identification of oxygen-contain-
ing compounds as discussed above.

Chlorobenzene was added in Application #5 because it is commonly
analyzed in addition to gasoline using purge and trap with PID detec-
tion. Action limits for this compound are similar to benzene or lower.
The Rtx®-VGC column resolves chlorobenzene allowing for
quantitation using the PID.



CONCLUSION

The Rtx®-VGC column is an excellent choice for GRO analysis
because the most commonly found oxygen-containing compounds are
resolved from alkanes & alkenes that normally coelute using other
stationary phases. These polar target compounds have excellent
solubility in the stationary phase, which increases retention and
capacity. This column can be used for either GC or MS methods.



Application #1

Oxygenates & BTEX Rtx®-VGC

30m, 0.25mm, 1.40µm Rtx®-VGC (cat.# 19415)
1:10 split at injection port; 1mm ID sleeve
Compounds at 100ppb in 5mL of RO water (unless otherwise noted);
Oven program: 35°C (hold 14 min.) to 220°C @ 24°C/min. (hold 6 min.);
Carrier gas: He @ ~1mL/min. constant;
Concentrator: Tekmar LSC-3100 Purge and Trap;
Trap: Vocarb™ 3000;
Purge: 11 min. @ 40mL/min. @ ambient temperature;
Dry Purge: 1 min. @ 40mL/min.  (MCS bypassed using Silcosteel® tubing);
Desorb Preheat: 245°C;
Desorb: 250°C for 2 min., Flow 10mL/min.;
Bake:  260°C for 8 min.;
Interface: transfer line 0.32mm ID Siltek™ fused silica;
Detector: HP 5973 MS;
Scan range: 25 to 300 AMU.

1. methanol 100,000ppb
2. ethanol 10,000ppb
3. 2-methylpentane
4. 2-propanol 500ppb
5. 3-methylpentane
6. hexane
7. methyl tert-buyl ether
8. tert-butanol 500ppb

9. diisopropyl ether
10. ethyl-tert-butyl ether
11. isooctane
12. benzene
13. n-heptane
14. tert-amyl methyl ether
15. 1-butanol 500ppb
16. α,α,α-trifluorotoluene

17. toluene
18. 1-chloro-3-fluorobenzene
19. ethylbenzene
20. m-xylene
21. p-xylene
22. o-xylene
23. isopropylbenzene
24. decane

25. 1,3,5-trimethylbenzene
26. 1,2,4-trimethylbenzene
27. 4-bromochlorobenzene
28. naphthalene
29. 2-methylnaphthalene 150ppb
30. 1-methylnaphthalene 150ppb

Rtx®-VGC
30m, 0.25mm ID, 1.40µm
(cat.# 19415)
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30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408)
splitless injection w/ 0.5 min. purge off
Compounds in at 100ppm
Oven program: 35°C (hold 5 min.);
Carrier gas: helium @ ~8mL/min.;
Detector: Agilent 5971A;
Scan range: 35 to 200 AMU.

1. pentane
2. ethanol
3. 2-methylpentane
4. 3-methylpentane
5. MTBE
6. tert-butylalcohol
7. DIPE
8. ETBE

Application #3

Oxygenates  Rtx®-VGC

1

2

3
4

5

6

7

8

Rtx®-VGC
30m, 0.45mm ID, 2.55µm
(cat.# 19408)



30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408)
100ppb in 5mL of RO water, except:
tert-butanol 5000ppb
2/1-methynapthalene 150ppb
ethyl methyl benzene 50ppb
GC: Finnigan 9001
Oven program: 40°C (hold 2 min.) to 130°C @ 6°C/min.

(hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.).
Carrier gas: helium @ ~8mL/min.;
Detector: Finnigan PID, make up 7mL min., purge 7mL/min.,

set @ 0.35mV, base temperature 200°C.

1. benzene
2. aaa trifluorotoluene
3. toluene
4. ethylbenzene
5. chlorobenzene
6. m/p-xylene
7. o-xylene
8. 4-bromo-1-chlorobenzene

Application #5

BTEX  Rtx®-VGC

Rtx®-VGC
30m, 0.45mm ID, 2.55µm
(cat.# 19408)
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30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408)
100ppb in 5mL of RO water, except:
tert-butanol 5000ppb
2/1-methynapthalene 150ppb
ethyl methyl benzene 50ppb
GC: Finnigan 9001
Oven program: 40°C (hold 2 min.) to 130°C @ 6°C/min.

(hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.).
Carrier gas: helium @ ~8mL/min.;
Detector: Finnigan PID, make up 7mL min., purge 7mL/min.,

set @ 0.35mV, base temperature 200°C.
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Application #2

Oxygenates and BTEX  Rtx®-VGC

Rtx®-VGC
30m, 0.45mm ID, 2.55µm
(cat.# 19408)

et
hy

l m
et

hy
l b

en
ze

ne



30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408)
100ppb in 5mL of RO water, except:
tert-butanol 5000ppb
2/1-methynapthalene 150ppb
ethyl methyl benzene 50ppb
GC: Finnigan 9001
Oven program: 40°C (hold 2 min.) to 130°C @ 6°C/min.

(hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.).
Carrier gas: helium @ ~8mL/min.;
Detector: Finnigan PID, make up 7mL min., purge 7mL/min.,

set @ 0.35mV, base temperature 200°C.

1. benzene
2. toluene
3. ethylbenzene
4. M/P-xylene
5. o-xylene
6. IP0-isopropylbenzene
7. ethylmethylbenzene
8. 1,2,3-trimethylbenzene
9. 1,2,4-trimethylbenzene

10. napthalene
11. 2-methylnapthalene
11. 1-methylnapthalene

Application #4

Gasoline, Unleaded  Rtx®-VGC

Rtx®-VGC
30m, 0.45mm ID, 2.55µm
(cat.# 19408)
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ABSTRACT

Laboratories have been struggling to interface the high desorb flow
(>10mL/min.) of the purge & trap concentrator with the lower flow
requirements of the MS system. Conventional MS instruments run
optimally when the flow of carrier gas into the ionizing chamber is
1mL/min.  Flow rates higher than this will increase noise at a greater
rate than the increase in sensitivity, resulting in a net loss of the
signal-to-noise ratio.  There are several options to accommodate the
lower flow requirements of the MS. One approach is to employ a jet
separator, which uses a vacuum pump to pull the carrier gas away
from the analytes and allow a majority of sample to pass into the MS
source.  This approach is expensive and requires additional mainte-
nance. The second method is to use a narrow-bore column with a
split flow at the injection port. Columns with 0.18mm and 0.25mm
IDs are run optimally at flow rates of 1mL/min., thereby providing a
direct interface to the MS ion source.

This paper will discuss the setup of MS systems for volatile
analysis—using a narrow-bore column with a split flow at the injec-
tion port. Applications on the 30m and 60m x 0.25mm ID and the 20
m x 0.18mm ID Rtx®-VMS column will be shown using high starting
temperatures and electronic pressure control (EPC) for optimized
runtimes.



INTRODUCTION

Narrow bore columns offer higher resolution compared to
0.53mm ID columns and are effective options for the analysis of
volatile organic compounds. Since these columns are typically
operated at low flow rates (1mL/min) they are not compatible
with the fast desorb flow rates from the concentrator. To achieve
compatibility, splitting of the desorb flow is common.  With this
technique, the trap is desorbed at flow rates ranging from 10 to
40mL/min with the flow split at the injection port delivering
1mL/min onto the column. The remaining flow exits through the
split vent. With a split ratio of anywhere between 10:1 - 40:1 the
column flow is compatible with the vacuum system of a mass
spectrometer.  A faster desorb flow rate results in narrower sample
band width, these sharper peaks increase the chromatographic
signal/noise ratio, however, splitting the flow at the injection port
also decreases the amount of sample reaching the column, result-
ing in reduced sensitivity. The key to success using the narrow-
bore columns is finding the optimum split flow that produces nar-
row peaks without a significant loss in sensitivity from splitting.
There are two ways of increasing the amount of sample that
reaches the detector: decrease the split flow & increase the purge
volume (e.g. from 5mL to 25mL).



EXPERIMENTAL

Application #1 shows the analysis of US EPA Method 8260B
using a 20m x 0.18mm ID x 1.0µm film,  Rtx®-VMS column
without the use of cyrogenic cooling.  Resolution is greatly en-
hanced due to the increase in efficiency of the 0.18mm ID col-
umn. Desorb flow rates are set at 40mL/min for 1 minute. Many
laboratories desorb under these conditions for 2 minutes, which is
not necessary because the volatiles are quickly swept off of the
trap in under a minute. One of the most important factors in opti-
mizing the narrow-bore volatile analysis is adjusting the flow rate
on the column. Most MS systems are designed for optimum sensi-
tivity at 1mL/min; flow higher or lower will greatly compromise
the method detection limit (MDL). For Application #1, the first
gas—dichlorodifluoromethane—is set at a retention time of 1.03
minutes at 50°C which results in a column flow of 1 mL/min. Ap-
plications 2 & 3 also have specific information on setting the cor-
rect flow rate. With the use of Electronic Pressure Control (EPC)
it is possible to run the instrument in constant flow over the
course of the oven program, which can shave several minutes off
of the analysis time compared to a system set up for constant
pressure. All of these applications are run using EPC. When
setting up a system for constant pressure, always adjust the flow



at the GC oven start temperature for a flow of  ~ 1mL/min. At the
beginning of the analysis, higher flows under constant pressure
will equate to normal flows (closer to 1mL/min) as the tempera-
ture  (and carrier gas viscosity) increases; however, maximum
sensitivity is needed for the more volatile analytes since they have
broader peak shapes (Applications #1,2 & 3). Also, higher flows
at the start of the analysis, while the methanol/water are going
into the MS, may cause excessive source pressure which will au-
tomatically shut off the filament. Application #2 uses the 60m x
0.25mm x 1.4µm film Rtx®-VMS column with an initial starting
temperature of 60°C for the same compound list as shown in the
1st application. The injection port is set for a 20:1 split and con-
stant flow is adjusted for 1.3mL/min. Again, the best way to set
flows for these columns is with the retention time of dichlorodif-
luoromethane or an un-retained compound such as carbon diox-
ide, which easily can be used since its characteristic parent ion is
44. US EPA Method 8240 was developed to monitor almost 80
compounds in hazardous waste samples.



The Rtx®-VMS, 30m x 0.25mm x 1.4µm film column is a good
choice for this shorter list of analytes. As with the 8260 com-
pound list for both the 624 and VMS phases, care must be taken
to avoid poor resolution between chlorobenzene-d5 and 1,1,1,2-
tetrachloroethene, which share the chlorobenzene-d5 quantitation
ion 117. Many laboratories change the chlorobenzene-d5
quantitation ion from 117 to 82 which eliminates the need for
chromatographic resolution. Another solution is to replace the
internal standard chlorobenzene-d5 for another compound, such
as 4-bromofluorobenzene, which elutes in the same region of the
chromatogram. These compounds can be chromatographically
resolved on both the VMS and 624 phases using the proper GC
oven program, but generally results in a longer runtime.



CONCLUSION

Choosing between the 0.25mm ID and the 0.18mm ID of the
Rtx®-VMS column to interface with the MS ion source is a
matter of preference. Customers running 100 or more analytes
prefer the longer columns which offer higher starting tempera-
tures and overall better resolution of target compounds. These
applications help the analyst optimize runtimes, adjust column
flows and be aware of coelutions of analytes sharing the same
ions. This new column has excellent selectivity and a rapid
cycle time for EPA Method 8260.



Application #1
Volatile Organics EPA Method 8260B Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (100ppb)
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate
20. allyl alcohol (250ppb)
21. ethyl-tert-buyl ether
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane

25. chloroform
26. ethyl acetate
27. carbon tetrachloride
28. methyl acrylate
29. propargyl alcohol (500ppb)
30. dibromofluoromethane (SMC)
31. tetrahydrofuran
32. 1,1,1-trichloroethane
33. 2-butanone
34. 1,1-dichloropropene
35. benzene
36. pentafluorobenzene (IS)
37. tert-amyl-methyl ether
38. 1,2-dichloroethane
39. isobutyl alcohol (500ppb)
40. isopropyl acetate
41. trichloroethene
42. 1,4-difluorobenzene (SMC)
43. dibromomethane
44. 1,2-dichloropropane
45. bromodichloromethane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)

49. cis-1,3-dichloropropene
50. toluene-d8(SMC)
51. toluene
52. pyridine (250ppb)
53. tetrachloroethene
54. 4-methyl-2-penanone
55. trans-1,3-dichloropropene
56. 1,1,2-trichloroethane
57. ethyl methacrylate
58. dibromochloromethane
59. 1,3-dichloropropane
60. 1,2-dibromoethane
61. n-butyl acetate
62. 2-hexanone
63. 2-picoline (250ppb)
64. chlorobenzene-D5 (IS)
65. chlorobenzene
66. ethylbenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. stryrene
72. bromoform

73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. bromobenzene
76. n-propylbenzene
77. 1,1,2,2-tetrachloroethane
78. 2-chlorotoluene
79. 1,3,5-trimethylbenzene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. pentachloroethane
84. 1,2,4-trimethylbenzene
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4 (IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,3-trichlorobenzene
96. naphthalene
97. 1,2,4-trichlorobenzene

20m, 0.18 mm ID, 1.00µm Rtx-VMS (cat.# 49914)
Compounds in at 10 ppb in 5ml of RO water
unless otherwise noted, ketones in at 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40 mL/min. @ ambient temperature
Dry Purge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C
Desorb: 250°C for 2 min., Flow 10mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel MXT tubing

1: 40 split at injection port. 1mm ID sleeve.

Oven Program: 50°C (hold 4 min.) to 100°C @ 18°C/min. (hold 0 min.)
to 230°C @ 40°C/min. (hold 3 min.)

Carrier Gas: helium @ ~1.0 mL/min. constant flow
Adjust dichlorodifluoromethane to a retention times of 1.03 min. @ 50°C.
Detector: Hewlett-Packard 5973 Mass Selective Detetector

scan range 35 to 300 AMU
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Application #2
Volatile Organics EPA Method 8260B Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. tert-butyl alcohol (100ppb)
15. methyl tert-butyl ether
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate
20. allyl alcohol (250ppb)
21. ethyl-tert-buyl ether
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane

25. chloroform
26. ethyl acetate
27. methyl acrylate
28. propargyl alcohol (500ppb)
29. dibromofluoromethane (SMC)
30. tetrahydrofuran
31. carbon tetrachloride
32. 2-butanone
33. 1,1,1-trichloroethane
34. 1,1-dichloropropene
35. pentafluorobenzene(IS)
36. tert-amyl-methyl ether
37. benzene
38. isobutyl alcohol (500ppb)
39. 1,2-dichloroethane
40. isopropyl acetate
41. 1,4-difluorobenzene(SMC)
42. trichloroethene
43. dibromomethane
44. bromodichloromethane
45. 1,2-dichloropropane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)

49. cis-1,3-dichloropropene
50. toluene-d8(SMC)
51. toluene
52. 4-methyl-2-penanone
53. pyridine (250ppb)
54. trans-1,3-dichloropropene
55. ethyl methacrylate
56. tetrachloroethene
57. 1,1,2-trichloroethane
58. dibromochloromethane
59. 1,3-dichloropropane
60. n-butyl acetate
61. 1,2-dibromoethane
62. 2-hexanone
63. 2-picoline (250ppb)
64. ethylbenzene
65. chlorobenzene-D5(IS)
66. chlorobenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. stryrene
72. bromoform

73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. n-propylbenzene
76. 1,1,2,2-tetrachloroethane
77. bromobenzene
78. 1,3,5-trimethylbenzene
79. 2-chlorotoluene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. 1,2,4-trimethylbenzene
84. pentachloroethane
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4(IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,3-trichlorobenzene
96. naphthalene
97. 1,2,4-trichlorobenzene

min. 6 8 10 12 14 16

60m, 0.25 mm ID, 1.40µm Rtx- VMS (cat.# 19916)
Compounds in at 10 ppb in 5mL of RO water (unless noted)
ketones 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40 mL/min. @ ambient temperature
Dry Purge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C
Desorb: 250°C for 2 min., Flow 10mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel MXT tubing
1: 20 split at injection port. 1mm ID sleeve.
Oven Program: 60°C (hold 2 min.) to 180°C @ 12°C/min. (hold 0 min.)

to 225°C @ 45°C/min. (hold 6 min.)
Carrier Gas: helium @ ~1.3 mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 4.03 min. @ 60°C.
Detector: Hewlett-Packard 5973 Mass Selective Detetector

scan range 35 to 300 AMU
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Application #3
Volatile Organics EPA Method 8240 (8260 Short List) Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol
8. 1,1-dichloroethene
9. carbon disulfide

10. iodomethane
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. 1,1-dichloroethane

Instrumentation & Conditions
Carrier gas: 1.3mL/min. @ constant flow
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K) -- see concentrations in 5mL/RO
Purge: 11 min. @ 40mL/min. @ ambient temp.
Dry Purge: 1 min. @ 40mL/min. (MCS bypass)
Desorb Preheat: 245°C
Desorb: 250°C for 2 min., flow 15mL/min.
Bake: 260°C for 8 min.
Interface to GC: transfer line 0.32mm ID Siltek fused silica
1:20 split at injection port w/ 1mm ID sleeve.
GC: HP6890
Detector:  HP5973 Mass Selective Detector
Oven Conditions: 40°C (hold 4 min.) to 90°C at 16°C/min. (no hold)
to 210°C at 32°C/min. (hold 5 min.)
Adjust dichlorodifluoromethane to a retention time of 2.27 min. @
40°C.
MS Scan Range: 35-300amu
compound concentrations, by mix: (in 5mL of RO water)
Compounds in at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols in at 1ppm (cat.# 30214) except 2Cl ethanol at 10ppm.
vinyl acetate in at 500ppb (cat.#30216)
8240 nitrile mix at 200 ppb (cat.# 30215)
8240 mix 1A at 300 ppb (cat.# 30217)
8240 Mix 2A at 500 ppb (cat.# 30218)

Rtx®-VMS
30m, 0.25mm ID, 1.40µm
(cat.# 19915)

16. acrylonitrile
17. allyl alcohol
18. vinyl acetate
19. bromochloromethane
20. chloroform
21. carbon tetrachloride
22. propargyl alcohol
23. 1,1,1-trichloroethane
24. 2-butanone
25. benzene
26. propionitrile
27. methacrylonitrile
28. 1,2-dichloroethane-d4
29. isobutyl alcohol
30. 1,2-dichloroethane

31. trichloroethene
32. 1,4-difluorobenzene
33. dibromomethane
34. 1,2-dichloropropane
35. bromodichloromethane
36. methyl methacrylate
37. 1,4-dioxane
38. 2-chloroethanol
39. 2-chloroethyl vinyl ether
40. cis-1,3-dichloropropene
41. toluene-d8
42. toluene
43. pyridine
44. 4-methyl-2-pentanone
45. tetrachloroethene

46. trans-1,3-dichloropropene
47. ethyl methacrylate
48. 1,1,2-trichloroethane
49. dibromochloromethane
50. 1,2-dibromoethane
51. 2-hexanone
52. 2-picoline
53. chlorobenzene-D5
54. ethylbenzene
55. chlorobenzene
56. 1,1,1,2-tetrachloroethane
57. m-xylene
58. p-xylene
59. o-xylene
60. stryrene

61. bromoform
62. 4-bromo-1-fluorobenzene
63. cis-1,4-dichloro-2-butene
64. 1,1,2,2-tetrachloroethane
65. 1,2,3-trichloropropane
66. trans-1,4-dichloro-2-butene
67. pentachloroethane
68. 1,3-dichlorobenzene
69. 1,4-dichlorobenzene
70. benzyl chloride
71. malononitrile
72. 1,2-dichlorobenzene
73. 1,2-dibromo-3-chloropropane



1

Optimizing the Capillary GC Separation of Acids,
Esters, and Other Flavor Components in Distilled

Liquor Products
REBECCA E. WITTRIG1, KEVIN MACNAMARA2, & NEIL MOSESMAN1 (1Restek

Corporation, 110 Benner Circle, Bellefonte, PA 16823  •  2Irish Distillers Ltd, Bow Street
Distillery, Smithfield, Dublin 7, Ireland)

ABSTRACT
Distilled liquor products contain a wide range of volatile and non-volatile compounds in an ethanol/water matrix. The most abun-
dant fusel alcohols and esters can be determined by simple split injection, which also minimizes the amount of matrix ethanol and
water transferred to the column. However, many additional trace fatty acids and their esters, which often are used to indicate prod-
uct quality in alcoholic beverages such as whiskey and rum, cannot be determined by this approach. Capillary gas chromatography
is a powerful tool for the analysis of these compounds, but the large ranges in volatilities and acidities can make it difficult to quan-
titate all of the components in a single chromatographic separation. In addition, because the concentrations can vary widely, split-
less injection techniques with some type of preconcentration step often are necessary. One example of this is a large volume injec-
tion with a venting step, which can be optimized to remove most of the matrix ethanol and water.

Using a bonded polyethylene glycol (PEG) capillary column, flavor compounds in distilled liquor products can be quantitated in a sin-
gle splitless injection. The Stabilwax™-DA column was selected for this application. To improve peak shape and reproducibility of
acidic components on this column, an acidic functionality has been added to the backbone of the PEG stationary phase. This results in
less adsorption of acidic components and significantly less peak tailing. In addition, the chromatographic separation of these com-
pounds has been optimized to allow for the rapid analysis of fatty acids, esters, and other trace level components. An optimized con-
figuration of 30m, 0.18mm ID, 0.18µm allows for significantly reduced analysis times.  An interesting application is in the determina-
tion of flavor compounds in alcoholic beverages such as malt whiskeys and grappas. 

PROCEDURE
To optimize the chromatographic conditions for this analysis, a test mixture containing acids, esters, and flavor compounds typically
found in alcoholic beverages was prepared (see Figure 1). A computer modeling program, ezGC™, was used to optimize the column
configuration, temperature program, and inlet flow for this system. Based on this, an optimized configuration of 30m, 0.18mm ID,
0.18µm was developed. To test the applicability of this column in these dimensions, the critical pair of  caproic acid and ethyl laurate
was studied. These components can be very difficult to resolve on standard Carbowax®-type columns. This is especially true if peak
tailing or broadening occurs, or if one component is present at a significantly higher concentration. The Stabilwax™-DA column
achieves baseline resolution of these two compounds within a reasonable analysis time of 13 minutes (Figure 2).

Because alcoholic beverage samples often are injected via splitless mode, the stability of the Stabilwax®-DA column when exposed to
aqueous injections is important. We verified stability by performing a splitless injection of the alcoholic beverage test mix, followed by
five 1µL injections of water. This process was repeated 10 times, followed by a final injection of the test mix. The final test mix injec-
tion can be seen in (Figure 3). Even after repeated splitless injections of 100% water, very little degradation occurs in the peak shapes
of the test mix components. Over the course of the study, the variation in the peak retention times was 0.08-0.22% RSD. This includes
the polar free fatty acids, which can be difficult to analyze under ideal conditions. The excellent stability of this stationary phase is
proven by the reproducibility of the retention times over the course of the water stability study.

ANALYSIS OF MALT WHISKEY

Whiskey is distilled from a fermented mash of grain, such as corn, rye, barley, or wheat.  Aging of the whiskey takes place within bar-
rels or casks, and it is during the aging process that whiskey obtains its characteristic color, flavor, and aroma. Factors that influence
the flavor of the final product include the characteristics of the grain, recipes, and how the whiskey is distilled. The flavor profile of a
whisky contains hundreds of compounds, including fatty acids, esters, alcohols, and aldehydes. An example of a malt whiskey profile,
as determined by GC/MS, can be seen in (Figure 4).
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ANALYSIS OF GRAPPA
Grappa is the spirit produced from grape marc, or the skins of the grapes after they have been pressed during wine production. This
grape marc is fermented and distilled either directly or by water vapor. Grappas generally do not require the same amount of aging as
other alcoholic beverages, although, for example, Italian law requires at least six months of aging. Flavored grappas can be produced
by adding ingredients such as herbs and fruits. The flavor profile of grappas contains hundreds of compounds at a wide range of con-
centrations. The chromatographic profile of a sample of grappa can be seen in (Figure 5).

SUMMARY
The Stabilwax®-DA column is an excellent choice for the analysis of acids, esters, and other flavor components in alcoholic beverage
products. This highly stable column has been optimized for the analysis of acidic compounds, making it possible to analyze a wide
range of compounds in a single injection. In addition, the column configuration shown in this article allows fast, efficient analysis of
complex products such as malt whiskeys and grappas.

Large volume injection techniques allow for the analysis of a wide range of concentrations in a single run. As shown in this paper, ana-
lytes at higher concentrations such as alcohols and esters and trace level flavor compounds can be analyzed simultaneously. Large vol-
ume injections on the order of 10-100µL can be used for analyses of this type. The venting step during the large volume injection can
be optimized to remove most of the ethanol/water matrix. Since some water will enter the chromatographic column, a stabilized phase
such as the Stabilwax®-DA should be used. 

Figure #1

Peak List Conc. (ppm)
1. ethyl octanoate 100
2. acetic acid 100
3. propionic acid 100
4. isobutyric acid 100
5. decanol 3 50
6. ethyl decanoate 50
7. ethyl laurate 50
8. cis-lactone 100
9. 2-phenylethanol 50

10. trans-lactone 100
11. methyl myristate 50
12. ethyl myristate 50
13. octanoic acid 100
14. ethyl palmitate 50
15. decanoic acid 100
16. dodecanoic acid 100
17. vanillin 100

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)

Inj.: 1µL splitless (hold 0.5 min.) at conc. shown in 
peak list, in ethyl acetate, 4mm ID splitless liner 
w/wool (cat.# 20814-202.1)

Inj. temp.: 240°C
Carrier gas: hydrogen
Make-up gas: nitrogen
Linear velocity: 28psi @ 240°C
Oven temp.: 70°C to 240°C at 12°C/min. (hold 3 min.)
Det.: FID

GC_FF00500

Alcoholic beverage test mixture on the
Stabilwax-DA™ capillary column.
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Peak List Conc. (ppm)
1. caproic acid 100
2. ethyl laurate 100

GC_FF00525

1

2

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)

Inj.: 1µL splitless (hold 0.5 min.) at conc. shown in 
peak list, in ethyl acetate, 4mm ID splitless liner 
w/wool (cat.# 20814-202.1)

Inj. temp.: 240°C
Carrier gas: hydrogen
Make-up gas: nitrogen
Linear velocity: 28psi @ 240°C
Oven temp.: 80°C to 230°C at 5°C/min.
Det.: FID

Figure #2

Complete resolution of caproic acid and
ethyl laurate can be achieved in 13 minutes.

Injection of the test mixture following fifty 1µL injections of water.
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GC_FF00526

min.

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)

Inj.: 1µL splitless (hold 0.5 min.) at conc. shown in 
peak list, in ethyl acetate, 4mm ID splitless liner 
w/wool (cat.# 20814-202.1)

Inj. temp.: 240°C
Carrier gas: hydrogen
Make-up gas: nitrogen
Linear velocity: 28psi @ 240°C
Oven temp.: 70°C to 240°C at 12°C/min. (hold 3 min.)
Det.: FID

Peak List Conc. (ppm)
1. ethyl octanoate 100
2. acetic acid 100
3. propionic acid 100
4. isobutyric acid 100
5. decanol 3 50
6. ethyl decanoate 50
7. ethyl laurate 50
8. cis-lactone 100
9. 2-phenylethanol 50

10. trans-lactone 100
11. methyl myristate 50
12. ethyl myristate 50
13. octanoic acid 100
14. ethyl palmitate 50
15. decanoic acid 100
16. dodecanoic acid 100
17. vanillin 100

Figure #3
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Figure #4

Flavor profile of malt whiskey by GC/MS using a large
volume injection technique and a
Stabilwax®-DA capillary column.

1. acetic acid
2. ethyl decanoate
3. ethyl dodecanoate
4. 2-phenylethanol
5. octanoic acid
6. decanoic acid
7. dodecanoic acid
8. vanillin
9. hexadecanoic acid

10. syringealdehyde

GC_FF00554

GC_FF00555 GC_FF00556 GC_FF00557



5

1. di(ethyleneglycol) butyl ether
2. siloxane
3. methyl dodecanoate
4. phenylethyl acetate
5. methylcyclopentenolone
6. hexanoic acid
7. ethyl dodecanoate
8. isoamyl decanoate + guaiacol
9. dodecyl acetate (possible)

10. whiskey lactone (1)
11. 2-phenylethanol
12. heptanoic acid
13. siloxane
14. dimethoxybenzene or 

4-methylguaiacol

15. whiskey lactone (2)
16. dodecanol
17. unknown
18. phenol
19. methyl tetradecanoate
20. nerolidol
21. diethyl malate
22. ethyl tetradecanoate
23. octanoic acid
24. unknown
25. p-cresol
26. siloxane
27. diethyl octanedioate
28. monomethyl succinate
29. 3,5-dimethyl-2,4(5H) furandione

GC_FF00556GC_FF00555

1. ethyl octanoate
2. acetic acid
3. siloxane
4. 1-hydroxy-2,3-butadione
5. 1-hydroxy-2-propanone acetate
6. furfural
7. formic acid
8. propionic acid
9. isobutyric acid

10. dimethyl sulfoxide
11. 5-methyl furfural
12. methyl decanoate + unknown
13. butyric acid
14. siloxane

15. ethyl decanoate
16. furfuryl alcohol + 

isoamyl octanoate
17. isovaleric acid + 

2-methylbutyric acid
18. diethyl succinate
19. 3-methyl-2(5H)-furanone 

(possible)
20. valeric acid
21. ethyl undecanoate
22. isobutyl decanoate
23. 2(5H)-furanone
24. unknown
25. diethyl pentanedioate

Figure #4 (cont.)
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GC_FF00557

1. nonanoic acid
2. diethyl 2-hydroxyglutarate
3 unknown
4. tetradecanol
5. 4-vinylguaiacol
6. diethyl nonanedioate
7. methyl hexadecanoate
8. ethyl γ-lactone 2-hydroxyglutarate
9. ethyl hexadecanoate

10. decanoic acid
11. ethyl 9-hexadecanoate
12. triacosan
13. unknown
14. phthalide
15. diethylphthalate
16. hexadecanol
17. 4-hydroxycinnamic acid (decomp.)
18. methyl stearate
19. benzoic acid
20. methyl 8-octadecenoate

21. ethyl stearate
22. dodecanoic acid
23. hydroxymethylfurfural
24. ethyl linoleate
25. 4-allyl-2,6-dimethoxyphenol
26. diisobutyl phthalate
27. vanillin
28. sinapic acid (decomp.)
29. 2-phenylethyl decanoate + 2 unknowns
30. 2-propenyl-2,6-dimethoxyphenol
31. ethyl vanillate
32. acetovanillone
33. vanillin methyl ketone
34. tetradecanoic acid
35. ethyl homovanillate
36. propiovanillone
37. fatty acid ester
38. (similar to 4-allyl-2,6-dimethoxyphenol)
39. unknown

Figure 4 conditions:
Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)

Inj.: 10µL large volume injection (splitless), at 10µL/min.
Std. conc.: neat
Gerstel CIS Injector: 35°C (hold 2 min.), to 300°C @ 10°C/sec. (hold 5 min.)
Helium vent flow: 600mL/min with 1.8 min. vent end time
Carrier gas: helium
Linear velocity: 45cm/sec.
Oven temp.: 60°C (hold 2 min.) to 100°C @ 20°C/min.,

to 240°C @ 5°C/min. (hold 10 min.)
Det.: MSD
Transfer line temp.: 240°C
Quadrupole temp.: 150°C
MS source temp.: 230°C
Scan range: 30–400amu
Ionization: 70eV
Mode: EI

Chromatogram courtesy of Kevin MacNamara, Ph.D., Irish Distilleries, Ltd.

Figure #4 (cont.)
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Figure #5

Flavor profile of grappa by GC/MS using a large volume
injection technique and a

Stabilwax®-DA capillary column.

1. acetic acid
2. ethyl decanoate
3. ethyl dodecanoate
4. 2-phenylethanol
5. octanoic acid
6. decanoic acid
7. dodecanoic acid
8. dibutyl phthalate

GC_FF00559 GC_FF00560
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GC_FF00559

1. ethyl octanoate
2. acetic acid
3. siloxane
4. furfural
5. propionic acid
6. benzaldehyde + linalool
7. isobutyric acid
8. methyl decanoate
9. butyric acid

10. siloxane
11. ethyl decanoate
12. isoamyl octanoate
13. isovaleric acid +

2-methylbutyric acid
14. susquiterpene (shoulder)
15. diethyl succinate
16. ethyl 9-decenoate
17. α-terpineol

GC_FF00560

1. (possible 3-methyl-2(5H)-
furanone)

2. valeric acid + susquiterpene
3. linalool oxide
4. susquiterpene
5. isobutyl decanoate
6. 1-decanol
7. β-citronellol
8. susquiterpene
9. methyl salicylate + unknown

10. siloxane
11. methyl dodecanoate
12. hexyl octanoate + 

2-tridecanone
13. trans-2, trans-4-decadienol
14. 2-phenylethyl acetate

15. hexanoic acid
16. ethyl dodecanoate
17. unknown
18. isoamyl decanoate
19. benzyl alcohol
20. unknown
21. 2-phenylethanol
22. 2-ethylhexanoic acid
23. heptanoic acid
24. dodecanol
25. phenol
26. γ-nonalactone
27. octanoic acid
28. siloxane
29. ethyl cinnamate
30. decalactone + unknown

31. nonanoic acid
32. phenylethyl hexanoate
33. diethyl nonanedioate
34. methyl hexadecanoate
35. dimethyl naphthalene
36. ethyl hexadecanoate
37. decanoic acid
38. ethyl 9-hexadecenoate
39. geranic acid
40. phenylethyl octanoate
41. dodecanoic acid
42. ethyl linoleate
43. diisobutyl phthalate
44. ethyl linolenate
45. phenylethyl decanoate

Figure 5 conditions:
Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)

Inj.: 10µL large volume injection (splitless), at 10µL/min.
Std. conc.: neat
Gerstel CIS Injector: 35°C (hold 2 min.), to 300°C @ 10°C/sec. (hold 5 min.)
Helium vent flow: 600mL/min with 1.8 min. vent end time
Carrier gas: helium
Linear velocity: 45cm/sec.
Oven temp.: 60°C (hold 2 min.) to 100°C @ 20°C/min.,

to 240°C @ 5°C/min. (hold 10 min.)

Det.: MSD
Transfer line temp.: 240°C
Quadrupole temp.: 150°C
MS source temp.: 230°C
Scan range: 30–400amu
Ionization: 70eV
Mode: EI

Chromatogram courtesy of Kevin MacNamara, Ph.D., Irish Distilleries, Ltd.

Figure #5 (cont.)
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Abstract

One of the most common GC testing methods used by One of the most common GC testing methods used by 
today’s pharmaceutical laboratories is the analysis of organic today’s pharmaceutical laboratories is the analysis of organic 

volatile impurities (volatile impurities (OVIsOVIs) in finished pharmaceutical ) in finished pharmaceutical 
products. There are many challenges in performing OVI products. There are many challenges in performing OVI 

analyses. The most commonly used capillary GC stationary analyses. The most commonly used capillary GC stationary 
phases for OVI analysis of regulated solvents are the G27 phases for OVI analysis of regulated solvents are the G27 

(5%(5% diphenyldiphenyl/95%/95%dimethyl polysiloxanedimethyl polysiloxane) and G43 ) and G43 
(6%(6%cyanopropylcyanopropyl phenyl/94%phenyl/94%dimethyl polysiloxanedimethyl polysiloxane) ) 
columns. However, other stationary phases must be columns. However, other stationary phases must be 

employed depending on the specific solvents used in the employed depending on the specific solvents used in the 
manufacturing process of a pharmaceutical compound.manufacturing process of a pharmaceutical compound.



Often theOften the OVIsOVIs are loware low--boiling, low molecular weight boiling, low molecular weight 
compounds that are difficult to retain and resolve on compounds that are difficult to retain and resolve on 

capillary stationary phases.  Thick stationary films  (3.0µm capillary stationary phases.  Thick stationary films  (3.0µm 
and 5.0µm) often are used to achieve required separations and 5.0µm) often are used to achieve required separations 
at a sacrifice in analysis time and the inability to use high at a sacrifice in analysis time and the inability to use high 
GC operating temperatures. Restek is developing a new GC operating temperatures. Restek is developing a new 
stationary phase for confirmingstationary phase for confirming OVIsOVIs, that will resolve, that will resolve

coelutingcoeluting unregulated compounds from regulated solvents.  unregulated compounds from regulated solvents.  



Retention time information on seventyRetention time information on seventy--six of the most six of the most 
common solvents will be presented on three stationary common solvents will be presented on three stationary 

phases. Chromatograms of these common solvents phases. Chromatograms of these common solvents 
will be presented to show the utility of these phases will be presented to show the utility of these phases 
for the OVI analysis. This data will also be used to for the OVI analysis. This data will also be used to 
design a new column that will attempt to resolve all design a new column that will attempt to resolve all 

76 compounds. 76 compounds. 



Background

Residual solvents in pharmaceuticals are defined as volatile 
organic chemicals that are used or produced in the 

manufacture of drug substances or excipients, or in the 
preparation  of drug products.  The solvents are not 

completely removed by practical manufacturing techniques.  
Since there is no known  therapeutic benefit from residual 

solvents, all residual solvents should be removed  to the extent
possible to meet product specifications, good manufacturing 

practices or other quality based requirements. 



USP Compound Classes

These solvents can be characterized by toxicity These solvents can be characterized by toxicity 
in three classes as follows:in three classes as follows:

Class I Class I –– have unacceptable toxicities and should be avoided.have unacceptable toxicities and should be avoided.
Class IIClass II——less severe, should be avoided if possible.less severe, should be avoided if possible.
Class IIIClass III——less toxic and should be used when possible.less toxic and should be used when possible.
Solvents Solvents ––not classified, or isomers ofnot classified, or isomers of analytesanalytes listed above. listed above. 



USP Changes Address Challenging 
Separations

USP made changes in 1997 to overcome the USP made changes in 1997 to overcome the 
difficulties resulting from unregulated difficulties resulting from unregulated 

solventssolvents coelutingcoeluting with regulated solvents and with regulated solvents and 
thereby causing  overthereby causing  over--representation of their representation of their 

concentration. These changes allow FID concentration. These changes allow FID 
methods, GC/MS or a second validated methods, GC/MS or a second validated 
column to be used. Restek is currently column to be used. Restek is currently 

developing a new stationary phase, which is developing a new stationary phase, which is 
designed to be a confirmation column to designed to be a confirmation column to 

phases such as G43 & G27. phases such as G43 & G27. 



Analysis of Common Solvents Using 
Two Columns

The following conditions apply to both chromatograms The following conditions apply to both chromatograms 
shown (shown (RtxRtx--G27 &G27 & RtxRtx--VGC), the only deviation from VGC), the only deviation from 

these parameters is the film thickness of thethese parameters is the film thickness of the RtxRtx--VGC, VGC, 
which is 3.0 microns. The chromatograms are which is 3.0 microns. The chromatograms are 

Headspace injections of 24 common residual solvents Headspace injections of 24 common residual solvents 
for pharmaceutical processing. Prepared to equal for pharmaceutical processing. Prepared to equal 

about 500ppm in the bulk pharmaceutical. Theabout 500ppm in the bulk pharmaceutical. The RtxRtx--
VGC would make a suitable confirmation column to the VGC would make a suitable confirmation column to the 

G27 phase for this compound set, but a column G27 phase for this compound set, but a column 
specifically engineered for these compounds could be specifically engineered for these compounds could be 

used for a variety of methods and provide better used for a variety of methods and provide better 
resolution.resolution. 



USP <467> Common solvents

5

Method I:Method I: G27 30m x 0.53mm x 5.0G27 30m x 0.53mm x 5.0 df  df  , w/ 5m PM guard, w/ 5m PM guard

InjInj:: Headspace at 500ppm in bulkHeadspace at 500ppm in bulk pharmpharm. 2:1 split. 2:1 split
Oven TempOven Temp:  35(10)5/100 (0) 25/240(5):  35(10)5/100 (0) 25/240(5)
Detector:Detector: FID, 260°C, 1 x 10FID, 260°C, 1 x 10--1111 AFSAFS
Carrier:Carrier: helium, 4.1psi const, 35cm/sec @ 35°Chelium, 4.1psi const, 35cm/sec @ 35°C

samples shaken and heated at 90°C for 15 minutes, 1mL samples shaken and heated at 90°C for 15 minutes, 1mL 
headspace injection. headspace injection. 



n-propanol 
methylene chloride     

1,1-dichloroethene               
diethyl ether

acetonitrile/ aceteone/ isopropanol
ethanol

ethylene oxide 
methanol 

MEK / C-6

benzene/C-tet/n-butanol

THF

1,1,1-TCA

ethyl ace

chlorofor
m

1,2-DCA

C7

pyridine

1,4-dioxane

TCE

toluene

Rtx®-G27
USP <467> 
Common Solvents

20 minutes



Rtx®-VGC
USP <467> 
Common Solvents

Time-->

1,1-dichloroethene
diethyl ether

ethylene oxide
methanol

Time-->

2 4 6 8

5

2 4 6 8 10 12 14

acetone / hexane
2-propanol

methylene chloride

1-propanol
acetonitrile 

e.ace/111TCA/ THF
carbon tet.

chloroform

toluene

pyridine

1,4-dioxane
1-butanol
TCE

MEK
benzene/C7

1,2-DCA



Chromatograms of the 76 Solvents Using the
Rtx-1, Rtx-200 and an Experimental 

Fluorinated Polymer.

The three chromatograms are run under the exact same The three chromatograms are run under the exact same 
conditions. Theseconditions. These analytesanalytes can be modeled allowing can be modeled allowing 

predictions of retention time under any set of predictions of retention time under any set of 
conditions, such as, column diameter, column length, conditions, such as, column diameter, column length, 
film thickness, temperature, detector considerations, film thickness, temperature, detector considerations, 
injection techniques, and flow.  This allows subsets injection techniques, and flow.  This allows subsets 
of the compound list to be resolved using specific of the compound list to be resolved using specific 
conditions. Contact Restek for more information.  conditions. Contact Restek for more information.  



Stationary Phases Used for Modeling

Dimethyl-polysiloxane

Rtx-1



Rtx-1
OVI methods allow for GC/MSOVI methods allow for GC/MS confirmationalconfirmational analysis analysis 

to identify complex chromatograms. GC/MS to identify complex chromatograms. GC/MS 
compound identification errors are common sincecompound identification errors are common since

ketonesketones & acetates share parent ions (43).& acetates share parent ions (43). AlkanesAlkanes & & 
alkenes also present challenges since these alkenes also present challenges since these 

compounds contain the 57 ion. The  chromatogram compounds contain the 57 ion. The  chromatogram 
shown illustrates the problems with nonshown illustrates the problems with non--polar phase polar phase 

with this compound list. Polar compound such as with this compound list. Polar compound such as 
ethylene glycol have poor solubility in theethylene glycol have poor solubility in the dimethyldimethyl--

polysiloxanepolysiloxane phase resulting in poor sensitivity & phase resulting in poor sensitivity & 
linearity. The alcohols are retained less relative to the linearity. The alcohols are retained less relative to the 

nonnon--polar polar analytesanalytes. . 



USP Solvents
Rtx®-1

1. formaldehyde
2. water
3. chloromethane
4. methanol
5. acetaldehyde
6. ethylene oxide
7. chloroethane
8. ethanol
9. acetonitrile

10. acetone
11. 2-propanol
12. 2-chloropropane
13. diethylether
14. pentane
15. ethyl formate
16. formic acid
17. methylal
18. 1,1-dichloroethene
19. methyl acetate
20. methylene chloride

21. nitromethane
22. 1-propanol
23. trans-1,2-dichloroethene
24. methyl tert-butyl ether
25. 2-methylpentane (spiked at 9%)
26. 2-butanone (MEK)
27. 2-butanol
28. cis-1,2-dichloroethene
29. acetic acid
30. isopropyl ether
31. ethyl acetate
32. hexane
33. chloroform
34. tetrahydrofuran
35. 2-methoxyethanol
36. 1,2-dichloroethane
37. methyl cyclopentane
38. 1,1,1-trichloroethane
39. 1,2-dimethoxyethane
40. methyl isopropyl ketone 

41. 2,2-dimethoxypropane
42. isopropyl acetate
43. 1-butanol
44. benzene
45. carbon tetrachloride
46. ethylene glycol
47. formamide
48. 1,4-dioxane
49. trichloroethene
50. isooctane
51. 2-ethoxyethanol
52. n-heptane (C7)
53. isoamyl alcohol
54. hexanone (MIBK)
55. pyridine
56. methyl cyclohexane
57. dimethyl formamide (DMF)
58. 1,1,2-trichloroethane
59. 1-pentanol 
60. isobutyl acetate

61. toluene
62. 2-hexanone (MBK)
63. dimethyl sulfoxide
64. butyl acetate
65. 1,1-diethoxypropane
66. N,N-dimethylacetamide
67. chlorobenzene
68. ethylbenzene
69. isoamyl acetate
70. p-xylene
71. m-xylene
72. o-xylene
73. anisole
74. isopropylbenzene (cumene)
75. 1-methyl-2-pyrrolidinone
76. sulfolane
77. 1,2,3,4-tetrahydronaphthalene

*paraldehyde

Rtx®-1 60m, 0.53mm, 3.00µm (cat.# 10188)
Sample: solvents 
Conc.: solventless mixture ~1.3% each*
Sample size: needle vapor
Inj.: split, 250°C
Septa purge: 5mL/min.
Split vent flow: 100mL/min.  ~1:13 split
Carrier: helium
Head pressure: 11.0psi constant pressure
Linear velocity: 45.6 cm/sec @ 35°C
Det: Mass Selective
Scan range: 10amu to 260amu
MS interface: open split interface ~1:7 split
Oven temp.: 35°C (hold 4 min.) to 250°C @ 4°/min.

GC_EV00463



Trifluoropropyl-methyl 

CH

Si

CH

O3

3

2

CF Rtx-2003



Rtx-200

Like theLike the RtxRtx--1 the1 the RtxRtx--200 column is low bleed and is 200 column is low bleed and is 
offered in thick films (3.0 micron). It has better peak offered in thick films (3.0 micron). It has better peak 
shapes for glycols and other polarshapes for glycols and other polar analytesanalytes. The. The RtxRtx--
200 still lacks the “polarity” necessary to better retain 200 still lacks the “polarity” necessary to better retain 
compounds, such as alcohols,compounds, such as alcohols, ketonesketones and glycols. A and glycols. A 
phase that can withstand higher temperatures and yet phase that can withstand higher temperatures and yet 
have waxhave wax--like characteristics would allow for better like characteristics would allow for better 

retention. retention. 



USP Solvents
Rtx®-200

1. formaldehyde
2. water
3. chloromethane
4. methanol
5. acetaldehyde
6. ethylene oxide
7. chloroethane
8. ethanol
9. acetonitrile

10. acetone
11. 2-propanol
12. 2-chloropropane
13. diethylether
14. pentane
15. ethyl formate
16. formic acid
17. methylal
18. 1,1-dichloroethene
19. methyl acetate
20. methylene chloride

21. nitromethane
22. 1-propanol
23. trans-1,2-dichloroethene
24. methyl tert-butyl ether
25. 2-methylpentane (spiked at 9%)
26. 2-butanone (MEK)
27. 2-butanol
28. cis-1,2-dichloroethene
29. acetic acid
30. isopropyl ether
31. ethyl acetate
32. hexane
33. chloroform
34. tetrahydrofuran
35. 2-methoxyethanol
36. 1,2-dichloroethane
37. methyl cyclopentane
38. 1,1,1-trichloroethane
39. 1,2-dimethoxyethane
40. methyl isopropyl ketone 

41. 2,2-dimethoxypropane
42. isopropyl acetate
43. 1-butanol
44. benzene
45. carbon tetrachloride
46. ethylene glycol
47. formamide
48. 1,4-dioxane
49. trichloroethene
50. isooctane
51. 2-ethoxyethanol
52. n-heptane (C7)
53. isoamyl alcohol
54. hexanone (MIBK)
55. pyridine
56. methyl cyclohexane
57. dimethyl formamide (DMF)
58. 1,1,2-trichloroethane
59. 1-pentanol 
60. isobutyl acetate

61. toluene
62. 2-hexanone (MBK)
63. dimethyl sulfoxide
64. butyl acetate
65. 1,1-diethoxypropane
66. N,N-dimethylacetamide
67. chlorobenzene
68. ethylbenzene
69. isoamyl acetate
70. p-xylene
71. m-xylene
72. o-xylene
73. anisole
74. isopropylbenzene (cumene)
75. 1-methyl-2-pyrrolidinone
76. sulfolane
77. 1,2,3,4-tetrahydronaphthalene

Rtx®-200 60m, 0.53mm, 3.00µm (cat.# 15088)
Sample: solvents 
Conc.: solventless mixture ~1.3% each*
Sample size: needle vapor
Inj.: split, 250°C
Septa purge: 5mL/min.
Split vent flow: 100mL/min.  ~1:13 split
Carrier: helium
Head pressure: 11.0psi constant pressure
Linear velocity: 45.6 cm/sec @ 35°C
Det: Mass Selective
Scan range: 10amu to 260amu
MS interface: open split interface ~1:7 split
Oven temp.: 35°C (hold 4 min.) to 250°C @ 4°/min.

GC_EV00464
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Experimental “Tail” 
Polymer

This is one of a series of experimental columns currently This is one of a series of experimental columns currently 
under investigation.  Understandably, this polymer has under investigation.  Understandably, this polymer has 

similar characteristics to the similar characteristics to the RtxRtx--200.  Direct 200.  Direct 
comparisons, which maintain equal amounts of comparisons, which maintain equal amounts of 
fluorine atoms, indicate that nitrogen containing fluorine atoms, indicate that nitrogen containing 
compounds & compounds & ketonesketones have less retention on this have less retention on this 

phase than the phase than the trifluoropropyltrifluoropropyl phase.  This can also be phase.  This can also be 
seen in the chromatograms shown.  seen in the chromatograms shown.  



USP Solvents
Experimental Fluorinated Polymer “Tail”

1. formaldehyde
2. water
3. chloromethane
4. methanol
5. acetaldehyde
6. ethylene oxide
7. chloroethane
8. ethanol
9. acetonitrile

10. acetone
11. 2-propanol
12. 2-chloropropane
13. diethylether
14. pentane
15. ethyl formate
16. formic acid
17. methylal
18. 1,1-dichloroethene
19. methyl acetate
20. methylene chloride

21. nitromethane
22. 1-propanol
23. trans-1,2-dichloroethene
24. methyl tert-butyl ether
25. 2-methylpentane (spiked at 9%)
26. 2-butanone (MEK)
27. 2-butanol
28. cis-1,2-dichloroethene
29. acetic acid
30. isopropyl ether
31. ethyl acetate
32. hexane
33. chloroform
34. tetrahydrofuran
35. 2-methoxyethanol
36. 1,2-dichloroethane
37. methyl cyclopentane
38. 1,1,1-trichloroethane
39. 1,2-dimethoxyethane
40. methyl isopropyl ketone 

41. 2,2-dimethoxypropane
42. isopropyl acetate
43. 1-butanol
44. benzene
45. carbon tetrachloride
46. ethylene glycol
47. formamide
48. 1,4-dioxane
49. trichloroethene
50. isooctane
51. 2-ethoxyethanol
52. n-heptane (C7)
53. isoamyl alcohol
54. hexanone (MIBK)
55. pyridine
56. methyl cyclohexane
57. dimethyl formamide (DMF)
58. 1,1,2-trichloroethane
59. 1-pentanol 
60. isobutyl acetate

61. toluene
62. 2-hexanone (MBK)
63. dimethyl sulfoxide
64. butyl acetate
65. 1,1-diethoxypropane
66. N,N-dimethylacetamide
67. chlorobenzene
68. ethylbenzene
69. isoamyl acetate
70. p-xylene
71. m-xylene
72. o-xylene
73. anisole
74. isopropylbenzene (cumene)
75. 1-methyl-2-pyrrolidinone
76. sulfolane
77. 1,2,3,4-tetrahydronaphthalene

*paraldehyde

Experimental Fluorinated Polymer “Tail” 60m, 0.53mm, 3.00µm 
Sample: solvents 
Conc.: solventless mixture ~1.3% each*
Sample size: needle vapor
Inj.: split, 250°C
Septa purge: 5mL/min.
Split vent flow: 100mL/min.  ~1:13 split
Carrier: helium
Head pressure: 11.0psi constant pressure
Linear velocity: 45.6 cm/sec @ 35°C
Det: Mass Selective
Scan range: 10amu to 260amu
MS interface: open split interface ~1:7 split
Oven temp.: 35°C (hold 4 min.) to 250°C @ 4°/min.

GC_EV00589
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Experimental Siloxane-Based Wax 
Phase

Years ago Restek attempted to fill the gap in polarity between Years ago Restek attempted to fill the gap in polarity between 
polyethylenepolyethylene--glycol phases and bonded glycol phases and bonded siloxanesiloxane--based based 

polymers by mixing the two phases together. The effects gave polymers by mixing the two phases together. The effects gave 
favorable retention of complex compound mixtures, such as the favorable retention of complex compound mixtures, such as the 
one presented in the chromatograms, but suffered many other one presented in the chromatograms, but suffered many other 

problems. The bleed was high and the selectivity of these problems. The bleed was high and the selectivity of these 
phases changed over time since the polyethylenephases changed over time since the polyethylene--glycol bled at glycol bled at 
a higher rate than the a higher rate than the dimethylpolysiloxanedimethylpolysiloxane. These phases do . These phases do 

not mix well, which compromised the coating efficiency of the not mix well, which compromised the coating efficiency of the 
column. Development of a bonded column. Development of a bonded siloxane siloxane waxwax--like phase like phase 
could solve these problems and aid in the development of a could solve these problems and aid in the development of a 

successful solution to the OVI column. successful solution to the OVI column. 



New OVI Column 

Restek is developing a stationary phase that will Restek is developing a stationary phase that will 
resolve the Class I compounds from the Class II & IIIresolve the Class I compounds from the Class II & III

analytesanalytes at the concentrations required by the USP. at the concentrations required by the USP. 
The second goal is to resolve the Class II from the The second goal is to resolve the Class II from the 

Class III, as well as added solvents and their isomers. Class III, as well as added solvents and their isomers. 
Conventional Conventional polysiloxanes polysiloxanes will not meet the design will not meet the design 

criteria.criteria.
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Abstract
Ambient air sampling canisters, such as SUMMA or SilcoCan™ canisters, must be cleaned and certified clean prior
to use. There are many cleaning techniques analysts can use for ambient air sampling canisters. Most involve pres-
sure and evacuation steps; some include humidified air, others use dry gases; and some incorporate heat. This paper
will evaluate the different techniques and develop proper guidelines for cleaning ambient air sampling canisters.

Practical Canister Cleaning Guide
I. Introduction
For many years there has been much discussion of proper cleaning procedures for air sampling canisters.
Compendium Method TO-14 has provided guidance, and in the last 10 years many commercially available auto-
mated canister cleaning systems have evolved. The downfall is that these systems are quite expensive and some
designs have limitations, therefore many laboratories design their own cleaning systems and methodologies for
cleaning canisters. This paper describes a practical cleaning procedure to ensure the canisters are cleaned properly
for ambient air sampling, whether using a commercially available cleaning system or a "homemade" cleaning sys-
tem,

A Basic Canister Cleaning System
To begin, the design of the system is important. The system must be able to provide a humidified air stream by using
bottled gases or an air or nitrogen generator. We recommend using an air generator because it provides very pure
gas. When using either a generator or bottled gas, attach an activated charcoal or carbon trap on the outgoing line
to collect VOC contaminates from the air source. The system should possess a good vacuum source and large vac-
uum lines. There should be a condensation trap on the vacuum pump to prevent pump oil vapor from contaminat-
ing the lines or canisters, and a cold trap to collect impurities during cleaning. As the contaminants are removed
from the canister, they are cold-trapped, preventing them from contaminating the system. Using heat to help remove
the contaminants is optional but also highly recommended. Heating speeds up the canister cleaning process; with-
out heat, it can take twice as long to clean a canister. Highly contaminated canisters must have heat and humidified
air to properly clean them. Accurate gauges that are calibrated to 0.25% accuracy full scale, to read vacuum and
pressure in the canisters are recommended. Most systems are designed to clean four 6-liter canisters up to 24 can-
isters and can be automated by using a programmable computer. 

II. How to Clean a Canister
Whether you are using a new canister or a used canister, it must be cleaned beforehand. However, there are small
differences between cleaning SUMMATM and SilcoCan TM canisters. We will discuss these in this procedure. 

Typical Methodology for Cleaning Canisters
STEP 1: Connect canisters to the cleaning system, the first step is release any pressure within the canister. Then
the system is put under vacuum to evacuate the canister. TO-14 recommends evacuating to 50mtorr for 1 hour, but
this is not necessary during general cleaning. 22-25in Hg is sufficient for general cleaning by providing adequate
mass dilution of air within the canister. The high vacuum of 50mtorr is more important on the final vacuum for sam-
pling.

STEP 2: Once the canisters have been under vacuum for approximately 1 hour, pressurize them with humidified
air up to 30psig if not using heat and to 5psig if using heat.  Allow the canisters to bake while filled with the humid-
ified air for at least 1 hour. This will help dilute the impurities, and the moist air will help remove the impurities. It
is theorized that there are active sites on the interior walls of the canister, and the water and impurities will com-
pete for these sites. Using a saturated air stream, the water will occupy the active sites and the impurities will be
removed during cleaning.

STEP 3: Heat is applied between 120-250oC to create steam, depending on which type of canister being cleaned.
SUMMA™ canisters cannot exceed 155°C, but SilcoCan™ canisters are capable of temperatures up to 250°C. The
limiting factor of the SUMMA™ canisters are the Nupro™ valves used with these canisters. These valves have
lubricants that cannot be exposed to high temperatures. The SilcoCan™ canisters use a Parker diaphragm valve,
which is capable of 250°C. This permits heating the canister and valve to 250°C to help remove volatile impurities.
Many commercially available cleaning systems avoid this problem by ensuring the valves are not in the heated
zone. The canisters below the valve are heated, but the valves only experience radiant heat. This will protect the
Nupro™ valves from being overexposed to heat.

STEP 4: Re-evacuate the canisters to remove the impurities. Let the canister sit for 1 hour.  Repeat steps 3 and 4
until the canister is cleaned. The number of cycles will be determined by how dirty the cans are and how easily they
come clean. We recommend developing a procedure, and testing after each evacuation/pressurization cycle to deter-
mine number of cycles necessary for proper cleaning. If not using heat, the number of cycles may be higher.

STEP 5: The next step is to determine if the canisters are thoroughly cleaned. This is done by filling the canister
to 30psig with humidified ultra-high-purity air and then analyzing by GC/MS or GC/FID/ECD. Compendium
Method TO-14 specifies less than 0.2ppbv of target VOC compounds and TO-12 specifies 0.02ppmv of total car-
bon. Both methods recommend testing every canister until a reliable procedure is developed. 

STEP 6: Once the canister is certified clean, it must be prepared for sample collection. To achieve this, the final
step of the system is to evacuate the canisters to 50mtorr or below. This can be done using a roughing pump if your
system is leak-tight, however many commercially available canister cleaning systems use additional high vacuum
pumps such as a turbo molecular drag pump to reach final vacuum quickly.

The Evaluation of Techniques and Development of Guidelines for Cleaning Ambient Air Canisters
DAVID M. SHELOW (Restek Corporation, 110 Benner Circle, Bellefonte, PA, 16823)

Application #1

III. Heat versus No-Heat
Many homemade designs of canister cleaning systems do not use heat. This typically is not a problem when clean-
ing canisters that are used in ambient air collection. For most ambient air samples, compounds collected are in the
low ppbv range and can be removed from a canister by multiple cycles of pressurization with humidified air and
evacuation.  However, if there are contaminants in the canister at higher concentration, then heat may be required.
Please note that when adding heat and humidified air or nitrogen, there is the potential to create a steam pressure
vessel. Some commercially available cleaning systems incorporate a pressure release valve to ensure that the pres-
sure rating of the canisters are not exceeded. 

How to add heat to a homemade design
There are several ways to add heat to the canister cleaning system. They are by oven, heat band, insulated jacket,
and infrared heat.

Oven
Some canister cleaning system designs are built within an oven. The lines for the humidified air stream and to the
vacuum system are plumbed directly into the oven. This design will heat the entire canister, including the valve.
This is a benefit to using the oven design. This will help remove the contaminants if the valve is dirty as well.
However, as mentioned earlier, this may shorten the lifetime of the Nupro™ valve on SUMMA™ canisters. This
high temperature will begin to affect the lubricants within the valve parts. Typically, when using heat it is recom-
mended to create steam from the humidified air stream. To do this, at least 120°C is required for the oven temper-
ature; however, it is not uncommon to go to higher temperatures. SilcoCan™ canisters are stable up to 250oC. 

Another concern with oven-built systems is space. Most commercial ovens are not very large and this restricts the
number of canisters that can be cleaned at one time. When using heat, total clean-up times are shorter than when
not using heat, therefore more cleanings can be done in the same time.

Heat Bands
Heat bands are commonly used by placing an individual band heater around the equator of the canister. The band
heaters are capable of heating a canister to approximately 120-130°C, but there may be a heat gradient and the
valves only see radiant heat to approximately  60-70°C.  This method still allows for sufficient removal of con-
taminates. 

A canister before cleaning and after cleaning with humidified air and heating to 200°C.

Rtx-1 60M x 0.32mm ID x 1.0um
50oC (1min) 8oC/min to 165oC then 15oC/min to 220 (5min)
flow rate = 1.4ml/min

Nutech 3550 Preconcentrator conditions
sample= 300cc from canister
cyrotrap = -160oC
desorb = 150oC
cyrofocuser = -190oC
desorb = 150oC

MSD conditions
HP5971 MSD 
5 minute solvent delay
scan range = 25-260amu
detector temp = 250oC

Insulated Heat Jackets
Insulated heat jackets are individual jackets made to surround and heat the entire canister. Designs are commer-
cially available, however they don't cover the valve area. A customized version would have to be made to cover the
valve. The jackets are made of silicone, or Teflon®-coated fiberglass fabric for the exterior and fiberglass insula-
tion for the interior. Some have fixed temperature and others have variable temperature control up to 400-500oF.

Infrared Heat Rays
An infrared heating system would include an infrared heat source or panels and a reflective panel similar to the
cylinder drying rack used on gas cylinder systems. The infrared heat panel is placed on one side of the canisters
and the reflective panel is placed on the opposite side. The infrared rays heat the cans, and the rays that go past the
canister hit the reflective panel and heat the other side of the canister. 

IV. Air Versus Nitrogen
The two gases recommended for cleaning canisters are ultra-high-purity air or nitrogen. Air is used when oxidation
of the interior surface walls is desired. The 21% oxygen in air is sufficient for oxidation-it is not necessary or rec-
ommended to use pure oxygen gas to achieve oxidation. When using heat along with humidified air, hydrolysis is
accomplished with the moisture, and oxidation is accomplished with the oxygen. Nitrogen is also a good gas for
cleaning ambient air canisters, however oxidation is not feasible. As mentioned earlier, generated air or nitrogen are
recommended because of the generator's ability to produce very pure gas streams. It is always recommended to use
purification traps on the gas lines to trap any impurities from the gas sources. 

V. Certifying Canisters
After cleaning, every canister should be tested until a proven process is developed. To certify a canister clean, the
canister is filled to 30psig with humid air or nitrogen. (The humid air or nitrogen stream also must be certified clean
and should be done prior to the canister certification step.) The analytical system should be either a GC/FID or ECD
or GC/MSD system. According to EPA Compendium Method TO-14, a canister must have less than 0.2ppbv of the
target compounds detected, EPA Compendium Method TO-12 requires less than 0.02ppm C detected by GC/FID.
If the canister does not meet either of these specifications, it must go through the cleaning process again and must
be retested for certification. Figure 1 shows a canister before and after cleaning with two cycles of humidified air
and heat to 200°C tested using a Agilent GC/MSD 5971.

Dirty can Clean can
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Abstract

This study compares the selectivity of various 
stationary phases for environmental analysis, 
including pesticides, explosives, carbamates, and 
PAH�s. Key stationary phase variables are identified 
and strategies for phase selection are provided.



Introduction

There are several variables to consider in HPLC 
column selection, but the most critical one is the 
stationary phase. Stationary phases can be broadly 
classified by the primary ligand such as octadecyl 
(C18), octyl (C8), cyano, and phenyl. However there 
are many other variables that can play a critical role 
in selectivity such as ligand density and degree of 
polymeric character. 



Introduction

In addition to the common alkyl, phenyl, and cyano 
stationary phases, there are many newer stationary 
phases with more complex chemistries.
Many of these are based on alkyl chains with some 
secondary functionality added to aid selectivity. 
Another approach for adjustment of selectivity is to 
use more than one stationary phase (i.e multiple 
columns) with complimentary selectivity in order to 
achieve better resolution with difficult separations.



Stationary Phases

The Aqueous C18 and Ultra 
IBD stationary phases have 
secondary polar 
functionalities that enhance 
the retention of polar 
compounds, eliminate 
retention loss caused by 
chain folding (even in 
100% aqueous mobile 
phase), and, in some cases, 
provide unique selectivity. 

Conventional Alkyl

Aqueous C18

Ultra IBD

Color denotes Polar Functionality



Stationary Phases

Alkyl phases can be cross-
linked to enhance structural 
integrity against folding.  
Also, the correct degree of 
polymeric character of a 
cross-linked alkyl phase is 
essential to enhancing 
selectivity for PAH 
separations.

Conventional Alkyl

Cross-linked Alkyl



Pesticides

The unique selectivity of the Ultra IBD column was 
used to develop a two-column method for analyzing 
a mixture of the 17 triazine, phenyl urea, and 
carbamate pesticides and metabolites listed on Table 
1. On the Ultra C18 column, 15 of the 17 
compounds are resolved. An Ultra IBD column with 
the same conditions also resolves 15 of the 17 
compounds, but the pesticides that co-elute on the 
C18 are well resolved, as indicated by the arrows.



Table 1. Pesticides: 17-Component Mixture

1. Desisopropylatrazine 9. Chlortoluron
2. Hydroxyatrazine 10. Atrazine
3. Desethylatrazine 11. Isoproturon
4. Carbendazim 12. Diuron
5. Metoxuron 13. Terbumeton
6. Simazine 14. Propazine
7. Cyanazine 15. Terbuthylazine
8. Desethylterbuthylazine 16. Linuron

17. Terbutryn



Pesticides on Ultra C18 Column
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Pesticides on Ultra IBD Column
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Explosives

Typically EPA 8330 explosives are run using complimentary 
columns of CN and C18 phases.
By placing a 5µm, 20mm x 4.0 mm ID Pinnacle II Cyano 
guard column in front of the 5µm, 25cm x 4.6 mm Pinnacle 
II C18, the co-eluting peaks tetryl and nitrobenzene can be 
separated.
This enhanced separation takes advantage of the high 
selectivity for tetryl and nitrobenzene on the CN column.
Due to the high selectivity, only a 20mm length CN column 
is needed to increase resolution.



EPA 8330 Explosives Method Conditions

Mobile Phase:   50: 50 Water:Methanol
Flow Rate: 1.5 mL/min Injection volume: 3 µL
Temperature: 27.0 °C   Concentration:    500 µg/mL each component
Detection: UV @ 254 nm Sample Diluent:  Acetonitrile

Peak List:

1.  HMX 8.   2-Amino-4,6-dinitrotoluene
2.  RDX 9.   4-Amino-2,6-dinitrotoluene
3.  1,3,5-Trinitrobenzene 10.  2,6-Dinitrotoluene
4.  1,3-Dinitrobenzene 11.  2,4-Dinitrotoluene
5. Tetryl 12.  2-Nitrotoluene
6.  Nitrobenzene 13.  4-Nitrotoluene
7.  2,4,6-Trinitrotoluene 14.  3-Nitrotoluene



Explosives Separation on Pinnacle II C18, 25cm x 4.6mm, 5um
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Explosives Separation Pinnacle II CN, 25cm x 4.6mm, 5um
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Explosives Co-elution Resolved Using Pinnacle II CN Guard with 
Pinnacle II C18 Column
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Carbamates

For EPA Method 8318 (Carbamates), the Pinnacle 
Carbamate column provides an excellent separation in 
under 40 minutes. This column separates analytes based 
upon their hydrophobicity.
Retention times can be shortened and greater selectivity 
obtained by taking direct advantage of polar differences 
as well as hydrophobicity with the Ultra IBD column. 
Other columns as the experimental carbamate obtain 
higher selectivity toward related analytes through 
alterations of the ligand to promote shape selectivity.



Pinnacle Carbamate Column � Reference Separation



Ultra IBD Allows Faster Separation of Carbamates



EPA Method 8318 (Carbamates) on Experimental Column
Degradation products are more easily observed.



Polyaromatic Hydrocarbons

EPA Methods require the analysis of 16
Polyaromatic hydrocarbons (PAH�s).  Ordinary
monomerically bonded C18 stationary phases do not 
resolve all 16 PAH�s.  C18 phases with the proper 
degree of polymeric structure (cross-linking) have 
the shape selectivity to resolve all 16 PAH�s



PAH Selectivity Test Probe

A simple isocratic test using a three component PAH 
test mix has been shown to be an excellent test probe 
for comparing the relative degree polymeric 
character of C18 stationary phases1.  This test can 
accurately predict the ability of C18 phases to 
resolve all 16 PAH�s. 

1. Sander, L.C.and Wise, S.A.., Synthesis and Characterization of Polymeric C18 Stationary Phases For Liquid 
Chromatography, Anal. Chem.,56, pp.504-510, (1984).



PAH Selectivity Test

Column Dimensions: 150 x 3.2mm, 5µm
Mobile Phase: 85/15 acetonitrile/water
Flow rate: 1.0 ml/min
Temp.: 25C
Detection: UV 254nm
Sample: 10µl NIST SRM 869a containing: 

benzo(a)pyrene (BaP),
1,2:3,4:5,6:7,8-tetrabenzonaphthalene (TBN), and
phenanthro[3,4-c]phenanthrene (PhPh)



Results of PAH Selectivity Test

Column Alpha (TBN/BaP)
Exp.PAH#1 0.93
Exp.PAH#2 0.62
Exp.PAH#3 0.56
Exp.PAH#4 0.85
The lower the alpha value, the greater the polymeric 
character of the cross-linked C18 phase.



16 Component PAH Test

Column Dimensions: 150 x 3.2mm, 5µm
Mobile Phases: (A) water, (B) acetonitrile
Gradient: 40%B to 100% B in 30min, 

Hold 100%B for 10min.
Flow rate: 1.0 ml/min
Temp.: 25C
Detection: UV 254nm



16 Component PAH Test (Cont.)

Sample: 5µL Restek 610 PAH Calibration Mix A
Peak List:

1. Naphthalene 9. Benzo(a)anthracene
2. Acenaphthylene 10. Chrysene
3. Acenaphthene 11. Benzo(b)fluoranthene
4. Fluorene 12. Benzo(k)fluoranthene
5. Phenanthrene 13. Benzo(a)pyrene
6. Anthracene 14. Dibenzo(a,h)anthracene
7. Fluoranthene 15. Benzo(g,h,i)perylene
8. Pyrene 16. Indeno(1,2,3-c,d)pyrene



Exp. PAH #1 - One co-elution
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Exp. PAH#2 - All 16 PAH�s resolved
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Exp. PAH#3 - Best Separation - All 16 PAH�s baseline resolved
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Exp. PAH#4 - One Co-elution
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Conclusions

� Using alternative stationary phases can give 
complimentary selectivity to confirm analytes unresolved 
by standard alkyl phases.

� Phases with high and complimentary selectivity can be 
used within a guard cartridge to enhance critical pair 
separations.

� Taking advantage of mixed mode interactions can 
substantially decreases analysis time.

� Controlling polymeric character of an alkyl stationary 
phase is critical to achieving shape selectivity of PAH 
analytes.
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There are many columns that are currently used for the analysis 
of volatile environmental pollutants by GC/MS. Most of the 
stationary phases that are offered have adequate selectivity, 

bleed and inertness for the most common methods. Problems 
occur when starting temperatures & oven ramp rates are 

increased. Laboratories that increase runtimes without carefully
checking the mass-spectra of each coeluting analyte may 

compromise data integrity.  

This paper will compare four common stationary phases to a 
new volatile-mass / spec phase for separation of isomeric pairs 

using high oven starting temperatures and a rapid final oven 
ramp rate. Other common analytes that share ions will also be 

presented.   

Abstract



Chromatographic and purge & trap cycle times have been the 
limiting factor for volatile analysis for many years. With the 

advent of interfacing two purge & trap concentrators onto one 
GC/MS, analysts are now interested in columns with sub-ten-

minute runtimes. 

Introduction

The Rtx-VMS chromatogram shown below spectrally resolves 
all of the target compounds in under 10 minutes.  Faster 

runtimes are possible by substituting chlorobenzene-D5 with an 
alternate internal standard. This solution works for the VMS 

phase but will not work for other phases since the resolution of
isomers is compromised. This paper will compare other phases 

run under these conditions for separation of isomeric pairs. 



Volatile Organics
EPA Method 8260B
Rtx®-VMS

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (100ppb)
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate
20. allyl alcohol (250ppb)
21. ethyl-tert-buyl ether
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane
25. chloroform

26. ethyl acetate
27. carbon tetrachloride
28. methyl acrylate
29. propargyl alcohol (500ppb)
30. dibromofluoromethane (SMC)
31. tetrahydrofuran
32. 1,1,1-trichloroethane
33. 2-butanone
34. 1,1-dichloropropene
35. benzene
36. pentafluorobenzene (IS)
37. tert-amyl-methyl ether
38. 1,2-dichloroethane
39. isobutyl alcohol (500ppb)
40. isopropyl acetate
41. trichloroethene
42. 1,4-difluorobenzene (SMC)
43. dibromomethane
44. 1,2-dichloropropane
45. bromodichloromethane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)
49. cis-1,3-dichloropropene
50. toluene-d8(SMC)

51. toluene
52. pyridine (250ppb)
53. tetrachloroethene
54. 4-methyl-2-pentanone
55. trans-1,3-dichloropropene
56. 1,1,2-trichloroethane
57. ethyl methacrylate
58. dibromochloromethane
59. 1,3-dichloropropane
60. 1,2-dibromoethane
61. n-butyl acetate
62. 2-hexanone
63. 2-picoline (250ppb)
64. chlorobenzene-D5 (IS)
65. chlorobenzene
66. ethylbenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. stryrene
72. bromoform
73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. bromobenzene

76. n-propylbenzene
77. 1,1,2,2-tetrachloroethane
78. 2-chlorotoluene
79. 1,3,5-trimethylbenzene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. pentachloroethane
84. 1,2,4-trimethylbenzene
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4 (IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,4-trichlorobenzene
96. naphthalene
97. 1,2,3-trichlorobenzene

20m, 0.18 mm ID, 1.00µm Rtx®-VMS (cat.# 49914)
Compounds in at 10ppb in 5mL of RO water
unless otherwise noted, ketones in at 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature
Dry purge: 1 min. @ 40mL/min.
Desorb preheat:245°C 
Desorb: 250°C for 2 min., Flow 40mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel® tubing

1:40 split at injection port. 1mm ID sleeve.
Oven temp.: 50°C (hold 4 min.) to 100°C @ 18°C/min. (hold 0 min.)

to 230°C @ 40°C/min. (hold 3 min.)
Carrier gas: helium @ ~1.0mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 1.03 min. @
50«M,29[Degreeered Trademark]»C.
Detector: HP 5973 MSD
Scan range: 35-300amu
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Innovations at Work
•1st choice for use with dual purge & traps1

•EPA recommended surrogate used.

1A.L. Hilling and G. Smith, Environmental Testing & Analysis, 10(3), 15-19, 2001.



The EZ-GC® computer program allows up to 100 compounds 
to be modeled on a single stationary phase under varying GC 

conditions & column dimensions with an excellent level of both 
precision and accuracy. Retention time, abundance, and peak 

width were loaded into EZ-GC®. The abundance and peak width 
values were determined from the Rtx-VMS chromatogram 

which was run using an HP5973 GC/MS system (see 
GC_EV00428 for specific conditions). 

Rtx-VMS Abundance & Peak Width Information 
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Rtx-VMS Abundance &      Peak Width Information 

Rtx-VMS                              
Compounds Examined RT (min.) Peak Wid

MS    
Abundance  
(x 1000)

isopropylbenzene 8.02 0.045 440
bromobenzene 8.23 0.058 340
n-propylbenzene 8.26 0.055 460
1,1,2,2-tetrachloroethane 8.30 0.05 290
2-chlorotoluene 8.35 0.04 400
1,3,5-trimethylbenzene 8.37 0.045 440
1,2,3-trichloropropane 8.37 0.06 180
4-chlorotoluene 8.44 0.04 400
tert-butylbenzene 8.53 0.05 550
1,2,4-trimethylbenzene 8.58 0.055 440
sec-butylbenzene 8.63 0.045 525
p-isopropyltoluene 8.70 0.055 545
1,3-dichlorobenzene 8.75 0.04 460
1,4-dichlorobenzene 8.80 0.04 475
n-butylbenzene 8.91 0.055 501
1,2-dichlorobenzene 8.99 0.04 475

Peak Widths & 
Abundance 

Determined from 
Purge and Trap 

Analysis. 



Using retention time indices specific to each of the stationary 
phases in combination with the abundance values & peak widths 

values from the VMS phase; model chromatograms were 
produced. Since column efficiency may change with each 

stationary phase � only differences in retention time will be 
examined. The abundance and peak width information was 

loaded into the program to produce sample chromatograms as a 
visual aid only.  

The first step in the column comparison was to determine the 
effectiveness of EZ-GC® by comparing our known VMS 

chromatogram with a model. Retention times were collected for 
these compounds under fast and slow conditions and were 
entered into EZ-GC®. The application chromatogram was 

modeled using this fast/slow data.  The diagram below shows 
the difference between the actual chromatogram and the model 

to be 0.01 minutes.       

Rtx-VMS Model versus Actual Analysis 



Rtx-VMS   20 m x 0.180 mm x 1.0 µm
50°C (4) @ 18°C/min to 100°C  @ 40°C/min to 230°C (1)      Flow :   ~ 1.0  ml/min

8.02

8.02

8.99

9.00

Model

Actual

Rtx-VMS Model versus Actual Analysis 

This compound not in model.



The change in retention between the chlorotoluenes modeled on 
the VMS & 624 phases is 0.03 minute, which in reality, 

constitutes a significant difference since this data is produced
with a 20m x 0.18mm ID column with a 40°C/minute oven 

ramp rate. A faster final oven ramp rate is possible using the 
VMS phase since these compounds are well separated. Using a 
60m x 0.53mm ID x 3.0df column for a direct comparison the 

difference between these phases is 0.9 minute.  The 624 phase is
suitable for fast dual-purge & trap applications. Analytes that 

share ions and coelute on the 624 phase and are resolved by the 
VMS include: ether/ethanol, vinyl acetate/ethyl-tert-butyl-ether 

& t-butyl alcohol/methyl-tert-butyl-ether. Several of these 
compounds require a lower starting oven temperature (35°C) 
using the VMS phase which is not shown in this application.  

Rtx-VMS Compared to the Rtx-624
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The Rtx-502.2 is a cross-bonded diphenyl-methyl containing 
polysiloxane, which is particularly resistive to oxidative 

breakdown and exhibits lower bleed compared to the 
cyanopropyl-phenyl polysiloxanes (624phase). The 

disadvantage is the difficult resolution between bromomethane 
and chloroethane. Although our model indicates partial 
resolution between the chlorotoluenes under these run-

conditions, linearity is effected over the concentration range. 
Slower final oven ramp rates will resolve these isomers, but it 

will sacrifice runtime.

Rtx-VMS Compared to the Rtx-502.2
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The Rtx-VRX incorporates a low percentage of 
pentafluorobenzylpropyl- polysiloxane, which gives this column 
similar characteristics to an Rtx-1, only it resolves close eluting 

GC pairs such as 2,2-dichloropropane & chloroform. It is 
possible to do fast dual purge and trap applications using this 

phase as long as the recommended EPA internal standard, 
chlorobenzene-d5 is substituted with another compound. As 

shown in the direct comparison the Rtx-VMS does out-perform 
the VRX stationary phase for this application.  

Rtx-VMS Compared to the Rtx-VRX
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Although the 100% dimethyl-polysiloxane (Rtx-1) polymer is 
unchallenged for air analysis, this phase does not perform well 

for fast purge and trap analysis. Like the VRX phase 
chlorobenzene-d5 & 1,1,1,2-tetrachloroethane are poorly 

resolved as are the isomers shown.   

Rtx-VMS Compared to the Rtx-1
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The VMS phase has the best resolution of 
isomeric pairs and other target compounds 

for US EPA Method 8260B. 



Rtx-VMS � Best Resolution of Isomeric Pairs.

COMPOUND
Shared 
Ions Rtx-VMS Rtx-624 Rtx-502.2 Rtx-VRX Rtx-1

Chlorobenzene-d5 117 7.34 7.62 7.90 7.34 7.25
1,1,1,2-tetrachloroethane 117 7.42 7.70 7.93 7.39 7.24
      RT diff. 0.08 0.08 0.07 0.04 0.01
2-chlorotoluene 126,91 8.35 8.63 8.80 8.49 8.38
4-chlorotoluene 126,91 8.44 8.69 8.84 8.53 8.41
     RT diff. 0.09 0.06 0.04 0.04 0.03
1,3-dichlorobenzene 146 8.75 9.02 9.21 8.87 8.77
1,4-dichlrorobenzene 146 8.80 9.07 9.26 8.91 8.80
     RT diff. 0.05 0.05 0.05 0.04 0.03



A Candidate for Volatile Applications Fails for 
Resolution of the DCBs.

One of our attempts to build a column 
suitable for fast volatile analysis met all of 
the design criteria except for the resolution 

between the dichlorobenzenes. 



A Candidate for Volatile Applications Fails for 
Resolution of the DCBs.

1,3 & 1,4 Dichlorobenzenes

Experimental Fluorinated Phase



This phase was built based on predictions 
of separation. The separation criteria was 

met on all accounts except for the 
dichlorobenzenes.  The first step in 

designing a new column is to start with 
functionalities that the target analytes are 

soluble in. The better the solubility between 
the analyte and the phase the better the 
chances of resolving these compounds. 

Bonded Polymer Examined for Volatile 
Applications.

Experimental Fluorinated Phase



Bonded Polymer Examined for GC & 
GC/MS Applications.
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Rtx-VMS Column Meets Design Criteria

The successful polymer known as the VMS 
phase not only met the resolution criteria for 

the isomeric pairs but also exceeded 
separations of critical pairs. The percentage 

of functionality was adjusted to resolve 
chloroprene and acrylonitrile. 
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Rtx-VMS Resolution of Acetates & Ketones.

Since the acetates and ketones share the 
spectral ion 43 its important that these 

analytes are resolve.  The diagram shows the 
elution of the most commonly analyzed 

acetates and ketones. 
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Rtx-VMS Designed for EPA Method 8260B
The Rtx-VMS column  was designed to address the 

increasing number of analytes listed in EPA Method 
8260B, and also is a good choice for separating 

compounds listed in EPA Method 524.2, revision IV. 
The major difference between the Rtx-VMS phase and 

others such as the �624,� �502.2,� and �VRX� is its 
overall selectivity and the distance between isomeric 
pairs like 2/4-chlorotoluene. A faster final oven ramp 
rate is possible because these compounds elute farther 

apart on the Rtx-VMS phase, preventing a partial 
coelutions that would interfere with quantitation. Using 
the EPA-suggested surrogates the analysis time is under 

10 minutes making this the clear choice for fast GC 
applications. 
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ABSTRACT
Traditionally, column development has relied on analyzing a list of compounds using all
existing stationary phases, and then choosing the column that produces the best separation.
Also, with the recent changes in US EPA methods for the analysis of volatile compounds
using GC/PID-ELCD, many laboratories struggle to achieve resolution of a continually
expanding compound list. All of the current phases available for these types of analyses
suffer from lack of resolution between critical compounds, and many suffer from low ther-
mal stability and long analysis times. With the aid of computer stationary phase modeling,
existing polymers, combinations of polymers, and new functionalities can be tailored to
the application-to give unsurpassed separation of specific compounds of interest. 

Disinfectant by-products of drinking water, known as the trihalomethanes (THM), are the
most commonly found contaminants in the public water supply.  They must be well
resolved from other target analytes to prevent poor compound quantitation of  "real-world"
samples.  All other currently available columns either have unacceptable resolution or
coelutions of these ubiquitous compounds with other analytes in the method compound
list.  This paper will discuss an alternative Volatile GC column   that addresses these issues.
It is designed using computer modeling and results in a column with unsurpassed resolu-
tion and fast analysis for all compounds listed in US EPA Methods 502.2 and 8021.
Method-specific chromatograms will be presented, including "added" compounds com-
monly requested with this analysis. 

INTRODUCTION
US EPA Methods 502.2 and 8021 employ purge and trap to concentrate volatile contami-
nants in water, soil and wastewater.  While purge and trap significantly increases sensitiv-
ity relative to other sample introduction techniques, it has its downside. Early eluting
volatile compounds typically exhibit broad peak shapes due to inefficient sample transfer
from the trap to the gas chromatograph (GC). This distorted peak shape decreases resolu-
tion between closely eluting compounds, placing demands on the analytical system and
GC operating conditions. 

US EPA GC methods for the determination of volatiles often recommend the use of photo
ionization detector (PID) and an electrolytic conductivity detector (ELCD) installed in
series on the GC system. The PID responds to aromatics, alkenes, alkynes and oxygenates.
The ELCD detector is sensitive to halogenated compounds. Therefore, it is allowable to
have coelutions on an analytical column as long as they can be resolved using separate
detectors. The more problematic of these two detectors is the ELCD because of the char-
acteristic peak tailing; sensitivity can be increased on the ELCD, but not without a sacri-
fice in peak shape. Optimization of this detector results in minimized tailing and maxi-
mized sensitivity. Even under these conditions, choosing  an analytical column that can
give reasonable separation of these halogenated compounds is difficult.

The Rtx®-VGC column is specifically designed to analyze volatiles using GC/PID/ELCD.
The phase is optimized to achieve excellent separation of gases and early eluting com-
pounds, specifically the four critical trihalomethanes (chloroform, bromodichloromethane,
dibromochloromethane & bromoform). The column also provides unsurpassed separation
in the fastest analysis time & cycle time, thereby increasing sample throughput.   

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon® 113
9. allyl chloride

10. methylene chloride
11. trans-1,2-dichloroethene
12. methyl tert-butyl ether
13. 1,1-dichloroethane
14. cis-1,2-dichloroethene
15. 2,2-dichloropropane
16. bromochloromethane
17. chloroform

18. carbon tetrachloride
19. 1,1,1-trichloroethane
20. 1,1-dichloropropene
21. benzene
22. 1,2-dichloroethane
23. fluorobenzene (SS)
24. trichloroethene
25. dibromomethane
26. 1,2-dichloropropane
27. bromodichloromethane
28. 1-bromo-2-chloroethane (SS)
29. cis-1,3-dichloropropene
30. toluene
31. tetrachloroethene
32. trans-1,3-dichloropropene
33. 1,1,2-trichloroethane
34. dibromochloromethane

35. 1,3-dichloropropane
36. 1,2-dibromoethane
37. 1-chloro-3-fluorobenzene (SS)
38. chlorobenzene
39. ethylbenzene
40. 1,1,1,2-tetrachloroethane
41. m-xylene
42. p-xylene
43. o-xylene
44. styrene
45. bromoform
46. isopropylbenzene
47. bromobenzene
48. n-propylbenzene
49. 1,1,2,2-tetrachloroethane
50. 2-chlorotoluene
51. 1,2,3-trichloropropane

52. 1,3,5-trimethylbenzene
53. 4-chlorotoluene
54. tert-butylbenzene
55. 1,2,4-trimethylbenzene
56. sec-butylbenzene
57. p-isopropyltoluene
58. 1,3-dichlorobenzene
59. 1,4-dichlorobenzene
60. n-butylbenzene
61. 1,2-dichlorobenzene
62. 1,2-dibromo-3-chloropropane
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

Conc.: 20ppb in 5mL of RO water.
Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-VRX (cat.# 19309)
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb™ 3000; 
Purge: 11 min. @ 40mL/min. 
Dry purge: 1 min. @ 40mL/min. (MCS by-passed with 

Silcosteel® tubing [cat.# 21035])
Desorb preheat: 245°C; 
Desorb: 250°C for 2 min. 
Bake: 260°C for 8 min.
Interface: direct
Transfer line: 0.32mm ID Siltek™ tubing 

GC: Finnigan 9001
Oven temp.: 35°C (hold 4 min.) to 75°C @3°C/min. (hold 2 min.) 

to 175°C @ 21°C/min. to 205°C @
35°C/min. (hold 5 min.) 

Carrier gas: helium 11mL/min., constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.28 min.
@ 35°C on the Rtx®-VGC column.

Detectors: µGold Tandem PID/HALL 2000
PID: makeup 7mL/min., purge 7mL/min., set @ 0.35mV,
base temp 200°C.
ELCD Hall 2000: RxnGas 25mL/min., RxnTemp. 940°C,
propanol flow 470µL/min.

Volatile Organics
EPA Method 8021
Rtx®-VGC
Primary Column, dual-column analysis

Rtx®-VGC
75m, 0.45mm ID, 2.55µm  (cat.# 19409)
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Volatile Organics
EPA Method 8021
Rtx®-VRX
Confirmational column to the Rtx®-VGC.
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon® 113
9. allyl chloride

10. methylene chloride
11. trans-1,2-dichloroethene
12. methyl tert-butyl ether
13. 1,1-dichloroethane
14. cis-1,2-dichloroethene
15. 2,2-dichloropropane
16. bromochloromethane
17. chloroform

18. carbon tetrachloride
19. 1,1,1-trichloroethane
20. 1,1-dichloropropene
21. benzene
22. 1,2-dichloroethane
23. fluorobenzene (SS)
24. trichloroethene
25. dibromomethane
26. 1,2-dichloropropane
27. bromodichloromethane
28. 1-bromo-2-chloroethane (SS)
29. cis-1,3-dichloropropene
30. toluene
31. tetrachloroethene
32. trans-1,3-dichloropropene
33. 1,1,2-trichloroethane
34. dibromochloromethane

35. 1,3-dichloropropane
36. 1,2-dibromoethane
37. 1-chloro-3-fluorobenzene (SS)
38. chlorobenzene
39. ethylbenzene
40. 1,1,1,2-tetrachloroethane
41. m-xylene
42. p-xylene
43. o-xylene
44. styrene
45. bromoform
46. isopropylbenzene
47. bromobenzene
48. n-propylbenzene
49. 1,1,2,2-tetrachloroethane
50. 2-chlorotoluene
51. 1,2,3-trichloropropane

52. 1,3,5-trimethylbenzene
53. 4-chlorotoluene
54. tert-butylbenzene
55. 1,2,4-trimethylbenzene
56. sec-butylbenzene
57. p-isopropyltoluene
58. 1,3-dichlorobenzene
59. 1,4-dichlorobenzene
60. n-butylbenzene
61. 1,2-dichlorobenzene
62. 1,2-dibromo-3-chloropropane
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

Conc.: 20ppb in 5mL of RO water.
Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-VRX (cat.# 19309)
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb™ 3000; 
Purge: 11 min. @ 40mL/min. 
Dry purge: 1 min. @ 40mL/min. (MCS by-passed with 

Silcosteel® tubing [cat.# 21035])
Desorb preheat: 245°C; 
Desorb: 250°C for 2 min. 
Bake: 260°C for 8 min.
Interface: direct
Transfer line: 0.32mm ID Siltek™ tubing 

GC: Finnigan 9001
Oven temp.: 35°C (hold 4 min.) to 75°C @ 3°C/min. (hold 2 min.) 

to 175°C @ 21°C/min. to 205°C @
35°C/min. (hold 5 min.) 

Carrier: helium 11mL/min., constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.28 min. @ 35°C on the
Rtx®-VGC column.
Detectors: µGold Tandem PID/HALL 2000

PID:  makeup 7mL/min., purge 7mL/min., set @ 0.35mV, 
base temp 200°C.
ELCD Hall 2000:  RxnGas 25mL/min., RxnTemp.  940°C, 

propanol flow 470µL/min.

Volatile Organics
EPA Method 8021A/502.2
Rtx®-VGC
Primary Column, dual-column analysis
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. allyl chloride
9. methylene chloride

10. trans-1,2-dichloroethene
11. methyl tert-butyl ether
12. 1,1-dichloroethane
13. cis-1,2-dichloroethene
14. 2,2-dichloropropane
15. bromochloromethane
16. chloroform
17. carbon tetrachloride

18. 1,1,1-trichloroethane
19. 1,1-dichloropropene
20. benzene
21. 1,2-dichloroethane
22. fluorobenzene (SS)
23. trichloroethene
24. dibromomethane
25. 1,2-dichloropropane
26. bromodichloromethane
27. 1-bromo-2-chloroethane (SS)
28. cis-1,3-dichloropropene
29. toluene
30. tetrachloroethene
31. trans-1,3-dichloropropene
32. 1,1,2-trichloroethane
33. dibromochloromethane
34. 1,3-dichloropropane

35. 1,2-dibromoethane
36. chlorobenzene
37. ethylbenzene
38. 1,1,1,2-tetrachloroethane
39. m-xylene
40. p-xylene
41. 1-chloro-2-fluorobenzene(SS)
42. o-xylene
43. styrene
44. bromoform
45. isopropylbenzene
46. bromobenzene
47. n-propylbenzene
48. 1,1,2,2-tetrachloroethane
49. 2-chlorotoluene
50. 1,2,3-trichloropropane
51. 1,3,5-trimethylbenzene

52. 4-chlorotoluene
53. tert-butylbenzene
54. 1,2,4-trimethylbenzene
55. sec-butylbenzene
56. p-isopropyltoluene
57. 1,3-dichlorobenzene
58. 1,4-dichlorobenzene
59. n-butylbenzene
60. 1,2-dichlorobenzene
61. 1,2-dibromo-3-chloropropane
62. 2-bromo-1-chlorobenzene (SS)
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

Primary column: 75m, 0.45mm ID, 2.55µm 
Rtx®-VGC (cat.# 19409)

Confirmation column: 75m, 0.45mm ID, 2.55µm 
Rtx®-502.2 (cat.# 10986)

Conc.: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 

Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245°C
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct connection from

concentrator to column
Transfer line: Siltek 0.32mm fused silica

transfer line direct to columns w/ 
Press-Tight “Y” connector

Gas chromatograph: Finnigan 9001
Carrier gas: helium @ ~10mL/min.

constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.28
min. @ 50°C on the Rtx®-VGC column.
Oven temp.: 50°C (hold 2 min.) to 70 @

2°C/min. to 130 @ 9°C/min. 
to 200 @ 40°C/min.
(final hold 5 min.)

Detectors: µGold Tandem PID/Hall 2000
PID: makeup 7mL/min., purge 
7mL/min., set @ 0.35mV
base temp 200°C.
Hall 2000: RxnGas 25mL/min.,
RxnTemp.940°C,
Propanol Flow 470µL/min.

Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization/HALL® 2000 Electrolytic Conductivity Detector provided courtesy of Thermo Finnigan GC
& GC/MS Division, 2215 Grand Avenue Pkwy, Austin, Texas 78728

Volatile Organics
EPA Method 8021A/502.2
Rtx®-502.2
Confirmational column to the Rtx®-VGC.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. allyl chloride
9. methylene chloride

10. trans-1,2-dichloroethene
11. methyl tert-butyl ether
12. 1,1-dichloroethane
13. cis-1,2-dichloroethene
14. 2,2-dichloropropane
15. bromochloromethane
16. chloroform
17. carbon tetrachloride
18. 1,1,1-trichloroethane
19. 1,1-dichloropropene
20. benzene
21. 1,2-dichloroethane
22. fluorobenzene (SS)
23. trichloroethene
24. dibromomethane
25. 1,2-dichloropropane
26. bromodichloromethane
27. 1-bromo-2-chloroethane (SS)
28. cis-1,3-dichloropropene
29. toluene
30. tetrachloroethene
31. trans-1,3-dichloropropene
32. 1,1,2-trichloroethane
33. dibromochloromethane

34. 1,3-dichloropropane
35. 1,2-dibromoethane
36. chlorobenzene
37. ethylbenzene
38. 1,1,1,2-tetrachloroethane
39. m-xylene
40. p-xylene
41. 1-chloro-2-fluorobenzene(SS)
42. o-xylene
43. styrene
44. bromoform
45. isopropylbenzene
46. bromobenzene
47. n-propylbenzene
48. 1,1,2,2-tetrachloroethane
49. 2-chlorotoluene
50. 1,2,3-trichloropropane
51. 1,3,5-trimethylbenzene
52. 4-chlorotoluene
53. tert-butylbenzene
54. 1,2,4-trimethylbenzene
55. sec-butylbenzene
56. p-isopropyltoluene
57. 1,3-dichlorobenzene
58. 1,4-dichlorobenzene
59. n-butylbenzene
60. 1,2-dichlorobenzene
61. 1,2-dibromo-3-chloropropane
62. 2-bromo-1-chlorobenzene (SS)
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-502.2 (cat.# 10986)
Conc.: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245°C
Desorb:   250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct connection from concentrator to column
Transfer line: Siltek 0.32mm fused silica transfer line direct to

columns w/ Press-Tight “Y” connector

Gas chromatograph: Finnigan 9001
Carrier gas: helium @ ~10 mL/min. constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.28 min. @ 50°C on the Rtx®-VGC column.
Oven temp.: 50°C (hold 2 min.) to 70 @ 2°C/min. to 130 @ 9°C/min. 

to 200 @ 40°C/min. (final hold 5 min.)
Detectors: µGold Tandem PID/Hall 2000

PID:  makeup 7mL/min., purge 7mL/min., set @ 0.35mV
base temp 200°C.
ELCD Hall 2000: RxnGas 25mL/min., RxnTemp. 940°C,
Propanol Flow 470µL/min.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm
(cat.# 10986)
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Volatile Organics
EPA Method 8021B Expanded List
Rtx®-VGC
Primary Column, dual-column analysis

Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-502.2 (cat.# 10986) 
Conc.: 10ppb in 5mL of RO Water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40 mL/min. 
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using 

Silcosteel® tubing)
Desorb preheat: 245°C, Flow 10mL/min. 
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct using 0.32mm ID Siltek transfer line
GC: Finnigan 9001
Carrier gas: helium @ ~10mL/min. constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.40 min. @ 45°C on the 
Rtx®-VGC column.
Oven temp.: 45°C (hold 4 min.) to 70°C @ 2°C/min. to 

210°C @ 20°C/min. (hold 10 min.)
Detectors: µGold Tandem PID/HALL 2000

PID: makeup 7mL/min., purge 7mL/min., set @
0.35mV base temp. 200°C.
Hall 2000: RxnGas 25mL/min., RxnTemp.940°C,
Propanol Flow 470 °L/min.

PID

ELCD

PID ELCD

Rtx®-VGC
75m, 0.45mm ID, 2.55µm
(cat.# 19409)
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GC_EV00421
min. 5 10 15 20 25

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon® 113
9. chloromethyl methyl ether

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (40ppb)
16. chloroprene
17. 1,1-dichloroethane
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane

20. bromochloromethane
21. chloroform
22. carbon tetrachloride
23. 1,1,1-trichloroethane
24. 1,1-dichloropropene
25. benzene
26. 1,2-dichloroethane
27. fluorobenzene (SS)
28. tetrachloroethene
29. dibromomethane
30. 1,2-dichloropropane
31. bromodichloromethane
32. 1-bromo-2-chloroethane (SS)
33. 2-chloroethyl vinyl ether
34. cis-1,3-dichloropropene
35. toluene
36. tetrachloroethene
37. trans-1,3-dichloropropene
38. 1,1,2-trichloroethane

39. dibromochloromethane
40. 1,3-dichloropropane
41. 1,2-dibromoethane
42. chlorobenzene
43. ethylbenzene
44. 1,1,1,2-tetrachloroethane
45. m-xylene
46. p-xylene
47. 1-chloro-2-fluorobenzene (SS)
48. o-xylene
49. styrene
50. bromoform
51. isopropylbenzene
52. bromobenzene
53. n-propylbenzene
54. 1,1,2,2-tetrachloroethane
55. 2-chlorotoluene
56. 1,2,3-trichloropropane
57. 1,3,5-trimethylbenzene

58. 4-chlorotoluene
59. tert-butylbenzene
60. pentachloroethane
61. 1,2,4-trimethylbenzene
62. sec-butylbenzene
63. p-isopropyltoluene
64. 1,3-dichlorobenzene
65. 1,4-dichlorobenzene
66. benzyl chloride
67. n-butylbenzene
68. 1,2-dichlorobenzene
69. 1,2-dibromo-3-chloropropane
70. 2-bromo-1-chlorobenzene (SS)
71. hexachlorobutadiene
72. 1,2,4-trichlorobenzene
73. naphthalene
74. 1,2,3-trichlorobenzene
75. 2-methylnaphthalene (40ppb)
76. 1-methylnaphthalene (40ppb)

Acknowledgement: Finnigan 9001 GC, µGold
Tandem Photoionization/HALL® 2000
Electrolytic Conductivity Detector provided
courtesy of Thermo Finnigan GC & GC/MS
Division, 2215 Grand Avenue Pkwy, Austin,
Texas 78728

Volatile Organics
EPA Method 8021B Expanded List
Rtx®-502.2
Confirmational column to the Rtx-VGC. 

Innovations at Work
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min. 22.5 25.0

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon® 113
9. chloromethyl methyl ether

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (40ppb)
16. chloroprene
17. 1,1-dichloroethane
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane

20. bromochloromethane
21. chloroform
22. carbon tetrachloride
23. 1,1,1-trichloroethane
24. 1,1-dichloropropene
25. benzene
26. 1,2-dichloroethane
27. fluorobenzene (SS)
28. trichloroethene
29. dibromomethane
30. 1,2-dichloropropane
31. bromodichloromethane
32. 1-bromo-2-chloroethane (SS)
33. 2-chloroethyl vinyl ether
34. cis-1,3-dichloropropene
35. toluene
36. tetrachloroethene
37. trans-1,3-dichloropropene
38. 1,1,2-trichloroethane

39. dibromochloromethane
40. 1,3-dichloropropane
41. 1,2-dibromoethane
42. chlorobenzene
43. ethylbenzene
44. 1,1,1,2-tetrachloroethane
45. m-xylene
46. p-xylene
47. 1-chloro-2-fluorobenzene (SS)
48. o-xylene
49. styrene
50. bromoform
51. isopropylbenzene
52. bromobenzene
53. n-propylbenzene
54. 1,1,2,2-tetrachloroethane
55. 2-chlorotoluene
56. 1,2,3-trichloropropane
57. 1,3,5-trimethylbenzene

58. 4-chlorotoluene
59. tert-butylbenzene
60. pentachloroethane
61. 1,2,4-trimethylbenzene
62. sec-butylbenzene
63. p-isopropyltoluene
64. 1,3-dichlorobenzene
65. 1,4-dichlorobenzene
66. benzyl chloride
67. n-butylbenzene
68. 1,2-dichlorobenzene
69. 1,2-dibromo-3-chloropropane
70. 2-bromo-1-chlorobenzene (SS)
71. hexachlorobutadiene
72. 1,2,4-trichlorobenzene
73. naphthalene
74. 1,2,3-trichlorobenzene
75. 2-methylnaphthalene (40ppb)
76. 1-methylnaphthalene (40ppb)

Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-502.2 (cat.# 10986)
Conc.: 10 ppb in 5 mL of RO Water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40 mL/min. 
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using 

Silcosteel® tubing)
Desorb preheat: 245°C, Flow 10mL/min. 
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct using 0.32 mm ID Siltek transfer line
GC: Finnigan 9001
Carrier has: helium @ ~10mL/min. constant pressure
Adjust dichlorodifluoromethane to a retention time of 2.40 min. @ 45°C on the
Rtx®-VGC column.
Oven temp.: 45°C (hold 4 min.) to 70°C @ 2°C/min. to 

210°C @ 20°C/min. (hold 10 min.)
Detectors: µGold Tandem PID/HALL 2000

PID: makeup 7mL/min., purge 7mL/min., set @
0.35mV base temp. 200°C.
Hall 2000: RxnGas 25mL/min., RxnTemp.940°C,
Propanol Flow 470 °L/min.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm
(cat.# 10986)

GC_EV00422

Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization/HALL® 2000 Electrolytic Conductivity Detector provided courtesy of Thermo Finnigan GC
& GC/MS Division, 2215 Grand Avenue Pkwy, Austin, Texas 78728
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EXPERIMENTAL
Several factors contribute to the total analysis time of volatile separations, such as purge and trap cycle time, GC runtime, GC oven cool down time (time it
takes for the GC to cool down to the initial oven temperature) and column length.  Long purge and trap cycles result from lengthened purge times, dry purges,
long desorb times, and long trap bakes. Long oven cycle times result from low initial oven temperatures (from sub ambient to 35°C), slow temperature program
rates, and low column operating temperatures. Although cryofocusing improves the separation of early eluting compounds, most environmental laboratories do
not use it due to increased cost and cycle time.  And, while a certain column length is necessary for separation, a column that is too long can increase analysis
time and cost without a significantly increasing resolution. 

The Rtx®-VGC provides the best GC separations and fastest analysis time of target compounds found in US EPA Method 8021 & 502.2.  Application # 1 shows
the Rtx®-VGC as the primary column and the Rtx-VRX as a confirmation column.  The target list includes commonly analyzed, but unregulated compounds,
such as methyl-tert-butyl ether  (MTBE) and Freon® 113.  This application shows the separation of the gases and the trihalomethanes  -- there are no coelutions
using the PID/ELCD detectors in series. The 35°C starting temperature is necessary to resolve the Freon® 113 (1,1,2-trichloro-1,2,2-trifluoroethane) from 1,1-
dichloroethene. Without the Freon® 113 added it is possible to start the GC at 50°C as shown in application #2. 

Application #2

Application #1

Application # 2 shows the analysis of the 8021A / 502.2 compound list without the addition of Freon® 113. This allows for a 50°C starting temperature which
greatly reduces the total cycle time -- that is the time it takes for the GC to complete the oven cycle and come back down to starting temperature.  The time it
takes a Hewlett-Packard 5890 GC oven to cool from 205°C down to 35°C is 9 minutes, that time added to the analysis time in Application #1 of 28 minutes
results in the fastest possible total cycle time of 37 minutes.  Application #2 has a final temperature of 200°C and a starting temperature of 50°C.  The time it
takes for the oven to cool down is 4 minutes. The application has a total cycle time of less than 30 minutes, significantly faster than any other column available.
For instance the VRX stationary phase requires a starting temperature of 40°C this combined with the 28-minute runtime assures that the total cycle time can-
not be faster than 35 minutes. This faster sample throughput allows Environmental Laboratories to make at least 4 more runs per day over other volatile columns
with better data quality, since the trihalomethanes are better resolved on the VGC stationary phase. 

Application #3

These chromatograms (Application #3) incorporated a broader range of analytes, many of those compounds are found in US EPA Method 8021B, along with
other requested compounds such as the 1 & 2 methylnaphthalene.  There are 72 target compounds in this list, coelutions on the Rtx®-VGC are resolved on the
Rtx®-502.2 column. Even with the addition of the semi-volatile methylnaphthalenes the runtime is still under 30 minutes.    

CONCLUSION
Disinfectant by-products of drinking water - known as the trihalomethanes (THMs) - are the most commonly found contaminants in the public water supply.
These four compounds: chloroform, bromodichloromethane, dibromochloromethane and bromoform are found in all treated municipal drinking water. The
THMs must be well resolved from other volatile organic pollutants to prevent poor quantitation, inaccurate data, or mis-identification. All other columns exhib-
it partial or complete coelutions of the THM's with other target analytes even under optimized conditions.  The Rtx®-VGC column provides better than 85% res-
olution of the THMs from other volatile compounds (application #1). 

The Rtx®-VGC column provides 30% resolution of 1,1,2,2-tetrachloroethane/2-chlorotoluene and greater than 60% resolution of all other volatile compounds
found in US EPA Methods 502.2 and 8021 (application # 1). This column provides the best resolution in less time than any other column for EPA Method 502.2.  

VOA EPA 8021/502 dual column analysis using the Rtx®-VGC and Rtx®-VRX in parallel with freon 113 as an added compound.

VOA EPA 8021A/502.2 dual column analysis using the Rtx®-VGC and Rtx®-502.2 in parallel with a 50°C starting temperature.

VOA EPA 8021B dual column analysis using the Rtx®-VGC and Rtx®-502.2 in parallel with an expanded list of compounds.

Analysis of an Expanded List of Volatiles by Gas Chromatography Using EPA Methods 502.2 & 8021.
CHRISTOPHER M. ENGLISH, FRANK L. DORMAN, MARK LAWRENCE & DINESH PATWARDHAN. (Restek Corporation, 110 Benner Circle, Bellefonte, PA, 16823)



Abstract
tical aspect of the gas chromatographic (GC) system is a lack of interaction between an inlet liner and the

ytes which pass through it.  Without the appropriate surface deactivation, analytes can be irreversibly
rbed and/or temporarily retained in the liner.  The result of which is poor, inaccurate chromatography
cted as tailing, broad or absent peaks.  For example, in an analysis of semivolatile components, several
ytes are prone to inlet liner adsorption.  2,4-dinitrophenol, pentachlorophenol, N-nitroso-di-n-propy-
ne, and hexachlorocyclopentadiene are often the first compounds to show signs of improper inlet deacti-

on or inlet contamination. This is demonstrated as the relative response ratios of these compounds are non-
r over a calibration curve and/or below the minimum required values dictated by the EPA method.

analysis of compounds with a highly basic character poses an equally difficult challenge.  Improper liner
aces can interact with basic analytes, resulting in adsorption and therefore chromatograms with severe

tailing or an artificial loss of response.  Ethanolamines and polyamines are particularly prone to this, and
cting the appropriate liner is a key factor in accurate analyses.

different types of inlet liners will be evaluated for their performance over a broad spectrum of analytes
from highly acidic to highly basic in character).  Chromatographic and statistical results will be discussed
sist the gas chromatographer in the appropriate choice of inlet liner surface deactivation.

Introduction for Semivolatile testing
EPA method 8270 is a comprehensive list of compounds varying from basic to neutral to acidic character.
variety of compound functionalities is also highly variable, which therefore makes the 8270 listing an
llent test bed for chromatographic system performance.

inlet liner geography to be used for semivolatile testing will be a drilled Uniliner.  The injection mode will
plitless.  Since the samples will be injected at low ppm levels, a liner which prevents interaction between
ample and metal injection port surfaces will allow the isolation of liner performance only.  The bottom of

drilled Uniliner physically seals against the head of the analytical column thereby forcing the sample to
act only with the liner surfaces.

h liner was injected with 6 dilutions of the test mix:  4, 10, 16, 24, 32, and 80ng on column for each com-
nt.  Test conditions are shown in the protocol listing:

An Evaluation of Inlet Liner Deactivation Surfaces for a Wide Range of Analytes: 
From EPA Method 8270 to Ethanolamines

DAVID A. SMITH, MARK ECKLEY, KRISTI SELLERS, GARY STIDSEN, FRANK DORMAN
Restek Corporation (Restek Corporation, 110 Benner Circle, Bellefonte, PA, 16823)

Discussion on results for various liner surfaces with Semivolatiles:

1. Undeactivated borosilicate liner
The liner with no deactivation exhibited surprising response factors that at times were superior or equal to
one or more of the deactivated liners (Figures 2 and 3).  In general, the amine compounds responded well on
this liner, even at 4ng concentrations.  This is unusual as borosilicate glass can typically display an acidic
character.  The %RSD values, however, for this liner were appreciably higher than the deactivated liners as
shown in Table I.  Therefore, individual values may be deceiving as data over a variety of concentrations
will excessively deviate unpredictably from the desired linear average.

2. Base deactivated liner
Overall, this liner displayed excellent relative response factors.  As expected, the basic semivolatile com-
pounds had the highest response and best linearity on this liner.  Unfortunately, as shown in Figures 2 and 3,
acidic compounds displayed lower response factors and higher %RSD values (Table I).  Benzo(b)fluoran-
thene and benzo(ghi)perylene also showed low response factors.  These undesirable values are the direct
result of an inherent basic character of the modified glass surface for this liner.

3. Intermediate Polarity (IP) and Siltek deactivated liners
The IP liners and Siltek liners generally exhibited the highest average response factors (Figures 2-6) in con-
junction with the lowest %RSD values (Table I).  This is the most desirable situation in a test lab environment
where the data needs to be both accurate and consistent.  Individually, the IP liners showed marginal superi-
ority in overall average response factors for some of the early eluting compounds (Figure 2), but this state-
ment does not necessarily hold true for the same compounds at 4ng (Figure 3).  Also, %RSD values were rel-
atively identical throughout the EPA 8270 subset.  The Siltek liners did show slightly superior response fac-
tors (both overall and at 4ng) for the mid- to late-eluting compounds (Figures 2 and 3).  For this half of the
study, Siltek and IP liners are shown to have equivalent performance for low level semivolatile analysis.

Introduction for Amines testing
The gas chromatographic analysis of low level amines, in particular polyamines and ethanolamines, is con-
sidered to be one of the most challenging.  Without a properly deactivated chromatographic pathway, severe
peak tailing and adsorption can occur, thereby ruining quantitative results.  Inlet liners with the same four dif-
ferent surface as the semivolatile study were evaluated with a low level (2.5-5.0 ng on column) test mix with
various amine compounds to determine each surfaces’ performance.  Compounds of particular interest were
diethylenetriamine and diethanolamine, as these are compounds representative of the most difficult basic com-
pounds to be analyzed by gas chromatography.

The inlet liner geography to be used for amine testing will be a single gooseneck.  The injection mode will be
splitless.  Since the samples will be injected at low ppm levels, a liner which prevents interaction between the
sample and metal injection port surfaces will allow the isolation of liner performance.  The bottom funnel
(gooseneck) of the liner will prevent this interaction so the variation of resultant data is reflective of the vari-
ous liner surface composition. 

Each liner was injected 6 times with the test mix.  Data analysis will compare results with and without the ini-
tial injection in order to determine the degree of priming required by each surface.  Test conditions are shown
in the protocol listing:

Testing Protocol for Amines

N-nitrosodimethylamine
pyridine
methyl methanesulfonate
2-fluorophenol
ethyl methanesulfonate
phenol-d6
phenol
niline

bis(2-chloroethyl)ether
2-chlorophenol
1,3-dichlorobenzene
1,4-dichlorobenzene-d4
1,4-dichlorobenzene
1,2-dichlorobenzene
benzyl alcohol
2-methylphenol
bis(2-chloroisopropyl)ether
cetophenone

4-methylphenol/3-methylphenol
N-nitroso-di-n-propylamine
hexachloroethane
nitrobenzene-d5
nitrobenzene
sophorone

2-nitrophenol
2,4-dimethylphenol
bis(2-chloroethoxy)methane

28. benzoic acid
29. 2,4-dichlorophenol
30. 1,2,4-trichlorobenzene
31. naphthalene-d8
32. naphthalene
33. 2,6-dichlorophenol
34. 4-chloroaniline
35. hexachloropropene
36. hexachlorobutadiene
37. 4-chloro-3-methylphenol
38. isosafrole
39. 2-methylnaphthalene
40. 1-methylnaphthalene
41. hexachlorocyclopentadiene
42. 1,2,4,5-tetrachlorobenzene
43. 2,4,6-trichlorophenol
44. 2,4,5-trichlorophenol
45. 2-fluorobiphenyl
46. safrole
47. 2-chloronaphthalene
48. 2-nitroaniline
49. 1,4-naphthoquinone
50. dimethylphthalate
51. 1,3-dinitrobenzene
52. 2,6-dinitrotoluene
53. acenaphthylene
54. acenaphthene-d10

55. 3-nitroaniline 
56. acenaphthene
57. 2,4-dinitrophenol
58. pentachlorobenzene
59. 4-nitrophenol
60. dibenzofuran
61. 2,4-dinitrotoluene
62. 2,3,4,6-tetrachlorophenol
63. diethyl phthalate
64. fluorene
65. 4-chlorophenyl phenyl ether
66. 4-nitroaniline
67. 4,6-dinitro-2-methylphenol
68. diphenylamine
69. azobenzene
70. 2,4,6-tribromophenol
71. phenacetin
72. 4-bromophenyl phenyl ether
73. hexachlorobenzene
74. pentachlorophenol
75. pentachloronitrobenzene
76. phenanthrene-d10
77. dinoseb
78. phenanthrene 
79. anthracene
80. di-n-butylphthalate
81. 4-nitroquinoline-1-oxide

82. isodrin
83. fluoranthene
84. benzidine
85. pyrene
86. p-terphenyl-d14
87. aramite
88. chlorbenzilate
89. kepone
90. butyl benzyl phthalate
91. benzo(a)anthracene
92. 3,3'-dichlorobenzidine
93. chrysene-d12
94. chrysene
95. bis(2-ethylhexyl)phthalate
96. di-n-octyl phthalate
97. benzo(b)fluoranthene
98. benzo(k)fluoranthene
99. benzo(a)pyrene

100. perylene-d12
101. 3-methylcholanthrene
102. indeno(1,2,3-cd)pyrene
103. dibenzo(a,h)anthracene
104. benzo(ghi)perylene

A Method 8270
mivolatile Organics

®-5Sil MS

GC_EV00576

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Drilled Uniliner
or 8270 Semivolatiles testing – Siltek version shown)

4mm Single Gooseneck
(for basic compound testing – Siltek version shown)

Liner Surfaces

e borosilicate glass: Raw glass surface with no deactivation

dard Intermediate Polarity (IP): Proprietary polymeric deactivation

k Deactivated: Proprietary chemical vapor deposition deactivation

e Deactivated: Proprietary deactivation to impart a basic character to the glass surface

Testing Protocol for Semivolatiles (US EPA 8270)

Column:  30m, 0.25mm ID, 0.25um Rtx-5Sil MS
Standard mix:  104 compound mix of US EPA 8270 list

Injection volume:  1µl, 7683 autosampler
Injection type:  splitless
Hold time:  0.4 min
Injector temperature:  300°C

Carrier gas:  helium (1mL/min. constant flow)
Linear velocity:  34cm/sec.
Oven temperature:  35°C (2min) to 260°C @20°C/min, 
to 330°C @ 6°C/min (1min)

GC:  Agilent 6890
Detector:  Agilent 5973 MS
Transfer line temperature:  280°C
Scan range:  35 to 550amu
Ionization:  EI
Mode:  Full scan

Liner Geometries

Figure 1.  Sample Chromatogram of US EPA Method 8270 compounds
at 24ug/ml with a Siltek drilled Uniliner

Discussion on results for various liner surfaces with Amines (Figures 5-6)

1. Undeactivated borosilicate liner
When analyzing basic compounds at low ppm levels, the liner without any deactivation again displayed 
prisingly high relative response factors.  For the most demanding compounds (diethylenetriamine 
diethanolamine), however, these liners predictably showed the lowest response factors and high %RSD v
ues.  Also, this liner surface did not show significant priming when comparing RRF and %RSD values fr
runs 2-6 vs. 1-6.

2. Intermediate polarity (IP) deactivated liner
Since the IP liner has a characteristically neutral-to-acidic nature, it predictably performed worst of the f
types.  Most notably with the diethylenetriamine and ethanolamine, the %RSD comparison from runs 2-6
1-6 showed significant priming.  The %RSD of the triamine increase from 17% to 52% when the first inj
tion is factored in.  Likewise for diethanolamine, the %RSD increased from 11% to 25%.  This liner surf
also had the lowest overall response factors in the amines experiment

3. Siltek and Base deactivated liners
The Siltek and base deactivated liners performed to give relatively equivalent response factors for all 
probes.  These liners also had superior performance over the raw and IP liners.  It is interesting to note, ho
ever, that the Siltek liners displayed less priming effect.  The %RSD for base deactivated liners increased fr
12% to 20% for diethylenetriamine and from 7% to 11% for diethanolamine when factoring in the first of
injections.  Correspondingly, the Siltek liner decreased from 12% to 11% for diethylenetriamine and remai
constant at 4% for diethanolamine.  This result suggest a slightly superior overall performance of Siltek o
base deactivated liners for the analysis of basic compounds.

Conclusions
The choice of a correct liner deactivation has hinged on the type of analytes that are to be analyzed.  Typica
if the analytes are acidic, a liner tailored to have an acidic character would be used in order to avoid the p
sibility of peak tailing or adsorption.  Conversely, a base deactivated liner would be selected to analyze co
pounds with a basic character.  This study has shown that liners with surface characteristics which match th
of the analytes do in fact give excellent analytical performance when operating in their designated envir
ments.  However, the study also shows that Siltek deactivated liners perform equivalently or better than 
older generation surfaces.  Within the design of this comprehensive study, the Siltek surface is capable of o
mum performance whether analyzing acidic semivolatile or basic amine compounds.

Column:  30m, 0.32mm ID, 1.0um Rtx-35 Amine
Standard Mix:  Amine test mix in 50:50 CH2Cl2/MeOH

Injection volume:  1µl, 7673 autosampler
Injection type:  splitless
Hold time:  1min
Injector temperature:  250?C

Carrier gas:  helium (9psi head pressure, constant pressure)
Oven temperature: 40?C (1min) to 165?C (1min) @10?C/min, to
280?C(10min) @ 10?C/min 

GC:  Agilent 5890
Detector / Temperature:  FID / 310?C

Figure 4. Sample Chromatogram for Amines (2.5 / 5.0ng)
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We have measured physical characteristics and 
metals content for a variety of silicas and 
chromatographically compared their relative levels 
of base deactivation after bonding monomeric 
alkyl stationary phases to them. Some aggressive 
base deactivation procedures significantly altered 
the characteristics of the silica, particularly pore 
size and surface area.  Some base deactivated 
silica can provide superior chromatography for 
peak shape over type B materials. This study 
attempts to correlate the physical and chemical 
properties of different silica varieties with their 
level of base deactivation.



• Reversed Phase HPLC columns are manufactured 
from a wide range of silicas that vary in many 
chemical and physical properties. Differences in 
the properties of the underlying silica may have a 
major influence on the resulting chromatographic 
properties of the finished column. Important 
physical properties include particle size 
distribution, pore size distribution, pore volume, 
and the surface area. An important chemical 
property is the concentration of metals. 



• The first generation of  HPLC silica was type A 
made from inorganic sols. The second generation 
includes base deactivated silica prepared by 
various chemical treatments of type A silica to 
remove surface metals. Metal impurities in silica 
are commonly known to have a detrimental effect 
on peak shape of basic analytes. It has been 
theorized that at least some of the improvement in 
base deactivation obtained following chemical 
removal of metals may be due to the resulting 
physical changes of the silica (i.e. pore shaping). 



• The latest and third generation of silica is high 
purity, Type B silica, synthesized from an organic 
sol. Type B silica contains extremely low 
concentrations of metals and has a major 
advantage over earlier generations of silica for 
some applications.



• Metals Content (ppm)
• Mean particle size and distribution (µm)
• Total pore volume (ml/g) with average pore 

size (A°) and distribution
• Mean surface area (m2/g) 



• Silica derived from inorganic sources (Type A) 
must undergo metals removal procedures to create 
usable materials for HPLC chromatography.

• Refined metal removal processes using the type A 
silica can create a base deactivated silica.

• Type B silica is derived from “metal free” organic 
sols. Metals content is due to post-particle 
contamination.

• Certain processes can produce a base deactivated 
silica that rival type B for metals content.
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Base Deact ivated  Silica vs  Type B 
Silica
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Column Dimensions: 150x4.6mm, 5µm

Mobile Phase: 80/20  20mm KXPO4, pH 7.0/Acetonitrile

Flow rate: 1ml/min

Detector: UV @ 254 nm

Injection volume: 5µl 

Peaks: 1. Uracil

2. Pyridine

3. Phenol



Type A with  C18 Bonding
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Brand H – Deactivated with C18 Bonding

min0 2 4 6 8 10

mAU

0

100

200

300

400

500

600

 DAD1 B, Sig=254,16 Ref=360,100 (PYRPHEN\01092102.D)

Asymmetry = 2.2



Pinnacle II-Exp with C18 Bonding
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Brand K – Type B with C18 Bonding
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• Over time the metal extraction treatments enlarge 
the pore size of the silica.

• An increase in the pore size creates an increase in 
the pore volume. This increases the void volume.

• As pore size increases for the silica particle 
surface area decreases.

• The loss in surface area reduces the maximum 
amount of phase that can be placed onto the silica 
surface relative to the parent material.

• Treatment and synthesis routes also effect the 
surface of the particle.



Mean Pore Size Increase vs Time
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Mean Pore Size vs Surface Area
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• As the pore volume of a silica particle 
increases, the surface area decreases.

• Increased pore volume creates a linear 
increase in Vo. Unretained components take 
longer to elute from the column.

• An increase in pore volume will decrease k’ 
though the retention of retained components 
may appear to be the same.
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• Silica for analytical chromatography is typically 
available in 3, 5, and 10 µm particles sizes.

• The mean of these particle sizes and the distribution 
ranges vary between manufactures.

• The smaller the particle size the higher the number 
of theoretical plates a column can produce.

• Typically columns produced with smaller particles 
give greater theoretical plates at the cost of higher 
pressures.

• When using silica of the same pore volume, smaller 
particles produce a linear increase in k’.



• Typically a 3 µm particle can produce 
135,000 plates/meter while a 5µm particle 
can produce 85,000 plates/meter minimum.

• The pressure increases exponentially when 
a smaller particle size is used. 
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y = -0.2146x + 2.8015
R2 = 0.9986
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• The surface area of the silica is one of the factors 
limiting carbon loading of a particular phase (as 
C18).

• The lower the surface area, the lower the carbon 
load. Carbon load is directly proportional to 
surface area if bonding technique provides 
consistent surface coverage.

• Increases/Losses in carbon load will cause a shift 
in the k’ of analytes.



y = 0.037x + 6.1753
R2 = 0.9994
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• No two silica support lots are exactly the same.
• Variations may be great from manufacturer to 

manufacturer.
• Simply recommending a column to perform a legacy 

separation based on phase type (C-8, C-18, etc) is not 
enough.

• These factors are very important when selecting 
alternate columns for methods under development or 
making substitutions.
– Particle Surface Area
– Particle Pore Volume
– Mean particle size and Distribution
– Mean Particle Pore Size
– Metals content 



• Some base deactivated silicas can provide 
better peak shape than type B materials.

• Base deactivated silica typically has lower 
surface area than type B. This results in a 
lower carbon load for the material.

• To find a phase that will give similar 
retention characteristics, carbon loading and 
surface area must be compared.



• The authors wish to thank:
Randall R. Romesberg, Larry Peters, and Bob 
King for their support in carrying out 
experiments and manufacturing columns to 
produce data for this presentation.



Semivolatile Analysis
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Semivolatile Compounds
1. N-nitrosodimethylamine 28. 2-nitrophenol 55. acenaphthylene 81. anthracene
2. pyridine 29. benzoic acid 56. 3-nitroaniline 82. di-n-butylphthalate
3. methyl methanesulfonate 30. bis(2-chloroethoxy)methane 57. acenaphthene-d10 83. 4-nitroquinoline-1-oxide
4. 2-fluorophenol 31. 2,4-dichlorophenol 58. acenaphthene 84. isodrin
5. ethyl methanesulfonate 32. 1,2,4-trichlorobenzene 59. 2,4-dinitrophenol 85. fluoranthene
6. phenol-d6 33. naphthalene-d8 60. 4-nitrophenol 86. benzidine
7. phenol 34. naphthalene 61. pentachlorobenzene 87. pyrene
8. aniline 35. 2,6-dichlorophenol 62. 2,4-dinitrotoluene 88. aromite
9. bis(2-chloroethyl)ether 36. 4-chloroaniline 63. dibenzofuran 89. p-terphenyl-d14
10. 2-chlorophenol 37. hexachloropropene 64. 2,3,4,6-tetrachlorophenol 90. chlorbenzilate
11. 3-chlorophenol 38. hexachlorobutadiene 65. diethyl phthalate 91. butyl benzyl phthalate
12. 1,3-dichlorobenzene 39 4-chloro-3-methylphenol 66. 4-chlorophenyl phenyl ether 92. kepone
13. 1,4-dichlorobenzene-d4 40. isosafrole 67. fluorene 93. bis(2-ethylhexyl)phthalate
14. 1,4-dichlorobenzene 41. 2-methylnaphthalene 68. 4-nitroaniline 94. 3,3’-dichlorobenzidine
15. benzyl alcohol 42. 1-methylnaphthalene 69. 4,6-dinitro-2-methylphenol 95. benzo(a)anthracene
16. 1,2-dichlorobenzene-d4 43. hexachlorocyclopentadiene 70. diphenylamine 96. chrysene-d12
17. 1,2-dichlorobenzene 44. 1,2,4,5-tetrachlorobenzene 71. azobenzene 97. chrysene
18. 2-methylphenol 45. 2,4,6-trichlorophenol 72. 2,4,6-tribromophenol 98. di-n-octyl phthalate
19. bis(2-chloroisopropyl)ether 46. 2,4,5-trichlorophenol 73. phenacetin 99. benzo(b)fluoranthene
20. 4-methylphenol/3-methylphenol 47. 2-fluorobiphenyl 74. 4-bromophenyl phenyl ether 100. benzo(k)fluoranthene
21. N-nitroso-di-n-propylamine 48. safrole 75. hexachlorobenzene 101. benzo(a)pyrene
22. acetophenone 49. 2-chloronaphthalene 76. pentachlorophenol 102. perylene-d12
23. hexachloroethane 50. 2-nitroaniline 77. pentachloronitrobenzene 103. 3-methylcholanthrene
24. nitrobenzene-d5 51. 1,4-naphthoquinone 78. dinoseb 104. indeno(1,2,3-cd)pyrene
25. nitrobenzene 52. dimethylphthalate 79. phenanthrene-d10 105. dibenzo(a,h)anthracene
26. isophorone 53. 1,3-dinitrobenzene 80. phenanthrene 106. benzo(ghi)perylene
27. 2,4-dimethylphenol 54. 2,6-dinitrotoluene
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Semivolatile Analysis

•• Injection techniquesInjection techniques
•• Split/Split/splitlesssplitless

•• Gooseneck linersGooseneck liners

•• Drilled Drilled UnilinerUniliner

•• DeactivationDeactivation

•• AnalysisAnalysis
•• Instrument conditionsInstrument conditions
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Split/Splitless Injection

•• Important aspects of injectorImportant aspects of injector
•• Flow patternFlow pattern

•• Hold timeHold time

•• Sample VaporizationSample Vaporization

•• LinersLiners

•• ActivityActivity
•• Acidic and basic compoundsAcidic and basic compounds
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Split/Splitless Injection Port

septa

inlet sealinlet liner

carrier gas in

purge vent

o-ring

column entrance
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Injection Port Injection Port 
ComponentsComponents

Splitless
Injection



3  min
1.5 min
45 sec
30 sec

Factors Affecting Splitless Injection

1. Hold Times

Column ID
(mm)

0.18
0.25
0.32
0.53

Note: based on a 2µL injection volume of CH2Cl2 = 0.8 mL sample
expansion value @ 250°C & 10 psig.

Column Flow Rate 
(cc/min.)

0.3
0.7
1.2
2.6

He

Approx.
Hold Time  

Determine 
this 
empirically

Determine Determine 
this this 
empiricallyempirically



Factors Affecting Splitless Injection

1. Hold Time Optimization 
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Factors Affecting Splitless Injection

1. Hold Times

0 10 20 0 10 20

Hold Too LongHold Too Long ——
no purgeno purge

Proper Hold TimeProper Hold Time
with purgewith purge

Time (min)



Factors Affecting Splitless Injection

3. Sample Vaporization 

FastFast AutosamplerAutosampler ::

Incomplete vaporizationIncomplete vaporization

AerosolsAerosols or droplets reach the or droplets reach the 
column instead of vaporscolumn instead of vapors



Factors Affecting Splitless Injection

3. Sample Vaporization 

FastFast AutosamplerAutosampler ::

Pack with wool orPack with wool or CarboFritCarboFrit™™

STOPS AEROSOLS COMPLETELYSTOPS AEROSOLS COMPLETELY

WOOL



0 min 8 16 24 32

Rtx-1:   30m, 0.32mm ID, 0.25µm

Split InjectionSplit Injection of n-alkanes    
15ng / component ?

40oC to 200oC @ 5oC/min
Slope is 
Repeatable

Add several 
internal 
standards

II. Splitter Discrimination
Molecular Weight Discrimination



0 min. 8 16 24 32

OnOn--ColumnColumn InjectionInjection of n-alkanes
15ng/component same run conditions

Rtx-1:   30m, 0.32mm ID, 0.25µm

II. Splitter Discrimination
No Molecular Weight Discrimination



Splitless Liner Designs

Straight Gooseneck
Double 

Gooseneck
Cyclo Double-

Gooseneck



Splitless Injection — Other Considerations
Sample Breakdown

Sleeve Type endrin breakdown
clean disk dirty disk

Splitless with Wool

Gooseneck

6.0%

2.0%

12.8%

2.4%

Double gooseneck inlet sleeves minimize 
the catalytic effects of the hot metal parts
at the base of splitless inlets.
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Vespel® Ring Inlet Seals
Types of Surface Treatments



Split/splitless Injection using the
Drilled Uniliner

•• For trace analysisFor trace analysis

•• Inlet sleeve has a pressInlet sleeve has a press--fit connection with fit connection with 
column at bottom of sleevecolumn at bottom of sleeve

•• More inert sample pathwayMore inert sample pathway

•• Helps eliminate injection port discriminationHelps eliminate injection port discrimination
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Drilled Uniliner

•• Allows DI and Allows DI and 
Splitless Splitless injection injection 
methodsmethods

•• Minimizes injection Minimizes injection 
port discriminationport discrimination

•• Reduces loss of active Reduces loss of active 
compounds for more compounds for more 
accurate resultsaccurate results

Drilled 
Uniliner®

column



Installing the Drilled Uniliner

Remove  
the split 
or
splitless
sleeve

Install a Direct 
Injection sleeve

Press-fit 
connection



Direct Injection Mode 
Making the proper press-fit connection

1. Pre-seat or pre-crush new ferrules

New Ferrule Pre-seated Ferrule



2. Install column into press-fit seal

Direct Injection Mode 
Making the proper press-fit connection

3. Tighten column nut
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Drilled Uniliners

4mm 
IP deactivated

4mm 
Siltek deactivated

2mm 
Siltek deactivated
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Figure 5 – Injection port discrimination:  Comparing the single gooseneck 
liner under constant flow and pressure pulsed conditions. 

White = Single Gooseneck LinerWhite = Single Gooseneck Liner
Pressure Pulsed InjectionPressure Pulsed Injection

Red = Single Gooseneck LinerRed = Single Gooseneck Liner
Constant FlowConstant Flow
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Figure 6 - Injection port discrimination:  Comparing the single gooseneck 
liner to the Drilled Uniliner ®, both under constant flow conditions.  

White = Drilled White = Drilled UnilinerUniliner®®

Red = Single Gooseneck LinerRed = Single Gooseneck Liner
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Comparison of Deactivations

•• Deactivated Drilled Deactivated Drilled UnilinerUniliner®®

•• IP, IP, SiltekSiltek™™, and base procedure, and base procedure

•• Run sequenceRun sequence
•• 7 reps at 4 7 reps at 4 ppmppm

•• Show largest difference in RRF due to active sitesShow largest difference in RRF due to active sites

•• Calibration curveCalibration curve
•• 4, 10, 16, 24, 32, and 80 4, 10, 16, 24, 32, and 80 ppmppm

•• ISTD at 8 ISTD at 8 ppmppm
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Polymeric Deactivation

Si O
n

CH3

CH3

OSi
m

n or m = 3-6
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Modification of the Fused Silica 
Surface

•• Siltek™ is a deposition process, unlikeSiltek™ is a deposition process, unlikesilazanesilazaneor or 
silicone deactivation which modifies the surface of silicone deactivation which modifies the surface of 
the silica tubing.the silica tubing.



Guard Column Bleed Comparison at 
330C

Figure 8

6 8 10 12 14

30m Siltek Guard Column

30m Standard Guard Column
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Liner Deactivation
Average RRF from 4ppm Standards

4 ng on-column
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Affects of Deactivation on Linearity

•• Response factors of 4ppm standard gave a Response factors of 4ppm standard gave a 
good indication of the activity of the liner good indication of the activity of the liner 
surfaces.  surfaces.  

•• What are the affects of deactivation on What are the affects of deactivation on 
linearity?linearity?
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Affects of Deactivation on Linearity
Benzo(b)fluoranthene
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Affects of Deactivation on Linearity

Benzo(ghi)perylene
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Affects of Deactivation on Linearity

N-nitrosodimethylamine
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Affects of Deactivation on Linearity

N-nitroso-di-n-propylamine
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Affects of Deactivation on Linearity

Benzidine
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Affects of Deactivation on Linearity

2,4-Dinitrophenol
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Affects of Deactivation on Linearity

Pentachlorophenol
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Column Selection

•• Low bleedLow bleed

•• Separation of critical Separation of critical 
compoundscompounds
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Instrument Analysis

•• Flow rateFlow rate
•• Constant flow @ 1 ml/minConstant flow @ 1 ml/min

•• Temperature programTemperature program
•• initial hold timeinitial hold time

•• helps resolve early eluting compoundshelps resolve early eluting compounds
•• elute compounds on ramp rateelute compounds on ramp ratevsvs isothermalisothermal
•• fast ramp rate through nonfast ramp rate through non--critical areascritical areas

•• Column dimensionsColumn dimensions
•• Lower concentration standards allow for the use of a Lower concentration standards allow for the use of a 

thinner film column.thinner film column.
•• Will utilize the 30m x 0.25mm ID, 0.25um filmWill utilize the 30m x 0.25mm ID, 0.25um film
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Determined Run Conditions

•• Constant flow rate @ 1.0 ml/minConstant flow rate @ 1.0 ml/min
•• Injection port temperature: 300 CInjection port temperature: 300 C
•• MS transfer temperature: 280 CMS transfer temperature: 280 C
•• Temperature program:Temperature program:

•• 35 C (2 min)35 C (2 min)
•• 20 C/min20 C/min
•• 260 C (0 min)260 C (0 min)
•• 6 C/min6 C/min
•• 330 C (1 min)330 C (1 min)
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Rtx-5Sil MS 
(30m x 0.25mm ID, 0.25um film)

16 ppm 8270 mix

N-nitrosodimethylamine
& pyridine benzo(g,h,i)perylene
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Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um film)

Phenol 
(m/z 94)

Aniline
(m/z 93)

Bis(2-chloroethyl)ether
(m/z 93)

1,4-dichlorobenzene
m/z 146

1,3-dichlorobenzene
m/z 146

1,2-dichlorobenzene
m/z 146
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Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um film)

2-methylnaphthalene
m/z 142

1-methylnaphthalene
m/z 142

2,4,6-trichlorophenol
m/z 196

2,4,5-trichlorophenol
m/z 196
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Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um film)
phenanthrene

m/z 178
anthracene

m/z 178

benz(a)anthracene
m/z 228

chrysene
m/z 228
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Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um film)

benzo(b)fluoranthene
m/z 252

benzo(k)fluoranthene
m/z 252

indeno(1,2,3-cd)pyrene
m/z 276

dibenz(a,h)anthracene
m/z 278

Normally very difficult 
to separate
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Instrument Calibration

•• Calibration curveCalibration curve
•• 1/5 concentration level of 8270 recommendation1/5 concentration level of 8270 recommendation

•• 4, 10, 16, 24, and 324, 10, 16, 24, and 32 ppmppm standardstandard

•• 88 ppmppm internal standard concentrationinternal standard concentration

•• 1 1 uL uL injectioninjection

•• Analysis performed on HP(Agilent) 6890          Analysis performed on HP(Agilent) 6890          
w/ 5973 MS w/ 5973 MS 
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4 ppm 8270 Calibration Standard
- Excellent signal to noise for 4 ng on-column injection
- Low column bleed
- Elimination of injection port discrimination

Rtx-5Sil MS (30m x 0.25mm ID, 0.25 um film)
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Linearity from Calibration Sequence
4ppm 10ppm 16ppm 24ppm 32ppm 5 point 4 point

Compound RT ISTD m/z RF RF RF RF RF ave RRF %RSD
%RSD      

(w/o 4ppm)
N-nitrosodimethylamine 3.79 1 74 0.724 0.736 0.775 0.742 0.748 0.745 3% 2%
pyridine 3.80 1 79 1.055 0.951 1.058 0.967 1.004 1.007 5% 5%
aniline 6.28 1 93 1.777 1.773 1.962 1.933 1.946 1.878 5% 5%
N-nitroso-di-n-propylamine 7.12 1 169 0.776 0.746 0.801 0.740 0.770 0.767 3% 4%
benzoic acid 7.84 2 122 0.148 0.193 0.201 0.203 0.228 0.195 15% 7%
2,4-dichlorophenol 7.94 2 162 0.215 0.248 0.240 0.249 0.259 0.242 7% 3%
hexachlorocyclopentadiene 9.14 3 237 0.283 0.310 0.323 0.333 0.357 0.321 9% 6%
3-nitroanaline 10.21 3 138 0.323 0.318 0.343 0.339 0.348 0.334 4% 4%
acenaphthene 10.26 3 152 0.637 0.618 0.634 0.610 0.641 0.628 2% 2%
2,4-dinitrophenol 10.34 3 184 0.110 0.139 0.156 0.155 0.169 0.146 16% 8%
4-nitrophenol 10.41 3 109 0.162 0.168 0.185 0.187 0.202 0.181 9% 7%
azobenzene 11.07 3 77 1.387 1.446 1.436 1.369 1.414 1.410 2% 2%
nitrosodiphenylamine 11.04 4 169 0.718 0.698 0.723 0.771 0.738 0.729 4% 4%
pentachlorophenol 11.81 4 266 0.094 0.122 0.132 0.132 0.146 0.125 15% 7%
benzidine 13.72 5 184 0.213 0.178 0.188 0.206 0.269 0.211 17% 19%
benzo(b)fluoranthene 17.88 6 252 1.344 1.448 1.504 1.506 1.628 1.486 7% 5%
benzo(ghi)perylene 21.76 6 276 1.341 1.428 1.492 1.488 1.593 1.468 6% 5%

ISTD
1,4-dichlorobenzene-d4 6.62 1 152
naphthalene-d8 8.10 2 136
acenaphthene-d10 10.22 3 164
phenanthrene-d10 12.02 4 188
chrysene-d12 15.70 5 240
perylene-d12 18.73 6 264
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Conclusion

•• Drilled Drilled UnilinerUniliner results in a more inert results in a more inert 
sample pathway and eliminates injection port sample pathway and eliminates injection port 
discriminationdiscrimination

•• Utilization of a thin film column helps Utilization of a thin film column helps 
reduce analysis timereduce analysis time
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StopStop--Flow GC:  Improved Resolution with Fast Flow GC:  Improved Resolution with Fast 
Analysis TimesAnalysis Times

I. The Stop-Flow GC System

II. Advantages of Stop-Flow GC

III. Applications

A. Chlorinated Pesticides

B. Residual Solvents



Desires of GC Analysts

•• Higher Sample ThroughputHigher Sample Throughput
–– Lowers cost/sampleLowers cost/sample
–– Increases sample capacityIncreases sample capacity
–– Fewer instruments to accomplish same Fewer instruments to accomplish same 

workloadworkload

•• Better ResolutionBetter Resolution
–– Can allow for shorter run timesCan allow for shorter run times
–– Improves quantitationImproves quantitation
–– Can allow for analysis of very complex Can allow for analysis of very complex 

matricesmatrices



Methods to Improve Speed and/or 
Resolution

•• Tuning Stationary Phase SelectivityTuning Stationary Phase Selectivity
–– Design column to achieve specific separationDesign column to achieve specific separation

–– Users can send retention data for optimizationUsers can send retention data for optimization

•• Physical Parameter OptimizationPhysical Parameter Optimization
–– Pro Pro ezezGCGC™™ Software allows user optimizationSoftware allows user optimization

•• Hardware ModificationHardware Modification
–– GC Racer allows increased temperature ramp GC Racer allows increased temperature ramp 

rates with (common) existing instrumentationrates with (common) existing instrumentation



Methods to Improve Speed and/or 
Resolution

•• Fast GC/Flash GCFast GC/Flash GC
–– Short, narrow i.d. columnsShort, narrow i.d. columns
–– Ballistic heating (resistive, microwave)Ballistic heating (resistive, microwave)

•• Multicolumn GCMulticolumn GC
–– Bertsch, Guichon, GiddingsBertsch, Guichon, Giddings

•• Comprehensive 2DComprehensive 2D--GCGC
–– Begun by John Phillips Begun by John Phillips –– Southern Illinois Southern Illinois 

Univ.Univ.

•• StopStop--Flow GC Flow GC 
–– Richard Sacks Richard Sacks –– Univ. of MichiganUniv. of Michigan



Chlorinated Pesticides
Fast Runs

Rtx-CLPesticides
(30m x 0.32mm, 0.5µm)

Rtx-CLPesticides2
(30m x 0.32mm, 0.25µm)
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Stop Flow GC System: Sacks, et. al.*

C1 C2FID#1

Inlet

V

FID #2
(or MS)

BC

EPC

= 4-way junction
Gerstel Cross-piece

*Richard Sacks, University of Michigan



Stop Flow System:  Pressure Tunable Selectivity
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Advantages of Stop-Flow GC

•• Minimal Hardware ModificationsMinimal Hardware Modifications

•• DualDual--Column SystemColumn System
–– Standard dimension GC columnsStandard dimension GC columns

•• FlexibilityFlexibility
–– Ability to “tune” the selectivity of a Ability to “tune” the selectivity of a 

separationseparation

•• Controlled by GC’s Current SoftwareControlled by GC’s Current Software



Separation of Limonene and Eucalyptol
Increasing Stop-flow Pulse Lengths

A. No stop-flow pulse
B. 2 second pulse
C. 6 second pulse
D. 10 second pulse

A

B

C
D



Application:  Chlorinated Pesticides

•• Environmental testing industryEnvironmental testing industry
–– EPA methods 8081, 508, and 608EPA methods 8081, 508, and 608

–– High volume testsHigh volume tests

•• Importance of rapid, accurate assaysImportance of rapid, accurate assays
–– ApplicationApplication--specific stationary phases specific stationary phases 

–– Best run times around 13 minutesBest run times around 13 minutes



Chlorinated Pesticides

4,4’-DDT10

4,4’-DDE9

4,4’-DDD8

γ-Chlordane7

α-Chlordane6

γ-BHC (lindane)5

δ-BHC4

β-BHC3

α-BHC2

Aldrin1 Dieldrin11

Endosulfan I12

Endosulfan II13

Endosulfan sulfate14

Endrin15

Endrin aldehyde16

Endrin ketone17

Heptachlor18

Heptachlor epoxide19

Methoxychlor20



Chlorinated Pesticides
After column #1 (Rtx-200)



Chlorinated Pesticides
After column #2 (Rtx-5)



Chlorinated Pesticides:  Run Conditions

Dual FIDs @ 300°CDetectors

0.2-0.5 µL splitless
0.25min hold time

Injection

300°CInjector

45 psigInlet Pressure

60°C (0.4 min. hold)
to 220°C at 100°C/min.,
to 235°C at 15°C/min.,
to 300°C at 120°C/min.,

0.5 min. hold

Oven Program

Rtx-200 
10m x 0.18mm, 0.2µm

Rtx-5
10m x 0.18mm, 0.18µm

Analytical 
Columns

Fast Procedure



Chlorinated Pesticides
Showing location of the stop-flow pulse



Chlorinated Pesticides
With 1 stop-flow pulse



Chlorinated Pesticides
With 1 stop-flow pulse



Stop-Flow GC

•• StopStop--Flow allows the analyst to add Flow allows the analyst to add 
“space” between specific peaks“space” between specific peaks

–– Improved use of chromatographic “real Improved use of chromatographic “real 
estate”estate”

–– Permits timePermits time--compressed GC runs using compressed GC runs using 
faster oven temperature rampsfaster oven temperature ramps



GC Racer

•• Interfaces to existing GC’sInterfaces to existing GC’s

•• Operates using existing GC controlOperates using existing GC control
–– No software or firmwareNo software or firmware

•• Allows for maximum ramp rates up to Allows for maximum ramp rates up to 
440440°°CC

•• Can allow for 2Can allow for 2--5 times speed 5 times speed 
enhancement for most methodsenhancement for most methods



GC Racer Heater Installed in an Agilent 5890

GC RacerGC Racer



GC Racer Installed on an Agilent 5890 

GC RacerGC Racer



Without GC Racer
With GC Racer

Agilent 6890 GC, temperature program of 60°C/min.



Volatile Compounds, with and without the GC Racer

With GC Racer
Without GC Racer



Application:  Residual Solvents

•• Pharmaceutical FormulationsPharmaceutical Formulations
•• Guidelines for TestingGuidelines for Testing

–– International Conference on HarmonizationInternational Conference on Harmonization
–– European PharmacopoeiaEuropean Pharmacopoeia

•• Compound Lists VaryCompound Lists Vary
–– Over 60 compounds of regulatory interestOver 60 compounds of regulatory interest
–– Classes based on toxicitiesClasses based on toxicities
–– Resolution of large lists on a single Resolution of large lists on a single 

stationary phase can be extremely difficultstationary phase can be extremely difficult



Class I & II Residual Solvents

sulfolone361,4-dioxane18

formamide35toluene17

1-methyl-2-pyrrolidinone (1-MP)34chloroform16

ethylene glycol (EG)33acetonitrile (MeCN)15

1,2,3,4-tetrahydronaphthalene (THN)32trichloroethene (TCE)14

N,N-dimethylacetamide (DMA)31cis-1,2-dichloroethene13

dimethyl formamide (DMF)30benzene12

1,1,2-trichloroethane (1,1,2-TCA)29methylene chloride (CH2Cl2)11

2-ethoxyethanol281,2-dimethoxyethane10

chlorobenzene27methanol9

o-xylene261,1,1-trichloroethane (1,1,1-TCA)8

pyridine25carbon tetrachloride (CCl4)7

2-methoxyethanol24trans-1,2-dichloroethene6

nitromethane23methyl cyclohexane5

m-xylene221,1-dichloroethene (1,1-DCE)4

p-xylene21methyl cyclopentane3

2-hexanone (MBK)20hexane2

1,2-dichloroethane (1,2-DCA)192-methylpentane1

CompoundCompoundPeak #Peak #CompoundCompoundPeak #Peak #



Fast Run Conditions: 1st FID

After Rtx-Stabilwax, 15m x 0.25mm x 0.5µm

1 2
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4
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6
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Fast Run Conditions: 2nd FID
After Rtx-Stabilwax + Rtx-200 (30m x 0.25mm x 1.0�m)

1
2,4

3

9

6 11
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13,10
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15,14
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Residual Solvents:  Run Conditions

Dual FIDs @ 250°CDual FIDs @ 250°CDetectors

0.2 µL HS, 200:1 split0.2 µL HS, 200:1 splitInjection

230°C230°CInjector

2.5 mL/min. to 9.5 min.
3.5 mL/min. at 10 min.

1.5 mL/min. 
constant flow

Column Flow

40°C (1 min. hold)
to 65°C at 6°C/min.,

to 100°C at 12°C/min.,
to 250°C at 70°C/min.,

1.8 min. hold

40°C (6 min. hold)
to 100°C at 4°C/min.,
to 220°C at 15°C/min.,

5 min. hold

Oven Program

Stabilwax 
15m x 0.25mm, 0.5µm

Rtx-200
30m x 0.25mm, 1µm

Stabilwax 
15m x 0.25mm, 0.5µm

Rtx-200
30m x 0.25mm, 1µm

Analytical 
Columns

Fast ProcedureStandard Procedure



Class I & II Residual Solvents:  No Pulses
1,1-D

C
E

1,1-D
C

E

H
exane

H
exane

End FID

Junction FID



Residual Solvents:  Pulse @ 44 sec.

End FID

Junction FID



Residual Solvents:  No Pulses

m
eth

ylcyclo
h

exan
e



Residual Solvents:  Pulses @ 72 & 120 sec.



Residual Solvents:  No Pulses

M
B

K



Residual Solvents:  Pulses @ 290, 330, & 346 sec.



Class I & II OVIs:  Total of 9 Pulses
At the Junction



Class I & II OVIs:  Total of 9 Pulses
At the End Detector – all 36 resolved
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Summary of Stop-Flow GC

•• Ability to “Tune” the SelectivityAbility to “Tune” the Selectivity

•• FlexibilityFlexibility

–– Standard dimension columnsStandard dimension columns

–– Can vary the pulse sequencesCan vary the pulse sequences

•• Significant Improvements in Analysis Significant Improvements in Analysis 
Times PossibleTimes Possible

–– Fast oven programs, high flow ratesFast oven programs, high flow rates



The Analysis of Oxygenates by 
EPA Method 8260 

 
CChhrriiss  MM..  EEnngglliisshh,,  FFrraannkk  LL..  DDoorrmmaann  &&  

GGaarryy  SSttiiddsseenn..  
((RReesstteekk  CCoorrppoorraattiioonn,,  111100  BBeennnneerr  CCiirrccllee,,  BBeelllleeffoonnttee,,  PPAA  1166882233))  

 
 

Abstract 
 
Gasoline and other fossil fuels are derived from petroleum and consist mainly of 
compounds containing only carbon and hydrogen atoms. Oxygenates are compounds 
that contain oxygen atoms in addition to carbon and hydrogen. Methyl tertiary-butyl 
ether (MTBE) is the most common fuel oxygenate. MTBE was first introduced into 
gasoline in 1979 to reduce overall emissions, replace lead and increase octane. In 1992, 
gasoline with up to 15% MTBE content by volume was used nationally to meet the first 
federally mandated wintertime reduction of carbon monoxide. With over one million 
underground fuel tanks in the United States alone, contamination of ground and 
surface water with oxygenates and gasoline components is a major environmental 
concern.  
 
Storage tanks worldwide potentially will require cleanup in the future. An equally 
challenging task is the identification and quantification of these fuel-derived pollutants 
in a gasoline matrix, since compounds such as MTBE and TBA (tert-butyl alcohol) 
share ions using GC/MS and coelute on many capillary column stationary phases. 
Regulatory agencies recommend adding TBA to the target list for contaminated sites 
known to contain MTBE because it is both a breakdown product of MTBE and a 
gasoline additive.  The US EPA has not sanctioned any method specifically for the 
analysis of oxygenates in gasoline. Environmental laboratories have used a variety 
of methods to report these analytes, such as US EPA Methods 8015, 8020, and 8260.   
 
The analysis of oxygenates by EPA Method 8260 is a common way to increase the level 
of confidence in chromatographic data over GC methods.  Lawrence Livermore 
National Laboratory has conducted studies indicating that GC/MS is the most reliable 
method of oxygenate detection in complex gasoline samples regardless of the 
concentration of the gasoline. This paper will examine the limitations of currently 
available columns, and will show Method 8260 applications with the addition of 
oxygenates to the compound list.   

 



Introduction 
 
Oxygen containing compounds most commonly added to gasoline are methanol, 
ethanol, tert-butanol (TBA), methyl-tert-butyl ether (MTBE), diisopropylether (DIPE), 
ethyl-tert-butylether (ETBE).  Of these compounds MTBE is the primary additive.  The 
ethers have not been validated in any SW-846 method. They have not been written into 
any EPA Method with the exception of MTBE in Method 524.2.  The analytical 
challenge of quantitatively determining concentrations of oxygenates in the presence of 
gasoline has been the focus of several studies. The most commonly used wastewater 
tests for these compounds by Environmental laboratories are Methods, 8015, 8021 & 
8260.  
 
Method 8015 uses a flame ionization detector (FID) to match a known pattern of 
gasoline with an unknown sample containing peaks that fall within the gasoline pattern 
range. This method can be used to identify oxygenates by retention time, but the high 
probability of mis-identifications necessitates second column confirmation.  
 
Method 8021 is specifically written for the analysis of aromatic and halogenated 
volatiles. This is the least desirable of the three methods since the photoionization 
detector (PID) is very sensitive to double bonds but much less sensitive to oxygenates.  
Our test of a gasoline composite standard resulted in a false positive for diisopropyl 
ether. Using GC/MS for confirmation the compound was identified as 2-methyl-1-
pentene.  
 
The most reliable methods use purge-and-trap capillary column gas 
chromatography/mass spectrometry (GC/MS), such as Method 8260. The GC/MS 
provides positive identification and overcomes the problem of false identification of 
unresolved constituents. Modifications to operating conditions are necessary to increase 
analyte response and optimize resolution between oxygenates and other target 
compounds of interest. One example of a required separation by GC/MS is TBA and 
MTBE since they share ions.  
 
This paper presents the results of four different stationary phases evaluated in the same 
column dimensions for oxygenate recoveries, verifying passing criteria using modified 
EPA Method 5030B and Method 8260. Purge and trap conditions were changed to 
accommodate the addition of oxygenates. GC oven conditions were optimized for each 
stationary phase used to overcome coelutions of analytes that share ions.  Non-
oxygenated gasoline samples were spiked with low levels of oxygenates to determine if 
operating conditions were appropriate for separation and detection of target 
compounds in the presence of high concentrations of gasoline.  
 
 



Experimental  
 
The study first established that Method 8260B criteria were met. Tuning of the GC/MS 
was performed using 25ng standard of 4-bromofluorobenzene. All of the target 
compounds were added to the calibration mix along with the internal standards, the 
ethers and TBA (See Table 2). Methanol and ethanol were not added since these 
analytes are more amenable to headspace or direct injection techniques. Method 8260B 
does not specifically outline internal standard assignments to target compounds; 
therefore, Table 6 of Method 82601 was used. Also the internal standards and surrogates 
of Method 82601 as well as the characteristic primary ions for quantification were 
incorporated into our experimental design. This allowed relative response factors to be 
measured against established internal standards. Calibration of the curve was 
conducted using average response factors as outlined in section 7.6.2.11.   
 
The minimum mean response factors (RFs) for the volatile system performance check 
compounds (SPCC) as described by the method are shown in Table 1 for the four 
different calibrations and columns.  This test confirms acceptable performance of the 
purge and trap concentrator.  
  
                

  

Table 1: Passing SPCC criteria for 
all columns under specific 

conditions. R
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EPA Response 
Factor (RF) 

Criteria 

  
  pentafluorobenzene (IS) RF RF RF RF RF   
  chloromethane (spcc) 0.37 0.51 0.28 0.59 >0.10   
  1,1-dichloroethane (spcc) 0.68 0.19 0.59 0.64 >0.10   
          
  chlorobenzene-d5 (IS)        
  chlorobenzene (spcc) 0.97 1.01 0.82 1.06 >0.30   
  bromoform (spcc) 0.28 0.27 0.27 0.32 >0.10   
          
  1,4-dichlorobenzene-d4 (IS)        
  1,1,2,2-tetrachloroethane(spcc) 0.68 0.77 0.53 0.71 >0.30   
                
 
1 Volatile Organic Compounds by Gas Chromatography/Mass Spectroscopy (GC/MS): Capillary Column Technique 
Method 8260; U.S. Environmental Protection Agency. Office of Solid Waste. Washington, D.C. July 1992 Revision 0. 
 
2 Volatile Organic Compounds by Gas Chromatography/Mass Spectroscopy (GC/MS): Capillary Column Technique 
Method 8260B; U.S. Environmental Protection Agency. Office of Solid Waste. Washington, D.C. December 1996 
Revision 2. 
 
 



 
 

 
     Table 2: Compound List for Oxygenate Study. 

   
                    
  COMPOUND #   COMPOUND #   COMPOUND #   
  1,1,1,2-tetrachloroethane 1   4-chlorotoluene 35   iodomethane 69   
  1,1,1-trichloroethane 2   4-methyl-2-pentanone 36   isobutyl alcohol 70   
  1,1,2,2-tetrachloroethane 3   acetone 37   isopropylbenzene 71   
  1,1,2-trichloroethane 4   acetonitrile 38   methacrylonitrile 72   
  1,1-dichloroethane 5   acrylonitrile 39   methyl acrylate 73   
  1,1-dichloroethene 6   allyl chloride 40   methyl methacrylate 74   
  1,1-dichloropropene 7   benzene 41   methylene chloride 75   
  1,2,3-trichlorobenzene 8   bromobenzene 42   methyl-tert-butyl ether 76   
  1,2,3-trichloropropane 9   bromochloromethane 43   methyl-d3-tert-butyl ether 77   
  1,2,4-trichlorobenzene 10   bromodichloromethane 44   m-xylene 78   
  1,2,4-trimethylbenzene 11   bromoform 45   naphthalene 79   
  1,2-dibromo-3-chloropropane 12   bromomethane 46   n-butylbenzene 80   
  1,2-dibromoethane 13   Carbon disulfide 47   nitrobenzene 81   
  1,2-dichlorobenzene 14   Carbon tetrachloride 48   n-propylbenzene 82   
  1,2-dichloroethane 15   chlorobenzene 49   o-xylene 83   
  1,2-dichloroethane-d4 16   chlorobenzene-D5 50   pentachloroethane 84   
  1,2-dichloropropane 17   chloroethane 51   pentafluorobenzene 85   
  1,3,5-trimethylbenzene 18   chloroform 52   p-isopropyltoluene 86   
  1,3-dichlorobenzene 19   chloromethane 53   propionitrile 87   
  1,3-dichloropropane 20   chloroprene 54   p-xylene 88   
  1,4-dichlorobenzene 21   cis-1,2-dichloroethene 55   sec-butylbenzene 89   
  1,4-dichlorobutane 22   cis-1,3-dichloropropene 56   stryrene 90   
  1,4-dichlorobenzene-d4 23   cis-1,4-dichloro-2-butene 57   tert-amyl-methyl ether 91   
  1,4-difluorobenzene 24   dibromochloromethane 58   tert-butyl alcohol 92   
  1,4-dioxane 25   dibromofluoromethane 59   tert-butylbenzene 93   
  2,2-dichloropropane 26   dibromomethane 60   tetrachloroethene 94   
  2-bromo-1-chloropropane 27   dichlorodifluoromethane 61   tetrahydrofuran 95   
  2-butanone 28   diethylether 62   toluene 96   
  2-chloroethanol 29   diisopropyl ether 63   toluene-d8 97   
  2-chloroethyl-vinyl-ether 30   ethyl methacrylate 64   trans-1,2-dichloroethene 98   
  2-chlorotoluene 31   ethylbenzene 65   trans-1,3-dichloropropene 99   
  2-hexanone 32   ethyl-tert-buyl ether 66   trans-1,4-dichloro-2-butene 100   
  2-nitropropane 33   Freon 113 67   trichloroethene 101   
  4-bromo-1-fluorobenzene (ss) 34   hexachlorobutadiene 68   trichlorofluoromethane 102   
              vinyl chloride 103   
                    
 Internal Standard/Surrogate  Target Analyte   Oxygenate   
 
 
 
Following the passing SPCC, the calibration check compounds (CCCs) were used to 
verify the validity of the calibration. The relative standard deviation of these 
compounds must be less than 15% (See Table 3).  
 



 
 
                

  

Table 3: Passing CCC criteria for 
all columns under specific 

conditions. R
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  pentafluorobenzene (IS) %RSD %RSD %RSD %RSD %RSD   
  1,1-dichlorothene (ccc) 13.6% 5.7% 9.5% 11.4% <  15%   
  chloroform (ccc)  11.2% 6.0% 9.8% 5.5% <  15%   
           
  1,4-difluorobenzene (IS)         
  1,2-dichloropropane (ccc) 10.7% 7.9% 10.0% 4.9% <  15%   
  toluene (ccc)  13.8% 6.7% 11.0% 3.0% <  15%   
           
  chlorobenzene-d5 (IS)         
  ethylbenzene (ccc)  10.1% 6.6% 8.4% 5.5% <  15%   
           
  1,4-dichlorobenzene-d4 (IS)     <  15%   
  1,1,2,2-tetrachloroethane(spcc) 11.7% 3.2% 8.5% 8.6% <  15%   
                
 
Oxygenates were calculated off of the internal standard methyl-d3-tert-butyl ether to 
account for differences in purging efficiency specific to the ethers.  The internal 
standards (red) in table 4 were used for calculating the RFs, RSDs and %recoveries of 
the target analytes shown.    
 
          

  
Table 4: Internal standards (red) with corresponding analytes assigned for quantitation. 

  

  methyl-D3 tert-butyl ether (IS)  1,4-difluorobenzene (IS)   
  methyl-tert-buytlether  1,2-dichloroethane-d4 (ss)   
  tert-butyl alcohol (x5)  1,2-dichloropropane (ccc)   
  diisopropyl ether  toluene-d8 (ss)    
  ethyl-tert-butyl ether  toluene (ccc)    
  tert-amyl-methyl ether  bromofluorobenzene (ss)   

  pentafluorobenzene (IS)  chlorobenzene-d5 (IS)   
  chloromethane (spcc)  chlorobenzene (spcc)   
  1,1-dichlorothene (ccc)  ethylbenzene (ccc)    
  acetone (x2.5)  bromoform (spcc)   

  1,1-dichloroethane (spcc)  1,4-dichlorobenzene-d4 (IS)   
  chloroform (ccc)   1,1,2,2-tetrachloroethane(spcc)   
  dibromofluoromethane (ss)  naphthalene   
          
 
 
 
 



 
Purge and Trap Procedures: Purge and trap conditions were not varied between 
column changes, tuning and calibrations. Below is a table detailing the purge and trap 
conditions common to the four columns tested for oxygenate recoveries from gasoline.  
Samples were heated using the Infra-SpargeTM sample heater on the O.I. 4560 
concentrator. A heated purge of 40°C was the minimum temperature that would allow 
TBA to be detected at a concentration of 25 ppb in 10ml of water.   Purge flow rate was 
carefully measured at 38 ml/min since lower flows dramatically effect the brominated 
compounds and higher flows contribute to trap breakthrough and excessive water 
retention.  
  
   

        

  
   Table 5: O.I. 4560 Purge and Trap Concentrator Conditions.  

  

  
Trap #10 trap (Tenax/Silica Gel/Carbon 

Molecular Sieve)   

  
Trap Temperatures 20°C During Purge, 190°C During 

Desorb, 210°C During Bake.   
  Purge Time 11 minutes   
  Purge Flowrate 38ml/min   
  Desorb Flowrate 32ml/min   
  Desorb Time 1.0 minutes   
  Bake Time 10 minutes   
  6-Port Valve  110°C   
  Transfer Line  110°C   
  Sample  40°C   
  Sample Size 10ml   

  
Water Management 110°C During Purge, 0°C During 

Desorb, 240°C during Bake   
  Sparge Mount 45°C   
  Desorb Preheat 150°C   
  Valve Manifold 50°C   
  Split Ratio 1:25   

  
Others Pre-Purge, Pre-Heat & Dry Purge: 

OFF   
        Conditions Suggested by O.I.Analytical see acknowledgments.   
        

 
Choice of trap was based upon the recommendation of the instrument manufacturer. 
Future studies will examine different trap packing materials and their effects on 
oxygenate recoveries.  
 
Instrumental Procedures: The study was conducted using an Agilent 5890 Series II GC 
coupled with an Agilent 5971A GC/MS detector with an after-market K&M electron 
multiplier. Helium carrier gas was adjusted for all columns to be at 1.3-ml/min constant 
flow.  The GC/MS was set for full scan from 35amu to 260amu and was initially tuned 
with calibration gas (FC-43 or PFTBA), followed by BFB. 
 
 



Standards: Separate intermediate standards were made for each calibration point to 
maintain equal amounts of methanol added to the 10ml volume of water. Sample 
transfer to the concentrator and sample spiking were done by hand. Calibration was 
performed using the analyte list in table 4, but all of the compounds in table 2 were 
added to check for critical coelutions between oxygenates and the regular Method 
8260B target compounds. The five points of the calibration were; 5, 10, 20, 40 and 
80ppb with internal standards (IS) and surrogate standards (SS) spiked at 20ppb. 
Calibration verification standards (CVS) were spiked at 10ppb with recoveries within 
20% of the expected values.  Two blanks were analyzed followed by a 5ppb standard to 
verify recoveries at the low point of the curve. The standards are listed below in table 6.  
 
        

  
   Table 6: Volatile Standards  Restek Part #s 

  
  Internal Standard & Surrogate Standard Mix Cat# 30240 Lot# A025538   
    Custom Lot#03010401s   
    Cat# 30074 Lot# A022472   
  Calibration Mix Cat# 30475B Lot# A021105   
    Cat# 30465 Lot# A024826   
    Cat# 30006 Lot# A024175   
    Cat# 30042 Lot# A024616   
  QC Second Source Calibration Mix Cat# 553595 Lot# A025888   
  Unleaded Gasoline (Unweathered)   Cat# 30096 Lot# A022384   
  Non-Oxygenated Unleaded Gasoline (Unweathered)   Custom Lot# OFR-TK253   
        
 
Gasoline Spiked Samples:  After the 5 ppb QC standard was analyzed a 1 ppm non-
oxygenated gasoline standard was run. The non-oxygenated standard was analyzed a 
second time with 5ppb of the target compounds spiked. Calculations determined the % 
recoveries of a 5 ppb oxygenates standard from a high concentration gasoline matrix 
(1ppm). The final standard was a 1 ppm unleaded gasoline (unweathered) sample. All 
of the above samples were spiked with the appropriate IS and SS.  
 

 



Results and Discussion 
 

Calibration curves for the four columns evaluated passed EPA 8260 criteria for 
response factors and relative standard deviations. Two compounds in the test set 
showed poor response, acetone and TBA. The Rtx-624, Rtx-Volatiles, Rtx-VRX and 
Rtx-VMS were tested in the 30m x 0.25mm x 1.4df column dimensions.   
 
Rtx-624 Results: The 30m x 0.25mm ID column was unable to adequately resolve TBA 
from MTBE. Extracted ion chromatograms illustrate that a minor ion of MTBE (59) 
contributed to the area of TBA (fig. 1).  

 
 

Figure 1. Extracted ion chromatogram of TBA & MTBE
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Table 7 is a summary of the results of the Rtx-624 column evaluation. The optimized 
oven conditions were as follows: 35°C (hold 6 min.) to 90°C @ 8°C/min. (hold 1 min.) to 
220°C @ 16°C/min. (hold 2 min.). The GC runtime was 24 minutes with a cycle time of 
30 minutes. This column is capable of resolving the ethers from a 1ppm standard of 
unleaded gasoline. Since TBA is a breakdown component of MTBE and is also a 
gasoline additive these column dimensions and conditions are not recommended for the 
analysis of TBA.   
 



 
                    

  

Table  7: Rtx-624 30m x 0.25mm 
x 1.4df Results 
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  methyl-D3 tert-butyl ether (IS) RF RSD  REC  REC  REC  REC  REC   
  tert-butyl alcohol (x5) 0.19 7%  77%  81% < D.L.   
  methyl-tert-buytlether 0.95 7%  102%  101% 6.0 ppb   
  diisopropyl ether 1.14 8%  110%  97%     
  ethyl-tert-butyl ether 1.19 6%  107%  99%     
  tert-amyl-methyl ether 1.14 8%  103%  95% < D.L.   
  pentafluorobenzene (IS)                 
  acetone (x2.5) 0.06 22%  55%  J 7.2ppb < D.L.   
  dibromofluoromethane (ss) 0.49 4% 103% 104% 102% 103% 105%   
  1,4-difluorobenzene (IS)                 
  1,2-dichloroethane-d4 (ss) 0.25 4% 100% 104% 103% 102% 104%   
  toluene-d8 (ss)  0.90 7% 108% 104% 108% 108% 110%   
  toluene (ccc)  0.66 14%   106% 102 ppb 106 ppb 90.1 ppb   
  bromofluorobenzene (ss) 0.34 17% 118% 87% 121% 122% 123%   
  chlorobenzene-d5 (IS)                 
  chlorobenzene (spcc) 0.97 8%   104%   103%     
  ethylbenzene (ccc)  1.47 10%   104% 24.6 ppb 28.9 ppb 24.9 ppb   
  1,4-dichlorobenzene-d4 (IS)                 
  naphthalene 2.28 5%   141% 4.4 ppb 8.6 ppb 5.1 ppb   

                    
 
 
 
 
 
 
Rtx-Volatiles Results: Table 8 is a summary of the results collected using the Rtx-
Volatiles column. The optimized oven conditions were as follows: 35°C (hold 6 min.) to 
140°C @ 10°C/min. (hold 0 min.) to 220°C @ 20°C/min. (hold 2 min.). The GC runtime 
was 22.5 minutes with a cycle time of less than 30 minutes. Distance between TBA and 
MTBE was 0.8 minutes on this stationary phase. 1,1-dichloroethene has a minor 59 ion 
but is nearly resolved from TBA (QI 59). The column in table 8 labeled, “1 ppm non-
oxygenated Std” appears to have trace amounts of TAME present. Upon further 
investigation there is a contribution of ion 73 from benzene (fig. 2). TAME and Benzene 
elute at nearly the same time.  These column dimensions and conditions would be 
unsuitable for the analysis of higher concentrations of benzene in the presence of 
TAME.  

 
 
 
 



 
 

                    

  

Table  8: Rtx-Volatiles 30m x 
0.25mm x 1.4df Results 
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  methyl-D3 tert-butyl ether (IS) RF %RSD REC REC REC REC REC   
  tert-butyl alcohol (x5) 0.15 6%  73%  50% < D.L.    
  methyl-tert-buytlether 0.97 6%  96%  98% 5.8 ppb   
  diisopropyl ether 1.21 9%  94%  98%     
  ethyl-tert-butyl ether 1.21 8%  96%  98%     
  tert-amyl-methyl ether 1.15 7%  98% < D.L. 107% < D.L.    
  pentafluorobenzene (IS)                 
  acetone (x2.5) 0.08 11%  50%  64% < D.L.    
  dibromofluoromethane (ss) 0.49 1% 102% 103% 99% 102% 99%   
  1,4-difluorobenzene (IS)                 
  1,2-dichloroethane-d4 (ss) 0.21 2% 104% 106% 109% 109% 106%   
  toluene-d8 (ss)  1.01 2% 102% 102% 100% 98% 99%   
  toluene (ccc)  0.76 7%  105% 94.3 ppb 100 ppb 84.3 ppb   
  bromofluorobenzene (ss) 0.43 6% 103% 103% 99% 99% 99%   
  chlorobenzene-d5 (IS)                 
  chlorobenzene (spcc) 1.01 6%   103%   110%     
  ethylbenzene (ccc)  1.62 7%   100% 21.5 ppb 28.0 ppb 23.9 ppb   
  1,4-dichlorobenzene-d4 (IS)                 
  naphthalene 1.96 9%   111% 4.9 ppb 11.0 ppb 5.94 ppb   
                    

 
 
 
 

Figure 2. Extracted ion chromatogram of Benzene & TAME
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Rtx-VRX Results: The optimized oven conditions were as follows: 40°C (hold 1min.) to 
75°C @ 2°C/min. (hold 1 min.) to 220°C @ 22°C/min. (hold 2 min.). The GC runtime 
was 26 minutes with a cycle time of just over 30 minutes. The Rtx-VRX has the same 
close elution of 1,1-dichloroethene / TBA as the Rtx-Volatiles phase. These target 
analytes share ion 59. A lower starting temperature or a longer initial hold time will 
easily resolve these analytes. On this stationary phase the internal standard 
chlorobenzene-d5 and 1,1,1,2-tetrachloroethane, which share ion 117, coelute which 
requires either changing the internal standard choice or changing the quantification ion 
to 82 (fig. 3). The Rtx-VRX is a good choice for analyzing oxygenates in gasoline 
(Table).  

 
   
 
 
 

                    

  

Table  9: Rtx-VRX 30m x 
0.25mm x 1.4df Results 
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  methyl-D3 tert-butyl ether (IS) RF %RSD REC REC REC REC REC   
  tert-butyl alcohol (x5) 0.18 13%  98%  121%    
  methyl-tert-buytlether 0.94 6%  105%  106% 5.7 ppb   
  diisopropyl ether 0.85 6%  100%  110%    
  ethyl-tert-butyl ether 1.07 5%  104%  107%    
  tert-amyl-methyl ether 1.06 5%  104%  103% < D.L.   
  pentafluorobenzene (IS)                 
  acetone (x2.5) 0.06 18%  123% < D.L. 144% < D.L.   
  dibromofluoromethane (ss) 0.48 3% 97% 97% 98% 97% 96%   
  1,4-difluorobenzene (IS)                 
  1,2-dichloroethane-d4 (ss) 0.27 11% 100% 103% 100% 100% 99%   
  toluene-d8 (ss)  0.98 4% 96% 100% 96% 99% 97%   
  toluene (ccc)  0.70 11%   104% 94.8 ppb 99.2 ppb 82.1 ppb   
  bromofluorobenzene (ss) 0.44 12% 85% 98% 90% 94% 93%   
  chlorobenzene-d5 (IS)                 
  chlorobenzene (spcc) 0.82 15%   115%   111%     
  ethylbenzene (ccc)  1.36 8%   113% 25.6 ppb 28.3 ppb 26.5 ppb   
  1,4-dichlorobenzene-d4 (IS)                 
  naphthalene 1.96 9%   111% 5.0 ppb 9.7 ppb 5.6 ppb   
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Rtx-VMS Results: Table 10 is a summary of the results gathered using the Rtx-VMS 
column. The optimized oven conditions were as follows: 35°C (hold 7 min.) to 90°C @ 
4°C/min. (hold 0 min.) to 220°C @ 45°C/min. (hold 1 min.). The GC runtime was 25 
minutes with a cycle time of 30 minutes.  All of the oxygenates are resolved from target 
compounds and interfering gasoline components. TBA and MTBE are well resolved 
using the 35°C starting temperature.  Figure 4 represents a TIC of 1-ppm non-
oxygenated unleaded gasoline spiked with 5 ppb of oxygenates.  The inset in this figure 
is an extracted ion chromatogram showing the recovery of oxygenates without 
interference from the gasoline matrix.   
 

Figure 4:  Rtx-VMS 1 ppm Non-Oxygenated Gasoline 
Standard Spiked with 5 ppb Oxygenates. 
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Table 10: Rtx-VMS 30m x 
0.25mm x 1.4df Results 
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  methyl-D3 tert-butyl ether (IS) RF %RSD REC REC REC REC REC   
  tert-butyl alcohol (x5) 0.13 17%  93%  90%    
  methyl-tert-buytlether 0.91 7%  99%  92% 6.2 ppb   
  diisopropyl ether 1.08 7%  100%  94%    
  ethyl-tert-butyl ether 1.21 8%  98%  90%    
  tert-amyl-methyl ether 1.15 5%  105%  98% < D.L.   
  pentafluorobenzene (IS)                 
  acetone (x2.5) 0.05 12%  62% < D.L. N.D.     
  dibromofluoromethane (ss) 0.43 3% 102% 89% 106% 97% 98%   
  1,4-difluorobenzene (IS)                 
  1,2-dichloroethane-d4 (ss) 0.22 6% 103% 111% 102% 100% 102%   
  toluene-d8 (ss)  1.02 4% 101% 108% 98% 97% 98%   
  toluene (ccc)  0.78 3%  106% 94.4 ppb 89.6 ppb 81.9 ppb   
  bromofluorobenzene (ss) 0.45 2% 91% 103% 90% 90% 95%   
  chlorobenzene-d5 (IS)                 
  chlorobenzene (spcc) 1.06 6%  108%         
  ethylbenzene (ccc)  1.71 5%  110% 21.4 ppb 24.9 ppb 23.9 ppb   
  1,4-dichlorobenzene-d4 (IS)                 
  naphthalene 2.08 3%  93% 4.7 ppb 8.8 ppb 5.0 ppb   
                    

 
 Results: Table 11 provides results of an unleaded gasoline composite sample tested for 
the presence of oxygenates down to 5ppb. Trace amounts of TAME below the detection 
limit were observed using several ions for identification.  MTBE results were very 
consistent from column to column.   
 

  

Figure 11: Recoveries of MTBE in 1 ppm of unleaded gasoline composite sample.  

  methyl-D3 tert-butyl ether (IS) Rtx-624 Rtx-Volatiles Rtx-VRX Rtx-VMS   
  methyl-tert-buytlether 6.0 ppb 5.8 ppb 5.7 ppb 6.2 ppb   
              

 
 
 
 
 
 
 
 



Future Studies 
 
The next paper will calculate detection limits, enlarge the calibration curve, and 
calibrate the entire 8260B compound list shown in table 2. The focus will be on 
optimizing performance of oxygenates without sacrificing the 8260B target list. 
Response for TBA and acetone were a problem during this study. Steps will be taken to 
get better response for these compounds, i.e. testing new trap packing materials. Auto 
samplers will be incorporated into our next round of purge and trap studies to prove 
that these results can be duplicated in a production laboratory.  
 
 
The internal standard M-d3-TBE was added to allow for variations in purging 
efficiency specific to the ethers. After the data was acquired we observed a small 73-ion 
fragment as part of the IS spectra. The IS and MTBE share retention time and MTBE 
uses ion 73. Our initial thoughts were to discard all of the data, but the distribution of 
the relative abundance of ion 73 to 76 was measured at between 0.3% and 0.5%.  This 
may have effected calculated concentrations of MTBE by 2%. Future studies will 
replace this IS to eliminate the possibility of inaccuracy.  
 

  
 
  
 
 

Conclusions 
 

The Rtx-VRX and Rtx-VMS under the given conditions are suitable for analyzing low 
levels of oxygenates in the presence of gasoline.  Incomplete resolution of TAME and 
benzene make the Rtx-Volatiles a poor choice for this application. The Rtx-624 also 
suffers from a coelution of TBA/MTBE. With an expanding target list and difficult 
sample matrixes, such as petroleum distillates, extreme care must be taken to assure 
correct compound identification in the presence of interfering analytes.  
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HPLC Method 
Development

I. Method Development Strategy

II. Selecting a Detector

III. Selecting the Separation Mode 

IV. Mobile Phase and pH

V. Optimization Based on the 
Resolution Equation
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Overview of Method Development Strategy

� Define method goals
� Establish sample prep procedure
� Select detector
� Select mode of separation

– Column and mobile phase

� Perform preliminary separations 
� Optimize conditions
� Calibrate and validate
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Define Method Goals 

� What is known about the sample?

� What level of detection is required?

� Are standards available?

� How fast does the analysis need to be?

� How much resolution is required?
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What is Known About the Sample?

� Chemical structure(s)
� Acidic/Basic, pKa
� Molecular weight
� Stability (light and solvents)
� Solubility
� Concentration
� Matrix
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Sample Prep Options

� Filtration
� Centrifugation
� Solvent extraction
� Solid Phase Extraction (SPE)
� Supercritical Fluid Extraction (SFE)
� Preparative Chromatography
� Column Switching
� Derivatization



7

Sample Prep Guidelines

� Minimum sample purity required:
– Free of particulates
– Completely soluble in mobile phase

� Start with minimal sample prep 
– Filtration is often sufficient 

� Additional sample prep needs may be 
identified during preliminary separations  
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Sample Prep:  HMF Standard by HPLC

HMF

Column:   Ultra C18 (Restek Corp.), 250 mm x  4.6 mm, 5 µm 
Mobile Phase A: 90:10 water:methanol, 10 mM ammonium formate
Mobile Phase B: 10:90 water:methanol, 10 mM ammonium formate
Gradient:  0-5 min at 100% A, to 100% B at 10 min, 10 min. hold
Flow: 0.5 mL/min.
Temperature: ambient
Detector: UV @ 280 nm
Injection Volume: 10 µL
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HMF + interferences

Sample Prep:  HMF in Grape Juice by HPLC

No SPE Treatment

HMF

C18 SPE Treatment
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Detector Selection:  Types

� Ultraviolet/Visible Absorbance (UV/Vis)
� Mass Spectrometer (MS)
� Refractive Index (RI)
� Evaporative Light Scattering (ELS)
� Fluorescence (FL) 

� Electrochemical (EC) 
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Detector Selection 

�Selection is Based on:
– Chemical nature of analytes and 

potential interferences
– Limit of detection required
– Availability and/or cost of detector 
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Detector Selection:  UV/Vis

� Requirement: analyte must absorb more light 
than sample matrix at some wavelength

� Most widely used

� Most compounds absorb at low UV

� Diode Array Detector (DAD) can monitor 
multiple wavelengths simultaneously
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Chromophore Formula Omax (nm)
Amine -NH2 195

Ethylene -C=C- 190 
Ketone RR’C=O 195
Ester ROC=O 205
Aldehyde RHC=O 210
Carboxyl COOH 200-210
Nitro NO2 310
Phenyl -C6H5 202,255
Naphthyl 220,275

Detector Selection:  UV/Vis
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� Choose detection wavelength that 
maximizes sensitivity and specificity

� Solvents used may cause slight shifts in 
UVmax from published values (2-5 nm)

– Check absorbance of analyte in mobile phase

� Mobile phase solvents have UV cutoff points

– Operating below cutoff point will:

• Reduce sensitivity 

• Add to baseline noise

Detector Selection:  UV/Vis
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� Requirement: analyte must be ionizable
� Rapidly growing in popularity
� Positive identification of analyte 
� Can discriminate between co-eluting peaks in 

selected ion mode
– Reduces resolution required

� For best sensitivity, work at pH where analytes
are ionized
– Neutral to basic pH (7-9) for acids
– Acidic pH (3-4) for bases

Detector Selection:  Mass Spectrometer
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Source Analyzer

HPLC

Interface

Detection

Data AnalysisSeparation

Sample
Introduction

Ionization Mass Filtering

Detector Selection:  Mass Spectrometer
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� Monitors difference in the refractive index of 
the sample cell vs. the reference cell 

� Non-selective

� Concentration dependent

� Sensitivity is typically 100x-1000x less than a 
UV/Vis detector 

� Cannot be used with gradients (without 
special modifications)

Detector Selection:  Refractive Index
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� Detector is mass dependent and non-selective

� Ideal for:

♦ High molecular weight compounds

♦ Sugars and less volatile acids

� Amount of light scattering is related to the  
molecular mass of the analyte

� Can be used with gradient systems

� Solvents should be volatile for best results

Detector Selection:  Light Scattering
ELSD
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Advances in Instrumentation
Light Scattering Detectors

3 distinct processes:
– Nebulization of the 

mobile phase
– Evaporation of the 

mobile phase
– Light scattering by 

analyte particles

Diagram courtesy of ESA, Inc.
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� Analyte must fluoresce

� Excite at one wavelength, measure the 
emission at a longer wavelength

� Up to 1000x more sensitive than UV/Vis

� High specificity

� Concentration dependent

� Operation similar to a UV/Vis detector

Detector Selection:  Fluorescence
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� Requirement:  Analytes can be oxidized or 
reduced by an electrical current

� More sensitive than fluorescence

� Not as selective as fluorescence (typically)

� Not compatible with gradient elution

Detector Selection:  Electrochemical
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� EC 10-12

� MS 10-11

� FL 10-11

� UV 10-10

� RI 10-7

� ELS 10-7

Detector Selection:  Approximate LODs
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� Sample solubility 

� How do analytes of interest differ from other 
compounds in sample? 

� Reversed phase is the most frequently used 
mode

Selecting the Mode of Separation
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� Mobile phase is polar 
� Stationary phase is less polar
� Major distinction between analytes is their 

hydrophobicity
� The sample should be soluble in water or 

a polar organic solvent (i.e. methanol)
� Examples are C18 (ODS), C8 (Octyl), 

Phenyl, Butyl, and Methyl

Mode Selection : Reversed Phase
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Interacts more

Mode Selection : Reversed Phase
Nonionic Compounds
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End-Cap

Silanol
Surface of 

Silica Particle

Bonded Phase
(ODS or C18)

Reversed Phase:  The Bonded Phase Surface
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Mode Selection : Normal Phase

� Mobile phase is non-polar while stationary 
phase is more polar

� When a major distinction between analytes is 
NOT their hydrophobicity

� Sample should be soluble in a hydrophobic 
solvent such as hexane

� Mobile phase is a weak to moderate solvent 
for the sample

� Examples are Silica, Cyano, Amino and Diol
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stationary
phase

mobile phase

Polar analytes
Less polar analytes

Normal Phase Mode of Separation

“adsorption” 
mechanism
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Normal Phase Test Mix
Pinnacle II Silica Column

Peak list:
1. benzene
2. benzylaldehyde
3. benzylalcohol
4. methoxybenzylalcohol

Column: Pinnacle II Si, 
150x4.6mm, 5µm

Mobile phase: 96% hexane:4% IPA
Flow: 1.0 ml/min
Temp.: ambient
Det.: UV @ 254
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Mode Selection : Ion Exchange
� When analytes are ionic or potentially ionic
� Mobile phase is typically an aqueous buffer
� Mobile phase strength is a function of ionic 

strength
� pH is critical
� SAX is Strong Anion Exchange (WAX = Weak)
� SCX is Strong Cation Exchange (WCX = Weak)
� Examples

– Inorganic Cations and Anions, Organic Acids and 
Bases, Amino Acids, Nucleotides, Catecholamines, 
Peptides, Antibiotics
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Uncharged species

Anionic species

stationary
phase

mobile phase

Mode Selection : Ion Exchange
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Mode Selection:  Reversed Phase Ion-Pair

� When analytes are ionic or potentially ionic

� Mobile phase is composed of a buffer, an 
ion-pair reagent and a polar organic solvent

� Typical ion-pair reagents include

– Alkyl sulfonates (heptane sulfonic acid, octane 
sulfonic acid) for bases

– Quaternary amines (tetrabutylammonium
chloride) for acids
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Mode Selection:  Size Exclusion
� Major distinction between the analytes in the 

mixture is their hydrodynamic volume
� Generally for molecular weights > 2000
� Want to avoid partitioning 
� The mobile phase should be a strong solvent for 

the sample
� Aqueous SEC is called Gel Filtration

– Proteins and other biomolecules

� Organic SEC is called Gel Permeation (GPC)
– Polymers
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Why Is Reversed Phase the Most Popular Mode?

� Large proportion of analytes are water soluble

� Wide range of stable stationary phases 
available 

– used to alter retention and selectivity

� Simple mobile phases work for many 
applications (i.e. water:acetonitrile)

� Selectivity can be altered by changing the  
mobile phase
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� In partition chromatography, the mobile 
phase should be a moderate to poor solvent 
for the samples
– Produce a capacity factor of  1 to 10 (2 to 5)

� For ion exchange and size exclusion the 
mobile phase should be a strong solvent for 
the sample

� The use of additives or modifiers can 
enhance a separation 
– Improving peak shape 
– Altering selectivity

General Rules for Mobile Phase Selection
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Mobile Phase Selection:  Organic Solvent

� Water miscible
� Low viscosity
� Low UV cut-off
� Unreactive
� Most commonly used:

– Acetonitrile
– Methanol
– Tetrahydrofuran (THF)
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Courtesy of LC Resources

Mobile Phase Selection
Adjusting Retention with %B
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Mobile Phase Selection
Changing the Selectivity
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What if a single mobile phase (isocratic) will 
not elute all analytes in the desired k’ range?

� Use gradient elution 

� Mobile phase strength changes over time

� Weak mobile phase early in the gradient 

– k’>2 for weakly retained analytes

� Strong mobile phase later in the gradient 

– k’<10 for strongly retained analytes

� Initial scouting run

– Use to estimate %organic for an appropriate elution

– Elutes all strongly-retained compounds
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Disadvantages Of Gradient Elution

� Column re-equilibration required after every 
analysis

� Requires a pump with at least two-solvent 
capability

� Not compatible with some forms of detection 
(RI, EC) 

� More variables to control for reproducibility
� Delay volume becomes important

– Volume of mobile phase contained in the HPLC 
system between pump(s) and column
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High Pressure Gradient System

ProgrammerSolvent A Solvent B

Pump A Pump B

Mixing Chamber

Injector

Column

Delay Volume
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Low Pressure Gradient System
Quaternary

Solvent A Solvent C

Mixing Chamber

Injector

Column

Solvent B Solvent D

Delay Volume

PUMP

Proportioning
Valve

Programmer
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Gradient Profile
Electronic Profile

Actual Profile at
Column Inlet

Profile at Detector

Delay Volume or Time

Gradient
Start

Measure using (A) methanol or water, (B) A + 1% acetone
Step gradient from 100%A to 100%B, UV @ 265nm
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� Solvent selection and mobile phase 
composition

� Gradient shape
� Gradient steepness
� Duration and position of isocratic 

conditions
� Pressure and flow

Gradient Variables
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� Keep it as simple as possible

� Be aware that delay volumes will vary from 
instrument to instrument

� Make sure post run equilibration time is 
adequate to return column to initial conditions

� Pre-mix mobile phase modifiers

� Pre-mix solvents with poor miscibility

� Avoid ion-pair gradients

Tips for a Successful Gradient Run
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HA H+ + A-

pH = pK + log
[A-]

[HA]

Dissociation of a weak acid

Henderson-Hasselbalch Equation

� pH is an important consideration in method development 
� At a pH close to the pKa, peak distortion results
� Partial dissociation of a weak acid or base into its 

conjugate form

Mobile Phase Selection
pKa and Mobile Phase pH
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Buffers for Reverse Phase HPLC

pH Range Buffer UV
cutoff
(nm)

1.1  - 3.1
6.2  - 8.2

11.3 - 13.3

phosphate 210

2.1  - 4.1
3.7  - 5.7
4.4 - 6.4

citrate 250

3.8 - 5.8 acetate 230
7.3 - 9.3     tris(hydroxymethyl)

        aminomethane
220

8.2 - 10.2 borate 210
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log 
[A-]

[HA]
= pH - pK

log
[A-]

[HA]
= 3 - 3.3 = -0.3

� The pKa for tetracylines is ~3.3
� At pH 3, the form of the analyte is in a ratio of 2:1 weak 

acid to conjugate base

[A-]

[HA]
= 0.5

Mobile Phase Selection
Incorrect pH for Tetracyclines
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Tetracyclines at pH 3
Conditions:
Column: Pinnacle ODS Amine
Dimensions: 150 x 4.6 mm
Particle Size: 5 um
Pore Size: 120A

Solvent A: 80 % 0.05M KH2PO4 pH 3.0
Solvent B: 20 % Acetonitrile
Mode : Isocratic
Flow Rate: 1.0 ml/min
Wavelength: 265 nm

Peak List:
1. Oxytetracycline
2. Tetracycline
3. Demeclocycline
4. Chlortetracycline
5. Doxycycline 1

2

3

4
5

2.5 5 7.5 10 12.5
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Tetracyclines at pH 2
Conditions:
Column: Pinnacle ODS Amine
Dimensions: 150 x 4.6 mm
Particle Size: 5 um
Pore Size: 120A

Solvent A: 80 % 0.05M KH2PO4 pH 2.0
Solvent B: 20 % Acetonitrile
Mode : Isocratic
Flow Rate: 1.0 ml/min
Wavelength: 265 nm

Peak List:
1. Oxytetracycline
2. Tetracycline
3. Demeclocycline
4. Chlortetracycline
5. Doxycycline

1

2

3

4
5
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The Resolution Equation

� The ultimate goal of chromatography is to 
resolve two or more compounds into separate 
peaks.

� Resolution (Rs) is defined by the distance 
between two peaks relative to the widths of 
the peaks

R = ∆ tr/W
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Selectivity

Efficiency

Capacity

The Resolution Equation
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Effect of N on Resolution
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Effect of N on Resolution

� Resolution is proportional to square root of N

– To double resolution, N would have to increase by 
a factor of 4 

� N can be increased with longer column or 
smaller particle size

– R ∝ √N
– N ∝ column length
– N ∝ 1/particle diameter

– Limited by column pressure
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Effect of k’ on Resolution

� Practical limitation on how much R can be 
increased by changing k’ 

� Increasing k’ has increasingly smaller benefit 
to R, especially at k’ > 5

� Increasing k’ comes at cost of greater 
analysis time

� k’ is changed by altering mobile phase 
strength
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Effect of α on Resolution

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12

R

α



58

Effect of α on Resolution

� Changing α is the most effective way to 
increase resolution

� α can be altered over wide range without 
sacrificing time or higher pressure 

� Adjust α by changing stationary phase or 
mobile phase solvents
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Method Development Based on 
the Resolution Equation

1. Adjust k’ to optimum range (~2-5)
2. If not close to desired resolution, adjust 

selectivity by changing either mobile phase 
or stationary phase
¾ Return to step 1 

3. If close to desired resolution, increase N by 
increasing column length or decreasing 
particle size 
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Methyl

Octyl

ODS

2                                        4                     6                                        8  10

Stationary Phase Type (α)

Butyl
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150 mm

250 mm

R=0.63

R=0.78

1                     2                     3                   4                     5                     6                 7

2                            4                            6     8                           10

Barbiturates
150 mm vs 250 mm Length
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5                                 10                           15                                20

5                                   10                         15                                 20

3 um

5 um

R= 1.2

R= 0.9

Triazines
3 um vs 5 um dp
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Van Deemter Plot
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Approximate Optimum Flow Rate

Flow Rate (mL/min)
Column Particle Size
ID (mm) 3µm 5µm
1.0 0.075 0.050
2.1 0.300 0.200
3.2 0.750 0.500
4.6 1.5 1.0 
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Temperature Control

� Slightly above ambient temperature (i.e. 30°C) 
to maximize temperature stability

� Temperature affects retention and in some 
cases selectivity

� Increasing temperature can decrease pressure 
by reducing mobile phase viscosity

� Maximum recommended temperature for most 
columns is 80°C   
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HPLC Method Validation

� Ensure that the method will provide similar 
results over a long period of time in other labs

� Challenge the method to determine the limits 
of allowed variability for each method 
parameter

� International Council on Harmonization (ICH) 
– Guidelines for the validation of analytical methods 

– Applied universally by all agencies and all 
analytical methods
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ICH Method Development 
Parameters

� Precision
� Accuracy
� Limit of Detection
� Limit of Quantitation
� Specificity

� Linearity
� Range
� Robustness
� System Suitability
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Summary of Method Development

� Define goals
� Gather information
� Select mode
� Adjust k’ 

� Adjust α
� Optimize N if needed
� Know when to quit
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Liquid Injection Techniques

• Flash Vaporization

–Split injection

–Splitless injection

–Direct - Uniliner w/Hole 
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Flash Vaporization - Split Injection

Advantages:

• Easy to use

• Easy to automate

• Ideal for dirty samples

Disadvantages:

• Sample degradation

• Backflash  

• Discrimination

• Not a trace technique
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

Liner or ‘Sleeve’

Flash 
Vaporization
Split Injection
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

Septum
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

Inlet Seal

Flash 
Vaporization
Split Injection
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

Carrier Gas In
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

Septum purge
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

Solenoid Valve
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Injection Port 
Components
Injection Port Injection Port 
ComponentsComponents

Flash 
Vaporization
Split Injection

To Split Vent

Flash 
Vaporization
Split Injection
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0 10

25:1 Split25:1 Split

0 10

50:1 Split50:1 Split

Flash Vaporization - Split Injection

Increasing the split ratio decreases the peak area, 
if all other variables are equal.
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Laminar Cup     Cyclosplitter®

Split Injection Liner Designs

Split with wool 
or CarboFrit™

Use only a 
small amount 
of wool

Use only a 
small amount 
of wool Excellent 

vaporization,  
expensive

Excellent 
vaporization,  
expensive

Keeps 
contamination 
out of column

Keeps 
contamination 
out of column
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Flash Vaporization - Splitless Injection

• Used for trace analysis

• Mode of operation of a split injector

• Slow sample transfer to column
– Long contact time with the liner

promotes vaporization

– Long initial sample bandwidth, so
solvent focusing is important

– Requires careful optimization
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Column 
Head Pressure

0 100

Split Vent   Purge Vent

Total Flow  Septum Purge

Splitless
Injection

Solenoid valve 
controls the flow
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Splitless Injection Characteristics

• Slow sample velocity through liner

• Long residence time can lead to compound 
breakdown
– Injection port inertness is critical

• Requires careful optimization 
– Oven temperature, solvent type, liner volume, solenoid 

hold time...
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Splitless Injection
Factors Affecting Performance

• Hold time

• Solvent focusing:
– Solvent boiling point 

– Solvent polarity

• Incomplete sample vaporization due to rapid auto 
injection

• Surface deactivation
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3  min
1.5 min
45 sec
30 sec

Factors Affecting Splitless Injection
Hold Times

Column ID
(mm)

0.18
0.25
0.32
0.53

Note: based on a 2µL injection volume of CH2Cl2 = 0.8 mL sample
expansion value @ 250°C & 10 psig.

Column Flow Rate 
(cc/min.)

0.3
0.7
1.2
2.6

He

Approx.
Hold Time  

Determine
empirically
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Factors Affecting Splitless Injection
Hold Times

0 10 20 0 10 20

Hold Too LongHold Too Long ——
no purgeno purge

Proper Hold TimeProper Hold Time
with purgewith purge

Time (min)
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Factors Affecting Splitless Injection
Hold Time Optimization
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pentane 36
methylene chloride 40
acetone 56
chloroform 62
methanol 64.5
hexane 69
1,1,1 trichloroethane 74.1
ethyl acetate 77
ethanol 78.3

(°C)

Subambient cooling will 
improve chromatography 

Subambient cooling will 
improve chromatography 

Note: When the first component Note: When the first component 
has a much higher bp than the has a much higher bp than the 
solvent, you may inject above the solvent, you may inject above the 
bp of the solvent (Analyte bp of the solvent (Analyte 
Focusing, e.g., analysis of Focusing, e.g., analysis of 
chlorinated pesticides)chlorinated pesticides)

Factors Affecting Splitless Injection
Solvent Focusing, cont’d
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Mismatched Polarity:        
The solvent will bead or puddle, causing non-

uniform analyte focusing and split peaks

Polarity Match:
The solvent wets the stationary phase

Solvent Focusing
Solvent Polarity, cont’d
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Beading causes Beading causes 
nonnon--uniform analyte uniform analyte 
focusingfocusing

Split Peaks Split Peaks 

0 1 2 min.

Solvent Focusing
Solvent Polarity
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Splitless Liner Designs

Straight Gooseneck
Double 

Gooseneck
Cyclo Double-

Gooseneck



Split/splitless Injection using the
Drilled Uniliner

• For trace analysis

• Inlet sleeve has a press-fit connection with column at 
bottom of sleeve

• More inert sample pathway

• Helps eliminate injection port discrimination
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Drilled Uniliner w/ Hole

• Allows DI and Splitless 
injection methods

• Minimizes injection port 
discrimination

• Reduces loss of active 
compounds for more 
accurate results

• Hole can be placed on 
bottom or top of liner 
(each has benefits)Column seals via 

a press tight connection
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Drilled Uniliners

4mm 
IP deactivated

4mm 
Siltek deactivated

2mm 
Siltek deactivated
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Injection Port Liner
Drilled Uniliner w/ hole

The Uniliner with a hole is a unique liner that can 
be used for both direct and splitless injection.  The 
column is connected at the bottom of the liner, 
eliminating any sample contact with metal below 
the liner.  In order for the carrier gas to be routed 
through the split vent, a hole has been placed on 
the side of the liner.  This hole allows the carrier 
gas to be vented through the split vent line during 
the split operation of the injection port.
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Injection Port Liner
Drilled Uniliner w/ hole

There are two styles of Drilled Uniliner® liners, one with a hole near the top, and a 
second with a hole near the bottom of the liner. The choice of liner is dependent on 

how closely the first compound elutes to the solvent peak. If the first compound 
elutes near the solvent peak, as in Method 8270, the drilled Uniliner® with the hole at 
the bottom of the liner should be used. This allows all the solvent to be flushed out of 
the entire inlet liner, reducing any solvent tailing, which could interfere with the first 

eluting compounds. The drilled Uniliner® with the hole near the top of the liner works 
well when the first compounds elute away from the solvent peak as in ethylene glycol 

in water, or chlorinated pesticide analysis.  

The Drilled Uniliner ® also helps eliminate injection port discrimination for 
the late eluting PAHs.  This is shown in figures 5A and 5B.  Figure 5A shows the 
difference between a pressure pulsed injection versus constant flow for the single 

gooseneck liner.  Figure 5B shows the difference between the Drilled Uniliner ® and 
single gooseneck liner under constant flow condition.  The Drilled Uniliner ® exhibits 

the least amount of injection port discrimination.  
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Figure 5a - Single Gooseneck Liner
(Constant Flow vs Pressure Pulsed Injection)

White = Single Gooseneck LinerWhite = Single Gooseneck Liner

Pressure Pulsed InjectionPressure Pulsed Injection

Red = Single Gooseneck LinerRed = Single Gooseneck Liner

Constant FlowConstant Flow
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Figure 5b - Single Gooseneck vs Drilled Uniliner® Sleeve
(Constant Flow)

White = Drilled UnilinerWhite = Drilled Uniliner

Red = Single Gooseneck LinerRed = Single Gooseneck Liner
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Leak Detectors



1

Optimizing the Analysis of 
Volatile Organic Compounds 

by Purge and Trap. 

USEPA Method 8260



EPA Method 8260B

Purge and Trap

GC

MS Detection



Optimizing P&T for 8260

• Purge 

• Dry Purge

• Desorb Preheat

• Desorb

• Bake

• Traps



Purge

• EPA SW-846 Suggests 11 min. purge @ 40m/min

Heated purge allows less purge time

Always purge at/or below 40ml/min.



Dry Purge

• Avoid using if possible

Does not work with hydrophilic traps

Broadens the gases

Increases P&T Cycle Time



Desorb Preheat

• Trap is heated without flow.

• Typical temp: 5o below desorb temp.

• Minimizes retention on trap.



Desorb

• Trap is backflushed into column.

• Typical time: 2-4min.  

O.I.  ~1min.

Tekmar ~ 2 min.

• Typical flow: 10-80 mL/min.

> 20ml/min best performance

• Typical temp: 180o - 250oC  



Bake

• Trap is baked clean with flow
• Typical time: 8 minutes

Adjust bake using Naphthalene
• Typical temp: 5-10 above desorb
• Do not overhead adsorbents



Vocarb® 3000 Type “K”

Carbopack B

Carboxen 1000

Carboxen 1001

High-Boilers

Volatile
Compounds

Gases

O.I. # 11 Trap  



Vocarb® 3000 Type “K”

• Pros
Low H20, Meoh & CO2 retention
Excellent gas retention
Polar/Non-polars 

• Cons
Variability from trap to trap 
Trap breakdown/contamination

* Suggested for Tekmar Purge & Traps 



Tenax®/silica gel/CMS 

Tenax

Silica Gel

CMS

High-Boilers

Volatile
Compounds

Gases

O.I #10 Trap  



Tenax®/silica gel/CMS 

• Pros
Excellent recoveries of polars
Broad range of analytes 
Very consistent

• Cons
C02 retention
Requires use of moisture control system 

* Suggested for O.I. Purge and Traps.  



Common Types Of Traps

Type of Trap Dry Temp:
Purge MAX

Tenax Yes 220°C
Tenax\Silica Gel No 220°C
Tenax\Silica\Charcoal No 220°C
OV-1\Tenax\
Silica\Charcoal No 230°C
OV-1\Tenax\Silica No 220°C
OV-1\Tenax Yes 220°C
Carbopack B\
Carbosieve S-III Yes 260°C
Vocarb 4000 (4 beds) Yes 270°C
Vocarb 3000 (3 beds) Yes 270°C



Purge & Trap Connection 
Though the Injection Port

• Connect transfer line to carrier gas line on GC  

• Pro: manual injections

• Con: dead volume (overcome with high flows)

• Use 1mm sleeve



Narrow Bore GC Systems

• Desorb at 10-80mL/min. and split desorb flow to 
decrease column flow

• Injection port splitting lowers amount of sample on 
column

• Purge larger volume (25mL) to increase sensitivity

• 0.18 to 0.25mm ID columns

• Improved resolution



Injection Port Connection Setup 
Step #1 -- cut injection port lines.

Attaches to 6890

Split Line

Cut line add 
brass nuts

To P&T
“carrier gas”

Septum 
Purge



Injection Port Connection Setup
Step #2 - install lines

From P&T

Split Line

Septum Purge



Injection Port Connection Setup
Step #3 -gas lines to P&T 

From GC



GC/MS Detectors
• Quadrapole 

• Ion Trap



Tuning GC/MS System

• Tune with PFTBA (FC 43)

• Check tune with BFB 50ng solution

• Must pass criteria



Tuning Objectives

• Maximize all abundances

• Optimize high mass

• Adjust peak width

• Adjust mass assignments



Ion Abundance Criteria:
For 4-Bromofluorobenzene (BFB)

Mass Relative Abundance Criteria
50 15-40% of mass 95
75 30-80% of mass 95
95 Base Peak, 100% Relative Abundance
96 5-9% of mass 95
173 <2% of mass 174
174 >50% of mass 95
175 5-9%  of mass 174
176 >95% but <101% of mass 174
177 5-9% of mass 176



GC/MS
Electron Multiplier

• After Market K&M, ETP 10X more sensitive
• Increase Signal & Noise
• Increase voltage decreases lifetime
• Use at lowest sens. to achieve DL 



• Aldehydes, Amides, Amines 44,58,72,59,30
• Aliphatic Hydrocarbons  43, 57, 71, 85, 99
• Alkylbenzenes 104, 91
• Aromatics (HC) 39, 50, 51, 52, 63, 65, 76, 77, 91
• Ethers 31,45, 59, 73
• Fluorine Containing 50, 69
• Methacrylates 41, 69
• Methyl Ketones 43, 58
• Oxygen Containing 31,45,59,73 
• Sulfur Containing 47,61
• Unsaturated Hydrocarbons 41, 55, 69 

Compound Class & Fragmentation Ions



Contamination and Its Ions

• Silcon 73, 147, 207, 221, 281, 355, 429, 503            

• Rough Vacuum Pump Oil 55-57, 61-67, 81-85, 95-99

• Diffusion Pump Oil 77, 115, 141, 168, 223, 260, 446

• Plasticizers 149, 223, 278



GC/MS Tips

• Use air/water scan for leaks in system

• Monitor 69 area from tune to tune

• Watch source pressure –

– Leaks

– Flows

– Troubleshoot vacuum pump



Air Water Checks



Mass Spectroscopy 
Troubleshooting

• Leaks-

– air/water

– methanol & scan for mass 31

– check source pressure

Lit. #59887 — VOA Guide



Compound-Specific Sensitivity 
Problems and Their Causes

• Leaks

– Dichlorodifluoromethane

– Chloromethane

– Vinyl Chloride

– Bromomethane

– Chloroethane



Compound-Specific Sensitivity 
Problems and Their Causes

• Active Sites

– Bromoform, Bromomethane

– 2-Chloroethyl Vinyl Ether

– Chloroethane

– 1,1,1-Trichloroethane

– 1,1,2,2-Tetrachloroethane

– Ketones



Causes of Ghost Peaks 

• Carryover

• Impurities in the gas supply

• Contamination

• Trap breakdown



Calibration

• Multipoint calibrations diluted in purge & trap 
grade methanol

• Careful with volatile loss (store standards in 
freezer)

• Monitor response of standards (especially gases)



Common Problems

• Water

• Reduced sensitivity

• Sample contamination (ghost peaks)

• Broad peaks and/or tailing peaks



Advances in Surface Advances in Surface Passivation Passivation 
Techniques used for the Analysis Techniques used for the Analysis 

of Sulfur Species in the of Sulfur Species in the 
Petrochemical and Refining Petrochemical and Refining 

IndustriesIndustries

Gary Barone, Marty Higgins,
David A. Smith
Restek Corporation



OutlineOutline

OptionsOptions

Coating processCoating process

Performance dataPerformance data

Effect of moisture on coated surfaceEffect of moisture on coated surface

Other ApplicationsOther Applications



OptionsOptions

Stainless steel (welded / raw)Stainless steel (welded / raw)

Electropolished stainless steelElectropolished stainless steel

Coated stainless steel (CVD)Coated stainless steel (CVD)

Functionalized coated stainless steel Functionalized coated stainless steel 



Chemical Vapor Deposition ProcessChemical Vapor Deposition Process

Thermal decomposition of silanesThermal decomposition of silanes
Amorphous silicon depositionAmorphous silicon deposition
Functionalization of surface if desiredFunctionalization of surface if desired
ProcessProcess

Clean (caustic surfactant; ultrasonic)Clean (caustic surfactant; ultrasonic)
VacuumVacuum
400400ººCC
Applied in vessel or oven chamberApplied in vessel or oven chamber

Total 3D coverage, not lineTotal 3D coverage, not line--ofof--sightsight
High volume (size dependent)High volume (size dependent)



Coating Cross SectionCoating Cross Section



GDGD--OES Depth ProfileOES Depth Profile



Secondary EnhancementsSecondary Enhancements

Amorphous silicon depositionAmorphous silicon deposition
Up to 20um in depthUp to 20um in depth

Multiple layers to eliminate pinMultiple layers to eliminate pin--holesholes

Enhances corrosion resistanceEnhances corrosion resistance

Additional organic functionalization Additional organic functionalization 
possiblepossible

Decrease of pinDecrease of pin--holesholes

Improving surface inertnessImproving surface inertness



Patented FunctionalizationPatented Functionalization



Coating Coating 
AppearancesAppearances



Common Coated ComponentsCommon Coated Components

Sampling SystemsSampling Systems
Transfer TubingTransfer Tubing
ValvingValving
Particle FiltersParticle Filters
Tube Fittings and AdaptorsTube Fittings and Adaptors
Sample Cylinders; Outage TubesSample Cylinders; Outage Tubes
Analyzer componentsAnalyzer components
Continuous Emission Monitoring (CEM) Continuous Emission Monitoring (CEM) 
equipmentequipment



Inertness:  Amorphous Silicon and SurfaceInertness:  Amorphous Silicon and Surface--
Functionalized Amorphous SiliconFunctionalized Amorphous Silicon

Both coatings are based on Chemical Both coatings are based on Chemical 
Vapor Deposition process.  Similar Vapor Deposition process.  Similar 
physical propertiesphysical properties
Amorphous siliconAmorphous silicon

recommended if level of active compounds is recommended if level of active compounds is 
1010--50 50 ppmppm or higheror higher

FunctionalizedFunctionalized
ideal for extremely lowideal for extremely low--level, <1ppb and up, level, <1ppb and up, 
transfer and storage of active compoundstransfer and storage of active compounds



InertnessInertness

Application:  Reduce activity of substrate Application:  Reduce activity of substrate 
(i.e., stainless steel) to minimize (i.e., stainless steel) to minimize 
adsorption of compounds adsorption of compounds 

Coated system products deliver better Coated system products deliver better 
reproducibility and accuracy by reducing reproducibility and accuracy by reducing 
holdhold--up of active compoundsup of active compounds



Current ApplicationsCurrent Applications

Sulfurs:  Application areasSulfurs:  Application areas
Natural Gas; LPGNatural Gas; LPG

Ethylene; PropyleneEthylene; Propylene

Fuel CellsFuel Cells

Petrochemical process StreamsPetrochemical process Streams

Beverage Grade COBeverage Grade CO22 (Soda/Beer)(Soda/Beer)

Flavor (Wine/Beer)Flavor (Wine/Beer)



FlowFlow--through datathrough data

100’ 1/8” x .020” tubing100’ 1/8” x .020” tubing
Standard Standard weldlessweldless 316L316L

Electropolished 316LElectropolished 316L

aa--silicon coated EP 316Lsilicon coated EP 316L

0.5ppmv 0.5ppmv methylmercaptanmethylmercaptan in Hein He

SCD detectionSCD detection

Data courtesy of Shell Research Data courtesy of Shell Research 
Technology Centre, AmsterdamTechnology Centre, Amsterdam



Effectiveness of coated transfer Effectiveness of coated transfer 
systems to reduce holdsystems to reduce hold--up:  up:  

Methyl Methyl MercaptanMercaptan



Inert surface eliminates Inert surface eliminates 
“memory” effect common with “memory” effect common with 
transfer of active compoundstransfer of active compounds



Testing System for Sulfur Gas Storage & Testing System for Sulfur Gas Storage & 
TransferTransfer

Coated/uncoated sample cylinders and sample Coated/uncoated sample cylinders and sample 
valvesvalves
Coated sampling system (transfer line, sampling Coated sampling system (transfer line, sampling 
valve, 1ml sample loop)valve, 1ml sample loop)
48hr (minimum) containment of dry sample48hr (minimum) containment of dry sample
55ppbv reference standard55ppbv reference standard
DimethylDimethyl sulfide internal standardsulfide internal standard



Complete Sulfur Analysis SystemComplete Sulfur Analysis System

SCD

1mL sample 
loop

Orifice = 0.0060"

Sample cylinder

He carrier

GC Oven



17ppbv H17ppbv H22S Containment in 500ml S Containment in 500ml 
CylindersCylinders
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Stability Study TestStability Study Test

11ppbv11ppbv
6 days stability study6 days stability study
Reference std is at 55ppbvReference std is at 55ppbv
DimethylDimethyl sulfide as internal sulfide as internal 
standardstandard
Coated Sampling Cans (n=18)Coated Sampling Cans (n=18)
Humidified (Humidified (rhrh=50%) Coated =50%) Coated 
Sampling Cans (n=5)Sampling Cans (n=5)
Electropolished Cans (n=2)Electropolished Cans (n=2)



HH22S at 11ppbv in 6l Air Sampling S at 11ppbv in 6l Air Sampling 
CansCans
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Methyl Methyl MercaptanMercaptan at 11ppbv in 6l Air at 11ppbv in 6l Air 
Sampling CansSampling Cans
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Other Applications:  Transfer of Other Applications:  Transfer of 
20ppb sulfur standard spiked in 20ppb sulfur standard spiked in 

beverage grade CObeverage grade CO22

H2S COS
methyl

mercaptan

ethyl mercaptan
DMS

dimethyl
disulfide

SO2



Quality testing of beer using Quality testing of beer using 
coated systemcoated system

H2S

methyl 
mercaptan

ethyl mercaptan
DMS

Unknown

TSC*  82 ppb

10 



Effect of moistureEffect of moisture

Coatings decrease adsorption of water, Coatings decrease adsorption of water, 
hydrophobichydrophobic

Leads to quicker removal of moisture through Leads to quicker removal of moisture through 
sampling linessampling lines

Components less susceptible to corrosionComponents less susceptible to corrosion

Faster cycle times and increased accuracy Faster cycle times and increased accuracy 
with less moisture holdwith less moisture hold--up in tubingup in tubing

Several coatings and surfaces availableSeveral coatings and surfaces available



Moisture DataMoisture Data

1ppm moisture, 0.35slpm1ppm moisture, 0.35slpm

Amount of time to equilibrate a 1ppm moisture Amount of time to equilibrate a 1ppm moisture 
sample through 100 feet of dry tubing:sample through 100 feet of dry tubing:

Commercial Seamless 316L tubing:Commercial Seamless 316L tubing:
180 minutes  (96% equilibrated)180 minutes  (96% equilibrated)

Electropolished Seamless 316L tubing:Electropolished Seamless 316L tubing:
60 minutes (98% equilibrated)60 minutes (98% equilibrated)

aa--silicon coated esilicon coated e--polished seamless 316L tubingpolished seamless 316L tubing
30 minutes (98% equilibrated)30 minutes (98% equilibrated)



Moisture Data (cont)Moisture Data (cont)

Time to dry 100’ tubing wetted with 1ppm Time to dry 100’ tubing wetted with 1ppm 
of moisture when connected to a dry purgeof moisture when connected to a dry purge

Commercial Seamless 316L tubing:Commercial Seamless 316L tubing:
175 minutes175 minutes

Electropolished Seamless 316L tubing:Electropolished Seamless 316L tubing:
65 minutes65 minutes

aa--silicon coated esilicon coated e--polished seamless 316L polished seamless 316L 
tubingtubing

35 minutes35 minutes



Additional Benefits of aAdditional Benefits of a--silicon silicon 
layerlayer

Corrosion Resistant.  aCorrosion Resistant.  a--silicon layer silicon layer 
improves corrosion resistance inimproves corrosion resistance in

Acidic environmentsAcidic environments

Marine environmentsMarine environments

AntiAnti--Coking.  Coating barrier eliminates Coking.  Coating barrier eliminates 
catalytic effect of catalytic effect of substractsubstract..

UltraUltra--HighHigh--Vacuum (UHV).  Reduces Vacuum (UHV).  Reduces 
outgassing of vacuum components.outgassing of vacuum components.



Corrosion ResistanceCorrosion Resistance

Stainless steel surfaces susceptible to Stainless steel surfaces susceptible to 
attack from hydrochloric acid, sulfuric acid attack from hydrochloric acid, sulfuric acid 
and nitric acidand nitric acid

Is it possible to Enhance Corrosion Is it possible to Enhance Corrosion 
resistance by deposition of an amorphous resistance by deposition of an amorphous 
silicon layer?  silicon layer?  

Silicon is insoluble in hydrochloric acid, Silicon is insoluble in hydrochloric acid, 
sulfuric acid and nitric acidsulfuric acid and nitric acid



BenefitsBenefits

To extend lifetimes of equipment exposed To extend lifetimes of equipment exposed 
to corrosive environments and/or process to corrosive environments and/or process 
streamsstreams

Protection of high value equipment in Protection of high value equipment in 
corrosive environmentscorrosive environments



Known ApplicationsKnown Applications

Enhancing corrosion resistance in Marine Enhancing corrosion resistance in Marine 
environmentsenvironments

Process streams containing HClProcess streams containing HCl

Protection of Continuous Emissions Protection of Continuous Emissions 
Monitoring Equipment (Nitric and Sulfuric Monitoring Equipment (Nitric and Sulfuric 
acid)acid)

Use in Automotive Exhaust  test Use in Automotive Exhaust  test 
equipment (Nitric and Sulfuric acid)equipment (Nitric and Sulfuric acid)



AntiAnti--CokingCoking

In applications of heated hydrocarbon In applications of heated hydrocarbon 
transfer, carbon deposits can formtransfer, carbon deposits can form

Carbon deposits are catalyzed by nickel, Carbon deposits are catalyzed by nickel, 
sulfur and carbon in steel latticesulfur and carbon in steel lattice

The functionalized aThe functionalized a--siliconsilicon coating coating 
produces a barrier that eliminates catalytic produces a barrier that eliminates catalytic 
carbon buildupcarbon buildup



AntiAnti--Coking DataCoking Data

Semih Eser; PSU Prof. Fuel SciencesSemih Eser; PSU Prof. Fuel Sciences
8x improvement over raw 316L8x improvement over raw 316L

Carbon Deposits from JP-8 Fuel on 
Various Types of Tubing
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UltraUltra--High Vacuum applicationsHigh Vacuum applications

aa--silicon layer releases moisture from surface silicon layer releases moisture from surface 
more readily in vacuummore readily in vacuum
Layer acts as a Layer acts as a boundryboundry to reduce outgassing of to reduce outgassing of 
hydrocarbons and moisture from coated hydrocarbons and moisture from coated 
components used in vacuum systemscomponents used in vacuum systems
Reduced outgassing rate by 14x @10 hrs of Reduced outgassing rate by 14x @10 hrs of 
pumpingpumping
Consistently outperforms cleaned partsConsistently outperforms cleaned parts
Eliminates Eliminates bakeoutbakeout
Faster pump downFaster pump down
Lower base pressure with smaller pumpsLower base pressure with smaller pumps





Conclusions/FutureConclusions/Future

Continual process improvement and new Continual process improvement and new 
product developmentproduct development

HardnessHardness
Improved corrosion resistanceImproved corrosion resistance
Customized surfacesCustomized surfaces

Develop Corrosion data comparing coating on Develop Corrosion data comparing coating on 
different substratesdifferent substrates

Enhancement of Carbon SteelEnhancement of Carbon Steel
Protection of high nickel alloysProtection of high nickel alloys
Value of coating in marine environmentsValue of coating in marine environments
Application of coating to valves & fastenersApplication of coating to valves & fasteners



AcknowledgementsAcknowledgements

SwagelokSwagelok®® CompanyCompany

O’Brien CorporationO’Brien Corporation

HaritecHaritec Scientific & Engineering SupportScientific & Engineering Support

Shell Research and Technology CentreShell Research and Technology Centre

MatcoMatco AssociatesAssociates



Improved Sensitivity and Analysis Time Improved Sensitivity and Analysis Time 
for for SemivolatileSemivolatile Organic Compounds Organic Compounds 

Using GCUsing GC--TOFMS : Can This Analysis TOFMS : Can This Analysis 
Really be Performed in Less Than 10Really be Performed in Less Than 10--

Minutes?Minutes?

Frank Dorman, Gary Stidsen, Chris English,         Frank Dorman, Gary Stidsen, Chris English,         
Michael WittrigMichael Wittrig

Restek Corporation, Bellefonte, PARestek Corporation, Bellefonte, PA

Jack CochranJack Cochran
LECO Corporation, Las Vegas, NVLECO Corporation, Las Vegas, NV



Desires of GC AnalystsDesires of GC Analysts

Higher Sample ThroughputHigher Sample Throughput
–– Lowers cost/sampleLowers cost/sample
–– Increases sample capacityIncreases sample capacity
–– Fewer instruments to accomplish same Fewer instruments to accomplish same 

workloadworkload

Better ResolutionBetter Resolution
–– Can allow for shorter run timesCan allow for shorter run times
–– Improves quantitationImproves quantitation
–– Can allow for analysis of very complex Can allow for analysis of very complex 

matricesmatrices



USEPA Method 8270USEPA Method 8270

GCGC--MS, Full ScanMS, Full Scan
–– 6 to 7 data points across peak is minimum 6 to 7 data points across peak is minimum 

recommendationrecommendation
–– 20 to 25 minute analysis time is practical 20 to 25 minute analysis time is practical 

limitation if using “conventional” limitation if using “conventional” MSD’sMSD’s
–– 20 to 160 20 to 160 ngng calibrations calibrations –– will overload most will overload most 

columns suitable for the analysiscolumns suitable for the analysis
–– Extracts may have high concentration of coExtracts may have high concentration of co--

extractable compoundsextractable compounds
–– Instrumentally intensive Instrumentally intensive –– routine maintenanceroutine maintenance



How Many data points are enough to How Many data points are enough to 
characterize a peak?characterize a peak?



Sampling Frequency Limitations Sampling Frequency Limitations 
of Quads and Ion Traps Canof Quads and Ion Traps Can

Cause Peak BiasingCause Peak Biasing



If we want to approach the 10If we want to approach the 10--
minute analysis time range, we will minute analysis time range, we will 

need to change something…need to change something…

Scan rate?Scan rate?
–– Most are running as fast as possibleMost are running as fast as possible

Scan RangeScan Range
–– Not practicalNot practical

TimeTime--ofof--Flight MS?Flight MS?
–– Can’t sacrifice sensitivity, or calibration rangeCan’t sacrifice sensitivity, or calibration range

–– Can’t add significant amount of maintenanceCan’t add significant amount of maintenance

–– Feasible???Feasible???



Major Benefits of TOFMSMajor Benefits of TOFMS
Full mass spectrum acquiredFull mass spectrum acquired
Full mass range sensitivityFull mass range sensitivity
–– Low pg range for most compoundsLow pg range for most compounds

Fast acquisition ratesFast acquisition rates
–– Up to hundreds of spectra/secUp to hundreds of spectra/sec
–– Defines narrow peaks from fast GC techniquesDefines narrow peaks from fast GC techniques

Automated peak findAutomated peak find
–– Find compounds buried beneath matrixFind compounds buried beneath matrix
–– Locate nonLocate non--target compoundstarget compounds

Spectral Spectral deconvolutiondeconvolution
–– Produce quality mass spectra from coeluting Produce quality mass spectra from coeluting 

peakspeaks
–– Library search Library search deconvoluteddeconvoluted spectraspectra



LECO Pegasus III GCLECO Pegasus III GC--TOFMSTOFMS

Make ionsMake ions

Pulse them down a Pulse them down a 
flight tubeflight tube

Arrival at detector Arrival at detector 
is by timeis by time--ofof--flightflight
–– Low mass = fasterLow mass = faster

–– High mass = slowerHigh mass = slower

Detect ionsDetect ions



Sampling Frequency Limitations Sampling Frequency Limitations 
of Quads and Ion Traps Canof Quads and Ion Traps Can

Cause Peak BiasingCause Peak Biasing



PAH Standard PAH Standard –– TICTIC
PhenanthrenePhenanthrene--D10, D10, PhenanthrenePhenanthrene, , 

AnthraceneAnthracene



Spectral ReproducibilitySpectral Reproducibility
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Peak Find at 40 Spectra/secPeak Find at 40 Spectra/sec
Metolachlor 238

Malathion 158

Fenthion 278

Chlorpyrifos 199

Parathion 291

DCPA 301

Cyanazine 68

Isodrin 193

Trichloronat 269

9 peaks located.



2 Spectra/sec2 Spectra/sec

Typical scanning instrument rate

Automated peak find is not possible.



8270 Experiment8270 Experiment

SilaryleneSilarylene--based, Rtxbased, Rtx--5Sil MS GC column5Sil MS GC column
–– Low bleed, high Low bleed, high TmaxTmax

Split InjectionSplit Injection
–– Sharper Peaks, narrower peak widthSharper Peaks, narrower peak width
–– Better sample handling for contaminated samplesBetter sample handling for contaminated samples

TOFMSTOFMS
–– Record full scan data at necessary rateRecord full scan data at necessary rate

Analyze “real” samples and compare to “accepted Analyze “real” samples and compare to “accepted 
values”values”
–– Technique needs to be equivalent, at a minimum for Technique needs to be equivalent, at a minimum for 

acceptance by environmental communityacceptance by environmental community



GC ConditionsGC Conditions
Split injectionSplit injection
–– 4mm Restek Siltek liner with Siltek wool4mm Restek Siltek liner with Siltek wool
–– One microliter at 250°COne microliter at 250°C
–– Split ratio 50:1Split ratio 50:1
–– 10m10m x 0.18mm x 0.18µm x 0.18mm x 0.18µm Restek RtxRestek Rtx--5SilMS 5SilMS columncolumn
–– Constant flow helium, 2 mL/minuteConstant flow helium, 2 mL/minute

GC oven programGC oven program
–– 40°C (0.1 min), 30°/min to 340°(0  min)40°C (0.1 min), 30°/min to 340°(0  min)
–– 25 sec solvent delay25 sec solvent delay
–– Total run time: 10 minTotal run time: 10 min



GC Column SelectionGC Column Selection

Short and narrow bore for rapid analysisShort and narrow bore for rapid analysis
–– 10m x 0.18mm x 0.18µm Rtx10m x 0.18mm x 0.18µm Rtx--5SilMS5SilMS
–– 2 2 mLmL/min He = ~130 cm/sec linear velocity/min He = ~130 cm/sec linear velocity

Maximum operating temperature of 340°CMaximum operating temperature of 340°C
–– Necessary when fast oven programming is used Necessary when fast oven programming is used 

so all compounds elute on rampso all compounds elute on ramp
–– Low bleed means low background to MSLow bleed means low background to MS

High degree of inertnessHigh degree of inertness
–– Analyzing many active compounds, including Analyzing many active compounds, including 

acids and basesacids and bases



TOFMS ConditionsTOFMS Conditions
LECO Pegasus IIILECO Pegasus III

Source temperature:  250°CSource temperature:  250°C

Electron ionization:  70 eVElectron ionization:  70 eV

Stored mass range:  35 to 500 uStored mass range:  35 to 500 u

Acquisition rate:  20 spectra/secAcquisition rate:  20 spectra/sec



CalibrationCalibration

20 to 160 20 to 160 ng/uLng/uL
–– At 50:1 split ratioAt 50:1 split ratio

Can we go even lower?Can we go even lower?
–– Go as far as reasonably possible until we have Go as far as reasonably possible until we have 

linearity or sensitivity issues…linearity or sensitivity issues…

–– 8270, and 525 in 1 run?8270, and 525 in 1 run?



160 160 ng/uLng/uL 8270 Calibration Standard 8270 Calibration Standard -- tictic



20ng/uL 8270 Calibration Standard 20ng/uL 8270 Calibration Standard -- tictic



20ng/uL Cal Std.20ng/uL Cal Std.

BenzoBenzo--ghighi--peryleneperylene

Ind.Ind.--123123--pyrenepyrene
DbDb--a,ha,h--anthanth..

m/zm/z 276276
m/zm/z 278278



20 20 ng/uLng/uL cal Stdcal Std

2,42,4--DNPDNP

m/zm/z=184=184



1.0 1.0 ng/uLng/uL Cal Std.Cal Std.

BenzoBenzo--ghighi--peryleneperylene

DbDb--a,ha,h--anthanth..

Ind.Ind.--123123--pyrenepyrene

m/zm/z 276276

m/zm/z 278278



1.0 1.0 ng/uLng/uL Cal StdCal Std

2,42,4--DNPDNP

m/zm/z=184=184



0.2 0.2 ng/uLng/uL 8270 Calibration Standard8270 Calibration Standard

BenzoBenzo--ghighi--peryleneperylene
DbDb--a,ha,h--anthanth..

Ind.Ind.--123123--pyrenepyrene

m/zm/z 276276

m/zm/z 278278



NN--nitrosodipropylaminenitrosodipropylamine Calibration Curve 0.2 to 160 ppmCalibration Curve 0.2 to 160 ppm



HexachlorobutadieneHexachlorobutadiene Calibration Curve 0.2 to 160 Calibration Curve 0.2 to 160 ng/uLng/uL



IndenoIndeno--1,2,31,2,3--cd cd pyrenepyrene Calibration Curve 0.2 Calibration Curve 0.2 –– 160 160 ng.uLng.uL



AnalyteAnalyte NameName RFRF % RSD RF% RSD RF
11 NN--nitrosodimethylaminenitrosodimethylamine 1.03551.0355 8.29458.2945
22 22--FluorophenolFluorophenol 1.26801.2680 7.64507.6450
33 PhenolPhenol--d6d6 .3376.3376 6.72956.7295
44 PhenolPhenol 1.71261.7126 8.11288.1128
55 22--ChlorophenolChlorophenol--d4d4 1.27841.2784 8.72058.7205
66 Bis(2Bis(2--chloroethyl) etherchloroethyl) ether 1.76561.7656 10.31210.312
77 22--ChlorophenolChlorophenol 1.32721.3272 8.38918.3891
88 1,31,3--DichlorobenzeneDichlorobenzene 1.48161.4816 8.81888.8188
1010 1,41,4--DichlorobenzeneDichlorobenzene 1.53001.5300 9.39369.3936
1212 1,21,2--DichlorobenzeneDichlorobenzene 1.41621.4162 9.87439.8743
1313 Benzyl alcoholBenzyl alcohol 0.621290.62129 5.49285.4928
1414 22--MethylphenolMethylphenol 1.00141.0014 7.56797.5679
1515 Bis(2Bis(2--Chloroisopropyl) etherChloroisopropyl) ether 4.05644.0564 10.86510.865
1616 NN--nitrosodipropylaminenitrosodipropylamine 1.05311.0531 6.85096.8509
1717 44--MethylphenolMethylphenol 1.39621.3962 7.61467.6146
1818 HexachloroethaneHexachloroethane 0.637590.63759 6.31536.3153
2020 NitrobenzeneNitrobenzene 0.798930.79893 5.74475.7447

Calibration: 0.2 Calibration: 0.2 –– 160 160 ng/uLng/uL



AnalyteAnalyte NameName RFRF % RSD RF% RSD RF
2525 2,42,4--DichlorophenolDichlorophenol 0.450400.45040 5.49325.4932
2626 Benzoic acidBenzoic acid 0.281410.28141 6.01576.0157
2727 1,2,41,2,4--TrichlorobenzeneTrichlorobenzene 0.505280.50528 6.28146.2814
3030 44--ChloroanilineChloroaniline 0.768420.76842 5.88205.8820
3131 HexachlorobutadieneHexachlorobutadiene 0.208240.20824 7.29817.2981
3232 44--ChloroChloro--33--methyl phenolmethyl phenol 0.526510.52651 4.28074.2807
3333 22--MethylnaphthaleneMethylnaphthalene 0.779410.77941 7.00697.0069
3434 HexachlorocyclopentadieneHexachlorocyclopentadiene 0.580970.58097 4.90044.9004
3535 2,4,62,4,6--TrichlorophenolTrichlorophenol 0.654940.65494 6.35126.3512
3636 2,4,52,4,5--TrichlorophenolTrichlorophenol 0.750730.75073 4.26574.2657
3737 22--FluorobiphenylFluorobiphenyl 2.09502.0950 8.77638.7763
3838 22--ChloronaphthaleneChloronaphthalene 2.35692.3569 7.48877.4887
3939 22--NitroanilineNitroaniline 1.21661.2166 3.47483.4748
4040 Dimethyl phthalateDimethyl phthalate 2.44812.4481 5.84205.8420
4141 AcenaphthyleneAcenaphthylene 3.31823.3182 8.23508.2350
4242 2,62,6--DinitrotolueneDinitrotoluene 0.549130.54913 5.32935.3293
4444 33--NitroanilineNitroaniline 0.683620.68362 11.63911.639
4545 AcenaphtheneAcenaphthene 1.70451.7045 8.17458.1745
4646 2,42,4--DinitrophenolDinitrophenol 0.257910.25791 8.76828.7682

Calibration: 0.2 Calibration: 0.2 –– 160 160 ng/uLng/uL



Calibration: 0.2 Calibration: 0.2 –– 160 160 ng/uLng/uL
AnalyteAnalyte NameName RFRF % RSD RF% RSD RF
4747 DibenzofuranDibenzofuran 2.79902.7990 8.37698.3769
4848 44--NitrophenolNitrophenol 0.563340.56334 7.91277.9127
4949 2,42,4--DinitrotolueneDinitrotoluene 0.755610.75561 7.49137.4913
5050 FluoreneFluorene 1.90271.9027 6.71426.7142
5151 Diethyl phthalateDiethyl phthalate 2.72422.7242 5.18455.1845
5252 44--Chlorophenyl phenyl etherChlorophenyl phenyl ether 0.967730.96773 6.51606.5160
5353 44--NitroanilineNitroaniline 0.683710.68371 11.67811.678
5454 4,64,6--DinitroDinitro--22--methylphenolmethylphenol 0.172430.17243 12.03912.039
5555 NN--NitrosodiphenylamineNitrosodiphenylamine 0.741670.74167 5.75465.7546
5656 2,4,62,4,6--TribromophenolTribromophenol 0.161200.16120 6.68406.6840
5959 PentachlorophenolPentachlorophenol 0.173310.17331 7.84757.8475
6161 PhenanthrenePhenanthrene 1.58891.5889 9.31799.3179
6262 AnthraceneAnthracene 1.62951.6295 5.27925.2792
6363 CarbazoleCarbazole 1.49021.4902 4.56254.5625
6464 DibutylDibutyl phthalatephthalate 2.39772.3977 4.83144.8314
6565 FluorantheneFluoranthene 1.33181.3318 4.15214.1521
6666 PyrenePyrene 2.80872.8087 14.55014.550
6868 Butyl benzyl phthalateButyl benzyl phthalate 1.32791.3279 9.55549.5554



Data ComparisonData Comparison

15 samples analyzed, ranging from 15 samples analyzed, ranging from 
extraction blanks and extraction blanks and LCS’sLCS’s to to 

highly contaminated soilshighly contaminated soils



13.03328.72N-nitrosodipropylamine

-9.83437.34Bis(2-Chloroisopropyl) ether

2.33534.182-Methylphenol

-2.63535.91Benzyl alcohol

-16.63034.991,2-Dichlorobenzene

0.95655.471,2-Dichlorobenzene-d4

-18.13035.421,4-Dichlorobenzene

-12.93135.011,3-Dichlorobenzene

-14.63337.812-Chlorophenol

-14.43438.91Bis(2-chloroethyl) ether

-5.17881.982-Chlorophenol-d4

-27.03443.18Phenol

1.37876.99Phenol-d6

-2.57778.942-Fluorophenol

-25.52835.15N-nitrosodimethylamine

% Difference 
TOF -vs- STL

STL    
Value

TOF 
ConcentrationTarget Compound

K5LCSK5LCS



65.24.81.67Bis(2-ethylhexyl) phthalate

-10.50.380.42p-Terphenyl-d14

-2.747.3848.672,4,6-Tribromophenol

-7.937.1640.112-Fluorobiphenyl

6.846.9443.77Nitrobenzene-d5

8.51.31.194-Methylphenol

5.01.41.332-Methylphenol

4.046.9745.111,2-Dichlorobenzene-d4

1.467.4666.532-Chlorophenol-d4

11.370.262.26Phenol-d6

3.467.9565.612-Fluorophenol

% Difference 
TOF -vs- STL

STL    
Value

TOF 
ConcentrationTarget Compound

575095575095



575093 (Run at  1:1)575093 (Run at  1:1)

Aliphatic MixtureAliphatic Mixture

BisBis--22--(ethylhexyl)Phthalate(ethylhexyl)Phthalate



-61.540256500Bis(2-ethylhexyl) phthalate

-45.02434.812-Fluorobiphenyl

-60.72032.14Nitrobenzene-d5

-34.82736.391,2-Dichlorobenzene-d4

-95.03568.252-Chlorophenol-d4

-90.73464.83Phenol-d6

100.03202-Fluorophenol

% Difference 
TOF -vs- STL

STL    
ValueTOF ConcentrationTarget Compound

575093 D1575093 D1



29.028.0619.92N-nitrosodipropylamine

-12.626.7330.1Bis(2-Chloroisopropyl) ether

1.129.5829.242-Methylphenol

11.529.9126.46Benzyl alcohol

-15.525.5429.51,2-Dichlorobenzene

5.745.542.891,2-Dichlorobenzene-d4

-12.126.0429.191,4-Dichlorobenzene

-11.625.5328.481,3-Dichlorobenzene

1.130.4730.122-Chlorophenol

-3.528.4729.48Bis(2-chloroethyl) ether

6.764.9860.642-Chlorophenol-d4

-230.416.0352.97Phenol

-55.962.196.83Phenol-d6

NDND2-Fluorophenol

-133.940.193.81N-nitrosodimethylamine

% Difference 
TOF -vs- STL

STL    
Value

TOF 
ConcentrationTarget Compound

575093MS575093MS



574951 7:1000 Dilution 574951 7:1000 Dilution -- tictic

PAH Contamination SamplePAH Contamination Sample



-6.845104818.633.72Phenanthrene

-103.642.8287.20.612,4,6-Tribromophenol

-16.016811949.213.64Fluorene

-16.513121529.010.7Dibenzofuran

-8.911481250.48.75Acenaphthene

-23.68611064.67.45Acenaphthylene

35.868.9944.30.312-Fluorobiphenyl

-1.223782406.416.842-Methylnaphthalene

-16.865607660.953.61Naphthalene

ND45.70.32Nitrobenzene-d5

47.273.1438.60.271,2-Dichlorobenzene-d4

-10.955.4261.40.432-Chlorophenol-d4

ND65.70.46Phenol-d6

-24.849.2561.40.432-Fluorophenol

% Difference 
TOF -vs- STL

STL    
Value

Corrected 
Concentration

TOF 
Concentration 

at DF=142.9Target Compound

574951574951



8.2221202.91.42Benzo[ghi]perylene

22.412798.60.69Dibenz[ah]anthracene

-35.0254343.02.4Indeno[123-cd]pyrene

31.3738507.33.55Benzo[a]pyrene

62.7697260.11.82Benzo[k]fluoranthene

-65.4533881.76.17Benzo[b]fluoranthene

ND48.60.34Bis(2-ethylhexyl) phthalate

14.4943807.45.65Chrysene

-11.110661184.68.29Benzo[a]anthracene

49.876.8838.60.27p-Terphenyl-d14

-18.318452182.115.27Pyrene

1.325012469.317.28Fluoranthene

ND614.54.3Carbazole

-1.321322160.615.12Anthracene

% Difference 
TOF -vs- STL

STL    
Value

Corrected 
Concentration

TOF 
Concentration 

at DF=142.9Target Compound

574951 574951 -- continuedcontinued



Did we pass?Did we pass?

Data are comparableData are comparable
–– Very few values are outside the accepted error rangeVery few values are outside the accepted error range

Data processing time is similarData processing time is similar
–– Spectral quality from TOFMS is generally more Spectral quality from TOFMS is generally more 

accurate, and automaticaccurate, and automatic

Analysis time goals were metAnalysis time goals were met
Calibration passes all USEPA method Calibration passes all USEPA method 
requirements (8270, OLM, 625, 525, etc…)requirements (8270, OLM, 625, 525, etc…)
Sensitivity improvement by 10 to 20 foldSensitivity improvement by 10 to 20 fold
–– Even using split injectionEven using split injection



ConclusionsConclusions
Fast GCFast GC--TOFMS TOFMS 

–– Quantification of actual samples similar to “accepted” techniqueQuantification of actual samples similar to “accepted” technique

»» Analysis time improved versus conventional GCAnalysis time improved versus conventional GC--MSMS

»» Sensitivity ImprovementSensitivity Improvement

–– Analysis times of less than 10 minutes are possibleAnalysis times of less than 10 minutes are possible

–– Low pg sensitivity with full mass spectrumLow pg sensitivity with full mass spectrum

–– Automated data handlingAutomated data handling

RtxRtx--5Sil MS column performed very well5Sil MS column performed very well

–– Inertness, even at low concentrations, was excellentInertness, even at low concentrations, was excellent

–– Met all separation needsMet all separation needs

Fast GCFast GC--TOFMS should have little downtimeTOFMS should have little downtime

–– Split injectionSplit injection

–– Inert, high temperature stable GC columnInert, high temperature stable GC column

–– No mass spectrometer source cleaningNo mass spectrometer source cleaning

Complete data comparison is availableComplete data comparison is available



Methods of Analysis of Methods of Analysis of 
Polychlorinated Biphenyl Polychlorinated Biphenyl 

Congeners Using an Congeners Using an 
ApplicationApplication--Specific Specific 
Capillary GC ColumnCapillary GC Column

Frank L. Dorman, Gary B. Stidsen, Chris M. Frank L. Dorman, Gary B. Stidsen, Chris M. 
English and Lydia NolanEnglish and Lydia Nolan

Restek Corporation, Bellefonte, PARestek Corporation, Bellefonte, PA

Jack CochranJack Cochran
LECO Corporation, Las Vegas, NVLECO Corporation, Las Vegas, NV



209 Possible PCB Congeners209 Possible PCB Congeners
7 Indicator Congeners (European):7 Indicator Congeners (European):

28,52,101,118,138,153,18028,52,101,118,138,153,180
Indicate presence/absence of PCB’sIndicate presence/absence of PCB’s

12 Most Toxic Congeners (WHO):12 Most Toxic Congeners (WHO):
77,81,126,16977,81,126,169
105, 114, 118, 123, 156, 157, 167, 189105, 114, 118, 123, 156, 157, 167, 189
Have DioxinHave Dioxin--like behaviorlike behavior

136 Congeners in Aroclor Products136 Congeners in Aroclor Products
Frame, et. al. (Frame, et. al. (FreseniusFresenius J. Anal .Chem. 357, 714J. Anal .Chem. 357, 714--22)22)
Add 126, 81, 169, and 209Add 126, 81, 169, and 209

140 Congeners should satisfy almost everyone140 Congeners should satisfy almost everyone



Analytical TechniquesAnalytical Techniques

GCGC--MSMS
Pros:Pros:

Allows for spectral separation of coeluting Allows for spectral separation of coeluting 
congeners of different chlorination levelcongeners of different chlorination level
Single columnSingle column
Common instrumentation in many laboratoriesCommon instrumentation in many laboratories

Cons:Cons:
Moderate sensitivityModerate sensitivity



Analytical TechniquesAnalytical Techniques

GCGC--ECDECD
Pros:Pros:

High SensitivityHigh Sensitivity
Simplest instrumentationSimplest instrumentation
Common instrumentation in many laboratoriesCommon instrumentation in many laboratories

Cons:Cons:
Dual column system usually necessaryDual column system usually necessary
Must have chromatographic separationMust have chromatographic separation



Analytical TechniquesAnalytical Techniques

GCxGCGCxGC--TOFMS (GCxGC TOFMS (GCxGC –– ECD)ECD)
Pros:Pros:

Allows for spectral separation of coeluting Allows for spectral separation of coeluting 
congeners of different chlorination levelcongeners of different chlorination level
Sensitivity improvement Sensitivity improvement ––vsvs-- GCGC--MSMS
Increase in peak capacity for chromatographic Increase in peak capacity for chromatographic 
separationseparation

Cons:Cons:
Instrumentally more complexInstrumentally more complex
Commercial instrumentation only recently availableCommercial instrumentation only recently available



Which GC Column?Which GC Column?

Identification of all 209 available on many Identification of all 209 available on many 
phasesphases
RtxRtx--PCBPCB column designed for this analysiscolumn designed for this analysis

Greatest number of resolved congenersGreatest number of resolved congeners
High thermal stabilityHigh thermal stability

RtxRtx--XLB column good for GCXLB column good for GC--MSMS
RtxRtx--1, 5, 1, 5, CLPesticidesCLPesticides, CLPesticides2, , CLPesticides2, 
440440, Dioxin2, 500, 35, 1301, etc…, Dioxin2, 500, 35, 1301, etc…



DioxinDioxin--like PCBslike PCBs
PCB#PCB# ClCl## ClCl Pos.Pos. PCB#PCB# ClCl##

156156 66
66
66
66

77

157157
167167

105105 55 234234--3434 169169 345345--345345

189189
114114 55 23452345--44
118118 55 245245--3434 23452345--345345

ClCl Pos.Pos.
3434--3434 23452345--3434

234234--345345
245245--345345

126126 55 345345--3434

345345--44

345345--2424

7777 44
8181 44

123123 55

World Health Organization, nonWorld Health Organization, non-- and monoand mono--orthoortho substitutedsubstituted



Toxicity of PCBsToxicity of PCBs
Planar shapePlanar shape
Fit in a 3x10Å rectangleFit in a 3x10Å rectangle
Chlorines on the cornersChlorines on the corners

Binds with Ah receptor, like Binds with Ah receptor, like 
dioxinsdioxins

Toxicity Equivalency Toxicity Equivalency 
FactorsFactors

23782378--TCDD = 1.0TCDD = 1.0
PCB 77 = 0.0001PCB 77 = 0.0001
PCB 126 = 0.1PCB 126 = 0.1
PCB 169 = 0.01PCB 169 = 0.01

2378-TCDD

PCB 77



dlp-cs5 on htc 

13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19.00 19.50 20.00 20.50 21.00 21.50 22.00
Time0

100

%

0

100

%

0

100

%

0

100

%

Feb06_02samp1 Voltage SIR 25 Channels EI+ 
393.8025

3.35e5

Feb06_02samp1 Voltage SIR 25 Channels EI+ 
357.8444

3.03e5

Feb06_02samp1 Voltage SIR 25 Channels EI+ 
323.8834

7.03e5

Feb06_02samp1 Voltage SIR 25 Channels EI+ 
289.9225

1.21e6

189

169
157156

167

126105114
118

first pcb run - identifications not confirmed

123

7781

Toxic PCB Congeners (Carbon Cleanup)

21.5 min189

169157156167

126105114118
123

7781 Cl 4

Cl 5

Cl 6

Cl 7



GCxGC SchematicGCxGC Schematic

Modulator

1st Dimension 2nd Dimension

From
Injector

To Detector

Two independent separation mechanismsTwo independent separation mechanisms



GCxGC SetupGCxGC Setup
Primary column (1Primary column (1stst dimension)dimension)

Longer, wider bore, thicker filmLonger, wider bore, thicker film
NonNon--polarpolar

ModulatorModulator
Thermal in natureThermal in nature
Concentrates effluent from primary columnConcentrates effluent from primary column
“Injects” this effluent onto secondary column“Injects” this effluent onto secondary column

Secondary column (2Secondary column (2ndnd dimension)dimension)
Very short, narrow bore, thinner filmVery short, narrow bore, thinner film
Polar or selectivePolar or selective



GCxGC ColumnGCxGC Column
Integral column Integral column –– No press fitNo press fit

50m x 0.18mm x 0.18µm 50m x 0.18mm x 0.18µm RtxRtx--11
5m x 0.18mm x 0.10µm 5m x 0.18mm x 0.10µm RtxRtx--PCBPCB
Installed so that all 5m of Installed so that all 5m of RtxRtx--PCB was PCB was pastpast
modulator and in a secondary ovenmodulator and in a secondary oven

Constant flow He at 1.5 mL/minConstant flow He at 1.5 mL/min

Splitless injectionSplitless injection
1 µL1 µL
250°C250°C
Purge time 60 secPurge time 60 sec



GCxGC ConditionsGCxGC Conditions
Primary ovenPrimary oven

120°C (1 min), 5°/min to 330°120°C (1 min), 5°/min to 330°
Modulator (quad jet)*Modulator (quad jet)*

Temperature offset: 40°CTemperature offset: 40°C
Modulation time: 2 secModulation time: 2 sec

Secondary ovenSecondary oven
140°C (1 min), 5°/min to 350°140°C (1 min), 5°/min to 350°

Run time = 43 minRun time = 43 min

*Built by LECO under license from *Built by LECO under license from ZoexZoex CorporationCorporation



Modulator and Secondary OvenModulator and Secondary Oven

Secondary OvenSecondary Oven

ModulatorModulator



TOFMS ConditionsTOFMS Conditions
LECO Pegasus 4DLECO Pegasus 4D

Source temperature:  225°CSource temperature:  225°C
Electron ionization:  70 eVElectron ionization:  70 eV
Stored mass range:  120 to 520 uStored mass range:  120 to 520 u

Acquisition rate:  50 spectra/secAcquisition rate:  50 spectra/sec



DioxinDioxin--like PCBslike PCBs

8181

RtxRtx--1 >1 >

R
txR
tx

-- P
C

B
 >

PC
B

 >

123123

118118

114114

189189
169169

157157156156

167167

126126

1051057777

m/z 292 326 360 394m/z 292 326 360 394

Contour Plot

Contour Plot



DioxinDioxin--like PCBs vs. Other like PCBs vs. Other 
PCBsPCBs

8181

m/z 292 326 360 394m/z 292 326 360 394
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DioxinDioxin--like PCBs in an Aroclor like PCBs in an Aroclor 
MixMix

8181

m/z 292 326 360 394m/z 292 326 360 394
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DioxinDioxin--like PCBs in an Aroclor like PCBs in an Aroclor 
MixMix

m/z 292 326 360 394m/z 292 326 360 394

7777
105105

118118

156156

138138
163163

180180

132132128128
177177

Surface Plot
Surface Plot



NonNon--orthoortho PCBs in PCBs in SiscowetSiscowet
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MonoMono--orthoortho PCBs in PCBs in 
SiscowetSiscowet

RtxRtx--1 >1 >
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txR
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 >
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 > m/z 292 326 360 394m/z 292 326 360 394

C81900C81900--00190019
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NonNon--orthoortho PCBs in PCBs in SiscowetSiscowet
PCBPCB HRHR TOFTOF HRHR TOFTOF

150150
3131

11001100
490490

140140
3030

12001200
550550

HRHR
640640
8383

17001700
470470169169 250250 270270 440440

TOFTOF
170170 630630

8484
14001400

2424
570570

7777 170170
8181 2222
126126 610610

Results in pg/g for three different Results in pg/g for three different SiscowetSiscowet from from 
Lake SuperiorLake Superior

Based on extracted amount and final extract Based on extracted amount and final extract 
volume:volume:

20 pg/g = ~2.5 pg/µL20 pg/g = ~2.5 pg/µL
200 pg/g = ~25 pg/µL200 pg/g = ~25 pg/µL

C81900C81900--0018,19,200018,19,20



ConclusionsConclusions

GCxGCGCxGC--TOFMS is a viable way to determine TOFMS is a viable way to determine 
dioxindioxin--like PCBs in fishlike PCBs in fish

Sensitive: modulation enhances detectionSensitive: modulation enhances detection
Selective: 2Selective: 2ndnd dimension separationsdimension separations

Full mass spectra provide powerful Full mass spectra provide powerful 
confirmationsconfirmations

Peak find and spectral deconvolution enable Peak find and spectral deconvolution enable 
location, identification, and quantification (?) of location, identification, and quantification (?) of 
other environmentally significant compoundsother environmentally significant compounds



GCGC--TOFMS Analysis TOFMS Analysis 
of Indicator Polychlorinated of Indicator Polychlorinated 

BiphenylsBiphenyls



ExperimentExperiment
Determine retention times for all Determine retention times for all 209 PCBs209 PCBs on on 
a new lowa new low--bleed capillary column bleed capillary column 

Analyze individual congener standardsAnalyze individual congener standards
Hexachlorobenzene for relative retention timesHexachlorobenzene for relative retention times

Analyze mix of Aroclors 1221:1242:1254:1262Analyze mix of Aroclors 1221:1242:1254:1262
1:2:2:2 ratio1:2:2:2 ratio
Show chromatogram with congeners labeledShow chromatogram with congeners labeled

GCGC--MS results obtained using a timeMS results obtained using a time--ofof--flight flight 
mass spectrometer to allow for possible mass spectrometer to allow for possible 
spectral spectral deconvolutiondeconvolution



GCGC--TOFMS ConditionsTOFMS Conditions
Gas ChromatographyGas Chromatography

One microliter splitless 250°C, 60 sec valve One microliter splitless 250°C, 60 sec valve 
60 m x 0.18 mm x 0.18 µm 60 m x 0.18 mm x 0.18 µm Restek Restek RtxRtx--PCBPCB columncolumn

Constant flow helium, 1.5 mL/minuteConstant flow helium, 1.5 mL/minute
70°C (1 min), 50°/min to 120°, 3°/min to 70°C (1 min), 50°/min to 120°, 3°/min to 360°360° (1 min)(1 min)

Mass Spectrometry  Mass Spectrometry  LECO Pegasus IIILECO Pegasus III
Source temperature:  225°CSource temperature:  225°C
Electron ionization:  70 Electron ionization:  70 eVeV
Stored mass range:  120 to 520 uStored mass range:  120 to 520 u
Acquisition rate:  Acquisition rate:  5 spectra/sec5 spectra/sec



Aroclor Mix ChromatogramAroclor Mix Chromatogram
Overlaid ion chromatograms are plottedOverlaid ion chromatograms are plotted

For example, hexachlorobiphenyl is 360For example, hexachlorobiphenyl is 360
Peaks are labeled with congener numbersPeaks are labeled with congener numbers

Text size and format is only for space and not Text size and format is only for space and not 
meant to indicate anything about PCBs, except:meant to indicate anything about PCBs, except:
European indicator congenersEuropean indicator congeners are in are in redred

Chromatograms are not to one scaleChromatograms are not to one scale
Each panel is adjusted so most of the PCB Each panel is adjusted so most of the PCB 
peaks can be seenpeaks can be seen
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Important Congener SeparationsImportant Congener Separations

European indicator PCBsEuropean indicator PCBs

May coelute on 5% phenyl May coelute on 5% phenyl methylsiliconemethylsilicone
and other column phasesand other column phases



31 28

33
Trichlorobiphenyls

20



153

132

Hexachlorobiphenyls



138

163

Hexachlorobiphenyls



ConclusionsConclusions

Greater than 140 Aroclor PCBs can be Greater than 140 Aroclor PCBs can be 
determined with the new column and determined with the new column and 
mass spectrometrymass spectrometry

The seven European indicator PCBs can The seven European indicator PCBs can 
be determined individuallybe determined individually

Spectral deconvolution available with Spectral deconvolution available with 
TOFMS allows qualitative identification for  TOFMS allows qualitative identification for  
coeluting PCBscoeluting PCBs



GCGC--ECD Analysis ECD Analysis 

Columns should be “complementary”Columns should be “complementary”
As many congeners resolved as possibleAs many congeners resolved as possible
Different coelutions (nothing will resolve all Different coelutions (nothing will resolve all 
140 environmentally140 environmentally--significant congeners)significant congeners)
Similar thermal propertiesSimilar thermal properties
Operation under same temperature and Operation under same temperature and 
pressure programspressure programs
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Quantitation of CongenersQuantitation of Congeners

Rule#1: If compound elutes as single on Rule#1: If compound elutes as single on 
both columns report lower valueboth columns report lower value

RtxRtx--PCBPCB RtxRtx--440440
PeakPeak PCB 28PCB 28 PCB 28PCB 28



Quantitation of CongenersQuantitation of Congeners

Rule#2: If compound elutes as single on one Rule#2: If compound elutes as single on one 
column and multiple congeners on the column and multiple congeners on the 
second report the single column result if second report the single column result if 
confirms on second columnconfirms on second column

RtxRtx--PCBPCB RtxRtx--440440
PeakPeak PCB 53 + 31PCB 53 + 31 PCB 31PCB 31



Quantitation of CongenersQuantitation of Congeners

Rule #3:  If there are complicating coelutions Rule #3:  If there are complicating coelutions 
on both columns calculate the results on both columns calculate the results 
using normalized responses (ex. PCB using normalized responses (ex. PCB 
136)136)

RtxRtx--PCBPCB RtxRtx--440440
Peak    PCB 136 + 117Peak    PCB 136 + 117 PCB 115 + 136PCB 115 + 136

PCB 115PCB 115



Quantitation of CongenersQuantitation of Congeners

Rule #3 continued:Rule #3 continued:

PCB 136 Concentration = PCB 136 Concentration = 

RF = response factor of congener on ECDRF = response factor of congener on ECD

[PCB 115+136] [PCB 115](RF115 + RF136)
2 x RF115

X RF115
RF136

- )(
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PCB Congener SeparationPCB Congener Separation

5050 7272 1919 141141

RtxRtx--440440 RtxRtx--PCBPCB CaseCase

PCB#PCB# s or ms or m PCB#PCB# s or ms or m 11 22 33

11 ss 11 ss 11

33 ss 33 ss 11

44 mm 44 mm 11 4+10 reported together4+10 reported together

55 mm 55 ss 11

66 ss 66 ss 11

77 mm 77 ss 11

88 mm 88 ss 11

99 mm 99 ss 11

1010 mm 1010 mm 11 4+10 reported together4+10 reported together

1212 mm 1212 mm 11 okok

1313 ss 1313 mm 11

1515 ss 1515 ss 11

1616 mm 1616 ss 11

1717 mm 1717 ss 11

1818 ss 1818 ss 11

1919 ss 1919 ss 11

2020 mm 2020 mm 11 33+20 reported together33+20 reported together

2222 mm 2222 ss 11



GCGC--ECD SummaryECD Summary

RtxRtx--PCB and RtxPCB and Rtx--440 Combination440 Combination
Quantification of the 141 PCB congeners Quantification of the 141 PCB congeners 
possible using the 3possible using the 3--case quantification case quantification 
systemsystem
High thermal stabilityHigh thermal stability
Good choice for dual column operationGood choice for dual column operation



Overall ConclusionsOverall Conclusions
GCGC--MS analysis with MS analysis with RtxRtx--PCB columnPCB column

European indicator unbiasedEuropean indicator unbiased
WHOWHO--12 with carbon cleanup12 with carbon cleanup

GCxGCGCxGC--TOFMSTOFMS
TOFMS has acquisition speed necessary to TOFMS has acquisition speed necessary to 
characterize the narrow peakscharacterize the narrow peaks
WHOWHO--12 resolved from non12 resolved from non--toxic without carbon toxic without carbon 
cleanupcleanup

DualDual--Column GCColumn GC--ECDECD
Also successful, with high sensitivityAlso successful, with high sensitivity
All congeners of significance can be quantifiedAll congeners of significance can be quantified
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Introduction

Paraquat (1,1’-dimethyl-4,4’-bipyridylium dichloride, C12H14N2Cl2, Figure 1), and 
diquat (1,1’-ethylene-2,2’-bipyridilium dibromide, C12H12N2Br2, Figure 1), are non-
selective contact herbicides widely used in agriculture to control broadleaf and 
grassy weeds (use of paraquat is restricted in the United States). Highly charged 
dual quaternary amines, they are readily soluble in water. They also are highly 
toxic, and ingestion of either compound can have serious effects, as they can alter 
reduction-oxidation activities in biological systems.

The highly charged herbicides are difficult to retain by standard reversed phase 
HPLC, thus ion pairing reversed phase methods such as US EPA Method 549 
were developed. New materials and techniques now allow simplification, better 
detection, recovery, and throughput for these analytes. We have developed a 
simple, effective analysis for paraquat and diquat, based on a new HPLC column 
and a unique mobile phase. This analysis can be performed on a conventional 
HPLC system with a UV detector. The separation makes use of a different 
analytical property – chaotropism: an ability to disrupt the structure of water and 
thereby alter the interactions among analyte, mobile phase, and stationary phase. 
In this case, the object is to promote the solubility of the highly polar analytes in a 
non-polar substrate (the stationary phase).



Introduction, ctd.

Unlike ion pairing techniques, this new approach requires only water, the charge 
dispersion reagent, and acetonitrile to accomplish the separation. For highest 
sensitivity, we monitored for paraquat at 257nm and for diquat at 308nm. Using the 
HPLC column and these new conditions, the detection limit is 6 ppb for either 
herbicide – a detectable amount of 0.12 nanograms on column. This analytical 
sensitivity is enhanced five-fold when accompanied by a new simple SPE sample 
preparation method. The SPE method allows sampling up to 1 liter of water, with 
greater than 97% recovery efficiency for samples using reagent water.



Figure 1. Chemical structures of paraquat and diquat

diquat dibromide CAS# 85-00-7

paraquat dichloride CAS# 1910-42-5



Column Selection

Because highly charged paraquat and diquat are poorly retained on an alkyl 
stationary phase, any standard reversed phase HPLC technique that relies solely 
on the hydrophobicity of the column and the strength of the mobile phase likely will 
fail to achieve a separation. If changing the hydrophobicity of the stationary phase is 
ineffective, the next choice is to lower the relative hydrophilicity of the mobile phase. 
We have developed a simple, effective analysis for paraquat and diquat, based on a 
new HPLC column and a unique mobile phase. This analysis can be performed on 
a conventional HPLC system using a UV detector.

The separation makes use of a different analytical property – chaotropism: an ability 
to disrupt the ability of water to solvate ions and thereby alter the charged 
interactions among the analyte, the mobile phase, and the stationary phase. In this 
case, by dispersing the analyte’s charge, the solubility of the highly polar analyte
upon a non-polar substrate (the stationary phase) can be be enhanced. The 
analyte’s retention is then enhanced because it remains longer upon the absorbed 
solvent layer (acetonitrile) present on the stationary phase.

The packing for the new column is manufactured from type B silica, to ensure 
proper selectivity and analyte retention, and to minimize interactions between the 
analytes and residual silanols and metal ions on the packing particles, which can 
lead to tailing and unwanted / unpredictable retention.



Column Selection, ctd. 
The reagent used in the mobile phase alters the chemical nature of the 
analyte as perceived by the column and mobile phase. This reagent 
reduces the ability of water to solvate the analytes and hydrogen bond with 
them, essentially forcing the charged complexes to remain longer in the 
absorbed solvent layer of the stationary phase, and thus improve the 
retention.

• The use of solvents as acetonitrile allow for dispersive interactions with the 
chaotropic anions. 

• Solvents/reagents that are capable of hydrogen bonding interactions as 
methanol should be avoided as they may cause ghost peaks or lead to total 
retention loss in this analysis.

• The chaotropic agents are inorganic anionic salts added to the aqueous 
portion of the mobile phase. 1



Table I. Chromatographic conditions for Analyzing Paraquat
and Diquat by HPLC-UV.

Ultra Quat, 150x4.6mm, 5µm (100Å)HPLC Column

Concentration

Injection

Detection

Flow Rate

Isocratic 

Mobile Phase

10 ppm each or as indicated

20µL

UV @ 257nm Paraquat

UV @ 308nm Diquat

1.0 mL/min

95% A : 5%B

A:  549.2 (modified) Mobile Phase Modifier solution,

cat# 32441, 20 ml to 1000 ml of water

B:  acetonitrile



Figure 2.  EPA 549.2 (modified), using an Ultra Quat column 
and the conditions in Table I.  



Table II. Approximate detection/quantification limits for 
Paraquat/Diquat using Simplified HPLC UV method

On column limit of detection 
(LOD): 0.12 ng

Sample Injection Limit of Limit of
Volume Volume Detection Quantification

(mL) (µL) (ppb) (ppb)

1 20 6 20

100 20 0.06 0.2

250 20 0.024 0.08

1000 20 0.006 0.02

1 100 1.2 4

100 100 0.012 0.04

250 100 0.0048 0.016

1000 100 0.0012 0.004

1 200 0.6 2

100 200 0.006 0.02

250 200 0.0024 0.008

1000 200 0.0006 0.002

On column limit of quantification 
(LOQ): 0.4 ng







Solid Phase Extraction (EPA 549.2 Modification)

To meet the required detection limits for these herbicides, a concentration 
step is necessary.  Solid phase extraction (SPE) can be used to extract the 
herbicides from a water matrix, before elution with an aqueous acidic 
solution.  Several types of phases were tested for this application, including 
both strong (propyl and benzyl- types) and weak ion exchangers.  We found 
that a weak cation exchanger gave the best overall recoveries.

The modified extraction method does not require the use of an SPE alkyl 
C8 phase with ion pairing agents. Ion pair agents have detrimental effects 
upon sensitivity and resolution using the modified HPLC method.

Analytical conditions are given in Table I, the details of the extraction 
method are summarized in Table III and recovery results are listed in Table 
IV.  When using a 1L sample size and 6mL tube size, sampling rates of up 
to 25mL/min were possible and still resulted in excellent recovery 
efficiency. The 1L sample for these studies had a concentration of 50ppb 
each herbicide and required no pH adjustment before extraction (extracts 
were done at neutral pH).



Table III.  Conditions for the modified SPE extraction of 
Paraquat and Diquat. 

Tube dried for less than 30 secondsDry

Sample passed through tube at  20-25mL/min flow rateSample flow 
rate

Inner surface of tube rinsed with small amount of deionized waterWash

1L sample waterSample

1. 4mL acetonitrile
2. 4mL deionized water

Tube 
conditioning

6mL, 500mg Ultra Quat SPESPE tube



Table IIIa.  Conditions for the SPE extraction, ctd. 

1. 1 x 2mL acidic elution solution*; allow to soak into bed for up to 1 
minute; follow with 2 x 2mL more solution.

2. Pass solutions through bed at a slow, drop wise rate into 
prepared collection vessels.#

3. Neutralize samples with 5-7uL of ammonium hydroxide (check 
using pH paper) and correct final volume to 5mL before analysis.

* 1mL 85% H3PO4 diluted to 1liter with deionized HPLC grade water 
(0.1% solution)

# collection and analytical vessels must be deactivated before use

Extraction



Table IV.  Recoveries of Paraquat and Diquat after Solid 
Phase Extraction.

5.6

5.4

n=5

%RSD

100.3diquat

97.2paraquat

1L sample

% RecoveryAnalyte

All samples were collected in glassware that was deactivated using 20% 
DMDCS in toluene, following label directions.

Samples for analysis were prepared and stored in Silcote CL7 deactivated 
autosampler vials. Polypropylene vials and inserts also may be used.



Conclusions

Polar paraquat and diquat can’t be separated on a C8 HPLC column 
without adding ion pair modifier to the mobile phase. USEPA Method 
549.2 sometimes does not provide optimum resolution but does allow 
detection to 0.14ng on column. To overcome these limitations, we have 
developed a mobile phase modifier for rapid (11 minutes), complete 
(R>4.0) resolution of paraquat and diquat, with detection to 0.12ng on 
column with a linearity range of 6.4 ppb to 100,000 ppb for sample 
analysis within a single system.

In addition, the sample preparation method presented here, using solid 
phase extraction, resulted in a two hundred fold analyte concentration, 
with accurate (greater than 97%), reproducible (% RSD < 6) recoveries 
from one liter water samples. The SPE tube is a weak cation exchanger 
optimized for this extraction method. This new simple HPLC mobile 
phase and SPE sample preparation eliminate complicated analytical 
systems and improve overall method detection limits.
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Introduction

In acidic environments it is critical to engineer solutions to 
account for the depreciation of equipment caused by 
corrosion.  Current commercial solutions that address 
corrosion are specialized alloys and coating

Coatings often are employed as acid-resistant barriers 
between the corrosive environment and equipment.

This presentation evaluates the performance of a silicon 
based coating in corrosive environments.  Comparisons are 
made to non-coated stainless steel alloys.



Experimental

The following ASTM methods were run to evaluate the 
performance of coated and non-coated materials in corrosive 
environments:

• Pitting and crevice corrosion (ASTM G 48, Method B)
• 1000 Salt Spray Testing (ASTM B 117)
• Condensing Humidity Testing (ASTM D 4585)
• Cyclic Polorization Electrochemical Corrosion Testing 

(ASTM G 61)

Experiments conducted by Matco Associates (Pittsburgh, PA).



Results and Discussion
ASTM G48, Method B

Crevice Corrosion
Results from the pitting and crevice corrosion testing revealed 
that the silicon coated 316L stainless steel experienced no 
crevice corrosion and only slight pitting (figure 1a)
The bare 316L stainless steel coupons experienced severe 
crevice corrosion and pitting corrosion (figure 1b)

Table 1 summarizes weight loss resulting from exposure to the 
6% w/w ferric chloride solution required by this method.

Elimination of crevice corrosion is an important step in reducing 
equipment depreciation in corrosive environments.



Figure 1a



Figure 1b



Table 1

• Weight Loss:

Silcosteel®-CR treated 
316L stainless steel 
coupons

• Sample 1:  19 g/m2

• Sample 2:  25 g/m2

• Sample 3:  25 g/m2

• Weight Loss:

Bare 316L stainless 
steel coupon

• Sample 1:  231 g/m2

• Sample 2:  209 g/m2

• Sample 3:  228 g/m2



Results and Discussion
ASTM B 117

Salt Spray

The 1000 hour salt spray exposure did not have any effect on 
the silicon coated 316L stainless steel samples (figure 2a)

The bare 316L stainless steel samples exhibited light surface 
rusting but no signs of pitting (figure 2b)

Results of this study indicate the potential application of 
Silcosteel®-CR to enhance product lifetime and reduce 
equipment maintenance in marine environments.



Figure 2a



Figure 2b



Results and Discussion
ASTM D 4585

Condensing Humidity
Exposure to  condensing humidity had no effect on the 
silicon coated 316L stainless steel coupon (figure 3a) 
and produced only a slight oxide layer on the bare 
316L stainless steel coupon (figure 3b).

This testing proved the stability of the Silcosteel®-CR 
coating in an environment designed to simulate 
outdoor applications of the coatings.



Figure 3a



Figure 3b



Results and Discussion
ASTM G 61

Cyclic Polarization
Cyclic Polarization Electrochemical Corrosion Testing to 
evaluate the pitting potential.
Pitting Potential Eb, in millivolts, determined in a 3000ppm Cl-
containing neutral solution:
– Silicon coated coupon:  1460mv
– Bare coupon:  370mv

Pitting potential, Eb, in millivolts, determined in a 3000ppm Cl-
containing acidic solution (1N H2SO4)
– Silicon coated coupon:  927mv
– Bare coupon:  370mv

The increased energy required to generate pitting is the barrier
towards corrosion supplied by the Silcosteel®-CR treatment.



Conclusion

Use of a silicon overlay coating dramatically improves the 
corrosion resistance of stainless steel components.

Improved resistance to attack acts to prolong components 
life and offer an alternative to expensive alloy solutions to 
corrosion.

The amorphous silicon coating, Silcosteel®-CR, has proven 
to extend resistance in marine exposure environments, 
chloride environments and is rugged and durable enough to 
withstand atmospheric exposure.
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Introduction

Ultra-High Vacuum (UHV) environments of 10-7 Torr or 
lower and high vacuum environment of 10-5 Torr or lower 
are critical for many instruments and semi-conductor 
manufacturing processes.  Under these vacuum 
conditions, steel and aluminum components outgas large 
quantities of water, CO2, CO, and other contaminant 
molecules.  Large pumping systems and extensive bake-
out treatments are required to remove these materials in 
order to attain and maintain low vacuum environments.  
This research investigates the use of an amorphous 
silicon coating to reduce outgassing of components in 
high vacuum and UHV environments.



Theoretical Basis

• Outgassing rate (F) in monolayers per sec:

F = [exp (-E/RT)]/t’
t’ = period of oscillation of molecule perp. To surface, ca. 10-13 sec

E = energy of desorption (Kcal/g mol)
R = gas constant
source:  Roth, A.  Vacuum Technology, Elsevier Science Publishers, 

Amsterdam  2nd ed., p. 177. 

• Experimental design allows us to isolate and directly compare 
outgassing rates with increasing temperature.  By applying heat, the 
outgassing rates are exponentially increased for the purpose of 
timely data collection.  These comparisons with experimental 
controls directly illustrate the difference incurred by the applied 
coatings



System

• Turbo pump for base pressures to 
10-8 Torr
– pumping rate between  gauge and pump:  12.5 l/sec 

(pump alone:  360 l/sec)
– system vent with dry N2 between thermal cycles

• Ion pump for base pressures to 10-10 Torr
– pumping rate between gauge and pump:   11.7 l/sec 

(pump alone:  400 l/sec)
– system under constant vacuum

• Baffle systems used to ensure identical conductance 
pathways
– no line-of-site between samples



System

• Cleaning of all components as follows:
– Ultrasonic cleaning of all components in aqueous caustic 

surfactant.
– Heat to 400ºC in inert atmosphere
– Vacuum at 400ºC

• Silcosteel® coatings (amorphous silicon) applied to components, 
after previous cleaning process, to reduce outgassing.  Coating 
process:
– CVD process
– Entire surface coverage
– Manipulation of coating process parameters reduce outgassing

• Figure 1 is a photograph of a non-coated and coated component 
used in one of the studies.



Experimental

Both the “HEAT CLEANED” only and Silcosteel®-UHV 
treated components were attached to an ion pump 
system.  The systems was then pumped down to an 
initial base pressure.  Several variants of coating were 
studied to understand the impact of coating composition 
and depth.

The “HEAT CLEANED” only and Silcosteel®-UHV 
treated components were individually heated, and the 
resultant pressure increase was a measured effect of 
materials outgassing from the substrate into the vacuum 
environment



Figure 1



Results and Discussion

INITIAL PUMPDOWN RESULTS (10-7 Torr)

Figure 2 charts the pressure increase vs. time/temperature as a 
result of heating the vacuum components.  Base pressure was 10-7

Torr and the system was under vacuum for 10 hours.

The vacuum components that were used as received from the 
manufacturer demonstrated a large amount of outgassing causing a
large pressure increase.  It was impractical to study these 
components at any lower levels of base pressure due to immense 
outgassing.

The heat treated and coated components both exhibited little 
pressure increase in the 10-7 environment with heating



Figure 2

Pressure increase with heat
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Results and Discussion

EXTENDED VACUUM STUDY (10-9 Torr)

Figures 3,4 and 5 demonstrate pressure increase of vacuum 
components exposed to heating after extended time under 
pumpdown
Figure 3, data after 8 days of pumpdown
Figure 4, data after 41 days of pumpdown
Figure 5, data after 156 days of pumpdown
Ion pump used with base pressure of 1 x 10-9 Torr
Amorphous silicon components continued to experience a lesser 
degree of outgassing material even after long periods of time under 
vacuum.

NOTE:  Magnitude of Y-axis in each figure diminishing as better 
vacuum is achieved in the test system and overall outgassing of 
components decreases



Figure 3

Pressure increase with heat
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Figure 4

Pressure increase with heat
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Figure 5

Pressure increase with heat
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Conclusions

This studied has illustrated the need for pre-treatment of vacuum 
components prior to installation and use.  Vacuum components as 
received from the manufacture outgas greatly.  As such, use in high 
vacuum and UHV vacuum environments is impractical.

The use of a caustic cleaning system and aggressive heating in an 
inert/vacuum condition reduces outgassing of new vacuum 
components by orders of magnitude.

This study also demonstrated the advantage of using an amorphous
silicon coating (Silcosteel-UHV) to reduce outgassing of vacuum 
components.

The coatings act as a barrier, trapping volatile materials such as 
carbon monoxide, carbon dioxide and water.  As such, these volatile 
materials are kept from entering the vacuum environment
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Introduction

Illicit cocaine is commonly “cut” with adulterants or diluents that mimic the stimulant 
or local anesthetic effects of cocaine.  Incorporating these additives into cocaine 
increases the volume or weight of product available for sale, which results in 
increased profits for drug dealers.  Because illicit cocaine composition can be 
specific to a dealer, adulterant and diluent identification of seized cocaine is critical 
in determining the possible routes of distribution and sales. 

Cocaine

Caffeine



Both Gas Chromatography (GC) and High Performance Liquid 
Chromatography (HPLC) can be used to identify cocaine adulterants such as 
sugars, anesthetics, analgesics and stimulants.  Several different detection 
systems can be used to obtain identification and quantitative information. 

Gas chromatography is the most common analytical technique used for the 
analysis of all of the adulterants found in cocaine with exception of sugars. 
Although sugars can be derivatized for analysis by GC, they are more easily 
detected using HPLC.

Detection of adulterants found in cocaine after separation by GC can be 
performed using FID (Flame Ionization Detection), NPD (Nitrogen Phosphorus 
Detection) and MS (Mass Spectrometry) detectors. Although FID and NPD 
provide good sensitivity for identifying and quantitating adulterants found in 
cocaine (see Chromatogram #1), GC/MS is the most widely accepted detection 
method.  GC/MS data is not only very sensitive, but also provides positive 
identification of the adulterants based on mass spectral information. MS data 
can be used as confirming evidence in a court of law.



Cocaine Adulterants by GC/FID
Chromatogram #1
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Peak List:
2. Benzocaine
3. Phenacetin
4. Prilocaine
5. Lidocaine
6. Caffeine
7. Procaine
8. Cocaine
9. Tetracaine

GC Column: Rtx-440 30m, 0.25mmID, 0.50um 
(Part# 12938)

GC: Agilent 6890
Injector: Split, 10:1, 250°C
Injection Amt.: 1.0ul, sample 100ppm each in 

Methanol
Inlet Liner: Laminar Cup Splitter
Flow Rate: 1.0 ml/min
Carrier Gas: Helium
Detector Temp.: 300°C
Temp. Program: 150°C (0 min.), 25°C/min. to 

300°C (5.0min.)



Procaine

A second, less common, chromatographic method for identification of the 
adulterants and diluents in cocaine is High Performance Liquid 
Chromatography (HPLC). UV detection, either fixed or variable wavelength, is 
the most common detection mode. If sugars, such as lactose, are present, 
Refractive Index (RI) detection must be used since sugars have little or no UV 
absorbance(see Chromatogram #2).

Both types of detection methodology provide reproducible retention times, 
adequate peak identification and good quantitation. HPLC/MS is an 
alternative technique for analyzing adulterants in cocaine. HPLC/MS can also 
give confirming spectral data similar to GC/MS. However, reliable HPLC/MS 
methodology is still under development. 



Sugars by HPLC/RI
Chromatogram #2

Peak List: Conc. (ug/ml)

1. Fructose 2.0
2. Glucose 2.1
3. Sucrose 4.0
4. Maltose 4.5
5. Lactose 4.4

Column: Pinnacle II Amino, 3um, 150 X 4.6mm 
(Part# 9217365)

Mobile Phase: Water:Acetonitrile, 25:75
Flow Rate: 1.5ml/min.
Column Temp.: 35°C
Detector: RI @ 35°C
Injection Amt.: 5ul



For the purposes of this study,  GC/MS, and HPLC/UV-Vis data was obtained and 
analyzed. Mock samples of illicit cocaine were prepared using a variety of 
adulterants and diluents. Stimulants including caffeine, local anesthetics such as  
lidocaine, and over the counter analgesics like phenacetin, were added to cocaine 
hydrochloride in varying concentrations. A simple “dilute and shoot” sample 
preparation scheme was used to dissolve the samples before analysis. High 
Performance Liquid Chromatography (HPLC) and Gas Chromatography (GC) 
methods were developed for identifying each adulterant or diluent added to 
cocaine. Method development focused on maximizing the resolution of all of the 
compounds in the study while minimizing the total analysis time in order to 
increase sample throughput. 

Experimental
Phenacetin



GC Column: Rtx-440 30m, 0.25mmID, 0.25um fused silica capillary column 
(Part# 12923)

GC/MS: Agilent 6890 w/5973 MS & 7683 Autosampler
Injector: Split, 10:1, 250°C
Injection Amt.: 1.0ul, Sample in Methanol
Inlet Liner: Laminar Cup Splitter
Flow Rate: 1.0 ml/min
Carrier Gas: Helium
Transfer Line: 180°C
Solvent Delay: 5 min.
Scan Range: 35-550
Tune: PFTBA
Temperature 
Program: 150°C (0 min.), 25°C/min. to 275°C (0 min.), 

15°C/min. to 300°C (5.0 min.)

Lidocaine

Cocaine Adulterants by GC/MS
Run Conditions #1



Several different adulterants were added to cocaine in equal amounts. The on-
column concentrations of all of the compounds were 10ng each. GC/MS run 
conditions were optimized to give the maximum separation and the shortest 
analysis time.  (See Run Conditions #1). Total analysis time was 6.5 minutes. All 
compounds were baseline resolved with the exception of caffeine and lidocaine;  
They were resolved by approximately 25% (see TIC #1). However, since they 
have very different mass spectra, extracted ion analysis could be performed 
resulting in positive identification of each compound.  Lidocaine has a distinctive 
mass fragment of 86m/z and caffeine has a distinctive mass fragment of 194m/z 
(see MS #1 & MS #2).



Cocaine & Adulterants by GC/MS
TIC #1
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Cocaine & Adulterants by GC/MS                                  
TIC, EI & Mass Spectrum of Caffeine & Lidocaine, MS #1 & MS #2
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A mock sample containing 80% cocaine, 10% caffeine, 5% lidocaine and 5% 
phenacetin was prepared and analyzed to compare the separation of caffeine 
and lidocaine at lower concentrations. The on-column concentrations of the 
caffeine and lidocaine were 1.0 & 0.5 ng, respectively.  At lower concentrations, 
only 10% resolution was obtained.  Extracted ion analysis not only provided 
absolute identification, but also allowed for proper integration (quantitation) of 
each compound.  (See TIC #2).  Total analysis time was again 6.5 minutes.
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HPLC Column: Ultra C18   5um, 150 X 4.6mm LC column 
(Part #9174565)

HPLC/UV-Vis: Dionex HPLC with Gena 50 Autosampler
Column Temperature: 40°C
Flow Rate: 0.50ml/min
Sample Solvent: Mobile Phase
Injection Amt.: 20ul
UV-Vis Wavelength: 234nm
Mobile Phase: 0.1% Formic Acid: Methanol, 49:51
Program: Isocratic

Prilocaine

Cocaine & Adulterants by HPLC/UV-Vis
Run conditions #2



For HPLC analysis, several different adulterants were also added to the 
cocaine standard in equal amounts. The on-column concentrations of all of 
the compounds were 100ng each. HPLC/UV-Vis run conditions were 
optimized to give the maximum separation and the shortest analysis time. 
(See Run Conditions #2).  Total analysis time was 8.0 minutes. All 
compounds were baseline resolved with the exception of prilocaine and 
lidocaine;  They were resolved by approximately 10% (see Table #1). Since
they have almost identical retention times, positive identification of each 
compound becomes very difficult as does accurate quantitation if both 
compounds are present in the sample.

Table #1.  Cocaine & Adulterant Retention Times.

Ultra C18
Compound RT (min.)
Procaine 2.39
Prilocaine 2.75
Lidocaine 2.78
Cocaine 3.25
Caffeine 3.94
Tetracaine 4.63
Phenacetin 7.74
Benzocaine 8.01



Several different HPLC Stationary phases were evaluated to check
for improved separation of the prilocaine and lidocaine.  Phases 
such as Allure Basix, Allure C18, Allure PFP, Ultra Cyano, Ultra IBD, 
Ultra Amino and Pinnacle II Amino showed either no retention of all 
eight compounds (cocaine and the adulterants) or no separation of 
the prilocaine and lidocaine.   

A mock sample containing 65% cocaine, 16% caffeine, 10% 
procaine and 10% phenacetin was prepared and analyzed on the 
Ultra C18 column. The on-column concentrations of the cocaine, 
caffeine, procaine and phenacetin were 133, 33, 20 and 20ng, 
respectively. The Ultra C18 stationary phase gave the best retention 
and the greatest resolution of all of the compounds considered in 
this study.  (See Table #1 and Chromatogram #3). Total analysis 
time was again 8.0 minutes.  
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Conclusions

“Fingerprint” identification of mock cocaine samples could be achieved through 
the identification of the type and number of additives. Since GC/MS provides 
adequate semiquantitative information regarding the concentration of each 
additive relative to the cocaine concentration and the most undisputable 
identification of a substance (both retention time and mass spectrum data), it is 
the preferred chromatographic method for analyzing cocaine and cocaine 
adulterants. Sugars, of course, must be analyzed by HPLC using an RI detector.

Future method development work should be conducted in HPLC/MS to allow 
analysts the flexibility of using either GC/MS or HPLC/MS as their method of 
choice.  Mobile phase and column choice will be critical parameters to optimize 
for this method.

Benzocaine
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Clean-up of Chlorinated and
Organophosphorus Pesticides Extracts

Using Graphitized Carbon

Gary Stidsen, Lydia Nolan, Frank Dorman
and Mike Feeney

Introduction

Chlorinated and organophosphorus pesticides are sprayed on agricultural
products and eventually migrate into the ground, thereby contaminating soil and
groundwater or adhering to food and being consumed by humans. Many
laboratories analyze field samples for chlorinated and organophosphorus
pesticide residues. They also may test concentrations on agriculture products,
both domestic and imported, prior to their going to market. Although
agricultural and environmental industry samples are quite different, chemists
face the same challenge in removing unwanted matrix interferences from the
sample extract prior to analysis.

There are many types of matrix interference in gas chromatographic (GC)
analysis of chlorinated pesticides, including nonvolatile (high molecular weight)
compounds, acidic (polar) compounds, non-polar (hyrdrocarbon) compounds,
and sulfur. There are various clean-up techniques to remove matrix interference
compounds, however there is not one method that removes all classes of
interference.
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Recommended Clean-Up Procedures
for Pesticides

u Gel Permeation Chromatography (GPC)

F removes high molecular weight compounds and sulfur

F size exclusion chromatography (SEC)

u Florisil®, silica gel SPE

F removes polar organic compounds

F normal phase chromatography

Project Scope

The scope of this work was to determine how graphitized carbon could be used in
the clean-up process of pesticide extracts. Solid phase extraction (SPE) tubes
containing CarboPrep™ 90 graphitized carbon were used for the testing. The
surface area of the CarboPrep™ 90 carbon is 90m2/gm, with a 250mg bed in a
3mL tube.

CarboPrep™ 90 SPE Tube
• 3mL tube
• 250mg bed
• 90m2/gm
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Project

1)  The first step was to determine the solvent for eluting the chlorinated
pesticides from the CarboPrep™ 90 SPE tubes, and for the recovery of the
analytes.

2)  The second step was to elute the organophosphorus compounds through the
CarboPrep™ 90 SPE tube under the same conditions as the chlorinated
pesticides.

3)  The last step was to determine what compounds the CarboPrep™ 90 SPE
tube removes from the extracts.

The compounds studied were selected from US Environmental Protection
Agency (EPA) Method 8081A—Twenty-nine chlorinated pesticides
including the surrogates tetrachloro-m-xylene (TCX) and decachlorobiphenyl
(DCB); and US EPA Method 8141—48 organophosphorus pesticides
including the surrogates tributyl phosphate (TBP) and triphenyl phosphate
(TPP) were evaluated.

Project (contd.)

Chlorinated Pesticides

pk # Analyte pk # Analyte
1 dibromochloropropane 15 g-chlordane
2 hexachlorocyclopentadiene 16 a-chlordane
3 terachloro-m-xylene (IS) 17 endosulfan I
4 cis-diallate 18 4,4' DDE
5 hexachlorobenzene 19 dieldrin
6 trans-diallate 20 endrin/chlorobenzilate
7 a-BHC 21 4,4' DDD
8 g-BHC 22 endo sulf II
9 b-BHC 23 4,4' DDT

10 d-BHC 24 endrin aldehyde
11 heptachlor 25 endosulfan sulfate
12 aldrin 26 methoxychlor
13 isodrin 27 endrin ketone
14 heptachlor epoxide 28 decachlorobiphenyl (IS)
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Project (contd.)
Organophosphorus Pesticides

pk # Analyte pk # Analyte pk # Analyte
1 dichlorvos 18 merphos oxone 35 sulfotepp
2 mevinphos 19 stirofos 36 dimethoate
3 ethoprop 20 bolstar 37 monocrotophos
4 phorate 21 fensulfothion 38 malathion
5 naled 22 TPP (surr.) 39 parathion-ethyl
6 TBP (surr.) 23 azinphos-methyl 40 EPN
7 demeton-o 24 coumaphos 41 terbufos
8 demeton-s 25 trichlorfon 42 dioxathion
9 diazinon 26 thionazin 43 phosphamidon
10 disulfoton 27 fonophos 44 chlorfenvinphos
11 ronnel 28 dicrotophos 45 carbophenothion
12 merphos 29 dichlorofenthion 46 ethion
13 chlorpyrifos 30 chlorpyrifos methyl 47 leptophos
14 fenthion 31 aspon 48 famphur
15 parathion-methyl 32 fenitrothion 49 phosmet
16 trichloronate 33 crotoxyphos 50 azinphos-ethyl
17 tokuthion 34 TEPP

CarboPrep™ Clean-Up of
Chlorinated Pesticides

The elution of chlorinated pesticides was determined using 250mg/3mL
CarboPrep™ 90 tube.

The procedure is as follows:

1)  Condition tube with 3mL hexane. Not only is this done to condition the tube, but
also to remove fines from the carbon bed. A second conditioning solvent system
requires the tube to be rinsed with methylene chloride followed by hexane. This
system removes a wider range of organic material from the carbon. From this
point on, do not expose the carbon to air.

2)  Transfer the 1mL sample extract to the tube, and elute to the top of tube bed.

3)  Elute with 20mL methylene chloride/hexane (20:80).

4)  Concentrate extract to 1mL.
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CarboPrep™ Clean-Up of
Chlorinated Pesticides (contd.)
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CarboPrep™ Clean-Up of Chlorinated
Pesticides (contd.)
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CarboPrep™ Clean-Up of
Chlorinated Pesticides (contd.)

Average recovery range (n=6): 73% for cis-diallate to 122% for
endrin/chlorobenzilate; 29 compounds tested

Compound Rec

cis-diallate 73% (only rec <80%)

dibromochloropropane 85%

TCX 91%

α-BHC 94%

heptachlor 112%

4,4'-DDT 104%

endrin aldehyde 110%

endosulfan sulfate 103%

decachlorobiphenyl 97%

CarboPrep™ Clean-Up of
Organophosphorus Pesticides

Organophosphorus pesticides eluted through CarboPrep™ 90 SPE tubes also
exhibited good results for a majority of the compounds. The spiked extract was
eluted using the CarboPrep™ 90 SPE tubes exactly as the chlorinated pesticides
shown previously.
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CarboPrep™ Clean-Up of
Organophosphorus Pesticides (contd.)
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Rtx-CLPesticides2  (30m x 0.32mm, 0.25µm)
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CarboPrep™ Clean-Up of
Organophosphorus Pesticides (contd.)
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CarboPrep™ Clean-Up of
Organophosphorus Pesticides (contd.)

u 80% of the compounds tested exhibited greater than 80% recovery

u Average recovery range (n=5): 42% for monocrotophos to 109% for merphos;
48 compounds

u Compounds exhibiting less than 80% recovery were:

Compound Rec

fensulfothion 79%

monocrotophos 42%

EPN 64%

dioxathion 59%

phosphamidon 69%

carbophenothion 79%

famphur 78%

trichlorfon 55%

dicrotophos 76%

CaroPrep™ Clean-Up of Interferences,
Discussion

The following tests were performed to help determine what type of matrix
interferences the CarboPrep™ 90 tube removes from sample extracts. Two
compound classes have been investigated—hydrocarbons and humic acids.

Hydrocarbons were tested because the normal clean-up steps for pesticides
includes removal of high molecular weight compounds and polar compounds,
but not nonpolar compounds like motor oil.

Humic acids are another common matrix interference found in soil samples that
will cause chromatographic interference peaks and also will leave organic
residue in the injection port, causing peak tailing and active sites.
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CarboPrep™ Clean-Up of
Hydrocarbon Interferences

The tests performed on the motor oil are as follows:

SPE Tube: CarboPrep™ 90 - 3mL, 250mg

Clean-up Method:

1) Condition tube with 3mL hexane

2) Apply 0.5mL CH2Cl2, containing 100µL of used motor oil solution standard

3) Elute with 20mL CH2Cl2:hexane (20:80)

4) Concentrate extract 0.5mL

As can be seen from the following chromatograms, a majority of the motor oil
has been removed from the extract and the method blank is clean.

CarboPrep™ Clean-Up of
Hydrocarbon Interferences (motor oil)

5 10 15 20 25 30 35 40

5 10 15 20 25 30 35 40

5 10 15 20 25 30 35 40

sample

method blank

standard

Rtx®-5  (30m x 0.32mm, 0.25µm)



10

CarboPrep™ Clean-Up of
Humic Substances

At this point of the investigation, the effect of CarboPrep™ 90 tube to remove
humic acids from extracts was started. The initial test was to extract a known
sample containing humic acids and elute this extract through the carbon tube. A
sample of gascoyne leonardite (i.e., a humic substance standard reference
material) was extracted with methylene chloride and this extract was used for
testing.

The test determines if the humic acids were retained on the CarboPrep™
packing. We applied 1.0mL of the humic acid extract onto the packing and
eluted it with hexane. The resulting extract was concentrated to 1.0mL.

Due to the non-volatility of the humic acids, FTIR was used for the analysis of
eluted extracts through the tube. The results show that the humic acids are being
retained by the CarboPrep™ packing.

Following is the standard, method blank, and sample scans produced from the
FTIR analysis.

CarboPrep™ Clean-Up of
Humic Substances (FTIR scans)

standard

sample

method blank

carboxyl (-C-OH) carbonyl (-C=O)
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Conclusions

1.) Easy clean-up method:
fast, minimum solvent volumes

2.) Quantitative recovery of analytes

3.) Removes oils and humic substances

4.) Wide variety of uses:
 organochlorines

 organophosphorus

Future Work

1.) Additional compound classes for recovery:
PCBs

Base, neutral, acid semivolatiles
(US EPA Method 8270)

Chlorinated herbicides (US EPA Method 8151)

2.) Additional contaminant classes:
hydrocarbons

humic substances

sulfur
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“Old Days of GC”

•• Chromatography has become a “history lesson”Chromatography has become a “history lesson”
rather than a sciencerather than a science

•• Applications compromised to fit existing columnsApplications compromised to fit existing columns
and stationary phasesand stationary phases

•• Most phases not designed with any application inMost phases not designed with any application in
mindmind

•• Marketing based on “subtle” differencesMarketing based on “subtle” differences



Future of GC

•• Columns and stationary phases designedColumns and stationary phases designed
around applicationsaround applications

•• Potential for specific phase and column for anPotential for specific phase and column for an
individual separationindividual separation

•• Marketing based on real differencesMarketing based on real differences

•• Requires understanding of analyteRequires understanding of analyte--phasephase
interactionsinteractions

•• Can this be done economically?Can this be done economically?



Stationary Phase Optimization Techniques

•• Window diagrammingWindow diagramming

•• Computer simulation of Rt and W1/2 (Computer simulation of Rt and W1/2 (ezGCezGC™)™)

•• Computer prediction of optimized stationaryComputer prediction of optimized stationary
phase composition and column dimensionsphase composition and column dimensions

•• Computer prediction of solute/stationary phaseComputer prediction of solute/stationary phase
interactions for new polymer designsinteractions for new polymer designs



How Resolution Affects Quantitation
VRX phase

Results of Resolution Tests @ 20ppb

MeCl2 & Freon 113 Rep 1 19.85 18.48
Rep 2 19.29 18.48
Rep 3 19.36 18.52

Methylene Chloride Rep 1 21.48
Rep 2 20.79
Rep 3 20.95

Freon 113 Rep 1 16.3
Rep 2 16.46
Rep 3 16.25



ResolutionResolution
R = 1/4 L / h x ( k / k+1 ) x (R = 1/4 L / h x ( k / k+1 ) x ( αααααααα--1 /1 / αααααααα ))

Capacity FactorCapacity Factor
k = tk = t RR -- tt00 / t/ t00

SelectivitySelectivity
αααααααα = k= k22 / k/ k11

Equations and Terms



Stationary Phase Optimization

•• Window diagrammingWindow diagramming(Rtx(Rtx--502.2)502.2)

•• Computer simulation of selectivity, independent of RtComputer simulation of selectivity, independent of Rt
and Wand W1/21/2 (ezGC(ezGCTMTM))

–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary phaseComputer prediction of optimized stationary phase
composition and column dimensionscomposition and column dimensions

–– RtxRtx--TNT, RtxTNT, Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of solute/stationary phaseComputer prediction of solute/stationary phase
interactions for new polymer designsinteractions for new polymer designs



“Window Diagram” Model
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Stationary Phase Optimization

•• Window diagrammingWindow diagramming

•• Computer simulation of Rt and WComputer simulation of Rt and W1/21/2 (ezGC)(ezGC)
–– RtxRtx®®--CLPesticidesCLPesticides,, RtxRtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationaryComputer prediction of optimized stationary
phase composition and column dimensionsphase composition and column dimensions
–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2, RtxCLPesticides2, Rtx--TNT RtxTNT Rtx--TNT2,TNT2,

RtxRtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of solute/stationary phaseComputer prediction of solute/stationary phase
interactions for new polymer designsinteractions for new polymer designs



3-Space Selectivity Model for 3 Compounds



Stationary Phase Optimization

•• Window diagrammingWindow diagramming

•• Computer simulation of Rt and WComputer simulation of Rt and W1/21/2 (ezGC)(ezGC)

•• RtxRtx®®--CLPesticidesCLPesticides,, RtxRtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationaryComputer prediction of optimized stationary
phase compositionphase compositionANDAND column dimensionscolumn dimensions
–– RtxRtx--TNT RtxTNT Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--

VRX,VRX, RtxRtx--OPPesticides2, CustomerOPPesticides2, Customer--specific columnsspecific columns

•• Computer prediction of solute/stationary phaseComputer prediction of solute/stationary phase
interactions for new polymer designsinteractions for new polymer designs



Process for Rtx-OPPesticides2 Column

•• Acquire data for target compounds under twoAcquire data for target compounds under two
temperature programs for functionalitiestemperature programs for functionalities
displaying selectivitydisplaying selectivity

•• Computer Assisted Stationary Phase DesignComputer Assisted Stationary Phase Design
(CASPD)(CASPD)
–– CalculateCalculate∆∆H andH and∆∆S for each compoundS for each compound

–– Working in Retention Index, perform optimization ofWorking in Retention Index, perform optimization of
Selectivity and DimensionsSelectivity and Dimensions

•• Synthesize and coat columnSynthesize and coat column



3-Space Selectivity Model for 3 Compounds



Compounds 1 – 25 of 53 OP Pesticides
Target Predicted Actual Difference

Compound Rt Rt (min)
dichlorvos 4.08 4.05 -0.03

HMPA 4.70 4.70 0.00
mevinphos 6.43 6.34 -0.09
trichlorfon 6.44 6.43 -0.01

TEPP 8.20 8.40 0.20
demeton-o 8.46 8.52 0.06
thionazin 8.58 8.52 -0.06

TBP 8.60 8.52 -0.08
ethoprop 8.84 8.74 -0.10

naled 9.34 9.32 -0.02
sulfotepp 9.42 9.56 0.14
phorate 9.53 9.56 0.03

dicrotophos 9.61 9.59 -0.02
monocrotophos 9.70 9.62 -0.08

demeton-s 9.80 9.62 -0.18
terbufos 10.44 10.32 -0.12

dimethoate 10.67 10.62 -0.05
dioxathion 10.78 10.77 -0.01
fonophos 10.91 10.79 -0.11
diazinon 10.93 10.90 -0.04
disulfoton 11.13 11.09 -0.03

phosph isomer 11.19 11.16 -0.04
dichlorofenthion 11.38 11.37 -0.01

chlorpyrifos methyl 11.94 12.03 0.09
phosphamidon 12.14 12.03 -0.11



Individual Custom Column?

•• Customer contacted us about custom column forCustomer contacted us about custom column for
separation of volatileseparation of volatilesilanessilanesand hydrocarbonsand hydrocarbons

•• Customer provided data onCustomer provided data onRtxRtx--11 RtxRtx--35, and35, and
RtxRtx--200 under two different temperature200 under two different temperature
programsprograms

•• Data was input to CASPD, and phase wasData was input to CASPD, and phase was
successfully predicted and developedsuccessfully predicted and developed



CASPD 2.2 Output Table

Col ID # failures # rel fails run time(m L(m) d0 (mm) fd(um) pi (psig) po (psia) td (sec) T-td(C) T Prog # Funct. A Funct. B
RL321 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1847 0.8153
RL395 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1845 0.8155
RL369 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1843 0.8157
RL443 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1843 0.8157
RL623 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1841 0.8159
RL836 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1841 0.8159
RL724 0 0 31.67 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1839 0.8161
RL199 0 0 31.70 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1550 0.8450
RL93 0 0 31.70 90 0.32 1.8 15 14.7 529.1 35.0 4 0.1550 0.8450
RL52 1 1 31.65 90 0.32 1.8 15 14.7 529.1 35.0 4 0.2102 0.7898
RL1010 3 3 31.78 90 0.32 1.8 15 14.7 529.1 35.0 4 0.0659 0.9341



What If No Selective Functionality Can be
Found?
•• Accept less than ideal separationAccept less than ideal separation

–– Effect on quantitation and/or run timeEffect on quantitation and/or run time

•• Use “old method” of trial and errorUse “old method” of trial and error
–– Slow, and inefficientSlow, and inefficient
–– No guarantee that solution will be foundNo guarantee that solution will be found

•• Test functionalities electronicallyTest functionalities electronically
–– Unproven techniqueUnproven technique
–– CPU intensiveCPU intensive
–– FastFast



Conventional Stationary Phases Used for
Capillary GC
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Conventional Stationary Phases Used for
Capillary GC
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Alternative Stationary Phases Used for
Capillary GC
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Alternative Stationary Phases Used for
Capillary GC

Si
Si

Silarylene
Silbiarylene

CHCH33

CHCH33
CHCH33

CHCH33



Stationary Phase Optimization

•• Window diagrammingWindow diagramming

•• Computer simulation of Rt and WComputer simulation of Rt and W1/21/2 (ezGC)(ezGC)

•• Computer prediction of optimized stationaryComputer prediction of optimized stationary
phase composition and column dimensionsphase composition and column dimensions
–– Rtx®Rtx®--CLPesticides RtxCLPesticides Rtx--CLPesticides2, RtxCLPesticides2, Rtx--TNT RtxTNT Rtx--TNT2,TNT2,

RtxRtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of solute/stationary phaseComputer prediction of solute/stationary phase
interactions for new polymer designsinteractions for new polymer designs



Achieving Analyte Separation

ResolutionResolution
R = 1/4 L / h x ( k / k+1 ) x (R = 1/4 L / h x ( k / k+1 ) x ( αααααααα--1 /1 / αααααααα ))

Capacity FactorCapacity Factor
k = (tk = (t RR -- tt00) / t) / t00

SelectivitySelectivity
αααααααα = k= k22 / k/ k11

Thermodynamics:Thermodynamics:
∆∆∆∆∆∆∆∆G =G = ∆∆∆∆∆∆∆∆HH -- TT∆∆∆∆∆∆∆∆SS ∆∆∆∆∆∆∆∆G = RT ln KG = RT ln K DD



Modeling - Energies of Interaction
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Summary

•• Column optimization program completeColumn optimization program complete

•• Allowed for 10 new phases over last three yearsAllowed for 10 new phases over last three years

•• Individual customer columns possible:Individual customer columns possible:
–– Cost of polymer synthesis (1Cost of polymer synthesis (1--5 K$ typical)5 K$ typical)–– one timeone time

feefee

–– Custom column costCustom column cost

•• Development of program to electronically “test”Development of program to electronically “test”
possible future functionalities underwaypossible future functionalities underway
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Outline

BackgroundBackground

Definition of TerminologyDefinition of Terminology

Unique Attributes of High Temperature ColumnUnique Attributes of High Temperature Column

ApplicationsApplications

ConclusionsConclusions



Polydimethylsiloxane
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Thermal Stability of PDMS

Adapted from Siloxane Polymers, ed. Clarson & Semlyen, 1993.

Beginning of
decomposition



Bleed

•• Chromatography of “loose” silicones from theChromatography of “loose” silicones from the
columncolumn

temperature

pA

Bleed



Typical Chemical Structure of Bleed
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Challenge

•• Since the decomposition temperature for PDMS isSince the decomposition temperature for PDMS is
343°C, it is a challenge to make a column that is343°C, it is a challenge to make a column that is
stable and has low bleed at 380°C.stable and has low bleed at 380°C.



Origin of Bleed

•• Polymer SynthesisPolymer Synthesis

•• Oligomers that are “created” in a column’s lifetimeOligomers that are “created” in a column’s lifetime



Origin of Bleed...

•• Polymer SynthesisPolymer Synthesis

Adapted from Inorganic Polymers, Mark, Allcock, & West 1992.



Polymer Synthesis

•• Silicone Polymers can be synthesized using wellSilicone Polymers can be synthesized using well
known catalysts (KOH, HCl) under equilibrationknown catalysts (KOH, HCl) under equilibration
polymerization conditions.polymerization conditions.

•• We use newer, more advanced catalysts, betterWe use newer, more advanced catalysts, better
synthetic techniques.synthetic techniques.



Origin of Bleed...

•• Polymer SynthesisPolymer Synthesis

•• Oligomers that are “created” in a column’s lifetimeOligomers that are “created” in a column’s lifetime



Origin of Bleed...

•• Oligomers that are “created” in a column’s lifetimeOligomers that are “created” in a column’s lifetime
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Enhancement of Thermal Stability by Using
“Additives”
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Additives...

•• A column with true “One” selectivity cannot beA column with true “One” selectivity cannot be
obtained by having silphenylene in the backbone.obtained by having silphenylene in the backbone.
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StxTM-1 HT

•• The polymer or the phase is PDMS.The polymer or the phase is PDMS.

n

C H 3

C H 3

OS i



Origin of Bleed...

fused silica

deactivation



Origin of Bleed...

fused silica

deactivation



Deactivation of the Fused Silica Surface

•• We are using an advanced deactivation calledWe are using an advanced deactivation called
Siltek™. It is a deposition process, unlike silazaneSiltek™. It is a deposition process, unlike silazane
or silicone deactivation.or silicone deactivation.



Aroclor® 1242
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Aroclor® 1254
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Aroclor® 1260
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Aroclor® Run Conditions

Splitless Hold Time: 1.0min.
Split Vent Flow: 40cc/min.
Septa Purge: 5cc/min.
Carrier Gas: Helium
Head Pressure: 8.5psi
Column Flow Rate: 1.9cc/min.
Linear Velocity: 31cm/sec.
Detector: ECD/310C
Make up Gas Flow: 40cc/min.

Temp. Program: 75°C(1.0min.) 15°C/min.
to 150°C(0) 5°C/min.
300°C(10min.)

Column: Stx-HT1
Serial #: 215041
Description: 30m, 0.32mmID, 0.10µm
Sample: Aroclor Solutions

Part #32009, 32011, 32012

Concentration: 400ppb

Solvent: Hexane
Sample Size: 1.0µL

Instrument: HP5890
Injector: Splitless/275°C



PCB Congeners
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Column: Stx-HT1
Serial #: 215041
Description: 30m, 0.32mmID, 0.10µm

Sample: PCB Congener Standard #2
Part #32294

Concentration: 100ng
Solvent: Iso-Octane
Sample Size: 1.0µL

Instrument: HP5890
Injector: Splitless/275°C
Splitless Hold Time: 0.80min.
Split Vent Flow: 40cc/min.
Septa Purge: 5cc/min.
Carrier Gas: Helium
Head Pressure: 8.5psi
Column Flow Rate: 1.9cc/min.
Linear Velocity: 31cm/sec.
Detector: ECD/310°C
Make up Gas Flow: 40cc/min.

Temp. Program: 100°C(0.80min.) 15°C/min.
to 325°C(10min.)

Elution Order:
1. BZ#28
2. BZ#52
3. BZ#101
4. BZ#118
5. BZ#153
6. BZ#138
7. BZ#180

*PCBs numbered
according to
Ballschmiter



10ppm Aliphatics

1
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30m, 3.32mmID, 0.01µm Stx™-1HT (cat.# 11709)
Solvent: Hexane
Oven temp.: 30°C (hold 0.5 min.) to 240°C at

15°C/min. to 380°C at 10°C/min.
(hold 10 min.)

Det.: FID at 340°C
Inj.: splitless at 250°C
Carrier: hydrogen
Flow rate: 4.0cc/min. at 30°C
Make-up gas flow: 40cc/min.

1. C24
2. C26
3. C28
4. C30
5. C36



Bleed Comparison

Rtx®-1MS

Stx™-1HT

340°C 360°C 380°C

4.34pA

6.94pA

6.07pA

15.61pA
11.27pA

39.02pA



50ppm Hydrocarbons
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Aliphatic hydrocarbons:

1. C9
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5. C16

2 1

3

2

3 4

4

5
5

6
7

6
7

8

8

9

9

10
11

10

11

12

13

14

12

13

15

16

17

6. C18
7. C19
8. C20
9. C22
10. C24
11. C26
12. C28
13. C30

Aromatic Hydrocarbons:

1. napthalene
2. 2-methylnaphthalene
3. acenaphthylene
4. acenaphthene
5. fluorene
6. phenanthrene
7. anthracene
8. fluoranthene
9. pyrene
10. benzo(a)anthracene
11. chrysene
12. benzo(b)fluoranthene
13. benzo(k)fluoranthene
14. benzo(a)pyrene
15. indeno(1,2,3-cd)pyrene
16. dibenzo(a.h)anthracene
17. benzo(g,h)perylene



Analysis Conditions

30m, 3.32mmID, 0.01µm Stx™-1HT (cat.# 11709)
Oven temp.: 30°C (hold 0.5 min.) to 240°C at

15°C/min. to 380°C at 10°C/min.
(hold 10 min.)

Det.: FID at 340°C
Inj.: splitless at 250°C
Carrier: hydrogen
Flow rate: 4.0cc/min. at 30°C
Make-up gas flow: 40cc/min.

1.0µL injections of MA EPH Aliphatic Hydrocarbon
standard (cat.# 31459, solvent: hexane) & MA EPH
Aromatic Hydrocarbon standard (cat.# 31458, solvent:
methylene chloride) @ 50ppm concentration.



ASTM D2887
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22 23

30m, 3.32mmID, 0.01µm Stx™-1HT (cat.# 11709)
Oven temp.: 30°C to 380°C at 10°C/min.
Det.: FID at 380°C
Inj.: cool on-column
Carrier: helium
Flow rate: 1.3cc/min. at 30°C
Linear velocity: 22cm/sec. at 30°C
Make-up gas flow: 45cc/min.
Head pressure: 6.0psi

1. C7
2. C8
3. C9
4. C10
5. C11
6. C12
7. C14
8. C16
9. C18
10. C20
11. C24
12. C28

13. C32
14. C36
15. C40
16. C44
17. C46
18. C48
19. C50
20. C52
21. C54
22. C56
23. C58



XTI Mix on Rtx-1 & Stx-1HT

Rtx®-1

Stx™-1HT
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13 1. 1,2-hexanediol
2. nitro-di-N-propylamine
3. benzoic acid
4. C14
5. 2,4-dinitrophenol
6. nitrophenol
7. nitroaniline
8. pentachlorophenol
9. carbazole
10. C20
11. C21
12. C22
13. benzo(b)fluoranthene
14. benzo(k)fluoranthene



Summary

•• DefinitionsDefinitions

•• The design of low bleed & stable column systemThe design of low bleed & stable column system
was discussedwas discussed

•• Several applications were shownSeveral applications were shown
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GC Analysis of OVI by USP <467>

•• Method I: G27 30m x 0.53mm x 5.0 dfMethod I: G27 30m x 0.53mm x 5.0 df
–– Direct AqueousDirect Aqueous

•• Method IV: G43 30m x 0.53mm x 3.0 dfMethod IV: G43 30m x 0.53mm x 3.0 df
–– Static HeadspaceStatic Headspace

•• Method V: G43 30m x 0.53mm x 3.0 dfMethod V: G43 30m x 0.53mm x 3.0 df
–– Direct AqueousDirect Aqueous

•• Method VI:Method VI: choice of 9 columns, depending on monographchoice of 9 columns, depending on monograph



Confirmation Column Criteria

•• Change in selectivityChange in selectivity

•• Low bleedLow bleed

•• Critical resolutionCritical resolution

•• FID or MS detectionFID or MS detection

•• Column DesignColumn Design



Modeling
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Rtx-1 Rtx-502 Rtx-35
Chlorobenzene 17.79 18.57 19.27
1112te ethane 17.78 18.58 19.29
E benzene 18.26 18.78 19.25
m/p-xylene 18.48 18.90 19.27
o-ClF benzene 18.16 18.93 19.61
o-xylene 19.07 19.60 20.07
Styrene 18.93 19.63 20.25
Bromoform 18.58 19.96 21.19

Rtx-1 Rtx-502 Rtx-35
Chlorobenzene 17.79 18.57 19.27
1112te ethane1112te ethane 17.7817.78 18.5818.58 19.2919.29
E benzene 18.26 18.78 19.25
m/p-xylene 18.48 18.90 19.27
o-ClF benzene 18.16 18.93 19.61
o-xylene 19.07 19.60 20.07
Styrene 18.93 19.63 20.25
BromoformBromoform 18.5818.58 19.9619.96 21.1921.19
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Predicted vs. Actual Retention Times

18.74

18.84

18.98

19.13

19.72

20.27

p r e d a c t u a l d i f f e r

C h lo r o b e n z e n e 1 8 .5 7 1 8 .7 4 - 0 . 1 7
1 1 1 2 t e t e t h a n e 1 8 .5 8 1 8 .7 5 - 0 . 1 7
E b e n z e n e 1 8 .7 8 1 8 .8 4 - 0 . 0 6
m / p - x y le n e 1 8 .9 0 1 8 .9 8 - 0 . 0 8
1 C L 2 F b e n z e n e 1 8 .9 3 1 9 .1 3 - 0 . 2 0
0 - x y le n e 1 9 .6 0 1 9 .6 8 - 0 . 0 8
s t r y r e n e 1 9 .6 3 1 9 .7 2 - 0 . 0 9
b r o m o f o r m 1 9 .9 6 2 0 .2 5 - 0 . 2 9



Stationary Phases Used for Modeling
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Stationary Phases Used for Modeling
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Actual Phase - Rtx®-VGC
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USP <467> Method I

Method I:Method I: G27 30m x 0.53mm x 5.0µm df, w/5m PM guardG27 30m x 0.53mm x 5.0µm df, w/5m PM guard

Inj:Inj: Direct Aqueous, 1/10 dilution, 70°C, 1µLDirect Aqueous, 1/10 dilution, 70°C, 1µL

Oven TempOven Temp: 35(5)8/175 (0) 35/260: 35(5)8/175 (0) 35/260

Detector:Detector: FID, 260°C, 1 x 10FID, 260°C, 1 x 10--1212 AFSAFS

Carrier:Carrier: helium, 4.1psi const., 35cm/sec @ 35°Chelium, 4.1psi const., 35cm/sec @ 35°C
methylene chloridemethylene chloride 600ppm600ppm

chloroformchloroform 60ppm60ppm

benzenebenzene 2ppm2ppm

trichloroethylenetrichloroethylene 80ppm80ppm

1,41,4--dioxanedioxane 380ppm380ppm
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USP <467> Method IV

Method IV:Method IV: G43 30m x 0.53mm x 3.0µm dfG43 30m x 0.53mm x 3.0µm df

Inj:Inj: 100µL cat#36007 in 5mL water, 1g sodium sulphate in100µL cat#36007 in 5mL water, 1g sodium sulphate in
20mL headspace vial20mL headspace vial

Oven TempOven Temp: 40(20)35/240(20): 40(20)35/240(20)

Detector:Detector: FID, 260°C, 1.25 x 10FID, 260°C, 1.25 x 10--1111 AFSAFS

Carrier:Carrier: helium, 3.5psi const., 35cm/sec @ 40°Chelium, 3.5psi const., 35cm/sec @ 40°C

Split Ratio:Split Ratio: 2:12:1

Concentrator:Concentrator: ThermoQuest HS2000 HeadspaceThermoQuest HS2000 Headspace
Autosampler Vial 80°C, 60 min. shaker onAutosampler Vial 80°C, 60 min. shaker on



USP <467> Method IV

USP <467> Calibration Mix #5 (cat# 3007)USP <467> Calibration Mix #5 (cat# 3007)

Prepared in dimethylsulfoxide, 1mL/ampulPrepared in dimethylsulfoxide, 1mL/ampul

methylene chloridemethylene chloride 600ppm600ppm

chloroformchloroform 60ppm60ppm

benzenebenzene 2ppm2ppm

trichloroethylenetrichloroethylene 80ppm80ppm

1,41,4--dioxanedioxane 380ppm380ppm
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USP <467> Method V
Method V:Method V: G43 30m x 0.53mm x 5.0µm df, w/5m PM guardG43 30m x 0.53mm x 5.0µm df, w/5m PM guard

Inj:Inj: Direct Aqueous, 1/10 dilution, 70°C, 1µLDirect Aqueous, 1/10 dilution, 70°C, 1µL

Oven TempOven Temp: 40(20)35/240(10): 40(20)35/240(10)

Detector:Detector: FID, 260°C, 1 x 10FID, 260°C, 1 x 10--1212 AFSAFS

Carrier:Carrier: helium, 4.1psi const., 35cm/sec @ 35°Chelium, 4.1psi const., 35cm/sec @ 35°C



USP <467> Method V

USP <467> Calibration Mix #5 (cat# 3007)USP <467> Calibration Mix #5 (cat# 3007)

Prepared in dimethylsulfoxide, 1mL/ampulPrepared in dimethylsulfoxide, 1mL/ampul

methylene chloridemethylene chloride 600ppm600ppm

chloroformchloroform 60ppm60ppm

benzenebenzene 2ppm2ppm

trichloroethylenetrichloroethylene 80ppm80ppm

1,41,4--dioxanedioxane 380ppm380ppm
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USP <467> Common solvents
Method I:Method I: G27 30m x 0.53mm x 5.0µm df, w/5m PM guardG27 30m x 0.53mm x 5.0µm df, w/5m PM guard

Inj:Inj: Headspace at 500ppm in bulk pharm. 2:1 splitHeadspace at 500ppm in bulk pharm. 2:1 split

Oven TempOven Temp: 35(10)5/100 (0) 25/240(5): 35(10)5/100 (0) 25/240(5)

Detector:Detector: FID, 260°C, 1 x 10FID, 260°C, 1 x 10--1111
AFSAFS

Carrier:Carrier: helium, 4.1psi const., 35cm/sec @ 35°Chelium, 4.1psi const., 35cm/sec @ 35°C

Samples shaken and heated at 90°C for 15 minutes, 1mLSamples shaken and heated at 90°C for 15 minutes, 1mL
headspace injection.headspace injection.
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Rtx®-VGC
USP <467> Common Solvents
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Rtx®-VGC

•• New stationary phaseNew stationary phase

•• Unique selectivityUnique selectivity

•• Low bleedLow bleed

•• Confirm G27, G43Confirm G27, G43



Conclusions

•• First in a series of applicationFirst in a series of application--specific columnsspecific columns

•• Define customer needsDefine customer needs

•• Computer modelingComputer modeling

•• Stationary phase predictionsStationary phase predictions

•• Resolution of critical compoundsResolution of critical compounds

•• Most stable polymer functionalitiesMost stable polymer functionalities



For More Information...

Author eAuthor e--mail: cenglish@restekcorp.commail: cenglish@restekcorp.com

Restek CorporationRestek Corporation
110 Benner Circle110 Benner Circle
Bellefonte, PA 16823Bellefonte, PA 16823
(800) 356(800) 356--16881688
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Particulate Matter (PM)

•• SizeSize–– 0.005 to 50µm0.005 to 50µm
–– PM10PM10

•• Coarse 2.5µmCoarse 2.5µm–– 10µm10µm

•• PM2.5 fine fractionPM2.5 fine fraction

•• UltrafineUltrafine 1µm1µm

•• MassMass
–– 2 to 200µg/m2 to 200µg/m33

•• CompositionComposition
–– SOSO44, NH, NH33, NO, NO33, EC/OC, PAH, EC/OC, PAH



Particulate Matter Sources

•• CoarseCoarse-- PM10PM10
–– Dust, sea salts, vehicles, combustion productsDust, sea salts, vehicles, combustion products

•• FineFine–– PM2.5PM2.5
–– Vehicles emissions, oil & coal utility, wood fuel, biomassVehicles emissions, oil & coal utility, wood fuel, biomass

burningburning

•• Primary EmissionsPrimary Emissions
–– Transportation, fuel combustion, road dust, constructionTransportation, fuel combustion, road dust, construction

•• Secondary Aerosol FormulationSecondary Aerosol Formulation
–– Sulfates, nitrates, organic particulates fromSulfates, nitrates, organic particulates fromVOCsVOCs



Problems Associated With PM

•• Health effectsHealth effects
–– InhalablesInhalables(PM10)(PM10)–– the larger particles get trapped inthe larger particles get trapped in

bronchial tubes of upper respiratory tractbronchial tubes of upper respiratory tract

–– RespirablesRespirables(PM2.5)(PM2.5)–– the smaller the particle thethe smaller the particle the
deeper into the lungs it can penetratedeeper into the lungs it can penetrate

–– Possible linkage to chronic bronchitis and asthmaPossible linkage to chronic bronchitis and asthma



Need for Speciation

•• Characterization of metals, ions, and carbonCharacterization of metals, ions, and carbon
constituentsconstituents

•• Air quality modeling analysisAir quality modeling analysis

•• Aiding in health studiesAiding in health studies

•• Understanding the effects of atmosphericUnderstanding the effects of atmospheric
constituentsconstituents

•• Aid in monitoring network design by USEPAAid in monitoring network design by USEPA



Analytical Speciation Methodology for PM

•• Analytical MethodAnalytical Method

•• GravimetricGravimetric

•• Ion ChromatographyIon Chromatography

•• Thermal/Optical MethodThermal/Optical Method--
NIOSH 5040NIOSH 5040

•• EDXRF, ICP, AAEDXRF, ICP, AA

•• AnalyteAnalyte
•• Total MassTotal Mass

•• SOSO44,, ClCl, NH, NH44, NO, NO33

•• EC/OCEC/OC

•• S, Al,S, Al, SiSi, Ti, Ca, V, Cr,, Ti, Ca, V, Cr,
MnMn, Fe, Ni, Cu, Zn,, Fe, Ni, Cu, Zn,CdCd,,
BaBa,, PbPb, metals, metals



Denuder Technology

•• Denuder TypesDenuder Types
–– Single channel or multi channelSingle channel or multi channeldeundersdeunders
–– Glass, metal, ceramicGlass, metal, ceramic
–– AnnularAnnular–– typically 1mm annulustypically 1mm annulus
–– HoneycombHoneycomb

•• CoatedCoated
•• Many times placed in seriesMany times placed in series
•• Extracted for the analysisExtracted for the analysis
•• Can be recoated and reusedCan be recoated and reused
•• Often used as a “scrubber”Often used as a “scrubber”



Multi Channel Annular Denuder

Annulus

Rod
Adsorbent coating



How Denuders Work

•• The vapor phase of theThe vapor phase of the
particulate is adsorbedparticulate is adsorbed
onto the adsorbentonto the adsorbent
material coated on thematerial coated on the
walls of the denuder.walls of the denuder.

•• Stripped particulate isStripped particulate is
collected downstream.collected downstream.

•• Denuder is solvent rinsedDenuder is solvent rinsed
to extract vapor phase.to extract vapor phase.



Denuder Types



Denuder Typescont.



Common Denuder Coatings

•• CoatingCoating

•• Citric acidCitric acid

•• NaNa22COCO33

•• MgOMgO

•• XADXAD --44

•• AnalytesAnalytes

•• NHNH33

•• SOSO22,, HClHCl, HNO, HNO33, HNO, HNO22

•• Nitric acid scrubberNitric acid scrubber

•• SVOCsSVOCs--PAHPAH



Organic PM2.5 Speciation

•• Vapor phase of particulate is denuded fromVapor phase of particulate is denuded from
particle. Vapor phase has a higher partitioningparticle. Vapor phase has a higher partitioning
coefficient.coefficient.

•• Partitions in adsorbent coated on wallsPartitions in adsorbent coated on walls

•• Can be extracted and analyzedCan be extracted and analyzed

•• For semiFor semi--volatiles technology not fully developedvolatiles technology not fully developed

•• PAHsPAHscommonly extracted using XADcommonly extracted using XAD--44



XAD-4 Physical Characteristics

•• StyreneStyrenedivinylbenzenedivinylbenzenecopolymercopolymer

•• High surface areaHigh surface area–– 780m780m22/g/g

•• Average pore size 50ÅAverage pore size 50Å



Denuder XAD-4 Coating Requirements

•• Milled to 1Milled to 1--2µm2µm
•• SoxhletSoxhletextraction cleanedextraction cleaned
•• Vacuum oven driedVacuum oven dried
•• CrosslinkingCrosslinkingagents added prior to coatingagents added prior to coating
•• Uniform depositionUniform deposition

–– Ensure laminar flowEnsure laminar flow
–– Decrease turbulenceDecrease turbulence
–– Affect efficiency of samplingAffect efficiency of sampling

•• Sample capacitySample capacity



XAD-4 Denuder Coating

•• Dr. LaraDr. LaraGundelGundelat LBNL has developed aat LBNL has developed a
procedure for coating glass annular denuders withprocedure for coating glass annular denuders with
XADXAD --4.4.

•• Slurry of XADSlurry of XAD--4 in Hexane4 in Hexane

•• Fill denuder, roll or invert, remove, dry, weigh,Fill denuder, roll or invert, remove, dry, weigh,
repeat 10 timesrepeat 10 times

•• US Patent 5,763,360US Patent 5,763,360

•• Licensing agreementLicensing agreement



Comparison of Gundel/Restek Coatings

•• XADXAD --44

•• 52mm x 285mm 8 Channel denuders52mm x 285mm 8 Channel denuders

•• LBL denuders coated by Dr. LaraLBL denuders coated by Dr. LaraGundelGundel

•• RestekRestekcoated using a 1 step coating procedure,coated using a 1 step coating procedure,
vacuum oven driedvacuum oven dried

•• Samples taken at Houston EPASamples taken at Houston EPASupersiteSupersite
September 2000September 2000

•• 2 denuders in series2 denuders in series



Sample collected during Texas Air Quality Study 2000 at LaPorte,
Collection period - September 10,2000 from 00:00 to 11:30 AM

[] ng/m 3̂
LBL denuders front denuder back denu front/total
Name 1st wash 2nd wash 1st wash lbl
phenol 12 0 16 43%
Naphthalene 11 0 23 32%
nC12 9 0 0 100%
nC13 10 0 0 100%
1-methyl naphthalene 12 0 0 100%
2-Methyl naphthalene 6 0 1 89%
Biphenyl 2 0 0 100%
Dimethyl naphthalene 2 0 0 100%
acenaphthene 3 0 0 100%
Dibenzofuran 4 0 0 100%
nC16 4 0 0 100%
fluorene 4 0 0 100%
nC17 4 0 0 93%
phenanthrene 8 0 0 100%
anthracene 8 0 0 96%
nC19 1 0 0 100%
nC20 1 0 0 100%
fluoranthene 2 0 0 100%
nC21 1 0 0 100%
pyrene 0 0 0 100%



[] ng/m 3̂
Restek denuders front denuder back denufront/total
Name 1st wash 2nd wash 1st wash
phenol 25 0 25 49%
Naphthalene 23 0 25 49%
nC12 9 0 0 100%
nC13 10 0 0 100%
1-methyl naphthalene 15 0 0 100%
2-Methyl naphthalene 8 0 0 100%
Biphenyl 2 0 0 100%
Dimethyl naphthalene 2 0 0 100%
acenaphthene 4 0 0 100%
Dibenzofuran 4 0 0 100%
nC16 4 0 0 100%
fluorene 4 0 0 100%
nC17 5 0 0 100%
phenanthrene 7 0 0 100%
anthracene 7 0 0 100%
nC19 1 0 0 100%
nC20 1 0 0 100%
fluoranthene 1 0 0 100%
nC21 1 0 0 100%
pyrene 0 0 0 100%



Comparison of Front Denuder % recovery

Name LBL Restek
phenol 43% 49%
Naphthalene 32% 49%
nC12 100% 100%
nC13 100% 100%
1-methyl naphthalene 100% 100%
2-Methyl naphthalene 89% 100%
Biphenyl 100% 100%
Dimethyl naphthalene 100% 100%
acenaphthene 100% 100%
Dibenzofuran 100% 100%
nC16 100% 100%
fluorene 100% 100%
nC17 93% 100%
phenanthrene 100% 100%
anthracene 96% 100%
nC19 100% 100%
nC20 100% 100%
fluoranthene 100% 100%
nC21 100% 100%
pyrene 100% 100%



XAD-4 As an Organic Scrubber

•• XADXAD --4 coated on metal denuder4 coated on metal denuder

•• Total carbon test on quartz filterTotal carbon test on quartz filter

•• NIOSH 5040 methodNIOSH 5040 method

•• Sunset Labs Instrument Thermal Optical AnalyzerSunset Labs Instrument Thermal Optical Analyzer



Teflon filter

XAD-4 Denuder

quartz quartz

16 liter/min





Future Research

•• NonNon--particulate coatingparticulate coating
–– NonNon--particulate porous filmparticulate porous film

–– Elimination ofElimination ofcarboncarbonartifact for TCartifact for TC

–– Eliminate particles biasEliminate particles bias

–– Ability to dope for selectivityAbility to dope for selectivity

•• Carbon coatingCarbon coating
–– Great organic scrubberGreat organic scrubber



Photo of Non-Particulate Coated Denuder



Conclusion

•• Denuders technology has become an importantDenuders technology has become an important
part of PM2.5 speciation.part of PM2.5 speciation.

•• XADXAD --4 is currently being evaluated for organic4 is currently being evaluated for organic
speciation such asspeciation such asPAHsPAHs..

•• More research is needed to find more selectiveMore research is needed to find more selective
coatings for organic speciation of classes ofcoatings for organic speciation of classes of
compounds.compounds.
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Abstract

OrganophosphorusOrganophosphoruspesticide (OPP) analysis is common in agricultural analyticalpesticide (OPP) analysis is common in agricultural analytical
laboratories. With the decline oflaboratories. With the decline oforganochlorineorganochlorinepesticide use,pesticide use,OPPsOPPshave becomehave become
increasingly popular as the active ingredients in insecticides.increasingly popular as the active ingredients in insecticides.In addition, they areIn addition, they are
used in termite treatments, lawn and garden sprays, indoor inseused in termite treatments, lawn and garden sprays, indoor insect sprays and baits,ct sprays and baits,
and in pet flea collars and sprays. Testing of agricultural proand in pet flea collars and sprays. Testing of agricultural products is requiredducts is required
because of potential health risks associated with these compoundbecause of potential health risks associated with these compounds.s.

The gas chromatographic (GC) analysis ofThe gas chromatographic (GC) analysis ofOPPsOPPsis demanding because some of theis demanding because some of the
compounds are light and temperature sensitive. In addition, specompounds are light and temperature sensitive. In addition, specialty detectors (e.g.cialty detectors (e.g.
the nitrogen phosphorus detector or flame photometric detector)the nitrogen phosphorus detector or flame photometric detector)and dualand dual--columncolumn
analyses are required in OPP methods in order to obtain lowanalyses are required in OPP methods in order to obtain low--level detection andlevel detection and
identification. This presentation will discuss a primary andidentification. This presentation will discuss a primary andconfirmationalconfirmationalcolumncolumn
set developed for the analysis ofset developed for the analysis ofOPPsOPPs. The phases were developed using a. The phases were developed using a
proprietary phase modeling software program, which aids in the oproprietary phase modeling software program, which aids in the optimization of theptimization of the
phase chemistry, film thickness, and column dimensions.phase chemistry, film thickness, and column dimensions.



Developing an Organophosphorus Column
In developing a GC column forIn developing a GC column fororganophosphorusorganophosphoruspesticide analysis,pesticide analysis,
the column should be capable of separating USEPA 8141the column should be capable of separating USEPA 8141
compounds, serve as a companion column to columns such as thecompounds, serve as a companion column to columns such as the
RtxRtx--OPPesticidesOPPesticides, and have a total run time of 20 minutes or less. In, and have a total run time of 20 minutes or less. In
addition, it should be compatible with GC/MS analysis (i.e. lowaddition, it should be compatible with GC/MS analysis (i.e. low
bleed, and able to chromatographically resolve compounds withbleed, and able to chromatographically resolve compounds with
similar spectra).similar spectra).

Traditional column selection has involved asking a “senior” persTraditional column selection has involved asking a “senior” person inon in
the laboratory, consulting a column manufacturer’s applicationsthe laboratory, consulting a column manufacturer’s applications
section, matching the polarity of the column to the compounds ofsection, matching the polarity of the column to the compounds of
interest or trying to force the separation onto an existing phasinterest or trying to force the separation onto an existing phase.e.
Conversely, modern column selection involves columns andConversely, modern column selection involves columns and
stationary phases that are designed around applications. Specifstationary phases that are designed around applications. Specificic
phases and columns can be developed for a target separation. Thphases and columns can be developed for a target separation. Thisis
approach requires an understanding of and the ability to modelapproach requires an understanding of and the ability to model
analyteanalyte--phase interactions.phase interactions.



Stationary Phase Optimization

Stationary phase optimization can be achieved through windowStationary phase optimization can be achieved through window
diagramming or by computer simulation of the retention time,diagramming or by computer simulation of the retention time,RRtt, and, and
peak width at half height, Wpeak width at half height, W1/21/2. Simulation programs such as. Simulation programs such asezGCezGC
have been applied in the development of phases such as thehave been applied in the development of phases such as theRtxRtx®®--
CLPesticidesCLPesticidesandand RtxRtx--CLPesticides2.CLPesticides2.

The next step in polymer development involves the computerThe next step in polymer development involves the computer
prediction of optimized stationary phase composition and columnprediction of optimized stationary phase composition and column
dimensions. This approach uses computer prediction ofdimensions. This approach uses computer prediction of
solute/stationary phase interactions to aid in the design of newsolute/stationary phase interactions to aid in the design of new
polymers. Columns such as thepolymers. Columns such as theRtxRtx--TNT,TNT, RtxRtx--TNT2,TNT2, RtxRtx--VMS,VMS,
RtxRtx--VGC,VGC, RtxRtx--5SilMS,5SilMS, RtxRtx--VRX, andVRX, andRtxRtx--OPPesticides2 wereOPPesticides2 were
developed using this approach.developed using this approach.



Development of theRtx-OPPesticides2Column

In the development of theIn the development of theRtxRtx--OPPesticides2 column, data was firstOPPesticides2 column, data was first
acquired for target compounds under two temperature programs.acquired for target compounds under two temperature programs.
Columns with functionalities that displayed selectivity for thesColumns with functionalities that displayed selectivity for thesee
compounds were used. Computer Assisted Stationary Phase Designcompounds were used. Computer Assisted Stationary Phase Design
(CASPD) was used to calculate(CASPD) was used to calculate∆∆H andH and∆∆S for each compound. ByS for each compound. By
working in Retention Index, the phase and dimensions could beworking in Retention Index, the phase and dimensions could be
optimized for the target separation. The stationary phase can toptimized for the target separation. The stationary phase can then behen be
synthesized and the column coated at the appropriate phase thicksynthesized and the column coated at the appropriate phase thickness.ness.

Below is a simple 3Below is a simple 3--D model depicting a polymer composition for 3D model depicting a polymer composition for 3
compounds. This is a simplified model describing the 53 compouncompounds. This is a simplified model describing the 53 compoundsds
which were modeled for thewhich were modeled for theRtxRtx--OPPesticides2 column.OPPesticides2 column.



3-Space Selectivity Model for 3 Compounds



CASPD Modeling Results

The modeling software output includes not only the predictedThe modeling software output includes not only the predicted
phase composition but also predicted retention times and runphase composition but also predicted retention times and run
conditions. The following table shows the comparison of theconditions. The following table shows the comparison of the
modeled results to the experimental results for the column mademodeled results to the experimental results for the column made
from the predicted polymer.from the predicted polymer.

As indicated, the compounds eluted within 0.2 minutes of theAs indicated, the compounds eluted within 0.2 minutes of the
CASPD prediction. The accuracy of the software benefits bothCASPD prediction. The accuracy of the software benefits both
R&D and Innovations chemists involved in new productR&D and Innovations chemists involved in new product
development. Instead of making various polymers with differentdevelopment. Instead of making various polymers with different
percentages of functional groups, computer modeling can bepercentages of functional groups, computer modeling can be
performed to generate polymer formulations that result in optimaperformed to generate polymer formulations that result in optimall
resolution in short analytical run times.resolution in short analytical run times.



Comparison of Predicted vs Actual Retention
Times of OP Pesticides

T a r g e t P r e d ic t e d A c t u a l D i ffe r e n c e

C o m p o u n d R t R t (m in )

d ic h l o rvo s 4 . 0 8 4 . 0 5 -0 . 0 3

H M P A 4 . 7 0 4 . 7 0 0 . 0 0
m e vin p h o s 6 . 4 3 6 . 3 4 -0 . 0 9

t r i c h l o r fo n 6 . 4 4 6 . 4 3 -0 . 0 1

T E P P 8 . 2 0 8 . 4 0 0 . 2 0

d e m e t o n - o 8 . 4 6 8 . 5 2 0 . 0 6

t h io n a z in 8 . 5 8 8 . 5 2 -0 . 0 6

T B P 8 . 6 0 8 . 5 2 -0 . 0 8

e t h o p ro p 8 . 8 4 8 . 7 4 -0 . 1 0

n a le d 9 . 3 4 9 . 3 2 -0 . 0 2

s u l fo t e p p 9 . 4 2 9 . 5 6 0 . 1 4
p h o ra t e 9 . 5 3 9 . 5 6 0 . 0 3

d i c ro t o p h o s 9 . 6 1 9 . 5 9 -0 . 0 2

m o n o c r o t o p h o s 9 . 7 0 9 . 6 2 -0 . 0 8

d e m e t o n - s 9 . 8 0 9 . 6 2 -0 . 1 8

t e r b u fo s 1 0 . 4 4 1 0 . 3 2 -0 . 1 2

d im e t h o a t e 1 0 . 6 7 1 0 . 6 2 -0 . 0 5

d io x a t h io n 1 0 . 7 8 1 0 . 7 7 -0 . 0 1

fo n o p h o s 1 0 . 9 1 1 0 . 7 9 -0 . 1 1

d ia z in o n 1 0 . 9 3 1 0 . 9 0 -0 . 0 4

d i s u l fo t o n 1 1 . 1 3 1 1 . 0 9 -0 . 0 3

p h o s p h i s o m e r 1 1 . 1 9 1 1 . 1 6 -0 . 0 4

d ic h lo r o fe n t h io n 1 1 . 3 8 1 1 . 3 7 -0 . 0 1

c h lo rp y r i fo s m e t h y l 1 1 . 9 4 1 2 . 0 3 0 . 0 9

p h o s p h a m i d o n 1 2 . 1 4 1 2 . 0 3 -0 . 1 1



Analysis OP Pesticides by FPD

The analysis ofThe analysis oforganophosphorusorganophosphoruspesticides requires a primarypesticides requires a primary
and secondary column for positively identified compounds usingand secondary column for positively identified compounds using
selective detectors.selective detectors.

TheTheRtxRtx--OPPesticides2 column is an excellent choice for theOPPesticides2 column is an excellent choice for the
primary column, resolving all 53 compounds except for one pairprimary column, resolving all 53 compounds except for one pair
within 22 minutes.within 22 minutes.

TheTheRtxRtx--OPPesticidesOPPesticidescolumn is a good choice for a secondcolumn is a good choice for a second
column offering the fewest number ofcolumn offering the fewest number ofcoelutionscoelutionsin the shortin the short
analysis time of 22 minutes, under the same run conditions as thanalysis time of 22 minutes, under the same run conditions as thee
RtxRtx--OPPesticides2 column.OPPesticides2 column.

Following are the chromatographic results of 53Following are the chromatographic results of 53organophosphorusorganophosphorus
compounds run under optimized conditions for thecompounds run under optimized conditions for theRtxRtx--
OPPesticides2 column.OPPesticides2 column.



Rtx-OPPesticides2 column
(30m x 0.32mm ID, 0.5um film)
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Rtx-OPPesticides column
(30m x 0.32mm ID, 0.5um film)
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Organophosphorus Pesticides by FPD
Peak IDs

PK# Compound PK# Compound PK# Compound
1 dichlorvos 20 fonophos 38 stirofos
2 hexamethylphosphoramide 21 disulfoton 39 tokuthion
3 mevinphos 22 phosphamidon isomer 40 merphos oxon
4 trichlorfon (breakdown product) (breakdown product)
5 TEPP 23 dichlorofenthion 41 ethion
6 demeton-o 24 phosphamidon 42 fensulfothion
7 tributyl phosphate (SS) 25 chlorpyrifos methyl 43 bolstar
8 thionazin 26 parathion-methyl 44 carbophenothion
9 ethoprop 27 ronnel 45 famphur

10 naled 28 aspon 46 triphenyl phosphate (SS)
11 sulfotepp 29 fenitrothion 47 EPN
12 phorate 30 malathion 48 phosmet
13 dicrotophos 31 chlorpyrifos 49 leptophos
14 monocrotophos 32 trichloronate 50 tri-o-cresyl phosphate
15 demeton-s 33 parathion-ethyl 51 azinphos-methyl
16 terbufos 34 fenthion 52 azinphos-ethyl
17 dimethoate 35 merphos 53 coumaphos
18 diazinon 36 chlorfenvinphos
19 dioxathion 37 crotoxyphos



Organophosphorus Pesticides by FPD
Run Conditions

GC oven: 80°C(0.5min)@12°C/min to 280°C(10min)

Injector: 200°C splitless, purge off time 1min,

4mm single gooseneck Siltek sleeve

Detector: Agilent FPD 250°C

DT @80C = 0.98min for the Rtx-OPPesticides

= 1.03min for the Rtx-OPPesticides2

Carrier gas: helium

Columns:
RTX-OPPesticides, cat# 11239 30m x 0.32mm ID, 0.5um film

RTX-OPPesticides2, cat# 11241 30m x 0.32mm ID, 0.32um film

Standard Conc.: 100 ng/ml



Analysis OP Pesticides by GC/MS
Polymers designed for selective detectors, like the NPD or FPD,Polymers designed for selective detectors, like the NPD or FPD,
must maximize resolution betweenmust maximize resolution betweenanalytesanalytesfor identification andfor identification and
quantitationquantitation. Due to the high selectivity for the modeled. Due to the high selectivity for the modeled
compounds, these columns are also a good choice for GC/MScompounds, these columns are also a good choice for GC/MS
analysis. Although MS detectors can be used for resolvinganalysis. Although MS detectors can be used for resolving
compounds that chromatographicallycompounds that chromatographicallycoelutecoelute, it is best to minimize, it is best to minimize
coelutionscoelutions..

TheTheRtxRtx--OPPesticides2 column is optimized for resolution of allOPPesticides2 column is optimized for resolution of all
53 OP Pesticides and is made with a low bleed polymer. This53 OP Pesticides and is made with a low bleed polymer. This
makes the column an excellent choice for GC/MS analysis ofmakes the column an excellent choice for GC/MS analysis of
organophosphorusorganophosphoruspesticides. The following chromatogram showspesticides. The following chromatogram shows
an analysis time of <21 minutes and only 2 pairs ofan analysis time of <21 minutes and only 2 pairs ofcoelutingcoeluting
compounds. Thesecompounds. Thesecoelutingcoelutingcompounds have different masscompounds have different mass
spectra, allowing them to be identified andspectra, allowing them to be identified andquantitatedquantitated..



GC/MS analysis using Rtx-OPPesticides2 column
30m x 0.25mmID, 0.25um film
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Compound List for Rtx-OPPesticides2
GC/MS

cpd # compound RT cpd# compound RT
1 dichlorvos 6.81 28 aspon 13.85
2 HMPA 7.33 29 fenitrothion 13.94
3 mevinphos 8.92 30 malathion 13.99
4 trichlorfon 9.33 31 chlorpyrifos 14.10
5 TEPP 10.48 32 parathion-ethyl 14.20
6 demeton-o 10.66 33 trichloronate 14.20
7 thionazin 10.77 34 fenthion 14.24
8 TBP 10.73 35 merphos 14.39
9 ethoprop 10.93 36 chlorfenvinphos 14.85

10 naled 11.34 37 crotoxyphos 15.00
11 sulfotepp 11.43 38 stirofos 15.35
12 phorate 11.51 39 tokuthion 15.48
13 dicrotophos 40 merphos oxid prod 15.52
14 monocrotophos 11.79 41 ethion 16.42
15 demeton-s 11.88 42 fensulfothion 16.53
16 terbufos 12.18 43 bolstar 16.65
17 dimethoate 12.27 44 carbophenothion 16.80
18 diazinon 12.34 45 famphur 17.03
19 dioxathion 46 TPP 17.41
20 fonophos 12.42 47 EPN 17.92
21 disulfoton 12.57 48 phosmet 18.19
22 phosph isomer 12.67 49 leptophos 18.58
23 dichlorofenthion 13.06 50 TOCP 18.76
24 phosphamidon 13.33 51 azinphos-methyl 19.04
25 chlorpyrifos methyl 13.40 52 azinphos-ethyl 19.66
26 parathion-methyl 13.52 53 coumaphos 20.35
27 ronnel 13.55

GC oven: 80°C (0.5min) @ 12°C/min to
280°C (15min)

Injector: 225°C splitless, hold time 1min,
4mm single gooseneck Siltek sleeve

Detector: Agilent 5971A MSD
full scan 50-550AMU

DT @80°C=1.44min, helium carrier

Column: Rtx-OPPesticides2, cat# 11243
30m x 0.25mmID, 0.25µm



Organophosphorus Pesticides
MS Spectra Rtx-OPPesticides2

(30m x 0.25mm, 0.25µm)
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Organophosphorus Pesticides
MS Spectra Rtx-OPPesticides2

(30m x 0.25mm, 0.25µm)
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Summary

–– TheTheRtxRtx--OPPesticidesOPPesticidesandandRtxRtx--OPPesticides2 columns are theOPPesticides2 columns are the
optimal dual column pair for USEPA 8141A.optimal dual column pair for USEPA 8141A.

–– TheTheRtxRtx--OPPesticides2 column provides the best separation ofOPPesticides2 column provides the best separation of
organophosphorusorganophosphoruspesticides by GC/MS due to the low bleed ofpesticides by GC/MS due to the low bleed of
this phase and separation of compounds with similar spectra.this phase and separation of compounds with similar spectra.

–– Using computer assisted stationary phase development, theUsing computer assisted stationary phase development, the
phases have been optimized for these separations, resulting inphases have been optimized for these separations, resulting in

faster analysis times.faster analysis times.



The Analysis of Trace Level Sulfurs in 
Beverage Grade CO2 

Barry Burger, David SmithBarry Burger, David Smith

Restek Corp.Restek Corp.

110 Benner Circle110 Benner Circle

Bellefonte, Pa.  16823Bellefonte, Pa.  16823



Project Objective

•• Develop a robust microDevelop a robust micro--packed column for the packed column for the 
analysis of trace level sulfurs in COanalysis of trace level sulfurs in CO22 with the with the 
following critical characteristics:following critical characteristics:
–– Thermal stability (Thermal stability (310°C310°C))

–– Inert (sub ppb levels)Inert (sub ppb levels)

–– Low bleed (< 20pa @ Low bleed (< 20pa @ 310°C310°C))

–– High sample capacity (15,000 High sample capacity (15,000 ngng))

–– Rapid analysisRapid analysis

–– Column longevity Column longevity 



Porous Polymer Column Optimization

•• Porous polymer surface modification for the Porous polymer surface modification for the 
maximum degree of inertnessmaximum degree of inertness

•• Particle classification resulting in a tighter sample Particle classification resulting in a tighter sample 
bandwidthbandwidth

•• Must resolve SOMust resolve SO22 from all other target sulfur from all other target sulfur 
compounds (TSCcompounds (TSC))



Column tubing considerations

•• Low ID RMS value resulting in increased Low ID RMS value resulting in increased 
theoretical plates/theoretical plates/efficiencyefficiency

•• Sulfinert deactivation resulting in stateSulfinert deactivation resulting in state--ofof--thethe--artart
inertnessinertness

•• Flexibility, easily installs in any Flexibility, easily installs in any GCGC

•• UnreactiveUnreactive to sulfurs @ 20 to sulfurs @ 20 ppbv ppbv levelslevels



Advantages of the Packed Sulfinert™ column

•• No cryogenic oven cooling requiredNo cryogenic oven cooling required

•• Highly breakable glass column eliminatedHighly breakable glass column eliminated

•• Critical resolution of SOCritical resolution of SO22, , HH22SS & COS& COS

•• Column has the flexibility to be installed in any Column has the flexibility to be installed in any 
model model GCGC

•• Cost effectiveCost effective



GC system requirements

•• Detection limit of < 0.02 Detection limit of < 0.02 ppm ppm for for SOSO22 plus the plus the 
other other TSCTSC

•• MethodMethod of detection:  SCD, HECD, FPD or PFPD of detection:  SCD, HECD, FPD or PFPD 
detectordetector

•• All wetted sample pathways All wetted sample pathways SulfinertSulfinert™™ passivated passivated 
for maximum for maximum inertnessinertness



Sulfinert™-Treated Inlet System

Rotor composition:

Polyimide/PTFE/carbon
composite

SCD

1mL sample 
loop

Orifice = 0.0060"

Sample cylinder

1m x 0.75mm ID
Rt-XL Sulfur

6- port 
Valco Valve



Chromatographic Parameters for the
Rt-XL Sulfur Column

•• 1 meter x 0.75mm 1 meter x 0.75mm IDID micromicro--packed column with packed column with 
SulfinertSulfinert™™ deactivationdeactivation

•• 10mL/min. helium10mL/min. helium

•• 60°C > 260°C @ 15°C/60°C > 260°C @ 15°C/min.min. > hold 10 min.> hold 10 min.

•• GC/SCD (GC/SCD (SieversSievers) Detection) Detection



Block diagram of Analytical System

Gas Chromatograph

Air or
Oxygen

In Hydrogen
In

Burner

Transfer Line

Ozone
Generator

PMT

CL Cell

Vacuum
Pump

Exhaust

Trap

Air or Oxygen In
Controller

1mL sample
loop

SilcoCan™
canister

Orifice
= 0.0060"

Rt-XL Sulfur



Sampling system integrity
for CO2 liquid sample acquisition

•• Passivated Passivated vessel to collect the liquid vessel to collect the liquid COCO22,,
conforming to the International Society of conforming to the International Society of 
Beverage Technologists (ISBT) procedure 1.Beverage Technologists (ISBT) procedure 1.00

•• Connections between the bulk Connections between the bulk COCO22 and the and the 
sample vessel must be sample vessel must be passivated passivated to prevent to prevent 
adsorptionadsorption of the of the sulfursulfur compoundscompounds

•• What are the options, and how What are the options, and how areare the ISBT the ISBT 
criteria adhered to?criteria adhered to?



Sample Acquisition System

Bulk CO2 tank

Sulfinert™
passivated
cylinder

Sulfinert™ transfer
Line and valve

Liquid line



Sulfinert™ Vessel Inertness

Sulfur Stability @ 1.5ppbv 
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Response Factors @ 1.5ppbv

Day 0 Day 1 Day 2 Day 3 Day 6
RRF/DMS RRF/DMS RRF/DMS RRF/DMS RRF/DMS % RSD

Hydrogen Sulfide 0.62 0.9 0.85 0.77 0.7 14.6
Carbonyl Sulfide 0.42 0.53 0.6 0.5 0.62 15.07
Methyl Mercaptan 1 1 1.1 1.2 1 8.43
Ethyl Mercaptan 0.42 0.39 0.77 0.77 0.35 39.15
Dimethyldisulfide 1.2 1.3 1.3 1.2 0.8 17.87



Beverage Sampling Data

•• Beverage Beverage gradegrade COCO22 blankblank

•• 20ppb sulfur standard in beverage grade 20ppb sulfur standard in beverage grade COCO22

•• 20 ppb 20 ppb SOSO22 in beverage grade in beverage grade COCO22 standardstandard

•• HeadspaceHeadspace analysis of beeranalysis of beer

•• Analysis of a hard lemon alcoholic beverageAnalysis of a hard lemon alcoholic beverage

•• Analysis of a top brand of Analysis of a top brand of colacola
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20 ppb SO2 in CO2 Standard 
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Hard Lemon Beverage  Headspace Sample
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Methyl
mercaptan

Ethyl mercaptan
Dimethylsulfide

unknown

TSC* 18ppb 
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Top Brand Cola   Headspace Sample



Conclusion

•• The RtThe Rt--XLXL Sulfur microSulfur micro--packed column is a packed column is a 
robust, low cost, rapid robust, low cost, rapid turnturn--aroundaround analytical tool analytical tool 
for ppb level analysis for ppb level analysis ofof sulfur sulfur compounds.compounds.

•• SulfinertSulfinert™™ treatment for steel surfaces is treatment for steel surfaces is 
unsurpassed for unsurpassed for lowlow--levellevel ppb containment and ppb containment and 
transfer of highly reactive sulfur compoundstransfer of highly reactive sulfur compounds..
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The Importance of a Deactivation in Achieving 
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Investigate Deactivation Chemistries for 
Demanding Applications

•• USEPA method 8270 and Appendix 9USEPA method 8270 and Appendix 9
–– Laboratories investigating lower limits of detectionLaboratories investigating lower limits of detection

–– DinitrophenolsDinitrophenols

–– AnilinesAnilines

–– Halogenated Halogenated PhenolsPhenols

–– Endrin Endrin (8081)(8081)

–– Greater resolution for faster analysesGreater resolution for faster analyses

•• Using Using RtxRtx--5Sil MS capillary column 5Sil MS capillary column 
–– 30M X 0.25 mm i.d. X 0.5 um d.f.30M X 0.25 mm i.d. X 0.5 um d.f.



Rtx-5Sil MS Stationary Phase

Si O

CH3

CH3

OSi O

CH3

CH3

CH3

CH3

SiSi
x y z

SilphenyleneSilphenylene

Polymer must be applied to surface of tubing



Why Deactivate?

•• “Bare” Fused Silica tubing is reactive“Bare” Fused Silica tubing is reactive
–– Surface Surface silanols silanols are acidicare acidic

•• Inertness to reactive compoundsInertness to reactive compounds

–– Many compounds “See” the surface of the tubingMany compounds “See” the surface of the tubing

•• BatchBatch--toto--batch variabilitybatch variability

•• Some Polymers do not wet surfaceSome Polymers do not wet surface
–– Need to match surface tension of polymer and tubingNeed to match surface tension of polymer and tubing

•• Lowers bleedLowers bleed

•• Improves efficiencyImproves efficiency



Origins of Bleed...

fused silica

deactivation



Origins of Bleed…

•• OligomersOligomers that are “created” in a column’s lifetimethat are “created” in a column’s lifetime
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OH
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(FS tubing)
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Origin of Bleed… as well as Poor Efficiency

fused silica

deactivation



Typical Chemical Structure
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Types of Deactivation Chemistries

•• “Pinpoint” deactivation“Pinpoint” deactivation
–– ChloroChloro--silanessilanes

–– DisilazanesDisilazanes
•• LinearLinear

•• FunctionalizedFunctionalized

•• Polymeric deactivationPolymeric deactivation
–– “IP” deactivation“IP” deactivation

•• Surface modificationSurface modification
–– SiltekSiltek



Chlorosilane Deactivation

Si

CH3

CH3

ClCl

CH3

SiCl Cl

Adds to silanol group by HCl elimination, then polymer 
can be applied



Deactivation Chemistries Investigated

1. The first three experimental deactivations are slightly to 
moderately acidic.

2. The Fourth one is a competitor
3. The following four (5-8) are slightly to moderately basic
4. Experiment 9 is Siltek
5. The last experiment is Restek’s IP deactivation
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CH3Si
3 3
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Will result in a basic surface due to presence of amine groups

Linear Disilazane



Functionalized silazane
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Polymeric Deactivation
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Modification of the Fused Silica Surface

•• Siltek™ is a deposition process, unlikeSiltek™ is a deposition process, unlike silazanesilazane or or 
silicone deactivation which modifies the surface silicone deactivation which modifies the surface 
of the silica tubing.of the silica tubing.
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Repeated injections of HCl on Siltek-deactivated tubing
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Repeated injections of ammonium hydroxide on Siltek tubing



Guard Column Bleed Comparison at 330C

Figure 8

6 8 10 12 14

30m Siltek Guard Column

30m Standard Guard Column



Figure 3

Endrin Breakdown on a Siltek Deactivated Uniliner measures 1%
1

2

3

4

5

6

7

Concentration On-Column:  50 PPB
Rtx-CLPesticides2; 30m X 0.53mm X 0.42 um, Cat. # 11340
Direct Injection into a Siltek-Deactivated Uniliner @ 250C;  Detector:  300
Oven:  120C (1 minute), 9/min to 300 (10 minute)
Helium Carrier @ 39 cm/sec

1  TCX
2 Endrin
3  4,4’-DDT
4 Endrin Aldehyde
5 Methoxychlor
6 Endrin Ketone 
7 DCB



Figure 2.  Average Response Factors for key semivolatile components:

Ave RF (4, 10, 16, 24, 32, 80ng)
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Figure 3.  Average Response Factors for key semivolatile 

components at 4ng on column:

4 ng on-column
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Figure 5A-B.  Results for Amine Evaluation, Injections 2-6

A.  Average Response Factors for Injections 2-6
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Figure 6A-B.  Results for Amine Evaluation, Injections 1-6

A.  Average Response Factors for Injections 1-6
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C14
diol nitrosamin benzacid counts (k) DNP NP nitroanil PCP Carbazole

Competitor 1 0.464 0.471 0.929 24 0.336 0.749 0.907 0.380 1.572
0.480 0.484 0.992 30 0.364 0.899 1.033 0.381 1.760

ave 0.472 0.478 0.961 27 0.350 0.824 0.970 0.381 1.666
%diff 3.4 2.8 6.8 25.0 8.3 20.0 13.9 0.3 12.0

Competitor 2 0.339 0.539 0.000 31 0.000 0.695 0.994 0.098 1.748
0.357 0.509 0.000 32 0.001 0.704 0.958 0.143 1.703

ave 0.348 0.524 0.000 32 0.001 0.700 0.976 0.121 1.726
%diff 5.3 -5.6 na 3.2 na 1.3 -3.6 45.9 -2.6

Restek IP 0.482 0.545 1.053 31 0.398 0.88 1.007 0.507 1.816
0.489 0.517 1.081 34 0.449 0.853 0.997 0.488 1.72

ave 0.486 0.531 1.067 33 0.424 0.867 1.002 0.498 1.768
%diff 1.5 -5.1 2.7 9.7 12.8 -3.1 -1.0 -3.7 -5.3

Siltek 0.497 0.493 1.004 31 0.434 0.860 0.951 0.458 1.739
0.502 0.496 1.028 32 0.487 0.903 1.011 0.516 1.859

ave 0.500 0.495 1.016 32 0.461 0.882 0.981 0.487 1.799
%diff 1.0 0.6 2.4 3.2 12.2 5.0 6.3 12.7 6.9



Summary of Deactivation Data

•• Deactivation chemistry plays a critical role in Deactivation chemistry plays a critical role in 
column inertness and efficiencycolumn inertness and efficiency

•• “specific” deactivations (amine) useful for niche “specific” deactivations (amine) useful for niche 
applicationsapplications

•• “IP” polymeric deactivation is generally more “IP” polymeric deactivation is generally more 
widely applicable than widely applicable than silazane silazane chemistrieschemistries

•• Siltek Siltek appears to be the optimum deactivation for appears to be the optimum deactivation for 
the phases tested so far…the phases tested so far…



Low Cost Solution for Accelerating Gas 
Chromatographic Separations

Frank L. Dorman, Frank L. Dorman, Stephen J. MacDonald, Stephen J. MacDonald, 
Gary Gary BaroneBarone, Mike Goss, and Brad , Mike Goss, and Brad RightnourRightnour



Desires of GC Analysts

•• Higher Sample ThroughputHigher Sample Throughput
–– Lowers cost/sampleLowers cost/sample

–– Increases sample capacityIncreases sample capacity

–– Fewer instruments to accomplish same workloadFewer instruments to accomplish same workload

•• Better ResolutionBetter Resolution
–– Can allow for shorter run timesCan allow for shorter run times

–– Improves quantitationImproves quantitation

–– Can allow for analysis of very complex matricesCan allow for analysis of very complex matrices



Methods to Improve Speed and/or Resolution
“high-end” technology
•• Fast GC/Flash GCFast GC/Flash GC

–– Short, narrow I.d. columnsShort, narrow I.d. columns
–– Ballistic heating (resistive, microwave)Ballistic heating (resistive, microwave)

•• Multicolumn GCMulticolumn GC
–– Bertsch, Guichon, GiddingsBertsch, Guichon, Giddings

•• Comprehensive 2DComprehensive 2D--GCGC
–– Begun by John Phillips Begun by John Phillips –– Southern Illinois Univ.Southern Illinois Univ.

•• StopStop--Flow GC Flow GC 
–– Richard Sacks Richard Sacks –– Univ. of MichiganUniv. of Michigan



Methods to Improve Speed and/or Resolution 
“lower-end” technology

•• Tuning Stationary Phase SelectivityTuning Stationary Phase Selectivity
–– Design column to achieve specific separationDesign column to achieve specific separation

–– Users can send retention data for optimizationUsers can send retention data for optimization

•• Physical Parameter OptimizationPhysical Parameter Optimization
–– Pro EZPro EZ--GC Software allows user optimizationGC Software allows user optimization

•• Hardware ModificationHardware Modification
–– GC Racer allows common existing instrumentation to GC Racer allows common existing instrumentation to 

achieve increased temperature ramp ratesachieve increased temperature ramp rates



“Fast” GC Techniques

•• How fast is fast?How fast is fast?
–– 100°C100°C//min.,min., 100°C100°C//sec.?sec.?

•• How fast is necessary?How fast is necessary?
–– Partially depends on column dimensionsPartially depends on column dimensions

•• Does the technique require different columns?Does the technique require different columns?
–– “caged” columns for resistive heating“caged” columns for resistive heating

–– Microwave heated columns Microwave heated columns 

–– NarrowNarrow--bore columnsbore columns
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Effect of ID on Capacity

2 4 6

C9

C10

C8

C7

70oC isothermal

* run at different temperatures to keep k values similar

C9

C10

C8

C7

15m, 15m, 0.53mm ID0.53mm ID, 0.25µm, 0.25µm

2 4 6

53oC isothermal*

15m, 15m, 0.25mm ID0.25mm ID, 0.25µm, 0.25µmRtx-1:



Effect of Temperature Programming Rate
on Number of Theoretical Plates:

Area of the triangle Represents relative number of
theoretical plates at different heating rates.
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GC Racer

•• Interfaces to existing Interfaces to existing GCsGCs
–– 5890 A model available5890 A model available

–– 5890 Series 2 model available5890 Series 2 model available

–– 6890 model ready in April6890 model ready in April

–– Others to followOthers to follow

•• Operates using existing GC controlOperates using existing GC control
–– No software or firmwareNo software or firmware

•• Allows for maximum ramp rates up to Allows for maximum ramp rates up to 440°C440°C

•• Can allow for 2Can allow for 2--5 times speed enhancement for most 5 times speed enhancement for most 
methodsmethods



GC Racer Heater Installed in an Agilent 5890



GC Racer Installed on an Agilent 5890 



Versatility of HSGC TechniquesVersatility of HSGC Techniques

??

YesYes

YesYes

Small i.dSmall i.d.(1).(1)

????

YesYes

??

AllAll

YesYes

RequiredRequired

MostMost

YesYes

YesYes

< 0.1 mm i.d.< 0.1 mm i.d.

LowLow

YesYes

AllAll

High PressureHigh Pressure

YesYes

NoneNone

Split/splitlessSplit/splitless

NoNo

NoNo

5 or 10 m5 or 10 m

Med Med -- LowLow
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MostMost
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RequiredRequired

AllAll

YesYes
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AllAll

Full RangeFull Range

YesYes

AllAll

YesYes

YesYes

NoneNone

Versatility FactorVersatility Factor
InjectorsInjectors

Guard ColumnsGuard Columns

Retention GapRetention Gap

ColumnsColumns

Sample CapacitySample Capacity

Temp ProgrammingTemp Programming

DetectorsDetectors

EPCEPC

RT LockingRT Locking

ValidationValidation

OthersOthersMicro BoreMicro BoreFlashFlashGC RacerGC RacerHSGC TechniqueHSGC Technique



Simplicity of HSGC TechniquesSimplicity of HSGC Techniques

Professional ?Professional ?

Standard?Standard?

??

YesYes

YesYes

????

Not Not 

ApplicableApplicable

StandardStandard

Any SourceAny Source

NoneNone

NoneNone

NoNo

Professional Professional 

Specialized Specialized 

Sole SourceSole Source

YesYes

YesYes

YesYes

User User 

Plug and PlayPlug and Play

StandardStandard

Any SourceAny Source

NoneNone

NoneNone

NoNo

Simplicity FactorSimplicity Factor

InstallationInstallation

Column changingColumn changing

Column PurchaseColumn Purchase

User TrainingUser Training

SoftwareSoftware

Bench spaceBench space

Added Operational Added Operational 
RequirementsRequirements

OthersOthersMicro BoreMicro BoreFlashFlashGC RacerGC RacerHSGC TechniqueHSGC Technique



Affordability of HSGC TechniquesAffordability of HSGC Techniques
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Maximum Selectable 
Heating Rate for GC

Heating Capability
for GC + GC Racer

GC Racer: Allows use of fast heating rates throughout entire 
temperature range



S/SS, Direct, PTV, SPME, 3S/SS, Direct, PTV, SPME, 3RDRD PartyParty

Every size, every manufacturer, every length Every size, every manufacturer, every length --
Fused silica, metal, packed.Fused silica, metal, packed.

From From microbore microbore to packed column capacityto packed column capacity

HP 5890:  60 °C/min up to 400 °C.HP 5890:  60 °C/min up to 400 °C.

FID, MSD, FPD, PID, TCD, HID, … every FID, MSD, FPD, PID, TCD, HID, … every 
make, model, manufacturer.make, model, manufacturer.

original EPC and third party  EPC accessoriesoriginal EPC and third party  EPC accessories

Seamless addition to existing systemSeamless addition to existing system

AllAll

AllAll

YesYes

YesYes

Full RangeFull Range

AllAll

YesYes

YesYes

Versatility FactorVersatility Factor
InjectorsInjectors

ColumnsColumns

Guard ColumnsGuard Columns

Retention GapRetention Gap

Sample CapacitySample Capacity

Temp ProgrammingTemp Programming

DetectorsDetectors

EPCEPC

RT LockingRT Locking

Versatility of Zip GC RacerVersatility of Zip GC Racer



Simplicity of Zip GC RacerSimplicity of Zip GC Racer

Simple; 3 plug in connections. Plug and PlaySimple; 3 plug in connections. Plug and Play

Standard method, no special columns, interfaces, or tools.Standard method, no special columns, interfaces, or tools.

User continues to buy from vendor of choice.User continues to buy from vendor of choice.

NoneNone

NoneNone

NoneNone

NoneNone

Simplicity FactorSimplicity Factor

InstallationInstallation

Column changingColumn changing

Column PurchaseColumn Purchase

User TrainingUser Training

SoftwareSoftware

Bench spaceBench space

Added Operational Added Operational 
RequirementsRequirements



U MassU MassAlpha SiteAlpha Site

Ruggedness of Zip GC RacerRuggedness of Zip GC Racer

SimDisSimDis
PCB’sPCB’s

Extractable HCExtractable HCTennTenn/Miss DRO/Miss DROApplicationApplication

HP 5890HP 5890HP 5890HP 5890HP 5890 Series IIHP 5890 Series IIHost GCHost GC

Blew a few fuses Blew a few fuses ––
nobody got hurt.nobody got hurt.CommentsComments

Restek CorpRestek Corp
Woods Hole Woods Hole 

EnvironmentalEnvironmental
GroupGroup

Beta SitesBeta Sites

NoneNoneNoneNoneTypical Design IssuesTypical Design IssuesProblems Problems 
encounteredencountered

The Zip GC Racer is based on the same heating technology used byThe Zip GC Racer is based on the same heating technology used by GC manufacturers for the GC manufacturers for the 
past 25+ years. Most GCs go to the junkyard without ever having past 25+ years. Most GCs go to the junkyard without ever having oven failures. MTBF for GC oven failures. MTBF for GC 
oven heaters is a long, long, very long time.oven heaters is a long, long, very long time.



Tenn/Miss DRO Mix with GC Racer
Temp Program: 50°C (0.33 min hold), 70°C/min to 300°C, hold 0.1 min



GC Racer RT Stability over 7 Days/900 Runs
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Polywax 1000

•• Polyethylene (even numbers) with average Polyethylene (even numbers) with average 
molecular weight of 1000 molecular weight of 1000 daltonsdaltons

•• Requires high temperature for elution of Requires high temperature for elution of 
homologous serieshomologous series

•• Good candidate for faster techniqueGood candidate for faster technique



MXT-1HT   Polywax 1000 C10-C100

40c > 430c > @ 10/min. hold 20

C10C10--C100C100

C100C44



Polywax 1000  60C/ minute ramp rate

40c > 430c > @ 60/min. hold 30

C10C10--C100C100

C44

C100



PCB Aroclors

•• Screening or analysis of PCB Screening or analysis of PCB Aroclors Aroclors can be can be 
performed quickly since complete separation performed quickly since complete separation isis
not a factornot a factor

•• One of the most common tests required at One of the most common tests required at 
remediation sites or for waste oil disposalremediation sites or for waste oil disposal

•• Good candidate for accelerated separationGood candidate for accelerated separation



Aroclor 1242 with Zip Racer 110 C (Hold 1 min) to 
300 C at 60C/min (hold 5 min)

Rtx-5 15 M X 0.32 mm I.d. X 0.50 um d.f.

HP 5890



Aroclor 1248 with Zip Racer 110 C (Hold 1 min) to 300 C at 
60C/min (hold 5 min)

Rtx-5 15 M X 0.32 mm I.d. X 0.50 um d.f.

HP 5890



Aroclor 1254 with Zip Racer 110 C (Hold 1 min) to 300 C at 
60C/min (hold 5 min)

Rtx-5 15 M X 0.32 mm I.d. X 0.50 um d.f.

HP 5890



Aroclor 1260 with Zip Racer 110 C (Hold 1 min) to 300 C at 
60C/min (hold 5 min)

Rtx-5 15 M X 0.32 mm I.d. X 0.50 um d.f.

HP 5890



Affordability of Zip GC RacerAffordability of Zip GC Racer

Small fraction of the cost of existing technology.Small fraction of the cost of existing technology.

User installed in less than 30 min.User installed in less than 30 min.

No Preventative Maintenance RequiredNo Preventative Maintenance Required

NoneNone

No Training RequiredNo Training Required

GC dependent; 1 or 2GC dependent; 1 or 2

Purchase PricePurchase Price

Installation CostInstallation Cost

Maintenance CostMaintenance Cost

Training CostTraining Cost

Number of Number of 
ColumnsColumns



Summary
For the Routine User:

•• GC Racer is simple to installGC Racer is simple to install

•• No training necessaryNo training necessary

•• Allows improvement in oven ramp ratesAllows improvement in oven ramp rates
–– Many methods can benefitMany methods can benefit

•• No reNo re--qualification necessaryqualification necessary

•• No software to learnNo software to learn

•• Uses existing GC instrumentationUses existing GC instrumentation



Review of Liner Selection Criteria for 
Gas Chromatographic Analysis

Gary B. StidsenGary B. Stidsen, Michael A. Goss, , Michael A. Goss, 

Brad R. Brad R. RightnourRightnour, and Gary A. , and Gary A. BaroneBarone,,



Project Objective

The objective is to investigate the The objective is to investigate the effectseffects of of 
intermediate polarity, intermediate polarity, SiltekSiltek™, ™, and base and base 
deactivation, and liner geometry for the deactivation, and liner geometry for the 
analysis of neutral, acidic, and basic analysis of neutral, acidic, and basic 
compounds in EPA Method 8270.compounds in EPA Method 8270.



Overview

•• Compare inlet liner deactivationsCompare inlet liner deactivations
–– Intermediate Polarity, Intermediate Polarity, SiltekSiltek™™, Base, Base

•• EffectsEffects of liner geometryof liner geometry
–– Single gooseneck, Drilled Single gooseneck, Drilled UnilinerUniliner®®, double , double 

gooseneck, gooseneck, CyclolinerCycloliner
•• Injection conditionsInjection conditions

•• Constant flowConstant flow

•• Pressure pulsePressure pulse



Inlet Sleeve Deactivation

•• Standard Intermediate Polarity (IP)Standard Intermediate Polarity (IP)
–– Polymeric deactivationPolymeric deactivation

•• SiltekSiltek™™ DeactivationDeactivation
–– Chemical vapor depositionChemical vapor deposition

•• Base deactivationBase deactivation
–– Deactivation leaves a basic character to the glass Deactivation leaves a basic character to the glass 

surfacesurface



Experimental Conditions

•• RtxRtx®®--5Sil MS5Sil MS
–– 30m x 0.25mm ID, 0.25um film30m x 0.25mm ID, 0.25um film

•• DrilledDrilled UnilinerUniliner®®

–– Eliminate metal contact in injection portEliminate metal contact in injection port

•• Standard concentrationStandard concentration
–– 4, 10, 16, 24, 32, 804, 10, 16, 24, 32, 80 ngng/µl/µl
–– ISTD at 8ISTD at 8 ngng/µl/µl

•• 1µl injections, 0.4 min. purge time1µl injections, 0.4 min. purge time
•• Injection port Injection port temp.temp. at 300°Cat 300°C
•• HP 6890HP 6890 w/5973 GC/MSw/5973 GC/MS
•• 35°C (2 min.) 20°C/min. 260° (0 min.) 35°C (2 min.) 20°C/min. 260° (0 min.) 

6°C6°C/min. 330° (1 min/min. 330° (1 min.).)



Compound List

•• Standard mix: 104 compound mix of US EPA Standard mix: 104 compound mix of US EPA 
8270 list including ISTD8270 list including ISTD

•• Compounds used for comparisons:Compounds used for comparisons:
–– Neutral compoundsNeutral compounds

•• BenzoBenzo(b)(b)fluoranthenefluoranthene
•• BenzoBenzo((ghighi))peryleneperylene

–– Acidic compoundsAcidic compounds
•• 2,42,4--dinitrophenoldinitrophenol
•• PentachlorophenolPentachlorophenol

–– Basic compoundsBasic compounds
•• NN--nitrosodimethyl nitrosodimethyl amineamine
•• NN--nitrosonitroso--didi--nn--propyl propyl amineamine
•• BenzidineBenzidine



4ppm 8270 Calibration Standard
- Excellent signal-to-noise for 4ng on-column injection

- Low column bleed

N-nitrosodimethylamine

& pyridine

benzo(g,h,i)perylene



Comparison of Deactivations

•• Deactivated Drilled Deactivated Drilled UnilinerUniliner®®

–– IP, IP, SiltekSiltek™™, and base procedure, and base procedure

•• Run sequenceRun sequence
–– 7 reps at 7 reps at 4ppm4ppm

•• Show largest difference in RRF due to active sitesShow largest difference in RRF due to active sites

–– Calibration curveCalibration curve
•• 4, 10, 16, 24, 32, and 80 4, 10, 16, 24, 32, and 80 ppmppm

•• ISTD at ISTD at 8ppm8ppm



Liner Deactivation
Average RRF from 4ppm Standards

4 ng on-column
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Effects of Deactivation on Linearity

•• Response factors of 4ppm standard gave a Response factors of 4ppm standard gave a 
good indication of the activity of the liner good indication of the activity of the liner 
surfaces.  surfaces.  

•• What are the What are the effectseffects of deactivation on of deactivation on 
linearity?linearity?



Effects of Deactivation on Linearity
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Effects of Deactivation on Linearity

Benzo(ghi)perylene
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Effects of Deactivation on Linearity

N-nitrosodimethylamine
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Effects of Deactivation on Linearity

N-nitroso-di-n-propylamine
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Effects of Deactivation on Linearity

Benzidine
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Effects of Deactivation on Linearity

2,4-Dinitrophenol
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Effects of Deactivation on Linearity

Pentachlorophenol
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Summary of Deactivation

•• The combination of response factors and The combination of response factors and 
linearity give a good picture of the effects linearity give a good picture of the effects 
of liner activity.of liner activity.

•• Base deactivation Base deactivation resultsresults in low phenol in low phenol 
compound response and variable linearity.compound response and variable linearity.

•• IP and IP and SiltekSiltek™™ both exhibited acceptable both exhibited acceptable 
response factors and linearity.response factors and linearity.



Liner Geometry

•• PurposePurpose
–– Vaporize sample prior to columnVaporize sample prior to column

–– Shield sample from active metal parts of the Shield sample from active metal parts of the 
injection portinjection port

•• ProblemsProblems
•• Need surface area and time to help vaporize sample Need surface area and time to help vaporize sample 

•• Opening at both ends of liner allows vapor cloud to Opening at both ends of liner allows vapor cloud to 
expand out of glass liner, exposing sample to active expand out of glass liner, exposing sample to active 
sitessites



Liner Geometry

Single Gooseneck

Double-Gooseneck

Cyclo Double
Gooseneck

Drilled Uniliner



Experimental Conditions for Liner 
Geometry

•• Same conditions as deactivation studySame conditions as deactivation study
–– Did not optimize conditions for each liner.Did not optimize conditions for each liner.

•• 2 injection conditions2 injection conditions
–– 1mL/min.1mL/min. constant flow (CF)constant flow (CF)

–– Pressure pulse (PP)Pressure pulse (PP)
•• 30psig for 0.5 30psig for 0.5 min.,min., then constant flow at then constant flow at 1mL/min.1mL/min.

•• Run sequenceRun sequence
–– 4, 10, 16, 24, 32, and 80ppm4, 10, 16, 24, 32, and 80ppm



Results of Liner Geometry

•• Visual chromatographic differencesVisual chromatographic differences

•• Compare relative response factors (RRF) Compare relative response factors (RRF) 
for different liner geometries for different liner geometries 
–– Pressure pulse versus constant flowPressure pulse versus constant flow

–– Average over 6 point curveAverage over 6 point curve

•• Compare differences in linearity (%RSD) Compare differences in linearity (%RSD) 
–– Pressure pulse versus constant flowPressure pulse versus constant flow

–– Average over 6 point curveAverage over 6 point curve



Single Gooseneck Liner
(Constant Flow vs Pressure Pulsed Injection)

Yellow = Single Gooseneck Yellow = Single Gooseneck 

Pressure Pulsed InjectionPressure Pulsed Injection

Red = Single Gooseneck LinerRed = Single Gooseneck Liner

Constant FlowConstant Flow



Single Gooseneck vs Drilled Uniliner® Sleeve
(Constant Flow)

Yellow = Drilled Yellow = Drilled UnilinerUniliner

Red = Single Gooseneck LinerRed = Single Gooseneck Liner



Average RRF of 6 Point Curves

Liner Geometry
Average RRF
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Linearity Results from 6 Point Curves

%RSD of Different Liner Geometries
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Summary

•• IP and IP and SiltekSiltek™™ deactivation are comparable deactivation are comparable 
for running method 8270.for running method 8270.

•• Pressure pulsing does improve the response Pressure pulsing does improve the response 
of active compounds.of active compounds.

•• Drilled Drilled UnilinerUniliner®® appears to give the best appears to give the best 
overall results under constant flow overall results under constant flow 
conditions.conditions.



Future Work

•• Continue comparison of experimental Continue comparison of experimental 
deactivations being designeddeactivations being designed

•• Continue work with liner geometryContinue work with liner geometry



Prediction of Chromatographic Selectivity, 
Retention Times, and Peak Widths for New 
Capillary Stationary Phases and Columns

Frank L. Dorman,Frank L. Dorman, Paul D. Schettler, and Paul D. Schettler, and 
Chris EnglishChris English



How is GC Learned/Used?

•• GC thought of, and often taught as “Separation by GC thought of, and often taught as “Separation by 
boiling point”boiling point”

•• Where mobile and stationary phases “do chemistry” in Where mobile and stationary phases “do chemistry” in 
HPLC, in GC column dimensions and temperature HPLC, in GC column dimensions and temperature 
program are typically adjustedprogram are typically adjusted

•• GC applications are not usually optimized, and GC applications are not usually optimized, and 
separations are compromised to fit existing columns and separations are compromised to fit existing columns and 
stationary phasesstationary phases

•• Most phases not designed with any application in mind, Most phases not designed with any application in mind, 
and common phases are similar in selectivity (and common phases are similar in selectivity (--1s1s && --5s5s))



Needs for Difficult GC Separations:

•• Stationary phase selectivity should be optimized Stationary phase selectivity should be optimized 
for particular separation, to maximize resolution for particular separation, to maximize resolution 
and minimize run timeand minimize run time

•• Column dimensions should be matched to Column dimensions should be matched to 
analytical requirements (flow, capacity, analytical requirements (flow, capacity, etc.)etc.)

•• Current offerings of stationary phases and Current offerings of stationary phases and 
functionalities are limitedfunctionalities are limited

•• Selection of phase and column, and optimization Selection of phase and column, and optimization 
of separations needs to be easy for end userof separations needs to be easy for end user



R = 1/4    L / h   x ( k / k+1 ) x ( αααα-1 / αααα )

Selectivity Factor (α) – addressed by 
stationary phase modeling

not commonly done by end user

Capacity Factor (k), and Column Factor –
addressed by physical modeling

can be simultaneous with, or independent of 
stationary phase modeling

General Equation for Resolution:



Stationary Phase Optimization Techniques

•• Empirical Modeling:Empirical Modeling:
–– Window diagramming approachWindow diagramming approach
–– Computer simulation of phase selectivity, independent Computer simulation of phase selectivity, independent 

of column dimensions (ezGC™)of column dimensions (ezGC™)
–– Computer prediction of optimized stationary phase Computer prediction of optimized stationary phase 

composition and column dimensions, with specific composition and column dimensions, with specific 
resolution factors (times and peak widths)resolution factors (times and peak widths)

•• Molecular Modeling:Molecular Modeling:
–– Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 

interactions for interactions for new polymer designsnew polymer designs



Stationary Phase Optimization

•• Window diagramming Window diagramming (Rtx(Rtx--502.2)502.2)

•• Computer simulation of selectivity, independent of  Computer simulation of selectivity, independent of  
column dimensionscolumn dimensions (ezGC(ezGCTMTM))

–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary phase Computer prediction of optimized stationary phase 
composition and column dimensionscomposition and column dimensions

–– RtxRtx--TNT, RtxTNT, Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs



Window Diagrams

•• Maier and Karpathy (Maier and Karpathy (’60s’60s):):
–– Demonstrated that mixing phases together could yield Demonstrated that mixing phases together could yield 

unique selectivity for packed column applicationsunique selectivity for packed column applications

•• Laub and Purnell (Laub and Purnell (’70s’70s))
–– Mixed phase packed column applicationsMixed phase packed column applications

•• Jennings et al (Jennings et al (’80s’80s))
–– Packed column applications, and capillary work based Packed column applications, and capillary work based 

on lengths of dissimilar columnson lengths of dissimilar columns

–– DBDB™™--1301 developed using DB1301 developed using DB™™--1 and DB1 and DB™™--17011701



Window Diagramming
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Stationary Phase Optimization

•• Window diagrammingWindow diagramming
•• Computer simulation of phase selectivity, Computer simulation of phase selectivity, 

independent of column dimensionsindependent of column dimensions (ezGC(ezGC™™))
–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary Computer prediction of optimized stationary 
phase composition and column dimensionsphase composition and column dimensions
–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2, RtxCLPesticides2, Rtx--TNT RtxTNT Rtx--TNT2, TNT2, 

RtxRtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs



Computer simulation of phase selectivity, 
independent of column dimensions (ezGC™)

•• “Fix” Run Conditions“Fix” Run Conditions
•• Input data is normalized for column and program Input data is normalized for column and program 

parametersparameters
•• Search for optimum solution by varying the Search for optimum solution by varying the 

stationary phase compositionstationary phase composition
•• Program tracks up to 8 dimensions of phase Program tracks up to 8 dimensions of phase 

functionalitiesfunctionalities
•• No solution requires separate reNo solution requires separate re--optimization of optimization of 

input datainput data



Retention Times
Phase 1

Phase 2

Phase 3

Alpha-HCH

Delta-HCH

Beta-HCH

3-Space Selectivity Surface for 4 Pesticide 
Compounds

Gamma - HCH



Rtx®-CLPesticides Column Benefits

•• Baseline resolution of all 22 compoundsBaseline resolution of all 22 compounds

•• < 25 minute analysis time< 25 minute analysis time

•• Available in all common dimensionsAvailable in all common dimensions
–– 0.18, 0.25, 0.32 and 0.53mm ODs0.18, 0.25, 0.32 and 0.53mm ODs

•• Very low electron capture detector (ECD)Very low electron capture detector (ECD)
bleed levelsbleed levels

•• High thermal stability High thermal stability 
–– 330°C maximum temperature330°C maximum temperature



Confirmation Column?

•• RequirementsRequirements
–– Same analysis conditions as primary columnSame analysis conditions as primary column

–– Different elution orderDifferent elution order

–– Baseline resolution desirableBaseline resolution desirable

–– High thermal stability and inertnessHigh thermal stability and inertness

–– Similar analysis timesSimilar analysis times

•• RtxRtx®®--CLPesticides2 column meets requirementsCLPesticides2 column meets requirements



Chlorinated Pesticides
Fast Runs

Rtx-CLPesticides
(30m x 0.32mm, 0.5µm)

Rtx-CLPesticides2
(30m x 0.32mm, 0.25µm)
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Chlorinated Pesticides

1  2,4,5,61  2,4,5,6--tetrachlorotetrachloro--mm--xylenexylene
2  alpha BHC2  alpha BHC
3  gamma BHC3  gamma BHC
4  beta BHC4  beta BHC
5  delta BHC5  delta BHC
6  heptachlor6  heptachlor
7  aldrin7  aldrin
8  heptachlor epoxide8  heptachlor epoxide
9  gamma chlordane9  gamma chlordane
10  alpha chlordane10  alpha chlordane
11  4,4'11  4,4'--DDEDDE

12  endosulfan I12  endosulfan I
13  dieldrin13  dieldrin
14  endrin14  endrin
15  4,4'15  4,4'--DDDDDD
16  endosulfan II16  endosulfan II
17  4,4'17  4,4'--DDTDDT
18  endrin aldehyde18  endrin aldehyde
19  methoxychlor19  methoxychlor
20  endosulfan sulfate20  endosulfan sulfate
21  endrin ketone21  endrin ketone
22  decachlorobiphenyl 22  decachlorobiphenyl 



Stationary Phase Optimization

•• Window diagrammingWindow diagramming
•• Computer simulation of phase selectivity, Computer simulation of phase selectivity, 

independent of column dimensionsindependent of column dimensions (ezGC(ezGC™™) ) 
•• Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary Computer prediction of optimized stationary 
phase composition phase composition ANDAND column dimensionscolumn dimensions
–– RtxRtx--TNT RtxTNT Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--

VRX,VRX, RtxRtx--OPPesticides2, CustomerOPPesticides2, Customer--specific columnsspecific columns

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs



3-Space Selectivity Model for 3 Compounds

Surface=FFFF∆H∆S 



Explosives Analysis by HRGC

�� HRGC more common than HPLCHRGC more common than HPLC

�� Selective detection using ECD Selective detection using ECD 

�� Direct flash injection of ACN extractDirect flash injection of ACN extract

�� Simultaneous dual column analysisSimultaneous dual column analysis



Explosives Target List EPA 8095
1 EGDN
2  nitrobenzene
3  2-nitrotoluene
4  3-nitrotoluene
5  4-nitrotoluene
6  nitroglycerine coelutes with 2,6-dinitrotoluene on Rtx-200
7  1,3-dinitrobenzene
8  2,6-dintrotoluene  co-elutes with nitroglycerine on Rtx-200
9  1,2-dinitrobenzene (surrogate)
10  2,4-dinitrotoluene
11  3,4-dinitrotoluene (internal standard)
12  1,3,5-trinitrobenzene
13  trinitrotoluene
14  picric acid
15  PETN  co-elutes with RDX on Rtx-1, co-elutes with 2-amino-4,6-dinitrotoluene on Rtx-200
16  RDX  co-elutes with PETN on Rtx-1
17  4-amino-2,6-dinitrotoluene  co-elutes with 3,5-dinitroaniline on Rtx-5
18  3,5-dinitroaniline  co-elutes with 4-amino-2,6-dintrotoluene on Rtx-5
19  2-amino-4,6-dinitrotoluene  co-elutes with PETN on Rtx-200
20  tetryl
21  nitroguanidine
22  HMX  does not elute as a peak when the run time is longer than 20 minutes



Design Criteria 

•• Short Column, WideShort Column, Wide--bore, Standard dbore, Standard df f , High , High µµ
•• Analysis Time < 20 Analysis Time < 20 min.min.

•• Low Bleed with ECDLow Bleed with ECD

•• Baseline ResolutionBaseline Resolution

•• Column Inertness Column Inertness 



Modeling for Explosives

0

2

4

6

8

10

12

14

16

18

0 10 20 30 40 50 60 70 80 90 100



First Optimization  Rtx-TNT

RtxRtx--TNT1  6 m x  0.53 mm x 1.5 µm  Direct Inj 250C  ECD 300C  He@10mTNT1  6 m x  0.53 mm x 1.5 µm  Direct Inj 250C  ECD 300C  He@10mls/min.ls/min.

100°C 2min.to 100°C 2min.to 200°200°C @ 10°C/min to 250°C @ 20°C/min.(10)C @ 10°C/min to 250°C @ 20°C/min.(10)
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Second Optimization Rtx-TNT2

RtxRtx--TNT2       6 m x  0.53 mm x 1.5 µm Direct Inj 250C  ECD 300C  HeTNT2       6 m x  0.53 mm x 1.5 µm Direct Inj 250C  ECD 300C  He@10mls/min.@10mls/min.

100°C  2 min. to 200° C @ 10°C/min to 250°C @200°C/min. (10)100°C  2 min. to 200° C @ 10°C/min to 250°C @200°C/min. (10)
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On-Column Injection  Rtx-TNT

1. Ethylene glycol dinitrate
2. Nitrobenzene
3. 2-Nitrotoluene
4. 3-Nitrotoluene
5. 4-Nitrotoluene
6. Nitroglycerin
7. 1,3-Dinitrobenzene
8. 2,6-Dinitrotoluene
9. 2,4-Dinitrotoluene
10. 3,4-Dinitrotoluene
11. 1,3,5-Trinitrobenzene
12. TNT
13. PETN
14. RDX
15. 4-Amino-2,6-dinitrotoluene
16. 3,5-Dinitroaniline
17. 2-Amino-4,6-dinitrotoluene
18. Tetryl
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Less than 8 minutes!



On-Column Injection  Rtx-TNT2

9 minutes.
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PETN is thermally degraded.

1. Ethylene glycol dinitrate
2. Nitrobenzene
3. 2-Nitrotoluene
4. 3-Nitrotoluene
5. 4-Nitrotoluene
6. Nitroglycerin
7. 1,3-Dinitrobenzene
8. 2,6-Dinitrotoluene
9. 2,4-Dinitrotoluene
10. 3,4-Dinitrotoluene
11. 1,3,5-Trinitrobenzene
12. TNT
13. PETN
14. RDX
15. 4-Amino-2,6-dinitrotoluene
16. 3,5-Dinitroaniline
17. 2-Amino-4,6-dinitrotoluene
18. Tetryl



What If No Selective Functionality Can be 
Found?
•• Accept less than ideal separationAccept less than ideal separation

–– Effect on quantitation and/or run timeEffect on quantitation and/or run time

•• Use “old method” of trial and errorUse “old method” of trial and error
–– Slow, and inefficientSlow, and inefficient
–– No guarantee that solution will be foundNo guarantee that solution will be found

•• Test functionalities electronicallyTest functionalities electronically
–– Unproven technique for GC Unproven technique for GC applicaitonapplicaiton
–– CPU intensiveCPU intensive
–– Faster than trial and errorFaster than trial and error



Stationary Phase Optimization

•• Window diagrammingWindow diagramming

•• Computer simulation of phase selectivity, Computer simulation of phase selectivity, 
independent of column dimensionsindependent of column dimensions (ezGC(ezGC™™))

•• Computer prediction of optimized stationary Computer prediction of optimized stationary 
phase composition and column dimensionsphase composition and column dimensions
–– Rtx®Rtx®--CLPesticides RtxCLPesticides Rtx--CLPesticides2, RtxCLPesticides2, Rtx--TNT RtxTNT Rtx--TNT2, TNT2, 

RtxRtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs



Computer Modeling: 2 Approaches

•• Molecular Dynamics Approach:Molecular Dynamics Approach:
–– Molecules are treated as harmonic oscillators, and Molecules are treated as harmonic oscillators, and 

forces of interaction are minimized to determine forces of interaction are minimized to determine 
orientation.orientation.

•• Quantum Mechanical Approach:Quantum Mechanical Approach:
–– Wave functions are calculated, and molecular orbital Wave functions are calculated, and molecular orbital 

structure is determined.structure is determined.

•• Two techniques are Two techniques are complementarycomplementary



ResolutionResolution
R = 1/4    L / h   x ( k / k+1 ) x (R = 1/4    L / h   x ( k / k+1 ) x ( αααααααα--1 / 1 / αααααααα ))

Capacity FactorCapacity Factor
k = (tk = (tRR -- tt00) / t) / t00

SelectivitySelectivity
αααααααα = k= k22 / k/ k11

Thermodynamics:Thermodynamics:
∆∆∆∆∆∆∆∆G = G = ∆∆∆∆∆∆∆∆H H -- TT∆∆∆∆∆∆∆∆S       S       ∆∆∆∆∆∆∆∆G = G = --RT ln KRT ln KD D 



Modeling - Energies of Interaction
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Molecular Modeling Results:

•• Initial attempts were not successfulInitial attempts were not successful

•• Evaluated different force fields Evaluated different force fields –– AMBERAMBER

•• Modified calculations based on work of A.Z. Modified calculations based on work of A.Z. 
PanagiotopoulosPanagiotopoulos

•• DemetonDemeton--O on PDMS phase:O on PDMS phase:
–– Observed Observed ∆∆G = G = --1.14E4 J/mol1.14E4 J/mol

–– Calculated Calculated ∆∆G = G = --1.13E4 J/mol1.13E4 J/mol



Physical Parameter Optimization

•• Chromatographers need ability to optimize Chromatographers need ability to optimize 
separations to make most efficient possible use of separations to make most efficient possible use of 
timetime
–– Aids column choiceAids column choice

–– Excellent teaching toolExcellent teaching tool

–– Allows for runAllows for run--time and separation optimization for time and separation optimization for 
common compounds, or specific user compoundscommon compounds, or specific user compounds





2 3

5



What about my compounds?

•• User libraries are easy to createUser libraries are easy to create
–– Compounds analyzed using two different temperature Compounds analyzed using two different temperature 

programsprograms

–– Must measure dead times for columnMust measure dead times for column

–– Input directly or via spreadsheetInput directly or via spreadsheet

•• Two runs necessary to determine optimum set of Two runs necessary to determine optimum set of 
physical parameters for compound listphysical parameters for compound list



For the Routine User:

•• Pro EZPro EZ--GC is relatively simple to operateGC is relatively simple to operate

•• Allows rapid selection of optimal programAllows rapid selection of optimal program
–– Flow rates, carrier types and temperaturesFlow rates, carrier types and temperatures

•• Transportable from PC to PCTransportable from PC to PC

•• Low costLow cost

•• Can aid in column choice for common analysesCan aid in column choice for common analyses

•• Excellent teaching toolExcellent teaching tool



Summary

•• Stationary Phase Modeling:Stationary Phase Modeling:
–– Allowed for 10 new commerciallyAllowed for 10 new commercially--available phases available phases 

over last three yearsover last three years
–– Individual customer columns can be cost effectiveIndividual customer columns can be cost effective
–– Most important factor for resolution is choosing a Most important factor for resolution is choosing a 

highly selective stationary highly selective stationary phasephase

•• Physical Modeling:Physical Modeling:
–– Pro Pro ezGC ezGC reintroduced for operation under current reintroduced for operation under current 

operating systems.  Low cost, and allows for physical operating systems.  Low cost, and allows for physical 
optimization.optimization.



Gas Chromatographic Analysis of 
Polybromonated Diphenyl Ethers Using a Novel 

GC Column

Frank L. Dorman, Frank L. Dorman, Chris English, Karen Chris English, Karen 
MacPhersonMacPherson, and Eric , and Eric ReinerReiner



Bromonated Flame Retardants:

•• Products based on Products based on pentapenta--, , octaocta--, and , and decaBDE decaBDE are are 
commercially used as flame commercially used as flame retardantsretardants

•• Global production of Global production of DeBDE DeBDE is approximately is approximately 
40,000 tons/40,000 tons/yearyear

•• Heavily used for furniture treatment and Heavily used for furniture treatment and 
electronics in USA, Japan, and Europeelectronics in USA, Japan, and Europe

•• May form May form PBDDs PBDDs and and PBDFs PBDFs when when combustedcombusted, , 
and and toxicity toxicity is estimated to be similar to is estimated to be similar to PCDDs PCDDs 
and and PCDFsPCDFs



Polybromonated Diphenylethers

O
BrBr

Br 1-10
- Named similarly to PCB congeners (BDE 1-209)

- Human exposure via the food chain is 0.2 – 0.7 mg/day
Organohalogen Compounds 35:411

J. High Resolut Chromatogr 15:260

- Listed as Endocrine Disruptors
Environ Health Perspect 101:378



Methods of Analysis

•• Electron capture detectionElectron capture detection
–– Lower costLower cost
–– More common to most labsMore common to most labs

•• HighHigh--resolution mass spectrometric detectionresolution mass spectrometric detection
–– Additional specificity may improve sensitivityAdditional specificity may improve sensitivity
–– Many dioxin labs are also interested in Many dioxin labs are also interested in PBDEsPBDEs

•• Others not investigatedOthers not investigated
–– GCGC--NCINCI--MSMS
–– HPLCHPLC--MSMS



Prior Analyses

•• GCGC--HRMSHRMS
–– Difficulty eluting Difficulty eluting nona’s nona’s andand decaBDEdecaBDE due to high due to high 

molecular weightmolecular weight

–– Column bleed levels hurt sensitivity of higher Column bleed levels hurt sensitivity of higher 
brominationbromination levelslevels

–– Often done using two columns:Often done using two columns:
•• Longer column to separate lower Longer column to separate lower bromination bromination level level 

congenerscongeners

•• Short column to analyze Short column to analyze nona nona and and decaBDEsdecaBDEs



Prior Methods of Analysis

•• Decision made if Decision made if deca deca (and possible (and possible nona nona and and 
octaocta) are ) are desireddesired
–– Higher molecular weight congeners are either Higher molecular weight congeners are either 

analyzed separately, or not at analyzed separately, or not at allall

–– Higher molecular weight congeners are allowed to Higher molecular weight congeners are allowed to 
“ghost” out on “standard” column (5% diphenyl)“ghost” out on “standard” column (5% diphenyl)

•• Loss of higher molecular weight congeners is also Loss of higher molecular weight congeners is also 
due to injection techniquedue to injection technique



Convert Split or Splitless Inlets to Direct Injection 
Mode

Remove  
the split 
or 
splitless 
sleeve

Install a Direct 
Injection sleeve

Press-fit 
connection

Always keep 
split vent 
purge off



Uniliner w/ Hole

•• Allows Direct injection Allows Direct injection 
and and Splitless Splitless injection injection 
methodsmethods

•• Minimizes injection port Minimizes injection port 
discriminationdiscrimination

•• Reduces loss of active Reduces loss of active 
compounds for more compounds for more 
accurate resultsaccurate results

Column seals via 
a press tight connection



Rtx-500 Capillary GC Column

•• CarboraneCarborane--stabilized stationary phasestabilized stationary phase
–– Maximum temperature of  Maximum temperature of  380°C380°C in “standard highin “standard high--

temperature” tubingtemperature” tubing

–– Maximum temperature of Maximum temperature of 440°C440°C in in passivated passivated metal metal 
columns (columns (MxtMxt--500)500)

•• Extremely low bleed levelsExtremely low bleed levels
–– Surpasses phenyl/methyl phases, and Surpasses phenyl/methyl phases, and silphenylene silphenylene 

stationary phasesstationary phases

•• Common dimensions availableCommon dimensions available



4-bromodiphenyl ether (3) 250 141,115
2,4-Dibromodiphenyl ether (7) 168 328,139
4,4'-dibromodiphenyl ether (15) 328 168,221
2,2',4-tribromodiphenyl ether (17) 248 408,406
2,4,4'-tribromodiphenyl ether (28) 406 248,246
2,2',4,5'-tetrabromodiphenyl ether (49) 326 486,328,324
2,3',4',6-tetrabromodiphenyl ether (71) 326 486,324,328
2,2',4,4'-tetrabromodiphenyl ether (47) 326 486,328,324
2,3',4,4'-tetrabromodiphenyl ether (66) 326 486,328,324
3,3',4,4'-tetrabromodiphenyl ether (77) 326 486,328,324
2,2',4,4',6-pentabromodiphenyl ether (100) 406 564,566
2,3',4,4',6-pentabromodiphenyl ether (119) 404 406,564
2,2',4,4',5-pentabromodiphenyl ether (99) 406 564,566
2,2',3,4,4'-pentabromodiphenyl ether (85) 406 564,566
3,3',4,4',5-pentabromodiphenyl ether (126) 566 564,568,406
2,2',4,4',5,6'-hexabromodiphenyl ether (154) 484 644,486
2,2',4,4',5,5'-hexabromodiphenyl ether (153) 644 484,486,482
2,2',3,4,4',5'-hexabromodiphenyl ether (138) 642 484
2,2',3,4,4',5',6-heptabromodiphenyl ether (183) 722 564
decabromodiphenyl ether (209) 956



bde209 13C
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Feb04_02bde2 Voltage SIR 7 Channels EI+ 
969.2102

1.18e6
43.43

Feb05_02bde2 3: Voltage SIR 11 Channels EI+ 
721.4405

1.58e5
29.33

Feb05_02bde2 2: Voltage SIR 12 Channels EI+ 
643.5000

3.66e5
24.61

26.06
28.00

Feb05_02bde2 2: Voltage SIR 12 Channels EI+ 
563.6215

1.90e6
21.79

22.55 24.70

26.06

Feb05_02bde2 2: Voltage SIR 12 Channels EI+ 
485.7111

4.22e6
20.35

19.32

24.61
21.79

22.55 26.06 28.01

Feb05_02bde2 1: Voltage SIR 9 Channels EI+ 
485.7111

1.07e6
18.80

17.80

Feb05_02bde2 1: Voltage SIR 9 Channels EI+ 
405.8026

2.48e6
14.7114.14

18.01
18.79

13c-deca-BDE (209)

Hepta-BDE

Hexa-BDE

Penta-BDE

Tetra-BDE

Tetra-BDE

Tri-BDE

Baseline separation of Tri, Tetra, Penta, Hexa, Hepta, and 
DecaBDE’s congeners in 44 minutes! 



bde209 13C
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1.18e6
43.43

13c-Deca-BDE13c-Deca-BDE in 43.4 minutes



BROMINATED FLAME RETARDANT GC PROGRAM

INSTRUMENT CONFIGURATION
Micromass Autospec-UltimaNT (High Resolution Mass Spectro

Source Temperature =  300°C

GC CONDITIONS (HP 6890 +)

Constant flow @ 1.5mL/min
Injector Temp.      300°C

Temp. Ramp Temp. Hold Time
Start Temp. 100 1 min

10 110 0.64
80 180 0
5 350 23

TOTAL RUN TIME = 60.51

**NB:   DecaBDE (last elutor) elutes at ~43 min.



GC-ECD Analysis

•• Electron capture detector is common to many Electron capture detector is common to many 
laboratorieslaboratories

•• Compounds have excellent response by ECDCompounds have excellent response by ECD

•• Higher flow rates may allow for more rapid Higher flow rates may allow for more rapid 
separation using largerseparation using larger--diameter columnsdiameter columns

•• Instrumentation less expensive than HRMSInstrumentation less expensive than HRMS

•• Instrumentation is also field portableInstrumentation is also field portable
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Column:  Rtx-500 30m x 0.53mm x 0.15 Ser# 233548
Flows: Hydrogen 7.69ml/min (66.7cm/sec) @ 100°C
Dead Time: MeCl2 Headspace 0.76min @ 100°C
Oven:           100(1) 15/260(5) 15/380 (15)  ~ 40 min runtime
Standards:  Wellington Laboratory BDE-Mix C 

1ul injection 30pg on column
Injection: Drilled Press-Tight Uniliner



Other Uses of Rtx-500 Columns

•• PCB Congener AnalysisPCB Congener Analysis
–– Separation of World Health Organization 12 toxic congenersSeparation of World Health Organization 12 toxic congeners

–– Investigating use for larger lists of PCB CongenersInvestigating use for larger lists of PCB Congeners

•• PBB and PCBB CongenersPBB and PCBB Congeners
–– Similar separations to Similar separations to PCBsPCBs with higher temperature with higher temperature 

requirementsrequirements

•• PCDDsPCDDs//PCDFsPCDFs
–– Currently under investigationCurrently under investigation

•• PBDDsPBDDs//PBDFsPBDFs
–– ??



dlp-cs5 on htc 
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Summary

•• RtxRtx--500 Capillary GC Column500 Capillary GC Column
–– Consolidated PBDE analysis to a single column with Consolidated PBDE analysis to a single column with 

excellent separation and reasonable run timeexcellent separation and reasonable run time
–– Extremely Extremely lowlow--bleedbleed polymer improves sensitivity of polymer improves sensitivity of 

latelate--eluting compoundseluting compounds
–– Completely resolves all  toxic PCB congeners Completely resolves all  toxic PCB congeners 
–– Very robust stationary phase which will not exhibit Very robust stationary phase which will not exhibit 

selectivity changesselectivity changes
–– Maximum thermal stability Maximum thermal stability 380°C380°C in fused silica, in fused silica, 

440°C440°C in in passivatedpassivated metal columnsmetal columns
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Objective

Evaluate comparative outgassing properties 
of vacuum components with various 
surface treatments
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Outline

• Experimental design
– Theoretical basis
– Systems
– Test components
– Surface treatments
– Experimental evolutions

• Outgassing data and discussion
• Conclusions
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Theoretical Basis

• Outgassing rate (F) in monolayers per sec:
F = [exp (-E/RT)] / t’
t’ = period of oscillation of molecule perp. to surface, ca. 10-13 sec

E = energy of desorption (Kcal/g mol)
R = gas constant

source:  Roth, A.  Vacuum Technology, Elsevier Science Publishers, 
Amsterdam, 2nd ed., p. 177.                 

• Slight elevation of sample temperature 
accelerates outgassing rate exponentially

• Basis for comparison measurements               

Our experimental design allows us to isolate and directly compare outgassing rates 
with increasing temperature.  By applying heat, the outgassing rates are 
exponentially increased for the purpose of timely data collection.  These 
comparisons with experimental controls will directly illustrate the differences 
incurred by the applied coatings.
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Systems Used
• Turbo pump for base pressures to 

10-8 Torr
– pumping rate between  gauge and pump:  12.5 l/sec 

(pump alone:  360 l/sec)
– system vent with dry N2 between thermal cycles

• Ion pump for base pressures to 10-10 Torr
– pumping rate between gauge and pump:   11.7 l/sec 

(pump alone:  400 l/sec)
– system under constant vacuum

• Baffle systems used to ensure identical 
conductance pathways
– no line-of-site between samples
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Test Components and Surface 
Treatments

• 1st Generation “N” samples –
304 SS tube, dual flange
– Raw, as received
– Heat cleaned
– Blue Silcosteel®

This is the first of a series of samples tested in our experimental evolution.  The blue 
sample (far left) was a standard coating commercially available through Restek.  
However, subsequent improvements in coating technology led to the evaluation of 
new surfaces that will be available in the future.  Note the heating shroud on the 
sample to the far right.  It too evolved in order to prevent heat transfer to uncoated 
sections of the vacuum system.
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Treatment / Coating Types

• Heat clean
– Ultrasonic cleaning in aqueous caustic surfactant
– Heat to 400ºC in inert atmosphere
– Vacuum at 400ºC

• Silcosteel® coatings
– Silicon-based
– CVD process
– Entire surface coverage
– Manipulation of process parameters key to coating 

evolution

The only difference between heat cleaned and Silcosteel coatings was the coating 
itself.  Both parts were cleaned the exact same way, only the coated parts were 
exposed to the deposition gases whereas the heat cleaned parts were instead 
exposed to inert gas.  This allowed for an appropriate experimental control to 
highlight the performance of the coating itself.
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Test Components and Surface 
Treatments (cont.)

• 2nd Generation “P” samples – 4.5” x 1.5” OD 
304 SS closed end thimble
– Heat cleaned
– Blue Silcosteel®
– Silcosteel® Beta and Silcosteel®-UHV

Second generation samples eliminated the terminal Conflat of the first generation 
pieces.  Testing raw, as received samples was also eliminated.  The outgassing for 
raw items was so extreme compared to heat cleaned and coated samples that it 
was determined that more appropriate comparisons could be highlighted without 
untreated parts.  The first time these parts were tested, a beta version of Silcosteel 
was used.  The second time around, a Silcosteel-UHV coating was used.
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Test Components and Surface 
Treatments (cont.)

• 3rd Generation “Q” samples – miniature metal envelope 
Bayard-Alpert ion gauge housing (Televac)
– Heat Cleaned
– Silcosteel®-beta

There was also a comparison of Heat Cleaned vs. Silcosteel-UHV coated gauge 
housings on an Ion pump system.  Thanks to Televac for supplying the housings.
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Experimental Evolution

• “P” samples with heating shroud
– Hot air source; monitored with thermocouples

• Version 1 – heated gasket/flange (untreated)
• Version 2 – isolated gasket/flange w/ insulation
• Version 3 – Version 2 + cool air circulated on 

untreated gasket/flange

Heating shrouds evolved to prevent heating of non-treated areas and give more 
accurate outgassing data from only the coated surfaces.
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Outgassing Data – N Samples

• Turbopump, 1 x 10-7 Torr base pressure
• 10hr under vacuum

Pressure increase with heat
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Data output graphs show pressure differences on the y-axis (base pressures are 
indicated in text at bottom of slide).  Therefore, higher increases in pressure indicate 
higher outgassing rates.  The x-axis shows units of time during which pressure 
readings were performed.  Parenthetical values are surface temperatures (in 
Celsius) at the indicated time.

Note the highly improved performance of both cleaned and coated parts compared 
to raw.
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Outgassing Data – N Samples (cont.)

Pressure increase with heat
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N1 - Blue Silcosteel
N2 - Heat cleaned
N3 - As rec'd

To highlight the differences between heat cleaned and coated, the y-axis is 
expanded.  The stock Silcosteel coating maintains a significant outgassing 
advantage over the heat cleaning throughout the temperature range.  Pressure 
increases are in units of 10-7 Torr.
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Outgassing Data – Q Samples; Run 1

• Ion pump, 1 x 10-9 Torr base pressure
• 8 days under vacuum

Pressure increase with heat
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The 3rd iteration of samples were the first to use an ion pump system. With an initial 
base pressure in the 10-9 Torr range, the Silcosteel beta component exhibits a 
significantly lower outgassing rate throughout the temperature increase.
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Outgassing Data – Q Samples; Run 2

• Ion pump, 1 x 10-9 Torr base pressure
• 41 days under vacuum

Pressure increase with heat
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The improvement for Silcosteel beta continues.  Note the degree of pressure 
increase is now in the low 10-9 Torr range (y-axis).
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Outgassing Data – Q Samples; Run 3

• Ion pump, 1.2 x 10-10 Torr base pressure
• 156 days under vacuum (5th baking cycle)

Pressure increase with heat
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After 156 days under vacuum, the base pressure and pressure increases are down 
to the low 10-10 Torr range.  Even at its lowest temperature reading (61ºC), the 
Silcosteel beta shows a pressure increase of 0.07 x 10-10 Torr, whereas the Heat 
Cleaned increased 0.45 x 10-10 Torr.  This is a 6.4-fold improvement for the coated 
system.
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Outgassing Data – PA Samples; Run 1

• Turbopump, 4.6 x 10-7 Torr base pressure
• 1hr under vacuum (∆P1)

Pressure increase with heat
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The most recent advance in Restek’s coating technology is called Silcosteel-UHV.  
This surface was applied to the Generation 2 pieces for evaluation under a typical 
turbopump startup process.  The treated parts were tested for outgassing rates after 
1hr and 10hrs of pumpdown.  This figure illustrates a significant decrease of 
outgassing rate when comparing the heat cleaned part to Silcosteel-UHV.  Note the 
operating base pressure of 4.6 x 10-7 Torr.
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Outgassing Data – PA Samples; Run 2

• Turbopump, 7.5 x 10-8 Torr base pressure
• 10hr under vacuum (∆P2)

Pressure increase with heat
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At hour 10 of pumpdown on a turbopump system, the Silcosteel-UHV coating still 
shows a significant improvement over a Heat Cleaned part.  Base pressure is now 
in to the 10-8 Torr range.
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Outgassing increase sample 
calculations

• For the system (PA), sample area = 125cm2, 
conductance = 12.5 l/sec;  
therefore, ∆Q = ∆P(12.5/125) = ∆P/10 

• At 1 hour, 61ºC:
∆Q1 (heat cleaned) = 5.4 x 10-8 Torr l sec-1 cm-2;
∆Q1 (Silcosteel®-UHV) = 0.2 x 10-8 Torr l sec-1 cm-2

27x improvement

• At 10 hours, 61ºC:
∆Q10 (heat cleaned) = 0.14 x 10-8 Torr l sec-1 cm-2;
∆Q10 (Silcosteel®-UHV) = 0.01 x 10-8 Torr l sec-1 cm-2

14x improvement

The previous two figures visually compared the variation in outgassing rates for 
Heat Cleaned and Silcosteel-UHV parts relative to increasing temperature.  At the 
first data point, 61ºC, the figures show a seemingly small difference in outgassing. 
However, if we compare these results numerically, the differences are impressive.  
After 1 hour, the Silcosteel-UHV has a 27-fold improvement in outgassing rate (Torr 
l set-1 cm-2) and even after 10 hours under vacuum, the Silcosteel-UHV maintained 
a 14-fold improvement.
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After air/humidity exposure
Pressure increase with heat
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After air/humidity exposure
Pressure increase with heat
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Preliminary Electronic Performance Data

• Resistivity perpendicular to film range 12-60 Ω/cm2

• Pinholes allow conductivity through film to substrate

• Practical applications
– Comparison of coated vs. uncoated miniature cold cathode gauge 

housings showed no difference in performance 
• Current density (est.) = 10-6 amp/cm2

resulting from secondary electron emission from ion impact in gauge
– Comparison of vacuum tubes with alternative anodes of uncoated 

vs. coated steel showed no detectable performance difference
• Internal filament produced 1ma electron current
• Anode voltage = 200 V
• Anode area = 23.5 cm2

• Anode current density approx. 4 x 10-5 amp/cm2

Initial electronic performance data indicates that although the Silcosteel layer itself is 
not conductive along a parallel axis, there are microscopic pinholes that allow the 
penetration of charge through the thin film and then conductivity along the steel 
substrate.  Measurements on coated pieces have confirmed this phenomenon.
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Conclusions / Future

• Studied outgassing properties of stainless 
steel parts coated with evolving silicon-
based coatings

• Comparative outgassing rate improved by 
> order of magnitude

• Electronic, galling, H2 permeability 
properties

• Evaluate completely coated system

The coatings studied have illustrated a decrease in cleaned Stainless Steel 
outgassing greater than an order of magnitude.  Initial studies in electronic and 
galling characteristics have been favorable and are ongoing.  Future evaluation 
plans include hydrogen permeability and the performance of a completely coated 
system.
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Abstract

• The analysis of polychlorinated biphenyls (PCB’s) by GC can be a
very challenging analysis.  Numerous researchers have 
demonstrated various separations on the common commercially 
available GC stationary phases, but all of these have had limitations 
when it comes to the separation of all 209 possible PCB congeners.  
While it may be argued that the complete separation of all 209 
possible congeners is not necessary, separation of the 
environmentally significant and the toxic congeners is important. 

• The separation requirements for the analysis of PCB congeners 
differ considerably depending on the type of detector used.  
Separation needs when using a mass spectrometer are different 
then when using standard GC detectors.

• This presentation will discuss the separation needs for PCB 
congeners when using a mass spectrometer, and demonstrate an 
improved separation of PCB congeners, using a new capillary 
stationary phase developed for this purpose. 



Experiment

• Determine retention times for all 209 PCBs on 
a new low-bleed capillary column 
– AccuStandard 9 mixtures
– Hexachlorobenzene for relative retention times

• Analyze mix of Aroclors 1221:1242:1254:1262
– 1:2:2:2 ratio
– Show chromatogram with congeners labeled

• GC-MS results obtained using a time-of-flight 
mass spectrometer to allow for possible 
spectral deconvolution



GC-TOFMS Conditions
• Gas Chromatography

– One microliter splitless 250°C, 60 sec valve 

– 60 m x 0.18 mm x 0.18 µm Restek Rtx-PCB column
• Constant flow helium, 1.5 mL/minute

• 70°C (1 min), 50°/min to 120°, 3°/min to 360° (1 min)

• Mass Spectrometry  LECO Pegasus III
– Source temperature:  225°C

– Electron ionization:  70 eV

– Stored mass range:  120 to 520 u

– Acquisition rate:  5 spectra/sec



Aroclor Mix Chromatogram

• Overlaid ion chromatograms are plotted
– For example, hexachlorobiphenyl is 360
– Peaks are labeled with congener numbers

• Text size and format is only for space and not 
meant to indicate anything about PCBs, except:

• European indicator congeners are in red

• Chromatograms are not to one scale
– Each panel is adjusted so most of the PCB 

peaks can be seen
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Important Congener Separations

• European indicator PCBs

• May coelute on 5% phenyl methylsilicone
and other column phases
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Table Key

• Congener classification according to their significance in 
Aroclors 1242, 1254, or 1260
– Bold Underline: Congener > 1.0 Wt%

– Bold: Congener 0.05 to 1.0 Wt%

– Italics: Trace or undetected congener

• Congener naming according to Guitart et al. by chlorine 
positions
– 107: 234-35
– 108: 2346-3
– 109: 235-34

– 199: 2345-2356
– 200: 23456-236
– 201: 2346-2356

• RRT is relative retention time

• Coelutions of significance where MS won’t help are



2110.9
2109.3
2093.3
2088.1
2067.3
2061.1
2053.3
1993.5
1963.3
1953.3
1894.3
1882.3
1849.3
1815.3
1808.3
1679.7
1678.1
1642.1
1601.3
1403.3

RT (sec)

1.083935.18324
1.082935.15213
1.074834.89327
1.072134.80212
1.061534.46317
1.058234.35211
1.054334.22318
1.023633.22330
1.007932.72214
1.003032.55319
0.972731.5728
0.966531.3725
0.949630.8226
0.932130.2627
0.928530.1429
0.862528.00210
0.861727.9724
0.843227.3713
0.822226.6912
0.720623.3911
RRTRT (min)Cl#PCB#



2374.3
2364.3
2349.5
2313.3
2312.7
2312.9
2309.5
2303.5
2290.7
2286.5
2252.7
2239.3
2237.1
2202.7
2188.9
2187.3
2176.1
2158.9
2148.7
2135.1

RT (sec)

1.218939.57473
1.214039.40322
1.206439.16445
1.187738.56320
1.187438.54321
1.187438.55451
1.185838.49333
1.182838.39328
1.176238.18331
1.173838.11453
1.156737.54325
1.149837.32326
1.148637.28450
1.130936.71329
1.123736.48454
1.123436.45323
1.117336.27334
1.108435.98215
1.103335.81332
1.096335.58316
RRTRT (min)Cl#PCB#



2535.7
2527.9
2521.5
2506.7
2501.3
2487.3
2461.3
2452.9
2450.7
2451.3
2448.5
2444.7
2440.3
2426.5
2417.3
2406.9
2398.9
2397.7
2391.5
2374.5

RT (sec)

1.302042.26441
1.297842.13335
1.294742.02471
1.287041.78442
1.284241.69459
1.277241.45444
1.263741.02338
1.259840.88339
1.258640.84462
1.258440.85475
1.257140.81465
1.255240.75447
1.252940.675104
1.245840.44449
1.241240.29448
1.235940.11452
1.231739.98336
1.231239.96443
1.227939.86469
1.219339.58446
RRTRT (min)Cl#PCB#



2657.5
2653.9
2650.9
2646.1
2646.1
2637.9
2635.9
2618.9
2614.7
2613.5
2594.1
2589.1
2581.9
2581.3
2569.9
2561.9
2560.5
2552.3
2545.1
2542.1

RT (sec)

1.364644.29595
1.363044.235121
1.361044.18463
1.358744.10476
1.358644.10593
1.354443.96598
1.353343.93461
1.344643.655102
1.342643.58458
1.342043.56467
1.331943.23457
1.329743.15594
1.325543.035100
1.325443.02337
1.319542.83440
1.315342.70464
1.315042.67468
1.310542.545103
1.306742.42596
1.305242.37472
RRTRT (min)Cl#PCB#



2802.3
2798.9
2776.7
2776.1
2772.9
2757.3
2751.5
2751.5
2750.9
2745.9
2743.7
2726.5
2723.3
2709.7
2695.7
2688.7
2678.3
2675.7
2667.9
2658.9

RT (sec)

1.438846.715119
1.437046.656152
1.425846.28460
1.425846.275150
1.423846.21599
1.415745.955113
1.412845.86456
1.412545.86590
1.412445.855101
1.410045.77584
1.408745.73589
1.399945.44592
1.398445.39455
1.391745.16480
1.384244.93466
1.380544.81591
1.375244.64470
1.374244.596155
1.369944.46474
1.365644.31588
RRTRT (min)Cl#PCB#



2906.7
2895.7
2889.1
2883.5
2878.9
2877.3
2871.1
2870.3
2868.3
2867.7
2855.5
2841.9
2835.5
2828.9
2825.9
2821.5
2817.7
2812.1
2811.3
2807.5

RT (sec)

1.492548.445110
1.486948.265120
1.483348.15585
1.480648.065115
1.478047.985117
1.477347.966136
1.474647.855111
1.473747.84478
1.472847.80587
1.472247.796154
1.466547.595116
1.459147.36479
1.456347.266148
1.452447.15597
1.450947.106145
1.448847.025108
1.446746.96586
1.444046.875112
1.443846.855125
1.441646.79583
RRTRT (min)Cl#PCB#



3027.5
3023.1
3018.9
3018.5
3011.5
3011.3
3009.5
3005.3
2990.5
2988.9
2981.3
2980.3
2972.3
2968.3
2966.3
2949.1
2948.3
2937.3
2929.1
2927.7

RT (sec)

1.554950.466142
1.552150.386133
1.550050.315106
1.549850.316134
1.546750.197188
1.546250.195109
1.545250.165123
1.543050.095107
1.535949.846143
1.534449.815124
1.530749.696139
1.530649.676140
1.526149.54477
1.524149.476149
1.523149.446147
1.514249.156144
1.513949.14582
1.508248.966135
1.503948.826151
1.503048.79481
RRTRT (min)Cl#PCB#



3171.1
3168.7
3157.7
3157.1
3150.7
3140.9
3137.5
3125.7
3109.3
3094.1
3077.1
3076.1
3072.5
3060.3
3060.1
3050.3
3044.1
3040.7
3034.3
3032.5

RT (sec)

1.628352.856164
1.626752.816130
1.621252.635127
1.621152.627186
1.617752.516137
1.612652.355105
1.610952.297176
1.605052.106141
1.596651.827179
1.588751.576132
1.580051.286153
1.579451.275114
1.578051.216168
1.571251.006161
1.571051.005122
1.566350.846146
1.562850.736165
1.561250.687184
1.558050.576131
1.557050.545118
RRTRT (min)Cl#PCB#



3328.9
3322.7
3321.1
3307.7
3307.9
3295.9
3293.3
3290.3
3277.3
3264.1
3243.3
3221.1
3210.5
3209.7
3208.5
3203.9
3198.9
3196.7
3191.7
3187.7

RT (sec)

1.709155.487181
1.706055.386167
1.705055.358202
1.698455.137174
1.698455.136128
1.692754.936162
1.690954.897185
1.689354.845126
1.682854.626159
1.675954.406166
1.665454.067183
1.654053.687187
1.648253.517175
1.648053.497182
1.647353.486158
1.645053.406129
1.642953.316160
1.641153.286163
1.638953.196138
1.636853.137178
RRTRT (min)Cl#PCB#



3569.3
3564.7
3564.7
3546.9
3539.9
3534.3
3456.5
3447.7
3437.5
3432.1
3430.1
3415.3
3414.7
3403.1
3383.1
3379.7
3366.1
3353.9
3352.3
3348.5

RT (sec)

1.832859.498203
1.830459.418196
1.830259.417190
1.821259.127170
1.817759.008199
1.814858.908198
1.774757.617191
1.770057.468200
1.765157.297193
1.762357.207180
1.761157.176157
1.753556.926156
1.753456.917192
1.747456.727172
1.737156.398197
1.735456.337173
1.728456.107171
1.722055.908204
1.721055.878201
1.719455.817177
RRTRT (min)Cl#PCB#



3952.9
3872.3
3791.5
3766.9
3692.9
3683.3
3676.5
3643.7
3583.5

RT (sec)

2.029565.8810209
1.988464.549206
1.946863.198205
1.934262.788194
1.896261.558195
1.891161.397189
1.887661.289207
1.870860.739208
1.839959.726169
RRTRT (min)Cl#PCB#



Conclusions

• Greater than 140 Aroclor PCBs can be 
determined with the new column and 
mass spectrometry

• The seven European indicator PCBs can 
be determined individually

• Spectral deconvolution available with 
TOFMS allows qualitative identification for  
coeluting PCBs



Restek CorporationRestek Corporation
Performance Coatings Performance Coatings 



Restek Corporation BackgroundRestek Corporation Background

Established in 1985 as gas chromatography Established in 1985 as gas chromatography 
supplies companysupplies company
Currently $25M+ annual revenue, doubleCurrently $25M+ annual revenue, double--digit digit 
growth 16 of 18 yearsgrowth 16 of 18 years

GC columns and consumablesGC columns and consumables
Chemical standards Chemical standards 
LC columns and consumablesLC columns and consumables
Air analysis canisters and suppliesAir analysis canisters and supplies
Performance Coatings DivisionPerformance Coatings Division



Performance Coatings BackgroundPerformance Coatings Background

Began with tubing in 1987Began with tubing in 1987
StandStand--alone parts in 1993alone parts in 1993
Initial goal to impart the inertness of glass Initial goal to impart the inertness of glass 
on a steel surface (Silcosteelon a steel surface (Silcosteel®®))
New surfaces in 1997 expanded New surfaces in 1997 expanded 
applicability and performance (Siltekapplicability and performance (Siltek™™))
Patent protectionPatent protection
Concerted development effort launched in Concerted development effort launched in 
20022002



What can we coat?What can we coat?
Tubing:Tubing:

0.004” to 0.5” ID0.004” to 0.5” ID
2000+ ft. continuous lengths2000+ ft. continuous lengths

Complex geometry parts (inside and out)Complex geometry parts (inside and out)
Fittings, valves, frits, custom partsFittings, valves, frits, custom parts
Largest vessel:  1’ ID x 4’ cylinder w/ 10” Largest vessel:  1’ ID x 4’ cylinder w/ 10” 
openingopening

SubstratesSubstrates
Stainless steels, steels, alloys, glass, Stainless steels, steels, alloys, glass, 
ceramicsceramics



What can’t we coat?What can’t we coat?
Nickel (most highNickel (most high--performance alloys performance alloys willwill coat)coat)
Aluminum*Aluminum*
CopperCopper
BrassBrass
Gold, SilverGold, Silver--plated components plated components 
MagnesiumMagnesium
ElastomersElastomers

*heat*heat--dependentdependent



Basic Manufacturing ProcessBasic Manufacturing Process
Receive itemsReceive items
Document Document –– digital, customer contactdigital, customer contact
CleanClean

Standard:  caustic ultrasonic bath, 2 systemsStandard:  caustic ultrasonic bath, 2 systems
Custom:  Custom:  solvationsolvation via other meansvia other means

ProcessProcess
VacuumVacuum
400400ººCC
Chemical vapor deposition, siliconChemical vapor deposition, silicon--basedbased

CleanClean
Document Document –– digital, customer contactdigital, customer contact
Pack, shipPack, ship



Application AreasApplication Areas

Analytical (passivation):  SilcosteelAnalytical (passivation):  Silcosteel®®, , 
SiltekSiltek™™, Sulfinert, Sulfinert™™

Transfer linesTransfer lines
Instrumentation partsInstrumentation parts
GC consumablesGC consumables

AntiAnti--Coking:  SilcosteelCoking:  Silcosteel®®--ACAC
AntiAnti--Corrosion:Corrosion: SilcosteelSilcosteel®®--CRCR
UltraUltra--High Vacuum:High Vacuum: SilcosteelSilcosteel®®--UHVUHV



Coating Appearances:

Silcosteel ®

Sulfinert™

Siltek™



Coating Appearances (cont.)Coating Appearances (cont.)



New Process OvenNew Process Oven



More PartsMore Parts



InertnessInertness

Application:  Reduce activity of substrate Application:  Reduce activity of substrate 
((ieie., stainless steel) to minimize adsorption ., stainless steel) to minimize adsorption 
of compounds of compounds 
Coated system products deliver better Coated system products deliver better 
reproducibility and accuracy by reducing reproducibility and accuracy by reducing 
holdhold--up of active compoundsup of active compounds
List of some active compounds:  Hydrogen List of some active compounds:  Hydrogen 
Sulfide, Nitrous Oxides, Mercury, Alcohols, Sulfide, Nitrous Oxides, Mercury, Alcohols, 
AldehydesAldehydes, , KetonesKetones, etc.,., etc.,.



Project ObjectiveProject Objective

To createTo create passivationpassivation processes for processes for 
stainless steel and glass surfaces stainless steel and glass surfaces 
which will allow the analysis of lowwhich will allow the analysis of low--
ppbvppbv sulfur gasessulfur gases

Chromatographic sampling system Chromatographic sampling system 
Containment vessels (high pressure Containment vessels (high pressure 
vessels and air sampling canisters)vessels and air sampling canisters)



Testing System for Sulfur Gas Storage & Testing System for Sulfur Gas Storage & 
TransferTransfer

SulfinertSulfinert™™--deactivated sample cylinders withdeactivated sample cylinders with
SulfinertSulfinert™™ sample valvessample valves
SulfinertSulfinert™™--deactiveddeactived sampling system sampling system 
(transfer line, sampling valve, 1ml sample (transfer line, sampling valve, 1ml sample 
loop)loop)
48hr (minimum) containment of dry sample48hr (minimum) containment of dry sample
55ppbv reference standard55ppbv reference standard
DimethylDimethyl sulfide internal standardsulfide internal standard



Complete Sulfur Analysis SystemComplete Sulfur Analysis System

SCD
1mL sample 

loop

Orifice = 0.0060"

Sample cylinder

He carrier

GC Oven



11ppbv Sulfur Standard11ppbv Sulfur Standard

5 10

1

2

3

4

5 6

1. H2S
2. COS
3. Methyl Mercaptan
4. Ethyl Mercaptan
5. Dimethyl Sulfide
6. Dimethyl Disulfide

Rtx-1  60m x 0.53mm, 7.0µm



List of Sulfur CompoundsList of Sulfur Compounds

Conc Conc Conc as S
Compound Name Formula (ppmv) (ppbv) (ppbv)
hydrogen sulfide H2S 105 11.51 10.83
carbonyl sulfide COS 98 10.74 5.73
methyl mercaptan CH3SH 101 11.07 7.38
ethyl mercaptan CH3CH2SH 101 11.07 5.71
dimethylsulfide CH3SCH3 99 10.85 6.81
dimethyl disulfide CH3SSCH3 100 10.96 7.46



System RepeatabilitySystem Repeatability

Compound Name %RSD
hydrogen sulfide 2.2
carbonyl sulfide 4.2
methyl mercaptan 2.0
ethyl mercaptan 8.7
dimethylsulfide 3.3
dimethyl disulfide 9.2

n=7



17ppbv H17ppbv H22S Containment in 500ml S Containment in 500ml 
CylindersCylinders
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HH22S at 27.57ppbv in 300mlS at 27.57ppbv in 300ml SulfinertSulfinert™™
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COS at 14.59ppbv in 300mlSulfinertCOS at 14.59ppbv in 300mlSulfinert™™
CylindersCylinders
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EthylEthyl MercaptanMercaptan at 14.53ppbv in 300mlat 14.53ppbv in 300ml
SulfinertSulfinert™™ CylindersCylinders
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MethylMethyl MercaptanMercaptan at 18.8ppbv in 300mlat 18.8ppbv in 300ml
SulfinertSulfinert™™ CylindersCylinders
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DimethylDimethyl Disulfide at 18.99ppbv in 300mlDisulfide at 18.99ppbv in 300ml
SulfinertSulfinert™™ CylindersCylinders
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Ambient Air Sampling Canisters Ambient Air Sampling Canisters 
ObjectiveObjective

Demonstrate suitability for Demonstrate suitability for 
storage of low level (1storage of low level (1--20ppbv) 20ppbv) 
sulfurs insulfurs in SilcoCanSilcoCan™™ canisters.canisters.



Block diagram of Analytical Block diagram of Analytical 
SystemSystem

Gas Chromatograph

Air or
Oxygen

In Hydrogen
In

Burner

Transfer Line

Ozone
Generator

PMT

CL Cell

Vacuum
Pump

Exhaust

Trap

Air or Oxygen In
Controller

1mL sample
loop

SilcoCan
™
canister

Orifice
= 0.0060"



Stability Study TestStability Study Test

11ppbv11ppbv
6 days stability study6 days stability study
Reference std is at 55ppbvReference std is at 55ppbv
DimethylDimethyl sulfide as internal sulfide as internal 
standardstandard
SilcoCansSilcoCans (n=18)(n=18)
Humidified (Humidified (rhrh=50%)=50%) SilcoCansSilcoCans
(n=5)(n=5)
ElectropolishedElectropolished Cans (n=2)Cans (n=2)



HH22S at 11ppbv in 6l Air Sampling S at 11ppbv in 6l Air Sampling 
CansCans
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COS at 10ppbv in 6l Air Sampling CansCOS at 10ppbv in 6l Air Sampling Cans
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MethylMethyl MercaptanMercaptan at 11ppbv in 6l Air at 11ppbv in 6l Air 
Sampling CansSampling Cans
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EthylEthyl MercaptanMercaptan at 11ppbv in 6l Air at 11ppbv in 6l Air 
Sampling CansSampling Cans
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DimethylDimethyl Disulfide at 11ppbv in 6l Air Disulfide at 11ppbv in 6l Air 
Sampling CansSampling Cans
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Extended Stability StudyExtended Stability Study

Is theIs the SilcoCanSilcoCan capable of capable of 
storing 11ppbv sulfurs longer storing 11ppbv sulfurs longer 
than 6 days?than 6 days?
Tested 4Tested 4 SilcoCansSilcoCans on Day 14on Day 14



HH22S at 11ppbv for 14 daysS at 11ppbv for 14 days
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COS at 10ppbv for 14 DaysCOS at 10ppbv for 14 Days
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MethylMethyl MercaptanMercaptan 11ppbvfor 14 Days11ppbvfor 14 Days
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Performance of SilcosteelPerformance of Silcosteel®®
Coating for transfer of Coating for transfer of NONOxx & & 
Ammonia containing streamsAmmonia containing streams

Study conducted by University of California Study conducted by University of California 
Center for Environmental Research and Center for Environmental Research and 
Technology (October 2001)Technology (October 2001)
Study focused on quantifying uncertainties in Study focused on quantifying uncertainties in 
continuous emission monitoring systemscontinuous emission monitoring systems
Study tried to simulate exhaust gasStudy tried to simulate exhaust gas
Total Total NONOxx levels in study were 0.4ppm, 2ppm levels in study were 0.4ppm, 2ppm 
and 9.5ppm totaland 9.5ppm total
Dry, wet, and with ammoniaDry, wet, and with ammonia



NONOxx Study ConditionsStudy Conditions

100’ section of ¼” Silcosteel100’ section of ¼” Silcosteel®® coated coated 
tubing used to transfer Simulated tubing used to transfer Simulated 
Exhaust StreamsExhaust Streams
Looking at recovery of components Looking at recovery of components 
through the transfer system and relative through the transfer system and relative 
standard deviationstandard deviation



NONOxx Containing Sample Containing Sample 
Streams StudiedStreams Studied

Variety of components and concentrations Variety of components and concentrations 
studied:studied:
Each Condition tested with 3 Each Condition tested with 3 NONOxx
concentrations 0.4ppm, 2ppm and 9.5ppm concentrations 0.4ppm, 2ppm and 9.5ppm 
total total NONOxx

Dry Simulated ExhaustDry Simulated Exhaust
Wet (13%H20) Simulated ExhaustWet (13%H20) Simulated Exhaust
Wet (13% H20) Simulated Exhaust + 6ppm Wet (13% H20) Simulated Exhaust + 6ppm 
AmmoniaAmmonia
Wet (13% H20) Simulated Exhaust + 10ppm Wet (13% H20) Simulated Exhaust + 10ppm 
AmmoniaAmmonia
Wet (6% H20) Simulated ExhaustWet (6% H20) Simulated Exhaust
Wet (6% H2O) Simulated Exhaust + 10ppm Wet (6% H2O) Simulated Exhaust + 10ppm 
AmmoniaAmmonia



Results from StudyResults from Study

SilcosteelSilcosteel®® coated tubing showed good coated tubing showed good 
transfer properties for entire transfer properties for entire 
experimental matrixexperimental matrix
Performed at the same level as Teflon Performed at the same level as Teflon 
lined tubing.lined tubing.
Both performed better than a standard Both performed better than a standard 
stainless steel transfer linestainless steel transfer line
Study noted that results warranted Study noted that results warranted 
further studyfurther study



Examples of applicationsExamples of applications
Purge and Trap systems manufactured to test Purge and Trap systems manufactured to test 
water quality use Restek treated tubing to insure water quality use Restek treated tubing to insure 
transfertransfer
Varian Ion trap mass spectrometer elements are Varian Ion trap mass spectrometer elements are 
coated to eliminate adsorption of ionscoated to eliminate adsorption of ions
Sulfur sampling and transfer equipment is Sulfur sampling and transfer equipment is 
coated to eliminate loss of active compoundscoated to eliminate loss of active compounds

Testing of Ethylene and PropyleneTesting of Ethylene and Propylene
Testing of Beverage grade COTesting of Beverage grade CO22 for sulfurfor sulfur
Testing of Sulfur compounds in beerTesting of Sulfur compounds in beer
Natural Gas; LPG; Gasoline; DieselNatural Gas; LPG; Gasoline; Diesel



AntiAnti--CokingCoking

In applications of heated hydrocarbon In applications of heated hydrocarbon 
transfer, carbon deposits can formtransfer, carbon deposits can form
Carbon deposits are catalyzed by nickel, Carbon deposits are catalyzed by nickel, 
sulfur and carbon in steel latticesulfur and carbon in steel lattice
The SilcosteelThe Silcosteel--AC coating produces a AC coating produces a 
barrier that eliminates catalytic carbon barrier that eliminates catalytic carbon 
buildupbuildup



AntiAnti--Coking DataCoking Data

Semih Eser; PSU Prof. Fuel SciencesSemih Eser; PSU Prof. Fuel Sciences
8x improvement over raw 316L8x improvement over raw 316L

Carbon Deposits from JP-8 Fuel on 
Various Types of Tubing
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AntiAnti--Coking Data (cont.)Coking Data (cont.)

Silcosteel-AC,

Sulfinert,

Prototype,



Example ApplicationsExample Applications

Coating fuel injector nozzles to decrease Coating fuel injector nozzles to decrease 
buildupbuildup
Increasing lifetimes of Ethylene and Increasing lifetimes of Ethylene and 
Propylene Plug Flow reactorsPropylene Plug Flow reactors
Increasing reliability of valves used in Increasing reliability of valves used in 
internal combustion enginesinternal combustion engines
Reduces fouling in heat exchangersReduces fouling in heat exchangers



Corrosion ResistanceCorrosion Resistance

Stainless steel surfaces susceptible to Stainless steel surfaces susceptible to 
attack from hydrochloric acid, sulfuric acid attack from hydrochloric acid, sulfuric acid 
and nitric acidand nitric acid
SilcosteelSilcosteel--CR treatment produces a layer CR treatment produces a layer 
of amorphous siliconof amorphous silicon
Amorphous silicon is insoluble in Amorphous silicon is insoluble in 
hydrochloric acid, sulfuric acid and nitric hydrochloric acid, sulfuric acid and nitric 
acidacid



Corrosion Data (cont.)Corrosion Data (cont.)
EvaluationEvaluation

Certified corrosion Certified corrosion 
engineersengineers
Spectroscopic Spectroscopic 
analysisanalysis
Mechanical testingMechanical testing
Electrochemical Electrochemical 
Cyclic Polarization in neutral, acidic, alkalineCyclic Polarization in neutral, acidic, alkaline
Atmospheric corrosionAtmospheric corrosion

ASTM moisture condensationASTM moisture condensation
Salt spray ASTM B117Salt spray ASTM B117

Stress corrosion cracking (Stress corrosion cracking (MgClMgCl; ASTM G36); ASTM G36)



ASTM G45 B DataASTM G45 B Data
ASTM G45 method B; Pitting and Crevice ASTM G45 method B; Pitting and Crevice 
CorrosionCorrosion

6% Ferric Chloride solution 6% Ferric Chloride solution 
72hrs, 2072hrs, 20ººCC
Gasket wrapGasket wrap

2280.47319.627610.1007Bare Sample 37

2090.43429.692310.1265Bare Sample 34

2310.47899.565510.0444Bare Sample 27

250.052110.074210.1263Silco-CR Sample 47

250.051310.074310.1256Silco-CR Sample 28

190.039510.371010.4105Silco-CR Sample 17

Weight Loss
(g/m2)

Weight
Loss (g)

Final
Weight (g)

Initial
Weight (g)

Sample



ASTM G45 B (cont.)ASTM G45 B (cont.)

SilcosteelSilcosteel®®--CR treated sample showing no CR treated sample showing no 
crevice corrosion only slight pitting crevice corrosion only slight pitting 
corrosioncorrosion



ASTM G45 B (cont.)ASTM G45 B (cont.)

Bare 316L Stainless Steel coupon Bare 316L Stainless Steel coupon 
showing severe crevice corrosionshowing severe crevice corrosion



ASTM GASTM G--61Data61Data
ASTM GASTM G--61; Cyclic Polarization Electrochemical 61; Cyclic Polarization Electrochemical 
Corrosion TestingCorrosion Testing

Acid, neutral, basic aqueous solutions with varying Acid, neutral, basic aqueous solutions with varying ClCl-- ion ion 
concentrations (100, 3000, 5000ppm)concentrations (100, 3000, 5000ppm)
EG&G EG&G VersaStatVersaStat System, 23System, 23ººCC
316L vs. Silcosteel316L vs. Silcosteel®®--CR on 316L, 304LCR on 316L, 304L

0.043700.096-418316 L

0.06 3610.145-435 304 L

0.0009 14600.002 -533 Silcosteel-CR 316 L

CR, mpyEb, mVIc, uA/cm^2Ec, mVSample

Neutral solution;
3000ppm Cl-

Ec = corrosion potential
Ic = current density at Ec
Eb = pitting potential
CR = corrosion rate

-CR vs 316L Raw:  50x improvement



ASTMASTM--G61 (cont.)G61 (cont.)

0.833701.920-662316 L

1.145872.650-639304 L

0.059270.123-843Silcosteel-CR 316 L

CR, mpyEb, mVIc, uA/cm^2Ec, mVSample

Acidic Solution; 1N H2SO4; 
3000ppm Cl-

0.082650.193-419316 L

0.486681.120-388304 L

0.026180.036-816Silcosteel-CR 316 L

CR, mpyEb, mVIc, uA/cm^2Ec, mVSample

Basic Solution; 1N NaOH; 
3000ppm Cl-

-CR vs 316L Raw:  10x improvement

-CR vs 316L Raw:  4x improvement*



ASTM B117 DataASTM B117 Data

ASTM B 117 ASTM B 117 –– ““Practice for Operating Salt Practice for Operating Salt 
Spray (Fog) Apparatus.Spray (Fog) Apparatus.””

1000 hour exposure1000 hour exposure
100 degree Fahrenheit100 degree Fahrenheit
3.5% by weight sodium chloride3.5% by weight sodium chloride

Reproduces exposure to marine Reproduces exposure to marine 
environments.environments.



ASTM B117 Data (cont.)ASTM B117 Data (cont.)

SilcosteelSilcosteel®®--CR treated samples showed CR treated samples showed 
no signs of bleeding, rusting, or pitting no signs of bleeding, rusting, or pitting 
corrosioncorrosion



ASTM B117 Data (cont.)ASTM B117 Data (cont.)
The nonThe non--treated samples showed some light treated samples showed some light 
surface rusting, but no signs of pitting surface rusting, but no signs of pitting 
corrosion. corrosion. 



ASTM D4585 DataASTM D4585 Data

ASTM D 4585, ASTM D 4585, ““Practice for Testing the Practice for Testing the 
Water Resistance of Coatings Using Water Resistance of Coatings Using 
Controlled Condensation.Controlled Condensation.””

1000 hour study1000 hour study
100 degrees Fahrenheit100 degrees Fahrenheit
Distilled waterDistilled water

Reproduces exposure to atmospheric Reproduces exposure to atmospheric 
conditionsconditions



ASTM D4585 (cont.)ASTM D4585 (cont.)

SilcosteelSilcosteel®®--CR treated samples showed CR treated samples showed 
no signs of bleeding, rusting, or pitting no signs of bleeding, rusting, or pitting 
corrosioncorrosion



ASTM D4585 (cont.)ASTM D4585 (cont.)

Only a very light surface oxide film was Only a very light surface oxide film was 
seen on the bare samples.seen on the bare samples.



Examples ApplicationsExamples Applications

Using SilcosteelUsing Silcosteel--CR treated 316L stainless CR treated 316L stainless 
steel instead of items made from steel instead of items made from HastelloyHastelloy
or or InconelInconel in corrosive environmentsin corrosive environments
Protecting the value and extending the life Protecting the value and extending the life 
of expensive existing equipment in of expensive existing equipment in 
corrosive environments by use of corrosive environments by use of 
protective coatingprotective coating
Increase cycle lifetime of equipmentIncrease cycle lifetime of equipment



UltraUltra--HighHigh--Vacuum (UHV)Vacuum (UHV)
UHV environments are characterized as having UHV environments are characterized as having 
a vacuum of 1x10a vacuum of 1x10--77 Torr or betterTorr or better
In these conditions, materials trapped to the In these conditions, materials trapped to the 
surface of and inside the steel outgas into the surface of and inside the steel outgas into the 
vacuum environmentvacuum environment
The outgassing of material increases pressure in The outgassing of material increases pressure in 
the environmentthe environment
Large pumps and long “pump down” times are Large pumps and long “pump down” times are 
required to achieve UHV environmentsrequired to achieve UHV environments
SilcosteelSilcosteel--UHV treatment produces a barrier that UHV treatment produces a barrier that 
blocks materials from outgassing into the blocks materials from outgassing into the 
vacuum environment.vacuum environment.



UltraUltra--High Vacuum DataHigh Vacuum Data

Bruce Kendall:  Elvac Labs, PSU Physics Bruce Kendall:  Elvac Labs, PSU Physics profprof. (ret.). (ret.)
TurbopumpTurbopump, 4.6 x 10, 4.6 x 10--77 Torr base pressureTorr base pressure
1hr under vacuum (1hr under vacuum (∆∆P1)P1)
27x improvement at 6127x improvement at 61ººCC

Pressure increase with heat
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UltraUltra--High Vacuum Data (cont.)High Vacuum Data (cont.)

TurbopumpTurbopump, 7.5 x 10, 7.5 x 10--88 Torr base pressureTorr base pressure
10hr under vacuum (10hr under vacuum (∆∆P2)P2)
14x improvement at 6114x improvement at 61ººCC

Pressure increase with heat
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Example ApplicationsExample Applications

Coating of accelerator chambers to create Coating of accelerator chambers to create 
higher vacuum environmenthigher vacuum environment
Use in coating of semiUse in coating of semi--conductor conductor 
manufacturing equipment to decrease manufacturing equipment to decrease 
defect ratedefect rate
Reducing time needed to achieve high Reducing time needed to achieve high 
vacuum environments in analytical vacuum environments in analytical 
equipment (SEM, XPS, etc.,.)equipment (SEM, XPS, etc.,.)



FutureFuture

Currently renovating for expansionCurrently renovating for expansion
New process oven (31” ID x 24” deep)New process oven (31” ID x 24” deep)
Continual process improvement and new Continual process improvement and new 
product developmentproduct development

HardnessHardness
Improved corrosion resistanceImproved corrosion resistance
Customized surfacesCustomized surfaces



Sample Preparation and Confirmation Column for 
Phenoxyacid Herbicides by HPLC
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Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823



Introduction

Phenoxyacid herbicides, such as 2,4-D, dicamba, picloram, and Silvex, are used to 
control agricultural and aquatic weeds. These compounds can be found in the acid 
form, or as the salts or esters. While not considered highly toxic, phenoxyacid
herbicides are monitored in agricultural monitoring wells and drinking water 
sources. Traditionally, these compounds have been analyzed by gas 
chromatography (GC), for example by US EPA Method 8151. To make these 
compounds amenable to GC, they must first be converted to the methyl esters 
using a derivatizing agent such as diazomethane, a time-consuming procedure.   

An optimized HPLC method for analyzing phenoxyacid herbicides using a C18 
column and gradient procedure was previously presented.  In order to perform 
confirmation analysis, a second column producing retention time and elution order 
changes is needed.  A confirmation column has been developed that has a 
different selectivity for the phenoxyacid herbicides than a C18 stationary phase 
using the same gradient procedure.

A solid phase extraction (SPE) method has been verified to extract and 
concentrate water samples up to 1L volume and to quantitatively recover at least 
16 of the common underivatized herbicides in Table 1. This simple sample 
preparation step provides cleaner analytical samples and lower HPLC detection 
limits, making this a suitable replacement for GC analysis. 



Table I. Chlorophenoxyacid Herbicides included in this study.

pentachlorophenolacifluorfen

dinoseb2,4,5-TP (Silvex)

2,4-DBdichlorprop

2,4,5-T2,4-D

MCPPbentazon

3,5-dichlorobenzoic aciddicamba

2,4-dichlorophenyl acetic 
acid (surrogate)

MCPAchloramben

1,4-dichlorobenzene (IS)4-nitrophenolpicloram

Mix BMix A



Confirmation Column Selection

Previous work indicated that the Ultra Aqueous C18 stationary phase provided 
enhanced selectivity for the target herbicides. Many different types of HPLC 
stationary phases were evaluated as possible confirmation columns; such as the 
Ultra PFP (pentafluorophenyl), and IBD (intrinsically base deactivated), as well as 
the Pinnacle IITM PAH and Phenyl phases. These were all tested to establish if they 
provided adequate separation, rapid analysis times and sufficient elution order 
changes to qualify as a reliable confirmation column. Results of these studies 
indicated that the AllureTM Basix phase met all the necessary requirements. 

Figure 1 demonstrates the problems when using either a standard C18 or even a 
base deactivated C18 phase for the analysis of these acidic herbicides. Figure 2 
shows the significant analytical improvement when using the Ultra Aqueous C18 
and the HPLC conditions listed in Table II.  The chromatograms for Mix A and B are 
overlayed for clarity. Figure 3 chromatograms were generated using these same 
analytical conditions and the Allure Basix column.  All of the runs were completed in 
less than 17minutes and still provided adequate separations. The Ultra Aqueous 
stationary phase contains a polar embedded group in addition to the C18 
functionality, while the Allure’s highly retentive propyl cyano phase demonstrates a 
very different selectivity for the target herbicides under the same analytical 
conditions. Table III highlights both the differences in elution order and the shift in 
retention times that are critical to obtaining good confirmation of the identified 
underivatized analytes. 



Figure 1. Analysis of phenoxyacid herbicides using standard 
C18 columns:  non-base deactivated (upper) and base 
deactivated stationary phases (lower).
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Table II. Improved chromatographic conditions for separation 
and confirmation of phenoxyacid herbicides.

Ultra Aqueous C18, 150x4.6mm, 5µm

AllureTM Basix, 150x4.6mm, 5µm

HPLC Columns

Concentration

Injection

Detection

Flow Rate

Gradient
Program

Mobile Phase

10 ppm each

10µL

UV @ 225nm

1.0 mL/min

0 min          20%B

28 min        80%B

33 min        90%B

34 min        20%B

A:  0.05% H3PO4

B:  acetonitrile



Figure 2.  Separation of phenoxyacid herbicide mix A and B, 
using an Ultra Aqueous C18 column and the conditions in 
Table II.  Peak List:

0 10 20

Time (min)

1

2

4

5
7

1
1

1
4

1
5

3

8

9,
 1

0
12

13

17

18
Pentachlorophenol18.

Dinoseb17.

1,4-DCB (IS) (not shown)16.

Acifluorfen15.

2,4,5-TP (Silvex)14.

2,4-DB13.

2,4,5-T12.

Dichlorprop11.

MCPP10.

3,5-DCBA9.

MCPA8.

2,4-D7.

DCAA (Surr) (not shown)6.

Bentazon5.

Dicamba4.

4-nitrophenol3.

Chloramben2.

Pichloram1.



Figure 3. Separation of phenoxyacid herbicide mix A and B, 
using an Allure Basix column and the conditions in Table II.
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Table III.  Comparison of retention times and elution orders for
chlorophenoxy herbicides on Ultra Aqueous C18 and Allure 
Basix columns.  Coelution groups are highlighted.

Compound Ultra Aqeuos C18 Compound Allure Basix
Pichloram 6.24 Pichloram 5.93
Chloramben 8.16 Chloramben 8.54
4-nitrophenol 8.38 Dicamba 9.02
Dicamba 9.64 4-nitrophenol 9.08
Bentazon 10.69 DCAA (Surr) 10.62
DCAA (Surr) 10.83 Bentazon 11.07
2,4-D 11.03 3,5-DCBA 11.07
MCPA 11.04 MCPA 11.19
3,5-DCBA 12.05 2,4-D 11.32
MCPP 12.07 MCPP 12.03
Dichlorprop 12.09 Dichlorprop 12.18
2,4,5-T 12.34 2,4-DB 12.55
2,4-DB 12.82 2,4,5-T 12.65
2,4,5-TP (Silvex) 13.30 2,4,5-TP (Silvex) 13.32
Acifluorfen 14.05 1,4-DCB (IS) 13.61
1,4-DCB (IS) 15.23 Pentachlorophenol 15.11
Dinoseb 15.62 Acifluorfen 15.19
Pentachlorophenol 16.39 Dinoseb 15.84



Solid Phase Extraction

To meet required detection limits for these herbicides, a concentration step 
is necessary.  Solid phase extraction (SPE) can be used to extract the 
herbicides as free acids from a water matrix, before elution with suitable 
solvents.  Several types of beds were previously tested for this application, 
including C18, and graphitized carbon.  We have confirmed that a specialty 
divinylbenzene material, the Resprep AH SPE 6mL/500mg tube, gave the 
best overall recoveries. 

Analytical conditions are the same as in Table II. The SPE preparation 
method is detailed in Table IV. Water sample volumes from 500milliliters to 
1liter must be adjusted to a pH of 2 for best recovery results. Results of a 
final study for all 16 herbicides, internal and surrogate standards are 
summarized in Tables V and VI. When using a 1L sample size, recoveries 
of the herbicides were 92-100%, with the exception of the internal standard 
1,4 dichlorobenzene.  This analyte is not well retained on the packing and 
reduced recovery is due to breakthrough during the sample extraction step. 
The 1L samples were spiked with 10ppb of each herbicide and the SPE 
method overall produced a 200-fold concentration of the analytes. The use 
of MTBE during elution is optional. Most recoveries improved only slightly, 
but it is required for quantitative recovery of pentachlorophenol.



Table IV.  Conditions for the solid phase extraction of 
phenoxyacid herbicides. 

Tube dried for less than 1 minuteDry

Sample passed through tube at rapid vacuum flow 
rate

Sample flow rate

1. 3 x 2mL acidified methanol
2. Additional 2mL methyl t-butyl ether (optional)
3. Sample concentrated to 5mL (ambient 

temperature, nitrogen purge)

Extraction

Inner surface of tube rinsed with small amount of 
acidified water, if necessary

Wash

500mL or 1L water, pH adjusted to 2Sample

1. 4mL acidified methanol (0.01% phosphoric acid)
2. 4mL deionized water (pH=2)

Tube conditioning

6mL, 500mg Resprep AH tube, 6mL/500mg 
cat#26029

SPE tube



Table V.  Recoveries of phenoxyacid herbicides after solid 
phase extraction.

4.4

5.6

5.5

6.9

5.7

5.7

5.5

5.9

5.8

n=4

%RSD

77.360.51,4 dichlorobenzene (IS)

91.982.9acifluorfen

98.089.02,4,5-TP

100.491.9dichloroprop

98.388.72,4-D

97.589.0bentazon

98.489.2dicamba

99.190.6chloramben

97.589.9pichloram

1L sample500mL sample

% Recovery% RecoveryAnalyte



Table VI.  Recoveries of additional phenoxyacid herbicides 
after solid phase extraction.

2.593.51.393.0pentachlorophenol

1.495.01.093.4Dinoseb

3.072.01.373.21,4 dichlorobenzene (IS)

1.797.72.499.12,4-DB

1.596.22.396.22,4-T

1.596.62.8100.6MCPP

1.195.22.299.83,5 dichlorobenzoic acid

1.596.52.499.7MCPA

0.997.46.3100.72,4 DCAA (surrog)

0.992.32.497.24-nitrophenol

% RSD

n=3
% Recovery    
1L sample

% RSD

n=3
% Recovery 
500mL sample

Analyte



Conclusions

Based on this study, HPLC analysis of phenoxyacid herbicides after solid phase 
extraction is a viable alternative to the gas chromatographic procedure. The 
chromatographic separation of the herbicides was optimized using an Ultra 
Aqueous C18 column, a C18 stationary phase with a polar embedded group, and 
confirmed using an Allure Basix column, a propyl cyano stationary phase.  These 
phases have enhanced selectivity for the acidic compounds when analyzed at low 
pH.  This HPLC technique does not require derivitization of the acidic analytes, a 
step which requires experienced laboratory personnel and a significant 
preparation time commitment for each sample. 

In order to meet the required detection limits, a solid phase extraction method 
was developed which resulted in a 200-fold concentration of the analytes during 
cleanup.  The SPE method, using a substituted divinylbenzene packing material, 
showed excellent recoveries for all 16 acid herbicides and 1 surrogate, even with 
1 liter samples.  The internal standard shows lower recoveries than the target 
herbicides; other options for the internal standard will be explored.  The SPE 
method allows for rapid and quantitative recovery of these herbicides in their free 
acid form.
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Abstract 
When using Split/Splitless injection ports, analysts have a 
wide variety of liner geometries to choose from. Split 
liners are designed with mixing chambers and tortuous 
flow paths to fully vaporize the sample into a 
homogeneous vapor cloud before it reaches the split point. 
Splitless liners usually are designed as straight tubes, with 
alternate designs, such as a gooseneck restriction, which 
help contain the sample cloud in the injector and minimize 
the breakdown of compounds sensitive to catalytic 
decomposition from contact with metal inlet parts. The 
residence time of the sample in a splitless liner is 
dependent on liner geometry, gas velocity, and sample 
vaporization time.



Introduction 

With so many inlet liner designs on the market today, how 
do you determine which one is best suited for your 
analysis? Each liner geometry offers the analyst a unique 
sample flow, through the liner onto the analytical column, 
through cups, cyclos, and packings designed in the inner 
bore of the liner. How does each design affect sample 
flow? How does the internal volume of the liner affect 
chromatography?

We will look at these questions to determine which is the 
best liner for your analysis.



Basic Liner Characteristics

When choosing a liner for your analysis you should 
always consider the expansion volume of the sample that 
you are introducing into the liner. Expansion volumes 
can vary with the solvent that you are using.

Back flash can occur when the expansion volume of the 
solvent in the sample is greater than that of the expansion 
volume of the liner. This can cause poor peak area 
reproducibility, tailing solvent peaks and ghost peaks.



30µL

118µL

265µL

471µL

Theoretical* Effective

1.0mm ID   = 59µL

2.0mm ID   = 236µL

3.0mm ID   = 530µL

4.0mm ID   = 942µL

* Liner volume 
actually available 
for vaporization 
with carrier 
gas present is
< ½ theoretical!

* Liner volume 
actually available 
for vaporization 
with carrier 
gas present is
< ½ theoretical!

From Grob, Split and Splitless 
Injection, 3rd ed.

Backflash
Liner Volumes



Expansion volume (vaporized)
Injection volume

(liquid)

0.5µL

1.0µL

2.0µL

5.0µL

710µL

1420µL

2840µL

7100µL

212µL

423µL

846µL

2120µL

200µL

401µL

802µL

2000µL

98µL

195µL

390µL

975µL

78µL

155µL

310µL

775µL

H2O CS2 CH2Cl2 Hexane Isooctane

*Based on liner ID of 4mm, injection port temperature of 250°C and 10psig 
head pressure.

Backflash
Solvent Expansion Volumes

=  Too large



Splitless Liners
Splitless liners are designed to hold the sample in the 
liner between 0.5 and 2.0 minutes. A large surface area 
for sample vaporization is not a factor in splitless
injections.
It is common to use packing materials whenever dirty 
samples are analyzed. Liners packed with wool help 
promote sample vaporization, as well as trap non-
volatile residue to prevent column contamination which 
ultimately increases column life.



Splitless Liner Designs
Straight Gooseneck

Double 
Gooseneck

Cyclo Double-
Gooseneck

Benefits:

Low cost.

Drawbacks:

Prone to high 
molecular 
weight 
distribution.

Sample 
exposed to 
metal surface 
below liner.

Benefits:

Decrease 
sample contact 
with metal inlet 
parts.

Improves 
sample transfer 
to column.

Drawbacks: 

More sample 
backflash than 
with the double 
gooseneck.

Benefits:

Decrease 
sample 
backflash.

Decrease 
injection port 
discrimination.

Drawbacks: 

Cannot be 
packed with 
wool.

Difficult to clean.

Benefits:

Extends column 
lifetime by 
trapping non-
volatile residue. 

Drawbacks: 

Cannot be 
packed with 
wool.

Difficult to clean.



Straight Tube Design

The straight tube design is the most common splitless
liner design. This liner is ideal for low molecular weight 
samples that are prone to thermal decomposition. If used 
for high molecular weight sample analysis, packing 
material such as glass wool or CarboFrit™ material is 
recommended to aid in sample vaporization.



Gooseneck Liners

The gooseneck liner helps isolate the sample from the 
metal injection port parts situated at the base of the 
injector. This design funnels the sample onto the 
analytical column for increased splitless efficiency and 
decreased breakdown of highly active compounds, such 
as Endrin and DDT. The double gooseneck design helps 
to contain the sample cloud in the liner, for increased 
performance with larger sample introductions, but cannot 
be packed with wool.



Split Liners

Split liners are designed to help vaporize the sample by 
using mixing chambers and tortuous flow paths to help 
vaporize the sample before it enters the analytical 
column. Materials such as deactivated fused silica wool 
or beads, CarboFrit™ packing, and other packings are 
used to increase sample vaporization.



Laminar Cup Cyclosplitter®

Split Injection Liner Designs
Split with wool or 
CarboFrit™

Benefits:

Low cost.

Reproducible 
performance.

Drawbacks:

Wool can be adsorptive, 
especially if fibers are 
broken.

Benefits:

Best splitter for high 
molecular weight 
compounds.

High resolution.

Drawbacks:

Costly.

Benefits:

Ideal for dirty samples.

Allows many injections of 
dirty samples before 
cleaning is required.

Drawbacks:

Not recommended for 
large volume injections.



Straight Tube Design

The most common liner for split analysis is the straight 
liner with deactivated wool, which offers the analyst a 
wide variety of options.  The wool has a high surface 
area for more sample evaporation to occur, and promotes 
a uniform vapor cloud to enter the split point. The 
drawback of this design is that the wool increases 
breakdown of highly active compounds. When using this 
liner, the wool needs to be changed frequently. The 
position of the wool inside the liner and the quantity of 
the wool used is critical to reproducibility.



Cup Splitter Designs

Cup splitter liners offer a more homogenous vaporization 
through increased sample residence time in the liner. The 
sample passes through a series of tortuous flow paths, 
which aids in sample vaporization. These liners are best 
suited for high molecular weight compounds.
The Cyclosplitter® liner incorporates a cylindrical glass 
screw in the sample pathway. The screw helps to mix and 
vaporize the sample. The increased surface area in the 
glass screw also helps to trap non-volatile residue, 
therefore, making it ideal for dirty samples.



Uniliner® for  Direct Injection

A Uniliner® is designed with a “press tight” fit between 
the glass surface of the liner and the analytical column. 
This prevents the sample from contacting metal inlet 
parts at the base of the splitless injection port. It also  
eliminates many problems associated with splitless hold 
times, such as reduced response and adsorption of high 
molecular weight compounds in the inlet, providing 
overall higher sensitivity.



Drilled Uniliner® design

The drilled Uniliner® is ideal for use with EPC equipped 
GC systems. The hole equalizes pressure and maximizes 
sensitivity. The drilled Uniliner® with the hole near the 
bottom is recommended for analysis in which 
compounds of interest could be affected by a tailing 
solvent peak. The drilled Uniliner® with the hole near the 
top is recommended for analysis where compounds of 
interest elute away from the solvent peak.



Direct Injection Liners

Standard 
Uniliner® with 
hole

Cyclo
Uniliner®

Open-top
Uniliner®

w/ wool

Benefits:

Easy to clean.

No contact with 
metal inlet parts.

Simulates on-
column sample 
introduction.

Drawbacks:

Wool can be 
adsorptive, 
especially if fibers 
are broken.

Benefits:

Excellent 
vaporization for high 
and low molecular 
weight samples.

Traps non-volatile 
residue.

Drawbacks:

Cannot be packed 
with wool. 

Difficult to clean.

Benefits:

Ideal for EPC 
equipped GC’s.

The hole at the top is 
ideal for analysis in 
which the compounds 
of interest elute away 
from the solvent peak.

The hole at the bottom 
is ideal for analysis in 
which the compounds 
of interest could be 
affected by a tailing 
solvent peak.



Summary

When choosing a liner for your analysis, there are several 
key factors that will affect how the sample travels 
through the liner and onto the column. Choose a liner for 
the type of injection you will be performing and the type 
of compounds that are in the sample. Each liner offers a 
unique sample pathway and is designed to work best with 
a particular type of injection mode. Be sure to review all 
the variables, so your results are accurate and your 
downtime is decreased.



A Novel Approach to Ensuring a 
Leak Free Injection Port.

Michael A. Goss and Brad Rightnour
Restek Corporation, 110 Benner Circle, 

Bellefonte, PA 16823



Abstract 
In Split/Splitless injection ports, it can be difficult to 
make and maintain a good seal with a conventional 
metal inlet disk. The metal to metal seal dictates that you 
apply considerable torque to the reducing nut, but this 
does not always ensure a leak-tight seal. Over-tightening 
of the reducing nut can cause the critical seal on the 
bottom of the injector to become damaged or flattened.
Over the course of oven temperature cycling, metal seals 
are prone to leaks, which ultimately can degrade the 
capillary column and cause other analytical difficulties.



Introduction 

A new type of inlet seal has been developed that will 
greatly improve injection port performance by 
maintaining a reliable seal after repeated temperature 
cycles, without retightening the reducing nut. 
This new inlet seal features two soft rings, one 
embedded in its top surface and the other embedded in 
its bottom surface. These rings eliminate the need for a 
washer, ensure very little torque is needed to make a 
leak-tight seal, and will not harm the critical seal at the 
bottom of the injector. The Vespel® rings are outside the 
sample flow path for worry free chromatography.



Experiment #1
The standard metal inlet seals are troublesome to get a 
leak-free seal even under ideal conditions. Several 
different inlet seals were tested using a high sensitivity 
leak detector with a Helium leak rate range of 1 x 10-1 to 
2 x 10-10 (atm cc/sec.). The inlet seals were tested at 
various torques to determine the affect of tightening on 
the new inlet seal and a conventional standard metal inlet 
seal. Several seals of each type were tightened at 5, 25, 
and 60 pounds and the leak rates were measured at each 
setting. The following data shows the differences 
between the two types of inlet seals.



Dual Vespel® Ring Inlet Seal at Various 
Torques at 25° C.



Dual Vespel® Ring Inlet Seal at Various 
Torques at 200° C.



Dual Vespel® Ring Inlet Seal at Various 
Torques at 325° C.



Summary of Experiment #1

The Dual Vespel® Ring Inlet Seal has a much lower 
overall leak rate than standard all-metal inlet seals at 
torques of 5 to 60 pounds with varying injection port 
temperatures.
This lower leak rate results in extended column lifetime 
by reducing Oxygen permeation into the carrier gas and 
reduces detector noise, especially with sensitive detectors 
such as ECDs and MSDs. The soft seal will not harm the 
critical seal at the bottom of the injector, increasing the 
lifetime of the injection port.



Experiment #2

In order to ensure that the Vespel® material embedded in 
the surface of the inlet seal would not deform and cause 
leaks at various oven temperature cycles, the following 
tests were performed:
The reducing nut with the new inlet seal was tightened to 
a torque of 25 pounds. The injection port temperature 
was heated to 325° C., then cooled to 25° C. several 
times. The leak rate was then measured at temperatures 
of 25° C. and 325° C. The test was performed twice to 
verify the results. The following data was collected.



Dual Vespel® Ring Inlet Seal Leak Rate 
After Various Oven Temperature Cycles 

(Torque set at 25 pounds)



Summary of Experiment #2

The test was performed with two different inlet 
seals on different injection ports.

The test results show that the Duel Vespel® Ring 
Inlet Seal greatly improves injection port 
performance by retaining its sealing capability, 
even after repeated temperature cycles, at a very 
low torque (25 pounds), without re-tightening the 
reducing nut.



Dual Vespel® Ring Inlet Seal



Summary

The Duel Vespel® Ring Inlet Seal out performed the 
standard metal inlet seal in all of the testing.
The Duel Vespel® Ring Inlet Seal will not harm the 
critical seal at the bottom of the injection port, which will 
increase the lifetime of the injection port.
The Duel Vespel® Ring Inlet Seals will reduce operator 
variability by sealing at a wide range of torques, and will 
not be affected by temperature changes in the oven or the 
injection port. The Vespel® rings are outside the sample 
flow path for worry free chromatography.



A New Split/Splitless Injection 
Port Eliminates Sealing Problems 

and Offers Improved Inertness

Brad Rightnour, Mike Goss, and Jonathan 
Kaufmann

Restek Corporation, 110 Benner Circle, 
Bellefonte, PA 16823



Abstract 

Common problems associated with split/splitless 
injection ports include analyte breakdown or adsorption 
to the hot metal surfaces of the inlet body and difficulty 
in obtaining a reliable seal at the liner and base of the 
injection port.  Further, split/splitless injection ports 
have been costly to maintain; traditionally, users have 
had to use special and often expensive parts to maintain 
these ports. 



Introduction 
A new split/splitless injection port eliminates the trouble 
areas associated with this type of injector, improving 
inertness and ensuring reliable sealing. An inert coating 
on the metal surfaces reduces sample breakdown when 
the surfaces are heated, ensuring more accurate data and 
allowing greater productivity. The new injection port 
eliminates critical sealing problems associated with 
metal-to-metal seals, and requires only inexpensive 
standard components for maintenance. In combination, 
these features make the new injection port easier, more 
reliable, and more economical to operate and maintain. 



New Split/Splitless Injection Port

Hex design aligns every time for easy
installation and removal

Uses specially designed ¼” V/G ferrules

Injection port remains leak-tight
at  400OC

Redesigned injector base improves seal and 
simplifies column installation

Base seals with standard
¼” ferrule

Uses standard OEM
inlet seal

Base screw supports
liner

Base fitting uses
standard 1/16” 
ferrule to seal column

Design 1 Design 2



Experimental
Several criteria were selected to determine the inertness and 
reproducibility of the new injection port design and ensure that proper 
vaporization and flow characteristics were maintained. The first
experiment was to investigate if  injection port discrimination existed in 
the new injection port. 

To demonstrate the absence of aliphatic mass discrimination the MA 
EPH method1 reference mix was used to determine if the C28 to C20
response ratio meet the required >0.85.

The test was conducted on an Agilent 5890 Series II GC with an FID.  
The calculated results (Figure 1) show that the response ratio for C28 to 
C20  is 1.0. The response ratio meets the required standard of  >0.85. 

1. Method for the Determination of Extractable Petroleum Hydrocarbons:
Commonwealth of Massachusetts,  May 2004, Revision 1.1



Figure 1 
C28:C20 response ratio indicates no mass discrimination in the new port.

XTI®-5 30m, 0.25mm ID, 0.25µm (cat# 12223) 

Injection: splitless  

GC: Agilent 5890 Series II

Inj. temp.: 320°C

Carrier gas:  helium, constant pressure  

Linear velocity: 20 cm/sec.

Oven temp.: 40°C (hold 1.5 min) to 
320°C @ 15°C/min (hold 5 min).

Det: FID @340°C

Sample: MA EPH reference mix 
(cat#31459)

10 20 30 40
Time (min)

C20

C28



The second experiment was to determine the reproducibility of peak area ratios 
between injection ports and whether active sites or dead volume existed inside
the new injection port. A mixture of hydrocarbons and phenols was injected; 
the peak area ratio was calculated using 2,4-dinitrophenol and C14 (Table 1). 

An XTI® injection mix with an on-column concentration of 7-17ng also
was used. Responses were excellent for all probes, including the active 
compounds 2,4-dinitrophenol, 1,2-hexanediol, and benzoic acid (Figure 2). 



Mean = 0.74Mean = 0.74Mean = 0.68Mean = 0.68

0.700.700.650.65

0.880.880.710.71

0.660.660.700.70

0.700.700.660.66

0.740.740.690.69

Peak Area ratio %Peak Area ratio %Peak Area ratio %Peak Area ratio %

2,42,4--dinitrophenol/C14dinitrophenol/C142,42,4--dinitrophenol/C14dinitrophenol/C14

New Sure FitNew Sure Fit™™ InjectorInjectorConventional Injector  Conventional Injector  

Table 1
Equivalent peak area values show there is no adsorption and no dead volume

in the new injection port.



Figure 2
Excellent responses for active probes.

XTI®-5 30m, 0.25mm ID, .25µm (cat# 12223) 

Injection: split

GC: Agilent 5890 Series II

Inj. temp.: 325°C

Carrier gas:  helium, constant 
pressure  

Linear velocity: 20 cm/sec.

Oven temp.: 100°C to 310°C @ 
6°C/min.

Det: FID @325°C

15. Benzo k Fluoranthene

14. Benzo b Fluoranthene

13. C-22

12. C-21

11. C-20

10. Carbazole

9.   Pentachlorophenol

8.   Nitroaniline

7.   Nitrophenol

6.   2,4-Dinitrophenol

5.   C-14

4.   Benzoic Acid

3.   Nitro-di-n-Propylamine

2.   1,2-hexanediol

10 20 30
Time (min)

2

3

4

5

6

7 8

10

11 12

9

13

15
14



Conclusion
The new Sure Fit™ injection port incorporates an innovative hex design
which makes aligning the split/splitless weldment and shell weldment
easy and makes installation and removal of liners trouble free. One 
Sure Fit™ shell weldment design allows the use of an inexpensive 
replacement to the standard OEM inlet seals, and can be easily cleaned 
or replaced when severely contaminated. An alternative Sure Fit™ shell 
weldment with a specially designed fitting  uses a standard ¼” ferrule 
to seal the base of the weldment. 

The new Sure Fit™ injection port uses a specially designed Vespel®/graphite 
dual taper ferrule to seal the liner inside the weldment. The new ferrule design 
eliminates the need for multiple graphite or fluorocarbon o-rings for different
GC liners and conditions to minimize chance of leaks.

The Sure Fit™ injector is Siltek® treated to provide optimal inertness and 
resistance to temperature and ph extremes inside the GC system. 
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Gas Chromatographic Analysis of Volatile 
Organic Compounds Using a Unique 

Stationary Phase

CHRIS M. ENGLISHCHRIS M. ENGLISH,  FRANK L. DORMAN,  ,  FRANK L. DORMAN,  

MARK  LAWRENCE & DINESH PATWARDHAN.MARK  LAWRENCE & DINESH PATWARDHAN.



GC Volatiles Analysis EPA Methodology

�� Dynamic Gas ExtractionDynamic Gas Extraction

�� Capillary ColumnCapillary Column

�� PIDPID

�� ELCD (Hall) ELCD (Hall) 

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00



ELCD Detector

Reactor

Conductivity 
Cell



Target List 8021A
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
Carbontetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
Dibromochloromethane
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
Dibromoethane
1,2-Dichlorobenzene

1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1,-Dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
4-Isopropyltoluene
Methylene chloride
Naphthalene
Propylbenzene
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene

Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl Chloride
o-Xylene
m-Xylene
p-Xylene

Fluorobenzene
2-Bromo-1-chloropropane
4-Bromo-1-Chlorobenzene
1-Chloro-2-fluorobenzene
1,4-Dichlorobutane

Freon-113
Methyl-tert-butyl-ether
Tert-Butanol
Choroethylvinylether



Design Criteria

�� Column length Column length 

�� Analysis Time Analysis Time 

�� Low BleedLow Bleed

�� Critical ResolutionCritical Resolution

�� No CryofocusingNo Cryofocusing

�� PID ELCDPID ELCD



Bonded Polymer Examined for GC  
Applications.
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n-propylbenzene

2-chlorotoluene

4-chlorotoluene

1,3,5-trimethylbenzene

tert-butylbenzene

1,2,4-trimethylbenzne

sec-buylbenzene

1,3-dichlorobenzne
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n-butylbenzene
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0.15
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0.38
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0.13
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Application #1 US EPA METHOD 502.2/8021 
Column #1:  Rtx-VGC  75m x 0.45mm x 2.55df
Column #2:  Rtx-VRX  75m x 0.45mm x 2.55df

GC ProgramGC Program: 35°(4) 3/75 (2) 21/175 (0) 35/205 (5): 35°(4) 3/75 (2) 21/175 (0) 35/205 (5)

He Flow:He Flow:~11 ml/min ~11 ml/min ((Adjust ClAdjust Cl22FF22me to 2.24 min. @ 35°C)me to 2.24 min. @ 35°C)

Total RuntimeTotal Runtime: 29 minutes: 29 minutes

Added CmpdsAdded Cmpds:  Freon®113, MTBE:  Freon®113, MTBE

SurrogatesSurrogates: fluorobenzene, 1: fluorobenzene, 1--bromobromo--22--chloroethane, chloroethane, 

11--chlorochloro--33--fluorobenzenefluorobenzene



Rtx®-VGC    PID
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1-chloro-2-fluorobenzene (ss)



Rtx®-VGC Hall
TRIHALOMETHANES
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Application #2 US EPA METHOD 502.2/8021 
Column #1:  Rtx-VGC  75m x 0.45mm x 2.55df
Column #2:  Rtx-502.2  75m x 0.45mm x 2.55df

GC Program:GC Program: 50°(2) 2/70 (0) 9/130 (0) 40/200 (5)50°(2) 2/70 (0) 9/130 (0) 40/200 (5)
He Flow:He Flow:10ml/min 10ml/min ((Adjust ClAdjust Cl22FF22me to 2.28 min. @ 50°C)me to 2.28 min. @ 50°C)

Total Runtime:Total Runtime: 25 minutes 25 minutes 

Added CmpdsAdded Cmpds: allyl chloride, MTBE: allyl chloride, MTBE
Surrogates:Surrogates: fluorobenzene, 1fluorobenzene, 1--bromobromo--22--chloroethane, chloroethane, 

11--chlorochloro--22--fluorobenzenefluorobenzene



Rtx®-VGC  PID

5 min 10 min 15 min 20 min 25 min



Rtx®-VGC  Hall

5 min 10 min 15 min 25 min20 min



Application #3 US EPA METHOD 601/602 
Column #1:  Rtx-VGC  75m x 0.45mm x 2.55df
Column #2:  Rtx-VRX  75m x 0.45mm x 2.55df

GC ProgramGC Program: 40°(2) 4/58 (0) 10/90 (5) 40/220 (5): 40°(2) 4/58 (0) 10/90 (5) 40/220 (5)

He Flow:He Flow:~10 ml/min ~10 ml/min ((Adjust ClAdjust Cl22FF22me to 2.47 min. @ 40°C)me to 2.47 min. @ 40°C)

Total RuntimeTotal Runtime: 20 minutes: 20 minutes

Added CmpdsAdded Cmpds: MTBE, 2: MTBE, 2--chloroethylchloroethyl--vinylvinyl--ether ether 

SurrogatesSurrogates: fluorobenzene,  1: fluorobenzene,  1--chlorochloro--22--fluorobenzene, fluorobenzene, 

44--bromobromo--11--chlorobenzene, bromochloromethanechlorobenzene, bromochloromethane



Rtx®-VGC  PID

5 min 10 min 15 min 20 min
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Rtx®-VGC  Hall

5 min 10 min 15 min 20 min



Application #4 US EPA METHOD 8021B 
Column #1:  Rtx-VGC  75m x 0.45mm x 2.55df
Column #2:  Rtx-502.2  75m x 0.45mm x 2.55df

GC ProgramGC Program: 45°(4) 2/70 (0) 20/210 (10) : 45°(4) 2/70 (0) 20/210 (10) 
He Flow:He Flow:~10 ml/min ~10 ml/min ((Adjust ClAdjust Cl22FF22me to 2.40 min. @ 45°C)me to 2.40 min. @ 45°C)

Total RuntimeTotal Runtime: 29 minutes: 29 minutes
Added CmpdsAdded Cmpds: MTBE, 2: MTBE, 2--chloroethylchloroethyl--vinylvinyl--ether, Freon®113,ether, Freon®113,

iodomethane, tertiodomethane, tert--butyl alcohol, pentachloroethane, butyl alcohol, pentachloroethane, 
1&21&2--methylnaphthalene.methylnaphthalene.

Missing Cmpds:Missing Cmpds:bis(2bis(2--chloroisopropyl)ether, bromoacetone, chloroisopropyl)ether, bromoacetone, 
22--chloroethanol, 1,3chloroethanol, 1,3--dichlorodichloro--22--propanol, epichlorhydrinpropanol, epichlorhydrin

SurrogatesSurrogates:  fluorobenzene, 1:  fluorobenzene, 1--bromobromo--22--chloroethane, chloroethane, 
11--chlorochloro--22--fluorobenzene, 2fluorobenzene, 2--bromobromo--11--chlorobenzenechlorobenzene



Rtx®-VGC  PID

5 min 10 min 15 min 20 min 25 min

2&1-methyl naphthalene

2-CEVE/C13DCPe

benzylcl/n-b-benzene



Rtx®-VGC  Hall

5 min 10 min 15 min 25 min20 min

11DCE/F113

chloroprene/11DCA



Rtx®-VGC Column

�� Excellent gas resolutionExcellent gas resolution

�� 25 minute run time25 minute run time

�� 40°C starting temperature 40°C starting temperature 
possiblepossible

�� Separates all compounds in Separates all compounds in 
US EPA Methods                                US EPA Methods                                
502.2 & 8021 502.2 & 8021 



Finnigan 9001 GC

Instrument Courtesy of ThermoquestInstrument Courtesy of Thermoquest



Conclusions

�� ApplicationApplication--specific columnspecific column

�� Computer modelingComputer modeling

�� Resolution of critical compoundsResolution of critical compounds
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DESIGN OF NEW LOW-BLEED GAS 
CHROMATOGRAPHIC STATIONARY 
PHASES AND CAPILLARY COLUMNS

Frank L. DormanFrank L. Dorman, Gary B. Stidsen, Chris M. , Gary B. Stidsen, Chris M. 
EnglishEnglish, Rick Morehead, Jack Cochran, Eric , Rick Morehead, Jack Cochran, Eric 

J. J. ReinerReiner, and Karen , and Karen MacPhersonMacPherson
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When is a Low-Bleed Column Important?

•• Low concentration GCLow concentration GC--MS analysesMS analyses
–– Full scanFull scan

–– SIMSIM

–– HighHigh--resolutionresolution

•• When detector is especially sensitive to bleed When detector is especially sensitive to bleed 
–– ECDECD

•• When bleed directly interferes with quantitationWhen bleed directly interferes with quantitation
–– Bleed and analyte share the same ions (rare)Bleed and analyte share the same ions (rare)
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How Do You Make a Low-Bleed Column ?

•• Thinner stationary phase thicknessThinner stationary phase thickness
–– Not really purchasing what you think…Not really purchasing what you think…

•• Higher conditioning temperaturesHigher conditioning temperatures
–– Can lead to higher reactivity and phase lossCan lead to higher reactivity and phase loss

•• Improve deactivation chemistryImprove deactivation chemistry
–– Phase has more “affinity” for tubingPhase has more “affinity” for tubing

•• Move polymer functionality from side chain to Move polymer functionality from side chain to 
backbonebackbone
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Considerations for Backbone-modified 
Polysiloxane Stationary Phases:

•• By using a “lowBy using a “low--bleed” column, you do not want bleed” column, you do not want 
to give up selectivity.to give up selectivity.
–– Many “low bleed” columns are dimethyl or Many “low bleed” columns are dimethyl or 

phenyl/methylphenyl/methyl--typetype

•• Computer Assisted Stationary Phase Design Computer Assisted Stationary Phase Design 
(CASPD) utilized to optimize selectivity of (CASPD) utilized to optimize selectivity of 
backbonebackbone--stabilized polymers for specific stabilized polymers for specific 
applicationsapplications
– Anal. Chem. 74(9), 2133-2138 2002.
– LC*GC 18(9), 928, 2000.
– American Laboratory, 31(6), 20-26, 1999.
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Applications
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Rtx-PCB Capillary GC Column

•• Proprietary Proprietary polysiloxane polysiloxane designed for PCB designed for PCB 
congener separation for GCcongener separation for GC--MS analysisMS analysis

•• 380 maximum operating temperature in standard 380 maximum operating temperature in standard 
highhigh--temperature fused silica tubingtemperature fused silica tubing

•• Standard column dimensions, standard film Standard column dimensions, standard film 
thicknessthickness

•• Generally increased retention for aromatics over Generally increased retention for aromatics over 
“5”, “5Sil MS” and “XLB” type phases“5”, “5Sil MS” and “XLB” type phases
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Analysis of PCB Congeners – GC-MS

•• European congener list:European congener list:
–– BZ # 28,52,101,118,153,138 and 180 resolved by BZ # 28,52,101,118,153,138 and 180 resolved by Cl Cl level or level or 

chromatographically from all otherschromatographically from all others

•• 16681668
–– All 13 congeners resolved All 13 congeners resolved 

•• McFarland and Clarke congeners:McFarland and Clarke congeners:
–– 33 of 36 resolved (1 more than best previous column 33 of 36 resolved (1 more than best previous column –– XLB )XLB )

•• Aroclor congeners out of 139:Aroclor congeners out of 139:
–– 127 resolved (3 more than XLB)127 resolved (3 more than XLB)
–– 9 pairs are unresolved9 pairs are unresolved

•• 209 Congeners:209 Congeners:
–– 168 resolved (same number but different congeners as XLB)168 resolved (same number but different congeners as XLB)
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GC-ToF Analysis

•• Pyrethroids Pyrethroids analysis analysis 
–– LateLate--eluting eluting pyrethroids pyrethroids can be difficult to keep well resolved can be difficult to keep well resolved 

on standard columns due to limited maximum operating on standard columns due to limited maximum operating 
temperature.temperature.

–– Peak width is narrower if the compounds are eluted during the Peak width is narrower if the compounds are eluted during the 
temperature program, not on an isothermal holdtemperature program, not on an isothermal hold

•• Preference is for column with high maximum operating temperaturePreference is for column with high maximum operating temperature

–– Selectivity must be appropriate to achieve separation between Selectivity must be appropriate to achieve separation between 
the target compounds which can have similar mass spectrathe target compounds which can have similar mass spectra
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GC Conditions

•• Splitless injectionSplitless injection
–– One microliter at 250°COne microliter at 250°C
–– 60 sec valve time 60 sec valve time 
–– 30 m x 0.25 mm x 0.25 µm 30 m x 0.25 mm x 0.25 µm Restek Restek RtxRtx--PCBPCBcolumncolumn
–– Constant flow helium, 1 mL/minuteConstant flow helium, 1 mL/minute

•• GC oven programGC oven program
–– 60°C (1 min), 30°/min to 120°, 15°/min to 60°C (1 min), 30°/min to 120°, 15°/min to 360°360°(1 min)(1 min)
–– Total run time: 20 minTotal run time: 20 min
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MS Conditions

•• Source temperature:  225°CSource temperature:  225°C

•• Electron ionization:  70 eVElectron ionization:  70 eV

•• Stored mass range:  45 to 550 uStored mass range:  45 to 550 u

•• Acquisition rate:  10 spectra/secAcquisition rate:  10 spectra/sec
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Pyrethroids on Rtx-PCB

Bifenthrin

Fenpropathrin

lambda-Cyhalothrin

Permethrins

Cyfluthrins

Cypermethrins

Fenvalerate

Esfenvalerate
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Pyrethroids on Rtx-PCB

Bifenthrin

Fenpropathrin

lambda-Cyhalothrin

Permethrins

Cyfluthrins

Cypermethrins

Fenvalerate

Esfenvalerate
Elution temperature range

~300 to 360°C
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Separation of Cyfluthrins and Cypermethrins on 
Rtx-PCB

Cyfluthrins

Cypermethrins
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Pyrethroids on Rtx-PCB

RT RT Elution Ions
Pesticide sec min RRT Temp °C MW Formula CAS# 1 2 3

Pentachloronitrobenzene 680.5 11.34 1.000 245 293 C6Cl5NO2 82-68-8 237 249 295
Bifenthrin 916.0 15.27 1.346 304 410 C22H22O2ClF3 82657-04-3 165 166 181

Fenpropathrin 933.5 15.56 1.372 308 349 C22H23NO3 39515-41-8 97 181 265
lambda-Cyhalothrin 961.0 16.02 1.412 315 91465-08-6 181 197 208

cis-Permethrin 1002.2 16.70 1.473 326 390 C21H20Cl2O3 54774-45-7 127 163 183
trans-Permethrin 1007.9 16.80 1.481 327 390 C21H20Cl2O3 61949-77-7 127 163 183

Cyfluthrin 1025.5 17.09 1.507 331 433 C22H18Cl2FNO3 68359-37-5 163 206 226
Cyfluthrin 1029.4 17.16 1.513 332 433 C22H18Cl2FNO3 68359-37-5 163 206 226
Cyfluthrin 1032.5 17.21 1.517 333 433 C22H18Cl2FNO3 68359-37-5 163 206 226
Cyfluthrin 1033.9 17.23 1.519 333 433 C22H18Cl2FNO3 68359-37-5 163 206 226

Cypermethrin 1040.5 17.34 1.529 335 415 C22H19Cl2NO3 52315-07-8 163 181 209
Cypermethrin 1044.8 17.41 1.535 336 415 C22H19Cl2NO3 52315-07-8 163 181 209
Cypermethrin 1047.5 17.46 1.539 337 415 C22H19Cl2NO3 52315-07-8 163 181 209
Cypermethrin 1048.9 17.48 1.541 337 415 C22H19Cl2NO3 52315-07-8 163 181 209
Esfenvalerate 1085.6 18.09 1.595 346 419 C25H22ClNO3 66230-04-4 167 225 419
Fenvalerate 1092.5 18.21 1.605 348 419 C25H22ClNO3 51630-58-1 167 225 419
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Rtx-500 Capillary GC Column

•• CarboraneCarborane--stabilized stationary phasestabilized stationary phase
–– Maximum temperature of  380 C in “standard highMaximum temperature of  380 C in “standard high--

temperature” tubingtemperature” tubing

–– Maximum temperature of 440 C in Maximum temperature of 440 C in passivated passivated metal metal 
columns (columns (MxtMxt--500)500)

•• Extremely low bleed levelsExtremely low bleed levels
–– Surpasses phenyl/methyl phases, and Surpasses phenyl/methyl phases, and silphenylene silphenylene 

stationary phasesstationary phases

•• Common dimensions availableCommon dimensions available
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Carborane-polysiloxane Stationary Phase

Dimethyl
Polysiloxane

Carborane
Dimethyl Polysiloxane
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Analysis of PCB Congeners by GC-MS

•• Toxic PCB’s by USEPA method 1668 commonly Toxic PCB’s by USEPA method 1668 commonly 
run on “run on “octyloctyl” phases” phases
–– Very high background from bleed decreases Very high background from bleed decreases 

sensitivitysensitivity

–– Phase loss can cause retention order changesPhase loss can cause retention order changes

–– “5” phases can have coelution issues “5” phases can have coelution issues 
•• 118/123118/123

•• 156/157156/157

–– RtxRtx--500 Column can improve upon these…500 Column can improve upon these…
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dlp-cs5 on htc 
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Analysis of Siloxanes in the Environment

•• Rare case, but becoming importantRare case, but becoming important

•• Since most all GC phases are Since most all GC phases are siloxanessiloxanes, bleed , bleed 
ions directly interfere with quantitation ions for ions directly interfere with quantitation ions for 
GCGC--MS analysesMS analyses

•• RtxRtx--500 500 CarboraneCarborane--based capillary column does based capillary column does 
not have any siloxane character in its bleed not have any siloxane character in its bleed 
spectrumspectrum

•• RtxRtx--500 also useful for PBDE flame retardant 500 also useful for PBDE flame retardant 
analyses (analyses (PittconPittcon 2003 Workshop2003 Workshop) ) 
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Polybromonated Diphenylethers

O
BrBr

Br 1-10
- Named similarly to PCB congeners (BDE 1-209)

- Human exposure via the food chain is 0.2 – 0.7 mg/day
Organohalogen Compounds 35:411

J. High Resolut Chromatogr 15:260

- Listed as Endocrine Disruptors
Environ Health Perspect 101:378
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4-bromodiphenyl ether (3) 250 141,115
2,4-Dibromodiphenyl ether (7) 168 328,139
4,4’-dibromodiphenyl ether (15) 328 168,221
2,2’,4-tribromodiphenyl ether (17) 248 408,406
2,4,4’-tribromodiphenyl ether (28) 406 248,246
2,2’,4,5’-tetrabromodiphenyl ether (49) 326 486,328,324
2,3’,4’,6-tetrabromodiphenyl ether (71) 326 486,324,328
2,2’,4,4’-tetrabromodiphenyl ether (47) 326 486,328,324
2,3’,4,4’-tetrabromodiphenyl ether (66) 326 486,328,324
3,3’,4,4’-tetrabromodiphenyl ether (77) 326 486,328,324
2,2’,4,4’,6-pentabromodiphenyl ether (100) 406 564,566
2,3’,4,4’,6-pentabromodiphenyl ether (119) 404 406,564
2,2’,4,4’,5-pentabromodiphenyl ether (99) 406 564,566
2,2’,3,4,4’-pentabromodiphenyl ether (85) 406 564,566
3,3’,4,4’,5-pentabromodiphenyl ether (126) 566 564,568,406
2,2’,4,4’,5,6’-hexabromodiphenyl ether (154) 484 644,486
2,2’,4,4’,5,5’-hexabromodiphenyl ether (153) 644 484,486,482
2,2’,3,4,4’,5’-hexabromodiphenyl ether (138) 642 484
2,2’,3,4,4’,5’,6-heptabromodiphenyl ether (183) 722 564
decabromodiphenyl ether (209) 956

Wellington Laboratories BDE Mix-C
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bde209 13C
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Hepta-BDE

Hexa-BDE

Penta-BDE

Tetra-BDE

Tetra-BDE

Tri-BDE

Baseline separation of Tri, Tetra, Penta, Hexa, Hepta, and 
DecaBDE’s congeners in 44 minutes! 
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bde209 13C
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13c-Deca-BDE13c-Deca-BDE in 43.4 minutes
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BROMINATED FLAME RETARDANT GC PROGRAM

INSTRUMENT CONFIGURATION
Micromass Autospec-UltimaNT (High Resolution Mass Spectro

Source Temperature =  300°C

GC CONDITIONS (HP 6890 +)

Constant flow @ 1.5mL/min
Injector Temp.      300°C

Temp. Ramp Temp. Hold Time
Start Temp. 100 1 min

10 110 0.64
80 180 0
5 350 23

TOTAL RUN TIME = 60.51

**NB:   DecaBDE (last elutor) elutes at ~43 min.
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GC-ECD Analysis

•• Electron capture detector is common to many Electron capture detector is common to many 
laboratorieslaboratories

•• Compounds have excellent response by ECDCompounds have excellent response by ECD

•• Higher flow rates may allow for more rapid Higher flow rates may allow for more rapid 
separation using largerseparation using larger--diameter columnsdiameter columns

•• Instrumentation less expensive than HRMSInstrumentation less expensive than HRMS

•• Instrumentation is also field portableInstrumentation is also field portable
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12
6

85

15
4

0.53 mm i.d. column partially resolves 
BDE 154 and 126 under these conditions

Resolution is improved using 
0.25 mm i.d., or oven program 
optimization
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Commercially Available PBDE Mixes

DE-71TM DE-83TM

N
on

a-
B

D
E

s
20

9

15
3

15
4

85

99
10

0

47

31 min.



R e s t e k    www.restekcorp.com 

Commercially Available PBDE Mixes

DE-79TM
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Column:  Rtx-500 30m x 0.53mm x 0.15 Ser# 233548
Flows: Hydrogen 7.69ml/min (66.7cm/sec) @ 100°C
Dead Time: MeCl2 Headspace 0.76min @ 100°C
Oven:           100(1) 15/260(5) 15/380 (15)  ~ 40 min runtime
Standards:  Wellington Laboratory BDE-Mix C 

1ul injection 30pg on column. 
Injection: Drilled Press-Tight Uniliner. 

Conditions
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Rtx-Dioxin Capillary Column

•• Proprietary Proprietary polysiloxane polysiloxane designed for designed for 
replacement of “5”replacement of “5”--type columns as primary, or type columns as primary, or 
highhigh--cyano cyano secondary columns for toxic dioxin secondary columns for toxic dioxin 
and furan analysis by GCand furan analysis by GC--HRMSHRMS

•• 380 maximum operating temperature in standard 380 maximum operating temperature in standard 
highhigh--temperature fused silica tubingtemperature fused silica tubing



R e s t e k    www.restekcorp.com 

Dioxin and Furan Analysis

•• Dual column methodDual column method
–– Usually 5% diphenyl column and a highUsually 5% diphenyl column and a high--cyano cyano 

column (column (eg Rtxeg Rtx--225)225)
–– Cyano Cyano columns have poorer lifetimes and lower columns have poorer lifetimes and lower 

maximum operating temperaturesmaximum operating temperatures
–– 5% diphenyl phases do not have the selectivity to 5% diphenyl phases do not have the selectivity to 

accurately quantitate most samplesaccurately quantitate most samples
•• USEPA requires 2,3,7,8USEPA requires 2,3,7,8--tcdf to be confirmed on a Xtcdf to be confirmed on a X--225225

•• Desirable to have both columns in the same oven, Desirable to have both columns in the same oven, 
and to improve the separation of the “5”and to improve the separation of the “5”
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db225  TCDF RESOLUTION MIX
30M  x  .25mm  x  .25um
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Fly Ash Round Robin Samples
>110 laboratories participating

DB-5 DB-225 RTX-DIOXIN MEDIAN MEAN

Ash A 250 21 30 28 32
Ash B 2100 300 378 390 390
Ash C 170 19 28 27 32

All results reported as pg/g

Median and Mean agreement gives good confidence in “true” value
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Rtx-Dioxin Conditions

Initial Temp 130 C
Time Rate C/min Temp

0 52 200
10.2 2.9 235
10 6.9 300
24

Constant Pressure of 1.2 mL/min
Injector Temp = 270C

Micromass Altima High Resolution GC-MS
Rtx-Dioxin 40m x .18 x .1
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Up to 6 congeners coeluting
tcdf ion window
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Rtx-Dioxin Column

•• Replaces a 5% diphenyl column for highReplaces a 5% diphenyl column for high--resolution resolution 
dioxin and furan analysesdioxin and furan analyses
–– Improves sensitivity due to lower bleed levelsImproves sensitivity due to lower bleed levels
–– Improves separation of many congenersImproves separation of many congeners

•• May replace highMay replace high--cyano cyano columns as confirmation column columns as confirmation column 
to the 5% diphenylto the 5% diphenyl
–– All but 2 congeners were within 10% of the fly ash median All but 2 congeners were within 10% of the fly ash median 

valuesvalues
•• These 2 can be  These 2 can be  quantitated quantitated using the 5% diphenyl columnusing the 5% diphenyl column

–– May eliminate the need for May eliminate the need for ––2330, 2330, --2331, 2331, --225 confirmation 225 confirmation 
columnscolumns

–– Final characterization currently underwayFinal characterization currently underway
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Low-Bleed Columns Summary:

•• RtxRtx--XLBXLB
–– Low bleed column for pesticides and PCB Congeners, similar Low bleed column for pesticides and PCB Congeners, similar 

to DBto DB--XLBXLB

•• RtxRtx--PCBPCB
–– Low bleed column for pesticides and PCB Congeners, resolves Low bleed column for pesticides and PCB Congeners, resolves 

a few more congeners than XLB phasesa few more congeners than XLB phases
–– Unbiased GCUnbiased GC--MS results for European PCB congener methodMS results for European PCB congener method

•• RtxRtx--500500
–– CarboraneCarborane--based column, exceptionally high thermal stabilitybased column, exceptionally high thermal stability

•• RtxRtx--DioxinDioxin
–– Improvement over the 5% diphenyl columns, and possible Improvement over the 5% diphenyl columns, and possible 

replacement for highreplacement for high--cyano cyano confirmation phasesconfirmation phases
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Project ObjectiveProject Objective

� Develop a PDMS polymer and column that is 
thermally stable, possess low bleed 
characteristics, yields symmetrical 
hydrocarbon peak shape and elutes 
hydrocarbons according to boiling point.  The 
polymer should be acceptable for use in both 
GC packed columns, metal capillary tubing 
and fused silica and meet all ASTM method 
D-2887-93 and D3710-93 criteria.



Polymer CharacteristicsPolymer Characteristics

� Low bleed at 430 c thus mitigating  baseline 
subtraction which leads to errors if the baseline is 
not reproducible.

� Non-polar so as not to affect the elution of the 
hydrocarbons.

� Ability to be cross-linked with diatomaceous earth 
solid supports, fused silica and metal capillary 
tubing.

� Must elute hydrocarbons in order of increasing 
boiling point and conform to ASTM method D-
2887-93 and D 3710-93 criteria.

� Out of the box and running in under 30 minutes.



Solid Support CharacteristicsSolid Support Characteristics

� Low trace metal content to prevent sample 
interaction.

� Classified to a narrow particle size 
distribution.

� Non-polar deactivation so as not to effect the 
elution of the hydrocarbons.



Tubing CharacteristicsTubing Characteristics

� The tubing ID must be free of oils associated 
with the manufacturing process so as not to 
contribute to peak tailing or artifacts in the 
baseline during temperature programming.

� Sulfinert deactivated to prevent any 
interaction with the petroleum sample.



Column Reproducibility DataColumn Reproducibility Data

� Min. Rt.        Max. Rt.         Ave Rt.        Std. Dev.          

� C5            0.241            0.243                0.242       0.001  
� C6            0.493            0.497                0.495       0.002  
� C10          5.746            5.765                5.752        0.005   
� C20          18.482          18.491              18.486         0.004
� C28          25.093          25.103              25.098         0.004     
� C40          32.160          32.171              32.166         0.004 
� C44          34.316          34.328              34.326         0.007



Reference Gas Oil  #1 DataReference Gas Oil  #1 Data

ASTM consensus ASTM Rtx-1HT Std. Dev.

IBP Range  Avg. Avg.
5                          140-146                        143                    141.2         0.29
10                        165-173 169                    167.3                0.29
20                        217-225                        221                    218.0         0.87 
30                        254-262                     258                    255.7                0.58
50                        307-317                        312                    310.5         0.50    
70                        349-359                        354                    353.7         0.29
80                        371-382                        376                    375.7         0.29 
90                        399-409                        404                    403.5         0.00
FBP                     462-488                        475               466.8                0.58



Column Longevity DataColumn Longevity Data

Rtx 1HT SimDist after
400 temperature cycles

Competitor column after
200 temperature cycles

25” x 1/8” SilcoSteel
35c > 350c @ 10c/min.
25 mls/min 



Performance After 400 Thermal Cycles to 350 CPerformance After 400 Thermal Cycles to 350 C
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C44 Retention Time C44 Retention Time StabilityStability
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ConclusionConclusion

Simulated distillation is the most common analysis performed
in petroleum laboratories.  D-2887 and D-3710 can be done 
using either a packed or capillary column.  The new Rtx 1HT
column is 100 % PDMS, totally immobilized, thermally stable
to 430 c and exceeds all ASTM method D-2887-93 and 
D-3710-93 criteria.  The Rtx 1HT SimDist packed column is the
perfect choice, requiring minimal conditioning (< 30 min.)
and yielding a stable baseline, excellent peak symmetry and
reproducible retention times right out of the box.  



MtxMtx 1HT  1HT  SimDist SimDist 

Barry Burger, Dinesh Patwardhan, Kristi Sellers, Gary 
Stidsen and Chris Cox

Restek Corp.

110 Benner Circle

Bellefonte, Pa.



Project ObjectiveProject Objective

� Develop a 100% PDMS polymer with the 
following characteristics:

� - Thermally stable 
� - Low Bleed
� - Symmetrical hydrocarbon peaks
� - Boiling point elution of  hydrocarbons                      



Polymer CharacteristicsPolymer Characteristics

� Thermally stable to 450c
� Requires minimal conditioning
� Longevity (>350 temperature cycles)
� 100 % cross-linked
� Polarity equivalent to existing liquid 

phases



Column CharacteristicsColumn Characteristics

� Reproducible retention times
� Boiling point elution of hydrocarbons
� Meets resolution criteria of C 50 & C 52
� Meet skewing criteria for polywax 1000 after 

10 cycles/day for three weeks.
� No breakage problem



Tubing CharacteristicsTubing Characteristics

� ID free of any petroleum based residue during 
tubing manufacture.

� ID surface roughness <50 RMS units



Sulfinert DeactivationSulfinert Deactivation

� The next generation of metal passivation.
� Non-polar surface, therefore no selectivity effects 

toward aromatics.
� Durable deactivation layer will not fracture.
� Deactivation layer is incorporated into the 

framework of atoms on the surface of the 
stainless steel.

� Thermally stable at 450 c.



Column installation and ConditioningColumn installation and Conditioning

� Connect the column to the injector and 
detector using graphite ferrules.

� Turn on the carrier gas pressure.
� If using He adjust pressure to 1.0 psig
� If using H2 adjust pressure to 2.0 psig
� Check the system for leaks using an 

electronic leak detector.
� If system is leak free ramp the column 

through one program cycle.



Analytical SystemAnalytical System

� Equipped with cool on-column injection
� Instrument capable of linear temperature 

programming from ambient to 430c.
� Detector range to 430c
� Integration system capable of converting 

the detector signal into peak area slices.
� Accurate recording of retention times.



Carrier Gas ConsiderationsCarrier Gas Considerations

� Gas of choice must be O2 free to prevent 
oxidation at high temperatures

� Recommend the use of O2/ moisture 
scrubber regardless of the purity of carrier 
gas being used.

� Use He or H2 for optimum efficiency



GC Parameters  GC Parameters  Polywax Polywax 10001000

� Oven temperature:  programmed 40c > 430c 
@ 10c/minute hold 10 minutes

� Carrier gas:  He
� Inlet pressure:  1.0 psig
� Detector temp:  430c
� Injector temp:  Cold on column.  Oven track 

mode



MXTMXT--1HT Bleed Profile1HT Bleed Profile

40c > 430c > @ 10/min. hold 20

9 pa



Competitor Bleed ProfileCompetitor Bleed Profile

40c > 430c > @ 10/min. hold 20

32 pa



MXTMXT--1HT 1HT PolywaxPolywax 1000 1000 C10C10--C100C100

40c > 430c > @ 10/min. hold 20

C10C10--C100C100

C100C44



Polywax Polywax 1000  1000  6060CC/ minute ramp rate/ minute ramp rate

40c > 430c > @ 60/min. hold 30

C10C10--C100C100

C44

C100



MXTMXT--1HT1HT

C10 C10 –– C44C44

40c > 430c > @ 10/min. hold 30

C44



MXTMXT--1HT Strengths 1HT Strengths 

� Advanced polymer manufacturing 
technology assures future reproducibility 

� Column will not break
� Passive OD scoring will not weaken the 

column
� Column end will not fracture while inserting 

into cool on-column injectors, as with metal 
clad fused silica columns.



ConclusionConclusion

� Boiling point resolution
� Out of the box technology
� 100% non-polar
� Retention time reproducibility
� Symmetry hydrocarbon peaks
� Low Column bleed
� Superior column longevity 
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The Design of High Temperature Metal 
Capillary Gas Chromatography Column Based 

on Polydimethylsiloxane

DineshDinesh V.V. PatwardhanPatwardhan Ph. D., Barry Burger, Ph. D., Barry Burger, 
Rick Morehead, Jarl Snider, Kristi Sellers, Rick Morehead, Jarl Snider, Kristi Sellers, 

Chris CoxChris Cox



R e s t e k    www.restekcorp.com 

Outline

BackgroundBackground
Column BleedColumn Bleed
Column SelectivityColumn Selectivity
Unique Attributes of High Temperature ColumnUnique Attributes of High Temperature Column
ApplicationsApplications
ConclusionsConclusions
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Polydimethylsiloxane
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Thermal Stability of PDMS

Adapted from Siloxane Polymers, ed. Clarson & Semlyen, 1993.

Beginning of 
decomposition
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Bleed 

temperature
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Origin of Bleed

•• OligomersOligomers that are created in a column’s lifetimethat are created in a column’s lifetime

O
Si Si

O
Si

O
Si

O
Si Si

OH

Si
O

Si

OH

(polymer coating)

PDMS

D3/D4 bleed

(FS tubing)

[  ]
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O O

Si Si
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Me

Me

Me

Me

Me

Me

D3
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Deactivation of Metal Columns

•• We are using an advanced deactivation calledWe are using an advanced deactivation called
SiltekSiltek™. It is a deposition process, unlike™. It is a deposition process, unlikesilazanesilazane
or silicone deactivation.or silicone deactivation.
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Origin of Bleed

•• Polymer SynthesisPolymer Synthesis

Adapted from Inorganic Polymers, Mark, Allcock, & West 1992.
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Enhancement of Thermal Stability by Using 
Additives

CH3
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OSi O

CH3

CH3

CH3

CH3

SiSi

SilphenyleneSilphenylene
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Stationary Phases for High Temperature 
Simulated Distillation

Dimethyl
Polysiloxane

Carborane
Dimethyl Polysiloxane
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Retention According to BP
methyl silicone

Aromatic hydrocarbon

Aliphatic hydrocarbon

Boiling
Point (°C)
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Retention According to BP
carborane

Aromatic hydrocarbon

Aliphatic hydrocarbon
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Point (°C)
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Published vs Calculated BP for Aromatics

Compound

naphthalene

acenaphthalene

phenanthrene

anthracene

pyrene

chrysene

benzo-a-pyrene

Published BP (°C)

217

279

340

340

393

448

477

Dimethyl

Polysiloxane

201

249

300

302

342

382

414

Carborane Dimethyl

Polysiloxane

180

222

275

277

321

363

410

Calculated BP
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High Temperature Simulated Distillation

•• ASTM Method D 6352ASTM Method D 6352--02 is used for the 02 is used for the 
determination of the boiling range distribution of determination of the boiling range distribution of 
petroleum distillate fractions. petroleum distillate fractions. 

•• The method specifies the use of a short, wide The method specifies the use of a short, wide 
bore, thin film capillary column.bore, thin film capillary column.

•• The upper temperature of the analysis is set at The upper temperature of the analysis is set at 
400400ooC. C. 
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Column Design

•• Method criteria: 5 m x 0.53mm ID x 0.10um Method criteria: 5 m x 0.53mm ID x 0.10um 
•• Stainless steel tubing Stainless steel tubing 
•• Treated with Treated with Siltek Siltek Deactivation Deactivation 
•• A high temperature, nonA high temperature, non--polar stationary phase polar stationary phase 

was developed that was able to withstand was developed that was able to withstand 
430430ooC while producing minimal bleed. C while producing minimal bleed. 

•• Matching the McReynolds requirements of the Matching the McReynolds requirements of the 
method.method.
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Experimental Design

••A lifetime study was performed by repetitively  A lifetime study was performed by repetitively  
injecting a standard mixture designed for ASTM injecting a standard mixture designed for ASTM 
D2887 calibration. D2887 calibration. 
•• A Polywax 1000 sample was injected and A Polywax 1000 sample was injected and 
resolution between C50 and C52 was calculated resolution between C50 and C52 was calculated 
according to the method. according to the method. 
•• Record kept of the retention time for C52 and the Record kept of the retention time for C52 and the 
bleed at 430bleed at 430ooC over the course of the experiment. C over the course of the experiment. 
••Repeated until the column resolution  fell below Repeated until the column resolution  fell below 
ASTM D6352ASTM D6352--02 specifications. 02 specifications. 
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GC Conditions

•• D2887 sampleD2887 sample

4040ooC to 430C to 430ooC at 70C at 70ooC/minuteC/minute

Hold at 430Hold at 430ooC for 10 minutesC for 10 minutes

•• Polywax 1000 samplePolywax 1000 sample

5050ooC to 430C to 430ooC at 10C at 10ooC/ minuteC/ minute

Hold at 430Hold at 430ooC for 6 minutesC for 6 minutes

•• Carrier Gas Carrier Gas –– Helium, 1.8psi (14ml/min)Helium, 1.8psi (14ml/min)

•• Sample Sample –– 0.2uL, 2% sample in Carbon Disulfide0.2uL, 2% sample in Carbon Disulfide

•• Cold On Column Injection with Oven TrackingCold On Column Injection with Oven Tracking



R e s t e k    www.restekcorp.com 

Polywax 1000 – Run #1
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Polywax 1000 – Run #400
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C50 / C52 Resolution – Run #1

t1

t2

w1

w2

R=2(t2-t1)/(1.699(w2+w1))

C50 C52
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C50 / C52 Resolution
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C52 Retention Time Stability
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Column Bleed Stability
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Pennsylvania Light Crude Oil
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Summary

•• The MXTThe MXT--1HT column demonstrates superior 1HT column demonstrates superior 
performance due to performance due to SiltekSiltek Deactivation and our Deactivation and our 
inin--house polymer synthesis. house polymer synthesis. 

•• The MXTThe MXT--1HT has the selectivity of 1HT has the selectivity of 
polydimethylsiloxanepolydimethylsiloxane..

•• Able to withstand 400 cycles at 430Able to withstand 400 cycles at 430ooC and still C and still 
retain good column efficiency and low bleed.retain good column efficiency and low bleed.

•• Column demonstrated low bleed and adequate Column demonstrated low bleed and adequate 
separating efficiency to resolve hydrocarbons in a separating efficiency to resolve hydrocarbons in a 
crude oil sample.crude oil sample.
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A NEW APPROACH TO CONFIRMING 
ORGANIC VOLATILE IMPURITY 
TESTING IN PHARMACEUTICAL 

PRODUCTS.

BECKY WITTRIG, Ph.D., CHRIS M. 
ENGLISH,  & FRANK L. DORMAN, Ph.D. 



Application:  Residual Solvents

�� Pharmaceutical FormulationsPharmaceutical Formulations
�� Guidelines for TestingGuidelines for Testing

�� International Conference on HarmonizationInternational Conference on Harmonization
�� European PharmacopoeiaEuropean Pharmacopoeia

�� Compound Lists VaryCompound Lists Vary
�� Over 60 compounds of regulatory interestOver 60 compounds of regulatory interest
�� Classes based on toxicitiesClasses based on toxicities
�� Resolution of large lists on a single stationary Resolution of large lists on a single stationary 

phase can be extremely difficultphase can be extremely difficult



The Three Approaches: 

�� Existing Phases EvaluatedExisting Phases Evaluated
�� Modeling for a New Stationary PhaseModeling for a New Stationary Phase
�� StopStop--Flow GC TechnologyFlow GC Technology

�� Using Existing RT DataUsing Existing RT Data
�� Applying RT Data for StopApplying RT Data for Stop--FlowFlow



Existing Phases Evaluated 

�� Change in selectivity  Change in selectivity  

�� Low bleedLow bleed

�� Critical resolutionCritical resolution

�� FID or MS detectionFID or MS detection

uu Column Design. Column Design. 



GC Analysis of OVI by USP <467>
�� Method I:  G27 30m x 0.53mm x 5.0 df Method I:  G27 30m x 0.53mm x 5.0 df 

�� Direct AqueousDirect Aqueous

�� Method IV: G43 30m x 0.53mm x 3.0 dfMethod IV: G43 30m x 0.53mm x 3.0 df

�� Static HeadspaceStatic Headspace

�� Method V: G43 30m x 0.53mm x 3.0 dfMethod V: G43 30m x 0.53mm x 3.0 df

�� Direct  AqueousDirect  Aqueous

�� Method VI: Method VI: choice of 9 columns, depending on monographchoice of 9 columns, depending on monograph



n-propanol 
methylene chloride     

1,1-dichloroethene               
diethyl ether 

acetonitrile/ aceteone/ isopropanol
ethanol

ethylene oxide 
methanol 

MEK / C-6

benzene/C-tet/n-butanol

THF

1,1,1-TCA

ethyl ace

chloroform

1,2-DCA

C7

pyridine

1,4-dioxane

TCE

toluene

Rtx®-G27
USP <467> 
Common Solvents

20 minutes



The Rtx-G27  Unresolved 

�� acetonitrile (II),acetone (III), IPA (III)acetonitrile (II),acetone (III), IPA (III)

�� MEK (III), C6 (II)MEK (III), C6 (II)

�� benzene (I), carbon tet. (I), nbenzene (I), carbon tet. (I), n--butanol (III)butanol (III)

�� C7 (III), TCE (II)C7 (III), TCE (II)



Rtx®-VGC
USP <467> Common Solvents

Time-->

1,1-dichloroethene
diethyl ether

ethylene oxide
methanol

Time-->

2 4 6 8

5

2 4 6 8 10 12 14

acetone / hexane
2-propanol

methylene chloride

1-propanol
acetonitrile 

e.ace/111TCA/ THF
carbon tet.

chloroform

toluene

pyridine

1,4-dioxane
1-butanol
TCE

MEK
benzene/C7

1,2-DCA



The Rtx-VGC  Unresolved 

�� acetone (III), C6 (II)acetone (III), C6 (II)

�� E.ace (III),111TCA (I), THF (III)E.ace (III),111TCA (I), THF (III)

�� benzene (I), C7 (III)benzene (I), C7 (III)



Bonded Polymer Examined for GC  
Applications.
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M
odeling for a N
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onded Phase

0.10

n-propylbenzene

2-chlorotoluene

4-chlorotoluene

1,3,5-trimethylbenzene

tert-butylbenzene

1,2,4-trimethylbenzne

sec-buylbenzene

1,3-dichlorobenzne

1,4-dichlorobenzne

p-isopropyltoluene

1,2-dichlorobenzene

n-butylbenzene

0.10

0.18

0.18

0.15

0.15

0.11

0.45

0.18

0.44

0.15

0.17

0.38
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0.11

0.45

0.15

0.16
0.13

0.06 0.07



Stationary Phases Used for Modeling
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Stop Flow GC System: Sacks, et. al.*

C1 C2FID#1

Inlet

V

FID #2
(or MS)

BC

EPC

= 4-way junction
Gerstel Cross-piece

*Richard Sacks, University of Michigan



Summary of Stop-Flow GC

�� Ability to “Tune” the SelectivityAbility to “Tune” the Selectivity

�� FlexibilityFlexibility

�� Standard dimension columnsStandard dimension columns

�� Can vary the pulse sequencesCan vary the pulse sequences

�� Significant Improvements in Analysis Times Significant Improvements in Analysis Times 
PossiblePossible

�� Fast oven programs, high flow ratesFast oven programs, high flow rates



Class I & II Residual Solvents

sulfolone361,4-dioxane18

formamide35toluene17

1-methyl-2-pyrrolidinone (1-MP)34chloroform16

ethylene glycol (EG)33acetonitrile (MeCN)15

1,2,3,4-tetrahydronaphthalene (THN)32trichloroethene (TCE)14

N,N-dimethylacetamide (DMA)31cis-1,2-dichloroethene13

dimethyl formamide (DMF)30benzene12

1,1,2-trichloroethane (1,1,2-TCA)29methylene chloride (CH2Cl2)11

2-ethoxyethanol281,2-dimethoxyethane10

chlorobenzene27methanol9

o-xylene261,1,1-trichloroethane (1,1,1-TCA)8

pyridine25carbon tetrachloride (CCl4)7

2-methoxyethanol24trans-1,2-dichloroethene6

nitromethane23methyl cyclohexane5

m-xylene221,1-dichloroethene (1,1-DCE)4

p-xylene21methyl cyclopentane3

2-hexanone (MBK)20hexane2

1,2-dichloroethane (1,2-DCA)192-methylpentane1

CompoundCompoundPeak #Peak #CompoundCompoundPeak #Peak #



Fast Run Conditions: 1st FID

After Rtx-Stabilwax, 15m x 0.25mm x 0.5µm
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Fast Run Conditions: 2nd FID
After Rtx-Stabilwax + Rtx-200 (30m x 0.25mm x 1.0Pm)

1
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Residual Solvents:  Run Conditions

Dual FIDs @ 250°CDual FIDs @ 250°CDetectors

0.2 PL HS, 200:1 split0.2 PL HS, 200:1 splitInjection

230°C230°CInjector

2.5 mL/min. to 9.5 min.
3.5 mL/min. at 10 min.

1.5 mL/min. 
constant flow

Column Flow

40°C (1 min. hold)
to 65°C at 6°C/min.,

to 100°C at 12°C/min.,
to 250°C at 70°C/min.,

1.8 min. hold

40°C (6 min. hold)
to 100°C at 4°C/min.,

to 220°C at 15°C/min.,
5 min. hold

Oven Program

Stabilwax 
15m x 0.25mm, 0.5 Pm

Rtx-200
30m x 0.25mm, 1 Pm

Stabilwax 
15m x 0.25mm, 0.5 Pm

Rtx-200
30m x 0.25mm, 1 Pm

Analytical 
Columns

Fast ProcedureStandard Procedure



Class I & II Residual Solvents:  No Pulses
1,1-D

C
E

1,1-D
C

E

H
exane

H
exane

End FID

Junction FID



Residual Solvents:  Pulse @ 44 sec.

End FID

Junction FID



Residual Solvents:  No Pulses

m
eth

ylcyclo
h
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e



Residual Solvents:  Pulses @ 72 & 120 sec.



Residual Solvents:  No Pulses

M
B

K



Residual Solvents:  Pulses @ 290, 330, & 346 sec.



Class I & II OVIs:  Total of 9 Pulses
At the Junction



Class I & II OVIs:  Total of 9 Pulses
At the End Detector – all 36 resolved
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Summary of Stop-Flow GC

�� Ability to “Tune” the SelectivityAbility to “Tune” the Selectivity

�� FlexibilityFlexibility

�� Standard dimension columnsStandard dimension columns

�� Can vary the pulse sequencesCan vary the pulse sequences

�� Significant Improvements in Analysis Times Significant Improvements in Analysis Times 
PossiblePossible

�� Fast oven programs, high flow ratesFast oven programs, high flow rates



Conclusions

�� Completed evaluation of current phases Completed evaluation of current phases 

�� Continue work on a new stationary phasesContinue work on a new stationary phases

�� Using computer modelingUsing computer modeling

�� Goal: resolve 76 compoundsGoal: resolve 76 compounds

�� Continue with StopContinue with Stop--Flow technology Flow technology 
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Improving Method Performance
through Fast LC 

C. Vernon Bartlett, B.A.; Terrence S. Reid, C. Vernon Bartlett, B.A.; Terrence S. Reid, 
M.S.; Rebecca E. M.S.; Rebecca E. WittregWittreg, Ph.D, Ph.D
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Abstract

The analysis time needed for many separations can be drastically reduced by the use 
of fast HPLC techniques. Several separations were converted using fast HPLC 
techniques. Analysis times for some separations that previously took over 35 minutes 
were reduced to less than 12 minutes with improvement in selectivity between the 
components. Qualitative TLC techniques can be converted to truly quantitative 
HPLC. Since columns employed in the fast LC analysis were typically less than 
100mm in length, the reduction in analysis time also resulted in increased sensitivity 
due to reduction of band spreading.

In addition to improving performance through reduction of particle size and column 
length, performance gains may also be realized by using columns equipped with an 
appropriately optimized and highly selective stationary phase. These phases allow 
improved separation of the components without the drastic increase in k that often 
results when reduction in mobile phase strength is used to improve selectivity. 
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Fast LC Technique

•• Highly selective stationary phase is desired to Highly selective stationary phase is desired to 
maximize alpha values.maximize alpha values.

•• Elution of components is typically accomplished Elution of components is typically accomplished 
through the use of gradients to reduce retention of through the use of gradients to reduce retention of 
highly retained components.highly retained components.

•• Simple resolution ofSimple resolution of methylenemethylene substitutions substitutions 
/additions may be accomplished/additions may be accomplished isocraticallyisocratically..

•• Good screening technique for unknowns.Good screening technique for unknowns.
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Fast LC Technique – Advantages

•• Fast reFast re--equilibration (when using gradients)equilibration (when using gradients)
•• Sensitivity improvements.Sensitivity improvements.
•• Older qualitative techniques can be adapted to a Older qualitative techniques can be adapted to a 

highly automated quantitative technique.highly automated quantitative technique.
•• Allows potentially high increases in sample Allows potentially high increases in sample 

throughput.throughput.
•• Great technique when performed by LCGreat technique when performed by LC--MSMS
•• Shorter analysis times reduce solvent Shorter analysis times reduce solvent 

consumption and waste.consumption and waste.
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Fast LC Technique – Disadvantages

•• Critical separations are more sensitive to Critical separations are more sensitive to extraextra--
column volume (as post column column volume (as post column reactors).reactors).

•• Extremely selective stationary phase must be used Extremely selective stationary phase must be used 
to maximize selectivity to maximize selectivity –– especially for structural especially for structural 
isomers.isomers.

•• May not be well suited to normal phase or ion May not be well suited to normal phase or ion 
pairing separations (with gradients).pairing separations (with gradients).
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Fast LC improvement of USP TLC and HPLC 
Method

Digitalis Extracts and DerivativesDigitalis Extracts and Derivatives

Digitoxin: X1=X2=H

Digoxin:   X1=H; X2=OH

Gitoxin:    X1=OH; X2=H

Figure 1 Digitoxin Substitutions
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Fast LC Separation of Digitalis Derivatives
(3 minutes)

Figure 2
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Advantages of Digitalis Fast LC over Current 
Methods

•• Improved automation and analysis throughput.Improved automation and analysis throughput.

•• Reduction of analysis time Reduction of analysis time –– previously a previously a 30cm30cmlength C18 length C18 
column was required for resolution.column was required for resolution.

•• Ability to analyze all materials by HPLC.Ability to analyze all materials by HPLC.

•• Ability to precisely Ability to precisely quantitatequantitate materials materials vs vs TLC.TLC.

•• Highly selective stationary phase.Highly selective stationary phase.

•• Technique can also be applied to purification and analysis ofTechnique can also be applied to purification and analysis of
digoxindigoxin labeled materials for biological activity.labeled materials for biological activity.

•• Perfect technique for use in high speed cleaning validations.Perfect technique for use in high speed cleaning validations.
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Fast LC  Analysis of Carbamates

Figure 3-Structures of Commonly Analyzed Carbamates
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Carbamate Analysis using Standard HPLC Methodology
(About 40 minutes)

Figure 4
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Fast LC Separation of Carbamates
(About 13 minutes)

Figure 5

9177355
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Fast LC Analysis of Carbamates with MS 
Detection

Figure 6



R e s t e k    www.restekcorp.com 

Fast LC Analysis – Carbamate Separation 
Loss

•• Post Column Volumes produced by external reactors can be detrimePost Column Volumes produced by external reactors can be detrimental to ntal to 
critical separations critical separations –– especially to smaller bore columns.especially to smaller bore columns.

Figure 7

50mm x 4.6 mm

50mm x 10mm
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Conventional Vanilla Flavoring Analysis
(About 20 minutes with gradient)

Figure 8
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Highly Selective Fast LC Vanillin Analysis
(Less than 5 minutes and isocratic)

Figure 9

1
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Vanillin Fast LC Analysis Advantages

•• Takes advantage of improved Takes advantage of improved methylene methylene 
selectivity by the use of C18 phase versus a C8selectivity by the use of C18 phase versus a C8

•• Analysis can be conducted in 3 to 5 minutes Analysis can be conducted in 3 to 5 minutes 
versus older 15 minute methods.versus older 15 minute methods.

•• High but not not excessive selectivity of C18 High but not not excessive selectivity of C18 
phases toward simple phases toward simple methylene methylene substitutions substitutions 
allow the use of an isocratic mobile phase.allow the use of an isocratic mobile phase.

•• Reduction of column length also reduces the time Reduction of column length also reduces the time 
needed for more hydrophobic needed for more hydrophobic analytes analytes to elute to elute 
from system.from system.
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Conclusion

•• Fast LC techniques applied upon highly selective Fast LC techniques applied upon highly selective 
stationary phases create a viable, precise quantitative stationary phases create a viable, precise quantitative 
alternative for alternative for analysesanalyses previously performed by Thin previously performed by Thin 
Layer Chromatography. In Layer Chromatography. In addition,addition, these techniques can these techniques can 
be used to improve method sensitivity, reduce solvent be used to improve method sensitivity, reduce solvent 
waste, and waste, and enhanceenhance laboratory throughput. Simplification laboratory throughput. Simplification 
of methods from gradient elution to isocratic elution can of methods from gradient elution to isocratic elution can 
also occur when the proper stationary phase is used with also occur when the proper stationary phase is used with 
a drastic reduction in analysis time, however, extraneous a drastic reduction in analysis time, however, extraneous 
column volume caused by items as post column reactors column volume caused by items as post column reactors 
can have a greater adverse effect when using fast can have a greater adverse effect when using fast 
columns.columns.
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Is Comprehensive 2-D Ready for Industrial 
Use?

•• There is not an “agreed” upon methodThere is not an “agreed” upon method
–– Heated zone modulationHeated zone modulation
–– ValveValve--type modulationtype modulation
–– CryoCryo--jet modulationjet modulation

•• Technique is confused by other “2Technique is confused by other “2--D techniques”D techniques”
–– HeartHeart--cuttingcutting
–– DeanDean--switchingswitching
–– Coupled column techniquesCoupled column techniques

•• Limited manufacturers and suppliesLimited manufacturers and supplies
–– Technique was considered “researchTechnique was considered “research--only tool”only tool”
–– Consumables are now behind instrumentationConsumables are now behind instrumentation

•• Lets not follow 1Lets not follow 1--D technology…..D technology…..
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State of Affairs in 1-D GC

•• Many users view GC as “separation by boiling point”Many users view GC as “separation by boiling point”

•• Most of the rest view it as a “black box”Most of the rest view it as a “black box”

•• Column choice has been either mandated or is based on Column choice has been either mandated or is based on 
historyhistory

•• Column choices are fewColumn choices are few

•• Most popular phases are similar in terms of selectivityMost popular phases are similar in terms of selectivity

•• Users look to column manufacturers, and manufacturers Users look to column manufacturers, and manufacturers 
are staffed by former users……are staffed by former users……



R e s t e k    www.restekcorp.com 

The Reality of the GC Marketplace
(the dark side)

•• Most Frequent calls/complaints:Most Frequent calls/complaints:
–– Installation issues:Installation issues:

•• “Column has one end”“Column has one end”
•• “Which side goes into the injector”“Which side goes into the injector”
•• Improper installations into inlet or detectorImproper installations into inlet or detector
•• Leaks and or flowLeaks and or flow--related issuesrelated issues
•• PressPress--tight issues!tight issues!

–– “Which column do you recommend for…_______?”“Which column do you recommend for…_______?”
–– “What conditions do you recommend for…______?”“What conditions do you recommend for…______?”

•• Most users do not fully understand the variables that Most users do not fully understand the variables that 
effect separation and how to optimize them.effect separation and how to optimize them.
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Can Comprehensive 2-D GC be Successful in 
the Marketplace? 

•• A Few Commercial Manufacturers Now ExistA Few Commercial Manufacturers Now Exist

•• Quantitation Software is AvailableQuantitation Software is Available

•• Continued Need for:Continued Need for:
–– Optimization SoftwareOptimization Software

•• What is the best set of conditions?What is the best set of conditions?

–– Support by Consumables ManufacturersSupport by Consumables Manufacturers
•• What columns do I use?What columns do I use?

–– Understanding Where it is/isn’t NeededUnderstanding Where it is/isn’t Needed
•• Is this a niche technique?Is this a niche technique?

–– Ease of UseEase of Use



R e s t e k    www.restekcorp.com 

Chromatographic Columns

•• PressPress--tight connectorstight connectors
–– Allow use of dissimilar i.d. columnsAllow use of dissimilar i.d. columns

–– More flexibleMore flexible

–– Prone to leaks, many customers do not like themProne to leaks, many customers do not like them

–– Best connection device is glassBest connection device is glass

•• Continuous columnsContinuous columns
–– Both columns must be same i.d.Both columns must be same i.d.

–– Easier to handle and installEasier to handle and install

–– Can use a restrictor if necessaryCan use a restrictor if necessary

–– Can have an uncoated section where modulator is placedCan have an uncoated section where modulator is placed
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Typical GCxGC Column Assembly

•• First dimension columnFirst dimension column

•• InterInter--column transfer line (modulator tube)column transfer line (modulator tube)

•• Second dimension columnSecond dimension column

•• Detector transfer lineDetector transfer line

•• Typically requires up to 3 pressTypically requires up to 3 press--fit connectionsfit connections
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Press-tight connectors

•• Standard pressStandard press--tights fittingstights fittings
–– Low costLow cost
–– Low thermal massLow thermal mass
–– Low dead volumeLow dead volume

•• Metal press tights and unionsMetal press tights and unions
–– Higher costHigher cost
–– Higher thermal massHigher thermal mass

•• Vu 2 UnionVu 2 Union
–– Low thermal mass for chromatographic portionLow thermal mass for chromatographic portion
–– Uses standard pressUses standard press--tights in a housing with backtights in a housing with back--up ferrulesup ferrules
–– Low cost once holder is purchasedLow cost once holder is purchased
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GCxGC Column Assembly

•• For R&D purposes, it is preferable to have the For R&D purposes, it is preferable to have the 
ability to change column dimensions at will, and ability to change column dimensions at will, and 
the time involved in preparing the column set is the time involved in preparing the column set is 
part of the overall taskpart of the overall task

•• For routine laboratory analysis, it is preferable to For routine laboratory analysis, it is preferable to 
have readyhave ready--made column ensembles, such as is made column ensembles, such as is 
the case in 1D GC.  This insures good column the case in 1D GC.  This insures good column 
quality and reproducibilityquality and reproducibility



R e s t e k    www.restekcorp.com 

Goal

•• Investigation of a set of continuous column sets Investigation of a set of continuous column sets 
for a Jet modulator for a Jet modulator GCxGC GCxGC systemsystem
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Experimental

•• ColumnsColumns
–– 100 100 µµm set (3m m set (3m RtxRtx--1, 1m 1, 1m RtxRtx--1701)1701)
–– 250 250 µµm set (6m m set (6m RtxRtx--1, 2m 1, 2m RtxRtx--1701)1701)

•• ModulatorModulator
–– Type: Quad Jet system (Type: Quad Jet system (Zoex Zoex Corporation)Corporation)
–– Period: 4 secondsPeriod: 4 seconds

•• DetectorsDetectors
–– FIDFID
–– µµ--ECDECD
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Current continuous 2-D columns
0.25 mm i.d.:
Rtx-1/Rtx-1701 1.0 X 0.1 um d.f. 30 X 5 M
Rtx-1/Rtx-200 1.0 X 0.1 um d.f. 30 X 5 M
Rtx-1/Rtx-50 1.0 X 0.1 um d.f. 30 X 5 M
Rtx-1/Deactivated tubing 1.0 X 0 um d.f. 30 X 5 M
0.18 mm i.d.:
Rtx-1/Rtx-1701 1.0 X 0.1 um d.f. 10 X 2 M
Rtx-1/Rtx-200 1.0 X 0.1 um d.f. 10 X 2 M
Rtx-1/Rtx-50 1.0 X 0.1 um d.f. 10 X 2 M
Rtx-1/Deactivated tubing 1.0 X 0 um d.f. 10 X 5 M
0.10 mm i.d.:
Rtx-1/Rtx-1701 1.0 X 0.1 um d.f. 10 X 2 M
Rtx-1/Rtx-200 1.0 X 0.1 um d.f. 10 X 2 M
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Rtx®-1

Polarity: least polar bonded phase
Uses: boiling point separations (solvents,

petroleum products, and pharmaceuticals)
Properties: min. temp. (-60°C), max. temp. (360°C to

430°C), helix structure 

CH3

OSi

100%

CH3
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Rtx®-5, 20, 35, 65

Polarity: non-polar
Uses: boiling point separations (aromatics, 

flavors, environmental samples, and 
aromatic hydrocarbons

Properties: min. temp. (-60°C), max. temp. (340°C)

OSi

CH3

OSi

CH3

e.g.,e.g., RtxRtx--5:  5% diphenyl5:  5% diphenyl 95% dimethyl95% dimethyl
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Rtx®-50

Polarity: intermediate polarity
Uses: triglycerides and phthalate esters
Properties: min. temp. (0°C), max. temp. (340°C) 

OSi

100%

CH3



R e s t e k    www.restekcorp.com 

Rtx®-1301, 624, 1701

Polarity: intermediate polarity
Uses: pesticides, Aroclor®, alcohols, and 

oxygenates
Properties: min. temp. (-20°C), max. temp. (280°C)

OSi

CH3

OSi

CH3

(CH2)3

C   N
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Rtx®-200

Polarity: selective for lone pair electrons
Uses: environmental samples, solvents, and Freon®

Properties: min. temp. (-20°C), max. temp. (360°C)

OSi

C2H4

CF3

CH3
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What Phases Do We Need??

Wax Like Phases
Chiral Phases
Liquid Crystal Phases
Others….
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Optimization/Modeling of Separations

•• Several approaches have been  used for Several approaches have been  used for 
conventional separationsconventional separations

•• Allows prediction of optimal conditions for a Allows prediction of optimal conditions for a 
users column (users column (Pro EZPro EZ--GCGC))

•• Allows prediction of optimal stationary phase Allows prediction of optimal stationary phase 
chemistry and conditions (chemistry and conditions (Anal. Chem. 74(9), 2133-2138 
2002)

• Can these be applied to Comprehensive 2-D 
separations?
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Inlet 

Column 1

Detector

Column 2

Modulator

Comprehensive 2D-GC System

Modulator type is most commonly 
a rotating heater or cryo-jet system

(Generally performs volatility separation) (Generally different in selectivity than first column)

Carrier
Gas

Re-focus and “reinject” eluent from 
column 1 every modulation cycle

Model 1-D separation 
up to modulator



R e s t e k    www.restekcorp.com 

1-D Modeling
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R = 1/4    L / h   x ( k / k+1 ) x ( α-1 / α )

Selectivity Factor (α) – addressed by 
stationary phase modeling

not commonly done by end user

Capacity Factor (k), and Column Factor –
addressed by physical modeling

can be simultaneous with, or independent of 
stationary phase modeling

General Equation for Resolution:
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Stationary Phase Optimization Techniques

•• Empirical Modeling:Empirical Modeling:
–– Window diagramming approachWindow diagramming approach
–– Computer simulation of phase selectivity, independent Computer simulation of phase selectivity, independent 

of column dimensions (ezGC™)of column dimensions (ezGC™)
–– Computer prediction of optimized stationary phase Computer prediction of optimized stationary phase 

composition and column dimensions, with specific composition and column dimensions, with specific 
resolution factors (times and peak widths)resolution factors (times and peak widths)

•• Molecular Modeling:Molecular Modeling:
–– Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 

interactions for interactions for new polymer designsnew polymer designs
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Stationary Phase Optimization

•• Window diagramming Window diagramming (Rtx(Rtx--502.2)502.2)

•• Computer simulation of selectivity, independent of  Computer simulation of selectivity, independent of  
column dimensionscolumn dimensions (ezGC(ezGCTMTM))

–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary phase Computer prediction of optimized stationary phase 
composition and column dimensionscomposition and column dimensions

–– RtxRtx--TNT, RtxTNT, Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs
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Window Diagrams

•• Maier and Karpathy (’60’s):Maier and Karpathy (’60’s):
–– Demonstrated that mixing phases together could yield Demonstrated that mixing phases together could yield 

unique selectivity for packed column applicationsunique selectivity for packed column applications

•• Laub and Purnell (70’s)Laub and Purnell (70’s)
–– Mixed phase packed column applicationsMixed phase packed column applications

•• Jennings et al (80’s)Jennings et al (80’s)
–– Packed column applications, and capillary work based Packed column applications, and capillary work based 

on lengths of dissimilar columnson lengths of dissimilar columns

–– DBDB™™--1301 developed using DB1301 developed using DB™™--1 and DB1 and DB™™--17011701
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Window Diagramming

18

19

20

21

Rtx®-1 Rtx®-502     Rtx®-35
chlorobenzene 17.79 18.57 19.27
1112te ethane 17.78 18.58 19.29
e benzene 18.26 18.78 19.25
m/p-xylene 18.48 18.90 19.27
o-ClF benzene 18.16 18.93 19.61
o-xylene 19.07 19.60 20.07
styrene 18.93 19.63 20.25
bromoform 18.58 19.96 21.19

Rtx®-1 Rtx®-502     Rtx®-35
chlorobenzene 17.79 18.57 19.27
1112te ethane1112te ethane 17.7817.78 18.5818.58 19.2919.29
e benzene 18.26 18.78 19.25
m/p-xylene 18.48 18.90 19.27
o-ClF benzene 18.16 18.93 19.61
o-xylene 19.07 19.60 20.07
styrene 18.93 19.63 20.25
bromoformbromoform 18.5818.58 19.9619.96 21.1921.19

21

20

19

18
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Stationary Phase Optimization

•• Window diagrammingWindow diagramming
•• Computer simulation of phase selectivity, Computer simulation of phase selectivity, 

independent of column dimensionsindependent of column dimensions (ezGC(ezGC™™))
–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary Computer prediction of optimized stationary 
phase composition and column dimensionsphase composition and column dimensions
–– Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2, RtxCLPesticides2, Rtx--TNT RtxTNT Rtx--TNT2, TNT2, 

RtxRtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--VRXVRX

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs
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Computer simulation of phase selectivity, 
independent of column dimensions (ezGC™)

•• “Fix” Run Conditions“Fix” Run Conditions
•• Input data is normalized for column and program Input data is normalized for column and program 

parametersparameters
•• Search for optimum solution by varying the Search for optimum solution by varying the 

stationary phase compositionstationary phase composition
•• Program tracks up to 8 dimensions of phase Program tracks up to 8 dimensions of phase 

functionalities.functionalities.
•• No solution requires separate reNo solution requires separate re--optimization of optimization of 

input datainput data
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Phase 1

Phase 2

Phase 3

Alpha-HCH

Delta-HCH

Beta-HCH

3-Space Selectivity Surface for 4 Pesticide 
Compounds

Gamma - HCH
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Rtx®-CLPesticides Column Benefits

•• Baseline resolution of all 22 compoundsBaseline resolution of all 22 compounds

•• < 25 minute analysis time< 25 minute analysis time

•• Available in all common dimensionsAvailable in all common dimensions
–– 0.18, 0.25, 0.32 and 0.53mm ODs0.18, 0.25, 0.32 and 0.53mm ODs

•• Very low electron capture detector (ECD)Very low electron capture detector (ECD)
bleed levelsbleed levels

•• High thermal stability High thermal stability 
–– 330°C maximum temperature330°C maximum temperature
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Chlorinated Pesticides
Fast Runs

Rtx-CLPesticides
(30m x 0.32mm, 0.5µm)

Rtx-CLPesticides2
(30m x 0.32mm, 0.25µm)

1

2 3

4

5

6
7

8 9

10

11

12

13

14
15

16

17
18

19

20
21

22

1

2 3

4

5

6
7

8 9

10

11

12
13

14 15
16

17

18

19

20
21

22

6 8 10 12

6 8 10 12
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Chlorinated Pesticides

1  2,4,5,61  2,4,5,6--tetrachlorotetrachloro--mm--xylenexylene
2  alpha BHC2  alpha BHC
3  gamma BHC3  gamma BHC
4  beta BHC4  beta BHC
5  delta BHC5  delta BHC
6  heptachlor6  heptachlor
7  aldrin7  aldrin
8  heptachlor epoxide8  heptachlor epoxide
9  gamma chlordane9  gamma chlordane
10  alpha chlordane10  alpha chlordane
11  4,4'11  4,4'--DDEDDE

12  endosulfan I12  endosulfan I
13  dieldrin13  dieldrin
14  endrin14  endrin
15  4,4'15  4,4'--DDDDDD
16  endosulfan II16  endosulfan II
17  4,4'17  4,4'--DDTDDT
18  endrin aldehyde18  endrin aldehyde
19  methoxychlor19  methoxychlor
20  endosulfan sulfate20  endosulfan sulfate
21  endrin ketone21  endrin ketone
22  decachlorobiphenyl 22  decachlorobiphenyl 



R e s t e k    www.restekcorp.com 

Stationary Phase Optimization

•• Window diagrammingWindow diagramming
•• Computer simulation of phase selectivity, Computer simulation of phase selectivity, 

independent of column dimensionsindependent of column dimensions (ezGC(ezGC™™) ) 
•• Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary Computer prediction of optimized stationary 
phase composition phase composition ANDAND column dimensionscolumn dimensions
–– RtxRtx--TNT RtxTNT Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--

VRX,VRX, RtxRtx--OPPesticides2, CustomerOPPesticides2, Customer--specific columnsspecific columns

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs
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Achieving Analyte Separation

ResolutionResolution
R = 1/4    L / h   x ( k / k+1 ) x (R = 1/4    L / h   x ( k / k+1 ) x ( αα--1 / 1 / αα ))

Capacity FactorCapacity Factor
k = (tk = (tRR -- tt00) / t) / t00

SelectivitySelectivity
αα = k= k22 / k/ k11

Thermodynamics:Thermodynamics:
∆∆G = G = ∆∆H H -- TT∆∆S       S       ∆∆G = G = --RT ln KRT ln KD D 
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3-Space Selectivity Model for 3 Compounds

Surface=F∆H∆S 
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Volatiles Analysis:
Predicted vs. Actual 4 Dimensional Phase
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Volatiles Analysis: Rtx®-VGC
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Design Criteria of 2-D Column

•• Continuous section of tubing with no pressContinuous section of tubing with no press--tighttight

•• Volatility separation 1Volatility separation 1stst

•• Alternate selectivity 2Alternate selectivity 2ndnd

•• Same i.d. for both columnsSame i.d. for both columns

•• Thicker film on 1Thicker film on 1stst ? ? 

•• Maintain higher efficiency on 2nd ?Maintain higher efficiency on 2nd ?

•• Will also work for pressWill also work for press--fit columnsfit columns
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Simultaneous 2-D Modeling
---or---

Why 2D is not 2X 1D GC
1.) Calculation of the pressure at the modulation point is not as 
straight forward during a “desorption”

2.) Not a normal “injection” onto second column
there is a selective retention of analyte in the phase

3.) There is no “buffer volume” at the modulation point, or a 
pressure controller to adjust for any pressure surges

at 1 atm a liquid expands 1000X as it vaporizes
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Input Data

•• Compounds of interest analyzed in 1Compounds of interest analyzed in 1--D mode on each D mode on each 
stationary phase of interest at two different temperatures stationary phase of interest at two different temperatures 
or temperature programsor temperature programs

•• A separate A separate ∆∆H and H and ∆∆S are calculated for each compound S are calculated for each compound 
on each stationary phase independent of physical on each stationary phase independent of physical 
parametersparameters

•• Separation is modeled on conditions of 1Separation is modeled on conditions of 1stst columncolumn
•• Eleuent is reEleuent is re--focused (peak width is refocused (peak width is re--calculated) and calculated) and 

injected onto 2injected onto 2ndnd columncolumn
•• Final elution from second column is reported as a Final elution from second column is reported as a 

function of both 1function of both 1stst and 2and 2ndnd dimension dimension –– tabular reporttabular report
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Modeling Accuracy on Continuous 2D 
column - LECO Pegasus 4D system 

Conditions
180 um i.d. continuous 2D column:180 um i.d. continuous 2D column:

10M 10M RtxRtx--1, 1.0 um d.f.1, 1.0 um d.f.

50C (0.2 min), 5C/min to 200C (0.8 min)50C (0.2 min), 5C/min to 200C (0.8 min)

0.8M 0.8M RtxRtx--1701, 0.1 um d.f.1701, 0.1 um d.f.

55C (0.2 min), 5C/min to 205C (0.8 min)55C (0.2 min), 5C/min to 205C (0.8 min)

Helium Carrier, 1mL/min constant flowHelium Carrier, 1mL/min constant flow

1uL injection, 200/1 split1uL injection, 200/1 split

Modulator Period = 4 secModulator Period = 4 sec
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Grob Test Mixture
As numbered on 2D Chromatogram

•• 1.) 2,31.) 2,3--butanediolbutanediol
•• 2.) 2.) decanedecane
•• 3.) 3.) undecaneundecane
•• 4.) 14.) 1--octanoloctanol
•• 5.) 15.) 1--nonanolnonanol
•• 6.) 26.) 2--ethylhexanoic ethylhexanoic acidacid
•• 7.) 2,67.) 2,6--dimethylphenoldimethylphenol
•• 8.) 2,68.) 2,6--dimethylanilinedimethylaniline
•• 9.) C10 FAME9.) C10 FAME
•• 10.) C11 FAME10.) C11 FAME
•• 11.) 11.) dicyclohexylaminedicyclohexylamine
•• 12.) C12 FAME12.) C12 FAME



R e s t e k    www.restekcorp.com 

1

2
3

4
5

6

7

8

9
10

11

12

Solvent



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 

Column 1 Column 2
Exp Model Exp Model

Compound Name # tr1 cm tr1 sec tr1 sec tr2 cm tr2 sec tr2 sec
Calibration 0 17.35 1124 12.85 2
2,3 Butanediol 1 4.9 317 318 6.4 2.3 2.74
decane 2 10.55 683 858 5.15 2.1 1.8
undecane 3 13.55 878 1088 5.5 2.2 1.89
1-octanol 4 12.75 826 995 8.2 2.6 2.54
1-nonanol 5 13.75 891 1032 8.7 2.7 2.68
2-ethylhexanoic acid 6 13.9 900 8.25 2.6
2,6 dimethylphenol 7 13.85 897 1018 12.25 3.2 3.13
2,6-dimethylaniline 8 15.55 1007 1160 14.2 3.5 2.73
C10-FAME 9 19.95 1292 1476 8.6 2.7 2.39
C11-FAME 10 22.7 1471 1627 8.6 2.7 2.47
dicyclohexylamine 11 22.85 1480 10.25 2.9
C12-FAME 12 25.1 1626 1784 8.4 2.6 2.55
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Actual –vs.- Theoretical for Column 1
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Actual –vs.- Theoretical for Column 2
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Conclusions

•• Columns performed successfullyColumns performed successfully
•• Modeling is not yet correctModeling is not yet correct
•• Future workFuture work

–– Investigation of the best column ratios for general useInvestigation of the best column ratios for general use
–– VuVu--2 Union developed for applications requiring 2 Union developed for applications requiring 

presspress--tight connectionstight connections
–– Role of modulator in “injection” onto second columnRole of modulator in “injection” onto second column
–– Modeling refinements for column ensemble Modeling refinements for column ensemble 

developments and technical servicedevelopments and technical service
–– CommerciallyCommercially--available Optimization program?available Optimization program?
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Summary

•• Continuous 2Continuous 2--D columns eliminate need for press D columns eliminate need for press 
tights.tights.
–– Distinct advantage for commercial usersDistinct advantage for commercial users

•• Modeling optimization software can save large Modeling optimization software can save large 
amount of R&D time for column ensemble amount of R&D time for column ensemble 
developmentdevelopment

•• Physical optimization work on holdPhysical optimization work on hold
•• Additional research needs to be done for Additional research needs to be done for 

prediction of second column elutionprediction of second column elution
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Analysis of Browning Reaction 
Products in Foods, Using High 

Performance Liquid Chromatography

Rebecca E. Wittrig, Ph.D. and Lydia Nolan
Restek Corporation, 110 Benner Circle, 
Bellefonte, PA 16823



In food systems, perceived flavor is based not only on individual 
ingredients that make up the product, but also on interactions between 
these components.  Browning is an important reaction in food systems, 
and affects both the flavor and the color of the product.  One type of 
non-enzymatic browning reaction that occurs in products such as 
baked goods and soy sauce is the Maillard reaction.  When reducing 
sugars such as glucose are heated in the presence of a free amino 
acid or a free amino group in a protein chain, a variety of products, 
including 5-hydroxymethyl-2-furaldehyde (HMF), result.  To monitor the 
progress of a Maillard browning reaction, HPLC with a UV-visible 
detector can be used to quantitate products such as HMF.1 In systems 
containing a number of reaction products, LC with a mass selective 
detector (LC/MS) would provide more specific information about the 
reaction products.  The application of LC and LC/MS to the study of 
HMF will be presented. 

Introduction



The Maillard reaction is one of four primary non-enzymatic browning reactions.  
This reaction requires the presence of an amino-bearing compound, a reducing 
sugar, and water.  Basic amino acids, such as lysine, are especially susceptible.  
When the reducing sugar is a hexose, 5-hydroxymethyl-2-furaldehyde, or HMF, 
is one of the intermediate reaction products, especially at lower pH.  The 
structure of HMF is shown below, and a simplified Maillard reaction scheme is 
shown in Figure 1.2 The formula weight of HMF is 126.1, and the UVmax is 
283nm.  On further reaction, a number of high molecular weight polymeric 
materials are formed, resulting in color and flavor changes.  These changes may 
or may not be desirable; some of the negative effects include off-flavors or off-
colors, and the potential loss of essential amino acids such as lysine.

The Maillard Reaction

OH O
O



Figure 1.  Simplified Maillard reaction scheme.



Liquid Chromatographic Analysis of HMF

Liquid chromatography (LC) provides a powerful tool for monitoring 
reaction products such as HMF in a variety of food and beverage 
products.  Compared to the traditional spectrophotometric methods, LC is 
a much more specific assay and is less susceptible to interferences.  A 
number of LC procedures have been published,3-5 most using a reversed 
phase separation with a C18 or C8 stationary phase and water:methanol
or water:acetonitrile as the mobile phase.  In order to make the 
separation compatible with MS detection, water:methanol with 10 mM
ammonium formate was used in this work.  

The analysis of an HMF standard is shown in Figure 2, with the LC 
conditions given in Table I.  The method is linear over the range of  
0.014–213 ppm, as shown in Figure 3.  Several types of fruit juice were 
tested using this method.  A grape juice assay is shown in Figure 4.  
There is at least one compound that interferes with the HMF when using 
UV detection at 280nm; therefore, some type of sample treatment will be 
needed.



Figure 2.  Analysis of an HMF standard solution by HPLC.  Run conditions 
are given in Table I.

HMF



Table I. Chromatographic conditions for HMF analysis by LC.

Column:   Ultra C18 (Restek Corp.), 250 mm x  4.6 mm, 5 µm 

Mobile Phase A: 90:10 water:methanol, 10 mM ammonium formate
Mobile Phase B: 10:90 water:methanol, 10 mM ammonium formate

Time (minutes) % B 
0 0
5 0
10 100
20 100
21 0

Flow: 0.5 mL/min.
Temperature: ambient
Detector: UV @ 280 nm
Injection Volume: 10 µL



Figure 3.  Linearity plot for HMF, using LC-UV. Over a  concentration 
range of 14 ppb - 213 ppm, R2 = 0.9994.
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Figure 4.  Analysis of HMF in grape juice.  The juice was analyzed neat, 
without solid phase clean-up.  

HMF + interferences



Because of the interferences present in grape juice, sample treatment was 
necessary.  Previous reports of solid phase extraction (SPE) used C18 cartridges 
with 15-20% acetonitrile as the final extraction solvent.6,7 To match the mobile phase 
in this analysis, methanol was used at concentrations of 20%, 50%, and 100%.  Both 
C18 tubes and carbon molecular sieve (Carboprep™) tubes were tested.  Good 
recoveries were obtained using either 20% or 50% methanol and the C18 phase; 
however, the lower concentration of methanol resulted in a cleaner final extract.  
Good recoveries were obtained with the Carboprep™ tubes as well, with 100% 
methanol. 

Extraction Procedure
1. Conditioning

a. Apply 3 mL methanol
b. Apply 3 mL deionized water

2. Sample Application
a. Apply 4 mL sample to moist SPE tube, gravity feed

3. Wash
a. Pull remaining sample through tube, using vacuum
b. Apply 3 mL water
c. Remove excess water from bed under vacuum

4. Elution
a. Apply 2 mL elution solvent, gravity feed, dilute to volume

Solid Phase Extraction of HMF from Juice Samples



Figure 5.  Analysis of HMF in grape juice, following extraction using a C18 
SPE tube.  HMF was eluted with 20% methanol.

HMF



Figure 6. Analysis of HMF in grape juice, following extraction using a C18 
SPE tube.  HMF was eluted with 50% methanol.

HMF



Figure 7. Analysis of HMF in grape juice, following extraction using a 
Carboprep™ SPE tube.  HMF was eluted with 100% methanol.

HMF



For specific detection of HMF, a mass spectrometric (MS) detector can be 
used, in a scanning or selected ion mode (SIM).  In addition to monitoring 
the HMF (M+H)+ ion at m/z 127, a wider mass range can be scanned to 
identify other components in the sample extract.  This method is not as 
sensitive as the UV assay; however, it does provide more information 
about the composition of the sample, and may allow identification of other 
reaction products.   

LC/MS Analysis of HMF 



Figure 8.  Detection of HMF, using a mass spectrometer.



Table II.  Experimental conditions for the LC/MS analysis of HMF.

HPLC Conditions
Column:   Ultra C18 (Restek Corp.), 250 mm x  4.6 mm, 5 µm
Mobile Phase A:  90:10 water:methanol, 10 mM ammonium formate
Mobile Phase B:  10:90 water:methanol, 10 mM ammonium formate
Gradient:  Same as in Table I
Inj. Volume: 10 µL
Flow Rate: 0.3 mL/min to UV detector, 0.2 mL/min to MSD

MSD Conditions
Detector: Micromass ZMD
Mode: ESI+
Capillary V: 3.08V
Extractor V: 13V
Ion Energy: 0.5
Multiplier: 650
Source Temp: 100°C
Desolv. Temp: 200°C
Gas Flow: 500 L/hr. 
SIM ion: m/z = 127 
TIC range: m/z = 80 – 180



Summary

Liquid chromatography provides a sensitive tool for monitoring products 
from the Maillard browning reaction in foods, such as HMF.  Compared to 
traditional spectrophotometric assays, compounds such as HMF can be 
selectively determined.  Because of the potential for interferences when 
using UV detection, samples should be prepared by solid phase extraction.  
Good recoveries of HMF from grape juice were obtained using either C18 
SPE tubes or Carboprep™ tubes.  An MS detector can be used to monitor 
the reaction products.  Because the MS provides molecular weight
information, it is possible to obtain more detailed information about the 
reaction. 



References

1. Monti, Simona M. et. al., Food Chem. 1998, 62, 369.
2. Davies, C.G.A., Labuza, T.P., The Maillard Reaction:  Application 

to Confectionary Products, Dept. of Food Science, University of 
Minnesota.

3. Li, Z.F. et. al., Agric. and Biol. Chem. 1988, 52(9), 2231.
4. Fuleki, T., Pelayo, E., J. AOAC Int. 1993, 76(1), 59.
5. Kim, H.-J., Richardson, M., J. Chromatogr. 1992, 593(1-2), 153.
6. Lee, H.S., J. Food Sci. 1986, 51(4), 1075.
7. Blanco Gomis, D. et. al., Chromatographia 1991, 32(1-2), 45.



Application of High Speed Gas 
Chromatographic Techniques to 

Flavor Systems

Rebecca E. Wittrig, Ph.D.
Restek Corporation, 110 Benner Circle, 
Bellefonte, PA 16823 



Flavor systems, in general, are complex mixtures of organic compounds.  Since 
many of the components are volatile, they often can be analyzed using gas 
chromatography (GC). Flavor systems are evaluated by GC for a number of 
reasons.  Flavor extracts might be tested for quality control purposes, or to 
determine if a new material matches a desired flavor profile; or, flavor systems can 
be “reverse engineered” to estimate the volatile composition. With a wide range of 
compound types, boiling points and concentrations, the analysis times can be quite 
long.  Additionally, complete resolution of all components might require two different 
stationary phases.  For routine analyses, an ideal separation would involve a single, 
rapid run with complete resolution of all target components.  Two approaches for 
achieving high speed GC separations will be discussed. 

One approach to reduced analysis times utilizes fast oven temperature programs, 
particularly useful if a wide range of boiling points are represented.  To ensure fast, 
reproducible temperature gradients an auxiliary heating unit can be introduced into 
the GC oven.  For complex systems that require a dual column analysis for complete 
characterization, two-dimensional GC techniques can significantly reduce analysis 
times.  Flow-modified selectivity tuning using two dissimilar stationary phases in 
series will be discussed.  In this technique, the columns are joined at a junction point 
connected to a source of carrier gas.  The flow through the first column can be 
stopped for short periods of time, enhancing the separation of target compounds.

Introduction



Fast GC Using Rapid Temperature Programs

Fast temperature programs can be used in GC to speed up the elution of high 
boiling point compounds and late eluters.  This is especially useful if compounds 
with widely varying boiling points are present in the sample.  While many GCs 
can be temperature programmed at rates 70°C/min. or higher, at higher 
temperatures these programs can be difficult to maintain.  The temperature profile 
also tends to become less reproducible as the temperature and the programmed 
ramp rate increases.

Auxiliary heaters, such as the GC Racer temperature programmer, can be used 
to maintain the desired temperature gradient.  The GC Racer consists of a 
resistive heating element that is placed on the floor of the GC oven, and a 
controller that connects with the main PC board of the GC.  In Figures 1 and 2, 
the actual temperature in the oven of an Agilent 6890 GC, with and without the 
GC Racer, is shown at two different temperature programs.  In Figure 3, a high-
speed GC separation of volatile compounds is shown.  This was done with and 
without the GC Racer, using the instrument conditions given in Table I.



Figure 1.  Actual temperature vs. time for an Agilent 6890 GC, using a 
temperature program of 20°C/min.  

Without GC Racer
With GC Racer



Without GC Racer
With GC Racer

Figure 2.  Actual temperature vs. time for an Agilent 6890 GC, using a 
temperature program of 60°C/min.  



Figure 3. Separation of volatile compounds, with and without the GC Racer 
system.

With GC Racer
Without GC Racer



Table I. GC program for the volatile compounds analyzed in Figure 3.

Columns: Rtx®-VMS, 10m x 0.18mm x 1.0µm
Stabilwax®-DA, 10m x 0.18mm x 0.18µm

Injector:  250°C, 1 µL split injection (150:1)
Carrier Gas:  hydrogen at 25 psi, constant pressure
Oven: 35°C (0.5 min. hold) 

to 45°C at 20°C/min.
to 210°C at 100°C/min. (1-4 min. hold)

Detector: FID @ 250°C
Air @ 400cc/min.
H2 @ 40cc/min.
N2 @ 40cc/min.



Fast GC Using Pressure Tunable Selectivity

A powerful technique for separating complex mixtures, developed by Sacks, et. al.1,2

at the University of Michigan, uses pressure-tunable selectivity and a series-coupled 
column ensemble.  In this technique (Stop-Flow GC), two standard-dimension 
capillary columns with dissimilar stationary phases are connected in series, using a 4-
way junction.  At this junction point, a source of carrier gas also is connected, with the 
pressure controlled by an external Electronic Pressure Control (EPC) unit.  An 
external valve controls the flow of the carrier gas to the junction point.  A detector is 
connected to the fourth port of the junction, and monitors the components as they 
elute from the first column.

When an injection is made, the sample components move through the first and 
second columns.  There are 4 possible scenarios for closely-eluting compounds A 
and B:  

(1) A and B are resolved after passing through both columns
(2) A and B are not resolved after the first column, but are resolved after the second 
column
(3) A and B are resolved after the first column, but not after the second column
(4) A and B are not resolved after either column  



In the first two scenarios, the separation can be allowed to proceed normally.  In the 
4th scenario, different column chemistries should be selected.  Stop-Flow GC can be 
used to significantly improve the resolution described in the 3rd scenario.  

For compounds that resolve on the first column, but coelute at the end of the second 
column, a stop-flow pulse can be introduced between the two compounds as they 
elute from the first column.  This is done by opening the valve to the external gas 
source after the first compound has passed the junction point.  The first compound 
continues on through the second column, while the second compound is stopped (or 
moved slightly backward) on the first column.  In this way, the separation between 
the two components can be increased, as demonstrated in Figure 5.  In Figure 5a, 
no stop-flow pulses have been applied, resulting in the coelution of A and B, as well 
as C and D.  In Figure 5b, one pulse at 28 seconds has been applied, effectively 
resolving A and B at the outlet of the second column.  In Figure 5c, both sets of 
coeluting compounds have been resolved by using stop-flow pulses at 28 and 43 
seconds.

In Figures 6 and 7, the stop-flow technique was applied to a mixture of volatile 
organic compounds.  In particular, pyridine, p-xylene, and m-xylene were difficult to 
resolve on the selected stationary phases.  Using a series of 3 stop-flow pulses, the 
resolution of these compounds can be greatly improved.  The timing and duration of 
the stop-flow pulses, as well as the resulting chromatogram, are shown in Figure 7. 



Figure 4.  Diagram of the Stop-Flow GC system, originally described by 
Sacks, et. al.1,2
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FID #2
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= 4-way junction



Figure 5.  Stop-Flow GC for optimizing the separation of coeluting
compounds: (a) no stop-flow pulses; (b) pulse at 28s; (c) pulses at 28s & 43s.
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Figure 6.  Volatile organic compounds, no stop-flow pulses.

Junction FID

End FID



Figure 7.  Volatile organic compounds, stop-flow pulses at 290, 330, & 346 
sec.

End FID

Junction FID



Table II. GC operating conditions for the volatile organic compound 
analysis in Figures 6-7.

Columns: Rtx®-Stabilwax, 15m x 0.25mm x 0.5µm
Rtx®-200, 30m x 0.25mm x 1.0mm

Injector:  230°C, 200:1 split
0.2 µL injection

Carrier Gas: hydrogen at 2.5 mL/min. (constant flow), 0-9.5 min.
to 3.5 mL/min. at 10 min.

Oven: 40°C (1 min. hold)
to 65°C at 6°C/min.
to 100°C at 12°C/min.
to 250°C at 70°C/min. (1.8 min. hold)

Detectors: Dual FIDs @ 250°C
Air @ 400cc/min.
H2 @ 40cc/min.
N2 @ 40cc/min.

Junction Pressure: 74 psig (59 psi headpressure)



Stop-Flow GC of an Essential Oil Standard

Essential oil samples are complex mixtures of organic compounds. A wide 
range of concentrations and boiling points typically are represented.  The 
Fragrance Material Association (FMA) has proposed a test mix representative of 
the variety of compounds found in essential oil samples (see Table III).  This mix 
was used to test the applicability of the stop-flow technique to this type of 
sample.

In Figure 8, the dual column analysis of the FMA test mix is shown, with no 
stop-flow pulses applied.  The first column contains a polar polyethylene glycol 
stationary phase; the second column contains a non-polar 100% 
dimethylpolysiloxane stationary phase.  GC conditions have been optimized to 
reduce the run time to approximately 10 minutes.  At the end of the first column, 
thymol and cinnamyl acetate coelute; these compounds resolve at the end of 
the second column.  Limonene and eucalyptol are adequately resolved on the 
first column; however, these compounds are not well resolved at the end of the 
second column.  A 6 second stop-flow pulse at 187 seconds gives significantly 
better resolution of limonene and eucalyptol, as shown in Figure 9.  In Figure 
10, the effect of the length of the stop-flow pulse is shown.



Table II. GC operating conditions for the essential oil compounds analyzed 
in Figures 8-9.

Columns: Rtx®-Stabilwax, 15m x 0.25mm x 0.5µm
Rtx®-1, 30m x 0.25mm x 0.25µm

Injector:  230°C, 200:1 split
0.2 µL injection

Carrier Gas:  hydrogen at 2.5 mL/min. (constant flow), 0-7 min.
to 4.0 mL/min. at 7.4 min.

Oven: 40°C to 120°C at 20°C/min.
to 250°C at 100°C/min. (4 min. hold)

Detectors: Dual FIDs @ 250°C
Air @ 400cc/min.
H2 @ 40cc/min.
N2 @ 40cc/min.

Junction Pressure: 87 psig (72 psi headpressure)



Figure 8.  Analysis of an essential oil standard, using a dual column 
ensemble and no stop-flow pulses.
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Table III. Compound list for the essential oil standard.

Benzyl salicylate12

Vanillin11

Benzoic acid10

Cinnamyl alcohol9

Cinnamyl acetate8

Thymol7

Cinnamic aldehyde6

Hydroxycitronellal5

Geraniol4

Eucalyptol3

Limonene2

Ethyl butyrate1

Compound NameCompound #



Figure 9.  Essential oil standard, with a 6 second pulse at 187 seconds.  
Note the improved resolution between limonene and eucalyptol.
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Figure 10.  Separation of limonene and eucalyptol with increasing stop-
flow pulse lengths.

A. No stop-flow pulse
B. 2 second pulse
C. 6 second pulse
D. 10 second pulse
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Summary

GC analysis of flavor systems can be a time-consuming task.  Because of the 
complexity of the separations, dual column systems often are required to 
resolve all of the target components.  In addition, because of the wide range of 
boiling points, oven programs covering a wide range of temperatures often must  
be used.  This work shows two approaches used to speed up chromatographic 
separations.  Fast oven programs can be reproducibly maintained using an 
auxiliary heating unit.  This can result in significant reductions in run time, as 
long as the resolution of critical component pairs can be maintained.  For more 
complex systems that are difficult to completely separate on one type of 
stationary phase, Stop-Flow GC can be a powerful means of “tuning” the 
separations, with minimal hardware modifications required.
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Reduction of Mass Spectrometer 
Downtime During Column Change 

Using A Critical Orifice 
Connection Device



Abstract 

A common problem with the use of mass spectrometers is 
the amount of time needed to change a capillary column. 
Prior to removing the column it is necessary to vent the 
MS system. After installation of a new column the MS 

must be pumped down to a high level of vacuum prior to 
use. Overall this process can take as long as 5 hours, 

during which time the instrument is non-productive. A 
new mass spectrometer connector allows analyst to easily 
change the capillary column without the need to vent the 

instrument. 



Introduction 

Changing a column in a GC/MS is a lengthy process and 
can take valuable time away from productivity.  The new 
EZ No-VentTM connector was designed to allow the analyst 
to change columns in the MS without venting. The EZ No-
VentTM connector utilizes a critical orifice to minimize the 

introduction of oxygen, and thus eliminates the need to use 
a purge gas. The EZ No-VentTM connector easily attaches 
to the MS source with a standard ferrule, and without the 

need for special tools or plumbing. It also does not require 
secondary flow or pressure controllers, connection to the 

GC electronics, or additional gas lines.



MS Source
Transfer line Ferrule

EZ No-Vent
TM

Capillary Ferrule

Capillary Nut

EZ No-VentTM Connector



Experiment #1

The EZ No-VentTM connector was tested using highly 
volatile gases that are very susceptible to tailing from the 

presence of dead volume in the sample pathway. The 
chromatographic system initially was configured using a 
purge-and-trap concentrator connected to the capillary 

column by a split injection port.  The column was directly 
inserted into the MS interface (Figure 1).  The same 

configuration was then evaluated with the  EZ No-VentTM

connector at the MS interface. Any dead volume in this 
fitting would result in significant tailing and broader 

peaks.  As shown the peak shape was excellent using this 
new fitting (Figure 2).



Figure 1: 
Before Using EZ No-VentTM  Connector

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969), column connected directly to MS source. 

Volatile Gas Mix 502.2 Calibration Mix#1 (gases) cat# 30042

1.          dichlorodifluoromethane

2.          1,2-dichlorotetrafluoroethene (Freon® 114)

3.          chloromethane

4.          vinyl chloride

5.         bromomethane

6.          chloroethane

7.         trichlorofluoromethane
Inj.:Purge & Trap

GC: Agilent 6890 

Inj. temp.: 300°C

Carrier gas: helium, constant flow  

Flow rate: 1.0mL/min. 

Oven temp.: 60°C isothermal 

Det:Agilent 5973 GC/MS

Transfer line temp.: 280°C

Scan range: 35-550 amu

Tune: BFB

Ionization: EI



Figure 2: 
Column Connected to EZ No-VentTM  Connector

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969) column connected to EZ No-VentTM connector. 

Volatile Gas Mix 502.2 Calibration Mix#1 (gases) cat# 30042

1.          dichlorodifluoromethane

2.          1,2-dichlorotetrafluoroethene (Freon® 114)

3.          chloromethane

4.          vinyl chloride

5.         bromomethane

6.          chloroethane

7.         trichlorofluoromethane
Inj.:Purge & Trap

GC: Agilent 6890 

Inj. temp.: 300°C

Carrier gas: helium, constant flow  

Flow rate: 1.0mL/min. 

Oven temp.: 60°C isothermal 

Det:Agilent 5973 GC/MS

Transfer line temp.: 280°C

Scan range: 35-550 amu

Tune: BFB

Ionization: EI



Experiment #2
The EZ No-VentTM connector allows columns to be changed 

without venting the MS, which can save a day of 
downtime.  An application specific test was used to 

evaluate the ability of the MS to stabilize after a column  
change and without venting the MS. Again, purge-and-trap 

was used with halogenated volatiles.  The first 
chromatogram (Figure 3) was run using an Rtx-624 phase 
and was acquired at 08:12 AM.  A different column was 
installed and chromatogram acquired at 09:28 AM, with 
excellent peak shape and response (Figure 4) . Between 

runs the tune was verified and passed bromofluorobenzene 
(BFB) criteria. EZ No-VentTM technology allows several 

column changes in a single day, without harm to the MS.  



Figure 3: 
1st Column, Equilibrated System

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969), 

EZ No-Vent™ connector, equilibrated system. 

Halogenated Volatiles @ 200 ppb in 5mL/RO water.

502.2 Calibration Mix#1 (gases) cat# 30042

502.2 Calibration Mix#2 cat# 30043

BTEX standard cat# 30213

Inj.:Purge & Trap

GC: Agilent 6890 

Inj. temp.: 300°C

Carrier gas:  helium, constant flow  

Flow rate: 1.0mL/min. 

Oven temp.: 60°C  (hold 15 min)

to 220°C @ 30°C/min (hold 1 min).

Det: Agilent 5973 GC/MS

Transfer line temp.: 280°C

Scan range: 35-550 amu

Tune: BFB

Ionization: EI



Figure 4: 
Acquired 76 minutes after Installing 2nd Column, without venting

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969)  EZ No- Vent™ connector, 

acquired 76 min. after installing new column.

Halogenated Volatiles @ 200 ppb in 5mL/RO water.

502.2 Calibration Mix#1 (gases) cat# 30042

502.2 Calibration Mix#2 cat# 30043

BTEX standard cat# 30213

Inj.:Purge & Trap

GC: Agilent 6890 

Inj. temp.: 300°C

Carrier gas:  helium, constant flow  

Flow rate: 1.0mL/min. 

Oven temp.: 60°C  (hold 15 min)

to 220°C @ 30°C/min (hold 1 min).

Det: Agilent 5973 GC/MS

Transfer line temp.: 280°C

Scan range: 35-550 amu

Tune: BFB

Ionization: EI



Conclusion 

The EZ No-VentTM connector allows the analyst to easily 
change capillary columns in the MS without the time 
consuming need to vent the system. The EZ No-VentTM 

connector allows the analyst to acquire a maximum 
number of runs, and make more efficient use of time, for 

higher productivity. The EZ No-VentTM  connector is easy to 
install and does not require additional plumbing or special 

tools. A critical orifice minimizes the introduction of 
oxygen into the MS during column changes, which 

eliminates the need for additional purge gases. The EZ No-
VentTM connector is gold-plated for maximum inertness and 

worry-free operation. 
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Introducing the Rtx-Dioxin Capillary Column

Frank L. DormanFrank L. Dorman, , Rick Morehead, Eric J. Rick Morehead, Eric J. 
ReinerReiner, and Karen , and Karen MacPhersonMacPherson
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Analysis of Dioxins and Furans

http://dioxins-r-us.ucdavis.edu/TCDD
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PCDD and PCDF Target List

# of Chlorine# of Chlorine #Dioxins#Dioxins #Furans#Furans

tetratetra 22(1)22(1) 38(1)38(1)

pentapenta 14(1)14(1) 28(2)28(2)

hexa hexa 10(3)10(3) 16(4)16(4)

hepta hepta 2(1)2(1) 4(2)4(2)

octaocta 1(1)1(1) 1(1)1(1)

( ) numbers are 2,3,7,8( ) numbers are 2,3,7,8--substituted congenerssubstituted congeners
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Dioxin and Furan Analysis

•• Primary column commonly “5Primary column commonly “5--type”type”
–– Significant number of coelutions of nonSignificant number of coelutions of non--toxic toxic 

congeners with 2,3,7,8congeners with 2,3,7,8--substituted congenerssubstituted congeners

•• Confirmation column usually 225 or 2331Confirmation column usually 225 or 2331
–– Poor thermal stability and lifetimePoor thermal stability and lifetime

–– High baseline reduces sensitivityHigh baseline reduces sensitivity

–– Improved quantitation accuracy due to better Improved quantitation accuracy due to better 
resolution of toxic for nonresolution of toxic for non--toxic congenerstoxic congeners
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Desired Attributes of New Column/s

•• To replace primary 5To replace primary 5--type columntype column
–– Improved separation of toxic congenersImproved separation of toxic congeners

–– Improved thermal stability?Improved thermal stability?

–– Improved bleed levels?Improved bleed levels?

–– Same or shorter run timesSame or shorter run times

–– Fused silica columnFused silica column
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Desired Attributes of New Column/s

•• To replace 225 or 2331 confirmation columnTo replace 225 or 2331 confirmation column
–– Improved thermal stabilityImproved thermal stability

–– Improved lifetimeImproved lifetime

–– Compatible to primary columnCompatible to primary column
•• Same oven for both columnsSame oven for both columns

–– Less bleedLess bleed
•• Improved sensitivityImproved sensitivity

–– Less reactiveLess reactive
•• CyanoCyano--containing columns are prone to acid/base reactionscontaining columns are prone to acid/base reactions
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Rtx®-2330

Polarity: very polar
Uses: cis/trans isomers
Properties: min. temp. (0°C), max. temp. (275°C)
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(CH2)3

(CH2)3

C   N

90%

C   N
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(CH2)3

C   N
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Why Stationary Phase Selectivity Can Be 
Difficult….

SiSi
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Column Requirements

•• Separate 2,3,7,8Separate 2,3,7,8--substituted PCDDs/PCDFs from substituted PCDDs/PCDFs from 
all other isomersall other isomers

•• High thermal stability (330°C +)High thermal stability (330°C +)

•• High resolution GCHigh resolution GC--MS MS 
–– 0.0001 mass resolution, PFK mass lock0.0001 mass resolution, PFK mass lock

•• Reasonable run time (40Reasonable run time (40--60 min.)60 min.)

•• Separate coSeparate co--planar and monoplanar and mono--ortho PCBsortho PCBs

•• Separation by chlorination levelSeparation by chlorination level
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Rtx-Dioxin Capillary Column

•• Proprietary Proprietary polysiloxane polysiloxane designed for designed for 
replacement of “5”replacement of “5”--type columns as primary, or type columns as primary, or 
highhigh--cyano cyano secondary columns for toxic dioxin secondary columns for toxic dioxin 
and furan analysis by GCand furan analysis by GC--HRMSHRMS

•• 380 maximum operating temperature in standard 380 maximum operating temperature in standard 
highhigh--temperature fused silica tubingtemperature fused silica tubing
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Dioxin and Furan Analysis

•• Dual column methodDual column method
–– Usually 5% diphenyl column and a highUsually 5% diphenyl column and a high--cyano cyano 

column (column (eg Rtxeg Rtx--225)225)
–– Cyano Cyano columns have poorer lifetimes and lower columns have poorer lifetimes and lower 

maximum operating temperaturesmaximum operating temperatures
–– 5% diphenyl phases do not have the selectivity to 5% diphenyl phases do not have the selectivity to 

accurately quantitate most samplesaccurately quantitate most samples
•• USEPA requires 2,3,7,8USEPA requires 2,3,7,8--tcdf to be confirmed on a Xtcdf to be confirmed on a X--225225

•• Desirable to have both columns in the same oven, Desirable to have both columns in the same oven, 
and to improve the separation of the “5”and to improve the separation of the “5”
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Fly Ash Round Robin Samples
>110 laboratories participating

DB-5 DB-225 RTX-DIOXIN MEDIAN MEAN

Ash A 250 21 30 28 32
Ash B 2100 300 378 390 390
Ash C 170 19 28 27 32

All results reported as pg/g

Median and Mean agreement gives good confidence in “true” value
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Rtx-Dioxin Conditions

Initial Temp 130 C
Time Rate C/min Temp

0 52 200
10.2 2.9 235
10 6.9 300
24

Constant Pressure of 1.2 mL/min
Injector Temp = 270C

Micromass Altima High Resolution GC-MS
Rtx-Dioxin 40m x .18 x .1
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Rtx-Dioxin Column

•• Replaces a 5% diphenyl column for highReplaces a 5% diphenyl column for high--resolution resolution 
dioxin and furan analysesdioxin and furan analyses
–– Improves sensitivity due to lower bleed levelsImproves sensitivity due to lower bleed levels
–– Improves separation of many congenersImproves separation of many congeners

•• May replace highMay replace high--cyano cyano columns as confirmation column columns as confirmation column 
to the 5% diphenylto the 5% diphenyl
–– All but 2 congeners were within 10% of the fly ash median All but 2 congeners were within 10% of the fly ash median 

valuesvalues
•• These 2 can be  These 2 can be  quantitated quantitated using the 5% diphenyl columnusing the 5% diphenyl column

–– May eliminate the need for May eliminate the need for ––2330, 2330, --2331, 2331, --225 confirmation 225 confirmation 
columnscolumns

–– Final characterization currently underway complete for Dioxin Final characterization currently underway complete for Dioxin 
2003 August 242003 August 24--29 in Boston29 in Boston
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Improving Method Performance
through Fast LC 

C. Vernon Bartlett, B.A.; Rebecca E. C. Vernon Bartlett, B.A.; Rebecca E. WittrigWittrig, Ph.D., Ph.D.
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Abstract

Fast LC methods can be created by taking advantage of a wide Fast LC methods can be created by taking advantage of a wide 
range of separation variables to optimize resolution. Increases range of separation variables to optimize resolution. Increases in in 
resolution are created through increases in theoretical plates, resolution are created through increases in theoretical plates, 
selectivity, and retention. Alpha, the selectivity variable, is selectivity, and retention. Alpha, the selectivity variable, is the the 
greatest factor in separation optimization. Sometimes a simple greatest factor in separation optimization. Sometimes a simple 
phase change is all that is needed to convert a method to a Fastphase change is all that is needed to convert a method to a Fast LC LC 
separation. Optimization of alpha through stationary phase separation. Optimization of alpha through stationary phase 
selection can change a gradient system to a faster isocratic sysselection can change a gradient system to a faster isocratic system, tem, 
allow creation of a single method in lieu of multiple analysis allow creation of a single method in lieu of multiple analysis 
methods, and reduce analysis times to a fraction of the originalmethods, and reduce analysis times to a fraction of the original. . 
This study examines the variables of the resolution equation andThis study examines the variables of the resolution equation and
gives significant attention to the optimization of alpha in HPLCgives significant attention to the optimization of alpha in HPLC
separations.separations.
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Fast LC Methods

•• Use of columns that can operate at high flow rates Use of columns that can operate at high flow rates 
with reduced pressures (increased kwith reduced pressures (increased k´́))

•• Use of a reduced particle size substrate (<3Use of a reduced particle size substrate (<3µµm) m) to to 
force higher theoretical plate counts (increased N)force higher theoretical plate counts (increased N)

•• Use of shortened standard packed columns with Use of shortened standard packed columns with 
optimized and possibly unique stationary phases optimized and possibly unique stationary phases 
(increased alpha)(increased alpha)
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Fast LC Technique

•• Highly selective stationary phase is desired to Highly selective stationary phase is desired to 
maximize alpha values.maximize alpha values.

•• Elution of components is typically accomplished Elution of components is typically accomplished 
through the use of gradients to reduce retention of through the use of gradients to reduce retention of 
highly retained components.highly retained components.

•• Simple resolution ofSimple resolution of methylenemethylene substitutions substitutions 
/additions may be accomplished /additions may be accomplished isocraticallyisocratically..

•• Good screening technique for unknowns.Good screening technique for unknowns.
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Fast LC Technique – Advantages

•• Faster reFaster re--equilibration (when using gradients).equilibration (when using gradients).
•• Sensitivity improvements.Sensitivity improvements.
•• Older qualitative techniques can be adapted to a Older qualitative techniques can be adapted to a 

highly automated quantitative technique.highly automated quantitative technique.
•• Significant increases in sample throughput Significant increases in sample throughput 

possible.possible.
•• Great technique when performed by LCGreat technique when performed by LC--MS.MS.
•• Shorter analysis times reduce solvent Shorter analysis times reduce solvent 

consumption and waste.consumption and waste.
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Fast LC Technique – Disadvantages

•• Critical separations are more sensitive to extraCritical separations are more sensitive to extra--
column volume (as post column column volume (as post column reactors).reactors).

•• Extremely selective stationary phase must be used Extremely selective stationary phase must be used 
to maximize selectivity to maximize selectivity –– especially for structural especially for structural 
isomers.isomers.

•• May not be well suited to normal phase or ion May not be well suited to normal phase or ion 
pairing separations (with gradients).pairing separations (with gradients).
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Column Length vs Theoretical Plates
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Theoretical Plates and Fast LC

•• The longer the column, the more theoretical plates The longer the column, the more theoretical plates 
the column is capable of providing.the column is capable of providing.

•• Shortening columns will reduce runtime at the Shortening columns will reduce runtime at the 
expense of resolution.expense of resolution.

•• The loss in resolution can sometimes be The loss in resolution can sometimes be 
compensated by the use of smaller particles.compensated by the use of smaller particles.

•• To achieve the separation with a shorter column, To achieve the separation with a shorter column, 
the important factor is to maintain the number of the important factor is to maintain the number of 
theoretical plates necessary for the resolution.theoretical plates necessary for the resolution.
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Resolution Increase vs Alpha
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Alpha (Selectivity) in Fast LC

•• Alpha has the greatest influence over the Alpha has the greatest influence over the 
separation efficiency.separation efficiency.

•• Small changes in Alpha can lead to dramatic Small changes in Alpha can lead to dramatic 
increase in resolution.increase in resolution.

•• Small changes in Alpha from 1Small changes in Alpha from 1--2 have the 2 have the 
greatest influence on resolution.greatest influence on resolution.

•• Additional increases in Alpha can be realized by Additional increases in Alpha can be realized by 
taking advantage of other chemical and physical taking advantage of other chemical and physical 
properties of the properties of the analyteanalyte, mobile phase , mobile phase 
compositioncomposition, and the stationary phase., and the stationary phase.
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Alpha (Selectivity) in Fast LC

•• Taking advantage of mixed mode interactions, Taking advantage of mixed mode interactions, 
size exclusion, shape selectivity, and other size exclusion, shape selectivity, and other 
properties will lead to further increases in Alpha.properties will lead to further increases in Alpha.

•• High increases in Selectivity mean shorter HPLC High increases in Selectivity mean shorter HPLC 
columns can be used to achieve the desired columns can be used to achieve the desired 
resolution, while reducing analysis time.resolution, while reducing analysis time.
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Fast LC improvement of USP TLC and HPLC 
Method

Digitalis Extracts and DerivativesDigitalis Extracts and Derivatives

Digitoxin: X1=X2=H

Digoxin:   X1=H; X2=OH

Gitoxin:    X1=OH; X2=H

Figure 1 Digitoxin Substitutions
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Fast LC Separation of Digitalis Derivatives
on Ultra PFP Propyl (3 minutes)

0.9 1.9 2.9
Time (min)

1

2

3

4

5

LC_250

Part number: 5179335

Particle Size: 3µm

Pore Size: 100 Å

Dimensions: 30mm x 4.0 mm

Flow Rate: 2.0 ml/min

Temp: 27° C

Detection: UV @ 230 nm

Mobile Phase:

A: 100% Water

B:Acetonitrile

Time (min): %B

0.0 20

1.5 20

1.51 35

3.0 35

3.01 20

1-digoxigenin 100 µg/ml
2-gitoxigenin 100 µg/ml
3-digoxin 100 µg/ml
4-gitoxin 10 µg/ml
5-digitoxin 100 µg/ml

Inj.Vol. 10 µl
Sample Diluent:
80:20 Water:Acetonitrile
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Advantages of Digitalis Fast LC over Current 
Methods

•• Improved automation and analysis throughput.Improved automation and analysis throughput.
•• Reduction of analysis time Reduction of analysis time –– previously a 30 cm length C18 previously a 30 cm length C18 

column was required for resolution.column was required for resolution.
•• Ability to analyze all materials by HPLC.Ability to analyze all materials by HPLC.
•• Ability to precisely Ability to precisely quantitatequantitate materials materials vs vs TLC.TLC.
•• Highly selective stationary phase.Highly selective stationary phase.
•• Technique can also be applied to purification and analysis ofTechnique can also be applied to purification and analysis of

digoxindigoxin labeled materials for biological activity.labeled materials for biological activity.
•• Perfect technique for use in high speed cleaning validations.Perfect technique for use in high speed cleaning validations.
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Fast LC  Analysis of Carbamate Insecticides

Figure 3-Structures of Commonly Analyzed Carbamates
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Carbamate Analysis using Standard HPLC Methodology
(About 40 minutes)

Figure 4
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Fast LC Separation of Carbamates
(About 13 minutes)

Figure 5

9177355sulfone
Ultra Carbamate



R e s t e k    www.restekcorp.com 

Fast LC Analysis of Carbamates with MS 
Detection

Figure 6
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Conventional Vanilla Flavoring Analysis
(About 20 minutes with gradient)

Figure 8
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Highly Selective Fast LC Vanillin Analysis
(Less than 5 minutes and isocratic)

Figure 9

1
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Vanillin Fast LC Analysis Advantages

•• Takes advantage of improved Takes advantage of improved methylene methylene selectivity by selectivity by 
the use of C18 phase versus a C8the use of C18 phase versus a C8

•• Analysis can be conducted in 3 to 5 minutes versus older Analysis can be conducted in 3 to 5 minutes versus older 
2020--25 minute methods requiring re25 minute methods requiring re--equilibration.equilibration.

•• High but not not excessive selectivity of C18 phases High but not not excessive selectivity of C18 phases 
toward simple toward simple methylene methylene substitutions allow the use of substitutions allow the use of 
an isocratic mobile phase.an isocratic mobile phase.

•• Reduction of column length also reduces the time needed Reduction of column length also reduces the time needed 
for more hydrophobic for more hydrophobic analytes analytes to elute from system.to elute from system.
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Conclusions

•• Highly selective  and sometimes unique stationary Highly selective  and sometimes unique stationary 
phases make Fast LC a reality using conventional phases make Fast LC a reality using conventional 
hardware and techniques.hardware and techniques.

•• Fast LC is viable, precise quantitative alternative Fast LC is viable, precise quantitative alternative 
for analyses previously performed by Thin Layer for analyses previously performed by Thin Layer 
Chromatography. Chromatography. 

•• Fast LC can improve method sensitivity, reduce Fast LC can improve method sensitivity, reduce 
solvent waste, and enhance laboratory throughput.solvent waste, and enhance laboratory throughput.
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Conclusions

•• The proper stationary phase selection can change The proper stationary phase selection can change 
a gradient system to a faster isocratic system.a gradient system to a faster isocratic system.

•• Sometimes only a simple phase change is needed Sometimes only a simple phase change is needed 
to convert a method to a Fast LC separation.to convert a method to a Fast LC separation.

•• Selectivity is still the greatest factor in separation Selectivity is still the greatest factor in separation 
optimization. optimization. 
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Application:  Residual SolventsApplication:  Residual Solvents
Pharmaceutical FormulationsPharmaceutical Formulations
Guidelines for TestingGuidelines for Testing

International Conference on HarmonizationInternational Conference on Harmonization
European PharmacopoeiaEuropean Pharmacopoeia

Compound Lists VaryCompound Lists Vary
Over 60 compounds of regulatory interestOver 60 compounds of regulatory interest
Classes based on toxicitiesClasses based on toxicities
Resolution of large lists on a single stationary phase can be Resolution of large lists on a single stationary phase can be 
extremely difficultextremely difficult



The Three Approaches: The Three Approaches: 

Evaluate Existing Phases Evaluate Existing Phases 
Develop a New Stationary PhaseDevelop a New Stationary Phase
StopStop--Flow GC TechnologyFlow GC Technology

Using Existing RT DataUsing Existing RT Data
Applying RT Data for StopApplying RT Data for Stop--FlowFlow



Existing Phases Evaluated Existing Phases Evaluated 

Change in selectivity  Change in selectivity  
Low bleedLow bleed
Critical resolutionCritical resolution
FID or MS detectionFID or MS detection

Column Design. Column Design. 
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The RtxThe Rtx--G27  Unresolved G27  Unresolved 

acetonitrile (acetonitrile (II),acetoneII),acetone (III), IPA (III)(III), IPA (III)
MEK (III), C6 (II)MEK (III), C6 (II)
benzene (I), carbon benzene (I), carbon tettet. (I), . (I), nn--butanolbutanol (III)(III)
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RtxRtx®®--VGCVGC
USP <467> Common SolventsUSP <467> Common Solvents
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The The RtxRtx--VGC  Unresolved VGC  Unresolved 

acetone (III), C6 (II)acetone (III), C6 (II)
E.aceE.ace (III),111TCA (I), THF (III)(III),111TCA (I), THF (III)
benzene (I), C7 (III)benzene (I), C7 (III)



Bonded Polymer Examined for GC  Bonded Polymer Examined for GC  
Applications.Applications.
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Modeling for a New Bonded PhaseModeling for a New Bonded Phase
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Stationary Phases Used for ModelingStationary Phases Used for Modeling
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Current Issues with the ICH Compounds.

Separation
Concentration



Headspace & Stop Flow 



Stop Flow GC System: Sacks, et. al.*

C1 C2FID#1

Inlet

V

FID #2
(or MS)

BC

EPC
*Richard Sacks, University of Michigan



Summary of StopSummary of Stop--Flow GCFlow GC

Ability to “Tune” the SelectivityAbility to “Tune” the Selectivity
FlexibilityFlexibility

Standard dimension columnsStandard dimension columns
Can vary the pulse sequencesCan vary the pulse sequences

Significant Improvements in Analysis Times PossibleSignificant Improvements in Analysis Times Possible
Fast oven programs, high flow ratesFast oven programs, high flow rates



Class I & II Residual SolventsClass I & II Residual Solvents

sulfolone361,4-dioxane18

formamide35toluene17

1-methyl-2-pyrrolidinone (1-MP)34chloroform16

ethylene glycol (EG)33acetonitrile (MeCN)15

1,2,3,4-tetrahydronaphthalene (THN)32trichloroethene (TCE)14

N,N-dimethylacetamide (DMA)31cis-1,2-dichloroethene13

dimethyl formamide (DMF)30benzene12

1,1,2-trichloroethane (1,1,2-TCA)29methylene chloride (CH2Cl2)11

2-ethoxyethanol281,2-dimethoxyethane10

chlorobenzene27methanol9

o-xylene261,1,1-trichloroethane (1,1,1-TCA)8

pyridine25carbon tetrachloride (CCl4)7

2-methoxyethanol24trans-1,2-dichloroethene6

nitromethane23methyl cyclohexane5

m-xylene221,1-dichloroethene (1,1-DCE)4

p-xylene21methyl cyclopentane3

2-hexanone (MBK)20hexane2

1,2-dichloroethane (1,2-DCA)192-methylpentane1
CompoundCompoundPeak #Peak #CompoundCompoundPeak #Peak #



CoelutionsCoelutions by Phase by Phase 
Class I & IIClass I & II

Rtx-1
1,2-dichloroethane / methyl cyclopentane
1,4-dioxane / trichloroethene
p-xylene / m-xylene

Rtx-200
hexane / methylene chloride
1,2-dichloroethane / trichloroethene
2-ethoxyethanol / toluene

Stabilwax
carbon tetrachloride / 1,1,1-trichloroethane
cis-1,2-dichloroethene / trichloroethene

Rtx-VMS
Carbon tetrachloride / 1,1,1-trichloroethane (close pair)
Trichloroethene / methyl cyclohexane
p-xylene / m-xylene



Class I & II OVIs:  Total of 9 Pulses
At the End Detector – all 36 resolved
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Residual Solvents:  Run ConditionsResidual Solvents:  Run Conditions

Dual FIDs @ 250°CDual FIDs @ 250°CDetectors

0.2 µL HS, 200:1 split0.2 µL HS, 200:1 splitInjection

230°C230°CInjector

2.5 mL/min. to 9.5 min.
3.5 mL/min. at 10 min.

1.5 mL/min. 
constant flow

Column Flow

40°C (1 min. hold)
to 65°C at 6°C/min.,

to 100°C at 12°C/min.,
to 250°C at 70°C/min.,

1.8 min. hold

40°C (6 min. hold)
to 100°C at 4°C/min.,

to 220°C at 15°C/min.,
5 min. hold

Oven Program

Stabilwax 
15m x 0.25mm, 0.5µm

Rtx-200
30m x 0.25mm, 1µm

Stabilwax 
15m x 0.25mm, 0.5µm

Rtx-200
30m x 0.25mm, 1µm

Analytical 
Columns

Fast ProcedureStandard Procedure



Class I & II OVIs:  Total of 9 Pulses
At the Junction



Fid#1Inlet

FID #2

31psi

StabilwaxStabilwax RtxRtx--200200

Flow Modulation Pulses

2.3ml/min 2.0 ml/min

0.3 ml/min

1.7 ml/min

0.6 ml/min

3.9 ml/min

0.4m 0.05mm tubing

1.0m 0.10 mm tubing
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Teledyne Tekmar HT7000
Platen Temperature: 140°C
Sample Equilibration Time: 5 minutes
Mixing Time: 10 minutes
Mixing Power: 2
Mixture Stabilization Time: 1
Pressure Time: 0.2 minutes
Pressure Equilibrium: 0.3 minutes
Loop Fill Time: 0.1 minutes
Loop Equilibration Time: 0.05 minutes
Injection Time: 1.0 minutes
Loop/Line Temperature: 250°C
Vial Size: 22ml high temperature vials
Sample Loop Size: Silcosteel 1ml Standard Size.
Static Vial Pressure: 3.5 PSI Helium
Vial Pressurization: 8 PSI Helium
Variable Injection Pressure (VIPR) 5 PSI Helium
Concentration: 200ppm each component.
Solvent: 1,3-dimethyl-2-imidazolidinone (DMI)
Interface: plumbed through injection port 1:20 split



GC Agilent 6890 
Injection Port Temperature: 250°C
Carrier gas:  helium, constant flow  
Flow rate: 2.3 ml/min, 25.6psi @ 40°C. 
Oven temperature: 40°C (hold 2 min.) to 55°C @ 4°C/min. (no hold) 

to 110°C @ 25°C/min. (hold 2 min.) to 250°C @
25°C/min (hold 5 minutes) 

Total Runtime: 20.55 minutes
Agilent Dual Flame Ionization Detectors

Restek’s Stop-Flow Unit Pulse Settings:
Injection Port Connection: cool-on-column injector.
Pressure: 31.0 PSI constant pressure
Pulses: Valve Closed 0.00 minutes.

Valve Open 3.00 minutes
Valve Closed 3.15 minutes
Valve Open 4.65 minutes
Valve Closed 5.02 minutes
Valve Open 5.10 minutes
Valve Closed 5.40 minutes
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Teledyne Teledyne TekmarTekmar HT3 HS/HSHT3 HS/HS--TrapTrap



Instrument SetupInstrument Setup



HT3 Conditions Using DMIHT3 Conditions Using DMI
Constant Heat Time ON
G.C. Cycle Time 23.00 min
Valve Oven Temp 150 C
Transfer Line Temp 150 C
Standby Flow Rate 50mL/min
Platen / Sample Temp 150 C
Platen Temp Equil. Time 0.10 min
Sample Equil. Time 1.00 min
Mixer ON
Mixing Time 10.00 min
Mixing Level Level 5
Mixer Stabilize Time 0.50 min
Pressure 8 PSIG
Pressure Time 2.00 min
Pressure Equil. Time 0.50 min
Loop Fill Pressure 5 PSIG
Loop Fill Time 2.00 min
Loop Fill Equil. Time 0.50 min
Inject Time 1.00 min



Class I & II Residual SolventsClass I & II Residual Solvents

sulfolone361,4-dioxane18

formamide35toluene17

1-methyl-2-pyrrolidinone (1-MP)34chloroform16

ethylene glycol (EG)33acetonitrile (MeCN)15

1,2,3,4-tetrahydronaphthalene (THN)32trichloroethene (TCE)14

N,N-dimethylacetamide (DMA)31cis-1,2-dichloroethene13

dimethyl formamide (DMF)30benzene12

1,1,2-trichloroethane (1,1,2-TCA)29methylene chloride (CH2Cl2)11

2-ethoxyethanol281,2-dimethoxyethane10

chlorobenzene27methanol9

o-xylene261,1,1-trichloroethane (1,1,1-TCA)8

pyridine25carbon tetrachloride (CCl4)7

2-methoxyethanol24trans-1,2-dichloroethene6

nitromethane23methyl cyclohexane5

m-xylene221,1-dichloroethene (1,1-DCE)4

p-xylene21methyl cyclopentane3

2-hexanone (MBK)20hexane2

1,2-dichloroethane (1,2-DCA)192-methylpentane1
CompoundCompoundPeak #Peak #CompoundCompoundPeak #Peak #



Class III Added Class III Added 
Residual SolventsResidual Solvents

compoundcompound classclass

pentanepentane 33

methylalmethylal 44

pentanepentane 33

nn--heptaneheptane (C7)(C7) 33

methyl acetatemethyl acetate 33

acetoneacetone 33

22--propanolpropanol 33

tetrahydrofurantetrahydrofuran 33

ethyl acetateethyl acetate 33

isopropyl acetateisopropyl acetate 33

22--butanolbutanol 33

11--propanolpropanol 33

1,11,1--diethoxypropanediethoxypropane 44

hexanonehexanone (MIBK)(MIBK) 33

11--butanolbutanol 33

isoamylisoamyl alcoholalcohol 33

isoamylisoamyl acetateacetate ss

11--pentanol pentanol 33

anisoleanisole 33

dimethyldimethyl sulfoxidesulfoxide 33
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StabilwaxStabilwax / Rtx/ Rtx--200  Unresolved200  Unresolved
Under Current ConditionsUnder Current Conditions

methylalmethylal (s) / methanol (II)(s) / methanol (II)
nn--heptaneheptane (III) / isooctane (s)(III) / isooctane (s)
tt--1,21,2--DCE (II) / ethyl DCE (II) / ethyl formateformate (III)(III)
ethanol (III) / methyl ethanol (III) / methyl cyclohexanecyclohexane (II)(II)
22--butanone (III) / 1,2butanone (III) / 1,2--dimethoxyethane (II)dimethoxyethane (II)
isobutyl acetate (III) / isobutyl acetate (III) / hexanonehexanone (III)(III)
11--pentanol (III) / pentanol (III) / isopropylbenzeneisopropylbenzene (III)(III)
cc--1,21,2--dichloroethene (II) / isopropyl acetate (III)dichloroethene (II) / isopropyl acetate (III)



Summary of StopSummary of Stop--Flow GCFlow GC

Ability to “Tune” the SelectivityAbility to “Tune” the Selectivity
FlexibilityFlexibility

Standard dimension columnsStandard dimension columns
Can vary the pulse sequencesCan vary the pulse sequences

Significant Improvements in Analysis Times PossibleSignificant Improvements in Analysis Times Possible
Fast oven programs, high flow ratesFast oven programs, high flow rates



ConclusionsConclusions

Continue evaluation of current phases Continue evaluation of current phases 
Continue work on a new stationary phasesContinue work on a new stationary phases

Using computer modelingUsing computer modeling
Goal: resolve Class I, II, III, other solvents. Goal: resolve Class I, II, III, other solvents. 

Continue with StopContinue with Stop--Flow technology Flow technology 
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and operation of the and operation of the 
HT3 Headspace unit. HT3 Headspace unit. 
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Analysis of Dioxins and Furans

http://dioxins-r-us.ucdavis.edu/TCDD



History
GC Analytical Methods

• All isomers/congeners can be separated from each other with a 
minimum of two columns (Ryan, J., 1991) and GC HRMS

• Typically used: 60-M GC column, 5% phenyl liquid phase, 
separates many congeners, but not with complete resolution 

HOWEVER..

• Confirmation still required, generally with “high-cyano” liquid 
phases

ex.  for 2,3,7,8-TCDF Method 1613 suggests a 225-phase 



Dioxin and Furan Analysis

• Dual column method
– Usually 5% diphenyl column and a high-cyano column (eg 

Rtx-225)
– Cyano columns have poorer lifetimes and lower maximum 

operating temperatures
– 5% diphenyl phases do not have the selectivity to accurately 

quantitate most samples
• USEPA requires 2,3,7,8-tcdf to be confirmed on a X-225

• Desirable to have both columns in the same oven, and 
to improve the separation of the “5”, or employ a single 
column which achieves the necessary separation



PCDD and PCDF Target List

# of Chlorine# of Chlorine #Dioxins#Dioxins #Furans#Furans

tetratetra 22(1)22(1) 38(1)38(1)

pentapenta 14(1)14(1) 28(2)28(2)

hexa hexa 10(3)10(3) 16(4)16(4)

hepta hepta 2(1)2(1) 4(2)4(2)

octaocta 1(1)1(1) 1(1)1(1)

( ) numbers are 2,3,7,8( ) numbers are 2,3,7,8--substituted congenerssubstituted congeners
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How Resolution Affects Quantitation    
Quantification of 20 ng/uL
Reference Standard (Results Based 
on Multi-level/Multi-component  
Calibration):

Component A & B Rep 1 19.85 18.48
Rep 2 19.29 18.48
Rep 3 19.36 18.52

Component A Rep 1 21.48
Rep 2 20.79
Rep 3 20.95

Component B Rep 1 16.3
Rep 2 16.46
Rep 3 16.25

C
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C
om
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Achieving Analyte Separation
ResolutionResolution

R = 1/4    L / h   x ( k / k+1 ) x (R = 1/4    L / h   x ( k / k+1 ) x ( αα--1 / 1 / αα ))

Capacity FactorCapacity Factor
k = tk = tRR -- tt00 / t/ t00

SelectivitySelectivity
αα = k= k22 / k/ k11

Thermodynamics:Thermodynamics:
∆∆G = G = ∆∆H H -- TT∆∆S       S       ∆∆G = G = -- RT ln KRT ln KD D 



Modeling - Energies of Interaction
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3-Space Selectivity Model for 3 Compounds

Surface=F∆H∆S 



Example Result:
Demeton-O on 
PDMS:

Observed ∆G =        
-1.14E4 J/mol
Calculated ∆G =       
-1.13E4 J/mol
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Rtx-Dioxin2 Capillary GC Column
TCDD Resolution Mix
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GC program
for RTX-Dioxin2®

60m x 0.25mm x 0.25µm 
Gas Flow - constant 1.5mL/min

Initial Temp.            130 °C    -     hold 1min

1st Temp. Ramp 40 °C/min to 200 °C,   0 hold

2nd Temp. Ramp 3.0 °C/min to 235 °C,  0 hold

3rd Temp. Ramp 5 °C /min to 300 °C, hold ~5-10min.

Total Run Time            ~43 min



TCDF Resolution on RTX-Dioxin2®
TD TF WD
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TCDF ion channel for flyash extract
c101863-0004
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TCDF ion channel for sewage sludge
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Table I - 2,3,7,8-TCDF (pg/g)

    Certified  
 5% phenyl X-225 Rtx-DIOXIN2® Value 

WMS-01 78 46 47 52.5 ± 16 
EC-2(DX-1) 88 n/a 37 89 (±44) 
Sediment 37 19 19 23 
NIST 1974 4.7 n/a 3.3 - 
Flyash 240 38 32 31 
Flyash-2 250 40 32 28 
Biota-1 1 1.3 0.8 1.25 
Biota-2 4.3 4.3 2.2 1.45 
 



TCDF ion channel for Biota sample
c101775-0003
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Potential resolution between DPEs and 
Furans

c101775-0003
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5% Phenyl Column Resolution Mix            
Rtx-DIOXIN2 ®
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Table II - 2,3,7,8-TCDD (pg/g)

    Certified  
 5% phenyl X-225® Rtx-Dioxin2® Value 

WMS-01 21 23 14 17.7±5.6 

EC-2 (DX-1) 240 n/a 284 263(± 53) 
Sediment 8.5 8.1 9 6 

Flyash 5.6 6.7 4.4 5 

Flyash-2 <3 3.1 4.4 4.0 
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Table III - 1,2,3,7,8-PCDF (pg/g)

   Certified 
 5% phenyl Rtx-Dioxin2® Value 

WMS-01 13 11 12.6 ± 5 

EC-2(DX-1) 33 30 39 ± 14 

Sediment 42 40 49 

Flyash 72 72 73 

Flyash-2 86 68 70 
 



Table IV- 2,3,4,7,8-PCDF (pg/g)

   Certified 
 5%phenyl Rtx-Dioxin2® Value 

WMS-01 26 15 18.5 ± 6.1

EC-2(DX-1) 63 55 62 ± 32 

Sediment 23 18 21 

Flyash 170 140 120 

Flyash-2 160 130 110 
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HxCDF ion channel in Flyash sample
c101863-0004
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Table V - 1,2,3,4,7,8-HxCDF (pg/g)

   Certified  
 5% phenyl Rtx-Dioxin2® Value 

WMS-01 80 50 67 ± 24 

EC-2 (DX-1) 780 630 714 (± 276) 

Sediment 290 210 230 

Flyash 570 200 190 

Flyash-2 520 190 180 
 



HxCDD ion channel for sediment
EC-2 10uL
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Table VI - 1,2,3,7,8,9-HxCDD (pg/g)

 Certified 
5% phenyl Rtx-Dioxin2® Value 

WMS-01 27 29 17.3 ± 8 

EC-2 (DX-1) 65 38 53 (± 24) 

Sediment 5 6.3 3 

Flyash 40 38 40 

Flyash-2 39 29 33 
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Rtx-Dioxin2 Capillary Column

• Proprietary backbone stabilized polysiloxane designed for toxic 
dioxin and furan analysis by GC-HRMS

• 340 maximum operating temperature in standard fused silica 
tubing

• Can be used as secondary confirmation column for Rtx-Dioxin, 
or other primary columns like 5% diphenyl phases

• Can function as single column for stand-alone dioxin and furan 
analysis – and has been accredited for use as such
– Clive Robinson ALS Environmental –Queensland Australia

• Chromatographically separates the chlorinated diphenylethers 
from the furans – especially important in biota matrices

• Columns available:
– Cat # 10758 - 60 M X 0.25 mm i.d. X 0.25 um d.f.
– Cat # 10759 - 40 M X 0.18 mm i.d. X 0.18 um d.f.



Evaluation of a Variety of GC Stationary 
Phases for the Analysis of Volatile Organics 

by US EPA Method 8260.

CHRISTOPHER M. ENGLISH,  

Christine Stewart, Frank L. Dorman & 
Gary Stidsen.



Many GC stationary phases have been used for the analysis of 
volatile organic compounds by US EPA Method 8260. With an 

ever-expanding target list, and the availability of many 
stationary phases, choosing the correct column can be difficult.

Every stationary phase has limitations, whether related to 
temperature range, stability, or selectivity. Selectivity 

limitations can be a function of sample-specific compounds that 
share common ions for quantification.

This paper will examine the performance of various stationary 
phases, with varied sample concentrations, in volatiles analysis, 

and will include example chromatograms for situations for 
which each column is best suited. Compound identifications, 
purge and trap conditions, interfering ions, and other factors 

specific to the GC/MS analysis will be presented.

Abstract



Introduction

Qualitative identification of a target compound by GC/MS is based 
on retention time and on the comparison of the sample mass 
spectrum to a reference mass spectrum. Identification of compounds 
uses three ions of the greatest intensity. The quantitation ion is 
usually the highest m/z fragment and is used for determining 
concentrations of a particular analyte. It is important that there be no 
coelution between compounds shaing ions used for quantitation. As 
long as unique quantitation ions can be selected for compounds that 
share retention time, chromatographic coelution is acceptable. When 
using any column for GC/MS, attention must be given to coeluting
compounds to determine if acceptable quantitation ions can be 
found. This paper will examine optimized conditions on four 
different stationary phases for suitability by EPA Method 8260. 



Purge and trap used for this work was the 
O.I. 4560 & 4660 Eclipse.

Instrument Courtesy of O.I.Analytical.



Coelutions by Phase:

Calibration curves for the four columns evaluated 
passed EPA 8260 criteria (SPCC & CCC) for 
response factors and relative standard deviations. 
Two compounds in the test set showed poor response, 
acetone and TBA. The Rtx-VMS, Rtx-VRX, Rtx-
Volatiles and Rtx-624 were tested in the 30m x 
0.25mm x 1.4df column dimensions. The compounds 
are listed by quantification ion and retention time (see 
Table 1). 



Compound SigMS Char. Ion Rtx-VMS Rtx-VRX Rtx-VOLATILES Rtx-624
dichlorodifluoromethane 85 85  87 1.65 1.74 1.69 1.52
chloromethane 50 50  52 1.84 1.80 1.84 1.69
vinyl chloride 62 62  64 1.95 1.94 1.95 1.81
bromomethane 94 94  96 2.30 2.20 2.27 2.16
chloroethane 64 64  66 2.46 2.31 2.34 2.27
trichlorofluoromethane 101 151  101  153 2.63 2.72 2.63 2.51
diethylether 59 74  45 3.03 2.92 2.89 2.86
1,1-dichloroethene 96 96  61  63 3.26 3.17 3.20 3.14
carbon disulfide 76 78  76 3.28 3.47 3.73 3.37
Freon 113 101 151  101  85 3.35 3.38 3.11 3.14
iodomethane 142 127  141 3.44 3.17 3.49 3.37
allyl chloride 76 41  39  78 3.95 2.66 3.62 3.69
methylene chloride 84 49 4.12 3.30 3.73 3.93
acetone 43 43  58 4.23 2.81 3.04 3.38
trans-1,2-dichloroethene 96 96  61  98  4.38 3.95 4.21 4.29
methyl-d3-tert-butyl-ether 76 4.59 4.07 4.08 4.18
methyl-tert-butyl-ether 73 73  57 4.62 4.15 4.08 4.45
tert-butyl alcohol 59 59  84 4.87 3.21 3.31 4.14
acetonitrile 41 40  39 5.00 3.33 3.61 3.60
diisopropyl ether 45 43  87 5.38 4.88 4.94 5.22
chloroprene 64 (53) 88  90  51 5.50 4.70 5.08 5.23
1,1-dichloroethane 63 63  65  83 5.52 4.24 4.87 5.23
acrylonitrile 53 52  51 5.63 4.70 3.82 4.29
ethyl-tert-butyl ether 59 57  87 6.17 5.49 5.75 6.04
cis-1,2-dichloroethene 96 96  61  98 6.70 4.93 6.06 6.51
2,2-dichloropropane 77 77  97 6.93 5.38 11.96 6.51
bromochloromethane 128 128  49  130 7.13 5.17 6.68 7.05
chloroform 83 83  85 7.28 5.26 6.44 7.27
carbon tetrachloride 117 117  119 7.59 7.11 7.84 7.73
tetrahydrofuran 42 72  71  41  7.72 5.80 5.60 7.60
methyl actrylate 55 85 7.76 5.40 6.44 6.82
1,1,1-trichloroethane 97 97  99  61 7.76 6.46 7.34 7.48
dibromofluoromethane 111 111  192 7.78 5.41 6.86 7.64
1,1-dichloropropene 75 75  77  39 8.06 6.84 7.68 7.86
2-butanone 72 43  57  (use 43) 8.13 4.80 5.68 6.67
benzene 78 78 8.62 7.17 8.10 8.26
propionitrile 54 54  52  55  40 8.74 ND ND 6.96
methacrylonitrile 41 41  67  39  52  66 8.79 4.95 6.22 7.27
1,2-dichloroethane-d4 65 8.95 6.14 8.10 8.26
pentrafluorobenzene 168 99  137  117 9.02 6.27 7.00 7.88
tert-amyl-methyl ether 73 87  55 9.06 7.79 8.12 8.57
1,2-dichloroethane 62 62  98 9.10 6.27 8.10 8.57
trichloroethene 95 95  97  139  132 10.02 8.67 9.31 9.64
1,4-difluorobenzene 114 88  63 10.17 7.81 8.77 9.27
dibromomehtne 93 93  95  174 10.95 8.38 9.93 10.39
1,2-dichloropropane 63 63  112 11.21 8.52 9.57 10.17
bromodichloromethane 83 83  85  127 11.45 8.67 9.91 10.75
methyl methacrylate 69 41  100  39 12.01 9.53 9.85 10.52
cis-1,3-dichloropropene 75 75  77  39 12.98 10.59 10.93 11.63
2-chloroethyl-vinyl-ehter 63 63  65  106 12.99 10.16 10.62 11.45
toluene-d8 98 13.42 12.75 11.34 12.00
toluene 92 92  91 13.54 12.97 11.47 12.11
2-nitropropane 43 41  39  27 14.12 14.26 10.07 11.37
tetrachloroethene 166 (164)  129  131 14.43 15.61 12.53 13.05
2-bromo-1-chloropropane 77 77  107  41  158 14.50 12.75 11.96 12.57
4-methyl2-pentanone 43 (100)  58  85 14.62 11.19 10.72 11.99
trans-1,3-dichloropropene 75 75  110  77 14.65 12.01 11.76 12.75
1,1,2-trichloroethane 83 83  97  85 15.00 12.37 11.96 13.05
ethyl methacrylate 69 41  99  86  114 15.25 14.03 11.96 12.91
dibromochloromethane 129 129  127 15.38 13.84 12.68 13.73
1,3-dichloropropane 76 76  78 15.63 13.23 12.37 13.37
1,2-dibromoethane 107 107  109  188 15.85 14.67 12.99 13.93
2-hexanone 43 58  57  100 16.77 14.26 12.14 13.60
chlorobenzene-D5 117 82  54 17.22 18.25 13.65 14.83
chlorobenzene 112 112  77  114 17.26 18.38 13.72 14.88
ethylbenzene 91 91  106 17.41 19.38 13.89 15.07
1,1,1,2-tetrachloroethane 131 131  133  119 17.45 18.16 13.81 15.07
m-xylene 106 106  91 17.70 19.96 14.02 15.07
p-xylene 106 106  91 17.70 19.96 14.02 15.07
o-xylene 106 106  91 18.31 20.70 16.65 15.92
bromoform 173 173  175  254 18.36 19.78 15.02 16.24
styrene 104 104  78 18.38 20.57 14.68 15.97
isopropylbenzene 105 105  120 18.70 21.34 15.24 16.47
4-bromo-1-fluorobenzene 95 95  174  176 18.97 21.30 15.52 16.73
bromobenzene 156 156  77  158 19.04 21.52 15.75 16.88
cis-1,4 dichloro-2-butene 53 (75) 53  77  124 19.07 20.49 15.19 16.73
1,4-dichlorobutane 55 55  90  75 19.12 20.64 15.29 16.73
n-propylbenzene 91 91  120 19.13 21.96 15.84 17.04
1,1,2,2-tetrachloroethane 83 83  131  85 19.21 16.18 15.40 17.04
2-chlorotoluene 91 91  126 19.24 21.99 16.02 17.16
1,2,3-trichloropropane 75 75  77  97  110 19.30 20.92 15.60 17.04
1,3,5-trimethylbenzene 105 105  120 19.32 22.37 16.65 17.27
trans-1,4-dichloro-2-butene 53 88  75 19.36 21.10 15.75 17.15
4-chlorotoluene 91 91  126 19.40 22.10 16.10 17.15
tert-butylbenzene 119 119  91  134 19.58 22.62 16.61 17.68
pentachloroethane 167 130  132  165 19.59 22.28 16.61 17.76
1,2,4-trimethylbenzene 105 105  120 19.64 22.77 16.61 17.30
sec-butylbenzene 105 105  134 19.73 22.86 16.93 17.95
p-isopropyltoluene 119 119  134  91 19.85 23.09 17.13 18.14
1,3-dichlorobenzene 146 146  111  148 19.87 22.86 17.13 18.05
1,4-dichlorobenzene-d4 152 150 19.93 22.94 17.24 18.22
1,4-dichlorobenzene 146 146  111  148 19.94 22.94 17.28 18.22
n-butylbenzene 91 91  92  134 20.15 23.47 17.66 18.62
1,2-dichlorobenzene 146 146  111  148 20.24 23.28 17.72 18.65
1,2-dibromo-3-chloropropan 75 75  155  157 20.79 23.70 18.60 19.55
nitrobenzene 123 51  77 21.19 23.92 18.69 19.80
hexachlorobutadiene 225 225  223  227 21.24 25.10 19.77 20.51
1,2,4-trichlorobenzene 180 180 182  145 21.27 24.84 19.57 20.38
naphthalene 128 128 21.52 25.01 19.77 20.64
1,2,3-trichlorobenzene 180 180  182  145 21.66 25.18 20.04 20.38



Adding compounds such as the oxygenates to the 
8260 compound list can result in critical coelutions. 
Several examples are given. The Rtx-624 30 meter x 
0.25mm x 1.4df column does not resolve the TBA 
from MTBE. These compounds share 59 ion. The 
Rtx-Volatiles phase has a coelution of 
TAME/Benzene m/z 73. 

Oxygenate Extracted Ions by EPA Method 8260. 



Oxygenate Extracted Ions by EPA Method 8260. 
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The optimized oven conditions were as follows: 35°C (hold 7 
min.) to 90°C @ 4°C/min. (hold 0 min.) to 220°C @ 45°C/min. 
(hold 1 min.). The GC runtime was 25 minutes with a cycle 
time of 30 minutes.  All of the target compounds are resolved. 
TBA and MTBE are well resolved using the 35°C starting 
temperature.  
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Rtx-VRX

The optimized oven conditions were as follows: 40°C (hold 1 
min.) to 75°C @ 2°C/min. (hold 1 min.) to 220°C @ 22°C/min. 
(hold 2 min.). The GC runtime was 26 minutes with a cycle 
time of just over 30 minutes. The Rtx-VRX has the same close 
elution of 1,1-dichloroethene / TBA as the Rtx-Volatiles 
phase. These target analytes share ion 59. A lower starting 
temperature or a longer initial hold time will easily resolve 
these analytes. On this stationary phase the internal standard 
chlorobenzene-d5 and 1,1,1,2-tetrachloroethane, which share 
ion 117, coelute which requires either changing the internal 
standard choice or changing the quantification ion to 82. The 
Rtx-VRX is a good choice for EPA Method 8260. 
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The optimized oven conditions were as follows: 35°C 
(hold 6 min.) to 140°C @ 10°C/min. (hold 0 min.) to 
220°C @ 20°C/min. (hold 2 min.). The GC runtime 
was 22.5 minutes with a cycle time of less than 30 
minutes. Distance between TBA and MTBE was 0.8 
minutes on this stationary phase. 1,1-dichloroethene 
has a minor 59 ion but is nearly resolved from TBA 
(QI 59). TAME and Benzene elute at nearly the same 
time.  These column dimensions and conditions 
would be unsuitable for the analysis of higher 
concentrations of benzene in the presence of TAME.
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Rtx-624 
The 30m x 0.25mm ID column was unable to 
adequately resolve TBA from MTBE. 
Extracted ion chromatograms illustrate that a 
minor ion of MTBE (59) contributed to the area 
of TBA.. The optimized oven conditions were as 
follows: 35°C (hold 6 min.) to 90°C @ 8°C/min. 
(hold 1 min.) to 220°C @ 16°C/min. (hold 2 
min.). The GC runtime was 24 minutes with a 
cycle time of 30 minutes. Since TBA is a 
breakdown component of MTBE these column 
dimensions and conditions are not 
recommended for the analysis of TBA.  



Conclusions

The Rtx-VRX and Rtx-VMS had the best performance given the 
compound list and column dimensions. Incomplete resolution of TAME 
and benzene make the Rtx-Volatiles a poor choice for an extended list of 
volatiles. The Rtx-624 also suffers from a coelution of TBA/MTBE, but 
with a longer column this pair is able to be resolved. With an expanding 

target list and difficult sample matrixes, care must be taken to assure 
correct compound identification in the presence of interfering analytes. 
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Abstract

Many organochlorine pesticides are known or suspected mutagens and/or carcinogens. Due to 
the nature of these compounds, along with their long-term persistence in the environment, 
organochlorine pesticides continue to be some of the most widely monitored analytes for the 
environmental industry. The ability to rapidly and accurately analyze samples, without the need 
to invest in new, complex equipment can create a competitive advantage.

This poster discusses the use of a new, unique stationary phase for the rapid analysis of 
organochlorine pesticides. This phase allows a sub 10-minute analysis time for the 20 common 
pesticides and 2 surrogates analyzed by US EPA Method 8080. This is accomplished in the 
constant pressure mode, without need for constant flow or pressure pulses to achieve 
separation. In addition, this phase can be used in conjunction with a second stationary phase, 
Rtx-CLPesticides2, to create a dual column confirmation system for analyzing the 22 
components in less than 10 minutes, with the two columns exhibiting differing selectivity.



Introduction

In the environmental industry, the chlorinated pesticides analytical methods often are the 
most challenging to perform. Analysts struggle with linearity, breakdown, and lengthy 
calibrations; as well as column bleed, column reactivity and poor separation. 
Advancements have been made to address these issues with the development of new 
columns that are designed specifically for the separation of chlorinated pesticides, to be 
used in parallel for simultaneous quantification and confirmation by gas 
chromatography/electron capture detection (GC/ECD). This paper will show applications 
using the new Rtx-440 column with three different confirmation columns. The advantages 
and disadvantages will be discussed with each column pair.  

The three column pairs evaluated:  

1.) Rtx-440 & Rtx-XLB 

2.) Rtx-440 & Rtx-CLPesticides  

3.) Rtx-440 & Rtx-PCB   



Rtx-440 & Rtx-XLB: Low Bleed and 
Excellent Resolution in Less Than 

12 Minutes (Figures 1a & 1b). 

Decachlorobiphenyl elutes off of the “XLB” phase in 11.5 minutes, while the target 
compounds listed in EPA Method 8080 are 80% resolved on both columns. Optimization of 
the expanded list of compounds found in EPA Method 8081A resulted in 80% resolution of 
the 32 target compounds (plus the surrogates) on the Rtx-440, with the exception of 
kepone and endrin aldehyde. The Rtx-XLB phase under the same conditions has two 
poorly resolved pairs: endrin/2,4’-DDT & endosulfan II & kepone. The clear advantage of 
this column pair is the rapid analysis and low bleed without a sacrifice in resolution. These 
columns have the same elution order for the EPA 8080 pesticides, which is a disadvantage 
of this application. Although there are elution order differences for the expanded list and the 
retention times are different for all of the chlorinated pesticides there is still a need to find a 
more dissimilar stationary phase as a confirmation column.
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Conditions for Both Columns:   Inj:  1.0 uL splitless (0.5 min hold), 4mm Drilled Uniliner inlet sleeve
Inj. Temp:  225°C Carrier gas:  hydrogen, constant pressure, 71cm/sec @ 140°C
Oven temp:  140°C(0.5min) to 268°C @ 30°C/min (0min), to 290°C @ 11°C/min (0min), to 330°C @ 25°C/min (5min)

Figure 1a: Rtx-440  30m x 0.32mm, 0.50µm 
cat#12939

1. TCX
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. endosulfan 1

12. 4,4’-DDE
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endolsulfan II
17. endrin aldehyde
18. 4,4'-DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl



Figure 1b: Rtx-XLB 30m x 0.32mm, 
0.50µm film cat#12839

1. TCX
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. endosulfan 1

12. 4,4’-DDE
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endolsulfan II
17. endrin aldehyde
18. 4,4'-DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl (ss)



Rtx-440 & Rtx-CLPesticides2 
Columns: A Sub-10-Minute Analysis 

Time (figures 2a & 2b).

Figure 2a shows a separation of 20 commonly analyzed organochlorine pesticides obtained 
in less than 10 minutes by using an Rtx-440 column. Only alpha-chlordane and endosulfan 
I (peaks 10 & 11) are not separated to baseline. The advantage of this column pair is the 
difference in selectivity. This Rtx-CLPesticides2 column when run under the given 
conditions (figure2b) that achieve a sub-7-minute analysis time result in 60% resolution 
versus the 80% peak resolution of the Rtx-440/Rtx-XLB pair. The column exhibits good 
thermal stability as indicated by the baseline between the initial temperature and the 
maximum temperature of the program, 330°C. In a dual-column approach to this 
application, an Rtx-440 column can be paired with an Rtx-CLPesticides2 column. The latter 
column will provide an equally fast separation (figure 2b) and near equivalent resolution, 
with a reverse in elution order for endrin aldehyde and 4,4’-DDT (peaks 17 &18). 



1. TCX
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane
10. α-chlordane
11. endosulfan I
12. 4,4’-DDE
13. dieldrin
14. endrin
15. 4,4’-DDD
16. endosulfan II
17. endrin aldehyde
18. 4,4’-DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl

Conditions for both columns: 
Inj.: 1.0µL splitless (hold 0.75 min.), 4mm Drilled Uniliner® inlet liner (cat.# 21055)
Inj. temp.: 225°C Det.: ECD @ 320°C
Carrier gas: hydrogen, constant pressure
Linear velocity: 73cm/sec. @ 140°C
Oven temp.: 140°C (hold 0.5 min.) to 268°C @ 30°C/min., to 290°C @ 11°C/min., to  

330°C @ 25°C/min. (hold 5 min.)

Figure 2a: Rtx-440  30m x 0.32mm, 0.50µm



1. 2,4,5,6-tetrachloro-m-xylene (ss)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane
10. α-chlordane
11. endosulfan I
12. 4,4'-DDE
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. endrin aldehyde
18. 4,4'-DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl (ss)

Figure 2b: Rtx-CLPesticides 30m x 0.32mm, 0.25µm Cat#11324



Rtx-440 & Rtx-PCB Columns: Two 
New Low Bleed Columns with 

Unique Selectivity (figures 3a & 3b).

This column pair allows the accurate determination of organochlorine pesticides or 
polychlorinated biphenyls (PCBs). The Rtx-PCB column is well suited for congener-specific 
analysis where greater PCB information is necessary versus the more commonly 
performed Arochlor test. The analysis of the 20 chlorinated pesticides is shown in less than 
12 minutes but separation is the least optimal of the choices presented in this paper. This 
column pair can produce 80% resolution for EPA Method 8080 with a longer runtime (20 
minutes). The selectivity between these columns is unique; there are two column pair 
changes: heptachlor/d-BHC (peaks 5/6) & 4,4’-DDT/endrin aldehyde (peaks 17/18). These 
two columns also have excellent bleed characteristics minimizing detector contamination, 
prolonging intervals between cleanings and thus increasing throughput over time. 



0 2 4 6 8 10 12
Time (min)

1

2
3

4
5

6
7

8

12
13

14
15

16
17

18
19

20
21

22

10

9

11

1. TCX
2. a-BHC
3. g-BHC
4. b-BHC
5. d-BHC
6. Heptachlor
7. Aldrin
8. Heptachlor epoxide
9. g-Chlordane
10. a-Chlordane
11. Endosulfan I
12. 4,4' -DDE
13. Dieldrin
14. Endrin
15. 4,4' -DDD
16. Endosulfan II
17. Endrin aldehyde
18. 4,4' -DDT
19. Endosulfan sulfate
20. Methoxychlor
21. Endrin ketone
22. Decachlorobiphenyl

Conditions for both columns: 
Sample: 1mg/mL standard (cat.# 32291) & (cat#32000), 50ng/mL hexane
Inj.: 1.0µL splitless (hold 0.75 min.), custom Siltek splitless inlet liner
Inj. temp.: 250°C Det.: ECD @320°C
Carrier gas:  hydrogen, constant pressure  
Linear velocity: 64cm/sec. @ 100°C
Oven temp.: 140°C (0.5min.) to 268°C @30°C/min. to 290°C 

@11°C/min. to 330°C @25°C/min. (5min.)

Figure 3a: Rtx-440  30m x 0.32mm, 0.50µm
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1. TCX
2. a-BHC
3. g-BHC
4. b-BHC
5. Heptachlor
6. d-BHC
7. Aldrin
8. Heptachlor epoxide
9. g-Chlordane
10. a-Chlordane
11. Endosulfan I
12. 4,4' -DDE
13. Dieldrin
14. Endrin
15. 4,4' -DDD
16. Endosulfan II
17. 4,4' -DDT
18. Endrin aldehyde
19. Endosulfan sulfate
20. Methoxychlor
21. Endrin ketone
22. Decachlorobiphenyl

5

Figure 3b: Rtx-PCB  30m x 0.32mm, 0.50µm (Cat# 13239)



Conclusion

Although the analysis of chlorinated pesticides historically has been one of the more difficult 
tests performed by environmental testing laboratories, using any combination of the above 
columns for EPA pesticide methodologies will improve laboratory results and increase 
throughput. Laboratories using cyanopropyl-phase or phenyl-phase columns must calibrate 
using 5-point curves, injecting mix A and mix B compounds separately because target 
compounds coelute. Since there are no coelutions using the columns presented the mixes can 
be combined.  This eliminates the need for 5 injections per calibrations and will free up a 
minimum of 2.5 hours a day to analyze more samples.

Three confirmation columns were examined in this paper: Rtx-XLB, Rtx-CLPesticides2 and the 
Rtx-PCB. The Rtx-XLB provides excellent resolution, but lacks differences in retention order to 
the primary column. The Rtx-CLPesticides2 has a reverse in elution order between endrin 
aldehyde and 4,4’-DDT with nearly equivalent resolution to the Rtx-440 primary column. The 
Rtx-PCB column exhibits two compound retention order changes but lacks the resolution of 
the Rtx-CLPesticides2 & Rtx-XLB.  The Rtx-440 easily resolves the 20 chlorinated pesticides 
in less than 10 minutes. Determining the best confirmation column is a matter of preference. 
The information presented in this paper will allow laboratories to make informed decisions 
based upon the requirements of their clients and their specific methods. 



Louis, MO). All
tubing was tested
as 100 foot coils
of 1/4" OD x 0.020"
wall 316L stain-
less steel.

Electropolished tubing had a surface roughness
of 10 to 15 microinches. Siltek® treated tubing
(Restek Performance Coatings, Bellefonte, PA) 
is finished with 5µm of amorphous silicon, 
followed by a surface functionalization that
increases inertness and hydrophobicity.

Wet-up curves for Siltek® treated electropol-
ished, electropolished, and standard tubing are
compared in Figure 1. Treated electropolished
tubing reached the 98% saturation limit in 30
minutes, compared to 60 minutes for electropol-
ished tubing. Standard tubing could only achieve
a 96% uptake, after 180 minutes.

Improve Moisture Dry-Down and
Corrosion Resistance

Economical solutions for
ultra-high purity streams
Restek surface treatment extends the lifetimes
of steel and steel alloy systems, while 
maintaining high dimensional tolerances, high
temperature capability, and leak-free conditions.

• Up to three times faster wet-up or dry-down
than electropolished or conventional surfaces.

• Corrosion resistance improved tenfold, or
more—increases component lifetime and
maintains pure product stream.

• Custom services: can be applied to existing
equipment.

Applications Note

110 Benner Circle  •  Bellefonte, PA  16823
800-356-1688 • 814-353-1300 • fax: 814-353-1309
www.restekcoatings.com 

Restek Performance Coatings

Restek treated tubing and system
components offer improved
analytical reliability and longer lifetimes.

Introduction
Gas transfer systems serving the semiconductor
industry often require low moisture content and
retention, and high resistance to corrosion. The
current substrate of choice in semiconductor
manufacturing, electropolished VIM/VAR 
(vacuum induction melt/vacuum arc melt) 316L
stainless steel, frequently is insufficient in these
capacities, increasing periodic maintenance,
prolonging equilibration times, and allowing 
system contamination and inaccurate analytical
results. In contrast, surface treatments avail-
able through the Restek Performance Coatings
Group provide significant added value to con-
ventional stainless steel substrates, by greatly
accelerating wet-up and dry-down times and
dramatically improving corrosion resistance.

Restek surface treatments deposit an amor-
phous silicon based layer onto, and into, the
steel surface through a chemical vapor deposi-
tion (CVD) process in vacuum at 400°C. There
are no line of sight limitations; all exposed sur-
faces are coated. Layer depth is well controlled
and, for corrosion resistance, is optimized at 5
to 10 microns. The amorphous silicon layer can
be further functionalized using the patented
Siltek® process (US Patent #6,444,326), which
has been optimized to reduce moisture hold-up
and improve surface inertness.

Data for wet-up and dry-down experiments,
measuring the relative response time for mois-
ture content change in treated electropolished
stainless steel tubing, untreated electropolished
stainless steel tubing, and standard 316L stain-
less steel tubing, demonstrate a significant
advantage in treated versus untreated sub-
strates.1 Tubing used in the wet-up / dry-down
experiments was supplied by Cardinal UHP (St.

Figure 1 Restek treated electropolished
tubing stabilizes at 1ppm moisture much faster

than conventional surfaces.1

for more info
For more information about the anti-corrosive
properties of Silcosteel®-CR treatment, request
packet 59048, or visit us online.

Figure 2 Restek treated electropolished
tubing dries much faster than conventional

surfaces.1

Table I  Restek treated electropolished tubing provides the shortest drying times.1

TTiimmee  RReeqquuiirreedd  ttoo  DDeetteecctt  CChhaannggee  ((mmiinn..))

MMooiissttuurree TTrreeaatteedd UUnnttrreeaatteedd
CCoonncceennttrraattiioonn EElleeccttrrooppoolliisshheedd EElleeccttrrooppoolliisshheedd SSttaannddaarrdd

FFrroomm TToo TTuubbiinngg TTuubbiinngg TTuubbiinngg
10ppm* 5ppm 4 5 13
5ppm 1ppm 22 46 71
1ppm 500ppb 40 63 96

500ppb 100ppb 80 103 153
100ppb 50ppb 98 121 ---

*Initial moisture concentration.



After the tubing was stabilized with 1ppm of
moisture, dry-down properties were measured.
Moisture dry-down curves for the three tubing
treatments show treated electropolished tubing
achieved dry-down in 35 minutes, electropol-
ished tubing required 65 minutes, and standard
tubing required 175 minutes (Figure 2). Table 1
compares time to various dry-down levels for
tubing saturated with 10ppm of moisture.

In addition to rapid wet-up and dry-down, the
other key advantage of Restek treatment for
316L stainless steel is a dramatic improvement
in corrosion resistance. The amorphous silicon
layer is insoluble in many of the acidic environ-
ments encountered in the semiconductor indus-
try. Figures 3, 4, and 5 briefly summarize the
results of corrosion testing by ASTM methods.
Comparisons between treated and untreated
test samples illustrate the improvements in 
corrosion resistance offered by Silcosteel®-CR
treatment. For more information about 
corrosion resistance, request information 
packet 59048., or visit our website.

When moisture considerations and corrosion
concerns arise in transfer of ultra-high purity
gas streams, Restek treated tubing and system
components will dramatically improve dry-down,
reduce contamination from moisture carryover,
and extend periodic maintenance cycles.

Figure 4 Silcosteel®-CR treated 316L stainless
steel coupons show no sign of attack after 

4000-hour salt spray exposure, per ASTM B117.

Silcosteel®-CR treated untreated

Siltek®- and Silcosteel®-CR-Treated
Electropolished Tubing
• Exceptional inertness.
• Improved reliability and reproducibility; longer

lifetime.
• Use with treated fittings for the most inert sample

pathway available.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)** 22896
0.180" (4.57mm) 1/4" (6.35mm)** 22897

We offer a wide variety of

treated fittings
and custom treatment.

For information and 
ordering, call us or

visit us online.

110 Benner Circle  •  Bellefonte, PA  16823
800-356-1688 • 814-353-1300 • fax: 814-353-1309
www.restekcoatings.com 

Restek Performance Coatings

Lit. Cat.# 580001
© 2005 Restek Corporation.

free literature
Learn more about our precisely applied, highly

durable surface treatments: request our
brochure lit. cat.# 59493.

Restek trademarks:
Silcosteel, Siltek, the RPC
logo. Other trademarks:
TrueTube (O'Brien Corp.)

*1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to 300 ft. in one continuous coil. Longer lengths will be more than one coil.
**0.035" wall thickness

Figure 3  In chloride environments,
Silcosteel®-CR treated stainless steel

outperforms untreated metal by an order of
magnitude (ASTM G 48, Method B).

Figure 5 Silcosteel®-CR treated 316L stainless
steel coupons show no crevice corrosion and

only slight pitting corrosion after 72-hour
exposure to ferric chloride; untreated coupons

exhibit severe crevice corrosion.

Silcosteel®-CR treated untreated

0 50 100 150 200 250

Untreated 316 SS

Silcosteel®-CR

weight loss in grams per square meter

Reference
1. Relative Response Time of True Tube™ when Measuring
Moisture Content in a Sample Stream Test Report, Haritec
Scientific & Engineering Support, Calgary, Alberta, Canada,
May 2004.
Reference courtesy of O'Brien Corporation, available on
request from Restek.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22538
0.180" 1/4" 22539

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22536
0.180" 1/4" 22537

Siltek®-Treated Electropolished Tubing

Silcosteel®-CR-Treated Electropolished Tubing

Coiled Siltek®- and Silcosteel®-CR-Treated Seamless 316L Grade
Stainless Steel Tubing

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)** 22508
0.180" (4.57mm) 1/4" (6.35mm)** 22509

Siltek®-Treated 316L Tubing

Silcosteel®-CR Treated 316L Tubing
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Allure™ Biphenyl HPLC Columns
Enhanced selectivity for unsaturated compounds

INNOVATIVE PRODUCTS



Allure™ Biphenyl HPLC Columns
Unique selectivity for unsaturated compounds

• Excellent resolution of stucturally similar unsaturated compounds, compared to alkyl or phenyl phases.
• Rugged, reproducible retention.
• High purity, Type B silica ensures sharp, symmetric peaks.

Pharmaceutical compounds often are analyzed by HPLC, using C18, C8, or phenyl stationary phases. However, for unsaturated
compounds, these phases typically do not offer optimum selectivity. To provide enhanced selectivity for such compounds,
Restek chemists have developed Allure™ Biphenyl HPLC columns.

The physical arrangement of the Allure™ Biphenyl stationary phase—two phenyl groups bonded end-to-end (Figure 1)—makes
the phase distinct from other commercially available phenyl phases, such as diphenyl or phenylhexyl. And, compared to C18 and
C8 phases, which separate compounds primarily through hydrophobic interactions, the Allure™ Biphenyl phase offers a unique

separation mechanism: π−π interactions. This mechanism provides markedly better
selectivity for pharmaceutical or other molecules that differ in degree of unsatura-
tion or position of double bonds within the carbon framework.

For saturated, hydrocarbon-like analytes, with saturated functional groups, the
Allure™ Biphenyl phase has retention and selectivity similar to a C18 phase, but with
better retention and selectivity than a phenyl phase. However, when unsaturated
compounds, such as corticosteroids, are analyzed on the Allure™ Biphenyl phase and
on a C18 phase, selectivity is markedly different. Comparative separations of seven
corticosteroids with slight structural differences in the typical steroid ring structure
(Figure 2) reveal the unique selectivity of the Allure™ Biphenyl phase, as shown in
Figure 3.

An Allure™ Biphenyl column targets even slight differences in saturation in the
steroid ring structure, effectively resolving hydrocortisone, cortisone, and prednisone in a simple isocratic analysis (Figure 3A).
No other tested column could resolve hydrocortisone and prednisone, which contain nearly identical functional groups, under
these simple conditions. In addition, the Allure™ Biphenyl phase shows the greatest retention of the corticosteroids, most likely
due to the extent of π−π interactions. It is the only column producing no coelutions in this analysis, as Table I shows (back cover).

Figure 1 Unique structure of the
Allure™ Biphenyl stationary phase.

Figure 2  Differences in saturation within the carbon rings and among ring substituents (functional groups) create numerous
structural variations among steroids.

Hydrocortisone Cortisone Prednisone Dexamethasone Corticosterone

Desoxycorticosterone Cortisone Acetate

β-Estradiol

Ethynyl Estradiol Norethindrone

Norgestrel Testosterone Progesterone

Corticsteroids indicated
by black; endogenous
steroid hormones and

contraceptives indicated
by blue.



Figure 3 Superior resolution of steroids, using an Allure™ Biphenyl column.

LC_PH0330

C18 phase

LC_PH0331

CCoonnddiittiioonnss  ffoorr  AAllll  CChhrroommaattooggrraammss
Sample: 5µL, 100µg/mL each component

in methanol
Detection: UV, 220nm
Column: Allure™ Biphenyl (cat.# 9166565)

all columns 150 x 4.6mm, 5µm
particles

Allure™ Biphenyl

PPeeaakk  LLiisstt
1. hydrocortisone
2. prednisone
3. cortisone
4. dexamethasone
5. corticosterone
6. cortisone acetate
7. desoxycorticosterone

Allure™ Biphenyl

LC_PH0328 LC_PH0329

C18 phase

PPeeaakk  LLiisstt
1. β-estradiol
2. ethynyl estradiol
3. norethindrone
4. norgestrel

B) Steroid Hormones and
Contraceptives

LC_PH0334 LC_PH0335

C18 phase

PPeeaakk  LLiisstt
1. β-estradiol
2. testosterone
3. progesterone

C) Endogenous Steroids

Allure™ Biphenyl

LC_PH0333

phenyl phase

A) Corticosteroids

Mobile phase: water:acetonitrile,
60:40, 1mL/min.,
ambient temperature

Mobile phase: water:acetonitrile,
40:60, 1mL/min.,
ambient temperature

Mobile phase: water:acetonitrile,
40:60, 1mL/min.,
ambient temperature

for more info
request application note
lit. cat.# 580020
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Allure™ Biphenyl HPLC Columns

Physical Characteristics:
particle size: 3µm or 5µm, spherical endcap: yes
pore size: 60Å pH range: 2.5 to 7.5
carbon load: 23% temperature limit: 80°C

Chromatographic Properties:
Highly retentive and selective phase for aromatic compounds. Increased retention over phenyl phases; uses high-
purity, Type B silica.

TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,
oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh
aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett
FFiittttiinngg,,  aadddd  ““--770000””  ttoo  tthhee
ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee
ccoolluummnn..
Example: 100mm x 4.6mm
ID Allure™ Biphenyl col-
umn with Trident™ Integral
Inlet Fitting: 9166515-700
Nominal additional charge.
$15.00

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

55µµmm  CCoolluummnnss
30mm 9166531 $360 9166532 $340 9166533 $340 9166535 $340
50mm 9166551 $360 9166552 $340 9166553 $340 9166555 $340

100mm 9166511 $360 9166512 $340 9166513 $340 9166515 $340
150mm 9166561 $386 9166562 $366 9166563 $366 9166565 $366
200mm 9166521 $412 9166522 $392 9166523 $392 9166525 $392
250mm 9166571 $438 9166572 $418 9166573 $418 9166575 $418

Similarly, when we analyze endogenous steroid hormones and contraceptives (Figure 2) on Allure™ Biphenyl and traditional C18
columns, retention on the Allure™ Biphenyl column is distinctly better (Figures 3B and 3C).

Overall, the Allure™ Biphenyl phase exhibits significantly greater selectivity and retention, relative to traditionally used C18 or
phenyl phases. As expected, the C18 phase resolves β-estradiol and ethynyl estradiol, which have differing functional groups, but
it can not resolve ethynyl estradiol and norethindrone, which have differing ring structures. In contrast, the Allure™ Biphenyl
phase resolves all compounds to baseline. Most important, the Allure™ Biphenyl phase shows greater resolving power for 
saturation differences in the ring structure, as noted by the superior resolution of ethynyl estradiol and norethindrone.

The Allure™ Biphenyl stationary phase offers superior selectivity and
retention for compounds that exhibit differences in saturation in the
hydrocarbon framework or in functional groups attached to the mole-
cules. Further, the Allure™ Biphenyl phase has selectivity similar to a C18
phase for saturated molecules that incorporate saturated, but differing,
functional groups. Thus, it is distinctly superior to a C18 phase in many
applications, and potentially can replace a C18 phase in many other
applications. One Allure™ Biphenyl HPLC column, many applications—
an excellent choice!

Table I Coelutions among corticosteroids on
conventional HPLC phases.

Phase Coelutions
C18 hydrocortisone/prednisone
Cyano cortisone/prednisone
Phenyl cortisone/prednisone

corticosterone/dexamethasone
corticosterone acetate/desoxycorti-
costerone

Allure™ Biphenyl NONE

FFoorr  33µµmm  ccoolluummnnss,,  pplleeaassee  ccoonnttaacctt  RReesstteekk TTeecchhnniiccaall  SSeerrvviiccee..
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HPLC Essentials
Genuine Restek Replacement Parts for HPLC Systems



Phone: 800-356-1688 or 814-353-1300
www.restek.com
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• Designed to meet or exceed original equipment performance.
• Simplify ordering: obtain columns - parts - accessories - reference materials from one source.
• Renowned Restek Plus 1™ service.

Worn or contaminated parts contribute to poor chromatography and can shorten column lifetimes. To keep
your system running smoothly, and your chromatography sharp, we carry a wide range of replacement parts
for Agilent, Beckman, Hitachi, PerkinElmer, Shimadzu, Thermo Separation Products, and Waters instruments.
If you don't find the item you need here, call us - we're regularly adding to our inventory.

Genuine Restek Replacement Parts for HPLC Systems

Becky Wittrig
HPLC Products 

Marketing Manager
4+ years of service!

free literature
HHPPLLCC  CCoolluummnn  SSeelleeccttiioonn  GGuuiiddee
Quickly scan for important
characteristics of Restek HPLC
columns. Includes brief, practi-
cal guidelines for choosing
stationary phase, particle size,
pore diameter, and column
dimensions.

lliitt..  ccaatt..##  5599445544BB

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Preventive Maintenance Kit (Includes: rotor seal, needle seat, needle
assembly, seat cap) 1050 01078-68721 kit 25259 $300
Autosampler Preventive Maintenance Kit (Includes: rotor seal, needle
assembly, needle seat) 1100 G1313-68709 kit 25271 $215
Pump Maintenance Kit (Includes: PTFE frit, outlet cap, active inlet car-
tridge, gold disk seal, piston seals (2-pk.), glass solvent filter) 1050 & 1100 G1311-68710 kit 25270 $390
Outlet Ball Valve, Binary Pump 1100 G1312-60012 ea. 25267 $240
Outlet Ball Valve 1050 & 1100 G1311-60012 ea. 25276 $200
Sieves for Outlet Valve 1050 & 1100 5063-6505 10-pk. 25266 $10
Check Valve Cartridge Assembly 1090 79835-67101 ea. 25344 $125
Piston Seals 1050 & 1100 5063-6589 2-pk. 25274 $66
Piston Seals (Black) 1090 5062-2494 4-pk. 25347 $105
Seal Wash Kit, Binary Pump (4 seals, 4 gaskets) 1100 — kit 25268 $140
Seal Wash Kit (2 seals, 2 gaskets) 1100 — kit 25269 $80
Wash Seal 1050 & 1100 0905-1175 ea. 25277 $38
Sapphire Piston 1050 & 1100 5063-6586 ea. 25273 $89
Sapphire Piston 1090 6980-0672 ea. 25345 $89
Needle Seat 1050 79846-67101 ea. 25258 $30
Needle Seat 1090 79846-67101 ea. 25348 $30
Needle Seat Assembly 1100 G1313-87101 ea. 25265 $85
Needle Assembly 1100 G1313-87201 ea. 25278 $52
Rotor Seal (not for use with 7125 injection valve) 1050 0101-0626 ea. 25272 $70
Rotor Seal 1100 0100-1853 ea. 25275 $56
Rotor Seal (Rheodyne®-style) 1090 0101-0623 ea. 25349 $65
Frits, PTFE 1050 & 1100 01018-22707 5-pk. 25466 $20
Seal, Gold Disk 1050 & 1100 5001-3707 ea. 25467 $31
Detector Lamp, 1090 DA, 1050 VW/DA/MWD 1090, 1050 79883-60002 ea. 25260 $460
Lamp, DAD G1315A, G1365A 1100 2140-0590 ea. 25261 $495
Lamp, VWD G1314A 1100 G1314-60100 ea. 25262 $445
8453 Deuterium Lamp — 2140-0605 ea. 25263 $495
G1321 Fluorescence Detector Flash Lamp — 2140-0600 ea. 25264 $640
Lamp, DAD Long Life Deuterium (2000 hours) 1100 5181-1530 ea. 25399 $730

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

BBeecckkmmaann  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Inlet Check Valve Assembly
110A&B, 112, 114M, 116, 118, 125, 126,

127, 128 Pumps 240720 ea. 25439 $128

Outlet Check Valve Assembly
110A&B, 112, 114M, 116, 118, 125, 126,

127, 128 Pumps 240721 ea. 25440 $128
Inlet Check Valve Cartridge for Check Valve
Assembly

110A&B, 112, 114M, 116, 118, 125, 126,
127, 128 Pumps 240620 ea. 25441 $99

Outlet Check Valve Cartridge for Check Valve
Assembly

110A&B, 112, 114M, 116, 118, 125, 126,
127, 128 Pumps 240621 ea. 25442 $99

Guide Sleeve for Graphite Plunger Guide 110 Series Pumps 243713 ea. 25444 $52
Outlet Check Filter Frit Assembly 110 Series Pumps 240619 ea. 25445 $16
Piston Guide Assembly 110 Series and 112 Pumps 243045 ea. 25446 $57
Plunger 110 Series and 112 Pumps 243053 ea. 25447 $135
Plunger Seal 110 Series Pumps 887138 ea. 25448 $31
Plunger Seal 112 Pumps 236797 ea. 25449 $43
Sapphire Plunger 114M, 116, 118, 125, 126, 127, 128 Pumps 240714 ea. 25450 $147
Plunger Seal 114M, 116, 118, 126, 127, 128 Pumps 241037 ea. 25451 $44
Pump Seal, Gold 114, 116, 125, 126, 127, 128 Pumps 241037 ea. 25452 $42
Plunger Wash Seal 125, 126, 127, 128 Pumps 728772 ea. 25453 $51
Deuterium Lamp DU60, 62, 64, 65 596791 ea. 25454 $450

Restek Replacement Parts for Agilent HPLC Systems

Restek Replacement Parts for Beckman HPLC Systems

did you know?
Restek offers an expanded
selection of Agilent & Waters
replacement parts!
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Restek Replacement Parts for Hitachi HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

HHiittaacchhii  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
SS Check Valve Cartridges  (1/16" Ruby
Ball) 655/6000/6200 AN0-085 2-pk. 25455 $154
Inlet Check Valve Assembly 655/6000/6200 AN0-0833 ea. 25456 $220
Outlet Check Valve Assembly 655/6000/6200 AN0-0834 ea. 25457 $220
Plunger Assembly 655, 6000, 6200, 7100 810-1033 ea. 25458 $89
Plunger Seal L655A, 6000, 6200, 7100 655-1080 ea. 25459 $31
Plunger Seal, Gold 655, 6000, 6200, 7100 655-1080 ea. 25460 $32
Inlet Check Valve Assembly L-7100 AN0-0836 ea. 25461 $150
Outlet Check Valve Assembly L-7100 AN0-0837 ea. 25462 $150
Rotor Assembly for Dilutor Valve AS-7200 Autosampler 810-3085 ea. 25463 $75
Rotor Seal Kit AS-7200, AS-7250 Injection Valve AN0-0818 ea. 25464 $60
Deuterium Lamp, Prealigned L4000, L4200, L4250, L7400 885-3570 ea. 25465 $395

Restek Replacement Parts for PerkinElmer HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

PPeerrkkiinnEEllmmeerr  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve PE 200, 4, 250, 400, 410, 620 2540177 ea. 25438 $260
Outlet Check Valve PE 200, 4, 250, 400, 410, 620 2540197 ea. 25437 $260

High Pressure Seal Kit
PE Series 200 Pumps--1, 2, 3, 3B, 4,

10, 250, 400, 410, 620, Int. 4000 Pump 2540275 ea. 25433 $125

Standard High Pressure Seal 
PE Series 200 Pumps--1, 2, 3, 3B, 4,

10, 250, 400, 410, 620, Int. 4000 Pump 9907324 ea. 25434 $34
Low Pressure Seal PE Series 200 Pumps 9907339 ea. 25435 $39
Needle PE Series 200 Pumps N2930023 ea. 25432 $75

Deuterium Lamp
PE Lambda--2, 5, 7, 8, 10, 11, 12, 14,
15, 16, 17, 18, 19, 20, 40, 800, 900 B0160917 ea. 25436 $450

Deuterium Lamp PE 200/785A N2920149 ea. 25431 $350

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

SShhiimmaaddzzuu  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve LC-6A, LC-10AS 228-12353-91 ea. 25287 $111
Inlet Check Valve LC-600, LC-9A, LC-10AD 228-18522-91 ea. 25295 $136
Outlet Check Valve LC-6A, LC-10AS 228-09054-93 ea. 25288 $107
Outlet Check Valve Rebuild Kit LC-6A, LC-10AS 228-11200-91 2-pk. 25289 $75
Outlet Check Valve LC-600, LC-9A, LC-10AD 228-18522-92 ea. 25282 $129
Plunger Seal LC-6A 228-11999-00 ea. 25285 $32
Plunger Seal, Polyethylene LC-10AS 228-21975-00 ea. 25290 $49
Plunger Seal LC-600, LC-9A, LC-10AD 228-18745-00 ea. 25293 $35
Plunger Rinse Seal LC-10AS 228-28499-00 ea. 25292 $52
Sapphire Plunger LC-6A 228-12904-93 ea. 25286 $99
Sapphire Plunger LC-10AS 228-17019-93 ea. 25291 $124
Sapphire Plunger LC-600, LC-9A, LC-10AD 228-18523-91 ea. 25294 $90
Needle Seal SIL-10A, 10XL, 10ADvp 228-33355-04 ea. 25468 $47
Rotor Seal Assembly SIL-10A, 10AXL 228-21217-91 ea. 25469 $88
Stator Assembly SIL-10A, 10AXL 228-21220-91 ea. 25470 $129
Syringe, 500µL SIL-10A, 10AXL 228-25237-04 ea. 25471 $75
Plunger Assembly, Ceramic LC-10ADvp 228-35601-91 ea. 25472 $90
Plunger Assembly, Ceramic LC-10ATvp 228-35009-92 ea. 25473 $95
Deuterium Lamp SPD-6A 062-65056-02 ea. 25283 $290
Deuterium Lamp SPD-10A, 10AV 228-34016-02 ea. 25284 $490

Restek Replacement Parts for Shimadzu HPLC Systems

Vern Bartlett
HPLC Innovations &
Production Manager

7+ years of service!
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Restek Replacement Parts for Thermo Separation Products HPLC Systems

Restek Replacement Parts for Waters Detectors

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

WWaatteerrss™ ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Window Gasket 484, 486, 490 80335 ea. 25423 $25
Lamp Side Gasket 484, 486, 490 80336 ea. 25424 $25
Quartz Cell Window 484, 486, 490 97091 ea. 25425 $40
Quartz Lens 486 80687 ea. 25427 $150
Xenon Lamp (w/o holder or mirror) 470 — ea. 25404 $400
Xenon Lamp 474 — ea. 25405 $420
Deuterium Lamp (UV/Vis) 480, 481 99499 ea. 25403 $385
Deuterium Lamp (UV/Vis) 484 80357 ea. 25406 $410
Deuterium Lamp (UV/Vis) 486 80678 ea. 25407 $410
Deuterium Lamp 996, 2996 WAT052586 ea. 25408 $540
Deuterium Lamp 2487 WAS081142 ea. 25409 $445
Deuterium Lamp, long life (2000 hours) 486 80678 ea. 25410 $500

Restek Rheodyne® Style Replacement Parts for Waters HPLC Systems

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  RRhheeooddyynnee® ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
7010 Vespel® Rotor Seal 7010-039 ea. 25279 $59
7125 Vespel® Rotor Seal 7125-047 ea. 25280 $59
Isolation Seal, 7010 7010-015 ea. 25281 $12

free literature
HHPPLLCC  AAcccceessssoorriieess::  FFllooww
SSpplliitttteerrss,,  SSttaattiicc  IInn--LLiinnee  MMiixxeerrss,,
&&  PPuullssee  DDaammppeerrss
Products designed to
ensure consistent mobile
phase composition and flow,
for more accurate, more
reproducible chromatography.

lliitt..  ccaatt..##  5599002288

free literature
HHPPLLCC  MMoobbiillee  PPhhaassee
AAcccceessssoorriieess
To see our latest HPLC
columns and accessories
innovations, visit our website.

lliitt..  ccaatt..##  5599772288AA

Terry Reid
Technical Service

Representative
6+ years of service!

DDeessccrriippttiioonn MMooddeell  ## SSiimmiillaarr  ttoo  SSPP//TTSSPP  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve Assembly SP8800 & P-Series Pumps A3495-010 ea. 25474 $105
Outlet Check Valve Assembly SP8800 Series Pumps A3490-010 ea. 25475 $105
Piston SP8800 & P-Series Pumps A3102-010 ea. 25476 $95
Back-up Seal SP8800 & P-Series Pumps A2963-010 ea. 25477 $29
Plunger Seal, Gold Superseal SP8800 & P-Series Pumps A2962-010 ea. 25478 $22
Check Valve and Transducer Assembly P-Series Pumps A3990-010 ea. 25479 $107
Kel-F Washer P-Series Pumps A2973-010 ea. 25480 $5

Rotor Seal Assembly, Rheodyne® 7010
TSP AS100, 300, 1000, 3000, 3500, 8875, and

8880 Autosamplers 7010-039 ea. 25481 $55

Syringe Assembly, 250µL
TSP AS100, 300, 1000, 3000, 3500, 8875, and

8880 Autosamplers A3588-020 ea. 25482 $107

Syringe, 500µL
TSP AS100, 300, 1000, 3000, 3500, 8875, and

8880 Autosamplers A3588-010 ea. 25483 $75

Lamp, UV
Linear UV-200, 203, 204, 205, 206, and UV

100, 150, 1000, and 2000 Detectors 9551-0023 ea. 25484 $375

DDeessccrriippttiioonn MMooddeell  ## SSiimmiillaarr  ttoo  TTSSPP  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Check Valve Cartridge LDC Constametric Pumps 900946 ea. 25485 $72
Sapphire Plunger LDC Constametric Pumps 801306 ea. 25486 $98
Plunger Seal Kit, Gold LDC Constametric Pumps 31-36-00754 ea. 25487 $45
Plunger Seal, Black LDC Constametric Pumps 206129001 ea. 25488 $25
Plunger Seal, Gold LDC Constametric Pumps 206156001 ea. 25489 $25

Lamp, Deuterium
LDC SM-I, II, III, 3000, 3100, 3100X, and

4000 Detectors 108035 ea. 25490 $385
Lamp, Deuterium Pre-aligned LDC 3200 and 4100 Detectors 900918001 ea. 25491 $350

did you know?
Restek offers an expanded
selection of Agilent & Waters
replacement parts!
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DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

WWaatteerrss™ ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Preventative Maintenance Kit Includes: sparge diffuser,
filter insert, compression screws, SS ferrule, battery for
2690/717, 250µL WISP™ syringe, seal wash plunger seal
kits (2), wash tube seal kits (4), 2690 seal pack rebuild kit
(steel bodies not included), 2690 head plunger seal kits
(2), solvent reservoir 20µm filters (4), Alliance® check
valve cartridges (2), Alliance® plunger assemblies (2),
2690 face seals (4) Alliance® 2690 WAT270944 kit 25143 $1075
Preventative Maintenance Kit Includes:
PerformancePLUS™ cartridges (2), sparge diffusers (4),
Super Seals™ (2), solvent reservoir 20µm filters (2), sap-
phire plungers (2), reference valve rebuild kit, inlet mani-
fold kit 600 Pump WAT052675 kit 25144 $790
Preventative Maintenance Kit Includes: 717 seal pack
with needle, filter insert, 250µL WISP™ syringe 717 Autosampler WAT052669 kit 25145 $590
Preventative Maintenance Kit Includes: 616/326/625
plunger assemblies (2), pump seal kit, sparge diffusers
(4), solvent reservoir 20µm filters (4), 616 cartridge
assemblies (4) 616 Pump WAT052672 kit 25146 $890
Inlet Check Valve Assembly M6KA, 501, 510, 515, 590, 600E 33679, 25214 ea. 25360 $125
Inlet Check Valve Housing M6KA, 501, 510, 515, 590, 600E 25203 ea. 25361 $35
Inlet Check Valve Rebuild Kit M6KA, 501, 510, 515, 590, 600E 60495 2-pk. 25362 $115
Outlet Check Valve Assembly (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25030 ea. 25363 $110
Outlet Check Valve Housing  (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25212 ea. 25364 $42
Outlet Check Valve Rebuild Kit (Actuator Style) M6KA, 501, 510, 515, 590, 600E 26016 2-pk. 25365 $49
Outlet Check Valve Assembly (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25216 ea. 25366 $135
Outlet Check Valve Housing (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25207 ea. 25367 $39
Outlet Check Valve Rebuild Kit (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 26014 2-pk. 25368 $115
Inlet Check Valve Assembly, 225µL (Extended Flow) M6KA, 501, 510, 515, 590, 600E 60307 ea. 25369 $139
PerformancePLUS® Check Valve Cartridge M6KA, 501, 510, 515, 590, 600E 700000254 2-pk. 25370 $145
Check Valve Rebuild Kit (Extended Flow) M6KA, 501, 510, 515, 590, 600E 88223 2-pk. 25371 $128
PerformancePLUS® Check Valve Housing M6KA, 501, 510, 515, 590, 600E — ea. 25372 $40
Check Valve Cartridges Alliance® WAT270941 2-pk. 25373 $154
Super Seal® for Analytical Heads M6KA, 501, 510, 515, 590, 600E 22946, 22934 ea. 25374 $31
Plunger Seal, Gold (Analytical Heads) M6KA, 501, 510, 515, 590, 600E 22934 ea. 25375 $26
Plunger Seal, Black M6KA, 501, 510, 515, 590, 600E 26613 ea. 25378 $29
Plunger Seal, Black (EF Heads) 510, 590, 600E 26644 ea. 25379 $30
Plunger Seal, Gold (EF Heads) 510, 590, 600E 26644 ea. 25380 $32
Seal Wash Plunger Seal Alliance® WAT271018 2-pk. 25386 $50
Head Plunger Seal Kit Alliance® WAT270938 2-pk. 25387 $54
Head Plunger Seal Kit (Black) Alliance® WAT271066 2-pk. 25388 $54
Insert Seal Parts Kit M6KA, 501, 510, 515, 590, 600E 60012 kit 25389 $18
Sapphire Plunger M6KA, 510, 590, 600 25656 ea. 25381 $117
Sapphire Plunger (Extended Flow) 510, 590, 600E 60304 ea. 25382 $114
Sapphire Plunger M45, M501 26524 ea. 25383 $116
Sapphire Plunger M515 WAT207069 ea. 25384 $140
Sapphire Plunger 616, 625, 626 31788 ea. 25420 $133
Sapphire Plunger Alliance® WAT270959 ea. 25385 $138
Single Solvent Inlet Manifold 600E 60034, 60042 ea. 25390 $385
Pressure Transducer M6KA, 501, 510, 515, 590, 600E 60328 ea. 25391 $425
Draw-Off Tube Assembly M6KA, 501, 510, 515, 590, 600E 25470 ea. 25392 $45
1/16" Stainless Steel TEE M6KA, 501, 510, 515, 590, 600E 75215 ea. 25411 $49
Inlet Manifold Kit M45, 501, 510, 590, 600E 60448 kit 25412 $30
Ferrule, Stainless Steel 515 22330 ea. 25417 $4
Gradient Proportioning Valve, 9Volt 600E 34423 ea. 25418 $630
Gradient Proportioning Valve, 12Volt 600E 62037 ea. 25419 $630
Wash Face Seal Alliance® 2690 WAT271017 ea. 25428 $29
Wash Tube Seal Kit Alliance® 2690 WAT270940 4-pk. 25429 $97
Proportioning Valve Alliance® 2690 WAT270927 ea. 25430 $950

Restek Replacement Parts for Waters™ HPLC Systems

free literature
HHPPLLCC TTeecchh  TTiippss  WWaallll  CChhaarrtt
Almost everything you need to
remember about HPLC, con-
densed into 3 feet by 2 feet.
Post near your instrument to
save time;
perhaps save a column.

lliitt..  ccaatt..##  5599889944AA

Searching for a replacement product?

www.restek.com/hplc

Cathy Gross
HPLC Sales/ 

Marketing Specialist
1 year of service!
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ASI Piston Seals
Over time the piston seal in every HPLC system becomes worn and must be replaced. ASI piston seals are con-
structed of Teflon® material with an additive that reduces their tendency to “cold flow” and improves their wear
characteristics. Teflon® seals are more resistant to any HPLC solvent than UHMW-PE seals, but they are less
wear resistant and rugged. For Agilent 1050 and 1100 HPLC systems.

ASI Replacement HPLC Pump Piston Rods
Buffer salts and metals from the HPLC system become imbedded on the surface of the piston seal and gradu-
ally wear the surface of the piston rod. Worn regions on the rod will quickly destroy the pump seals. In turn, the
seal material gets trapped on the frit at the head of the column, which leads to increased system pressure and/or
irregular or poor peak shape. As the piston continues to wear, a leak may develop at the pump.

Any time piston seals are replaced, the piston rod should be inspected with a 10x magnifier or microscope to
ensure it does not have wear or scratches. Replace the rod if you observe any glazed regions or scratches.

DDeessccrriippttiioonn MMooddeell  ## MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Pump Piston Rod for Waters 616, 625, 626 Sapphire ea. 25195 $145
Pump Piston Rod for Waters Alliance® 2690 Sapphire ea. 25196 $135
Pump Piston Rod for Agilent 1050, 1100 Sapphire ea. 25197 $90
Pump Piston Rod for Agilent 1090 Sapphire ea. 25198 $90

ASI Check Valves
ASI subjects each valve to a rigorous series of tests. Each valve is tested for its self-priming capability, which
means you typically won’t need a syringe or draw-off valves to prime your pump. The valve also undergoes a
high-pressure and a low-pressure test. The high-pressure test ensures that the valve will not leak, even at pres-
sures up to 12,000psi. The low-pressure test verifies that the valve closes properly, even without a high back-
pressure force. The cartridge design allows easy, convenient replacement of worn or damaged valves.

did you know?
Restek offers Analytical
Scientific Instruments (ASI)
check valves and piston seals
for Agilent and Waters sys-
tems. ASI specializes in HPLC
system components and parts
that often exceed the original
equipment manufacturer’s
performance.

ASI Check Valves for Agilent 1050 & 1100
DDeessccrriippttiioonn MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Outlet Check Valve (cartridge and housing) Sapphire & Ruby Ball & Seat ea. 25170 $120
Outlet Check Valve (cartridge and housing) Ceramic Ball & Seat ea. 25173 $120
Outlet Cartridges Sapphire & Ruby Ball & Seat ea. 25171 $90
Outlet Cartridges Ceramic Ball & Seat ea. 25174 $90
Outlet Housing — ea. 25172 $30

Inlet and Outlet Check
Valves for Waters

Instruments

ASI Check Valves for Waters Alliance® Model 2690
DDeessccrriippttiioonn MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Outlet Cartridges Sapphire & Ruby Ball & Seat ea. 25161 $90
Outlet Cartridges Ceramic Ball & Seat ea. 25163 $100
Inlet Cartridges Sapphire & Ruby Ball & Seat ea. 25160 $90
Inlet Cartridges Ceramic Ball & Seat ea. 25162 $100

ASI Check Valves for Waters 616 SS

DDeessccrriippttiioonn MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Outlet Check Valve (cartridge and housing) Sapphire & Ruby Ball & Seat ea. 25167 $120
Outlet Check Valve (cartridge and housing) Ceramic Ball & Seat ea. 25179 $130
Inlet Check Valve (cartridge and housing) Sapphire & Ruby Ball & Seat ea. 25164 $120
Inlet Check Valve (cartridge and housing) Ceramic Ball & Seat ea. 25177 $130
Outlet Cartridge Sapphire & Ruby Ball & Seat ea. 25168 $90
Outlet Cartridge Ceramic Ball & Seat ea. 25180 $100
Inlet Cartridge Sapphire & Ruby Ball & Seat ea. 25165 $90
Inlet Cartridge Ceramic Ball & Seat ea. 25178 $100
Inlet Housing — ea. 25166 $30
Outlet Housing — ea. 25169 $30

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
ASI Piston Seal ea. 25175 $30
ASI Piston Seal 10-pk. 25176 $280
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PEEK® Fitting Extractor
Drill into the broken fitting, then screw the extractor into the fitting and remove it easily.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Fitting Extractor ea. 25325 $37

HPLC Piston Seal Insertion Tool
Simplify pump maintenance: use one end to remove your old seal, then simply slip your new seal on the other
end and push it flush into position. The tool cannot mar the surrounding metal surface of the pump housing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
HPLC Piston Seal Insertion Tool ea. 21356 $42

ValvTool Wrench
The ValvTool is a time-saving device that provides easy access to many hard-to-reach Rheodyne® or Valco®

valves. For 1/4-inch nuts.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
ValvTool Wrench ea. 25321 $31

Clean-Cut™ Tubing Cutter
• Burr-free, perpendicular cuts that will not distort the tubing OD or close the ID.
• Use on PEEK®, Teflon®, Tefzel®, other polymeric tubing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Clean-Cut™ Tubing Cutter ea. 25069 $38
Replacement Blade for Clean-Cut™ Cutter ea. 25070 $6

Mobile Phase Spargers and Filters
These helium spargers offer an inexpensive way to prepare and maintain mobile phases free of dissolved gas.
They are made from 316 stainless steel and PEEK® and are compatible with most solvents.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sparge Filter: 2µm ea. 25311 $26
Inlet Filter: 10µm ea. 25312 $26
Inlet Filter: 20µm ea. 25313 $26

PEEK® Survival Kit for HPLC
The PEEK® Survival Kit is an invaluable parts kit that contains tools and supplies essential for setting up and
maintaining your HPLC system: PEEK® tubing, connectors, and elbows, Teflon® tubing, a tubing cutter and extra
blades, a ValvTool wrench, open-end wrenches, and more.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK Survival Kit for HPLC kit 25322 $258

Stainless Steel Survival Kit for HPLC
The stainless steel survival kit contains a wide range of tubing, fittings and a tools necessary to set up and main-
tain your HPLC system: a selection of lengths and IDs of 1/16-inch tubing, plus nuts, ferrules, a ValvTool wrench,
and a zero-dead-volume union.

DDeessccrriippttiioonn qqttyy.. ccaatt..##      pprriiccee
Stainless Steel Survival Kit for HPLC kit 25097 $295
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250µL, 1/4-28 UNF Thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

50µL 50D-CX-GT 4995 ea. 22295 $64.25
100µL 100D-CX-GT 5990 ea. 22296 $64.50
250µL 250D-CX-GT 6995 ea. 22297 $64.50
500µL 500D-CX-GT 7995 ea. 22298 $64.25

1mL 1MD-C-GT 8185 ea. 22299 $56.25

250µL, 1/4-28 UNF Thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 25D-WISP 3990 ea. 22293 $107.25
250µL 250D-WISP 6690 ea. 22294 $98.50

HHaammiillttoonn RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 1702 80020 ea. 24528 $117.20
250µL 1725 80024 ea. 24529 $111.80

500µL, M10 X1 Thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
500µL 500C-HITACH1 7660 ea. 22292 $121.50

25µL, 1/4-32 UNEF Thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 25D-HP1090-GT 3670 ea. 22290 $66.50
250µL 250D-HP1090-GT 6670 ea. 22291 $55.55

three simple
words...
PPlluuss  11™™

Exceeding your expectations 
in everything we do.

IInnnnoovvaattiioonn
Turning visions into reality™.

EExxeeccuuttiioonn
On-time delivery of products
and services.

Restek’s vision is to be the
company that chromatogra-
phers trust by providing the
highest quality, most innova-
tive products and services
throughout the world. 

We will soon reach our goal of
100% employee ownership. 
As owners, our success
depends on your success.

Restek Trademarks/Service
Marks: Plus 1, Turning Visions
into Reality, Restek logo.

Other Trademarks: Agilent
(Agilent Technologies, Inc.);
Alliance, PerformancePLUS,
Super Seal, Waters, WISP
(Waters Associates, Inc.);
Clean-Cut (Jour Research);
Kel-F (3M Co.); PEEK (Victrex
plc); Rheodyne (Rheodyne LP);
Teflon, Tefzel, Vespel, (E.I. du
Pont de Nemours & Co. Inc.);
Valco (Valco Instruments Co.,
Inc.).

Hamilton Syringes for Waters WISP® LC Autosamplers
• Teflon® PTFE-tipped plungers

SGE Syringes for Waters WISP® LC Autosamplers
1/4-28 UNF thread

SGE Syringes for PerkinElmer LC Autosamplers
1/4-28 UNF thread

SGE Syringe for Hitachi LC Autosamplers
M10 X1 thread

SGE Syringes for Agilent 1090 & 1100 LC Autosamplers
1/4-32 UNEF thread



Rtx
®
-1701/MXT

®
-1701 

Capillary Columns
14% cyanopropylphenyl/86% dimethyl polysiloxane

At-a-Glance
Product
Information
from Restek

800-356-1688

814-353-1300
www.restekcorp.com

What are Rtx®1701/MXT®-1701 columns? 
Rtx® and MXT®-1701 columns are fused
silica and Silcosteel®-lined stainless steel
(respectively) capillary GC columns coated
with a 14% cyanopropylphenyl/86%
dimethyl polysiloxane stationary phase.
Rtx®/MXT®-1701 columns have an interme-
diate polarity.

Why use a 14% cyanopropylphenyl/86%
dimethyl polysiloxane phase? 
The cyano groups in Rtx®/MXT®-1701
columns impart a unique selectivity toward
compounds that posess dipole moments
and those that are proton donors or
acceptors, such as alcohols and nitriles.
Rtx®/MXT®-1701 columns are extremely
versatile, exhibiting long column lifetime,
low bleed, and thermal stability to 280°C.

Which applications work well using an
Rtx®/MXT®-1701 column?
These columns are ideal for the analysis
of nonpolar to polar compounds and acidic
to basic species, all within a single analysis.
They also are used for the analysis of
alcohols, oxygenates, pesticides, and
insecticides. The Rtx®/MXT®-1701 phase is
equivalent to the G46 phase used in United
States Pharmacopoeia (USP) Methods, and is
frequently listed in US Environmental
Protection Agency (EPA) Methods for pesti-
cides and other pollutants. 

This highly versatile column can be used for a wide range
of applications, such as pesticides, solvents, or drug compounds.

See our chromatography products catalog or visit www.restekcorp.com for
additional application chromatograms on Rtx®-1701/MXT®-1701 columns!

Feature Benefit

Fused silica & MXT® tubing

Available in a variety of lengths, IDs
and film thicknesses

Low bleed

Integra-Guard™ columns

Tubing material versatility—same price
regardless of tubing.

Useful for a wide range of applications.

Increased detector sensitivity. Reduced
system maintenance.

Protects column from non-volatile sample
residue; longer column lifetime.
Connectionless.

Features & Benefits

Substituted Pyridines on an Rtx®-1701 Column

21 3 4 5 6 7

8

9 10 11

min. 4 8 12 16 20 24 28 32
GC_CH00333

60m, 0.53mm ID, 3.0µm Rtx®-1701 (cat.# 12088)
0.1µL direct injection of a substituted pyridine standard 
(0.5-5% per component), Uniliner® inlet liner

Oven temp.: 60°C to 225°C @ 5°C/min.
Inj. & det. temp.: 230°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. (flow rate: 5.1cc/min.)
FID sensitivity: 32 x 10-11 AFS

1. methanol
2. benzene
3. toluene
4. pyridine
5. α-picoline
6. 2,6-lutidine

7. β-picoline
8. 4-cyanopyridine
9. 3-cyanopyridine

10. 2-cyanopyridine
11. picamide



When choosing a stationary phase for capillary GC separations, remember the saying
“like dissolves like.” The stationary phase is a nonvolatile liquid coated on the inside
of the column and acting as a solvent for the sample. The more soluble the solute (your
analyte) is in the stationary phase, the more it is retained in the column. 

Separations in GC are the result of the relative solubility and selective interactions of
the sample solute and column stationary phase. Table I shows the four main forces
responsible for solute-stationary phase interactions. The sum of all four serves as a
measure of the polarity of the stationary phase. Selectivity is the ability of a phase to
preferentially retain one compound over another based on specific solute-stationary
phase interactions and is determined by the type and amount of substituted functional
groups in the stationary phase.  

Choosing the Best Phase for Your Sample

Retention indices (RI) are used to measure the overall stationary phase polarity. Reten-
tion indices on Rtx®/MXT®-1701 columns are listed in Table II.  They are mathematical
calculations used to indicate the elution point of a probe with respect to two straight-
chain hydrocarbons. The probes used to measure RI are of different functionalities, each
one designated to measure a specific solute-stationary phase interaction. As the RI for a
probe on a given phase increases, the degree of specific interaction increases, relative to
hydrocarbons.

Rtx®/MXT®-1701 columns are intermediate in polarity and are coated with a 14%
cyanopropylphenyl/86% dimethyl polysiloxane stationary phase. The 14% cyano
substitution imparts a dipole moment to this stationary phase. Solute-stationary phase
interactions occurring in the Rtx®/MXT®-1701 column include a strong dispersion
interaction, plus a selectivity toward aromatic compounds, proton donors or acceptors,
and compounds possessing a dipole moment. Rtx®/MXT®-1701 columns can provide
separations of alcohols, nitriles, and halogenated materials that a nonpolar phase cannot.

In summary, when selecting a stationary phase, choose a phase with functional
groups similar to those present in your analyte. For a versatile, intermediate-polarity
stationary phase, select an Rtx®/MXT®-1701 column. These columns are the best
choice for pesticides, solvents or drug compounds.

Table I: Selective Solute-Stationary Phase Interactions
Dispersion forces arise from electric intermolecular fields, which result in the 

induction of in-phase dipoles. They are present in all stationary phases.  
Orientation interactions occur between a stationary phase and a compound, 

both of which possess a permanent dipole. 
Induction interactions occur between a stationary phase with a permanent 

dipole and a compound that forms a dipole as a result of the interaction 
with the stationary phase.

Hydrogen bonding occurs between a strong polar group (OH, NH) and a 
compound with strong electronegativity (F, O, N atoms). Hydrogen bonding is the 
strongest interaction force.

At-a-Glance
Product
Information
from Restek

Rtx®-1701/MXT®-1701 Columns

Rtx®-1701/MXT®-1701
14% cyanopropylphenyl/

86% dimethyl polysiloxane

14% 86%

C = N

(CH2)3

–  Si – O

CH3

– Si – O

CH3

Similar Phases

J&W:
DB

®
-1701

Supelco:
SPB

TM

-1701

Hewlett-Packard:
HP-1701, HP-624

Alltech:
AT

®
-1701

SGE:
BP-10

Chrompack:
CP-Sil

®
19CB

Quadrex:
007-1701 

Ohio Valley:
OV

®
-1701

PerkinElmer:
Elite

®
-1701

USP Nomenclature:
G46

Table II: 14% Cyanopropylphenyl/86% Dimethyl Polysiloxane 
Stationary Phase Retention Indices

RI probe RI Measured interaction
benzene 721 Electron density for aromatic & olefinic 

hydrocarbons
n-butanol 778 Proton donor & acceptor capabilities

(alcohols and nitriles)
2-pentanone 784 Proton acceptor interaction (ketones,

ethers, esters, aldehydes)
nitropropane 881 Dipole interactions



What is the difference between an Rtx®-1701 and an MXT®-1701 column?
Rtx®-1701 columns are made with polyimide-coated, fused silica tubing and are
deactivated with a nonpolar deactivation layer, resulting in the highest degree of tubing
inertness. MXT®-1701 columns are made from unbreakable Silcosteel®-treated stainless
steel. The Silcosteel® process bonds a thin, flexible layer to the stainless steel surface,
which offers efficiency and inertness comparable to fused silica tubing, with increased
durability. MXT® columns are caged in 4-inch diameter coils or smaller, and are ideal
for compact, portable, or process GCs. Both columns possess a maximum operating
temperature of 280°C.

How do I choose the right -1701 column for my application?
After you've decided whether you want an Rtx®-1701 column or an MXT®-1701
column, based on the answer to the question above, there are three main factors that
should be considered when selecting a column: length, inside diameter (ID), and film
thickness.

Column length affects the total plate count, which in turn, affects separation. Typical
column lengths are 15, 30, 60, and 105 meters. Most separations can be achieved with
30-meter columns. However, if the sample contains very few compounds, a 15-meter
column might offer sufficient separation. Alternatively, a 60- or 105-meter column
might be required for samples containing large numbers of compounds.

Column ID affects both resolution and sample capacity. Typical column diameters
range from 0.10mm ID to 0.53mm ID. Smaller ID columns offer better separation, but
less sample capacity. 0.25mm and 0.32mm ID columns offer the best compromise
between separation and capacity.

Select film thickness based on the volatility range of the compounds in the sample. As
a general rule, use a film thickness of 1.0µm or greater for compounds with boiling
points below 200oC. For compounds with boiling points higher than 200oC, use a film
thickness of less than 1.0µm.

For answers to specific applications questions regarding Rtx®-1701 columns, contact
Restek's Technical Service group, or your Restek representative.

What is an Integra-Guard™ column?
Guard columns are commonly used to trap nonvolatile residues, to protect and prolong
the lifetime of the analytical column. However, for many analysts, the art of attaching a
guard column to the analytical column is a mystery. Restek’s chemists have discovered
the solution to this mystery—the most reliable connection is no connection at all! An
Integra-Guard™ column is a continuous length of fused silica tubing, containing both the
guard column and the analytical column. The guard column is tied separately from the
analytical column, using high-temperature string. Just imagine, guard columns
WITHOUT connections - or leaks. Protecting your capillary column has never been easier!

?
At-a-Glance
Product
Information
from Restek

Rtx®-1701/MXT®-1701 Columns

Column Selection 
Made Easy

ezGC™ software: Restek has
Retention Index Libraries that
contain more than 3000 com-
pounds analyzed on the most
commonly used stationary
phases, in 10 different applica-
tion areas including: petroleum
hydrocarbons, solvents &
chemicals, flavors & fragranc-
es, FAMEs, pesticides, PCBs,
dioxins/ furans, semivolatiles,
volatiles, and drugs of abuse.
ezGC™ software is available
from our chromatography
products catalog.

Consult the applications section
(hundreds of chromatograms)
in Restek’s chromatography
products catalog, or on-line at
www.restekcorp.com

Contact Restek’s Technical
Service at 800-356-1688 or
814-353-1300, ext. 4. We have
more than 25 trained chemists
with direct laboratory and ap-
plications experience, ready to
assist you in choosing the best
column.

Commonly Asked Questions

1

2

3
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Rtx®-1701/MXT®-1701 Columns

See our chromatography products catalog for
additional product information, or visit www.restekcorp.com

Rtx®-1701 columns are
available with

Integra-Guard™

built-in guard columns.

Ordering Information | Rtx®-1701 (fused silica)
(Crossbond® 14% cyanopropylphenyl/86% dimethyl polysiloxane)

*Maximum temperatures listed are for 15- and 30-meter lengths. 
Longer lengths may have a slightly reduced maximum temperature.

Ordering Information | MXT®-1701 (Silcosteel®-treated stainless steel)
(Crossbond® 14% cyanopropylphenyl/86% dimethyl polysiloxane)

*Maximum temperatures listed are for 15- and 30-meter lengths. 
Longer lengths may have a slightly reduced maximum temperature.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.25 -20 to 280°C 72020 72023 72026

0.50 -20 to 280°C 72035 72038 72041
1.00 -20 to 280°C 72050 72053 72056

0.28mm 0.25 -20 to 280°C 72021 72024 72027
0.50 -20 to 270°C 72036 72039 72042
1.00 -20 to 260°C 72051 72054 72057
1.50 -20 to 250°C 72066 72069 72072

0.53mm 0.25 -20 to 280°C 72022 72025 72028
0.50 -20 to 270°C 72037 72040 72043
1.00 -20 to 260°C 72052 72055 72058
1.50 -20 to 250°C 72067 72070 72073
3.00 -20 to 240°C 72082 72085 72088

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr 4400--MMeetteerr
0.18mm 0.20 -20 to 270/280°C 71871 71872 71873

0.40 -20 to 270/280°C 71874 71875 71876

Integra-GuardTM Columns

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 110055--MMeetteerr
0.25mm 0.10 -20 to 280°C 12005 12008 12011 12014

0.25 -20 to 280°C 12020 12023 12026 12029
0.50 -20 to 270/280°C 12035 12038 12041 12044
1.00 -20 to 260/280°C 12050 12053 12056 12059

0.32mm 0.10 -20 to 280°C 12006 12009 12012 12015
0.25 -20 to 280°C 12021 12024 12027 12030
0.50 -20 to 270/280°C 12036 12039 12042 12045
1.00 -20 to 260/280°C 12051 12054 12057 12060
1.50 -20 to 240/260°C 12066 12069 12072 12075

0.53mm 0.10 -20 to 270/280°C 12007 12010 12013
0.25 -20 to 270/280°C 12022 12025 12028
0.50 -20 to 260/270°C 12037 12040 12043
1.00 -20 to 250/270°C 12052 12055 12058
1.50 -20 to 240/260°C 12067 12070 12073
3.00 -20 to 230/250°C 12082 12085 12088

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr 4400--MMeetteerr
0.10mm 0.10 -20 to 280°C 42201 42202
0.18mm 0.20 -20 to 280°C 42001 42002 42003

0.40 -20 to 270/280°C 42010 42011 42012

IIDD LLeennggtthh SSuuffffiixx  ##
0.25mm 5m -124

10m -127
0.28mm 5m -243

10m -244
0.32mm 5m -125

10m -128
0.53mm 5m -126

10m -129

Other trademarks: AT (Alltech Associates),
CP-Sil (Chrompack), DB (J&W Scientific), OV (Ohio
Valley Specialty Chemical Co.), Elite (PerkinElmer),
SPB (Sigma-Aldrich Co.).
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DDuuaall  VVeessppeell®® RRiinngg  IInnlleett  SSeeaall
Washerless, Leak-Tight Seal for Agilent GCs

by Donna Lidgett, GC Accessories Product Marketing Manager

✔ Vespel® ring in bottom surface simplifies installation—eliminates the washer.
✔ Vespel® ring in top surface reduces operator variability by requiring minimal torque to seal.
✔ Prevents oxygen from permeating the carrier gas, increasing column lifetime.

In Agilent split/splitless injection ports, it can be 
difficult to make and maintain a good seal with a
conventional metal inlet disk. The metal-to-metal
seal dictates that you apply considerable torque to
the reducing nut, and, based on our testing, this
does not ensure a leak-tight seal. Over the course of
oven temperature cycling, metal seals are prone to

leaks, which ulti-
mately can degrade
the capillary col-
umn and cause
other analytical dif-
ficulties.

Our Dual Vespel®

Ring Inlet Seal*
greatly improves
injection port per-
formance—it stays

sealed, even after repeated temperature cycles, with-
out retightening the reducing nut! This seal, a new
version of our popular Vespel® Ring Inlet Seal, fea-
tures two soft Vespel® rings, one embedded in its

top surface and the other embedded in its bottom
surface. The Vespel® rings eliminate the need for a
washer, and ensure very little torque is needed to
make a leak-tight seal. The rings will not harm the
critical seal in the injector body, or any other sur-
face, and are outside the sample flow path. Tests
using a high sensitivity helium leak detector show
Dual Vespel® Ring Inlet Seals will seal equally effec-
tively at torques from 5 to 60 in. lb. (Figure 1).

Why trust a metal-to-metal seal when you can make
leak-tight seals quickly, easily, and more reliably—
without a washer, with a Restek Dual Vespel® Ring
Inlet Seal. Use an untreated stainless steel  Dual
Vespel® Ring Inlet Seal for analyses of unreactive
compounds. To reduce breakdown and adsorption
of active compounds, use a Siltek™-treated or gold-
plated seal. Siltek™ treatment provides  the highest
level of inertness.

Restek
Innovation!

Figure 1  The Dual Vespel® Ring Inlet Seal
achieves leak-tight seals even at low torque,

reducing the chance of leak-related problems.
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*Patent pending.

Eliminate the washer!

Dual Vespel® Ring Inlet Seals are available in
Siltek™-treated, gold-plated, or untreated

stainless steel.

!new
★

00..88mmmm  IIDD  DDuuaall  VVeessppeell® RRiinngg  IInnlleett  SSeeaall 22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee
Siltek™ 21242 21243
Gold-Plated 21240 21241
Stainless Steel 21238 21239
11..22mmmm  IIDD  DDuuaall  VVeessppeell® RRiinngg  IInnlleett  SSeeaall 22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee
Siltek™ 21248 21249
Gold-Plated 21246 21247
Stainless Steel 21244 21245
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US EPA Method 8270D is one of the GC/MS methods
followed to determine concentrations of semivolatile
organic compounds in solid waste, soil, water, and
air matrices. In a single analysis, environmental lab-
oratories following Method 8270D typically evaluate
100 or more semivolatile organic compounds repre-
senting several classes of compounds of differing

FFaasstt  AAnnaallyyssiiss  ooff  SSeemmiivvoollaattiillee  OOrrggaanniicc  AAnnaallyytteess
Using a 0.18mm ID Rtx®-5Sil MS Capillary GC Column

By Katia May, Ph.D., Senior R&D Chemist, and Christopher English, Environmental Innovations Chemist

✔ Improve efficiency by reducing analysis time for 90 compounds to less than 15 minutes.
✔ Low-bleed, high-resolution column is ideal for trace analyses.
✔ 8270 MegaMix™ reference mix includes 76 target compounds, has 18-month shelf life.

chemical properties and reactivity. This complexity
puts stringent demands on the column used to per-
form the analysis. Some polycyclic aromatic hydro-
carbons (PAHs) elute at high temperatures, for
example, so the method requires a column with low
bleed at high temperature. The column also must
exhibit excellent efficiency, to ensure resolution of

Figure 1 78 semivolatile pollutants, plus surrogates and internal standards, separated
in less than 15 min. on a 0.18mm ID Rtx®-5Sil MS column.

1. N-nitrosodimethylamine
2. pyridine
3. 2-fluorophenol (ss)
4. aniline
5. phenol-d6 (ss)
6. phenol
7. bis(2-chloroethyl)ether
8. 2-chlorophenol
9. 1,3-dichlorobenzene

10. 1,4-dichlorobenzene-d4 (is)
11. 1,4-dichlorobenzene
12. 1,2-dichlorobenzene
13. benzyl alcohol
14. bis(2-chloroisopropyl)ether
15. 2-methylphenol
16. N-nitroso-di-n-propylamine
17. hexachloroethane

18a. 4-methylphenol
18b. 3-methylphenol

19. nitrobenzene-d5 (ss)
20. nitrobenzene
21. isophorone
22. 2-nitrophenol
23. 2,4-dimethylphenol
24. bis(2-chloroethoxy)methane
25. 2,4-dichlorophenol
26. benzoic acid
27. 1,2,4-trichlorobenzene
28. naphthalene-d8 (is)
29. naphthalene
30. 4-chloroanaline
31. hexachlorobutadiene
32. 4-chloro-3-methylphenol
33. 2-methylnaphthalene
34. 1-methylnaphthalene
35. hexachlorocyclopentadiene
36. 2,4,6-trichlorophenol
37. 2,4,5-trichlorophenol
38. 2-fluorobiphenyl (ss)
39. 2-chloronaphthalene
40. 2-nitroaniline
41. 1,4-dinitrobenzene
42. dimethylphthalate
43. 1,3-dinitrobenzene
44. acenaphthylene

45. 2,6-dinitrotoluene
46. 1,2-dinitrobenzene
47. acenaphthene-d10 (is)
48. 3-nitroaniline
49. acenaphthene
50. 2,4-dinitrophenol
51. dibenzofuran
52. 4-nitrophenol
53. 2,4-dinitrotoluene
54. 2,3,4,6-tetrachlorophenol
55. 2,3,5,6-tetrachlorophenol
56. diethyl phthalate
57. fluorene
58. 4-chlorophenyl phenyl ether
59. 4-nitroaniline
60. 4,6-dinitro-2-methylphenol
61. diphenylamine2

62. azobenzene1

63. 2,4,6-tribromophenol (ss)
64. 4-bromophenyl phenyl ether
65. hexachlorobenzene
66. pentachlorophenol
67. phenanthrene-d10 (is)
68. phenanthrene
69. anthracene
70. carbazole
71. di-n-butylphthalate
72. fluoranthene
73. benzidine
74. pyrene
75. p-terphenyl-d14 (ss)
76. butyl benzyl phthalate
77. bis(2-ethylhexyl)adipate
78. benzo(a)anthracene
79. chrysene-d12 (is)
80. chrysene
81. bis(2-ethylhexyl)phthalate
82. di-n-octyl phthalate
83. benzo(b)fluoranthene
84. benzo(k)fluoranthene
85. benzo(a)pyrene
86. perylene-d12 (is)
87. indeno(1,2,3-cd)pyrene
88. dibenzo(a,h)anthracene
89. benzo(ghi)perylene

11,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).
2N-nitrosodiphenylamine (8270-listed analyte) decomposes to
diphenylamine (mix component).

Components of 8270 MegaMix™ indicated in bold.

GC_EV00736

closely eluting compounds with similar mass spec-
tra, including structural isomers. Additionally, cali-
bration mixes of semivolatile compounds must be
combined carefully, to prevent interactions that
could compromise stability.

Rtx®-5Sil MS column performance allows improved
detection limits and increased productivity, and the
column performs exceptionally well in analyses of
semivolatile compounds. Figure 1 shows an analysis
of our 8270 MegaMix™ reference mix of 76 target



42702-60 to 330/350°C0.180.18mm
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ww//  ddaattaa  ppaacckk

ww//ddaattaa  ppaacckk

Rtx®-5Sil MS Columns (fused silica)
(Selectivity equivalent to Crossbond® 5% diphenyl / 95% dimethyl polysiloxane)

8270 MegaMix™ (76 components)

1,000µg/mL each (3-methylphenol and 4-methylphenol at
500µg/mL each) in methylene chloride:benzene (75:25),
1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31686 31686-510 —

ww//ddaattaa  ppaacckk
31686-500 31686-520 31786

acenaphthene-d10
chrysene-d12
1,4-dichlorobenzene-d4

naphthalene-d8
perylene-d12
phenanthrene-d10

SV Internal Standard Mix

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31206 31206-510 —

31206-500 31206-520 31306
44,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31006 31006-510 —

31006-500 31006-520 31106

2-fluorobiphenyl
nitrobenzene-d5

p-terphenyl-d14

B/N Surrogate Mix (4/89 SOW)
2-fluorophenol
phenol-d6

2,4,6-tribromophenol
Acid Surrogate Mix (4/89 SOW)

compounds, plus benzoic acid, benzidine, and sur-
rogate and internal standards, on our new 20m,
0.18mm ID, 0.18µm Rtx®-5Sil MS column (cat.#
42702). The Rtx®-5Sil MS stationary phase is based
on a silarylene polymer specifically designed for the
demanding GC/MS analysis of semivolatile com-
pounds, and the column exhibits lower bleed than
columns prepared from phenyl/methyl polymers. All
target compounds can be quantified with greater
sensitivity. The thin phase film in this column allows
superior resolution of structural isomers
benzo(b)fluoranthene and benzo(k)fluoranthene
(peaks 83 and 84), while achieving a very short
analysis time of less than15 minutes. Peak shape and
response are excellent, even for active compounds
such as 2,4-dinitrophenol and pentachlorophenol
(peaks 50 and 66). Optimizing the temperature pro-
gram, as well as the physical dimensions of the col-
umn, contributes to better resolution of closely elut-
ing peaks and shortens the analysis time.

In order to achieve the separation shown in Figure
1, care must be taken to optimize injection condi-
tions. To reduce solvent effects that could interfere
with N-nitrosodimethylamine and pyridine (peaks 1
and 2), we chose a splitless inlet liner, rather than a
direct injection liner (e.g., a Uniliner®). A cyclo dou-
ble gooseneck design enables the sample to be com-
pletely volatilized in the injection port prior to con-
densing at the column inlet, and ensures more
reproducible results, relative to a standard (straight)
liner. The 2mm internal diameter provides the best
results with 0.5µL injections. The splitless hold time
also is very important: a change of only several sec-
onds can reduce sensitivity by 50%. We discovered
that a pulsed splitless analysis, using a 0.20 min.
pulse 5psi higher than the column flow backpres-
sure, dramatically improves sample transfer onto the
column. Making the pulse 3 seconds (0.05 min.)
longer than the splitless hold time (0.15 min.)
allows excess solvent to be swept away quickly. The
270ºC injection port temperature vaporizes the 

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31024 31024-510 —
ww//  ddaattaa  ppaacckk

31024-500 31024-520 31124
55,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31062 31062-510 —
ww//  ddaattaa  ppaacckk

31062-500 31062-520 31162
55,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  55mmLL//aammppuull

31086 31086-510 —
ww//  ddaattaa  ppaacckk

31086-500 31086-520 31186
ww//  ddaattaa  ppaacckk

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

31025 31025-510 —
ww//  ddaattaa  ppaacckk

31025-500 31025-520 31125
1100,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

31063 31063-510 —
ww//  ddaattaa  ppaacckk

31063-500 31063-520 31163
1100,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  55mmLL//aammppuull

31087 31087-510 —

31087-500 31087-520 31187

sample with minimal analyte breakdown. GC condi-
tions were adjusted to resolve analytes that coelute
and share ions. Aniline and phenol (peaks 4 and 6),
for example, were resolved by using an initial tem-
perature ramp rate of 14ºC/min., and the key to
resolving isomers benzo(b)fluoranthene and
benzo(k)fluoranthene (peaks 83 and 84) is to be
sure that they elute during the temperature ramp
portion of the program. If the isomers elute during
the final hold time they will not be well resolved. By
using a 0.18mm ID Rtx®-5Sil MS column under
these conditions, you will ensure a rapid and suc-
cessful analysis of the 8270 compounds.

To meet the substantial demand for reference mate-
rials for Method 8270, we offer 8270 MegaMix™ ref-
erence mix (cat.# 31686)—a formulation of 76 tar-
get compounds in methylene chloride/benzene
(75:25).

continued on page 5

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.25 -60 to 330/350°C 12720 12723

0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

Components listed in bold in Figure 1.

Benzidine
1,000µg/mL in methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31441 31441-510 —

ww//ddaattaa  ppaacckk
31441-500 31441-520 31541

Benzoic Acid
1,000µg/mL in methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31415 31415-510 —

ww//ddaattaa  ppaacckk
31415-500 31415-520 31515

2,4-Dinitrophenol
1,000µg/mL in methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31291 31291-510 —

ww//ddaattaa  ppaacckk
31291-500 31291-520 31391

Rtx®-5Sil MS 20m, 0.18mm ID, 0.18µm (cat.# 42702)
Sample: US EPA Method 8270D mix: 8270 MegaMix™ (cat.# 31686), benzoic acid (cat.# 31415), benzidine (cat.# 31441), 

2,4-dinitrophenol (cat.# 31291)*, Acid Surrogate Mix (4/89 SOW) (cat.# 31063),
B/N Surrogate Mix (4/89 SOW) (cat.# 31062), SV Internal Standard Mix (cat.# 31206)
*2,4-dinitrophenol also is a component of the MegaMix™.

Inj.: 0.5µL, 5ppm each component (2.5ng on column) (2,4-dinitrophenol at 10ppm/5ng on column; 3-methylphenol and
4-methylphenol at 2.5ppm/1.25ng on column), splitless (hold 0.15 min., pressure pulse 0.20 min. @ 30psi),
2mm cyclo double gooseneck inlet liner (cat.# 20907); Agilent 6890

Inj. temp.: 270°C
Carrier gas: helium, constant flow
Flow rate: 1.2mL/min.
Oven temp.: 40°C (hold 0.5 min.) to 90°C @ 14°C/min., to 330°C @ 22°C/min. (hold 1 min.)
Det.: Agilent 5973 GC/MS
Transfer line

temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 1 min.
Tune: DFTPP
Ionization: EI

2200--MMeetteerr

Use this new column for
sub-15 minute analysis of
78 Method 8270D target

compounds.
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IInntteerrmmeeddiiaattee  PPoollaarriittyy  CCaappiillllaarryy  GGCC  CCoolluummnn
ffoorr  BBaassiicc  CCoommppoouunnddss

Rtx®-35 Amine Column Improves Analysis of Amines and Nitrogen Heterocyclics

By Neil Mosesman, GC Columns Product Marketing Manager

✔ Improved responses compared to conventional columns.
✔ Symmetrical peaks for basic compounds.
✔ Resolve low molecular weight primary amines.

Amines and nitrogen heterocyclics are used to man-
ufacture a wide variety of products, including dyes,
chelating agents, stabilizers, pesticides, and pharma-
ceuticals. Gas chromatographic analysis of these and
other basic compounds can be difficult, because the
active compounds typically exhibit adsorption and

peak tailing. An
Rtx®-35 Amine col-
umn is ideal for
analyses of these
polar and low
molecular weight
amines.

The proprietary
deactivation of the
35% phenyl Rtx®-35

Amine phase improves response and peak symmetry
compared to conventional 35% phenyl columns. A
test mixture of amines at concentrations of 10 to

15ng/µL was analyzed on an Rtx®-35 Amine column
and a conventional 35% phenyl column.
Ethanolamines are particularly difficult to analyze
because in addition to their basic nature they have a
hydroxyl group that can interact with silanol groups
on the inner surface of the column. The convention-
al column completely adsorbed diethylenetriamine
and diethanolamine, but the Rtx®-35 Amine column
gave excellent responses and peak shapes for all
compounds (Figure 1).

Primary amines often are analyzed on a Stabilwax®-
DB column because it resolves these compounds
well. However, the maximum operating temperature
of this column, 220ºC, limits the molecular weight
range of the analytes. Alternatively, an Rtx®-5 Amine
column has a much higher maximum operating tem-
perature, 315ºC, but does not adequately resolve pri-
mary amines. An Rtx®-35 Amine column combines
the advantages of a Stabilwax®-DB column and an

Rtx®-5 Amine column: it resolves primary amines
and has high thermal stability. An Rtx®-35 Amine col-
umn offers excellent peak shape and high responses
for these active compounds (Figure 2).

When analyzing basic drugs by GC, derivatization
often is required to reduce peak tailing or improve
response. These complex procedures can improve
quantitative results, but they add time and cost to the
analysis. An Rtx®-35 Amine column provides the
selectivity to analyze a wide range of underivatized
drug compounds. Many over-the-counter and pre-
scribed medications for cold and flu relief contain
amines and other basic compounds. The unique
deactivation and selectivity of an Rtx®-35 Amine col-
umn, combined with its high thermal stability, sim-
plifies the analysis for these components (Figure 3).
Underivatized sympathomimetic amines also exhibit
excellent peak shape and separation on an Rtx®-35
Amine column (request lit. cat.# 59380).

Because the Rtx®-35 Amine column offers excellent
response and peak symmetry for amines and polar
basic compounds, and has high thermal stability,
analysts working with these analytes can improve the
reliability and consistency of their data.

Rtx®-35Amine 30m, 0.53mm ID, 1.0µm (cat.# 11355)
Sample: amine test mix (cat.# 35002), 450–900ppm in 

methanol/methylene chloride
Inj.: 1.0µL, split (10:1), 4mm base-deactivated 

single gooseneck inlet liner (cat.# 20798-210.1)
Inj. temp.: 250°C
Carrier gas: helium, constant pressure
Linear velocity: 30cm/sec
Oven temp.: 110°C (hold 4 min.) to 200°C @ 8°C/min. (hold 5 min.) 
Det. FID @ 300°C

1.  pyridine
2.  1,2-butanediol
3.  C10
4.  2-nonanol
5.  diethylenetriamine
6.  C12
7.  diethanolamine
8.  2,6-dimethylaniline

Figure 1 An Rtx®-35 Amine column minimizes adsorption and improves responses for amines.

GC_CH00577

Figure 2 An Rtx®-35 Amine column offers
good resolution of primary amines.

1
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GC_CH00578

Rtx®-35 Amine 30m, 0.53mm ID, 1.0µm (cat.# 11355)
Sample: primary amines, 50ppm on-column conc. in water
Inj.: 1.0µL, split (10:1), 4mm base-deactivated single 

gooseneck inlet liner (cat.# 20798-210.1)
Injector: 250°C
Carrier gas: helium, constant pressure
Linear velocity: 35.7cm/sec
Oven temp.: 35°C (hold 5.0 min.)
Det.: FID @ 300°C

1. methylamine
2. dimethylamine 
3. trimethylamine
4. ethylamine
5. isopropylamine
6. tert-butylamine
7. n-propylamine
8. diethylamine
9. sec-butylamine

Base-Deactivated Inlet Liners
Add the corresponding suffix number to the liner catalog number. For inlet liners, see our 2004 Chromatography
Products Guide (lit. cat.# 59854).
qqttyy.. BBaassee--DDeeaaccttiivvaatteedd BBaassee--DDeeaaccttiivvaatteedd  ww//  BBaassee--DDeeaaccttiivvaatteedd  WWooooll
each -210.1 addl. cost -211.1 addl. cost
5-pk. -210.5 addl. cost -211.5 addl. cost
25-pk. -210.25 addl. cost -211.25 addl. cost

For more info
For chromatograms of ethanolamines and
amphetamines on Rtx®-35 Amine columns,

request lit. cat.# 59380.
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For stability, two analytes in Figure 1, benzoic acid
and benzidine, are introduced separately (cat.#
31415 and cat.# 31441, respectively). 2,4-
Dinitrophenol, a component of the 8270 MegaMix™,
is supplemented (cat.# 31291), to double the on-
column concentration for this low-level calibration
(<20ng on column).

For analysts who cannot use the MegaMix™, we offer
six simpler calibration mixes of Method 8270 semi-
volatiles, formulated by chemical class (8270
Calibration Mix #1—8270 Calibration Mix #6, cat.#s
31618 –31623, described in the 2004 Restek cata-
log, page 359), and Organochlorine Pesticide Mix
AB #3 (cat.# 32415, catalog page 358). EPA
Appendix IX Mix #1 and Appendix IX Mix #2 (cat.#s
31625 and 31806, catalog page 358) complement
this full set of mixes.

We developed each of these mixes, including the
MegaMix™ mix, for maximum stability, through care-
ful consideration of chemical properties of all poten-
tial components. Because 3-methylphenol and 4-
methylphenol coelute, we include each in the 8270
MegaMix™ mix at half the concentration of the other
components, to enable the user to calibrate at lower
levels to quantify these compounds at the required
limits. N-nitrosodiphenylamine, an amine target
compound in Method 8270D, readily oxidizes to
diphenylamine and nitric oxide, a highly reactive gas
that can participate in many chemical reactions or
act as a catalyst for other oxidation and reduction
reactions in the mix. Consequently, we include
diphenylamine, rather than N-nitrosodiphenylamine,
in the 8270 MegaMix™ mix, to prevent degradation
of other components of the mix. Another target com-
pound, diphenylhydrazine, also oxidizes easily, form-

ing azobenzene, so we include azobenzene in the
8270 MegaMix™ mix to assure stability. The stability
of an unopened ampul of 8270 MegaMix™ mix is 18
months, as determined by real-time analysis.

In addition to the best choice for analytical column,
and stable calibration mixtures, we also have avail-
able internal and surrogate standards and the tun-
ing compound recommended in Method 8270D: SV
Internal Standard Mix, Acid Surrogate Mix (4/89
SOW), and B/N Surrogate Mix (4/89 SOW),
described here (see page 3), and PFTBA (MS
Tuning Compound), cat.# 30482, described on 
catalog page 357.

If you are analyzing for semivolatile compounds by
GC/MS, we suggest you evaluate an Rtx®-5Sil MS col-
umn and our 8270 MegaMix™ and other reference
mixes. Rtx®-5Sil MS columns are available in all
common dimensions, or you can use the short, thin-
film 20m, 0.18mm ID, 0.18µm column for fastest
analyses and highest productivity.

FFaasstt  AAnnaallyyssiiss  ooff  SSeemmiivvoollaattiillee  OOrrggaanniicc  AAnnaallyytteess
Using a 0.18mm ID Rtx®-5Sil MS Column, continued from page 3

Rtx®-35 Amine 30m, 0.25mm ID, 0.50µm (cat.# 11338)
1.0µL split injection of underivatized cold medicines
Conc.: 1000ng/µL
Inj. temp: 250°C
Carrier gas: helium
Linear velocity: 30cm/sec.
Oven temp.: 250°C to 300°C @ 7°C/min. (hold 7 min.)
Det.: MSD
Scan range: 40–450amu
Ionization: EI
Mode: scan

Figure 3 An Rtx®-35 Amine column simplifies GC/MS analysis of common cold and flu medications.

1. guaifenesin
2. pheniramine
3. phenyltoloxamine
4. chlorpheniramine
5. brompheniramine
6. dextromethorphan
7. pyrilamine
8. triprolidine
9. codeine

10. hydrocodone

GC_PH00575

Rtx®-35 Amine Columns (fused silica)
(Crossbond® 35% diphenyl/65% dimethyl polysiloxane)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.50 0 to 290/310°C 11335 11338

1.00 0 to 280/300°C 11350 11353
0.32mm 1.00 0 to 280/300°C 11351 11354

1.50 0 to 270/290°C 11366 11369
0.53mm 1.00 0 to 260/280°C 11352 11355

3.00 0 to 240/260°C 11382 11385

Base-Deactivated Guard Columns
For analyzing basic compounds, use a 
base-deactivated guard column. For a 5m base-
deactivated guard column, order cat. # 10000 ($45),
10001 ($50), or 10002 ($65) (0.25, 0.32, or 0.53mm ID,
respectively). For more information on guard columns,
see our 2004 Chromatography Products Guide (lit.
cat.# 59854).

Searching for a chromatogram
www.restekcorp.com?
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Various methods have provided guidelines for
GC/electron capture detection (GC/ECD) analysis of
organochlorine pesticides and PCBs in aqueous and
soil matrices. Pesticides and PCB congeners now are
analyzed by separate methods, to ensure more accu-
rate PCB data and eliminate complications that arise
in combined analysis. Analyses of individual PCB
congeners greatly simplify quantitative studies, and
improve data, relative to the difficult quantitative
studies of PCBs as mixtures (e.g., Aroclor® mix-
tures)—especially with mixtures weathered by long
exposure in the environment.

GC analysis of organochlorine pesticides and PCBs
can be very challenging because of lengthy calibra-
tions, linearity problems, and potential breakdown
of some of the pesticides. In addition to adequate
resolution of the target analytes, the column for this
analysis must exhibit low bleed. A wide-bore
(0.53mm ID) column is listed in US EPA Methods
8081A and 8082A for organochlorine pesticides,

but a narrow-bore column may be used in single-
column analyses. Our new 0.32mm ID, 0.5µm
phase Rtx®-XLB column is ideal for analyses of
active compounds, due to improvements in polymer
synthesis and tubing deactivation. Figure 1, an
analyses of 20 organochlorine pesticides
(Organochlorine Pesticide Mix AB #2, cat.#
32292), demonstrates the superior efficiency and
low bleed characteristic of the new column, even at
330ºC. The column, in combination with a high ini-
tial temperature, 120ºC, reduced analysis time to
11.5 minutes, with excellent separation. Very low
bleed and high thermal stability ensure reliable
detection at the 80/160/800 ppb level. The very low
bleed also minimizes detector contamination, pro-
longing intervals between cleanings and thus
increasing throughput over time. Note that to mini-
mize breakdown of labile pesticides we minimized
sample contact with metal surfaces by using a
Drilled Uniliner® inlet liner to convey the sample
directly onto the column.

Restek chemists carefully reviewed EPA Methods
8080 and 8081A, then developed three calibration
mixes that include 20 most often monitored
organochlorine pesticides. The mix used to obtain
Figure 1 has varied concentrations of the target ana-
lytes, from 8 to 80µg/mL, because these pesticides
exhibit significantly differing responses.* The other
two mixes include the 20 analytes at a single concen-
tration, 200µg/mL or 2000µg/mL. The 2000µg/mL
concentration often is more practical than lower
concentrations, especially if several mixes must be
combined. We also offer all surrogates and internal
standards currently required for these analyses.

PCBs are persistent in the environment, and accu-
rately determining their presence and concentrations
is very important. A common question is whether
such analyses should be focused on mixtures of
PCBs (e.g., Aroclor® mixes) or on individual con-
geners. Congener-specific analyses have important
advantages over analyses of mixtures: generally, con-
gener analyses offer lower detection limits and
greater information content. In addition, composi-
tions of weathered, degraded, and metabolized PCB
mixtures can be measured and interpreted more
easily. Also, it is easier to detect interferences caused
by other chemicals, and quantification of individual
congeners is more accurate. However, coelution of
analytes is a problem in a PCB congener analysis, so
a strong quality assurance program and reliable ref-
erence materials are needed by the analyst. To facili-
tate congener-specific analyses, we now make a ref-
erence mix of 19 PCB congeners at 100µg/mL each
in isooctane, suitable for EPA Method 8082A.
Depending on regulatory and project requirements,

GGCC//EECCDD  AAnnaallyyssiiss  ooff  OOrrggaannoocchhlloorriinnee  PPeessttiicciiddeess  oorr
PPoollyycchhlloorriinnaatteedd  BBiipphheennyyllss

Using a Low-Bleed Rtx®-XLB Column and Restek Reference Materials

by Greg France, Innovations Chemist, Gary Stidsen, Innovations Team Manager, 
and Katia May, Ph.D., Senior R&D Chemist

✔ Rtx®-XLB column shows extremely low bleed and excellent inertness, improving sensitivity
for active compounds.

✔ 20 common organochlorine pesticides in 3 convenient reference concentrations.
✔ 19 US EPA Method 8082A PCB congeners in one solution.

Figure 1  Organochlorine pesticides separated in less than 12 minutes, using an Rtx®-XLB column.

1. 2,4,5,6-tetrachloro-m-xylene (ss)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. endosulfan I
12. 4,4'-DDE
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. endrin aldehyde
18. 4,4'-DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl (ss)

Rtx®-XLB 30m, 0.32 ID, 0.5µm (cat.# 12839)
Sample: Organochlorine Pesticide Mix AB (cat.# 32292) 80/160/800ppb in hexane

2,4,5,6-tetrachloro-m-xylene (cat.# 32027) surrogate, 80ppb
decachlorobiphenyl (cat.# 32029) surrogate, 160ppb

Inj.: 1.0µL splitless (0.75 min. hold), 4mm Drilled Uniliner® inlet liner (cat.# 21055)
Inj. temp.: 220°C
Carrier gas: hydrogen, constant pressure
Linear velocity: 60cm/sec. @ 120°C
Oven temp.: 120°C (hold 0.5 min.) to 260°C @ 29°C/min. (hold 2.5 min.), to 330°C @ 28°C/min. (hold 3 min.)
Det.: ECD @ 320°C

GC_EV00720

*For mix composition, see page 8 of this
Advantage.
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Additional reference mixes
listed on page 8.

2-chlorobiphenyl (BZ #1)
2,3-dichlorobiphenyl (BZ #5)
2,2',5-trichlorobiphenyl (BZ #18)
2,4',5-trichlorobiphenyl (BZ #31)
2,2',3,5'-tetrachlorobiphenyl (BZ #44)
2,2',5,5'-tetrachlorobiphenyl (BZ #52)
2,3',4,4'-tetrachlorobiphenyl (BZ #66)
2,2',3,4,5'-pentachlorobiphenyl (BZ #87)
2,2',4,5,5'-pentachlorobiphenyl (BZ #101)
2,3,3',4',6-pentachlorobiphenyl (BZ #110)
2,2',3,4,4',5'-hexachlorobiphenyl (BZ #138)
2,2',3,4,5,5'-hexachlorobiphenyl (BZ #141)
2,2',3,5,5',6-hexachlorobiphenyl (BZ #151)
2,2',4,4',5,5'-hexachlorobiphenyl (BZ #153)
2,2',3,3',4,4',5-heptachlorobiphenyl (BZ #170)
2,2',3,4,4',5,5'-heptachlorobiphenyl (BZ #180)
2,2',3,4,4',5',6-heptachlorobiphenyl (BZ #183)
2,2',3,4',5,5',6-heptachlorobiphenyl (BZ #187)
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl (BZ #206)

PCB Congener Mix, Method 8082A

100µg/mL each in isooctane, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

32416 32416-510 —
ww//ddaattaa  ppaacckk

32416-500 32416-520 32516

Rtx®-XLB 30m, 0.32mm ID, 0.50µm (cat.# 12839)
Sample: 200ppb each PCB congener in hexane (cat.# 32416), 200ppb 

2,4,5,6-tetrachloro-m-xylene (SS) (cat.# 32027), 100ppb
decachlorobiphenyl (IS) (cat.# 32289)

Inj.: 1.0µL splitless (hold 0.75 min.), 4mm Drilled Uniliner® inlet liner (cat.# 21055)
Inj. temp.: 220°C
Carrier gas: hydrogen, constant pressure
Linear velocity: 66cm/sec. @ 120°C
Oven temp.: 120°C (hold 0.5 min.) to 260°C @ 29°C/min. (hold 2.5 min.), to 330°C @ 28°C/min. (hold 5 min.)
Det.: ECD @ 320°C

1. 2-chlorobiphenyl
2. 2,4,5,6 tetrachloro-m-xylene (ss)
3. 2,3-dichlorobiphenyl
4. 2,2’,5-trichlorobiphenyl
5. 2,4’,5-trichlorobiphenyl
6. 2,2’,5,5’-tetrachlorobiphenyl
7. 2,2’,3,5’-tetrachlorobiphenyl
8. 2,3’,4,4’-tetrachlorobiphenyl
9. 2,2’,4,5,5’-pentachlorobiphenyl

10. 2,2’,3,4,5’-pentachlorobiphenyl
11. 2,3,3’,4’,6-pentachlorobiphenyl
12. 2,2’,3,5,5’,6-hexachlorobiphenyl
13. 2,2’,4,4’,5,5’-hexachlorobiphenyl
14. 2,2’,3,4,5,5’-hexachlorobiphenyl
15. 2,2’,3,4,4’,5’-hexachlorobiphenyl
16. 2,2’,3,4’,5,5’,6-heptachlorobiphenyl
17. 2,2’,3,4,4’,5’,6-heptachlorobiphenyl
18. 2,2’,3,4,4’,5,5’-heptachlorobiphenyl
19. 2,2’,3,3’,4,4’,5-heptachlorobiphenyl
20. 2,2’,3,3’,4,4’,5,5’,6-nonachlorobiphenyl
21. decachlorobiphenyl (int. std.)GC_EV00730

Figure 2 19 PCB congeners separated in less than 12 minutes, using an Rtx®-XLB column.

Rtx®-XLB Columns (fused silica)
(proprietary low-polarity phase)

*Maximum temperatures listed are for 15- and 30-meter lengths. 
Longer lengths may have a slightly reduced maximum temperature.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.10 30 to 340/360°C 12808

0.25 30 to 340/360°C 12820 12823 12826
0.50 30 to 340/360°C 12838
1.00 30 to 340/360°C 12850 12853

0.32mm 0.10 30 to 340/360°C 12809
0.25 30 to 340/360°C 12821 12824 12827
0.50 30 to 340/360°C 12839
1.00 30 to 340/360°C 12854

0.53mm 1.50 30 to 340/360°C 12867 12870

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1122--MMeetteerr 2200--MMeetteerr 2255--MMeetteerr
0.18mm 0.18 30 to 340/360°C 42802
0.20mm 0.33 30 to 340/360°C 42815 42820

the mix can be used for reporting either PCB con-
gener results or total PCBs. Decachlorobiphenyl and
tetrachloro-m-xylene are appropriate as internal
standard and surrogate standard, respectively. The
PCB congener standard is a very useful addition to
our group of Aroclor® reference mixes.

Figure 2 is a GC/ECD analysis of the 19 PCB con-
geners, with the internal and surrogate standards. To
simplify the work of analysts who monitor both pes-
ticides and PCBs, we used the same 30m, 0.32mm

ID, 0.5µm Rtx®-XLB column and the same condi-
tions in both analyses: the conditions used to obtain
Figure 2 are optimal for very rapid analysis (11.5
min.) of the Method 8082A PCB congeners, as was
true for the pesticides.

If you are performing analyses of organochlorine
pesticides and/or PCBs, an Rtx-XLB® column and
Restek reference materials will save time, help sim-
plify your analysis, improve the quality of your data,
and increase your productivity.

on the Rtx®-XLB column,
request lit. cat.# 59957.For more info

2,4,4'-trichlorobiphenyl (BZ #28)
2,2',5,5'-tetrachlorobiphenyl (BZ #52)
2,2',4,5,5'-pentachlorobiphenyl (BZ #101)
2,2',3,4,4',5'-hexachlorobiphenyl (BZ #138)
2,2',4,4',5,5'-hexachlorobiphenyl (BZ #153)
2,2',3,4,4',5,5'-heptachlorobiphenyl (BZ #180)

PCB Congener Standard #1

10µg/mL each in isooctane, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

32290 32290-510 —
ww//ddaattaa  ppaacckk

32290-500 32290-520 32390

BZ #28, BZ #52, BZ #101, BZ #138, BZ #153, BZ #180,
plus 2,3',4,4',5-pentachlorobiphenyl (BZ #118)

PCB Congener Standard #2

10µg/mL each in isooctane, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

32294 32294-510 —
ww//ddaattaa  ppaacckk

32294-500 32294-520 32394

3 6 9 12min.

Suitable for 
European Methods or

ASTM D-4059-96
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aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
α-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (isomer B)8
methoxychlor 80

Organochlorine Pesticide Mix AB #2

In hexane:toluene (1:1), 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

32292 32292-510 —
ww//ddaattaa  ppaacckk

32292-500 32292-520 32392

Organochlorine Pesticide Mix AB #1

200µg/mL each in hexane:toluene (1:1), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32291 32291-510 —

ww//ddaattaa  ppaacckk
32291-500 32291-520 32391

Organochlorine Pesticide Mix AB # 3

2,000µg/mL each in hexane:toluene (1:1), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32415 32415-510 —

ww//ddaattaa  ppaacckk
32415-500 32415-520 32515

RReecceenntt  LLiitteerraattuurree
Restek is Your Free Technical Literature Source!

Restek High Performance Silica
New product flyer—lit.# 59901

Genuine Restek Replacement Parts for
HPLC
Product flyer—lit.# 59012

Rtx®-XLB Low Bleed Capillary GC
Columns
New product flyer—lit.# 59957

Rtx®-1701 / MXT®-1701 Capillary GC
Columns
Fast Facts—lit.# 59016

“Cool Tools” for GC & HPLC
Product flyer—lit.# 59879

GC Essentials (Injection Port & Inlet)
Product flyer—lit.# 59208D

You can review these and many more publications on our website, www.restekcorp.com 

Decachlorobiphenyl (BZ #209)

2,4,5,6-Tetrachloro-m-xylene
EEaacchh 55--ppkk.. 1100--ppkk..

220000µµgg//mmLL  iinn  aacceettoonnee,,  11mmLL//aammppuull
32027 32027-510 —

32027-500 32027-520 32127
220000µµgg//mmLL  iinn  aacceettoonnee,,  55mmLL//aammppuull

32028 32028-510 —

32028-500 32028-520 32128

pentachloronitrobenzene
508.1 Internal Standard

100µg/mL in ethyl acetate, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32091 32091-510 —

ww//ddaattaa  ppaacckk
32091-500 32091-520 32191

8140/8141 Internal & Surrogate
Standards 
1,000µg/mL in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
IInntteerrnnaall  SSttaannddaarrdd::  1-bromo-2-nitrobenzene

32279 32279-510 —

32279-500 32279-520 32379
SSuurrrrooggaattee::  4-chloro-3-nitrobenzotrifluoride

32282 32282-510 —

32282-500 32282-520 32382

EEaacchh 55--ppkk.. 1100--ppkk..
1100µµgg//mmLL  iinn  iissooooccttaannee,,  11mmLL//aammppuull

32289 32289-510 —
ww//  ddaattaa  ppaacckk

32289-500 32289-520 32389
220000µµgg//mmLL  iinn  aacceettoonnee,,  11mmLL//aammppuull

32029 32029-510 —

32029-500 32029-520 32129
220000µµgg//mmLL  iinn  aacceettoonnee,,  55mmLL//aammppuull

32030 32030-510 —

32030-500 32030-520 32130

20 compounds listed for cat.# 32292 above

20 compounds listed for cat.# 32292 above

Vu2 Union™ & SeCure™ “Y” Connectors
New product flyer—lit.# 59878A

Drilled Uniliner® GC Inlet Liners
Fast Facts—lit.# 59877

Certified PAHs in #2 Diesel Fuel
Fast Facts—lit.# 59384B

Reference Mixes for Method 8260B
Volatiles
Fast Facts—lit.# 59332B

Restek Performance Coatings
Services flyer—lit.# 59872

Restek 2004 On-the-Road Seminars
Description & schedule—lit.# 59282C

HPLC Method Development Course
Description & schedule—lit.# 59005

GGCC//EECCDD  AAnnaallyyssiiss  ooff  OOrrggaannoocchhlloorriinnee  PPeessttiicciiddeess
oorr  PPoollyycchhlloorriinnaatteedd  BBiipphheennyyllss

continued from page 7

Congratulations!
Charles Roberts of Chemtron Corporation won

the digital camera in our “Are You Game?”
give-away at PittCon® 2004. We hope you're

enjoying your camera, Charles.

Many thanks to everyone who 
visited our booth, and we look 

forward to seeing you again next
year in Orlando.
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IImmpprroovveedd  SSiillccooCCaann™™ aanndd  TTOO--CCaann™™ CCaanniisstteerrss
By Donna Lidgett, Air Monitoring Product Marketing Manager Restek

Innovation!✔ Improved design: canister holder and valve bracket protect the canister, tube stub,
and valve.

✔ Excellent long-term storage of polar and nonpolar volatile organics in ambient air.
✔ Eliminate adsorption of active compounds.

ww//GGaauuggee  &&  NNoonn--TTrreeaatteedd  VVaallvvee ww//GGaauuggee  &&  SSiillccoosstteeeell®--TTrreeaatteedd  VVaallvvee
vvoolluummee qqttyy.. ccaatt..## pprriiccee  qqttyy.. ccaatt..## pprriiccee  
1L ea. 24140 ea. 24140-650
3L ea. 24141 ea. 24141-650
6L ea. 24142 ea. 24142-650
15L ea. 24143 ea. 24143-650

Improved SilcoCan™ Canisters (1/4" Valve)

ww//NNoonn--TTrreeaatteedd  VVaallvvee ww//SSiillccoosstteeeell®--TTrreeaatteedd  VVaallvvee
vvoolluummee qqttyy.. ccaatt..## pprriiccee  qqttyy.. ccaatt..## pprriiccee  
1L ea. 24180 ea. 24180-650
3L ea. 24181 ea. 24181-650
6L ea. 24182 ea. 24182-650
15L ea. 24183 ea. 24183-650

Newest coating
technology
For high inertness, and to
ensure sample stability,
SilcoCan™ canisters are now
deactivated with Restek’s lat-
est innovative surface treat-
ment, which chemically bonds
to the metal inner surface of
the canister. This coating
offers unsurpassed inertness
for active compounds, includ-
ing polar and sulfur-contain-
ing molecules, and will not
crack, chip, or flake off,
despite harsh handling in the
field or during transport.

Optional gauge
• Quickly confirm vacuum or

pressure inside canister.
• Monitor pressure changes.
• Fully protected by canister

frame.
• Can be heated to 90°C during

cleaning.

Serial
controlled
For quick, sure 
identification.

Enhanced valve
and canister
bracket
Canister holder and valve
bracket protect canister,
tube stub, and valve.

1/4" tube stub
Allows user to inter-
change valves.

Improved TO-Can™ Canisters 
(1/4" Valve)

vvoolluummee qqttyy.. ccaatt..## pprriiccee  
1L ea. 24172
3L ea. 24173
6L ea. 24174
15L ea. 24175

Improved TO-Can™ Canisters 
(1/4" Valve, with Gauge)

vvoolluummee qqttyy.. ccaatt..## pprriiccee  
1L ea. 24176
3L ea. 24177
6L ea. 24178
15L ea. 24179

1/4" Replacement Valves for Air Monitoring Canisters

NNoonn--TTrreeaatteedd  VVaallvvee SSiillccoosstteeeell®--TTrreeaatteedd  VVaallvvee
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee qqttyy.. ccaatt..  ## pprriiccee
1/4" Replacement Valve (2-port) ea. 24145 ea. 24144
1/4" Replacement Valve (3-port) ea. 24147 ea. 24146

Air Canister Heating Jacket

• Closely simulates oven environment—heats
entire canister.

• Easily fits canister up to 6 liters.
• Prevents sample condensation, for accurate

sub-sampling.
• Lightweight; comfortable to the touch when

heated.
• Connect up to five Canister Heating Jackets

to one 15 amp circuit.

Whether you made your canister cleaning sys-
tem or purchased a commercial system, the
new Restek Canister Heating Jacket will help
you clean your canisters faster and more effi-
ciently. The novel design ensures the entire
canister, including the valve, is heated during
the cleaning cycle, to remove contaminants
most effectively. It also can be used to keep the
sample heated during aliquot removal, which
helps prevent condensation and assure accu-
rate data for larger molecules. The Canister
Heating Jacket incorporates two heat settings—
low (75°C) and high (150°C)—to let you
match the temperature to the volatility of your
sample components. Connect up to five
Canister Heating Jackets to one 15 amp circuit.
If you try one in your system, we think you’ll
want more.

The ultimate in controlled heating, for reliably 
cleaning your air canisters!

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Air Canister Heating
Jacket (110 volt) ea. 24123

!new
★



• 10 • www.restekcorp.com800-356-1688

Swagelok® fittings are world-renowned for meeting
demanding standards. Now, Restek is pleased to set
the new standard for inert or corrosion-resistant
tubing system components: Swagelok® products with
Restek's unparalleled surface treatments—Siltek™

or Silcosteel®-CR treatment—available from stock.

Siltek™ treatment, which is equivalent to Sulfinert®

treatment, is the ideal choice for ultimate inertness,
intended specifically for systems used to collect,
store, and transfer active compounds. The most
reactive sample components can be stored and
transferred via a Siltek™ treated system: even at
parts-per-billion levels, sulfur-containing or other

very active compounds exhibit virtually no adsorp-
tion. And, unlike coatings, Siltek™ and other Restek
treatments produce a layer that is integral with the
fitting surface—it will not chip, flake, or delaminate,
even in the most stressful applications.

Silcosteel®-CR treatment is highly effective protection
for stainless steel exposed to hydrochloric, nitric, or
sulfuric acid, or to marine environments. In inde-
pendent tests, Silcosteel®-CR treatment upgraded the
corrosion resistance of 300-grade stainless steel
samples by an order of magnitude (Table 1) and
totally protected them against crevice corrosion
(Figure 1).

IInneerrtt,,  HHiigghh--QQuuaalliittyy  FFiittttiinnggss
aanndd  TTuubbiinngg  ffoorr

DDeemmaannddiinngg  AApppplliiccaattiioonnss
by Gary Barone, Restek Performance Coatings Division

Siltek™/Sulfinert® and Silcosteel®-CR Treated Swagelok® Fittings
✔ Siltek™/Sulfinert® treatment* ensures ultimate inertness.
✔ Silcosteel®-CR treatment enhances acid resistance tenfold, or more.
✔ Restek treatments cannot chip, flake, or delaminate.
✔ Custom treatment available.

FFiittttiinngg  TTyyppee SSiimmiillaarr  ttoo SSiilltteekk™//SSuullffiinneerrtt® SSiillccoosstteeeell®--CCRR
SSiizzee SSwwaaggeellookk® ## qqttyy.. ccaatt..## pprriiccee qqttyy.. ccaatt..## pprriiccee

UUnniioonn 1/16" SS-100-6 ea. 22540 ea. 22575
1/8" SS-200-6 ea. 22541 ea. 22576
1/4" SS-400-6 ea. 22542 ea. 22577

TTeeee 1/16" SS-100-3 ea. 22543 ea. 22578
1/8" SS-200-3 ea. 22544 ea. 22579
1/4" SS-400-3 ea. 22545 ea. 22580

RReedduucciinngg  UUnniioonn 1/8" to 1/16" SS-200-6-1 ea. 22546 ea. 22581
1/4" to 1/16" SS-400-6-1 ea. 22547 ea. 22582
1/4" to 1/8" SS-400-6-2 ea. 22548 ea. 22583

UUnniioonn  EEllbbooww 1/8" SS-200-9 ea. 22549 ea. 22584
1/4" SS-400-9 ea. 22550 ea. 22585

PPlluugg 1/16" SS-100-P ea. 22572 ea. 22619
1/8" SS-200-P ea. 22573 ea. 22620
1/4" SS-400-P ea. 22574 ea. 22597

CCrroossss 1/8" SS-200-4 ea. 22551 ea. 22586
1/4" SS-400-4 ea. 22552 ea. 22587

TTuubbee  EEnndd  RReedduucceerr 1/8" tube to 1/16" SS-100-R-2 ea. 22553 ea. 22588
1/4" tube to 1/16" SS-100-R-4 ea. 22554 ea. 22589
1/8" tube to 1/4" SS-400-R-2 ea. 22555 ea. 22590
1/4" tube to 1/8" SS-200-R-4 ea. 22556 ea. 22591

PPoorrtt  CCoonnnneeccttoorr 1/8" SS-201-PC ea. 22557 ea. 22592
1/4" SS-401-PC ea. 22558 ea. 22593

1/8" tube to 1/4" SS-401-PC-2 ea. 22559 ea. 22594
MMaallee  CCoonnnneeccttoorr 1/8" to 1/8" NPT SS-200-1-2 ea. 22561 ea. 22595

1/4" to 1/4" NPT SS-400-1-4 ea. 22562 ea. 22596
1/16" to 1/8" NPT SS-100-1-2 ea. 22563 ea. 22610
1/8" to 1/4" NPT SS-200-1-4 ea. 22564 ea. 22611
1/4" to 1/8" NPT SS-400-1-2 ea. 22565 ea. 22612

FFeemmaallee  CCoonnnneeccttoorr 1/8" to 1/8" NPT SS-200-7-2 ea. 22566 ea. 22613
1/4" to 1/4" NPT SS-400-7-4 ea. 22567 ea. 22614
1/4" to 1/8" NPT SS-400-7-2 ea. 22568 ea. 22615
1/8" to 1/4" NPT SS-200-7-4 ea. 22569 ea. 22616

BBuullkkhheeaadd  UUnniioonn 1/8" SS-200-61 ea. 22570 ea. 22617
1/4" SS-400-61 ea. 22571 ea. 22618

Figure 1 Silcosteel®-CR treated 316L stainless
steel coupons show no crevice corrosion and
only slight pitting corrosion (top), while bare
316L stainless steel coupons exhibit severe

crevice corrosion (bottom).

Table 1 Silcosteel®-CR treated stainless steel
coupons show little weight loss after exposure to

6% w/w ferric chloride solution.

SSaammppllee WWeeiigghhtt  LLoossss  ((gg//mm22))

Silcosteel®-CR 17 19

Silcosteel®-CR 28 25

Silcosteel®-CR 47 25

Bare Steel 27 231

Bare Steel 34 209

Bare Steel 37 228

If you need to construct a system for a demanding
application, you will not find more suitable fittings
than Restek treated Swagelok® fittings. Siltek™,
Silcosteel®-CR, or other Restek surface treatments
can be applied to other fittings or parts on
request—contact  our Technical Service chemists or
your Restek representative.
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Searching for
the Perfect
Solution?

Let Restek create the perfect reference mixture—to
your exact specifications. Contact the Technical Service
Team or visit us online at wwwwww..rreesstteekkccoorrpp..ccoomm//ssoolluuttiioonnss

Although glass is widely thought of as an “inert”
material, glass surfaces are, in fact, slightly acidic and
highly adsorptive, due to the presence of silanol
groups (SiOH). These reactive groups interact via
hydrogen bonding with amine (-NH), carboxylic acid

(-COOH), hydroxyl (-OH), or thiol (-SH) functional
groups, and compounds containing these groups
adsorb to untreated glass surfaces. To minimize
adsorption in sample preparation glassware and in
the GC sample pathway, and prevent chromatographic

Siltek™/Sulfinert® Treated Electropolished Stainless Steel Tubing

1/8" OD: 5 ft. to 100 ft. in one continuous coil;
1/4" OD: 5 ft. to 300 ft. in one continuous coil.
Longer lengths will be more than one coil.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22538
0.180" 1/4" 22539

Silcosteel®-CR Treated Electropolished Stainless Steel Tubing

Restek also sets the highest standard in transfer tub-
ing for analytical and process applications. The near-
mirror finish of this electropolished tubing (surface
roughness of only 5-7 micro-inches) creates a very
small surface area that, in combination with
unequalled Restek surface treatments, ensures supe-
rior inertness (Siltek™) or greatly enhanced corro-
sion resistance (Silcosteel®-CR). Further, we can
provide continuous coils of 1/8" tubing up to 100 feet
(30.5m) or 1/4" tubing up to 300 feet (91.4m)—a
first for electropolished tubing.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22536
0.180" 1/4" 22537

Siltek™ and Silcosteel®-CR Treated Electropolished Stainless Steel Tubing
✔ Exceptional inertness.
✔ Improved reliability and reproducibility; longer lifetime.
✔ Use with treated fittings for the most inert sample pathway available.

The extremely inert Siltek™ surface is ideal in sulfurs
or automotive exhaust testing, stack gas sampling,
process monitoring, or any other application in
which a representative sample must be transferred
without loss.

In systems used to transfer hydrochloric, nitric, sul-
furic, or other acids, or seawater, Silcosteel®-CR
treated electropolished stainless steel tubing will last
longer and require less maintenance. Silcosteel®-CR
treated samples were very well protected from pit-

ting and crevice corrosion, compared to bare steel
samples (Table 1 and Figure 1, p. 10).

For maximum inertness, we recommend a sample
transfer system constructed from Restek treated
electropolished stainless steel tubing and Restek
treated Swagelok® fittings. To find out how Restek
treated components will improve your system’s per-
formance, contact our Technical Service Group (ext.
4), or your Restek representative, and ask to speak
with our coatings experts.

Dimethyldichlorosilane (DMDCS)
Neat, 20mL/ampul

EEaacchh 55--ppkk..
31840 31840-510

DDeeaaccttiivvaattiinngg  GGllaassss  SSuurrffaacceess  wwiitthh
DDiimmeetthhyyllddiicchhlloorroossiillaannee  ((DDMMDDCCSS))

by Jack Crissman, Ph.D., Analytical Reference Materials Product Marketing Manager
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Figure 1 Dimethyldichlorosilane deactivates silanol groups on a glass surface.

DMDCS

An alternative procedure, polymeric deactivation, provides maximum coverage of
glass surfaces and should be used to treat inlet liners for critical analyses involving
very low concentrations of highly active compounds (e.g., endrin, DDT, drugs). 
All liners supplied by Restek undergo polymeric deactivation.

For uullttiimmaattee  iinneerrttnneessss, and most accurate data for trace levels of reactive analytes,
we recommend Siltek™ deactivation. Siltek™ deactivated guard columns, inlet sleeves,
and other glassware are listed in the Restek catalog. For other items, ask our
Technical Service chemists or your Restek representative about deactivation.

tailing or loss of sensitivity at low sample concentra-
tions, it is important to eliminate or mask the reactive
silanol groups.

One popular way to deactivate glass surfaces is to
chemically bond a non-adsorptive molecule to the
active silanol groups (Figure 1). This typically is
accomplished using dimethyldichlorosilane—
DMDCS. The procedure is suitable for most analyses
that involve concentrated samples and non-active
matrices. It can be followed to clean and deactivate
glass GC inlet liners, derivatization vials, and all
glassware used for preparing analytical reference
materials. Restek now offers DMDCS in 20mL
ampuls, for analysts who wish to deactivate their
glassware themselves.

✔ Convenient 20mL ampuls.
✔ Unopened ampuls have long shelf life.
✔ Detailed deactivation procedure available on request.

Restek
Innovation!

Alternative
Surface

Treatments
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RReesstteekk  HHPPLLCC  CCoolluummnn  KKiittss  ffoorr  FFaasstteerr,,  
EEaassiieerr  MMeetthhoodd  DDeevveellooppmmeenntt

by Rebecca Wittrig, Ph.D., HPLC Product Marketing Manager

✔ Multiple stationary phases, for quick optimization of selectivity.
✔ Specific kits for MS or UV detection—both include columns specifically for basic analytes.
✔ Fast LC kits use economical cartridge design.

When developing a new HPLC assay, method devel-
opment chemists often start with a C18 or C8 station-
ary phase, because these phases have proven useful
for analyzing a wide range of organic compounds.
Many analysts have learned, however, that a C18 or
C8 stationary phase is not the best choice for every
separation. A cyano-, pentafluorophenyl, or amino-
containing stationary phase, a phase with embedded
polar groups, or a phase designed for compatibility
with highly aqueous mobile phases might provide
superior resolution of target compounds (Figure 1).

To help analysts efficiently select the optimum sta-
tionary phase, we have assembled kits of columns
for use in HPLC method development. The four
columns in each kit incorporate a range of station-
ary phase types, are configured for rapid analyses,
and are optimized for the detector type: 50 x 4.6mm
ID columns containing 5µm packings for use with
UV detection, 30 x 2.1mm ID columns containing
3µm packings for LC/MS. The Fast LC method devel-
opment kits include four 30 x 2.1mm ID or four 30
x 4.0mm ID cartridges containing 3µm packings,
and a cartridge holder.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
LLCC//MMSS (1 Allure™ C18 (USP L1), 1 Allure™ PFP Propyl, 
1 Allure™ Basix (USP L10), 1 Ultra Aqueous C18 (USP L1)) four 30 x 2.1mm, 3µm columns 25136
LLCC//UUVV (1 Pinnacle™ DB C18 (USP L1), 1 Allure™ PFP Propyl, 
1 Ultra Aqueous C18 (USP L1), 1 Ultra IBD) four 50 x 4.6mm, 5µm columns 25137

Fast LC Method Development Kit
Each kit includes four Fast LC Cartridges (Ultra C18 (USP L1), Ultra Aqueous C18 (USP L1), Ultra Cyano (USP
L10), Ultra PFP (USP L43)) and a Fast LC cartridge holder.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Fast LC Development Kit four 30 x 2.1mm columns 25296
Fast LC Development Kit four 30 x 4.0mm columns 25297

High Performance
Silica Products
(lit. cat.# 59901)
Tight production 
specifications ensure 
highly consistent lot-to-lot
performance from Restek's
proprietary silica materi-
als. This 6-page publication
characterizes Pinnacle II™

and Pinnacle™ DB stock
bulk products—bare silica and silica with popular
bonded phases—and illustrates typical results
achieved by using them. Custom materials can be
designed from a broad range of particle sizes, pore
sizes, and phases.

HPLC Method
Development Course
Many analysts anticipate developing a new HPLC
method with apprehension. To help de-mystify this
process, Restek, in cooperation with ChromVision,
offers a dynamic, thorough two-day course on the sub-
ject, presented in a logical and systematic manner by
an expert on the effects of adsorbent chemistry and
structure on HPLC retention. It provides the knowledge
and tools necessary for understanding why a particular
stationary phase would be chosen for separating vari-
ous analytes, and how to improve selectivity by choos-
ing the proper eluent. Eight lectures cover all aspects
of method development and are complemented and
reinforced by four workshops. The course is especially
useful to analysts working with pharmaceutical or bio-
logical/biochemical analytes. For more information
about this and other Restek seminars, visit our semi-
nars web page: www.restekcorp.com/seminar 

Bulk Silica Available!

Figure 1  Better chromatography for basic molecules, using an Ultra IBD column.
The base-deactivated column has a unique blend of hydrophobic and polar character for better

resolution of closely related compounds.

1
2

3

PPeeaakk  LLiisstt::
1. uracil
2. famotidine
3. ranitidine

Ultra IBD Phase
• High Selectivity
• Marked Resolution

1

CCoolluummnnss::
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å
CCoonnddiittiioonnss::
Mobile Phase: 20mM KxHyPO4

pH 7:acetonitrile (70:30,v/v)
Flow Rate: 1.0mL/min
Det.: UV @ 234nm

2, 3

Conventional C18 Phase
• Little Retention
• No Resolution

HPLC and LC/MS Column Kits

2 4 6 8 10 12 min.0

2 4 6 8 10 12 14 min.0

If the columns in the kits listed below don’t appear
to meet your needs, please contact our Technical
Service group or your Restek distributor for infor-
mation about custom kits.
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GGeennuuiinnee  RReesstteekk  RReeppllaacceemmeenntt  PPaarrttss
ffoorr  BBeecckkmmaann  aanndd HHiittaacchhii  HHPPLLCC  SSyysstteemmss

Keep Your System Running Smoothly
by Rebecca Wittrig, Ph.D., HPLC Product Marketing Manager

✔ Designed to meet or exceed original equipment performance.
✔ Simplify ordering—a single source for columns, tools, parts, reference mixes.
✔ Renowned Plus 1™ service.

Restek Replacement Parts for Beckman HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

BBeecckkmmaann  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Inlet Check Valve Assembly
110A&B, 112, 114M, 116,
118, 125, 126, 127, 128 240720 ea. 25439

Outlet Check Valve Assembly
110A&B, 112, 114M, 116,
118, 125, 126, 127, 128 240721 ea. 25440

Inlet Check Valve Cartridge for
Check Valve Assembly

110A&B, 112, 114M, 116,
118, 125, 126, 127, 128 240620 ea. 25441

Outlet Check Valve Cartridge for
Check Valve Assembly

110A&B, 112, 114M, 116,
118, 125, 126, 127, 128 240621 ea. 25442

Graphite Guide (Bushing) Pumps 243714 ea. 25443
Guide Sleeve for Graphite
Plunger Guide 110 Series 243713 ea. 25444
Outlet Check Filter Frit Assembly Pumps 240619 ea. 25445
Piston Guide Assembly Pumps 243045 ea. 25446
Plunger 110 Series and 112 Pumps 243053 ea. 25447
Plunger Seal 110 Series 887138 ea. 25448
Plunger Seal 112 Pumps 236797 ea. 25449

Sapphire Plunger
114M, 116, 118, 125, 126,

127, 128 Pumps 240714 ea. 25450

Plunger Seal
114M, 116, 118, 125, 126,

127, 128 Pumps 241037 ea. 25451

Pump Seal, Gold
114, 116, 125, 126, 127, 128

Pumps 241037 ea. 25452
Plunger Wash Seal Pumps 238627 ea. 25453
Deuterium Lamp DU60, 62, 64, 65 596791 ea. 25454

Restek Replacement Parts for Hitachi HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

HHiittaacchhii  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
SS Check Valve Cartridges 
(1/16" Ruby Ball) 655/6000/6200 AN0-085 2-pk. 25455
Inlet Check Valve Assembly 655/6000/6200 AN0-0833 ea. 25456
Outlet Check Valve Assembly 655/6000/6200 AN0-0834 ea. 25457
Plunger Assembly 655, 6000, 6200, 7100 810-1033 ea. 25458
Plunger Assembly L655A, 6000, 6200, 7100 655-1080 ea. 25459
Plunger Assembly, Gold 655, 6000, 6200, 7100 655-1080 ea. 25460
Inlet Check Valve Assembly L-7100 AN0-0836 ea. 25461
Outlet Check Valve Assembly L-7100 AN0-0837 ea. 25462
Rotor Assembly for Dilutor Valve AS-7200 Autosampler 810-3085 ea. 25463

Rotor Seal Kit
AS-7200, AS-7250 

Injection Valve AN0-0818 ea. 25464
Deuterium Lamp, Prealigned L4000, L4200, L4250, L7400 885-3570 ea. 25465

HPLC Column
Selection Guide
(lit. cat.# 59454A)
A useful chart to keep
with your workbooks, or
post on a wall. Quickly
scan important 
characteristics of Restek
HPLC columns. Includes
cross-references to 
similar phases.

HPLC Tech Tips Wall
Chart
(lit. cat.# 59894A)
Almost everything you
need to remember about
HPLC, condensed into 3
feet by 2 feet: mobile
phase basics, buffers
(types, pKas, pH ranges,
formula masses, more),
miscibility and solubility
chart (invaluable!), system
setup and optimization,

detector tips, pressure conversion factors, most-used
chromatographic equations, column storage essen-
tials. Post near your instrument to save time; per-
haps save a column.

Free!
Call our literature hotline: 800-356-1688
or 814-353-1300, ext. 5, or contact
your Restek representative.

Genuine Restek
Replacement Parts
for HPLC Systems
(lit. cat.# 59012)
A listing of Restek parts
for Agilent, Beckman,
Hitachi, PerkinElmer,
Shimadzu, and Waters
instruments.

Sonic Debubbler
✔ Fast and neat—no breaking connections.
✔ Easy to use.
✔ Less solvent waste; less clean-up.

Just touch the Sonic Debubbler to the inlet line or check valve — sonic vibrations will
quickly dislodge or redissolve trapped air bubbles. Reduces downtime or conversion
time from one mobile phase to another.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sonic Debubbler ea. 20444
Sonic Debubbler (220V) ea. 25098

Coo Too !
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AAlluummaasseeaall™™ FFeerrrruulleess  EElliimmiinnaattee  
SSeeaalliinngg  CCoommpprroommiisseess

Tired of leaking fittings? Want a ferrule that seals every time?
These new aluminum ferrules combine the sealing ease of graphite with

the security and reliability of metal ferrules.

PEAK PERFOR  ERS

Alumaseal™ ferrules* combine the advantages of
graphite and Vespel®/graphite ferrules, and eliminate
the disadvantages, for enhanced performance in any
application. The unique front and back ferrule
design seals easily and surely, the ferrules will not
fragment or off-gas, and they are stable to 550ºC.
Alumaseal™ ferrules will not allow oxygen to perme-
ate into the system, and do not require retightening

after temperature cycles, making them ideal for
GC/MS applications. They can be used with any stan-
dard 1/16" compression-type fitting, with fused silica
columns.

For leak-tight seals, we highly recommend you try
Alumaseal™ ferrules.

✔ Aluminum construction, will not crack or fragment.
✔ Eliminates out-gassing, makes leak-tight seals, for less detector noise.
✔ No retightening after temperature cycles—excellent for GC/MS.
✔ Unique two-piece design permanently locks on fused silica tubing without causing breakage.
✔ Will not stick in fittings, like Vespel® or graphite.
✔ Use with any 1/16" compression-type fitting.

by Brad Rightnour, Instrument Innovations Manager

NNeeww  VVeessppeell®® FFeerrrruulleess
Now—A Complete Range of Ferrule Choices from Restek

by Donna Lidgett, GC Accessories Product Marketing Manager

✔ 100% high-temperature Vespel® polyimide.
✔ Stable to 350ºC.
✔ Durable and leak-tight.

FFiittttiinngg  SSiizzee FFeerrrruullee  IIDD qqttyy.. ccaatt..##  //  pprriiccee

1/16" 0.3mm 10-pk. 22213
1/16" 0.4mm 10-pk. 22214
1/16" 0.5mm 10-pk. 22215
1/16" 0.8mm 10-pk. 22216
1/16" 1.0mm 10-pk. 22217
1/16" 1.2mm 10-pk. 22218

1/16" 1/16" 10-pk. 22210
1/8" 1/8" 10-pk. 22211
1/4" 1/4" 10-pk. 22212
1/4" 1/8" 10-pk. 22219

FFeerrrruullee
IIDD FFiittss  CCoolluummnn  IIDD qqttyy.. ccaatt..## pprriiccee

0.4mm 0.25mm 10-pk. 21472
0.5mm 0.32mm 10-pk. 21473
0.8mm 0.53mm 10-pk. 21474

!new
★

!new
★

Chromatography Accessories
and Tools You Can Rely On!

*Patent pending.

SSttaannddaarrdd  FFeerrrruulleess  ffoorr  11//1166--,,  11//88--,,  aanndd  11//44--iinncchh  ffiittttiinnggss

CCaappiillllaarryy  FFeerrrruulleess  ffoorr  11//1166--iinncchh  ccoommpprreessssiioonn--ttyyppee  ffiittttiinnggss

We offer a wide selection of ferrules. In addition to new Alumaseal™ and Vespel®

ferrules,we have Vespel®/graphite, graphite, and Teflon® ferrules. To review these 
other choices, visit our website or refer to our 2004 catalog.

Please
note

EEnnccaappssuullaatteedd  FFeerrrruulleess
For 1/16-Inch Compression Fittings

✔ Will not deform and stick in fittings.
✔ Reusable.
✔ Less torque needed to seal ferrule.
✔ Restek’s unique blend of graphite mini-

mizes fragmentation and outgassing.

FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD ccaatt..## pprriiccee//1100--ppkk..
0.4mm 0.25mm 21036
0.5mm 0.32mm 21037
0.8mm 0.53mm 21038
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RReesstteekk  SSoolliidd  PPhhaassee  EExxttrraaccttiioonn  CCaarrttrriiddggeess
For Cleanup of Environmental Samples

Solid phase extraction is one of the most widely used forms of sample preparation. Ease of use, safety, conser-
vative solvent usage, and cost effectiveness all contribute to its popularity.

We offer a range of SPE cartridges to meet demanding cleanup procedures. Our standard products include
Florisil® sorbent, ion exchange resins, normal phase materials, and bonded reversed phase materials. In addi-
tion, we offer specialty products, including Florisil® in ultraclean glass tubes, mixed bed sorbents, and car-
tridges for specific applications. Our SPE manifolds and pressure/vacuum pump, described in our chromatog-
raphy supplies catalog, will keep your system running efficiently.

Massachusetts TPH Cartridges
• Reduced background extractables.
• Easier quantification.
• Reproducible fractionation patterns, tube after

tube, lot after lot.
• Lower cost than glass tubes.
• Efficient processing on vacuum manifolds.

If you are seeing aromatic hydrocarbons in your
aliphatics fraction, use our Massachusetts TPH silica
gel cartridges. We designed them specifically for sep-
arating aliphatic and aromatic hydrocarbons, to
meet the requirements of the Massachusetts method-

✔ Special purpose SPE cartridges for specific methods.
✔ General purpose cartridges with normal, reversed, or ion exchange phases.
✔ Extraction manifolds and pressure/vacuum pump available.

ology, which has been adopted by other states as
well. Capillary GC columns and reference materials
for the Massachusetts methodology are described in
Application Essentials 59744, available free on
request.

Florisil® Cartridges
Florisil® adsorbent is an excellent material for
cleanup of samples containing pesticides and/or
PCBs. In addition, it can be used to separate mix-
tures of aliphatic and aromatic hydrocarbons. An
effective cleanup procedure is summarized in
Application Note 59562A, available free on request.

DDeessccrriippttiioonn AApppplliiccaattiioonnss
TTuubbee  VVoolluummee,,

BBeedd  WWeeiigghhtt qqttyy.. ccaatt..## pprriiccee

MMaassssaacchhuusseettttss  TTPPHH

Extraction of hexane-extractable petroleum
hydrocarbons from soil and waste samples.
Specially treated to reduce contaminants and
increase capacity. Silica.

20mL, 5g 20-pk. 26065

EEPPAA  MMeetthhoodd  554488..11
Extraction of endothal from aqueous samples.
Weak anion exchange resin.

6mL 30-pk. 26063

EEPPAA  MMeetthhoodd  555522..11
Extraction of haloacetic acids from aqueous
samples. Strong anion exchange resin.

1mL 100-pk. 26064

OOrrggaannoo  TTiinn
High-capacity cleanup of butyl and phenyl tin
compounds from soil, water, and biota. 
Mixed bed.

60mL 16-pk. 24049

RRDDXX
Extraction of explosive compounds (EPA
Method 8330) from water samples.

6mL, 500mg 30-pk. 26093

*Teflon® frits
**Glass tubes with Teflon® frits

33mmLL//220000mmgg 33mmLL//550000mmgg 66mmLL//550000mmgg 66mmLL//11000000mmgg
((5500--ppkk..)) ((5500--ppkk..)) ((3300--ppkk..)) ((3300--ppkk..))

Florisil®

(EPA SW 846 methods and CLP
protocols)

— 24031 — 24034

— 24032* 26086** 26085**
Silica (EPA SW 846 methods) — 24035 — 24038

— 24036* — —

Specialty Cartridges
Specifically designed to provide consistent and reproducible results for the listed method or application.
Polypropylene tubes with polyethylene frits.

Normal Phase Cartridges
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar matrices, such as organic
solvents (e.g., polar contaminants from sample extracts). Polypropylene tubes with polyethylene frits, except as
indicated otherwise.

Resprep™ 12- or 24-Port Tube Manifolds
• Use with any standard male luer-end SPE tube or

cartridge.
• Inert, Teflon® sample guides reduce cross-contami-

nation and carryover.
• Flexible sample collection rack will accommodate

a variety of receiving vessels.
• Quick vacuum-release valve for better control.
• Individual vacuum control for each tube—

improves reproducibility.

Complete manifold
includes glass basin with
built-in vacuum regulator,
polypropylene top plate
with 12 or 24 individual
control valves, 12- or 24-
position collection rack,
and 12 or 24 Teflon®

sample guides.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™ 12-Port Manifold kit 26077
Resprep™ 24-Port Manifold kit 26080

Massachusetts EPH/VPH/APH Methods
(lit. cat.# 59744)
Massachusetts’ gas chromatographic methods for
volatile (VPH), extractable (EPH), and air phase (APH)
fractions of gasoline and other petroleum products
have been adopted by other states, and in Canada. This
4-page publication lists many Restek products that can
help a laboratory meet the requirements of the
Massachusetts methods, including capillary columns
(Restek columns are specified in each method), extrac-
tion cartridges, analytical reference materials, and air
sampling canisters.

Free!
Call our literature hotline: 800-356-1688
or 814-353-1300, ext. 5, or contact
your Restek representative.

by Lydia Nolan, Instrument Support Chemist
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Do you question which GC injection technique is
best for your sample? Are you uncomfortable when
formulating or adjusting HPLC mobile phases?

A comprehensive seminar with the experienced
Restek chromatographers will help you reduce
guesswork, improve throughput, and obtain more
reliable data, without straining your schedule or
travel budget. You'll appreciate your investment as
you spend less time experimenting with analytical
conditions or troubleshooting problems.

In our one-day courses, we present a wealth of
information in an engaging multimedia format.
Demonstrations and problem solving exercises rein-

force understanding of important principles. Basic,
intermediate, and advanced elements make each
seminar equally suitable for analysts with limited
chromatographic experience and for experienced
analysts who want to review the fundamentals and
evaluate the newest developments. Our thorough
two-day HPLC Method Development seminar will
give you the tools you need to deal effectively with
what often is the most challenging aspect of your
analysis.

Choose the topic that matches your work, and the site
that's most convenient. Additional dates and locations
are in progress. For details, and updates to the sched-
ule, please see www.restekcorp.com/seminar

RReesstteekk  SSeemmiinnaarrss  ffoorr  22000044
We’re on the Road Again!

by Rick Parmely, Director of Technical Training

Limited seating—please register today!
Online: www.restekcorp.com/seminar, Phone: 800-356-1688 or 814-353-1300 (ext. 3), Fax: 814-353-1309

Mail: Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823

Comprehensive Capillary GC
Date Location cat.#
May 25 Nashville, TN 65392
Sept. 13 Boulder, CO 65375
Sept. 13 Blue Ash, OH 65387
Sept. 15 Columbus, OH 65376
Sept. 16 Salt Lake City, UT 65377
Sept. 17 Buffalo, NY 65384
Oct. 14 RTP, NC 65379
Oct. 21 Buena Park, CA 65378

GC/MS
Date Location cat.#
Nov. 1 Pleasanton, CA 65390
Nov. 3 Seattle, WA 65391

Comprehensive HPLC
Date Location cat.#
Aug. 3 Indianapolis, IN 65381
Oct. 5 Rockville, MD 65374
Oct. 6 Princeton, NJ 65370
Oct. 8 Plymouth Meeting /

King of Prussia, PA 65371
Oct. 18 La Jolla / San Diego, CA 65389

HPLC Method Development (two days)
Date Location cat.#
June 24/25 Downers Grove, IL 65360
July 15/16 King of Prussia, PA 65361
Sept. 23/24 Indianapolis, IN 65362
Oct. 21/22 Foster City, CA 65363

In 2002, Restek and
some of the country’s
premiere independent
instrument service
providers formed an

alliance, with a goal of bringing you the finest chro-
matography operating supplies, equipment service,
and applications support available. Through that
alliance we developed a program that pays you for

RReewwaarrdd  YYoouurrsseellff——RReeggiisstteerr  yyoouurr  LLaabb  TTooddaayy!!
Begin Earning STAR™ Points

By Doug Elliott, STAR™ Service Rewards Coordinator

using Restek products, by reducing your costs for
quality instrument service: STAR™ Service Rewards.
Through this program, as of April 2004, more than
80,000 STAR™ Points have been distributed to labs
across the US.

If you aren’t yet registered to benefit from this valu-
able program, contact your Restek Account
Representative today, and begin saving on your serv-

ice expenses with your next Restek order. E-mail
links and telephone extensions are listed on our web
site, www.restekcorp.com

For details about the STAR™ Service Rewards
Program, the current list of member service
providers, and a map of national coverage, visit
www.restekcorp.com/cis_starwelcome.asp 
Don’t let another day pass without earning STAR™

Points. Other labs are already saving hundreds of
instrument service dollars a year—start your lab’s
savings today!

✔ Order Restek products; receive credits toward instrument service and repair.

Restek Corporation
110 Benner Circle
Bellefonte, PA 16823-8812

Return Service Requested



Paraquat (methyl viologen) and diquat are 
non-selective contact herbicides widely used in
agriculture to control broadleaf and grassy
weeds (use of paraquat is restricted in the
United States). The highly charged dual quater-
nary amines (Figure 1) are readily soluble in
water. They also are highly toxic, and ingestion
of either compound can have serious effects.

The charged compounds are difficult to retain by
standard reversed phase HPLC, so ion pairing
reversed phase methods, such as US EPA
Method 549, and specialty columns have been
developed specifically for this analysis. One
widely used approach is to couple an ion
exchange column with a post-column reactor
that creates a fluorescing complex. Detection is
very sensitive, but the columns are costly, often
exceeding $1000 US, as are the post-column
derivatization system and fluorescence detector.
The system can be beyond the budget of smaller
laboratories. Further, any method involving ion
pairing agents has inherent problems, due to
the complex chemistry and methodology and to
variation among manufacturers’ HPLC columns.

Figure 1 
Chemical structures of paraquat and diquat.

Now, Restek chemists have developed a simple,
effective, reliable analysis for paraquat and
diquat, based on a new HPLC column, Ultra
Quat, and a unique mobile phase. The analysis
can be performed on a conventional HPLC sys-
tem with a conventional UV detector. In place of
techniques that rely on the hydrophobicity of the
column and the strength of the mobile phase,
this separation makes use of a different analyti-
cal property—chaotropism: an ability to disrupt
the structure of water and thereby alter the
interactions among analyte, mobile phase, and
stationary phase. In this case, the objective is to

Simplify Paraquat/Diquat Analysis and
Improve Sensitivity

Using an Ultra Quat HPLC Column, a Simple Mobile Phase,
and a New Sample Extraction Process

by Vernon Bartlett, HPLC Manager, Katia May, Ph.D., Senior R&D Chemist, Bruce Albright, HPLC Chemist,
Lydia Nolan, Innovations Chemist, and Rebecca Wittrig, Ph.D., HPLC Product Marketing Manager

• Consistent retention and peak symmetry, without costly ion exchange columns.
• Eliminate complicated mobile phases, improve sensitivity by 30%.
• Simplify sample preparation and improve detection limits.

!new
★

paraquat dichloride [CAS# 1910-42-5]

diquat dibromide
[CAS # 85-00-7]

Figure 2
Consistent resolution, retention times, and peak symmetry for paraquat and diquat 

reference standards, using an Ultra Quat column.
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CCoolluummnn:: UUllttrraa  QQuuaatt
Cat. #: 9181565
Dimensions: 150 x 4.6mm
Particle size: 5µm
CCoonnddiittiioonnss::
Mobile phase: Ultra Quat Reagent Solution:

acetonitrile, 95:5 (v/v)
Flow: 1.0 mL/min.
Temp.: 27°C 
Det.: UV @ 257nm (paraquat)

UV @ 308nm (diquat)
SSaammppllee::
Inj.: 20µL
Conc.: 20ppm each component

(above); 20µg/mL, 40µg/mL,
and 100µg/mL each
component (left) 

Solvent: water

min.

1
2

LC_0321

PPeeaakk  LLiisstt:: PPeeaakk  ttiimmee (min.)
1. diquat 7.5
2. paraquat 8.8

promote the solubility of the two highly polar
analytes in a secondary substrate (the station-
ary phase). In other words, we bend the famil-
iar chemical rule of “like dissolves like”.

The packing for the new Ultra Quat column is
based on a type B silica, to ensure proper
selectivity and analyte retention, and to mini-

All responses at
257 & 308nm.

308nm

257nm
1

2
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mize residual silanols and metal ions on the
packing particles, which could interact with the
analytes and cause tailing and unwanted (and
sometimes unpredictable) retention.

The reagent solution we use in the mobile
phase, Ultra Quat Reagent Solution (cat.#
32441), alters the chemical nature of the ana-
lytes as perceived by the column and mobile
phase. It reduces the ability of water to solvate
the analytes and hydrogen bond with them, forc-
ing the charged complexes into the stationary
phase and improving retention.

Unlike ion pairing techniques, our new approach
requires only water, Ultra Quat Reagent Solution,
and acetonitrile (which cannot form hydrogen
bonds) to accomplish the separation. For highest
sensitivity, we monitor for paraquat at 257nm
and for diquat at 308nm. Using the new column,
mobile phase, and conditions, the detection limit
for either herbicide is 6ppb in the final sample
extract—a detectable amount of 0.12
nanograms on column. Data are summarized in
Table 1. Using the solid phase extraction proce-
dure in Table 2, which concentrates samples 200-

fold (1L to 5mL), the detection limit is 0.03ppb—
a significant improvement over current method-
ology. Analyte concentrations can be increased
by modifying the solid phase extraction proce-
dure or by increasing the injection volume, to
improve quantification and detection limits.

Figure 2 overlays chromatograms of paraquat
and diquat reference standards at a range of
concentrations (20µg/mL–100µg/mL); resolu-
tion, retention times, and peak symmetry are
highly consistent. Concentrations up to
100µg/mL are consistent with linear detector
responses.

Note that glassware used to prepare and ana-
lyze samples and reference materials for this
analysis must be deactivated (e.g., with
dimethyldichlorosilane—DMDCS, cat.# 31840).
EPA Method 549.2 requires retesting of all sam-
ples if the response for the reference standards
changes by more than 20% over the time of the
analysis. We found all reference standards
showed degradation after only 1 hour in
untreated glassware, with the lowest concentra-
tions being the most affected. 30% losses in

response were not uncommon; a diquat refer-
ence standard of 6ppb in water became unde-
tectable.

When you perform the challenging
paraquat/diquat analysis, our new Ultra Quat
column, Ultra Quat Reagent Solution and
Paraquat/Diquat Calibration Mix, and extraction
procedure will give you the edge you need to
obtain the most accurate and consistent infor-
mation.

Ultra Quat HPLC Column
PPhhyyssiiccaall  CChhaarraacctteerriissttiiccss::    
particle size:  5µm, spherical
pH range:  2.5 to 7.5
temperature limit:  80°C

SSaammppllee IInnjjeeccttiioonn LLiimmiitt  ooff LLiimmiitt  ooff
VVoolluummee VVoolluummee DDeetteeccttiioonn QQuuaannttiiffiiccaattiioonn

((mmLL)) ((µµLL)) ((ppppbb)) ((ppppbb))
1 20 6 20

100 20 0.06 0.2
250 20 0.024 0.08

1000 20 0.006 0.02
1 100 1.2 4

100 100 0.012 0.04
250 100 0.0048 0.016

1000 100 0.0012 0.004
1 200 0.6 2

100 200 0.006 0.02
250 200 0.0024 0.008

1000 200 0.0006 0.002

Table 1
Approximate detection/quantification

limits for paraquat and diquat, using an 
Ultra Quat column.

On column limit of detection (LOD): 0.12ng
On column limit of quantification (LOQ): 1.2ng

In Summary
Highly polar paraquat and diquat can’t be
separated on a reversed phase HPLC column
without adding ion pair modifier to the mobile
phase, but the ion pair reagent in current
methodology does not provide optimum
resolution and does not permit detection
below 0.7µg/mL. We have developed a column
and a mobile phase modifier for rapid, com-
plete resolution of paraquat and diquat, with
detection to concentrations as low as
0.5µg/mL—an improvement of 30%.

Sample Extraction
SPE Tubes: Restek WCX, weak cation exchanger, 3mL/500mg, cat.# 26062.
Samples: 1 liter deionized water containing 50µg each of diquat and paraquat.

Samples spiked with 20µL 549.2 Calibration Mix, cat.# 32437, diluted with HPLC grade water.
Conditioning: 3mL acetonitrile, then 3mL deionized water, applied sequentially.

Do not allow adsorbent bed to dry before applying sample.
Extraction: Pass 1 liter water samples through SPE tubes at a rate of 5-10mL/min.

Arrange 5mL collection vessels under extraction tubes.
Place 1mL acidic elution solution* in each tube, draw into bed, allow to stand for up to 1 min.
Pass solution at a slow (drop-wise) rate through SPE tubes into collection vessels.
Repeat with 2 x 2mL acidic elution solution.
Correct final volume in collection vessels to 5mL with acidic elution solution.

Analysis: Neutralize eluates with approximately 20µL concentrated ammonium hydroxide, then analyze by
HPLC. Adjust amount of ammonium hydroxide used to assure each sample is neutral (test with pH
indicating paper).

*1mL 85% H3PO4 diluted to 1 liter with deionized HPLC grade water (0.1%).

Results
AAnnaallyyttee RReeccoovveerryy  ((%%)) RRSSDD  ((%%))
diquat 99.0 0.89 (n=5)
paraquat 96.3 1.59 (n=5)

Table 2
Solid phase extraction of diquat and paraquat from aqueous samples.

55µmm  CCoolluummnn,,  44..66mmmm  IIDD ccaatt..## pprriiccee
150mm 9181565 $356

44..00mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee
10mm 918150210 $129
20mm 918150220 $129

Ultra Quat Guard Cartridges

Ultra Quat Reagent Solution
EEaacchh 1100--ppkk..

IInn  wwaatteerr,,  2200mmLL//aammppuull
32441 $50 32541 $450

Extracted samples stored and analyzed in Silcote™ CL7 deactivated
autosampler vials (cat.# 24671). Polypropylene vials and inserts
(e.g., cat.# 24651) also may be used.

diquat dibromide paraquat dichloride

Paraquat & Diquat Calibration Mix

EEaacchh
11,,000000µµgg//mmLL  eeaacchh  iinn  wwaatteerr,,  11mmLL//aammppuull

32437 $25
w/data pack

32437-500 $35

Dimethyldichlorosilane (DMDCS)
EEaacchh 55--ppkk..

NNeeaatt,,  2200mmLL//aammppuull
31840 $20 31840-510 $90

WCX Solid Phase Extraction Tubes

3mL/500mg, 50-pk., cat.# 26062, $130
Limited-time introductory price—

order now!
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GC/MS Analysis of Phthalate and Adipate
Esters in Drinking Water

Using New Restek Reference Mixes and a Low-Bleed Column

Phthalate esters are of considerable interest
because their extensive use in consumer prod-
ucts, mainly as plasticizers, leads to widespread
human exposure and potential for environmen-
tal contamination. In the United States, the
Environmental Protection Agency (EPA) estab-
lished strict drinking water standards for two of
these semivolatile compounds, bis(2-ethyl-
hexyl)phthalate and bis(2-ethylhexyl)adipate, as
potential carcinogenic agents. Because even
trace amounts of these esters can have a harm-
ful effect on drinking water quality, the goal is to
extract the compounds efficiently and identify
them accurately. EPA Method 506 offers a pro-
cedure for extracting, identifying, and quantify-
ing seven phthalate and adipate esters in drink-
ing water, using liquid/liquid extraction (methyl-
ene chloride / hexane) or liquid/solid extraction
(octadecyl (C18) disk, e.g., Restek cat.# 24004),
extract concentration to 1mL, and analysis by gas
chromatography/mass spectrometry.

We have developed two new reference materi-
als for analyses of the phthalate and adipate
esters targeted by Method 506. We prepare 506
Calibration Mix in isooctane at 1000µg/mL, per
method recommendation, and 506 Laboratory
Performance Check Mix in purge-and-trap grade
methanol at x105 the method detection limit
(MDL) for each analyte.

In our quest for superior chromatography and
improved detection limits for this and other
analyses, we have developed a series of low
bleed polymeric stationary phases, using
Crossbond® bonding technology. By providing
stable baselines at higher temperatures, these
phases allow higher signal-to-noise ratios, and
thus greater sensitivity.

EPA Method 506 suggests low levels of phtha-
late and adipate esters be evaluated using a

photoionization detector. The method allows
other approaches for detection, however, if
equivalent performance can be demonstrated.
Figure 1 shows a GC/MS analysis of the phtha-
lates and adipates, using an Rtx®-5Sil MS col-
umn. Column bleed is low, even at the 310ºC
oven temperature needed to elute the phthalate
esters with the highest boiling points. At this
temperature, column bleed from an unstable
column could have a significant effect on detec-
tion limits. The 80ºC starting temperature and
18ºC/min. temperature program ensure a fast
analysis, without inhibiting resolution. US EPA
525.2 internal standards and surrogates were
used since the method does not list specific
monitoring compounds.

In analyses for phthalate and adipate esters, 
a low-bleed Rtx®-5Sil MS column can extend
detection limits and help ensure you of reliable
data from your samples.

• New calibration and quality control check mixes save preparation time and effort.
• Stable baseline with Rtx®-5Sil MS column—no interference with sensitive detection.
• Rapid analysis, excellent resolution.

by Katia May, Ph.D., Senior R&D Chemist, and Christopher English, Environmental Innovations Chemist

benzyl butyl phthalate
bis(2-ethylhexyl)adipate
bis(2-ethylhexyl)phthalate
di-n-butyl phthalate

di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate

506 Calibration Mix

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  iissooooccttaannee,,  11mmLL//aammppuull

31845 $25 31845-510 $112.50 —
w/data pack

31845-500 $35 31845-520 $125 31945 $225

benzyl butyl phthalate 250µg/mL
bis(2-ethylhexyl)adipate 1200
bis(2-ethylhexyl)phthalate 250
di-n-butyl phthalate 100

di-n-octyl phthalate 650
diethyl phthalate 100
dimethyl phthalate 100

506 Laboratory Performance Check Mix

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

31844 $30 31844-510 $135 —
w/data pack

31844-500 $40 31844-520 $150 31944 $270

Rtx®-5Sil MS Column (fused silica)
(Selectivity equivalent to Crossbond® 5% diphenyl / 
95% dimethyl polysiloxane) (temp. limits -60°C to 330°C)

Resprep™-C18 & Resprep™-C8 SPE Disks
• 47mm glass fiber disks embedded with C18 or

C8 bonded silica. 
• Extract semivolatile organic compounds. 
• Deep-pore design reduces clogging and allows

faster flow rates.
• Meet requirements for US EPA Methods 525.1,

506, 550.1, 549.1. 
• Lower cost than Teflon® disks.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™-C18
47mm SPE Disks 20-pk. 24004 $95
Resprep™-C8
47mm SPE Disks 24-pk. 24048 $95

30-Meter, 0.25mm ID, 0.25µm df
cat.# 12723, $445 !new

★

Figure 1  Rapid analysis of phthalates, with excellent resolution, using an Rtx®-5Sil MS column.

GC_EV00745

1. 2-nitro-m-xylene (SS)
2. dimethyl phthalate
3. acenaphthene-d10 (IS)
4. diethyl phthalate
5. phenanthrene-d10 (IS)
6. di-n-butyl phthalate
7. pyrene-d10 (SS)
8. benzyl butyl phthalate
9. bis(2-ethylhexyl)adipate

10. triphenyl phosphate (SS)
11. chrysene-d12 (IS)
12. bis(2-ethylhexyl)phthalate
13. di-n-octylphthalate
14. perylene-d12 (SS)

Column: Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm
(cat.# 12723)

Sample: 506 Calibration Mix, 1000µg/mL each analyte
(cat.# 31845)

Method 525.2 Internal Standard Mix (cat.# 31825)
Method 525.2 Surrogate Standard Mix (cat.# 31826)

Inj.: 1.0µL, 20ppm each analyte using a 4mm splitless
single gooseneck inlet liner (cat.# 20799) splitless
hold time 0.40 min.,
0.45 min. pressure pulse @ 50psi

GC: Agilent 6890
Inj. temp.: 270°C
Carrier gas: helium, constant flow
Flow rate: 1.0mL/min.
Oven temp.: 80°C (hold 0.5 min.) to 260°C @ 18°C/min.,

to 310°C @ 6°C/min. (hold 1 min.)
Det.: Agilent 5973 GC/MS
Transfer 

line temp.: 280°C
Scan range: 35–550 amu
Solvent delay: 3 min.
Tune: DFTPP
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Fast Dual-Column Analysis of Pesticides or PAHs
Using an Rtx®-440 Capillary GC Column

Assessments for organochlorine pesticides or
polynuclear aromatic hydrocarbons (PAHs) are
critical, frequently performed GC analyses—
and they often are among the most challenging.
Issues that can arise include analyte break-
down and poor linearity, and calibration times
can be long. In addition to the problems inher-
ent to the analysis, analysts must be concerned

with column reactivity and bleed, which affect
sensitivity and reproducibility. In analyses of
PAHs, there are critical pairs to resolve and,
because the samples often include interfering
hydrocarbons, a confirmation column typically
is required. Compounding these problems is
constant pressure to process more samples in
less time.

With the new Rtx®-440 column, Restek makes
available an excellent choice for both of these
demanding applications.

Organochlorine Pesticides: 
Sub-10-Minute Analyses
Figure 1 shows a separation of 20 commonly
analyzed organochlorine pesticides, obtained in
less than 10 minutes by using an Rtx®-440 col-
umn. Only α-chlordane and endosulfan I (peaks
10 & 11) are not separated to the baseline. The
column’s excellent thermal stability is indicated
by a virtually flat baseline between the initial
temperature and the maximum temperature of
the program, 330ºC. In a dual-column approach
to this application, an Rtx®-440 column can be
paired with an Rtx®-CLPesticides2 column. The
latter column will provide an equally fast separa-
tion (Figure 2) and near-equivalent resolution,
with a reverse in elution order for endrin alde-
hyde and 4,4'-DDT (peaks 17 & 18). By connecting
the two columns to a “Y” connector and making
the sample injection onto a 5-meter intermediate-
polarity deactivated guard column, the two analy-
ses can be conducted simultaneously.

Polynuclear Aromatic Hydrocarbons: 
Baseline Resolution of Critical Pairs
In Figure 3, 16 commonly encountered PAHs
have eluted from an Rtx®-440 column in less
than 18 minutes. Two critical pairs, phenan-
threne/anthracene (peaks 5 and 6) and
benzo(a)anthracene/chrysene (peaks 9 and 10),
are resolved to baseline, and benzo(b)fluoran-
thene and benzo(k)fluoranthene (peaks 11 and
12) and indeno(1,2,3-cd)pyrene and
dibenzo(a,h)anthracene (peaks 14 and 15) are
almost completely separated. Also notice the
excellent thermal stability—baseline rise is
negligible even at 320ºC. Similar results can be
obtained by using an Rtx®-5Sil MS column or an
Rtx®-CLPesticides2 column and constant flow, as
shown in the Applications section of our general
catalog. An Rtx®-440 column can be paired with
either of these other columns, for a rapid, dual-
column/FID analysis of commonly encountered
PAHs.

• Analyze 20 organochlorine pesticides in less than 9 minutes.
• Analyze 16 PAHs in 22 minutes.
• New low-bleed, high-resolution column is ideal for dual-column analyses.

!new
★ By Greg France, Innovations Chemist, and Gary Stidsen, Innovations Team Manager

Figure 1  Separate 20 organochlorine pesticides in 9 minutes, using an Rtx®-440 column.

Conditions for Figures 1 and 2
Sample: Organochlorine Pesticide Mix AB #2 (cat.# 32292), 

2,4,5,6-tetrachloro-m-xylene (ss) (cat.# 32027), 
decachlorobiphenyl (ss) (cat.# 32029), diluted in
hexane, on-column amounts listed on figure

Inj.: 1.0µL splitless (hold 0.75 min.), 4mm Drilled
Uniliner® inlet liner (cat.# 21055)

Inj. temp.: 225°C
Carrier gas: hydrogen, constant pressure
Linear velocity: 73cm/sec. (Rtx®-440) or 77cm/sec. @ 140°C

(Rtx®-CLPesticides2)
Oven temp.: 140°C (hold 0.5 min.) to 268°C @ 30°C/min.,

to 290°C @ 11°C/min., to 330°C @ 25°C/min.
(hold 5 min.)

Det.: ECD @ 320°C

Compound Conc. (ppb)
1. 2,4,5,6-tetrachloro-

m-xylene (ss) 80
2. α-BHC 80
3. γ-BHC 80
4. β-BHC 80
5. δ-BHC 80
6. heptachlor 80
7. aldrin 80
8. heptachlor epoxide 80
9. γ-chlordane 80

10. α-chlordane 80
11. endosulfan I 80
12. 4,4'-DDE 160
13. dieldrin 160
14. endrin 160
15. 4,4'-DDD 160
16. endosulfan II 160
17. endrin aldehyde 160
18. 4,4'-DDT 160
19. endosulfan sulfate 160
20. methoxychlor 800
21. endrin ketone 160
22. decachlorobiphenyl (ss) 160

GC_EV00734

Figure 2 An Rtx®-CLPesticides2 column complements the Rtx®-440 column in
dual-column analysis of organochlorine pesticides.

GC_EV00733

Rtx®-CLPesticides2 30m, 0.32mm ID, 0.25µm
(cat.# 11324), intermediate-polarity deactivated
guard column, 5m x 0.32mm ID (cat.# 10044)

Rtx®-440 30m, 0.32mm ID, 0.50µm 
(cat.# 12939), intermediate-polarity 
deactivated guard column, 5m x 0.32mm ID
(cat.# 10044)
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Conclusion
The new Rtx®-440 column is an excellent addition
to the selection of innovative columns available
from Restek. The column exhibits high thermal
stability and, for organochlorine pesticides, a
selectivity alternative to the Rtx®-CLPesticides2
column. An Rtx®-440 column can be paired with
an Rtx®-CLPesticides2 column to ensure sub-10-
minute analysis times for organochlorine pesti-
cides, or can be used as a confirmation column,
with an Rtx®-5Sil MS or an Rtx®-CLPesticides2
column, for GC/FID analysis of PAHs.

Figure 3  Analyze 16 PAHs in 22 minutes, and resolve critical pairs, with an Rtx®-440 column.

Rtx®-440 Columns (fused silica)
IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr

0.25mm 0.25 20°C to 320/340°C 12923 $445
0.50 20°C to 320/340°C 12938 $445

0.32mm 0.25 20°C to 320/340°C 12924 $470
0.50 20°C to 320/340°C 12939 $470

0.53mm 0.50 20°C to 320/340°C 12940 $525
1.00 20°C to 320/340°C 12955 $525

SeCure™ “Y” Connectors
• Use standard “Y” Press-Tight® connectors and

1/16" graphite ferrules.
• Reliable seal integrity, will not unexpectedly

disconnect during temperature-programmed
analyses.

• Open design allows visual confirmation of the
seal for added confidence in the connection.

Kits include: SeCure™ “Y” connector body, 3
knurled nuts, 1 “Y” Universal Press-Tight® union,
3 ferrules

DDeessccrriippttiioonn

FFeerrrruulleess  FFiitt
CCoolluummnn  IIDD

((mmmm)) qqttyy.. ccaatt..## pprriiccee
SeCure™ “Y”
Connector Kit 0.25/0.28 kit 20276 $215
SeCure™ “Y”
Connector Kit 0.28/0.32 kit 20277 $215
SeCure™ “Y”
Connector Kit 0.45/0.53 kit 20278 $215
Knurled nut 3-pk. 20279 $30

Restek
Innovation!

Decachlorobiphenyl (BZ #209)
EEaacchh 55--ppkk.. 1100--ppkk..

1100µµgg//mmLL  iinn  iissooooccttaannee,,  11,,LL//aammppuull
32289 $17.60 32289-510 $75.20 —

w/data pack
32289-500 $27.90 32289-520 $84.30 32389 $146.20

220000µµgg//mmLL  iinn  aacceettoonnee,,  11mmLL//aammppuull
32029 $21.70 32029-510 $96 —

w/data pack
32029-500 $32 32029-520 $106.60 32129 $191.90

220000µµgg//mmLL  iinn  aacceettoonnee,,  55mmLL//aammppuull
32030 $48.50 32030-510 $214.70 —

w/data pack
32030-500 $58.80 32030-520 $238.60 32130 $429.40

2,4,5,6-Tetrachloro-m-xylene
EEaacchh 55--ppkk.. 1100--ppkk..

220000µµgg//mmLL  iinn  aacceettoonnee,,  11mmLL//aammppuull
32027 $21.70 32027-510 $96 —

w/data pack
32027-500 $32 32027-520 $106.60 32127 $191.90

220000µµgg//mmLL  iinn  aacceettoonnee,,  55mmLL//aammppuull
32028 $48.50 32028-510 $214.70 —

w/data pack
32028-500 $58.80 32028-520 $238.60 32128 $429.40

SV Calibration Mix #5 / 610 PAH Mix
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31011 $79.40 31011-510 $353.30 —
w/data pack

31011-500 $89.70 31011-520 $373.60 31111 $685.20

aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
α-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (B) 8
methoxychlor 80

Organochlorine Pesticide Mix AB #2

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  hheexxaannee::ttoolluueennee  ((11::11)),,  11mmLL//aammppuull

32292 $32 32292-510 $141.10 —
w/data pack

32292-500 $42.30 32292-520 $157.40 32392 $274.10

Rtx®-CLPesticides2 Columns (fused silica)

IIDD
ddff

((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 1155--MMeetteerr 2200--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.10mm 0.10 -60 to 310/330°C 43301 $315 43302 $485
0.18mm 0.14 -60 to 310/330°C 42301 $270 42302 $395
0.25mm 0.20 -60 to 320/340°C 11320 $295 11323 $455 11326 $710
0.32mm 0.25 -60 to 320/340°C 11321 $315 11324 $485
0.53mm 0.42 -60 to 300/320°C 11337 $330 11340 $535

Column: Rtx®-440 30m, 0.25mm ID, 0.25µm (cat.# 12923)
Sample: 610 PAH Mix (cat.# 31011) diluted to 20ppm each compound in methylene chloride
Inj.: 1.0µL splitless (hold 0.4 min.), 4mm splitless liner (cat.# 20772)
Inj. temp.: 320°C
Carrier gas: hydrogen, constant flow
Flow: 3.6mL/min.
Oven temp.: 40°C (hold 2 min.) to 240°C @ 30°C/min., to 320°C @ 8°C/min. (hold 5 min.)
Det.: FID @ 320°C

1. naphthalene
2. acenaphthylene
3. acenaphthene
4. fluorene
5. phenanthrene
6. anthracene
7. fluoranthene
8. pyrene

9. benzo(a)anthracene
10. chrysene
11. benzo(b)fluoranthene
12. benzo(k)fluoranthene
13. benzo(a)pyrene
14. indeno(1,2,3-cd)pyrene
15. dibenzo(a,h)anthracene
16. benzo(ghi)perylene

GC_EV00732

Critical pairs
well resolved

Searching for a chromatogram
www.restek.com?
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Rapid Analysis of Residual Solvents
in Pharmaceuticals

Using Static Headspace Sampling and Stop-Flow GC

The International Conference on Harmonization
(ICH) makes recommendations concerning
amounts of residual solvents considered safe in
pharmaceutical finished goods. The ICH has
published guidelines and daily exposure limits
for 61 solvents, classified in three groups,
according to their toxicity. Class I solvents are
known carcinogens or environmental hazards, to
be avoided if at all possible. Class II solvents
are less toxic, but their use should be limited.
Class III solvents have low toxicity or no health-
related exposure limit.1 All pharmaceutical prod-
ucts must be analyzed for residual solvents,
regardless of the matrix, and an enormous num-
ber of methods potentially can be required to
address the total list of solvents. The complexity
and high cost of compliance are major hurdles in
drug manufacture.

In February 2004, Teledyne Tekmar developed a
universal analytical method for extracting and
determining 32 ICH Class II and Class III resid-
ual solvents, using static headspace sampling.2

Simultaneously, Restek chemists were develop-
ing an approach for resolving the Class I and
Class II solvents, using a new technology known
as Stop-Flow GC, but lacked a sample prepara-
tion method suitable for achieving the detection
limits required by the ICH.3 By using a Teledyne
Tekmar 7000HT headspace autosampler unit in
conjunction with Stop-Flow GC technology, it is
possible to achieve resolution, sensitivity, and
rapid sample turn-around times for the Class I
and Class II residual solvents. In Stop-Flow GC
the solvents are separated by passing the sam-
ple through a two-column ensemble consisting
of a Stabilwax® column and an Rtx®-200 column
coupled in series. Carrier gas flow through the

second (Rtx®-200) column is interrupted briefly
(stop-flow pulses) to tune the separation at the
outlet of the column ensemble.

In an analysis on two GC columns in series
there are four possible outcomes for two sam-
ple components: 1) the two compounds are
resolved at the column junction and remain
resolved at the end of the ensemble; 2) the two
compounds coelute at the junction, but are
resolved on the second column; 3) the two com-
pounds are resolved at the junction, but coelute
at the end of the column ensemble; 4) the two
compounds coelute at the column junction and
at the end of the ensemble. For 1) and 2) no
adjustment is necessary. For 4) other stationary
phase combinations should be investigated to
ensure separation on at least one of the two
columns. For 3) Stop-Flow GC is appropriate.
Carrier gas flow into the second column is inter-
rupted briefly, immediately after one of the two
compounds has crossed the junction, but while
the other compound is still in the first column.
The timing and duration of the stop-flow pulse
are set to ensure that the two components
remain separated when they reach the end of
the column ensemble. The key to choosing a col-
umn ensemble for a specific application is to
make separate analyses on each column, to
ensure that no two compounds coelute on both
stationary phases.

Figure 1 is the product of applying three stop-
flow pulses at the junction point of the column
ensemble, to pull apart three analytes:
trichloroethene, acetonitrile, and chloroform.
The other analytes are resolved by adjusting the
carrier gas flow and temperature program, and

do not require pulses. The chromatogram
includes all ICH Class I and Class II solvents,
except ethylene glycol (which was not detected
at 200ppm), at 200ppm each in 5mL of 1,3-
dimethyl-2-imidazolidinone (DMI) solvent. By
resolving closely eluting component pairs, Stop-
Flow GC enables pharmaceutical laboratories to
monitor all ICH Class I and Class II solvents
with one pair of chromatography columns and a
single set of conditions.

This analysis for 35 residual Class I and Class II
solvents is rapid, sensitive, and reliable. If you
are required to monitor solvents in pharmaceuti-
cal products, we welcome the opportunity to
discuss Stop-Flow GC with you.

RReeffeerreenncceess
1.ICH Guidance for Industry, Q3A Impurities: Residual

Solvents US Dept. of Health and Human Services,
Food and Drug Administration, Center for Drug
Evaluation and Research, Center for Biologics
Evaluation and Research (CBER). International
Conference on Harmonization, Dec. 1997.

2.Wallace, B. and J. Kancler. One Universal Method for
Residual Solvents in Pharmaceuticals Using a High
Temperature Static Headspace Sample Introduction
System Application Note 7000-021b.doc, Teledyne
Tekmar Instruments, Feb. 2004.

3.Wittrig, R.E.; F.L. Dorman, C.M. English, R.D. Sachs,
J.Chromatogr. A 1027: 75-82 (2004).

AAcckknnoowwlleeddggeemmeenntt
Special thanks to Brian Wallace of Teledyne
Tekmar for the use of the 7000HT headspace
autosampler.

by Christopher English, Environmental Innovations Chemist, Rebecca Wittrig, Ph.D., HPLC Product
Marketing Manager, and Frank Dorman, Ph.D., Director of Technical Development

• Resolve 35 residual solvents in 18 minutes.
• Simplify inventory—use one pair of chromatography columns and one set of conditions for

all ICH Class I and Class II solvents.
• Complete, easy to install system.

Stabilwax® Column
15-Meter, 0.25mm, ID 0.5µm df, cat.# 10635,
$240

Restek
Innovation!

Stop-Flow GC for Agilent 6890 GCs

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Stop-Flow System for use with Cool On-Column EPC
(includes: Stop-Flow enclosure, top mounting plate, 1-line weldment,
and interface cable) kit 21168 $3800
Stop-Flow System for use with Split/Splitless EPC
(includes: Stop-Flow enclosure, top mounting plate, 2-line weldment, 
and interface cable) kit 21169 $3800

We offer many reference mixes of residual 
solvents for EP and USP methods. 
For descriptions, please refer to our 
chromatography supplies catalog, or visit 
our website.

Did you
know?

Rtx®-200 Column
30-Meter, 0.25mm ID, 1.0µm df, cat.# 15053,
$425

Kit is easily attached to Agilent 6890 GC!
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Figure 1 Stop-Flow GC provides a rapid, sensitive analysis for ICH Class I and Class II residual solvents.

1. 2-methylpentane
2. hexane
3. 1,1-dichloroethene
4. methyl cyclopentane
5. methanol
6. trans-1,2-dichloroethene
7. carbon tetrachloride
8. methyl cyclohexane
9. methylene chloride

10. 1,1,1-trichloroethane
11. benzene
12. 1,2-dimethoxyethane
13. cis-1,2-dichloroethene
14. trichloroethene
15. acetonitrile
16. chloroform
17. 1,2-dichloroethane
18. toluene

19. 1,4-dioxane
20. nitromethane
21. 2-methoxyethanol
22. 2-hexanone (MBK)
23. p-xylene
24. m-xylene
25. pyridine
26. 2-ethoxyethanol
27. o-xylene

28. chlorobenzene
29. 1,1,2-trichloroethane
30. dimethyl formamide (DMF)
31. N,N-dimethylacetamide
32. 1,2,3,4-tetrahydronaphthalene
33. formamide
34. 1-methyl-2-pyrrolidinone
35. sulfolane
* impurities in solvent

Headspace Conditions
Instrument: Teledyne Tekmar 7000HT high temperature static 

headspace unit
Platen temp.: 140°C
Sample equilibration: 5 min.
Mixing time: 10 min.
Mixing power: 2
Mixture stabilization: 1 min.
Pressure time: 0.2 min.
Pressure equilibration: 0.3 min.
Vial vol.: 22mL (high temperature vials)
Sample loop vol.: 1mL (standard size, Silcosteel® treated)
Loop/line temp.: 250°C
Loop fill time: 0.1 min.
Loop equilibration: 0.05 min.
Inj. time: 1.0 min.
Static vial press.: 3.5psi helium
Vial press.: 8psi helium
Variable inj. press. (VIPR): 5psi helium
Interface: plumbed through injection port, 1:20 split

GC Conditions
Column #1: Stabilwax®, 15m x 0.25mm x 0.5µm (cat. # 10635)
Column #2: Rtx®-200, 30m x 0.25mm x 1.0µm (cat. # 15053)
Sample: 200ppm each component in 1,3-dimethyl-2-imidazolidinone (DMI)
Instrument: Agilent 6890
Inj. port temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1.9mL/min., 25.6psi @ 40°C
Oven temp.: 40°C (hold 2 min.) to 55°C @ 4°C/min., to 110°C @ 25°C/min. 

(hold 2 min.) to 250°C @ 25°C/min. (hold 5 min.)
Det.: FID #1 at column junction, FID #2 at sample outlet 

(equal settings)
Det. temp.: 250°C
Reaction gas: hydrogen, 40mL/min.
Air flow: 400mL/min.
Makeup: helium, 40mL/min.
Data collection rate: 100Hz

Stop-Flow Conditions
Instrument: Restek Stop-Flow System for Agilent 6890 GC 

with cool on-column EPC (cat. #21168)
Inj. port connection: cool on-column injector
Pressure: 31.0psi, constant pressure
Pulses: valve opened 3.00 - 3.15 min., 4.65 - 5.02 min., 5.10 - 5.40 min.
Total analysis time: 20.55 min.

GC_PH00744

solvent (DMI)
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Gasolines are complex mixtures of hundreds of
compounds. Information about concentrations
of the individual components is important for
evaluating raw materials and controlling refin-
ery processes. A high-resolution GC method for
detailed hydrocarbon analysis (DHA) of gaso-
lines is outlined in American Society of Testing
and Materials (ASTM) Method D-6730-01—often
referred to as the PONA (paraffins, olefins,
naphthenes, aromatics) or PIANO (paraffins,
isoparaffins, aromatics, naphthenes, olefins)
analysis.* ASTM D-6730-01 is specific for the
analysis of these hydrocarbon components, plus
oxygenated additives such as methanol, ethanol,
tert-butanol, methyl tert-butyl ether (MTBE), and
tert-amyl methyl ether (TAME) in spark-ignition
engine fuels.

To maximize resolution of these complex mix-
tures, the ASTM method recommends a 100-
meter x 0.25mm ID capillary column coated with
0.5µm of 100% dimethyl polysiloxane stationary
phase, and sets minimum resolution criteria for
several critical pairs of closely eluting com-

pounds. To retain the aromatics, and accomplish
the separations, a short tuning column, approxi-
mately 2-3 meters long, coated with 5%
diphenyl/95% dimethyl polysiloxane polymer, is
connected to the inlet of the 100-meter analyti-
cal column. Through a series of trial analyses,
the length of the tuning column is adjusted to
ensure the critical resolutions are achieved.

Analytical columns used for this application
must exhibit high efficiency and exceptional
inertness, especially for polar oxygenates in
gasoline. Figure 1 illustrates a column efficiency
of 613,596 total theoretical plates, measured on
C5, and shows excellent peak symmetry for the
oxygenated additives, including ethanol and 
t-butanol (t-butanol skewness = 1.25). We test
every Rtx®-1PONA column for retention (k), effi-
ciency (n), stationary phase selectivity (RI), and
bleed, and guarantee reproducible column-to-
column performance.

An Rtx®-1PONA column meets all ASTM D-6730-
01 requirements for critical pair resolution, as

demonstrated by Figure 2. A 2.6-meter tuning
column was used to achieve the highlighted 
resolutions, based on retention of the aromatics
(e.g., resolution for 1-methylcyclopentene / 
benzene = 1.28.).

In addition to qualifying for the ASTM D-6730-01
analysis, Rtx®-1PONA columns meet the similar-
ly stringent requirements of Canadian General
Standards Board (CGSB) methodology. For addi-
tional detailed hydrocarbon analysis chro-
matograms and more information about these
high-performance columns, please request a
free copy of Applications Note 59568, or review
the applications note and chromatography on
our website.

Improving Detailed Hydrocarbon Analysis
Using an Rtx®-1PONA Capillary GC Column

• Column meets or exceeds all ASTM D-6730-01 and Canadian General Standards Board
method requirements.

• 30% faster analysis (C13 retention = 97 minutes), using helium.
• Excellent responses and peak symmetry for polar oxygenates.
• Guaranteed column-to-column reproducibility for retention, efficiency, selectivity, peak

skewness, resolution, low bleed.

by Barry Burger, Petroleum Applications Chemist,
and Neil Mosesman, GC Columns Product Marketing Manager

Rtx®-1 PONA Column (fused silica)
(Crossbond® 100% dimethyl polysiloxane phase optimized
for hydrocarbon analysis) (temp. limits.: -60 to 300/340°C)
100m, 0.25mm ID, 0.50µm df, cat.# 10195, $795

Figure 1 Sharp, symmetric peak for ethanol (gasoline oxygenate), using an Rtx®-1PONA column.

1

2

3

4

9 10 11 12 min.

*In alternate terminology: paraffins & isoparaffins = alkanes; naphthenes = cyclic alkanes; olefins = alkenes.

Rtx®-1PONA, 100m, 0.25mm ID, 0.5µm (cat.# 10195) 
w/ Rtx®-5 tuning column, 2.62m, 0.25mm ID, 1.0µm, 
connected via Press-Tight® connector (cat.# 20446)

Sample: custom detailed hydrocarbons analysis 
(DHA) mix, neat

Inj.: 0.01µL, split (split ratio 150:1),
4mm cup inlet liner (cat.# 20709)

Inj. temp.: 200ºC
Carrier gas: helium, constant flow
Linear velocity: 28cm/sec. (2.3mL/min.)
Oven temp.: 35ºC
Det.: FID @ 250ºC

1. ethanol
2. C5
3. t-butanol
4. 2-methylbutene-2

C5 efficiency: 613,596 total theoretical plates
k' (C5): 0.489
t-butanol skewness: 1.25
Resolution (t-butanol/2-methylbutene-2): 5.60

Rtx®-5 PONA Tuning Column
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane phase)

5m, 0.25mm ID, 1.0µm df, cat.# 554206, $75

Press-Tight® Connectors
• Made from inert fused silica.
• Fit column ODs from 0.33–0.74mm (Restek

0.1mm–0.53mm ID).
• Angled connector reduces strain on connection.

DDeessccrriippttiioonn 55--ppkk..//pprriiccee
Universal Press-Tight®

Connectors 20400 $38
Siltek™-treated Universal
Press-Tight® Connectors 20480 $48
Universal Angled Press-Tight®

Connectors 20446 $45
Siltek™-treated Universal
Angled Press-Tight® Connectors 20482 $65

Vu2 Union™ Connector
A Vu2 Union™ connector combines the simplicity of
a Press-Tight® union with the strength of a metal
union. The columns cannot unexpectedly discon-
nect, even at temperatures as high as 400°C.

Kits include: Vu2 Union™ body, 2 knurled nuts,
2 Press-Tight® unions, and 4 ferrules

Secure, reliable 
column-to-column
connections!

CCoonnnneeccttoorr  KKiitt
((FFeerrrruulleess  FFiitt  RReesstteekk  CCoolluummnn  IIDD)) ccaatt..## pprriiccee
Vu2 Union™ Connector Kit
(0.15–0.25mm) 21105 $128
Vu2 Union™ Connector Kit
(0.28/0.32mm) 21106 $128
Vu2 Union™ Connector Kit
(0.45/0.50 & 0.53mm) 21107 $128
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Figure 2 Critical pairs of gasoline components resolved per ASTM specifications, using an Rtx®-1PONA column.

Rtx®-1PONA, 100m, 0.25mm ID, 0.5µm (cat.# 10195) 
w/ Rtx®-5 tuning column, 2.62m, 0.25mm ID, 1.0µm, 
connected via Press-Tight® connector (cat.# 20446)
Sample: custom detailed hydrocarbons analysis

(DHA) mix, neat
Inj.: 0.01µL, split (split ratio 150:1), 4mm cup

inlet liner (cat.# 20709)
Inj. temp.: 200ºC
Carrier gas: helium, constant flow
Linear velocity: 28cm/sec. (2.3mL/min.)
Oven temp.: 5ºC (hold 15 min.) to 50ºC @ 5ºC/min.

(hold 50 min.) to 200ºC @ 8ºC/min. (hold
10 min.)

Det.: FID @ 250ºC

1. ethanol
2. C5
3. t-butanol
4. 2-methylbutene-2
5. 2,3-dimethylbutane
6. methyl tert-butyl ether (MTBE)
7. C6
8. 1-methylcyclopentene
9. benzene

10. cyclohexane
11. 3-ethylpentane
12. 1-tert-2-dimethylcyclopentane
13. C7
14. 2,2,3-trimethylpentane
15. 2,3,3-trimethylpentane

16. toluene
17. C8
18. ethylbenzene
19. p-xylene
20. 2,3-dimethylheptane
21. C9
22. 5-methylnonane
23. 1,2-methylethylbenzene
24. C10
25. C11 (undecane)
26. 1,2,3,5-tetramethylbenzene
27. naphthalene
28. C12 (dodecane)
29. 1-methylnaphthalene
30. C13 (tridecane)

Restek on the Road
Autumn Seminars in Europe and the US

by Rick Parmely, Technical Training & Education Manager

Our GC and HPLC seminars are well known and well received across the USA and around the world.
Our autumn seminars include those listed here. For details about these seminars, please contact the
Restek representative listed. For the most current schedule of US seminars, please visit our website
(www.restek.com/seminar). If you’re interested in a seminar in your city, or country, please call and
talk with us.

Resolution (1-methylcyclopentane/benzene): 1.28

Circles indicate
critical pairs that

must be resolved.

International Seminars
GC/MS Seminar
DDaattee LLooccaattiioonn CCoonnttaacctt
September 14 Lisbon, Portugal Dias De Sousa (phone: +351 21 953 31 20 or

e-mail: DS@dias-de-sousa.pt)
September 15 Barcelona, Spain Teknokroma (phone: +34 936 748 800 or

e-mail: comercial@teknokroma.es)
September 17 Milan, Italy CPS Analytics (phone: +39 (0)2 8954201 or

e-mail: cps@cps.it)
September 20 Stockholm, Sweden Coricon AB (phone: +46 18 34 90 34 or

email: info@coricon.se)
September 21 Oslo, Norway Instrument Teknikk (phone: (+47) 67 16 41 00 or

e-mail: firmapost@instrument-teknikk.no)
October 11 Cork, Ireland Restek Ireland (phone: +44-28-90-814576 or

e-mail: restekeurope@aol.com)
October 12 Dublin, Ireland Restek Ireland (phone: +44-28-90-814576 or

e-mail: restekeurope@aol.com)
October 14 Cork, Ireland Restek Ireland (phone: +44-28-90-814576 or

e-mail: restekeurope@aol.com)
October 20 Moscow, Russia Laverna Group (phone: +7-095-482-2001 or

e-mail: rodchenkov@lab.comcor.ru)

Comprehensive GC Seminar
DDaattee LLooccaattiioonn CCoonnttaacctt
October 18 Budapest, Hungary Lab Comp (phone: +36 1 347 6090 or

e-mail: labcomp@lab-comp.hu)

US Seminars
Comprehensive Capillary GC
DDaattee LLooccaattiioonn
Sept. 13 Boulder, CO
Sept. 13 Blue Ash, OH
Sept. 15 Columbus, OH
Sept. 16 Salt Lake City, UT
Sept. 17 Buffalo, NY
Oct. 14 RTP, NC
Oct. 21 Buena Park, CA

GC/MS
Nov. 1 Pleasanton, CA
Nov. 3 Seattle, WA

Comprehensive HPLC
Oct. 5 Rockville, MD
Oct. 6 Princeton, NJ
Oct. 8 Plymouth Meeting/

King of Prussia, PA
Oct. 18 La Jolla/San Diego, CA

HPLC Method Development (2 days)
Sept. 23/24 Indianapolis, IN
Oct. 21/22 Foster City, CA
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Convenient Calibration, Faster GC/MS
Analysis for Volatile Organics in Water

Using a New Restek Calibration Mix and an Rtx®-VMS Column

Volatile organic analytes (VOAs) are a common
source of environmental pollution, and are
among the most difficult and expensive contami-
nants to monitor in water. Analysis and quantifi-
cation of VOAs in drinking water are detailed in
US EPA methods 502 and 524, and in many other
methods worldwide.

Until now, Restek has offered two complex cali-
bration mixes of volatile compounds for drinking
water analysis: a mix containing 54 target com-
pounds (502.2 MegaMix™, cat.# 30432), and one
containing 73 compounds (Drinking Water VOA
MegaMix™ 524.2 Rev. 4.2, cat.# 30601). The only
target compounds in the EPA methods that we
do not include in these mixes are the highly
volatile gases, and, for Method 524.2, the reac-
tive ketones. To prevent acetal formation, we
offer the five ketones as a separate mix (cat.#
30602). We also offer the six gases separately,
as 502.2 Calibration Mix #1 (cat.# 30042 or
cat.# 30439). Analysts monitoring samples for
the gases combine the gases mix with either the
54-component mix or the 73-component mix—
this takes time and can introduce variation or
mixing errors.

For the convenience of our customers, we have
developed a new 60-component calibration mix
(Volatiles MegaMix™ with Gases, cat.# 30603)
that contains the 54 target compounds in 502.2
MegaMix™ mix, plus the six gases in 502.2
Calibration Mix #1, at 200 ppm each in purge
and trap methanol. The new mix is suitable for
Method 502, Method 524, or other methods fol-
lowed in monitoring these compounds.
The new mix brings a choice. The 60-component
mix is very convenient to use, and eliminates
both variation and the potential for errors
(associated with measuring and mixing from
multiple ampuls). An unopened ampul of this mix
has a 24-month shelf life, but once the ampul is
opened, the gases can begin to escape from the
solution, and opened ampuls of the new mix
should be replaced more frequently than ampuls
of the 54-component mix. (This also is true of
the 6-component gas mix.) Analysts choosing to
work with the 54-component mix and the six
gases mix must contend with the potential for
mixing errors, but can see longer lifetimes from
ampuls of the opened 54-component mix—if
they are stored properly. We recommend storing

all VOAs reference mixes in a freezer, especially
those containing the gases.

Chemists monitoring VOAs in water require fast
and accurate analyses. A chromatography col-
umn with a cyanopropylphenyl/dimethyl poly-
siloxane stationary phase (e.g., a “624” column)
or a diphenyl/dimethyl polysiloxane phase (e.g.,
a “502.2” column) can provide a fast analysis,
but some compounds are likely to coelute, creat-
ing quantification problems. In contrast, Rtx®-
VMS columns are designed specifically for

analyses of volatiles by GC/MS, and circumvent
such problems. Analysis on a 20m, 0.18mm ID,
1.0µm Rtx®-VMS column (cat.# 49914), using a
45ºC initial oven temperature, will provide good
resolution of the early eluting gases and ensure
faster oven cycles. Under optimized analytical
conditions and using a dual purge and trap sys-
tem, as shown in Reference 1, Figure 47, the
narrow bore column can reduce the analysis
time to approximately 10 minutes, without sacri-
ficing resolution.

If you are testing for volatiles in drinking water,
wastewater, or hazardous waste, an Rtx®-VMS
column and our new 60-component volatiles
MegaMix™ with gases will help you meet the
requirements for most analytical methods.

Reference
1. Optimizing the Analysis of

Volatile Organic Compounds
Restek technical guide,
lit. cat.# 59887A,
free on request.
Also available on our website.

by Katia May, Ph.D., Senior R&D Chemist, and Jack Crissman, Ph.D., Analytical Reference Materials
Marketing Manager

• 60-component MegaMix™ includes six target gases—eliminates mixing errors.
• 0.18mm Rtx®-VMS column offers fast cycles, excellent resolution of gases.
• Monitor drinking water - wastewater - hazardous waste.

benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
bromomethane (methyl bromide)
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon tetrachloride
chlorobenzene
chloroethane (ethyl chloride)
chloroform
chloromethane (methyl chloride)
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloropropane
1,2-dibromoethane (EDB)
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
dichlorodifluoromethane (CFC-12)
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethylene
cis-1,2-dichloroethylene
trans-1,2-dichloroethylene
1,2-dichloropropane
1,3-dichloropropane

2,2-dichloropropane
1,1-dichloropropene
trans-1,3-dichloropropene
cis-1,3-dichloropropylene
ethylbenzene
hexachloro-1,3-butadiene

(hexachlorobutadiene)
isopropylbenzene (cumene)
4-isopropyltoluene (p-cymene)
methylene chloride

(dichloromethane)
naphthalene
n-propylbenzene
styrene
toluene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethylene
1,2,4-trichlorobenzene
1,2,3-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene
trichlorofluoromethane (CFC-11)
1,2,3-trichloropropane
1,3,5-trimethylbenzene
1,2,4-trimethylbenzene
vinyl chloride
m-xylene
o-xylene
p-xylene

Volatiles MegaMix™ with Gases
(60 Components)

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30603 $85 30603-510 $382.50 —
w/data pack

30603-500 $95 30603-520 $392.50 30703 $722.50

Rtx®-VMS Columns (fused silica)

benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon tetrachloride
chlorobenzene
chloroform
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloropropane
1,2-dibromoethane
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane

2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
ethylbenzene
hexachlorobutadiene
isopropylbenzene
p-isopropyltoluene
methylene chloride
naphthalene
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

502.2 MegaMix™
(54 Components)

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30432 $56.70 30432-510 $249.70 —
w/data pack

30432-500 $67 30432-520 $277.10 30532 $484.20
22,,000000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30431 $78.30 30431-510 $348.20 —
w/data pack

30431-500 $88.60 30431-520 $386.80 30531 $676

bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1 (gases)

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30439 $23.70 30439-510 $103.60 —
w/data pack

30439-500 $34 30439-520 $114.70 30539 $201
22,,000000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30042 $34 30042-510 $151.30 —
w/data pack

30042-500 $44.30 30042-520 $167.50 30142 $292.40

(temp. limits -40°C to 240/260°C)
0.18mm ID, 1.00µm df

20-Meter, cat.# 49914, $375
40-Meter, cat.# 49915, $650
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acetone
2-butanone (MEK)
1,1-dichloro-2-propanone

2-hexanone
4-methyl-2-pentanone (MIBK)

Ketones Mix, 524.2 Rev. 4.1

EEaacchh 55--ppkk.. 1100--ppkk..
55,,000000µµgg//mmLL  eeaacchh  iinn  9900%%  PP&&TT  mmeetthhaannooll::1100%%  wwaatteerr,,
11mmLL//aammppuull

30602 $28.90 30602-510 $130.05 —
w/data pack

30602-500 $38.90 30602-520 $144.50 30702 $260.10

Antifoam Agent for Purge & Trap
Samples

EEaacchh 55--ppkk..
NNeeaatt,,  11mmLL//aammppuull

31822 $21.70 31822-510 $97.65

• Efficiently controls foam over a wide pH range.
• Effective at less than 0.1% of sample volume.
• Will not conflict with chromatography of tar-

get analytes.

Foam generated when purge gas passes
through a sample can enter the analytical trap,
and possibly into the GC column. Our non-haz-
ardous silica-containing antifoam agent is of
great help in volatile organics analyses.

acrylonitrile
allyl chloride
benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon disulfide
carbon tetrachloride
chloroacetonitrile
chlorobenzene
1-chlorobutane
chlorodibromomethane

(dibromochloromethane)
chloroform
2-chlorotoluene
4-chlorotoluene
1,2-dibromo-3-chloropropane

(DBCP)
1,2-dibromoethane

(ethylene dibromide)
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
trans-1,4-dichloro-2-butene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene

trans-1,3-dichloropropene
diethyl ether (ethyl ether)
ethylbenzene
ethyl methacrylate
hexachlorobutadiene
hexachloroethane
iodomethane (methyl iodide)
isopropylbenzene (cumene)
4-isopropyltoluene (p-cymene)
methacrylonitrile
methyl acrylate
methylene chloride

(dichloromethane)
methyl methacrylate
methyl tert-butyl ether

(MTBE)
naphthalene
nitrobenzene
2-nitropropane
pentachloroethane
propionitrile (ethylcyanide)
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
toluene
m-xylene
o-xylene
p-xylene

Drinking Water VOA MegaMix™,
524.2 Rev. 4.1 (73 Components)

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30601 $133.90 30601-510 $602.55 —
w/data pack

30601-500 $143.90 30601-520 $669.50 30701 $1205.10

Additional Reference Materials
for GC/MS Analysis of Volatile

Organics in Water

Food for Thought:
New Selections from the Restek Bookshelf

Many other titles available - see our website or catalog.

by Jack Crissman, Educational Products Marketing Manager

Chiral Separations by Liquid Chromatography and Related Technologies
Types, structures, and properties of chiral stationary phases and their preparation,
application, and future. Technologies include sub- and super-critical fluid chro-
matography, capillary electrochromatography, and thin layer chromatography.
H.Y. Aboul-Enein and I. Ali, Marcel Dekker, Inc., 2003, 400pp., ISBN 0-8247-4014-9
cat.# 21449 (ea.) $165

Current Practice of Gas Chromatography-Mass Spectrometry
Principles, instrumentation, and a wide range of applications. 40 contributors,
worldwide; more than 1200 references, equations, tables, and graphics. A superb
reference for operators, managers, and students.
W.M.A. Niessen, Marcel Dekker, Inc., 2001, 528pp., ISBN 0-8247-0473-8
cat.# 21489 (ea.) $175

Handbook of GC/MS. Fundamentals and Applications
Sample preparation through data evaluation, including MS library searches and a
substance index. Applications include environmental, food, pharmaceutical, and
clinical analysis.
Hans-Joachim Hübschmann, Wiley-VCH, 2001, 608pp., ISBN 3-527-30170-4
cat.# 21490 (ea.) $230

Handbook of Size Exclusion Chromatography and Related Techniques. 2nd Ed.
High-speed SEC, SEC of low molecular weight materials, and the extended family of
techniques from two-dimensional liquid chromatography to high osmotic pressure
chromatography.
C. Wu, Marcel Dekker, Inc., 2003, 716pp., ISBN 0-8247-4710-0
cat.# 21448 (ea.) $195

The HPLC Solvent Guide. 2nd Ed.
Even experienced analysts tend to select from three familiar solvents. This guide
describes many solvents suitable for HPLC separations.
P.C. Sadek, John Wiley & Sons, Inc., 2002, 664pp., ISBN 0-471-41138-8
cat.# 21979 (ea.) $105

Ion Chromatography. 3rd Ed.
Materials, principles, and methods, including capillary electrophoresis and chemical
speciation. Excellent introduction for novices or guide for experienced analysts.
J.S. Fritz and D.T. Gjerde, Wiley-VCH, 2000, 267pp., ISBN 3-527-29914-9
cat.# 21789 (ea.) $135

Mass Spectrometry. Principles and Applications. 2nd Ed.
Principles, theories, and key applications, focused on recent developments.
Expanded coverage of ESI and MALDI, and of biological and pharmaceutical applications.
For students, and for researchers reviewing the latest techniques and developments.
E. de Hoffmann and V. Stroobant, John Wiley & Sons, Inc., 2001, 420pp., ISBN
0-471-48566-7 cat.# 21978 (ea.) $65

Liquid Chromatography-Mass Spectrometry: An Introduction (softcover)
An indispensable reference for anyone wishing to use this increasingly important
tandem technique.
R.E. Ardrey, John Wiley & Sons Ltd., 2003, 296pp., ISBN 0-471-49801-7
cat.# 20176 (ea.) $50
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New Reference Materials
for Environmental Analyses

Drinking Water Odor Standard
• New reference mix of the two most common odor-causing compounds.
• Convenient concentration for purge and trap analysis: 100µg/mL in methanol.

by Katia May, Ph.D., Senior R&D Chemist

US EPA Method 8270 Mixes in 100% Methylene Chloride
• Better peak shape for early eluting semivolatiles, compared to methylene

chloride/benzene solvent.
• Methanol-free methylene chloride enhances stability.
• Calibration mix and matrix spike mix.

US EPA Method 524 Surrogates Standard
• Separate mixes for surrogates and internal standard.
• Fortification solution combines surrogates and internal standard.
• Calibration mixes and all other quality control mixes also available.

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenzo(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine 2

fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

*3-methylphenol and 4-methylphenol at 500µg/mL.

8270 MegaMix™ (76 components)

11,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).
2N-nitrosodiphenylamine (8270-listed analyte) decomposes to
diphenylamine (mix component).

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull**

31850 $108.20 31850-510 $486.90 —
w/data pack

31850-500 $118.20 31850-520 $541 31950 $973.80

Most complex mixes for US EPA Method 8270
are prepared in combinations of methylene chlo-
ride/benzene solvent. The primary reason for
using benzene, a high boiling solvent, is the
belief that polyaromatic hydrocarbons are not
readily soluble in methylene chloride. Benzene,
however, can contribute to poor peak shape and
low responses for early eluting compounds such
as pyridine, N-nitrosomethylamine, N-nitro-
somethylethylamine, 1,4-dioxane, and 2-picoline.
Restek chemists have studied the solubility of
polyaromatic hydrocarbons and determined that
our unique method of preparing our Method
8270 MegaMix™ calibration mix (cat.# 31850)
allows us to exclude benzene as a solvent.

Methylene chloride alone is an effective solvent
for these analytes; methanol-free methylene
chloride enhances the stability of the product.
Our new 8270 MegaMix™ in methylene chloride
is a direct replacement for the older mix, but
allows better chromatography.

Similarly, we offer new 8270 Matrix Spike Mix
(cat.# 31851), 8270 Benzidines Mix (cat.#
31852), and 1,4-Dioxane (cat.# 31853) in 100%
methylene chloride. Equivalents of these three
mixes are available in methanol/methylene chlo-
ride/benzene (cat.# 31687) or methanol (cat.#
31688, cat.# 30287), respectively.

*3-methylphenol and 4-methylphenol at 100µg/mL.

8270 Matrix Spike Mix (76 components)

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  55mmLL//aammppuull**

31851 $154.50 31851-510 $695.25 —
w/data pack

31851-500 $164.50 31851-520 $772.50 31951 $1390.50

Same components as 8270 MegaMix™, but at lower concentration for 
spiking.

1-bromo-4-fluorobenzene 1,2-dichlorobenzene-d4

524.2 Surrogate Standard

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30607 $23 30607-510 $103.50 —
w/data pack

30607-500 $33 30607-520 $115 30707 $207

US EPA Method 524 requires a surrogates stan-
dard, an internal standard, and the surrogates
and internal standard combined in a fortification
solution. We have offered the fortification solu-
tion (cat.# 30201) and the internal standard
(cat.# 30030); we now offer the surrogates
mix, described here. Use the new mix to monitor
method performance by combining it with the
sample before extraction. Together with
Drinking Water VOA MegaMix™ 524.2 Rev. 4.2
calibration mix (cat.# 30601, see page 11),
Ketones Mix 524.2 Rev. 4.2 (cat.# 30602, see

page 11), and additional calibration and quality
control mixes listed in our catalog, the new mix
completes our set of reference materials for
Method 524.

Unpleasant odor in drinking water is associated
with the growth and decay of microorganisms.
Blue-green algae, green algae, diatoms, and
flagellates are the four groups responsible for
most common odor problems. Geosmin, pro-
duced by blue-green algae, has an earthy, musty
smell. Actimycetes, mold-like bacteria also pres-
ent in surface water, produce another common
odor compound: 2-methylisoborneol.

The threshold value for these compounds is low
(10ppt) and purge and trap analyses usually are
used to quantify them. To help monitor the quali-
ty of drinking water, Restek's researchers have
developed this convenient new reference mix.

(+/-)-geosmin 2-methylisoborneol

Drinking Water Odor Standard

EEaacchh 55--ppkk..
110000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30608 $52 30608-510 $234

Searching for the Perfect Solution?
Let Restek create the perfect reference mixture—to your exact specifications. Contact the Technical Service Team, or your
Restek representative, or visit us online at wwwwww..rreesstteekk..ccoomm//ssoolluuttiioonnss

!new
★

!new
★

!new
★

benzidine
3,3'-dichlorobenzidine

3,3'-dimethylbenzidine
8270 Benzidines Mix

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31852 $28 31852-510 $126 —
w/data pack

31852-500 $38 31852-520 $140 31952 $252

1,4-Dioxane
EEaacchh 55--ppkk.. 1100--ppkk..

22,,000000µµgg//mmLL  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull
31853 $22 31853-510 $99 —

w/data pack
31853-500 $32 31853-520 $110 31953 $198
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Make GC/MS Column Changes in Minutes
Without Venting

EZ No-Vent™ Connector Allows Fast Re-equilibration with No Loss of Data

A laser machined critical orifice in the EZ No-
Vent™ connector minimizes the amount of air
admitted into the MS source, eliminating the
need for purge gas and for the lengthy vent and
pump-down cycle otherwise required with a col-
umn change. This can save hours of downtime
with each column change. The EZ No-Vent™ con-
nector easily attaches to the MS source without
special tools or extra plumbing: Figure 1 shows
the connector installed and ready for use.

We tested the EZ No-Vent™ connector for dead
volume, using highly volatile gases that are very
susceptible to tailing. For reference, we operat-
ed the system as a purge-and-trap GC/MS sys-
tem, with a split at the injection port and with
the column inserted directly into the MS inter-

face. When we installed the EZ No-Vent™ connec-
tor in the MS interface, we anticipated that any
dead volume in the connector would be revealed
by tailing and broader peaks, relative to direct
connection. Peak shape was excellent.

After establishing the connector had no effect
on peak shape, we evaluated the ability of the
MS to stabilize after a column change without
venting. Again we used a purge-and-trap sys-
tem, and halogenated volatiles as the analytes.
We acquired Figure 2a, changed the column,
and acquired Figure 2b 76 minutes later. Note
the peak shapes and responses are unchanged.
In the interval between the two analyses we
verified MSD tuning, and the system passed bro-
mofluorobenzene (BFB) criteria. Subsequent

detailed investigations confirmed the EZ No-
Vent™ connector will allow several column
changes in a single day, with no harm to the MS
or loss of data.

If you're tired of waiting for your MS to stabilize
after column changes, we highly recommend an
EZ No-Vent™ connector. It will greatly reduce
downtime and increase sample throughput.

by Brad Rightnour, Instrument Innovations Manager,
and Christopher English, Environmental Innovations Chemist

• Cut downtime by 50% or more when changing columns.
• No special tools - no extra plumbing - low cost.
• Gold plated for inertness.
• 100µm ID transfer line keeps analytes focused.

a) First column, equilibrated system b) With EZ No-Vent™ connector, acquired 76 min. 
after installing new column

Figure 2  Sample acquired within an hour and a half after changing columns, using an EZ No-Vent™ connector.

Figure 1  MS transfer line installed in an
EZ No-Vent™ connector. Connection can be

made quickly, without special tools.

EZ No-Vent™ GC Column-Mass Spectrometer Connector
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
EZ No-Vent™ Connector Kit for Agilent 5971/5972 and 5973 GC/MS
Kit includes: EZ No-Vent™ Connector, two 0.4mm ID ferrules for capillary col-
umn, two 0.4mm ID ferrules for transfer line, 100µm deactivated transfer line
(3 ft.), column plug, column nut. kit 21323 $175

Replacement ferrules for connecting capillary column to EZ No-Vent™:
0.4mm ID 2-pk. 21015 $28
0.5mm ID 2-pk. 21016 $28
Replacement ferrules for connecting transfer line to EZ No-Vent™: 0.4mm ID 2-pk. 21043 $25
Replacement 100µm deactivated transfer line 3 ft. 21018 $20
Replacement EZ No-Vent™ Column Nut 5-pk. 21900 $30
Replacement EZ No-Vent™ Plug 2-pk. 21915 $36
Open-End Wrenches (1/4" x 5/16") 2-pk. 20110 $25

5 643 7 8 9 10 11 12 13 14 15 16 17 18 19 min.20

Conditions for both chromatograms:
Rtx®-624 column, 60m, 0.25mm ID, 1.4µm (cat# 10969) using 
Ez-No Vent™, column #1, equilibrated system. 
Halogenated Volatiles @ 200 ppb in water.
Inj.: purge & trap
Inj. temp.: 300°C
Carrier gas:  helium, constant flow, 1.0mL/min. 
Oven temp.: 60°C  (hold 15 min) to 220°C @ 30°C/min. (hold 1 min).
Det: Agilent 5973 GC/MS

GC_EV00659c

3 4 5 6 7 8 9 10 11 12 20 min.13 14 15 19181716

GC_EV00659d

Restek offers supplies
and innovative tools
for your MS. Refer to
our general catalog.

Did you
know?

Restek
Innovation!



nstrument  nnovations! ! !

Our Dual Vespel® Ring Inlet Seal* greatly
improves injection port performance—it stays
sealed, even after repeated temperature cycles,
without retightening the reducing nut! This new
version of our popular Vespel® Ring Inlet Seal
features two soft Vespel® rings, one embedded
in its top surface and the other embedded in its
bottom surface. The Vespel® rings eliminate the
need for a washer, and ensure very little torque
is needed to make a leak-tight seal. The rings
will not harm the critical seal in the injector
body, and are outside the sample flow path.
Tests show Dual Vespel® Ring Inlet Seals will
seal equally effectively at torques from 5 to 60
in. lb.

Why trust a metal-to-metal seal when you can
make leak-tight seals quickly, easily, and more
reliably—without a washer, with a Restek Dual
Vespel® Ring Inlet Seal. Use an untreated stain-
less steel seal for analyses of unreactive com-
pounds. To reduce breakdown and adsorption of
active compounds, use a Siltek™-treated or gold-
plated seal. Siltek™ treatment provides the high-
est level of inertness.
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Simplify Life in Your Laboratory
by Donna Lidgett, GC Accessories Product Marketing Manager

Restek’s Instrument Innovations Team has been busy introducing new products, to maintain our repu-
tation of supplying superior-quality manufactured parts, accessories, and operating supplies for gas
chromatography. We do whatever it takes to provide you with the best—from original equipment man-
ufacturer’s replacement parts to our own innovative improvements and special designs.

We are Your #1 Source for Consumables and Supplies!

Injector Wrench for Shimadzu 17A and 2010 GCs
• Designed specifically for removing Shimadzu injection port weldments.
• High-quality stainless steel construction.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

SShhiimmaaddzzuu  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Injector Wrench for Shimadzu GCs 221-46977-00 ea. 21159 $18

Septum Holder Kit for TRACE™ 2000 GCs
• Includes septum support and holder.
• Made from high quality stainless steel.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  
TTFF  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Septum Holder Kit for TRACE™ 2000 GCs
23303015
350054335 ea. 21299 $75.25

Silver PTV Seals for Agilent 6890 GCs

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Silver PTV Seals for Agilent 6890 GCs 5182-9763 5-pk. 21409 $42

Injector Mounting Posts for Agilent Autosamplers
• Performance equivalent to OEM parts.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
A) Injector Mounting Post for Agilent 7673A & B Autosamplers 18597-60805 ea. 21236 $95
B) Injector Mounting Post for Agilent 7683A Autosampler 07673-21140 ea. 21237 $87
C) Injector Mounting Post for Agilent 7683N Autosampler G2613-20500 ea. 21172 $49.25

Splitless Liners for PerkinElmer GCs

*Nominal ID at syringe needle expulsion point.

SSpplliittlleessss  LLiinneerrss
ffoorr  PPeerrkkiinnEEllmmeerr  GGCCss BBeenneeffiittss//UUsseess::

IIDD**//OODD  &&
LLeennggtthh  ((mmmm)) eeaa..

ccaatt..##//pprriiccee
55--ppkk.. 2255--ppkk..

AAuuttoo  SSYYSS  SSpplliittlleessss

headspace & 
purge & trap

1.0 ID
6.2 OD x 92.1

21272
$28

21273
$119

21274
$482

Dual Vespel® Ring Inlet Seals
• Vespel® ring embedded in bottom surface

eliminates need for washer.
• Vespel® ring embedded in top surface reduces

operator variability by requiring minimal torque
to seal.

• Prevents oxygen from permeating the carrier
gas, increasing column lifetime.

22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee
Siltek™ 21242 $60 21243 $270
Gold-Plated 21240 $60 21241 $270
Stainless Steel 21238 $47 21239 $207

22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee
Siltek™ 21248 $60 21249 $270
Gold-Plated 21246 $60 21247 $270
Stainless Steel 21244 $47 21245 $207

Available in Siltek™-treated, gold-plated, 
or  untreated stainless steel.

A

B

C

00..88mmmm  IIDD  DDuuaall  VVeessppeell® RRiinngg  IInnlleett  SSeeaall

11..22mmmm  IIDD  DDuuaall  VVeessppeell® RRiinngg  IInnlleett  SSeeaall

*Patent pending.

Eliminate the washer!

!new
★

!new
★

!new
★

!new
★

!new
★
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PEAK PERFOR  ERS Chromatography Accessories
and Tools You Can Rely On!

Alumaseal™ Ferrules*
• Aluminum construction, will not crack or fragment.
• Eliminate out-gassing, make leak-tight seals, for less detector noise.
• No retightening after temperature cycles—excellent for GC/MS.
• Unique two-piece design permanently locks on fused silica tubing with-

out causing breakage.
• Will not stick in fittings, like Vespel® or graphite.
• Use with any 1/16" compression-type fitting.

*Patent pending.

FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD qqttyy.. ccaatt..## pprriiccee
0.4mm 0.25mm 10-pk. 21472 $38
0.5mm 0.32mm 10-pk. 21473 $38
0.8mm 0.53mm 10-pk. 21474 $38

Vespel® Ferrules
• 100% high-temperature polyimide.
• Stable to 350°C.
• Durable, tend to permanently seal to the column.

FFiittttiinngg  SSiizzee FFeerrrruullee  IIDD qqttyy..
1/16" 0.3mm 10-pk. 22213 $32
1/16" 0.4mm 10-pk. 22214 $32
1/16" 0.5mm 10-pk. 22215 $32
1/16" 0.8mm 10-pk. 22216 $32
1/16" 1.0mm 10-pk. 22217 $32
1/16" 1.2mm 10-pk. 22218 $32

1/16" 1/16" 10-pk. 22210 $32
1/8" 1/8" 10-pk. 22211 $32
1/4" 1/4" 10-pk. 22212 $32
1/4" 1/8" 10-pk. 22219 $32

Eliminate Sealing Compromises!

Parker Balston’s FID-1000 Gas Station provides both UHP grade
hydrogen fuel gas and zero grade air (<0.1ppm THC) for flame ion-
ization detectors on gas chromatographs. The system is specifically
designed to supply fuel gas to either 1 or 2 FIDs and to support
flame thermionic and flame photometric detectors.

The gas station produces up to 1000cc/min. of zero air by purifying compressed air to a total hydrocar-
bon concentration of less than 0.1ppm (measured as methane).

The hydrogen generator produces hydrogen gas from deionized water, using the principle of electrolytic
dissociation of water and hydrogen proton conduction through a proton exchange membrane cell.
Hydrogen is supplied at 90cc/min. at pressures up to 60 psig.

Built to International Standards
Produced and supported by an ISO 9001 registered organization, Parker Balston’s hydrogen genera-
tors are built to meet the toughest laboratory standards - CSA, UL, CE, and IEC 1010.

When ordering an FID-100 Gas Station for use in countries other than the United States, add the
appropriate international power cord suffix (see table at right) to the Gas Station cat.#.

FID-1000 Gas Station
Convenient, Safe Source of Zero Air and Pure Hydrogen
• Single unit produces UHP zero air from house compressed air

and 99.9995% pure hydrogen from deionized water.
• Ideal for supplying 1 - 2 FIDs, FTDs, or FPDs.
• Eliminates inconvenient, dangerous cylinders.
• Silent operation, minimal operator attention required.

Specifications: FID-1000 Gas Station

HHyyddrrooggeenn ZZeerroo  AAiirr
PPrroodduucctt  PPuurriittyy 99.9995% <0.1ppm

total hydrocarbons
FFllooww  RRaattee 90cc/min. 1000cc/min.
DDeelliivveerryy  PPrreessssuurree 60psig 40-125psig*
IInnlleett  CCoonnnneeccttiioonn NA 1/4" NPT (female)
OOuuttlleett 1/8" compression 1/8" compression

PPoowweerr  RReeqquuiirreemmeennttss 120VAC/amp
DDiimmeennssiioonnss 16.5 x 10.5 x 17" (h x w x d)

42 x 27 x 43cm
WWeeiigghhtt  DDrryy 46lbs / 21kg

*Zero air inlet requires minimum of 40psig compressed air
pressure.

DDeessccrriippttiioonn qqttyy.. ccaatt..  ## pprriiccee
FID-1000 Gas Station ea. 20177 $6824

ccaatt..## pprriiccee

LLooccaattiioonn qqttyy..
ccaatt..##
ssuuffffiixx pprriiccee

United Kingdom
(230VAC, 50/50Hz) ea. -550 N/C
Europe
(230VAC, 50/60Hz) ea. -551 N/C
IEC Connector Only
(230VAC, 50/60Hz) ea. -552 N/C
Japan
(200VAC, 50/60Hz) ea. -556 N/C
Japan, for Zero Air
(100VAC, 50/60Hz) ea. -553 $300
Japan, for Hydrogen
(100VAC, 50/60Hz) ea. -554 $125
Japan, for Nitrogen
(100VAC, 50/60Hz) ea. -555 $200

International Power Cord Sets

!new
★

For hydrogen, nitrogen,
or zero air generators,
and gas purifiers, refer
to our general catalog.
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Return Service Requested

In addition to the lamps listed here, we
have an extensive range of HPLC replace-
ment parts and accessories. For a full list-
ing, visit our website, or request publication
59012. If you don't see what you need,
please call us—we are constantly adding
new parts to meet your needs.

Replacement Lamps for HPLC Detectors
by Rebecca Wittrig, Ph.D., HPLC Product Marketing Manager

• Meet or exceed original manufacturer’s performance.
• Simplify paperwork—order parts when you order columns and consumables.

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

OOEEMM  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
FFoorr  AAggiilleenntt  HHPPLLCC  SSyysstteemmss
Detector Lamp, 1090 DA, 1050
VW/DA/MWD 1090, 1050 79883-60002 ea. 25260 $440
Lamp, DAD G1315A, G1365A 1100 2140-0590 ea. 25261 $490
Lamp, VWD G1314A 1100 G1314-60100 ea. 25262 $445
8453 Deuterium Lamp — 2140-0605 ea. 25263 $490
G1321 Fluorescence Detector Flash Lamp — 2140-0600 ea. 25264 $640
FFoorr  BBeecckkmmaann  HHPPLLCC  SSyysstteemmss
Deuterium Lamp DU60, 62, 64, 65 596791 ea. 25454 $450
FFoorr  HHiittaacchhii  HHPPLLCC  SSyysstteemmss

Deuterium Lamp, Prealigned
L4000, L4200, L4250,

L7400 885-3570 ea. 25465 $345
FFoorr  PPeerrkkiinnEEllmmeerr  IInnssttrruummeennttss

Deuterium Lamp

PE Lambda--2, 5, 7, 8, 10,
11, 12, 14, 15, 16, 17, 18,

19, 20, 40, 800, 900 B0160917 ea. 25436 $450
Deuterium Lamp PE 200/785A N2920149 ea. 25431 $350
FFoorr  SShhiimmaaddzzuu  HHPPLLCC  SSyysstteemmss
Deuterium Lamp SPD-6A 062-65056-02 ea. 25283 $250
Deuterium Lamp SPD-10A, 10AV 228-34016-02 ea. 25284 $420
FFoorr  WWaatteerrss™ DDeetteeccttoorrss
Xenon Lamp (w/o holder or mirror) 470 — ea. 25404 $370
Xenon Lamp 474 — ea. 25405 $385
Deuterium Lamp (UV/Vis) 480, 481 99499 ea. 25403 $385
Deuterium Lamp (UV/Vis) 484 80357 ea. 25406 $385
Deuterium Lamp (UV/Vis) 486 80678 ea. 25407 $385
Deuterium Lamp 996, 2996 WAT052586 ea. 25408 $498
Deuterium Lamp 2487 WAS081142 ea. 25409 $400
Deuterium Lamp, long life (2000 hours) 486 — ea. 25410 $485

Coming soon…
HPLC Columns and
Accessories
(lit. cat.# 59241B*)

New, expanded 2004-
2005 edition features
columns and bulk

materials, instrument parts, innovative
tools and accessories, and many example
chromatograms.

Genuine Restek
Replacement Parts for
HPLC Systems 
(lit. cat.# 59012*)

Over time, detector lamps,
check valves, pump piston
seals, and other compo-

nents wear out or become contaminated.
Working with defective parts means poor chro-
matography and, possibly, shortened column
lifetimes. This 4-page publication lists a wide
selection of Restek parts for Agilent, Beckman,
Hitachi, PerkinElmer, Shimadzu, and Waters
instruments, to keep these systems running
smoothly and chromatography sharp. Genuine
Restek Replacement Parts equal or exceed the
performance of original equipment components.

Free
Literature!

*When requesting literature from outside the US,
add “-INT” to the lit. cat.#.



$40042820$2604281530 to 340/360°C0.330.20mm
$3604280230 to 340/360°C0.180.18mm

tteemmpp..  lliimmiittssddff  ((µmm))IIDD

A single analysis of semivolatile organic com-
pounds in water, performed according to US EPA
Method 8270D or other GC/MS methods, can
involve 100 or more analytes having widely
diverse chemical properties and reactivity. This
complexity puts stringent demands on the col-
umn used to perform the analysis. Some ana-

lytes elute at
high tempera-
tures, for
example, so
column bleed
must be low at
high tempera-
ture. The col-
umn also must
exhibit excel-
lent efficiency,

to resolve closely eluting compounds with simi-
lar mass spectra, and overcome challenges to
high sensitivity and low detection limits, for reli-
able quantification of all target compounds.

In Advantage 2004v2 (literature #59037) we
showed how a 20m, 0.18mm ID, 0.18µm df 
Rtx®-5Sil MS column (cat.# 42702) offers excel-
lent selectivity, improves detection limits, and
increases productivity in an analysis of a com-
plex mixture of EPA Method 8270 semivolatile
compounds. Here, we show equally notable
results from our ultra-low-bleed Rtx®-XLB col-
umn, in equivalent dimensions, under equivalent
conditions.

A 20m, 0.18mm ID, 0.18µm df Rtx®-XLB column
(cat.# 42802) is an excellent choice for analyz-
ing semivolatile compounds. The Rtx®-XLB sta-
tionary phase is specifically designed for the
demanding GC/MS analysis of semivolatiles, and
these columns exhibit extremely low bleed.
Figure 1 (page 3) is a chromatogram for nearly
90 analytes and surrogates, at 2.5ng each on-

column, showing excellent resolution and negli-
gible baseline rise at 330ºC. The short length
and small internal diameter of these columns
ensure faster runtimes, increasing productivity:
the last compound elutes in less than 18 min-
utes. The thin phase film allows satisfactory res-
olution of structural isomers benzo(b)fluoran-
thene and benzo(k)fluoranthene in this very
short analysis time. Peak shape and response
are excellent for active compounds such as pyri-
dine (peak 1), 2,4-dinitrophenol (peak 54), and
pentachlorophenol (peak 66); even at this low
concentration, all compounds can be quantified
with high accuracy. 

The temperature program, as well as the physi-
cal dimensions of the column, contributes to bet-
ter resolution of closely eluting peaks and short-
ens the analysis time. The column accommo-
dates the 330°C final temperature very well,

Fast, Sensitive GC Analyses of Semivolatile
Organics in Water

Using an 0.18mm ID Rtx®-XLB Column

by Christopher English, Environmental Innovations Chemist

• Extremely low bleed—ideal for GC/MS applications.
• Excellent resolution, high sensitivity for semivolatile compounds in water.
• Stable to 340°C.

!new
★
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in this issue

because our QA bleed specification for Rtx®-XLB
columns, including the new 0.18mm ID, 0.18µm
df column, is less than 6pA at 340ºC.

Optimization of injection conditions also is an
important consideration in this analysis. To
reduce solvent effects with pyridine and 
N-nitrosodimethylamine we chose to use a 
splitless injection liner. (cont. on page 3)

Rtx®-XLB Columns (fused silica)
(proprietary low-polarity phase)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.10 30 to 340/360°C 12808 $455

0.25 30 to 340/360°C 12820 $265 12823 $445 12826 $710
0.50 30 to 340/360°C 12838 $445
1.00 30 to 340/360°C 12850 $265 12853 $445

0.32mm 0.10 30 to 340/360°C 12809 $475
0.25 30 to 340/360°C 12821 $285 12824 $470 12827 $770
0.50 30 to 340/360°C 12839 $470
1.00 30 to 340/360°C 12854 $470

0.53mm 0.50 30 to 340/360°C 12840 $525
1.50 30 to 340/360°C 12867 $290 12870 $525

Chromatography on page 3

*Maximum temperatures listed are for 15- and 30-meter lengths.  Longer lengths may have a slightly reduced maximum temperature.

1122--MMeetteerr 2200--MMeetteerr 2255--MMeetteerr

www.restek.com
We welcome your visit.
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Figure 1
70 semivolatile organics, plus surrogates, separated in less than 18 minutes on a 0.18mm ID Rtx®-XLB column.

Rtx®-XLB, 20m, 0.18mm ID, 0.18µm (cat.# 42802)
Sample: US EPA Method 8270D mix: 

8270 MegaMix™ (cat.# 31850), 
benzoic acid (cat.# 31415), 
benzidine (cat.# 31441),
2,4-dinitrophenol (cat.# 31291), 
Acid Surrogate Mix (4/89 SOW) 
(cat.# 31063), 
B/N Surrogate Mix (4/89 SOW) 
(cat.# 31062)

Inj.: 0.5µL, 5ppm each analyte 
(2.5ng on column) (2.5ppm/1.25ng 
on column for 3-methylphenol and 
4-methylphenol)
2mm splitless cyclo double 
gooseneck injector liner 
(cat.# 20907);
splitless hold time 0.15 min.;
pressure pulse: 0.20 min.  @30psi

GC: Agilent 6890
Inj. temp.: 270°C
Carrier gas: helium
Flow rate: 1.2mL/min., constant flow
Oven temp.: 40°C (hold 0.5 min.) to 90°C @ 

14°C/min. (no hold) to 330°C @ 
22°C/min. (hold 1 min.)

Det.: Agilent 5973 GC/MS
Transfer line

temp.: 280°C
Scan range: 35–550 amu
Solvent delay: 1 min.
Tune: DFTPP
Ionization: EI

1. pyridine
2. N-nitrosodimethylamine
3. 2-fluorophenol
4. phenol-d6
5. phenol
6. aniline
7. 2-chlorophenol
8. bis(2-chloroethyl)ether
9. 1,3-dichlorobenzene

10. 1,4-dichlorobenzene-d4
11. 1,4-dichlorobenzene
12. 1,2-dichlorobenzene
13. benzyl alcohol
14. 2-methylphenol
15. bis(2-chloroisopropyl)ether
16. hexachloroethane
17a.4-methylphenol
17b.3-methylphenol
18. N-nitroso-di-n-propylamine

19. nitrobenzene-d5
20. nitrobenzene
21. isophorone
22. 2,4-dimethylphenol
23. 2-nitrophenol
24. benzoic acid
25. bis(2-chloroethoxy)methane
26. 2,4-dichlorophenol
27. 1,2,4-trichlorobenzene
28. naphthalene-d8
29. naphthalene
30. hexachlorobutadiene
31. 4-chloroanaline
32. 4-chloro-3-methylphenol
33. 2-methylnaphthalene
34. hexachlorocyclopentadiene
35. 1-methylnaphthalene
36. 2,4,6-trichlorophenol
37. 2,4,5-trichlorophenol

38. 2-fluorobiphenyl
39. 2-chloronaphthalene
40. 2-nitroaniline
41. dimethylphthalate
42. acenaphthylene
43. 2,6-dinitrotoluene
44. acenaphthene-d10
45. 1,4-dinitrobenzene
46. acenaphthene
47. 1,3-dinitrobenzene
48. 3-nitroaniline
49. 1,2-dinitrobenzene
50. 4-nitrophenol
51. dibenzofuran
52. 2,3,4,6-tetrachlorophenol
53. 2,3,5,6-tetrachlorophenol
54. 2,4-dinitrophenol
55. diethyl phthalate
56. 2,4-dinitrotoluene

57. 4-chlorophenyl phenyl ether
58. fluorene
59. diphenylamine
60. 4-nitroaniline
61. azobenzene
62. 2,4,6-tribromophenol
63. 4,6-dinitro-2-methylphenol
64. 4-bromophenyl phenyl ether
65. hexachlorobenzene
66. pentachlorophenol
67. phenanthrene-d10
68. phenanthrene
69. anthracene
70. carbazole
71. di-n-butylphthalate
72. fluoranthene
73. benzidine
74. pyrene
75. p-terphenyl-d14

76. butyl benzyl phthalate
77. bis(2-ethylhexyl)adipate
78. bis(2-ethylhexyl)phthalate
79. benzo(a)anthracene
80. chrysene-d12
81. chrysene
82. di-n-octyl phthalate
83. benzo(b)fluoranthene
84. benzo(k)fluoranthene
85. benzo(a)pyrene
86. perylene-d12
87. indeno(1,2,3-cd)pyrene
88. dibenzo(a,h)anthracene
89. benzo(ghi)perylene

GC_EV00747
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A cyclo double gooseneck splitless liner allowed
the samples to be completely volatilized in the
injection port prior to transfer into the column,
and achieved more reproducible results than
standard straight splitless liners. A liner with an
internal diameter of 2mm worked best with
0.5µL injections. We found that changing the
splitless hold time by several seconds could
reduce sensitivity by 50%. A pulsed splitless
analysis using a pressure pulse 5psi higher than
the column backpressure dramatically improved
sample transfer onto the column. We extended
the pulse 3 seconds (0.05 min.) past the split-
less hold time (0.15 min.) to allow excess sol-
vent to be swept away quickly.

We adjusted GC conditions to resolve analytes
that coelute and share ions. Phenol and aniline,
for example (peaks 5 and 6), were resolved by
using an initial ramp rate of 14°C/ min. The key
to resolving benzo(b)fluoranthene from
benzo(k)fluoranthene (peaks 83 and 84) is to

ensure that these analytes elute during the tem-
perature ramp part of the program. If they elute
during the final hold time they tend to exhibit
band broadening, which affects resolution.

Six reference mixes, including 8270 MegaMix™

calibration mix, were combined to prepare the
sample for the analysis in Figure 1. We have
carefully determined the components of the
MegaMix™ calibration mix for maximum stability.
We use highly purified methylene chloride as the
solvent, to avoid possible reactions between
analytes and trace impurities in the solvent.
Because 3-methylphenol and 4-methylphenol
coelute, we include each in the MegaMix™ mix at
half the concentration of the other components,
to enable the user to calibrate at lower levels to
quantify these compounds at the required limits.
N-nitrosodiphenylamine, a target compound in
Method 8270D, readily oxidizes to diphenylamine
and nitric oxide, a highly reactive gas that can
participate in many chemical reactions or act as

a catalyst for other oxidation and reduction
reactions in the mix. Consequently, we include
diphenylamine, rather than N-nitrosodipheny-
lamine, in the 8270 MegaMix™ mix, to prevent
degradation of other components within the mix.
Another target compound, diphenylhydrazine,
also oxidizes easily, forming azobenzene, so we
include azobenzene, not diphenylhydrazine, in
the 8270 MegaMix™ mix to assure stability. The
stability of an unopened ampul of 8270
MegaMix™ mix, 18 months, is determined by
real-time analysis. In addition to the best choice
for analytical column, and stable calibration mix-
tures, we also have available internal standards,
surrogate standards, and other reference mixes
recommended for analyses of semivolatiles.

If you are analyzing for semivolatile compounds
by a GC/MS method, we recommend you evalu-
ate a 0.18mm ID Rtx®-XLB column, and Restek
reference mixes, for highest productivity and
most reliable data.

*3-methylphenol and 4-methylphenol concentration is
500µg/mL.

8270 MegaMix™ ((7766  ccoommppoonneennttss))

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  ((eexxcceepptt  wwhheerree  nnootteedd))  iinn  mmeetthhyylleennee
cchhlloorriiddee,,  11mmLL//aammppuull**

31850 $108.20 31850-510 $486.90 —
w/data pack

31850-500 $118.20 31850-520 $541 31950 $973.80
Benzoic Acid

EEaacchh 55--ppkk.. 1100--ppkk..
31415 $21.70 31415-510 $96 —

ww//ddaattaa  ppaacckk
31415-500 $32 31415-520 $106.60 31515 $191.90

Benzidine
EEaacchh 55--ppkk.. 1100--ppkk..

31441 $21.70 31441-510 $96 —
ww//ddaattaa  ppaacckk

31441-500 $32 31441-520 $106.60 31541 $191.90

2-fluorophenol
phenol-d6

2,4,6-tribromophenol

Acid Surrogate Mix (4/89 SOW)

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

31025 $23.70 31025-510 $103.60 —
w/data pack

31025-500 $34 31025-520 $114.70 31125 $201
1100,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

31063 $39.20 31063-510 $173.60 —
w/data pack

31063-500 $49.50 31063-520 $193.90 31163 $338
1100,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  55mmLL//aammppuull

31087 $106.10 31087-510 $471 —
w/data pack

31087-500 $116.40 31087-520 $522.80 31187 $913.50

2-fluorobiphenyl
nitrobenzene-d5

p-terphenyl-d14

**Requires warming and sonication before use.

B/N Surrogate Mix (4/89 SOW)

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31024 $23.70 31024-510 $103.60 —
w/data pack

31024-500 $34 31024-520 $114.70 31124 $201
55,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull****

31062 $39.20 31062-510 $173.60 —
w/data pack

31062-500 $49.50 31062-520 $193.90 31162 $338
55,,000000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  55mmLL//aammppuull****

31086 $106.10 31086-510 $471 —
w/data pack

31086-500 $116.40 31086-520 $522.80 31186 $913.50

2,4-Dinitrophenol
EEaacchh 55--ppkk.. 1100--ppkk..

31291 $21.70 31291-510 $96 —
ww//ddaattaa  ppaacckk

31291-500 $32 31291-520 $106.60 31391 $191.90

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenzo(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine
fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

Inlet Liners

For Agilent GCs

CCyycclloo  DDoouubbllee  GGoooosseenneecckk
(2.0mm ID, 6.5mm OD, 78.5mm length)
20907 (ea.)
20908 (5-pk.)

For PerkinElmer GCs

SSpplliittlleessss
(2.0mm ID, 5.0mm OD, 100mm length)
20730 (ea.)
20731 (5-pk.)
20732 (25-pk.)

For Thermo Finnigan 5000-6000 GCs

SSpplliittlleessss
(2.0mm ID, 5.4mm OD, 79.5mm length)
20811 (ea.)
20812 (5-pk.)
20813 (25-pk.)

For Varian 1075/1077GCs

SSpplliittlleessss
(2.0mm ID, 6.3mm OD, 74mm length)
20721 (ea.)
20722 (5-pk.)
20723 (25-pk.)



• 4 • 800-356-1688 • www.restek.com2004 vol. 3

Siltek™ and Silcosteel®-CR Treated Fittings
and Tubing for Demanding Applications

by Gary Barone, Restek Performance Coatings Division

• Siltek™ treatment for exceptional inertness.
• Silcosteel®-CR treatment for protection from acids or seawater.
• Treated surfaces will not chip, flake, or delaminate.
• Custom treatment available.

Siltek™ and Silcosteel®-CR Treated
Swagelok® Fittings
Swagelok® fittings are world-renowned for
meeting demanding standards. Now, a wide
selection of Swagelok® products, available from
stock with Restek's unparalleled surface treat-

ments, set the high-
est standards for
inertness and corro-
sion resistance.

Siltek™ treated fit-
tings ensure ultimate
inertness, and are
the ideal choice for
systems used to col-
lect, store, and trans-

fer active compounds.* The most reactive sam-
ple components can be retained in a Siltek™

treated system: even at parts-per-billion levels,
sulfur-containing compounds, chlorinated pesti-
cides, or other very active compounds exhibit
virtually no adsorption. And, unlike coatings, the
protective layer produced by Siltek™ or other
Restek treatments is integral with the surface -
it will not chip, flake, or delaminate, not even in
the most stressful applications.

Silcosteel®-CR treatment is highly effective pro-
tection for stainless steel exposed to hydrochlo-
ric acid, nitric acid, or sulfuric acid, or to marine
environments. In independent tests, Silcosteel®-
CR treatment upgraded the corrosion resistance
of 300-grade stainless steel by an order of mag-
nitude (Table 1) and totally protected samples
against crevice corrosion (Figure 1).

If you need to construct a tubing system for a
demanding application, you will not find more
suitable fittings than the Siltek™ and Silcosteel®-
CR treated Swagelok® fittings listed on page 5.
If you already have the components of your sys-

tem, or need unusual parts, Siltek™, Silcosteel®-
CR, or other Restek surface treatments can be
applied to these parts on request. For informa-
tion, contact our Technical Service chemists or
your Restek representative.

Siltek™ and Silcosteel®-CR Treated
Electropolished Stainless Steel Tubing
Restek also sets the highest standard of inert-
ness for transfer tubing for analytical and
process applications. The near-mirror finish
inside our electropolished tubing (surface
roughness of only 5-7 micro-inches), in combina-
tion with our unequalled surface treatments,
ensures superior inertness or greatly enhanced
corrosion resistance. We can provide continuous
coils of treated 1/8" tubing up to 100
feet/30.5m long, or coils of 1/4" tubing up to
300 feet/91.4m long; these lengths of treated
electropolished tubing are not available any-
where else.

Extremely inert, Siltek™ treated tubing is ideal in
systems used for transferring active sulfur-con-
taining compounds, for testing automotive
exhaust or sampling stack gas, for process mon-
itoring, or in any other application in which a
representative sample of chemically active com-
pounds must be transferred without loss.

In systems used to transfer hydrochloric, nitric,
or sulfuric acid, or seawater, Silcosteel®-CR
treated electropolished stainless steel tubing
will last longer and require less maintenance
than untreated tubing. Table 1 and Figure 1
show Silcosteel®-CR treated stainless steel is

very well protected from both pitting and
crevice corrosion, compared to untreated stain-
less steel.

Total Protection
For maximum inertness, we recommend a sam-
ple transfer system constructed from Restek
treated electropolished stainless steel tubing

and Restek
treated
Swagelok® fit-
tings. To find out
how these com-
ponents can
improve the reli-
ability of your
data, and/or
minimize costly,
time-consuming

maintenance, contact our Technical Service
Group (ext. 4), or your Restek representative,
and speak with our surface treatment experts.

*Siltek™ treatment is the multiple-purpose equivalent to
Sulfinert® treatment, the surface we apply specifically to sys-
tems used to collect, store, and transfer active sulfur-contain-
ing compounds.

Restek Surface
Technology Earns R&D

100 Award
Our newest surface treatment,
Silcosteel®-UHV, has been 
recognized by a panel of 

independent judges and editors of R&D
Magazine as one of the 100 most technologi-
cally significant products introduced in 2003.
Silcosteel®-UHV treatment minimizes the
migration of water and oxygen molecules from
the surfaces of ultra high vacuum system com-
ponents into the vacuum chamber, allowing the
system to be evacuated much more quickly,
with less costly pumping equipment.

New Publication Features Restek
Surface Technology

Learn more about our precisely applied, highly
durable surface treatments: request our new

38-page brochure today (lit. cat.# 59493),
or review it on our new Performance Coatings

Division website:
www.restekcoatings.com 

Figure 1 Silcosteel®-CR treated 316L stainless
steel coupons show no crevice corrosion and

only slight pitting corrosion; untreated coupons
exhibit severe crevice corrosion.

Table 1  Silcosteel®-CR treated stainless steel
coupons show little weight loss after exposure

to 6% w/w ferric chloride solution.

SSaammppllee WWeeiigghhtt  LLoossss  ((gg//mm22))

Silcosteel®-CR 19

Silcosteel®-CR 25

Silcosteel®-CR 25

Bare Steel 231

Bare Steel 20

Bare Steel 228 Silcosteel®-CR treated untreated
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Performance Coatings Division Website Now Up and Running!
www.restekcoatings.com 

•Descriptions and performance information about our innovative
surface treatments.

•Frequently-asked questions.
•Bibliography of technical articles discussing surface passivation.
•Restek literature to download or request by mail.
•Stock treated tubing, fittings, and other items.
•Electronic custom request form.

We welcome your comments and suggestions! Discover our capabili-
ties here, then give us your toughest surface activity problems, and let
us do what "cannot be done" for you.

Fittings from Swagelok®
• Siltek™ treatment ensures ultimate inertness.
• Silcosteel®-CR treatment enhances corrosion resistance tenfold, or more.
• Custom treatment available for other Swagelok® fittings or other system parts.

SSiimmiillaarr  ttoo SSiilltteekk™ SSiillccoosstteeeell®--CCRR
FFiittttiinngg  TTyyppee SSiizzee SSwwaaggeellookk® ## qqttyy.. ccaatt..## pprriiccee qqttyy.. ccaatt..## pprriiccee
Union 1/16” SS-100-6 ea. 22540 $70 ea. 22575 $70

1/8” SS-200-6 ea. 22541 $62 ea. 22576 $62
1/4” SS-400-6 ea. 22542 $62 ea. 22577 $62

Tee 1/16” SS-100-3 ea. 22543 $110 ea. 22578 $110
1/8” SS-200-3 ea. 22544 $90 ea. 22579 $90
1/4” SS-400-3 ea. 22545 $82 ea. 22580 $82

Reducing Union 1/8” to 1/16” SS-200-6-1 ea. 22546 $70 ea. 22581 $70
1/4” to 1/16” SS-400-6-1 ea. 22547 $66 ea. 22582 $66
1/4” to 1/8” SS-400-6-2 ea. 22548 $66 ea. 22583 $66

Elbow 1/8” SS-200-9 ea. 22549 $70 ea. 22584 $70
1/4” SS-400-9 ea. 22550 $70 ea. 22585 $70

Port Connector 1/8" SS-201-PC ea. 22557 $55 ea. 22592 $55
1/4" SS-401-PC ea. 22558 $55 ea. 22593 $55

1/8" tube to 1/4" SS-401-PC-2 ea. 22559 $55 ea. 22594 $55

Male Connector 1/8" to 1/8" NPT SS-200-1-2 ea. 22561 $60 ea. 22595 $60
1/4" to 1/4" NPT SS-400-1-4 ea. 22562 $60 ea. 22596 $60
1/16" to 1/8" NPT SS-100-1-2 ea. 22563 $60 ea. 22610 $60
1/8" to 1/4" NPT SS-200-1-4 ea. 22564 $60 ea. 22611 $60
1/4" to 1/8" NPT SS-400-1-2 ea. 22565 $60 ea. 22612 $60

Female Connector 1/8" to 1/8" NPT SS-200-7-2 ea. 22566 $60 ea. 22613 $60
1/4" to 1/4" NPT SS-400-7-4 ea. 22567 $60 ea. 22614 $60
1/4" to 1/8" NPT SS-400-7-2 ea. 22568 $60 ea. 22615 $60
1/8" to 1/4" NPT SS-200-7-4 ea. 22569 $60 ea. 22616 $60

Female Connector 1/8" SS-200-61 ea. 22570 $90 ea. 22617 $90
1/4" SS-400-61 ea. 22571 $80 ea. 22618 $80

Silcosteel®-CR-Treated Electropolished Tubing

1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to 300 ft. in one continuous coil.
Longer lengths will be more than one coil.
Note: (required length in meters) x (3.2808) = length in feet.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22536 $25/ft. $20/ft. $16.80/ft. $14/ft.
0.180" 1/4" 22537 $25/ft. $20/ft. $16.80/ft. $14/ft.

Siltek™-Treated Electropolished Tubing
PPrriiccee--ppeerr--ffoooott

IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22538 $25/ft. $20/ft. $16.80/ft. $14/ft.
0.180" 1/4" 22539 $25/ft. $20/ft. $16.80/ft. $14/ft.

did you know?
Restek surface treatments are not only used in 
analytical chemistry.

Silcosteel®
A general-purpose passivation layer for steel
and stainless steel. U.S. patent 6,511,760.
Silcosteel®-AC
Dramatically reduces carbon buildup on stain-
less steel components. U.S. patent 6,444,326.
Silcosteel®-CR
A corrosion resistant layer that increases the life-
time of system components in acidic environ-
ments containing hydrochloric acid, nitric acid,
sulfuric acid, or seawater. Patent pending.
Silcosteel®-UHV
Greatly reduces outgassing from components of
ultra-high vacuum systems. Patent pending.
Siltek™
The ultimate passivation for treated compo-
nents, from glass to high nickel alloys of steel.
U.S. patent 6,444,326.
Sulfinert®
A required treatment for metal components
when analyzing for parts-per-billion levels of
organo-sulfur compounds. U.S. patent 6,444,326.

Internal surface smoothness in stainless steel
tubing: a smoother surface is less adsorptive.
Top: electropolished finish, surface roughness

average number: 5-10.
Bottom: conventional finish, surface roughness

average number: approx. 23-27.
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Above-Ambient GSC Analysis of Permanent
Gases and Light Hydrocarbons

Using ShinCarbon ST Micropacked Columns
by Barry Burger, Petroleum Chemist, and Gary Stidsen, GC Columns Marketing Manager

• Rapid separations, including CO/CO2, without cryogenics.
• Minimal baseline rise with GC/GSC detectors.
• Fast stabilization - ready to use in 30 minutes.

ShinCarbon ST, a high surface area carbon
molecular sieve (~1500 m2/g), is the GSC medi-
um of choice for gases and highly volatile com-
pounds. A 2-meter, 1mm ID ShinCarbon ST
micropacked column separates the permanent
gases in about 10 minutes, without cryogenic
cooling (Figure 1), and separates permanent gas
/ light hydrocarbon mixtures quickly and effec-
tively (Figure 1). Additional applications for
ShinCarbon ST include natural gas (Figure 2), sul-
fur dioxide, and Freon® fluorocarbons (Figure 3).*

ShinCarbon ST is highly stable. A 330ºC upper
temperature limit ensures minimal bleed and
baseline rise during temperature programming
and makes the material compatible with most

detection systems used for gas analysis, includ-
ing TCDs and HIDs. ShinCarbon ST columns are
conditioned in an oxygen/moisture free environ-
ment to minimize stabilization time (less than 30
minutes) when installing a new column.

ShinCarbon ST columns eliminate the tempera-
ture and bleed problems that can complicate
analyses of permanent gases, light hydrocar-
bons, and other highly volatile compounds, and
provide excellent resolution and analysis times
for these applications. Micropacked columns
and 2-meter, 2mm ID packed columns are avail-
able from stock; custom columns are available
on request.

ShinCarbon ST 100/120 Micropacked Columns (Silcosteel®-treated stainless steel)

OODD IIDD 11--MMeetteerr 22--MMeetteerr
1/16" 1.0mm 19809 $175 19808 $199

0.95mm 0.75mm 19810 $175 — —

ShinCarbon ST 80/100 Packed Columns (Silcosteel®-treated stainless steel)

OODD IIDD 22--MMeetteerr****
1/8" 2.0mm 80486- $249

Installation Kits for Micropacked
Columns

ffoorr  00..7755mmmm  IIDD  ccooll.. ffoorr  11mmmm  IIDD  ccooll..
For valve applications 21062 $105 21065 $30
For split applications 21063 $15 — —
For all Agilent GCs 21064 $15 — —
For direct injections — — 21066 $45

Refer to our catalog
or website for

Scott gas standards for
permanent gases and

light hydrocarbons

5µL permanent gases mix
approx. 5 mol. percent each

Figure 1
Rapidly separate permanent gases or permanent gas / light hydrocarbon mixtures, without cryogenic

cooling, on a ShinCarbon ST micropacked column.

1. hydrogen
2. oxygen
3. nitrogen
4. carbon monoxide
5. methane
6. carbon dioxide

GC_PC00666

CCoonnddiittiioonnss  ffoorr  bbootthh  cchhrroommaattooggrraammss::
ShinCarbon ST 100/120 mesh              
2 meter x 1mm ID micropacked
(cat.# 19808)
Inj. temp.:      100°C
Carrier gas:  helium
Flow rate:     10mL/min.
Oven temp.: 40°C (hold 3 min.)

to 250° @ 8°/min.
(hold 10 min.)

Det. HID @ 200°C

1. oxygen
2. nitrogen
3. carbon monoxide
4. methane
5. carbon dioxide
6. acetylene
7. ethylene
8. ethane

GC_PC00665

ShinCarbon ST 100/120 mesh (cat.# 19809)
1 meter x 1mm ID micropacked
Sample: C1-C6 hydrocarbons, 0.5-8.0% each
Inj. temp.: 200°C
Det.: FID/250°C
Carrier gas: helium (constant flow)
Linear velocity: 10mL/min. 
Oven temp.: 125°C to 250°C @ 16°C/min.

1. methane
2. ethane
3. propane
4. isobutane
5. n-butane
6. isopentane
7. n-pentane
8. hexanes

Figure 2
Monitor components of natural gas on a

Shincarbon ST micropacked column.

*For a chromatogram of a sulfur dioxide analysis, visit our 
website or request publication 59519A.
** Refer to our catalog or website for available configurations.

ShinCarbon ST 100/120 mesh (cat.# 19809)
1 meter x 1mm ID micropacked
Sample: 5µL, ~1-3% each
Inj. temp.: 200°C
Det.: FID/250°C
Carrier gas: helium 
Linear velocity: 10mL/min. 
Oven temp.: 125°C to 320°C @ 16°C/min.

1. Freon® 134a/22
2. Freon® 12
3. Freon® 133a
4. Freon® 114

GC_PC00673

GC_PC00672

Figure 3
Fluorocarbons separated in 11 minutes on a

ShinCarbon ST column.

5µL permanent gases
C1+C2 hydrocarbons, 1% each
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Redesigned Rt-QPLOT™ GSC Columns
For Improved Inertness, Reproducibility, and Column Lifetime

by Barry Burger, Petroleum Chemist

• Sharp peaks and excellent resolution for alcohols.
• Effective particle bonding eliminates the need for particle traps.
• Stable to 310ºC, for effective reconditioning.

The most common mode of gas chromatography,
gas-liquid chromatography (GLC), has limitations
in analyses of gases and highly volatile analytes.
Subambient temperatures often are required in
these applications, and cryogenic cooling sys-
tems are costly and inconvenient. In gas-solid
chromatography (GSC) these small molecules
are absorbed into the pore structure of the
packing material, which provides strong reten-
tion and unique selectivity. By this approach, dif-
ficult-to-separate gaseous or highly volatile ana-
lytes can be separated at above ambient tem-
peratures.

Just as capillary columns offer advantages over
packed GLC columns, porous layer open tubular
columns—PLOT columns—offer significant
advantages over packed GSC columns. PLOT
columns provide faster and more sensitive
analyses. Their open design gives PLOT columns
greater permeability, and their narrow diameter

ensures sharper peaks. The open construction
affords a smaller pressure drop per unit length,
so longer columns can be used. This means
much higher column efficiency and, therefore,
superior resolution.

Rt-QPLOT™, Rt-SPLOT™, and Rt-UPLOT™ columns
are porous polymer based PLOT columns that
incorporate polar functional groups in a
styrene/divinylbenzene matrix. The least polar of
these, the nonpolar Rt-QPLOT™ columns, are
made with divinylbenzene. Rt-QPLOT™ columns
are well suited to a wide variety of ambient-
temperature analyses, including hydrocarbon
mixtures and solvents. An Rt-QPLOT™ column is
an excellent choice for analyzing alcohols
(Figure 1) or polar solvents (Figure 2).
Additional separations on Rt-QPLOT™ columns
are in the GC Applications section of our catalog
(Permanent Gases, Hydrocarbon Gases, and
Solvents sub-sections), and on our website.

An Rt-QPLOT™ column requires no particle trap
and exhibits minimum bleed (<20pA at 310°C).
Unlike alumina or molecular sieve PLOT
columns, porous polymer PLOT columns are
unaffected by moisture, and thus are particular-
ly useful for applications in which water is likely
to be part of the sample.

We think you will find the performance, column
lifetime, and reproducibility of our PLOT columns
superior to any other PLOT columns available.

Why Use RESTEK PLOT Columns?
1. Uniform, highly consistent porous materials,

for the most efficient and consistent analyses.
2. Advanced manufacturing technology and

demanding quality assurance ensure highly
reproducible quality.

3. Choice of alumina, three porous polymers,
and molecular sieve—you can perfectly
match a column to your application.

4. Highly efficient particle bonding - no loose
particles to enter your system, no need for
particle traps.

Rt-QPLOT™ PLOT Columns (fused silica)
(divinylbenzene)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.32mm 10 to 310°C 19717 $365 19718 $500
0.53mm 20 to 310°C 19715 $390 19716 $540

min5 1010 1515 2020 2525 3030 35

1

2

3

4

5

6

7

8

9

10
11

30m, 0.32mm ID, 10µm Rt-QPLOT™ (cat.# 19718)
1.0µL split injection of alcohol mixture
Conc.: 1% of each compound in water
Oven program: 100°C  to 240°C @ 5°C/min.

(hold 10 min.)
Injector: split @ 250°C
Carrier gas: helium (constant pressure mode)
Head pressure: 18.0psi
Column flow rate: 1.1cc/min. @ 100°C
Linear velocity: 31cm/sec. @ 100°C
Split ratio: 70:1
Detector: FID @ 270°C
Make-up gas flow: 45cc/min.
Inlet liner: 4mm single gooseneck (cat.# 20798)

1. methanol
2. ethanol
3. 2-propanol
4. 1-propanol
5. tert-butanol
6. 2-butanol

7. isobutyl alcohol
8. 1-butanol
9. 2-methyl-2-butanol

10. 3-methyl-1-butanol
11. 4-methyl-2-pentanol

GC_CH00495

Figure 1
Sharp peaks and excellent resolution of alcohols on an Rt-QPLOT™ column.

Figure 2
Fast, baseline resolution of polar and nonpolar

solvents on an Rt-QPLOT™ column.

30m, 0.32mm ID Rt-QPLOT™ PLOT (cat.# 19718) 
20µL split injection. 50ppm (w/v) each in helium with a 
Cyclosplitter® liner (cat.# 20755)

Oven temp.: 150°C
Inj./det. temp.: 200°C
Carrier gas: hydrogen
Det.: FID
Split ratio: 20/1

1. methane
2. methanol
3. ethanol
4. acetone
5. n-pentane
6. ethyl acetate
7. n-hexane

4

2

3 5

6

7

1

1 2 3 4 5 6 7 8 9 10 11 min.
GC_PC00181

For performance and ordering information for
Rt-SPLOT™ and Rt-UPLOT™ columns, refer to our
catalog or website. 
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New Analytical Reference Materials in 2004
by Katia May, Ph.D., Senior R&D Chemist

• Environmental mixes: volatiles - semivolatiles - pesticides/herbicides - petroleum products.
• Miscellaneous mixes: deactivation reagent - drinking water odor standard.
• Custom mixes and packaging always available.

Restek's chemists worked hard during 2004 to introduce many new reference mixes. 
For your convenience, we've listed them all here, because they are not included in our 2004
general catalog. They also are available on our website. Look for many more new Restek
mixes in 2005.

acrylonitrile
allyl chloride
benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon disulfide
carbon tetrachloride
chloroacetonitrile
chlorobenzene
1-chlorobutane
chlorodibromomethane

(dibromochloromethane)
chloroform
2-chlorotoluene
4-chlorotoluene
1,2-dibromo-3-chloropropane

(DBCP)
1,2-dibromoethane

(ethylene dibromide)
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
trans-1,4-dichloro-2-butene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene

trans-1,3-dichloropropene
diethyl ether (ethyl ether)
ethylbenzene
ethyl methacrylate
hexachlorobutadiene
hexachloroethane
iodomethane (methyl iodide)
isopropylbenzene (cumene)
4-isopropyltoluene (p-cymene)
methacrylonitrile
methyl acrylate
methylene chloride

(dichloromethane)
methyl methacrylate
methyl tert-butyl ether

(MTBE)
naphthalene
nitrobenzene
2-nitropropane
pentachloroethane
propionitrile (ethylcyanide)
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
toluene
m-xylene
o-xylene
p-xylene

Drinking Water VOA MegaMix™, 524.2
Rev. 4.1 (73 components)

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30601 $133.90 30601-510 $602.55 —
w/data pack

30601-500 $143.90 30601-520 $669.50 30701 $1205.10

acetone
2-butanone (MEK)
1,1-dichloro-2-propanone

2-hexanone
4-methyl-2-pentanone (MIBK)

Ketones Mix, 524.2 Rev. 4.1

EEaacchh 55--ppkk.. 1100--ppkk..
55,,000000µµgg//mmLL  eeaacchh  iinn  9900%%  PP&&TT  mmeetthhaannooll::1100%%  wwaatteerr,,
11mmLL//aammppuull

30602 $28.90 30602-510 $130.05 —
w/data pack

30602-500 $38.90 30602-520 $144.50 30702 $260.10

4-bromofluorobenzene
1,2-dichlorobenzene-d4

fluorobenzene
524 Internal Standard/Surrogate Mix

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30201 $23.70 30201-510 $103.60 —
w/data pack

30201-500 $34 30201-520 $114.70 30301 $201

1-bromo-4-fluorobenzene 1,2-dichlorobenzene-d4

524.2 Surrogate Standard

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30607 $23 30607-510 $103.50 —
w/data pack

30607-500 $33 30607-520 $115 30707 $207

benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
bromomethane (methyl bromide)
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon tetrachloride
chlorobenzene
chloroethane (ethyl chloride)
chloroform
chloromethane (methyl chloride)
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloropropane
1,2-dibromoethane (EDB)
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
dichlorodifluoromethane (CFC-12)
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethylene
cis-1,2-dichloroethylene
trans-1,2-dichloroethylene
1,2-dichloropropane
1,3-dichloropropane

2,2-dichloropropane
1,1-dichloropropene
trans-1,3-dichloropropene
cis-1,3-dichloropropylene
ethylbenzene
hexachloro-1,3-butadiene (hexa-
chlorobutadiene)
isopropylbenzene (cumene)
4-isopropyltoluene (p-cymene)
methylene chloride
(dichloromethane)
naphthalene
n-propylbenzene
styrene
toluene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethylene
1,2,4-trichlorobenzene
1,2,3-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene
trichlorofluoromethane (CFC-11)
1,2,3-trichloropropane
1,3,5-trimethylbenzene
1,2,4-trimethylbenzene
vinyl chloride
m-xylene
o-xylene
p-xylene

Volatiles MegaMix™ with Gases
(60 components)

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30603 $85 30603-510 $382.50 —
w/data pack

30603-500 $95 30603-520 $392.50 30703 $722.50

Formaldehyde-DNPH Mix

EEaacchh 55--ppkk..
550000µµgg//mmLL  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31837 $25 31837-510 $112.50

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenzo(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine2

fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

*3-methylphenol and 4-methylphenol concentration is 500µg/mL.

8270 MegaMix™ (76 components)

11,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).
2N-nitrosodiphenylamine (8270-listed analyte) decomposes to
diphenylamine (mix component).

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  ((eexxcceepptt  wwhheerree  nnootteedd))  iinn  mmeetthhyylleennee
cchhlloorriiddee,,  11mmLL//aammppuull

31850 $108.20 31850-510 $486.90 —
w/data pack

31850-500 $118.20 31850-520 $541 31950 $973.80

8270 Matrix Spike Mix (76 components)

**3-methylphenol and 4-methylphenol concentration is
100µg/mL.

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  55mmLL//aammppuull**

31851 $154.50 31851-510 $695.25 —
w/data pack

31851-500 $164.50 31851-520 $772.50 31951 $1390.50

same list as 8270 MegaMix™ above

benzidine
3,3'-dichlorobenzidine

3,3'-dimethylbenzidine
8270 Benzidines Mix

EEaacchh 55--ppkk.. 1100--ppkk..
22,,000000µµgg//mmLL  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull

31852 $28 31852-510 $126 —
w/data pack

31852-500 $38 31852-520 $140 31952 $252

1,4-Dioxane
EEaacchh 55--ppkk.. 1100--ppkk..

22,,000000µµgg//mmLL  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull
31853 $22 31853-510 $99 —

w/data pack
31853-500 $32 31853-520 $110 31953 $198

Semivolatile Organics

Volatile Organics

free literature
Optimizing the Analysis of Volatile
Organic Compounds
72-page guide to analyzing volatile compounds
in environmental samples, with many example
chromatograms. An excellent resource for the
new or experienced analyst. Request lit. cat.#
59887A from your Restek representative.
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acenaphthene 100µg/mL
acenaphthylene 100
anthracene 100
benzo(a)anthracene 10
benzo(a)pyrene 10
benzo(b)fluoranthene 10
benzo(ghi)perylene 10
benzo(k)fluoranthene 5
chrysene 10

dibenzo(a,h)anthracene 10
fluoranthene 10
fluorene 100
indeno(1,2,3-cd)pyrene 10
1-methylnaphthalene 100
2-methylnaphthalene 100
naphthalene 100
phenanthrene 100
pyrene 10

EPA Method 8310 Quality Control Check* 
(18 components)

Sonicate before using.

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31843 $42 31843-510 $189 —
w/data pack

31843-500 $52 31843-520 $199 31943 $357

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
chrysene

dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
1-methylnaphthalene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

Sonicate before using.

EPA Method 8310 PAH Mixture*

EEaacchh 55--ppkk.. 1100--ppkk..
550000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31841 $57 31841-510 $256.50 —
w/data pack

31841-500 $67 31841-520 $266.50 31941 $484.50

decafluorobiphenyl
EPA Method 8310 Surrogate Standard

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31842 $21.70 31842-510 $97.70 —
w/data pack

31842-500 $31.70 31842-520 $107.70 31942 $184.50

benzyl butyl phthalate 250µg/mL
bis(2-ethylhexyl)adipate 1200
bis(2-ethylhexyl)phthalate 250
di-n-butylphthalate 100

di-n-octyl phthalate 650
diethylphthalate 100
dimethylphthalate 100

506 Laboratory Performance Check Mix

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

31844 $30 31844-510 $135 —
w/data pack

31844-500 $40 31844-520 $150 31944 $270

benzyl butyl phthalate
bis(2-ethylhexyl)adipate
bis(2-ethylhexyl)phthalate
di-n-butylphthalate

di-n-octyl phthalate
diethylphthalate
dimethylphthalate

506 Calibration Mix

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  iissooooccttaannee,,  11mmLL//aammppuull

31845 $25 31845-510 $112.50 —
w/data pack

31845-500 $35 31845-520 $125 31945 $225

diflubenzuron
diuron
fluometuron
linuron

propanil
siduron
tebuthiuron
thidiazuron

Phenylurea Pesticide Mixture

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee::aacceettoonnee,,  11mmLL//aammppuull

32434 $50 32434-510 $225 —
w/data pack

32434-500 $60 32434-520 $250 32534 $450

carbazole monuron
Phenylurea Surrogate Mixture

EEaacchh 55--ppkk.. 1100--ppkk..
550000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll::aacceettoonniittrriillee,,  11mmLL//aammppuull

32433 $35 32433-510 $157.50 —
w/data pack

32433-500 $45 32433-520 $175 32533 $315

aldicarb
aldicarb sulfone
aldicarb sulfoxide
carbaryl (sevin)
carbofuran
3-hydroxycarbofuran

methiocarb
methomyl
1-naphthol
oxamyl
propoxur (baygon)

531.2 Carbamate Pesticide Calibration
Mixture

EEaacchh 55--ppkk.. 1100--ppkk..
110000µµgg//mmLL  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

32435 $44 32435-510 $198 —
w/data pack

32435-500 $54 32435-520 $220 32535 $396

diquat dibromide paraquat dichloride
Paraquat & Diquat Calibration Mix

EEaacchh
11,,000000µµgg//mmLL  eeaacchh  iinn  wwaatteerr,,  11mmLL//aammppuull

32437 $25
w/data pack

32437-500 $35

Ultra Quat Reagent Solution
EEaacchh 1100--ppkk..

IInn  wwaatteerr,,  2200mmLL//aammppuull
32441 $50 32541 $450

benzene
n-butylcyclohexane
n-decane (C10)
2,5-dibromotoluene
ethylbenzene
2-methylpentane
methyl tert-butyl ether (MTBE)
naphthalene

n-nonane (C9)
n-pentane (C5)
toluene
1,2,4-trimethylbenzene
2,2,4-trimethylpentane (isooctane)
m-xylene
o-xylene
p-xylene

MA VPH Standard with Surrogate (Revised)

EEaacchh 55--ppkk.. 1100--ppkk..
1100,,000000µµgg//mmLL  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30604 $39 30604-510 $175.50 —
w/data pack

30604-500 $49 30604-520 $195 30704 $351

benzene
n-butylcyclohexane
n-decane (C10)
2,5-dibromotoluene
ethylbenzene
2-methylpentane
methyl tert-butyl ether (MTBE)
naphthalene

n-nonane (C9)
n-pentane (C5)
toluene
1,2,4-trimethylbenzene
2,2,4-trimethylpentane (isooctane)
m-xylene
o-xylene
p-xylene

MA VPH Matrix Spike Mix with Surrogate
(Revised)

EEaacchh 55--ppkk.. 1100--ppkk..
5500µµgg//mmLL  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30605 $39 30605-510 $175.50 —
w/data pack

30605-500 $49 30605-520 $195 30705 $351

Hydraulic Oil Standard
EEaacchh 55--ppkk.. 1100--ppkk..

5500,,000000µµgg//mmLL  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull
31839 $34 31839-510 $153 —

w/data pack
31839-500 $44 31839-520 $170 31939 $306

Creosote Oil Standard
EEaacchh 55--ppkk.. 1100--ppkk..

5500,,000000µµgg//mmLL  iinn  mmeetthhyylleennee  cchhlloorriiddee,,  11mmLL//aammppuull
31838 $34 31838-510 $153 —

w/data pack
31838-500 $44 31838-520 $170 31938 $306

Dimethyldichlorosilane (DMDCS)
EEaacchh 55--ppkk..

NNeeaatt,,  2200mmLL//aammppuull
31840 $20 31840-510 $90

(+/-)-geosmin 2-methylisoborneol

Drinking Water Odor Standard

EEaacchh 55--ppkk..
110000µµgg//mmLL  iinn  PP&&TT  mmeetthhaannooll,,  11mmLL//aammppuull

30608 $52 30608-510 $234

PAH Mixes

Phthalate and Adipate Mixes

Pesticide and Herbicide Mixes Petroleum Reference Standards

Other Mixes
CUSTOM

IS OUR
STANDARD

Reference materials made to your
EXACT specifications.

• Quotations supplied quickly.
• Most mixes shipped in 5-10 working

days of order.
Call (800-356-1688 / 814-353-1300, ext. 4),

e-mail (standards@restekcorp.com),
fax (814-355-2895),

visit our website, or contact
your Restek representative.

Why choose Restek reference mixes?
• Carefully formulated for dependability and long shelf life.
• Convenient, economical one-stop shopping: columns, supplies, reference mixes.
• Plus 1™ service, always.
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Pinnacle™ DB Base-Deactivated HPLC
Columns

Effective Replacements for Hypersil® BDS Columns
by Rebecca Wittrig, Ph.D., HPLC Product Marketing Manager, 

and Vernon Bartlett, HPLC Innovations Team Manager

• Sharp, symmetric peaks for basic analytes.
• Excellent reproducibility, column-to-column and lot-to-lot.
• Chromatography equivalent to Hypersil® BDS material.

With Pinnacle™ DB base-deactivated silica, we
have created an exceptional material for analy-
ses of basic compounds, matching or exceeding
the chromatographic performance of Hypersil®

BDS material. Pinnacle™ DB silica and bonded
phase packings are made through efficient
processes that ensure reproducible perform-
ance and reliable stock levels—we ship 90% of
all analytical columns ordered within 24 hours.

In Figure 1, peak symmetry for the basic com-
pound pyridine is noticeably better on the
Pinnacle™ DB C18 column than on a typical Type
B C18 column, and the analysis time is shorter
by more than 30%. You can expect similar
results if you make your own comparisons.
Figure 2 shows how closely matched the impor-
tant physical characteristics of particle size and
pore size distribution are for Pinnacle™ DB and
Hypersil® BDS materials. Physical/chemical
characteristics of Pinnacle™ DB packings are
listed in Table I.

For certain physical parameters - most notably,
metals content - we intentionally deviate from
Hypersil® BDS material, as Figure 3 shows. The
major difference in sodium content is especially
important, as metal ions on the surface of silica
particles negatively affect peak symmetry and

otherwise interfere with chromatography, partic-
ularly for basic analytes. But, there is another
important problem with silicas that have a high
metal content, especially sodium—they are
structurally inferior to silicas containing lesser
amounts of metals. To strengthen silica particles
containing high concentrations of sodium, some
manufacturers use an annealing process to
embed the sodium into the framework of the
particles. Although annealing imparts strength to
the particles, it destroys some of their useable
surface area. And, as the particles age or crack,
embedded ions are re-exposed. Deactivation for
bases is lost, and stability in highly aqueous
mobile phases erodes.

Our manufacturing process strips metals and
other impurities from the silica surface. By
removing metals, rather than covering them, we
make a more rugged silica that does not need
annealing to impart strength. Peak shapes for
bases are more consistent as the column ages,
and the potential lifetime for a Pinnacle™ DB col-
umn is longer. Also, large pores (140Å) make
Pinnacle™ DB material an excellent choice when
you want to shorten analysis time.

But - how do separations on Pinnacle™ DB
columns and Hypersil® BDS columns compare?
The chromatograms in Figures 4 and 5 are

analyses of a base/neutral test mix and an
acid/base test mix, respectively. Behavior of
each of these analytes will vary, based on differ-
ences in carbon load, ligand density, degree of
base deactivation, endcapping, and exposed
metals. Columns that are similar for these char-
acteristics should provide similar chromatogra-
phy, and Figures 4 and 5 show Pinnacle™ DB C18
columns and Hypersil® BDS columns perform
nearly identically.

If you are looking for rugged, high-quality
columns for analyzing basic compounds, or as
replacements for Hypersil® BDS columns, and
you want them supplied quickly and reliably,
Pinnacle™ DB columns are the ideal answer. In
addition to the product quality you expect, you'll
receive Plus 1™ service and prompt, expert tech-
nical help when you deal with Restek.

Figure 1
Superior peak symmetry for pyridine, and a
faster analysis, on a Pinnacle™ DB column.

LC_0245

Sample:
Inj.: 5.0µL
Solvent: mobile phase
Conditions:
Mobile phase: 20mM potassium phosphate, pH 7.0: acetonitrile

(80:20 v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 254nm

LC_0248

PPeeaakk  LLiisstt:: CCoonncc..
1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

CCoolluummnn:: PPiinnnnaaccllee™™ DDBB  CC1188 CCoonnvveennttiioonnaall  CC1188
Cat. #: 9414565 n/a
Dimensions: 150 x 4.6mm 150 x 4.6mm
Particle size: 5µm 5µm
Pore size: 140Å 100Å

Figure 2
Physical characteristics of Pinnacle™ DB silica and Hypersil® BDS silica are remarkably similar.

Table I
Physical/chemical characteristics of Pinnacle™

DB packings.

PPaarrttiiccllee:: 5µm, spherical
PPoorree  ssiizzee:: 140Å
PPoorree  vvoolluummee:: 0.65mL/g
CCaarrbboonn  llooaadd:: C18—11%

C8—6%
Cyano—4%

PPaarrttiiccllee  SSiizzee  aannaallyyssiiss PPiinnnnaaccllee  DDBB HHyyppeerrssiill  BBDDSS
Geometric Mean (µm): 4.81±1.20 4.89±1.70
Arithmetic Mean (µm): 4.89±0.94 4.95±0.82
Median (µm): 4.69 4.81
Mode: 4.69 4.79
Max Diff. (%): 6.04 7.11

Pinnacle DB

Hypersil BDS

Particle Size DistributionPore Size Distribution



• 11 •2004 vol. 3 • 11 • 800-356-1688 • www.restek.com

Pinnacle™ DB Columns
The Pinnacle™ DB column line includes silica and C18, C8, and cyano bonded phases.
Other phases and particle sizes are available on request.

Metal Type

ppm
(test

limit is
10ppm)

Figure 3
Low metals content in Pinnacle™ DB silica ensures sharper, more symmetric peaks for basic analytes.

SSaammppllee::
Inj.: 2µL
Solvent: methanol:water (50:50 v/v)
CCoonnddiittiioonnss::
Mobile phase:  50mM KH2PO4, 

pH 3.5:methanol (35:65 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

LC_0264

LC_0263

Figure 4
Pinnacle™ DB columns and Hypersil® BDS columns provide nearly identical retention, peak symmetry,

and efficiency.

0 1 2 3 4 5 6 7

1

2

3

4

5

6

7

8 min.

CCoolluummnn:: PPiinnnnaaccllee  DDBB  CC1188 HHyyppeerrssiill  BBDDSS  CC1188
Cat. #:  9414565 25105-154630
Dimensions:  150 x 4.6mm 150 x 4.6mm
Particle size: 5µm 5µm
Pore size:     140Å 140ÅPPeeaakk  LLiisstt:: CCoonncc..

1. uracil 50µg/mL
2. aniline 0.75mg/mL
3. 2-nitroaniline 0.35mg/mL
4. 2,4-nitroaniline 0.35mg/mL
5. 3,5-xylenol 2.5mg/mL
6. anisole  2.5mg/mL
7. toluene  3.5mg/mL

0 1 2 3

1 2

3

4 5 6 7 min.�

SSaammppllee::
Inj.: 2µL
Solvent: methanol:water (50:50 v/v)
CCoonnddiittiioonnss::
Mobile phase: 5 mM KH2PO4, pH 3.5:methanol (40:60 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

LC_0259

Figure 5
Pinnacle™ DB columns and Hypersil® BDS

columns provide nearly identical retention,
peak symmetry, and efficiency.

CCoolluummnn:: PPiinnnnaaccllee™™ DDBB  CC1188 HHyyppeerrssiill®® BBDDSS CC1188
Cat #: 9414565 25105-154630
Dimensions: 150 x 4.6mm 150 x 4.6mm
Particle size: 5µm 5µm
Pore size: 140Å 140Å

PPeeaakk  LLiisstt:: CCoonncc..
1. caffeine 0.5mg/mL
2. acetylsalicylic acid 3.5mg/mL
3. benzoic acid 2.8mg/mL

LC_0260

for more info
To see additional performance com-
parisons, request Pinnacle™ DB HPLC
Columns as Replacements for
Hypersil® BDS (lit. cat.# 59742).

Pinnacle™ DB C18 (USP L1), 5µm
11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD

LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee
30mm 9414531 $285 9414532 $265 9414533 $265 9414535 $265
50mm 9414551 $320 9414552 $300 9414553 $300 9414555 $300

100mm 9414511 $340 9414512 $320 9414513 $320 9414515 $320
150mm 9414561 $362 9414562 $342 9414563 $342 9414565 $342
200mm 9414521 $370 9414522 $350 9414523 $350 9414525 $350
250mm 9414571 $388 9414572 $368 9414573 $368 9414575 $368

Pinnacle™ DB C8 (USP L7), 5µm
11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD

LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee
30mm 9413531 $285 9413532 $265 9413533 $265 9413535 $265
50mm 9413551 $320 9413552 $300 9413553 $300 9413555 $300

100mm 9413511 $340 9413512 $320 9413513 $320 9413515 $320
150mm 9413561 $362 9413562 $342 9413563 $342 9413565 $342
200mm 9413521 $370 9413522 $350 9413523 $350 9413525 $350
250mm 9413571 $388 9413572 $368 9413573 $368 9413575 $368

Pinnacle™ DB Cyano (USP L10), 5µm
11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD

LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee
30mm 9416531 $285 9416532 $265 9416533 $265 9416535 $265
50mm 9416551 $320 9416552 $300 9416553 $300 9416555 $300

100mm 9416511 $340 9416512 $320 9416513 $320 9416515 $320
150mm 9416561 $362 9416562 $342 9416563 $342 9416565 $342
200mm 9416521 $370 9416522 $350 9416523 $350 9416525 $350
250mm 9416571 $388 9416572 $368 9416573 $368 9416575 $368

Pinnacle™ DB Silica (USP L3), 5µm
11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD

LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee
30mm 9410531 $285 9410532 $265 9410533 $265 9410535 $265
50mm 9410551 $320 9410552 $300 9410553 $300 9410555 $300

100mm 9410511 $340 9410512 $320 9410513 $320 9410515 $320
150mm 9410561 $362 9410562 $342 9410563 $342 9410565 $342
200mm 9410521 $370 9410522 $350 9410523 $350 9410525 $350
250mm 9410571 $388 9410572 $368 9410573 $368 9410575 $368

Acid/Base
Mix

Base/Neutral Mix
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These syringes join an extensive selection of GC and HPLC syringes available from Restek. To see other
syringes, refer to our catalog, or visit our website.

HPLC Autosampler Syringes
Now Available from Restek—Convenient, One-Stop Shopping

by Donna Lidgett, GC Accessories Product Marketing Manager

• Made by leading syringe manufacturers.
• Designed and tested for reliable performance.
• Fast delivery.

PEAK PERFOR  ERS Chromatography Accessories
and Tools You Can Rely On!

SGE Syringes for Agilent 1090 & 1100 LC Autosamplers
• Termination: 1/4-32 UNEF thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 25D-HP1090-GT 003670 ea. 22290 $64.50
250µL 250D-HP1090-GT 006670 ea. 22291 $53.70

SGE Syringe for Hitachi LC Autosamplers
• Termination: M10x1 thread

SGE Syringes for PerkinElmer LC Autosamplers
•Termination: 1/4-28 UNF thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

50µL 50D-CX-GT 004995 ea. 22295 $62.20
100µL 100D-CX-GT 005990 ea. 22296 $62.20
250µL 250D-CX-GT 006995 ea. 22297 $62.20
500µL 500D-CX-GT 007995 ea. 22298 $62.20

1mL 1MD-C-GT 008185 ea. 22299 $53.90

SGE Syringes for Waters™ WISP® LC Autosamplers
• Termination: 1/4-28 UNF thread

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 25D-WISP 003990 ea. 22293 $103.30
250µL 250D-WISP 006690 ea. 22294 $94

Hamilton Syringes for Waters™ WISP® LC Autosamplers
• Teflon® PTFE-tipped plunger

HHaammiillttoonn RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 1702 80020 ea. 24528 $113.70
250µL 1725 80024 ea. 24529 $108.50

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
500µL 500C-HITACH1 007660 ea. 22292 $117.50

!new
★

Gas-Tight Syringes for Rheodyne® &
Valco® Valves
• Teflon®-tipped plungers.
• Removable needles: point style 3

(90° tip); 2"/51mm.
• Replaceable syringe barrels, plungers,

and plunger tips.

Hamilton Syringes
10µL syringe: 26s needle
All others: 22s needle

HHaammiillttoonn
VVoolluummee MMooddeell ccaatt..## pprriiccee

10µL 1701 21260 $42
25µL 1702 21261 $42
50µL 1705 21262 $44

100µL 1710 21263 $49
250µL 1725 21264 $50

SGE Syringes
Needle gauge: 22

SSGGEE
VVoolluummee MMooddeell ccaatt..## pprriiccee

10µL 10R-GT-LC 24866 $40
25µL 25R-GT-LC 24867 $40
50µL 50R-GT-LC 24868 $41.10

100µL 100R-GT-LC 24869 $45.70
250µL 250R-GT-LC 24870 $45.70
500µL 500R-GT-LC 24871 $45

RReesstteekk

RReesstteekk

For many more HPLC and GC syringes, request our catalog or visit our website.

free literature
Genuine Restek
Replacement Parts for
HPLC Systems

Defective parts can cause poor chromatography
and shorten column lifetimes. Use Restek check
valves, pump piston seals, detector lamps, and
other parts to keep your Agilent, Beckman,
Hitachi, PerkinElmer, Shimadzu, or Waters sys-
tem running smoothly and chromatographically
sharp. Genuine Restek Replacement Parts equal
or exceed the performance of original equip-
ment components.
Request lit. cat.# 59012 (4 pages).
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The Super-Clean™ Gas Trapping System is the lat-
est technology in cartridge-style gas filtration for
removing hydrocarbons from nitrogen, and is
ideal for use in LC/MS systems. The cartridge-
based system makes changing filters quick and
easy. A two-position baseplate (1/4" fittings),
installed in the gas line, allows cartridges to be
exchanged without introducing oxygen into the
system. Spring-loaded check valves seal when a
cartridge is removed and open only when a new
cartridge has been locked in place. There is no
need for loosening and tightening fittings every
time you change cartridges, and your system
cannot become contaminated during the chang-
ing process.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Super-Clean™ Gas-Trapping System (2-position base plate,
2 charcoal filters) ea. 22062 $495
2-Position Base Plate ea. 22060 $323
Replacement Charcoal Filters 2-pk. 22061 $208

Replacement O-Rings for Cartridge Baseplates
Pack includes 10 large O-rings and 10 small O-rings.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Replacement O-Rings for Cartridge Baseplates 20-pk. 22023 $15

1/8-Inch to 1/4-Inch Tube-End Unions
To adapt the 1/8" baseplate fittings to 1/4", use these 1/8" to 1/4" tube-end unions.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/8" to 1/4" Tube-End Unions 5-pk. 21833 $25

Super-Clean™ Gas Trapping System for LC/MS
Quick-Change Cartridge System for Removing Hydrocarbon Impurities

from Nitrogen

by Donna Lidgett, Purus™ Gas Systems Product Marketing Manager

• “Quick connect” fittings, for easy, leak-tight cartridge changes—no tools required to
install the traps.

• Spring-loaded check valves—no loosening/tightening fittings each time you change a cartridge.
• No oxygen introduced during filter change-outs—decreases down time.
• Cartridges pre-purged with inert gas—saves time.
• Durable, patented full glass/metal design—combines safety and impermeability.

To meet the high flow needs of the LC/MS sys-
tem, the incoming gas stream is split equally
between the two charcoal-filled cartridges, and
the two streams are rejoined after purification
but before the gas exits the base plate. This
approach allows longer contact between the
nitrogen and the adsorbent, ensuring higher gas
purity and eliminating a potential source of con-
taminants to your analyses. The system delivers
flows of up to 20L of hydrocarbon-free nitrogen
per minute.

A handy date wheel, included with the system,
indicates the cartridge installation date and the
recommended replacement date.

Super-Clean™ Gas Trapping System for LC/MS

OOuuttlleett  GGaass  PPuurriittyy  %% MMaaxxiimmuumm  PPrreessssuurree EEssttiimmaatteedd  FFiilltteerr  LLiiffeettiimmee
99.9999% 11 bar/159psi 3 to 6 months

High-Purity Outlet Gas

20L of purified
nitrogen per minute!

Special Offer
A $675 Value!

Two Super-Clean™ Gas Trapping Systems: 
(2) 2-position baseplates & (4) charcoal filters

cat.# 22063, Offer ends 2/28/05

For descriptions of
Super-Clean™ systems for GC,

request our catalog or visit our
website.

free literature
HPLC Columns and
Accessories

General-purpose and unique special-purpose
columns, guard columns, column kits, and bulk
materials, of course, but also instrument parts,
innovative tools, accessories, and many example
chromatograms. Our four silica bases have
characteristics tailored to meet specific analyti-
cal requirements.
Request lit. cat.# 59241B (100+ pages).



• 14 • 800-356-1688 • www.restek.com2004 vol. 3 • 14 •

Standard Version:
• Fluted tip to guide the capillary column into the jet.
• Threads specially coated for easy installation and

removal.
• Special processing ensures the highest degree of

cleanliness.

Capillary Adaptable FID Replacement Jet for Agilent 5890/6890/6850 GCs (0.011-inch ID tip)

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee qqttyy.. ccaatt..## pprriiccee
Standard 19244-80560 ea. 20670 $49.50 3-pk. 20671 $133.50
High-Performance Siltek™ 19244-80560 ea. 20672 $56.75 3-pk. 20673 $162.75

Capillary Dedicated FID Replacement Jet for Agilent 6890/6850 GCs

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..##  pprriiccee qqttyy.. ccaatt..## pprriiccee
Standard G1531-80560 ea. 21621 $40 3-pk. 21682 $118
High-Performance Siltek™ G1531-80560 ea. 21620 $45 3-pk. 21683 $132

Packed Column Replacement Jets for Agilent 5890/6890/6850 GCs

00..001188--IInncchh  IIDD
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee qqttyy.. ccaatt..## pprriiccee
Standard 18710-20119 ea. 21694 $38 3-pk. 21695 $103
High-Performance Siltek™ 18710-20119 ea. 21696 $48 3-pk. 21697 $130

00..003300--IInncchh  IIDD
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee qqttyy.. ccaatt..## pprriiccee
Standard 18789-80070 ea. 21688 $36 3-pk. 21689 $97
High-Performance Siltek™ 18789-80070 ea. 21686 $48 3-pk. 21687 $130

tech tip
Which FID Jet Should I Use?

There are two FID jet configura-
tions for Agilent GCs. The longer
“adaptable” jet fits both 5890
and 6890 GCs, and can be used
with capillary or packed columns.
The shorter “dedicated” jet is for
the FID in the 6890 GC that is
designed only for use with capil-
lary columns.

FID Maintenance Kits for Agilent GCs
• Include the most common consumable supplies.
• All parts meet or exceed perfomance by instrument manufacturer’s parts.
• Parts list makes reordering easy.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
FID Maintenance Kit for Agilent 5890 GCs kit 21070 $455
FID Maintenance Kit for Agilent 6890/6850 GCs kit 21071 $455

1/4-Inch Nut Driver
• Ideal for changing Agilent 5890/6890/6850 FID jets.
• Securely grips jet for easy removal or installation.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/4-Inch Nut Driver ea. 21076 $17

FID Jets for Agilent Equipment
Performance Equivalent to Original Manufacturer’s Parts

by Donna Lidgett, GC Accessories Product Marketing Manager

FFIIDD  kkiittss  iinncclluuddee:: 1/4-inch, 0.4, 0.5, and 0.8mm ID graphite ferrules, FID/NPD capillary adaptor, capillary nuts, jet reamers/ferrule removers, 1/4-inch
nut, scoring wafer, capillary column caps, ignitor for either Agilent 5890 or 6890/6850 GCs, FID flow measuring adaptor, 1/4- x 5/16-inch wrench, installa-
tion gauge, wire cleaning brush, high-performance Siltek™-treated FID jet for either Agilent 5890 or 6890/6850 GCs, 1/4-inch nut driver for jet removal.

FID Gauge Pack
Pressure regulators and gauges for air & hydrogen. The 1/8-inch bulkhead allows easy hookup to instrument. Rated
for inlet pressures to 250psi, outlet pressures of 0 to 60psi.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
FID Gauge Pack ea. 20129 $195

High Performance Version:
• Similar to the standard version, 

but Siltek™ treated.
• Extremely inert—use with active 

compounds.
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Restek Innovations Save
You Time and MoneyCoo Too s!

Inlet Liner Removal Tool
• Easily remove liner from injector—no more burned fingers.
• Made from high-temperature silicone.
• Won’t chip or crack the liner.

No more burned
fingers!

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Inlet Liner Removal Tool 3-pk. 20181 $25

Scoring Wafer with Handle
• Unique, ergonomic handle is made of soft, comfortable rubber.
• Ceramic wafer cuts both fused silica and metal tubing cleanly.

Make clean, square
cuts!

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Scoring Wafer with Handle 2-pk. 23015 $27

Septum Puller
• Many uses—keep several on hand.
• Use hooked end for removing septa and O-rings; pointed

end works well for removing stuck ferrules or fragments.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Septum Puller ea. 20117 $13

Gently push the liner
removal tool onto the
liner in the injection
port, with a slight 
circular motion.

Slowly pull the
liner out of the
injection port.

Place a new
liner in the
injection port,
avoiding hot
metal surfaces.

Hold tubing firmly in one
hand, allowing about two
inches to extend freely.
Hold the scoring wafer at
a 45° angle to the tubing.
Exert just enough pres-
sure to put a slight arc in
the tubing. Pull perpendic-

ularly across the tubing.

The tubing
should fall off
or break with
a slight tap of
the wafer.

Check the
cut against
the white of
the scoring
wafer. Look
for a clean,
square cut.

Remove septum without
damaging an expensive
weldment.

Dislodge a stuck ferrule
quickly and easily—with-
out scoring the fitting.

Easily remove septa 
and ferrules!
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New in the 2005 Restek Catalog, with more coming…...
GC Columns
Rtx®-440 - Low-bleed, high-resolution, intermediate-polarity column for many applications.
Rtx®-5Sil MS, 0.18mm ID - Monitor nanogram quantities of 78 semivolatile pollutants in 15 minutes.
Rtx®-Dioxin2 - Improved separation of dioxin or furan congeners, compared to diphenyl or high-cyano columns.

HPLC Columns
Allure™ Aqueous C18 - Excellent retention and selectivity for polar analytes in aqueous mobile phases.
Ultra Quat - Monitor paraquat and diquat without ion pairing reagents.
GC Accessories
Parker Balston FID-1000 Gas Station - Ultra-high purity hydrogen and zero grade air from a single unit.
Alumaseal™ aluminum ferrules - The sealing ease of graphite, the security and reliability of metal ferrules.
Vespel® ferrules - We give you more choices: Vespel®, Vespel®/graphite, or graphite.
HPLC Accessories
LC Autosampler Syringes
Instrument parts - for Agilent, Beckman, Hitachi, PerkinElmer, Shimadzu, Thermo Separation Products, and Waters equipment.
Restek Performance Coatings
Siltek™, Sulfinert®, and Silcosteel®-CR treated Swagelok® fittings - Inert fittings for demanding applications.
Siltek™ and Silcosteel®-CR treated electropolished stainless steel tubing - For the most inert sample pathways available.

Air Monitoring
Improved SilcoCan™ and TO-Can™ air sampling canisters - Superior deactivation; superior protection for the valve.
Canister Heating Jacket - Uniformly heats entire canister, and valve, for faster more efficient cleaning.
Analytical Reference Materials
Calibration mixes, check mixes, surrogates, and internal standards for environmental analyses - volatile organics…semivolatile organics…
pesticides & herbicides…UST monitoring
Dimethyldichlorosilane (DMDCS) deactivation reagent
Drinking water odor compounds
Look for your copy in January, or request one from your Restek representative!

Coming soon: your 2005 Restek Catalog!
• 775+ pages / thousands of innovative products.
• Many new chromatograms.
• Helpful technical information.
We're adding new GC and HPLC columns, tools, supplies, reference mixes, and more, to make your job
easier and your lab run smoother. Catalog time is just around the corner - look for your copy in
January.

If you can't wait for your catalog, visit our website: www.restek.com or our new performance
coatings website: www.restekcoatings.com



Numerous HPLC
grade silica materi-
als currently are
available in the
marketplace, but
these silicas differ
greatly from one
manufacturer to

another. Some of the most important factors
affecting the selectivity of a substrate are sur-
face area, pore volume, and pore diameter dis-
tribution. We have determined these physical
properties of our new Viva™ 300 Ångstrom silica,
and have compared this silica to other commer-
cially available 300Å silicas.

Of the silicas tested, Viva™ 300Å silica shows the
largest available surface area and the greatest
percentage of pores narrowly distributed around
a mean diameter of 300Å (Table I). These charac-
teristics ensure greater accessibility to larger
molecules, relative to other materials. They also
are important because silicas with excessive
numbers of pores smaller than 200Å can become
more easily fouled with larger molecular weight
debris, and silicas with excessive numbers of
pores larger than 500Å can be impractically frag-
ile for conventional HPLC applications.

Figure 1 depicts a typical porous silica particle.
In general, as the number of pores in a silica
increase, surface area and pore volume

increase. Also, as
pore width increas-
es, pore volume
increases. For a
fixed pore volume,
materials having
the smallest pore
diameters have the
largest available
surface area (Table
II). While smaller
pores (e.g., 60Å)
maximize retention
of small molecules,

larger pores are necessary when analyzing high-
er molecular weight analytes, such as proteins
and peptides, because retention will be maxi-
mized if an analyte can enter into the pores of
the material. Theoretically, the more pores to
which an analyte has access, the longer the
retention. For analytes with molecular weights
greater than 3000, silica materials with pore
diameters in the 250-350Å range, or larger,
should yield the highest retention. In addition, a
narrow pore diameter distribution is desirable,

Viva™ HPLC Silica: Ideal for Separating
Large Molecules

New Wide Pore Silica, Designed and Manufactured by Restek
by Vernon Bartlett, HPLC Manager, Bruce Albright, HPLC Chemist,

and Rebecca Wittrig, Ph.D., HPLC Product Marketing Manager

• 67% of available surface area can interact with proteins, peptides, other large molecules.
• Larger surface area than other commercially available 300Å materials.
• Manufactured by Restek, quality controlled by Restek.

Turning Visions into Reality™
THE RESTEK ADVANTAGE
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in this issue

because this can aid in separating closely related
analytes that differ only slightly in hydrodynam-
ic size (size in solution). In developing Viva™ sili-
ca, we found some “wide pore” materials do
not possess sufficiently large pore volume in
the pore diameter range needed for effectively
separating large molecules.

Figure 1 A typical
porous silica substrate:
as the number of pores
increase, surface area

and pore volume
increase.

Table II  For a fixed pore volume, the smaller
the pores in a silica particle, the larger the sur-

face area.

PPoorree  DDiiaammeetteerr  ((ÅÅ)) SSuurrffaaccee  AArreeaa  ((mm22//gg))
60 300-600
100 150-300
200 75-150
300 50-75
500 30-40
1000 20-30

Table I  Viva™ silica has the highest percentage of available surface area from 200-300Å pores,
allowing the greatest interaction with large molecules.

TToottaall  SSuurrffaaccee  AArreeaa %%  ooff  TToottaall  SSuurrffaaccee  AArreeaa
SSiilliiccaa ((mm22//gg)) <<220000ÅÅ 220000--330000ÅÅ >>330000ÅÅ
Viva™ 300Å 128.0 2.5 67.3 30.2
(7) 300Å 51.8 65.6 18.5 15.9
(6) 300Å 87.2 53.6 22.2 24.2
(5) 300Å 105.8 56.3 22.3 21.4
(3) 300Å 83.5 40.5 24.5 35.0
(“B”) 200Å 231.5 66.1 33.1 0.8
(“B”) 300Å 118.1 8.3 34.3 57.4

new!

Turning Visions into Reality™20
YEARS
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In addition to our Viva™ 300Å silica, we evaluated
300Å materials from five other vendors, and one
200Å material, determining pore characteristics
and surface area for each. We used nitrogen
gas porositometry, BET measurements1, and
BJH calculation2 to determine the surface area,

resented by 200-300Å pores. None of the other
materials evaluated comes close to the 67.3%
value obtained for Viva™ 300Å silica.

In selecting a wide pore material, it is important
to know the available surface area, the pore 
volume, and the pore diameter distribution,
because these are the critical factors in deter-
mining retention. The exceptionally large avail-
able surface area of Viva™ 300Å silica, and a
highly desirable pore volume and pore diameter
distribution, will help ensure effective retention
of peptides, proteins, or other large molecules,
making Viva™ 300Å products an excellent choice
for your analyses.

References
1. Barton, T., et al., Tailored Porous Materials Chem. Mater.

11: 2633-2656 (1999).
2. Webb, P.A. and C. Orr, Analytical Methods in Fine Particle

Technology Micrometrics, Georgia, 1997, pp. 53-152.

pore volume, and pore diameter distribution of
each material. Figures 2 and 3 show the pore
volume and pore area for each material; Table I
indicates the available surface area for a given
pore diameter range. Viva™ 300Å silica shows,
by far, the greatest available surface area rep-

Figure 2 Pore volume vs pore diameter for commercial wide pore silicas (BJH desorption).
Only Viva™ silica has a sharp distribution around 300Å. (Change in scale for plots at right.)

Figure 3 Pore area vs pore diameter for commercial wide pore silicas (BJH desorption). 
Viva™ silica shows a highly desirable distribution. (Change in scale for plots at right.)

Viva™ Wide Pore C18 Columns 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
100mm 9514513 $380 9514515 $390
150mm 9514563 $400 9514565 $410
250mm 9514573 $465 9514575 $475

Viva™ Wide Pore Silica Columns

ordering note
For guard columns for Viva™ wide pore columns, refer
to our current catalog, or visit our website.

To order a 3.2mm or 4.6mm ID ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™

IInntteeggrraall  IInnlleett  FFiittttiinngg,, add “-700” to the catalog number
for the column.
Nominal additional charge $15.00

Example:
100mm x 4.6mm ID Viva™ Wide Pore C18 column with
Trident™ Integral Inlet Fitting: 9514515-700

33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
100mm 9510513 $380 9510515 $390
150mm 9510563 $400 9510565 $410
250mm 9510573 $465 9510575 $475

free literature
HPLC Columns and
Accessories

General-purpose and unique special-purpose
columns, guard columns, column kits, and bulk
materials, plus instrument parts, innovative
tools, accessories, and many example chro-
matograms. Our five silicas have characteristics
tailored to meet specific analytical requirements.
Request lit. cat.# 59241B (100 pages).

11 - “B” 200Å
22 - “B” 300Å
33 - 300Å
44 - Restek 300Å

44 - Restek 300Å
55 - 300Å
66  - 300Å
77 - 300Å

44 - Restek 300Å
55 - 300Å
66  - 300Å
77 - 300Å

11 - “B” 200Å
22 - “B” 300Å
33 - 300Å
44 - 300Å

Viva™ wide pore silica packings are available in bulk. Please inquire: 800-356-1688 or 814-353-1300,
ext. 4, or contact your Restek representative.

Pore Diameter (Å) Pore Diameter (Å)

Pore Diameter (Å) Pore Diameter (Å)
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Replacement Parts for Dionex ASE® Systems

Accelerated solvent extraction has become a common technique for fast and reliable extraction of
organic materials from solid matrices. Restek now offers several direct replacement parts for ASE®

extraction systems, including extraction cells, caps, frits, and PEEK® washers. In addition to stainless
steel extraction cells—equivalent to original parts—we offer cells, caps, and frits finished with our
innovative Siltek® treatment. Siltek® treatment reduces the surface activity of stainless steel, greatly
improving inertness and, therefore, the reliability of analytical results for active compounds. All of our
replacement parts for ASE® systems are designed to meet or exceed original equipment manufactur-
er's performance. Look to Restek to keep your extraction systems running smoothly.

by Neil Mosesman, SPE Product Marketing Manager, and Brad Rightnour, Instrument Innovations Manager

• Designed to meet or exceed performance of original manufacturer’s parts.
• Siltek® treated parts assure maximum inertness.
• Save time—order parts when you order GC or HPLC columns and consumables.
• Renowned Restek Plus 1™ service.

PEEK® Washers for ASE® Extraction Unit
Meet original equipment manufacturer’s performance.

PEEK® Washers for ASE®
Extraction Unit

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  DDiioonneexx

ppaarrtt  ## qqttyy.. ccaatt..##      pprriiccee
PEEK® Washers for ASE® 200 Extraction Unit 049454 12-pk. 25256 $56
PEEK® Washers for ASE® 200 Extraction Unit 049454 48-pk. 25257 $220
PEEK® Washers for ASE® 300 Extraction Unit 061687 12-pk. 25393 $62
PEEK® Washers for ASE® 300 Extraction Unit 061687 48-pk. 25394 $235

Kits and Parts for ASE® Extraction Units
Each kit includes: 1 extraction chamber, 2 end caps, 2 frits, and 2 PEEK® washers.

Siltek® Treated
Parts for ASE®

Systems

new!

Cartridges may be processed by any
one or all of these techniques: 

positive pressure, sidearm flask, 
centrifuge, or vacuum manifold.DDeessccrriippttiioonn AApppplliiccaattiioonnss

TTuubbee  VVoolluummee,,
BBeedd  WWeeiigghhtt qqttyy.. ccaatt..## pprriiccee

EEPPAA  MMeetthhoodd  552211

For use in EPA Method 521, Nitrosamines in
Drinking Water. This method uses large vol-
ume injection and CI, MS-MS. Activated
charcoal for NDMA.

6mL, 2g 30-pk. 26032 $190

SPE Tubes for US EPA Method 521

Newly proposed US EPA Method 521 is designed for the analysis of 7 nitrosamines in drinking water.
This method employs a 6mL solid phase extraction (SPE) tube packed with 2 grams of coconut charcoal
to extract and concentrate the nitrosamines from the aqueous matrix.

We perform a batch test on each lot of coconut charcoal we use to prepare these new tubes, to ensure
consistent recoveries and low background. High quality polypropylene tubes and frits are used to mini-
mize interferences.

Solid Phase Extraction Tubes for Extracting
Nitrosamines from Drinking Water

by Neil Mosesman, SPE Product Marketing Manager

• Meet the requirements of EPA Method 521.
• Batch tested charcoal ensures consistent recoveries. new!

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  DDiioonneexx

ppaarrtt  ## qqttyy.. ccaatt..##      pprriiccee
Extraction Cell Kit for ASE® 200 Extraction Unit, 22mL Tubes 048764 kit 26094 $392
Extraction Cell Kit for ASE® 200 Extraction Unit, Siltek®-Treated, 22mL Tubes — kit 26095 $420
Replacement Caps for ASE® 200 Extraction Unit, Universal 049450 2-pk. 26096 $369
Replacement Caps for ASE® 200 Extraction Unit, Siltek®-treated, Universal — 2-pk. 26097 $397
Extraction Tube for ASE® 200 Extraction Unit, 22mL 048821 ea. 26098 $95
Extraction Tube for ASE® 200 Extraction Unit, Siltek®-treated, 22mL — ea. 26099 $150
Replacement Frits for ASE® 200 Extraction Unit, Universal 049453 6-pk. 26100 $115
Replacement Frits for ASE® 200 Extraction Unit, Siltek®-treated, Universal — 6-pk. 26101 $135

Untreated Parts for
ASE® Systems
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By using application-specific capillary GC
columns, such as our Rtx®-CLPesticides and
Rtx®-CLPesticides2 columns, many laboratories
analyzing organochlorine pesticides can sepa-
rate all of the target compounds. But, with com-
plex matrices, there still can be difficulties in
resolving the target compounds from co-extract-
ed interfering matrix components. Especially dif-
ficult are samples contaminated with chlorinat-
ed organic compounds, such as PCBs. Like the
target analytes, these contaminants produce a
signal on the electron capture detectors (ECDs)

commonly used for this application. In order to
separate the target compounds from the co-
extracted contaminants in many sample
extracts, Restek chemists, in collaboration with
colleagues at LECO Corporation, have investigat-
ed GCxGC technology.

Comprehensive GCxGC is a relatively new, excit-
ing technique that increases chromatographic
peak capacity by enabling the analyst to use two
columns of differing selectivity in a single analy-
sis. By coupling two columns in series, and

incorporating a modulation technique at the
junction between the two columns (e.g., valving
or cryomodulation), it is possible to get the ben-
efit of each column, as in independent separa-
tions. This technique has been reviewed in depth
by Professor John Dimandja1, and the reader is
urged to consult this reference for details. There
are several manufacturers of commercial
GCxGC instruments, and the technique can be
adapted to conventional instrumentation.

In determining which column pair to use for a
GCxGC application, it is important to choose sta-
tionary phases that differ in selectivity. For this
application, we choose an Rtx®-5 column for a
volatility-based separation, in series with an
Rtx®-200 column which is selective for halo-
genated compounds. The second-dimension sep-
aration from this column ensemble is focused
on retention of halogenated compounds, and
separates the target compounds from some of
the possible interferences in the sample matrix.

Figure 1 is a GCxGC chromatogram of 22 com-
mon organochlorine pesticides, obtained from
the Rtx®-5 column/Rtx®-200 column ensemble in
a LECO GCxGC/ECD instrument. Table I lists the
compounds and the independent retention times
observed in the two dimensions of separation.
By having two independent retention times, from
two different columns, we obtain a primary col-
umn separation and a secondary column confir-
mation for the target compounds, so this tech-
nique should be in compliance with any method-
ology requiring a primary column/confirmation
column approach.

Additionally, an analysis of a spiked extracted
food sample (tomato) shows we can separate
the target compounds from many co-extracted
interferences (Figure 2). Recovery values for the
spiked sample, listed in Table II, are in agree-
ment with “known” values, indicating little to no
matrix interference with target compound quan-
tification, even for a difficult matrix like a food.

A secondary benefit of using cryomodulation at
the column junction is peak sharpening prior to
“injection” of an analyte onto the second col-
umn. This has the effect of increasing sensitivity.
Due to this analyte refocusing effect, we
obtained linear calibration for these compounds
over a 25-fold wider range of concentration than
by conventional GC. The compounds for which
detection is most sensitive (e.g., the hexachloro-
cyclohexanes, or BHCs) normally are calibrated
from 5 to 80 pg/µL. We were able to calibrate
from 0.2 to 80 pg/µL, thus greatly extending the
reporting limit. We also were able to employ
split injection, which typically reduces injector-
related problems, such as analyte adsorption
and breakdown.

Analysis of Organochlorine Pesticides
Using 2D-GC with Rtx®-5 and Rtx®-200 Capillary GC Columns

by Frank Dorman, Ph.D., Director of Technical Development

• GCxGC analysis combines primary column and confirmation column results.
• Separate target compounds from co-extracted contaminants in sample extracts.
• Analyte refocusing effect increases sensitivity.
• Combination of Rtx®-5 and Rtx®-200 columns resolves all target pesticides.

Figure 1 GCxGC analysis of organochlorine pesticides combines primary column and confirmation
column results.

Figure 2 Organochlorine pesticides separated from interferences in tomato extract.

Columns: Rtx®-5 9m, 0.18mm ID,
0.20µm (10m column, cat.#
40201, with 1m removed)
Rtx®-200 1m, 0.18mm ID,
0.20µm (1m of 10m column,
cat.# 45001)

Inj.: 1µL, split, 250ºC, split ratio
50:1

Oven: Primary: 50ºC (0.2 min.),
30ºC/min. to 140º (no hold),
5ºC/min. to 250ºC (no hold)
Secondary: 50ºC offset from
primary oven

Instrument: LECO GCxGC/ECD
Modulator: Temperature offset: 30ºC

Modulation time: 6 sec
Det.: ECD, 325ºC, 150mL/min.

nitrogen makeup gas, 50Hz

Peak identifications listed in Table I and
Table II.

Conditions: see Figure 1

Pittcon® presentation
Jack Cochran, LECO Corporation, will present this information at the 2005 Pittsburgh Conference in
Orlando, Florida. (1000-7)
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Table I  Organochlorine pesticides and 
retention times in GCxGC separation.

TTRR ((sseecc..))
AAnnaallyyttee DDiimmeennssiioonn  11 DDiimmeennssiioonn  22
1. tetrachloro-m-xylene 294 1.9
2. α-BHC 342 2.44
3. ß-BHC 378 2.96
4. γ-BHC 384 2.66
5. δ-BHC 420 2.94
6. heptachlor 480 2.52
7. aldrin 534 2.58
8. heptachlor epoxide 606 3.16
9. γ-chlordane 648 2.96

10. endosulfan I 672 3.32
11. α-chlordane 678 2.96
12. dieldrin 720 3.34
13. 4,4'-DDE 732 2.72
14. endrin 756 3.46
15. endosulfan II 780 3.78
16. 4,4'-DDD 810 3.18
17. endrin aldehyde 816 4.5
18. endosulfan sulfate 864 5.2
19. 4,4'-DDT 882 2.96
20. endrin ketone 942 4.68
21. methoxychlor 1008 2.82
22. decachlorobiphenyl 1320 2.62

Table II Pesticide recovery values for a spiked sample tomato extract agree with theoretical values,
indicating interference from matrix is minimal.

SSppiikkee
SSaammppllee  AAmmoouunntt SSaammppllee  AAmmoouunntt SSppiikkee  AAmmoouunntt RReeccoovveerryy

AAnnaallyyttee QQuuaannttiiffiieedd QQuuaannttiiffiieedd TThheeoorreettiiccaall ((%%))
1. tetrachloro-m-xylene 0 14.4 16 90
2. α-BHC 0 7.8 8 98
3. β-BHC 0 7.1 8 89
4. γ-BHC 0 6.8 8 85
5. δ-BHC 0 6.5 8 81
6. heptachlor 0 9.3 8 116
7. aldrin 0 7.2 8 90
8. heptachlor epoxide 0 9.3 8 116
9. γ-chlordane 0 6.9 8 86

10. endosulfan I 9.5 18.7 8 115
11. α-chlordane 0 7.5 8 94
12. dieldrin 0 17.4 16 109
13. 4,4'-DDE 0 16.8 16 105
14. endrin 0 14.2 16 89
15. endosulfan II 15.4 27.9 16 78
16. 4,4'-DDD 0 13.9 16 87
17. endrin aldehyde 0 12.8 16 80
18. endosulfan sulfate 13.1 28.2 16 94
19. 4,4'-DDT 0 15.7 16 98
20. endrin ketone 0 13 16 81
21. methoxychlor 0 76.8 80 96
22. decachlorobiphenyl 0 16.2 16 101

For more information about this application, or
about GCxGC in general, please contact our
Technical Service chemists, or your Restek rep-
resentative.

Reference
1. Dimandja, J., Anal. Chem. 76 (9): 167A - 174A (2004).

Acknowledgement
This investigation was conducted in collaboration with Jack
Cochran, Director of Separation Science, LECO Corporation,
Las Vegas, NV.

How can I quickly choose the correct column for my application?

What is crucial to achieving reliable results from flash
vaporization sample injection?

How does mobile phase composition influence retention in HPLC
analysis?

We're On the Road Again
2005 Restek Seminars—in the US and Internationally!

By Rick Parmely, Director of Technical Training

• Comprehensive Capillary GC
• Comprehensive HPLC
• GC/MS
• Environmental GC

• HPLC Method Development (2 days)
• GC Hands-On Maintenance and

Troubleshooting
• Foods, Flavors, and Fragrances

If answers to questions like these don’t come
easily, let the experienced Restek chromatogra-
phers help! Our widely acclaimed seminars
reduce guesswork, improve throughput and reli-
ability, and raise confidence in results. Your
investments of time and money will be very
wisely spent.

In 2005, we are offering more topics as well.
We have returned the popular Foods, Flavors,
and Fragrances to our list of available subjects.
This special-topic seminar zeros in on FFF appli-
cations, while incorporating some basic instruc-
tion on GC techniques for new operators. New
GC Hands-On Maintenance and Troubleshooting

gives front-line chromatographers basic infor-
mation to assist in preventing and troubleshoot-
ing problems with GC injection ports and flame
ionization detectors. We can offer this hands-on
course only at customer sites, to a limited
enrollment. Please call for details.

We present all of our seminars in a profession-
al, non-promotional, engaging format, with ani-
mated illustrations and problem-solving exercis-
es that reinforce understanding of important
principles. Because of the range of information
presented, both advanced users and beginners
come away with important information of imme-
diate value in the laboratory.

Choose the topic that best matches your work,
at a convenient site near you. Or, we'll come to
your facility: contact our Technical Service
chemists, or your local Restek representative.
See our most current schedule on line at
www.restek.com/seminar

Rtx®-5 Column (fused silica)
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane)
Temp. limits: -60 to 325/340°C

IIDD ddff  ((µµmm)) lleennggtthh ccaatt..  ## pprriiccee
0.18mm 0.20 10-Meter 40201 $220

aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
a-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (B) 8
methoxychlor 80

Organochlorine Pesticide Mix AB #2

In hexane:toluene (1:1), 1mL/ampul
cat. # 32292 (ea.)  $33

decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene

Pesticide Surrogate Mix

200µg/mL each in acetone, 1mL/ampul
cat. # 32000 (ea.)  $19

Rtx®-200 Columns (fused silica)
(Crossbond® trifluoropropylmethyl polysiloxane)
Temp. limits: -20 to 310/330°C

IIDD ddff  ((µµmm)) lleennggtthh ccaatt..  ## pprriiccee
0.18mm 0.20 10-Meter 45001 $240
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Accurate analyses for
parts-per-million to
parts-per-billion levels of
organosulfur compounds
in petrochemical streams
are critical to meeting
new regulations for
lower levels of sulfur in
diesel fuel and gasoline.
Many sulfur compounds,
including hydrogen sul-

fide, methyl mercaptan, and ethyl mercaptan,
adsorb strongly to metal surfaces in sampling,
storage, and transfer apparatus. In addition to
causing inaccurate, falsely low values, adsorp-
tion can prolong analysis cycle times. To deter-
mine quantitative losses of active sulfur species,
we sampled, stored, and transferred low ppmv
to low ppbv concentrations of active sulfur
gases, using control (untreated) and Sulfinert®

treated system components.

Preventing Sulfur Compound Losses
During Storage
Figure 1a depicts results from a comparison in
which a gas containing 17ppbv of hydrogen sul-
fide was stored for 7 days in untreated or in
Sulfinert® treated stainless steel sample cylin-
ders. The response ratio for hydrogen sulfide,
relative to a stable reference material, dimethyl
sulfide, is steady at approximately 1:1 for at
least seven days in Sulfinert® treated cylinders.
The data show a Sulfinert® treated system will
reliably store ppb levels of the active sulfur-con-
taining compound during transport from the
sampling site to the analytical laboratory. In
contrast, hydrogen sulfide degraded rapidly in
the untreated cylinder, and was lost totally with-
in 24 hours. 

In a similar study in which gas containing
18.8ppbv methyl mercaptan was stored for 60
hours in Sulfinert® treated sample cylinders,

recovery of the active sulfur compound was
equally high relative to the stable reference mate-
rial, dimethyl mercaptan, as shown in Figure 1b. 

Sample Transfer: Adsorption of Sulfur
Compounds to Tubing
Comparison of Sulfinert® treated electropolished
stainless steel tubing (TrueTube™ EPS tubing,
surface roughness average (RA): 5-10, O'Brien
Corporation, St. Louis, MO), untreated electrop-
olished stainless steel tubing (TrueTube™ EP tub-
ing, RA 5-10, O'Brien Corporation), and raw
commercial grade stainless steel tubing (RA 23-
27) showed only the Sulfinert® treated electrop-
olished tubing has the inertness necessary for
quantitatively transferring low ppmv to low ppbv
concentrations of sulfur compounds. Figures 2
and 3 depict the results (seamless 316L stain-
less steel, 1/8" OD, 0.020" wall). Tests were per-
formed at room temperature, using a gas flow
rate of 40cc/minute.

To confirm whether an active sulfur-containing
compound in a gas stream passing through 100-
foot (30.5-meter) lengths of tubing would adsorb
to active sites on the tubing surface, we meas-
ured the amount of time elapsed before values
for the sulfur content exiting the tubing were
stable and accurate, using helium containing
0.500ppmv methyl mercaptan. Figure 2 shows
Sulfinert® treated electropolished tubing did not
adsorb methyl mercaptan to any measurable
extent, delivering a representative sample with
no delay. Untreated electropolished tubing, in
contrast, totally adsorbed methyl mercaptan for
more than 75 minutes, and the sulfur gas level
did not stabilize until approximately 130 min-
utes. Conventional 316L seamless tubing totally
adsorbed methyl mercaptan for more than 90
minutes, and the sulfur gas level did not stabi-
lize until approximately 140 minutes.

When adsorption of sulfur-containing com-
pounds is prolonged, desorption from the sur-
face also is slow. This “memory” of adsorbed
compounds can cause long delays in equilibrat-
ing a sample stream. In Figure 3, Sulfinert®

treated tubing shows the lowest retention of
sulfur compounds, by several orders of magni-
tude. Samples can be evaluated, with accurate
results, with no delay between them.

Superior Storage and Transfer of Sulfur
Compounds

Sulfinert® Treated Systems Preserve ppb Levels of Active Compounds

Gary Barone, Restek Performance Coatings Division Manager, David Smith, RPC Chief Scientist,
and Martin Higgins, RPC Chief Engineer

• Improve analytical accuracy and reduce system cycle times, using Sulfinert® treated products.
• Increase analytical confidence for low parts-per-billion sulfur compounds, using Sulfinert®

treated sample cylinders.
• Transfer sulfurs in gas streams, without loss, using Sulfinert® treated electropolished tubing.

Figure 1 Sulfur compounds are stable in Sulfinert® treated stainless steel systems
a) 17ppbv hydrogen sulfide in 500mL cylinders

b) 18.8ppbv methyl mercaptan in 300mL cylinders

Figure 2 Sulfinert® treated electropolished
seamless stainless steel tubing (red) does not

adsorb methyl mercaptan (500ppbv).
Blue-untreated electropolished tubing;

violet-raw tubing.

Figure 3 Sulfur memory is prolonged in raw
commercial grade stainless steel tubing (violet).
Red-Sulfinert® treated electropolished tubing;

blue-untreated electropolished tubing.
(500ppbv methyl mercaptan in helium) 

Reference
1. Application of TrueTube™ in Analytical Measurement

Cardinal UHP August 2004
Available at www.restekcoatings.com or by contacting us at
800-356-1688, ext. 4. Request lit. cat.# 59088.

a) b)
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free literature
Learn more about our precisely applied, highly
durable surface treatments: request our new
38-page brochure today (lit. cat.# 59493).

Find us on the web!
www.restekcoatings.com 

Silcosteel®
A general-purpose passivation layer
for steel and stainless steel.
U.S. patent 6,511,760.
Silcosteel®-AC
Dramatically reduces carbon buildup
on stainless steel components.
U.S. patent 6,444,326.
Silcosteel®-CR
A corrosion resistant layer that
increases the lifetime of system
components in acidic environments
containing hydrochloric acid, nitric
acid, sulfuric acid, or seawater.
Patent pending.

Silcosteel®-UHV
Greatly reduces outgassing from
components of ultra-high vacuum
systems. Patent pending.
Siltek®
The ultimate passivation for treated
components, from glass to high 
nickel alloys of steel.
U.S. patent 6,444,326.
Sulfinert®
A required treatment for metal 
components when analyzing for parts-
per-billion levels of organo-sulfur
compounds.
U.S. patent 6,444,326.

Economic Value of an Inert Pathway
Sulfinert® treated sampling and transfer sys-
tems offer more accurate results and faster
cycle times. Improved accuracy and reliability of
data for sulfur compounds allow improvements
in downstream process control, with associated
cost savings. Shorter cycles translate directly
into more samples collected and analyzed in a
given period of time. Savings accrued from
shorter cycles can be calculated by looking at
typical per-hour costs of operating processes
that rely on accurate quantification of sulfur
compounds: a one-hour delay in an 800,000
tons-per-year ethylene plant can cost $50,000; a
250,000 tons-per-year EBSM styrene plant
stands to loose $33,000/hour; even for a

200,000 tons-per-year anti-freeze grade produc-
tion process, the loss can be $3,600/hour.1

In these studies, we obtained accurate data,
with no delay between samples, by using
Sulfinert® treated electropolished tubing in the
sampling-storage-transport system. In contrast,
we obtained significantly less accurate data,
even with delays of more than two hours
between samples, by using untreated tubing.
Analysts charged with monitoring sulfur levels in
process streams can significantly improve
process control, and profitability, by using
Sulfinert® treated system components and
Sulfinert® treated electropolished tubing trans-
port lines.

Sulfinert®-Treated Electropolished Tubing

1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to 300 ft. in one continuous coil. Longer lengths will be more than one coil.
Note: (required length in meters) x (3.2808) = length in feet.
** 0.035" wall thickness.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22538 $25/ft. $20/ft. $16.80/ft. $14/ft.
0.180" 1/4" 22539 $25/ft. $20/ft. $16.80/ft. $14/ft.

Coiled Sulfinert®-Treated Seamless 316 Grade Stainless Steel Tubing
PPrriiccee--ppeerr--ffoooott

IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)** 22508 $18.75/ft. $15/ft. $12.50/ft. $10/ft.
0.180" (4.57mm) 1/4" (6.35mm)** 22509 $18.75/ft. $15/ft. $12.50/ft. $10/ft.

Sulfinert®-Treated Sample Cylinders
D.O.T. rated to 1800psi at room temperature.
SSiizzee qqttyy.. ccaatt..## pprriiccee
75cc ea. 24130 $200
150cc ea. 24131 $225
300cc ea. 24132 $230
500cc ea. 24133 $255
1000cc ea. 24134 $425
2250cc ea. 21394 $820

We offer Sulfinert®-treated
Swagelok® and Parker fittings, and
treated valves and sample loops.
For more information and  ordering, call us or
visit us online.

tech tip
MMiinniimmuumm  BBeenndd  RRaaddiiuuss
For tubing treated with Restek coatings

OODD MMiinn..  BBeenndd  RRaaddiiuuss
≤1/16" 1" (2.5cm)

1/8" 2" (5.1cm)
1/4" 4" (10.2cm)

please note We can cut and finish tubing at nominal additional charge—please inquire.

did you know?
Restek surface treatments have many uses, in addition to analytical chemistry.

Restek Surface
Technology Earns
R&D 100 Award

Our newest surface treatment, Silcosteel®-UHV,
has been recognized by a panel of 
independent judges and editors of R&D
Magazine as one of the 100 most technologi-
cally significant products introduced in 2003.
Silcosteel®-UHV treatment minimizes the
migration of water and oxygen molecules from
the surfaces of ultra high vacuum system com-
ponents into the vacuum chamber, allowing the
system to be evacuated much more quickly,
with less costly pumping equipment.

award-winning innovation!
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Table 1 Absolute retention times for semivolatile tar-
get compounds, in seconds.

CCoommppoouunndd TTRR ((sseecc..))
1. N-nitrosodimethylamine 36.5
2. 2-fluorophenol 62.7
3. phenol-d6 90.9
4. phenol 91.3
5. 2-chlorophenol-d4 93.9
6. bis(2-chloroethyl) ether 94.2
7. 2-chlorophenol 94.5
8. 1,3-dichlorobenzene 99.6
9. 1,4-dichlorobenzene-d4 101.8

10. 1,4-dichlorobenzene 102.4
11. 1,2-dichlorobenzene-d4 107.0
12. 1,2-dichlorobenzene 107.6
13. benzyl alcohol 108.1
14. 2-methylphenol 112.9
15. bis(2-chloroisopropyl) ether 113.7
16. N-nitrosodipropylamine 118.8
17. 4-methylphenol 119.3
18. hexachloroethane 119.8
19. nitrobenzene-d5 123.1
20. nitrobenzene 123.9
21. isophorone 134.1
22. 2-nitrophenol 136.7
23. 2,4-dimethylphenol 140.7
24. bis(2-chloroethoxy) methane 145.0
25. 2,4-dichlorophenol 146.8
26. benzoic acid 148.0
27. 1,2,4-trichlorobenzene 149.8
28. naphthalene-d8 151.6
29. naphthalene 152.5
30. 4-chloroaniline 156.8
31. hexachlorobutadiene 159.1
32. 4-chloro-3-methyl phenol 180.3
33. 2-methylnaphthalene 183.4
34. hexachlorocyclopentadiene 190.9
35. 2,4,6-trichlorophenol 197.5
36. 2,4,5-trrichlorophenol 198.5
37. 2-fluorobiphenyl 201.7
38. 2-chloronaphthalene 205.1
39. 2-nitroaniline 212.1
40. dimethyl phthalate 222.9
41. acenaphthylene 223.5
42. 2,6-dinitrotoluene 224.8
43. acenaphthene-d10 230.3
44. 3-nitroaniline 231.6
45. acenaphthene 231.9
46. 2,4-dinitrophenol 236.6
47. dibenzofuran 240.3
48. 4-nitrophenol 242.2
49. 2,4-dinitrotoluene 243.0
50. fluorene 256.0
51. diethyl phthalate 256.7
52. 4-chlorophenyl phenyl ether 258.5
53. 4-nitroaniline 260.2
54. 4,6-dinitro-2-methylphenol 261.3
55. N-nitrosodiphenylamine 264.6
56. 2,4,6-tribromophenol 267.4
57. 4-bromophenyl phenyl ether 280.8
58. hexachlorobenzene 281.0
59. pentachlorophenol 291.5
60. phenanthrene-D10 299.0
61. phenanthrene 300.2
62. anthracene 302.6
63. carbazole 312.2
64. dibutyl phthalate 334.5
65. fluoranthene 355.7
66. pyrene 365.7
67. p-terphenyl-d14 377.5
68. butyl benzyl phthalate 404.4
69. benzo(a)anthracene 423.0
70. chrysene-d12 423.4
71. chrysene 424.6
72. 3,3'-dichlorobenzidine 425.4
73. bis(2-ethylhexyl) phthalate 434.3
74. di-n-octyl phthalate 463.6
75. benzo(b)fluoranthene 470.2
76. benzo(k)fluoranthene 471.4
77. benzo(a)pyrene 483.0
78. perylene-d12 485.1
79. indeno(1,2,3-cd)pyrene 524.4
80. dibenzo(a,h)anthracene 526.0
81. benzo(ghi)perylene 533.0

Nine-Minute Analysis of Semivolatile
Organic Compounds

Using an Rtx®-5Sil MS Capillary GC Column in Combination with TOFMS
by Frank Dorman, Ph.D., Director of Technical Development

• Monitor 81 analytes and internal standards in 9 minutes.
• Excellent resolution of critical target compounds.
• At least 20 scans for each peak.
• Use split injection, to minimize injection problems and extend reporting limits.

Analysts in many environmental laboratories
struggle to increase sample throughput. Fast GC
techniques have enabled analysis times to be
decreased, but methods employing mass spec-
trometric detection often can’t make use of
these techniques, due to scan-speed limitations
of commonly used instruments. While some
manufacturers have improved the scan rates of
their instruments, methods employing either
quadrupole or ion-trap mass filters are limited
by the residence time of an ion as it passes
through the detector. In most cases, the scan-
speed limitations of these devices preclude very
rapid analyses of a wide range of compounds,
such as the semivolatiles in environmental
matrices, even though current capillary column
and gas chromatograph technology would allow
fast separations.

In order to adequately characterize a chromato-
graphic peak as it elutes from the column, most
methods require, at a minimum, 6 to 7 data
points (scans) across the peak. Certainly, addi-
tional data points yield a better peak profile, and
thus improved precision, so it is always better to
have more than the 6 to 7 scan minimum. For a
typical semivolatiles analysis, this correlates to a
minimum scan rate of approximately 2
scans/second, with peak widths of 3 to 5 sec-
onds considered “typical.” It is important to note
that this rate must be maintained over the entire
expected mass range, or identifications, espe-
cially for unknown compounds, will be compro-
mised. As faster GC techniques are investigated,
peak widths are reduced and, as a result, the
detector struggles to collect data at a rate that
is fast enough to adequately characterize the
peak profile. Unfortunately, for most GC/MS sys-
tems, this dictates a total analysis time of about
15 minutes, or longer, given the characteristics
of most instruments used in this application.

In a recent collaboration, Restek and LECO
Corporation developed a much faster analysis of
common semivolatile organic compounds by tak-
ing advantage of both fast GC column technolo-
gy and the speed of acquisition of the time-of-
flight mass spectrometer (TOFMS). Using a 10
meter, 0.18µm ID, 0.18µm film Rtx®-5Sil MS fast
GC column (phase optimized for semivolatiles
analysis; low bleed) and TOFMS, the analysis
time for this separation was less than 10 min-

utes, and at least 20 scans were recorded for
each peak. Table 1 lists the retention times for
the semivolatile target compounds, in seconds,
and each compound had approximately a 1-sec-
ond peak width at the base.

Figure 1 is the total ion chromatogram of a mid-
level calibration standard of these compounds,
analyzed under the conditions listed with the fig-
ure. Another valuable benefit of TOFMS is that
there is a sensitivity improvement relative to
most scanning instruments, enabling the analyst
to use split injection. Split injection typically cre-
ates fewer maintenance issues than splitless
injection, due to the much shorter residence
time of the analytes in the injector, and pro-
duces narrower peaks, increasing resolution.
For this analysis, theTOFMS system offers sen-
sitivity sufficient to allow calibration beyond the
20 to 160ng/µL “normal” calibration range, to a
range of 0.2 to 160ng/µL, even at a 50:1 split
ratio, thus allowing laboratories to extend
reporting limits (sensitivity) to lower levels.

Finally, extracts of actual samples were ana-
lyzed using this method, and results were com-
pared to values obtained by a commercial envi-
ronmental laboratory using conventional
GC/MS. The results compared well, even for
samples with high levels of non-target contami-
nants. Detailed information about this work is
available on request, and will be presented at
the 2005 Pittsburgh Conference.1

If your laboratory is analyzing semivolatile
organic compounds by GC/MS, and you are
interested in significantly increasing sample
throughput by reducing analysis time to less
than 10 minutes, we urge you to request a copy
of the complete report of this work, and/or
attend our presentation at the Pittsburgh
Conference.

Pittcon® presentation
1. Improved Sensitivity and Analysis Time for Semivolatile

Organic Compounds, Using GC-TOFMS: Can this Analysis
Really be Performed in Less Than 10 Minutes? Frank L.
Dorman, Jack W. Cochran (LECO Corporation), Gary B.
Stidsen, Chris M. English, Michael S. Wittrig
PittCon 2005, Monday, Feb. 28. Oral Session 380, Room
S210C, presentation 380-3, 2:10 pm.

Acknowledgement
This investigation was conducted in collaboration with Jack
Cochran, Director of Separation Science, LECO Corporation,
Las Vegas, NV.
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please note
Many other calibration mixes, internal standards, and
surrogates for analysis of semivolatile compounds are
described in our catalog and on our website.

Figure 1  Monitor 81 semivolatile compounds and internal standards in 9 minutes.

Rtx®-5Sil MS Columns (fused silica)
(Selectivity equivalent to Crossbond® 5% diphenyl / 95% dimethyl polysiloxane)

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.10 -60 to 330/350°C 12705 $280 12708 $455

0.25 -60 to 330/350°C 12720 $270 12723 $445
0.50 -60 to 330/350°C 12735 $270 12738 $445
1.00 -60 to 325/350°C 12750 $270 12753 $445

0.28mm 0.25 -60 to 330/350°C 12790 $270 12793 $445
0.50 -60 to 330/350°C 12791 $270 12794 $445
1.00 -60 to 325/350°C 12792 $270 12795 $445

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenzo(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine2

fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

*3-methylphenol and 4-methylphenol concentration is
500µg/mL.

8270 MegaMix™ (76 components)

11,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).
2N-nitrosodiphenylamine (8270-listed analyte) decomposes to
diphenylamine (mix component).

1,000µg/mL each (except where noted) in methylene
chloride, 1mL/ampul

cat. # 31850 (ea.)  $110

Column: Rtx®-5SilMS, 10m x 0.18mm x 0.18µm, cat.# 42703
Sample: 1µL containing SV Calibration Mix #1 (cat.# 31007), SV Calibration Mix #2 (cat.# 31008), SV Calibration Mix #3 (cat.# 31009),

SV Calibration Mix #4 (cat.# 31010), SV Calibration Mix #5 (cat.# 31011), SV Calibration Mix #7 (cat.# 31013), 
3,3'-Dichlorobenzidine (cat.# 31026); acids, bases, and neutrals 80ng each, internal standards 50ng each.

Inj.: 1uL, split, 4mm Siltek® treated inlet liner with Siltek® treated wool, 250ºC, split ratio 50:1, 25 sec. solvent delay
Carrier gas: helium
Flow rate: 2mL/min., constant flow
Oven: 40ºC (0.1 min.) to 340ºC @ 30ºC/min. (no hold)
Mass spectrometer: LECO Pegasus 3 ToF-MS
Source temp.: 250ºC
Electron ionization: 70 eV
Stored mass range: 35 - 500 u
Acquisition rate: 20 spectra/sec.
Total run time: 10 min.

1.6ng on-column concentration
(80ng/µL calibration standard, 

split 50:1)

75. benzo(b)fluoranthene
76. benzo(k)fluoranthene

75

76

3,3'-dichlorobenzidine
3,3'-Dichlorobenzidine

2,000µg/mL in methanol, 1mL/ampul
cat. # 31026 (ea.)  $22

Reference Mixes
Use the mixes listed in the conditions for Figure 1,
or replace the six SV calibration mixes with 8270
MegaMix™.

2200--MMeetteerr1100--MMeetteerr

Dr. Frank Dorman will present this information in detail at the 2005 Pittsburgh Conference in
Orlando, FL. See Reference 1 on page 8 for details. quantity discounts

Order 3 or 4 of any one analytical reference material
product and receive a 1100%%  ddiissccoouunntt!!

Order 5 or more of any one analytical reference materi-
al product and receive a 2200%%  ddiissccoouunntt!!
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High Resolution GC/MS Separations of
Dioxin or Furan Congeners

Using an Rtx®-Dioxin2 Column

by Gary Stidsen, GC Columns Marketing Manager

• Resolves all 2,3,7,8-substituted dioxinsfrom each other and from non-toxic congeners.
• Resolves furan congeners from chlorodiphenyl ethers.
• Eliminates need for a second column.
• Low bleed stationary phase, stable to 320ºC.

An analysis for dioxins or furans typically
includes extensive sample extract cleanup, fol-
lowed by high-resolution mass spectrometry,
and a primary requirement of the analytical col-
umn is complete separation of the toxic dioxin or
furan congeners (substitutions in the 2, 3, 7, and
8 positions). Unfortunately, separation of the
toxic congeners from the non-toxic congeners
proves difficult on almost all stationary phases.

Quantification for some target congeners is
inaccurately high, due to coelution with non-
toxic congeners. The coelution issue has result-
ed in the use of confirmation columns, most
commonly high cyanopropyl stationary phases,
in order to more accurately quantify the toxic
congeners. Unfortunately, cyanopropyl columns
exhibit poor thermal stability, and therefore
offer poor lifetime in this application.

With these problems in mind, Restek chemists
developed the Rtx®-Dioxin2 capillary GC column.
This column effectively resolves the 2,3,7,8-sub-
stituted congeners from each other and from
non-toxic congeners. Figure 1 shows the sepa-
ration of the tetrachlorodibenzodioxins on a 60-
meter Rtx®-Dioxin2 column. 2,3,7,8-TCDD is well
resolved from the other congeners in this group
and can be quantified accurately.

Coelutions of toxic and non-toxic congeners also
can make quantification of the hexachlorodiben-
zofurans difficult, but an Rtx®-Dioxin2 column
resolves furan congeners as effectively as diox-
ins. Figure 2, a chromatogram for the HCDF con-
gener group in reference material WMS-01,
shows the congeners are very well resolved.
Values for 1,2,3,4,7,8-hexachlorodibenzofuran,
or for other congeners, compare favorably with
values from the other columns typically used for
this analysis.

We can provide elution orders for all of the 
commonly analyzed congeners, and chro-
matograms for each congener group in the WMS-
01 reference material. If you would like this
detailed information, or additional information
about Rtx®-Dioxin2 columns, please contact us.

Rtx®-Dioxin2 Columns (fused silica)
IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 4400--MMeetteerr 6600--MMeetteerr

0.18mm 0.18 20°C to 320°C 10759 $650 — —
0.25mm 0.25 20°C to 320°C — — 10758 $750

Figure 1  2,3,7,8-Tetrachlorodibenzodioxin resolved from other TCDD congeners,
using an Rtx®-Dioxin2 column.

CCoolluummnn  aanndd  CCoonnddiittiioonnss  ffoorr
FFiigguurreess  11  aanndd  22::
Column: 60m, 0.25mm ID, 0.25µm
Rtx®-Dioxin2 (cat.# 10758)

Oven temp.: 130°C (hold 1 min.) to
205°C @ 45°C/min. to 305°C @
6°C/min. (hold 30 min.); 
Dead time: 2.89 min.; Carrier gas:
helium at 1.5mL/min., constant flow

Native TCDDs
321.8936 m/z

1,2,3,4-TCDD-C13

2,3,7,8-TCDD-C13

C13 labels
331.9386 m/z

GC_EV00702

2,3,7,8-TCDD

Chromatograms courtesy of
Karen MacPherson and Eric
Reiner, Ontario Ministry of the
Environment, Etobicoke,
Ontario, Canada.

WMS-01 and HCDF reference
material courtesy of
Wellington Laboratories,
Guelph, Ontario, Canada.

Figure 2  Hexachlorodibenzofuran congeners resolved by an Rtx®-Dioxin2 column.

Native HCDFs
373.8207 m/z

WMS-01

C13 labels
331.9386 m/z

1,2,3,4,7,8-HCDF-C13

1,2,3,6,7,8-HCDF-C13

2,3,4,6,7,8-HCDF-C13

1,2,3,7,8,9-HCDF-C13

GC_EV00703

1,2,3,4,7,8-HCDF

1,2,3,6,7,8-HCDF

2,3,4,6,7,8-HCDF

1,2,3,7,8,9-HCDF

restek
innovation!

Pittcon® presentation
This information will be presented by Dr. Frank Dorman,
Oral Session 1000, Tuesday afternoon, March 1.

Plan to attend Dioxin 2005,
and visit Restek!
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Stable, Low-Bleed Rtx®-XLB Columns
For Maximum Performance from High-Sensitivity GC/MS Systems

by Gary Stidsen, GC Columns Marketing Manager

• Unique low bleed polymer—ideal for low-level GC/MS.
• Excellent for semivolatiles analysis; equivalent to other “XLB” phases.
• Stable to 360ºC; inert to active compounds.
• In stock, ready for delivery.

organochlorine pesticides and herbicides, PCBs,
and mixed semivolatiles (Figure 1). The selectivi-
ty of Rtx®-XLB columns matches that of DB®-XLB
columns.

Rtx®-XLB Columns (fused silica) (proprietary low-polarity phase)

*Maximum temperatures listed are for 15- and 30-meter lengths. Longer lengths may have a slightly reduced maximum temperature.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.10 30 to 340/360°C 12808 $455

0.25 30 to 340/360°C 12820 $265 12823 $445 12826 $710
0.50 30 to 340/360°C 12838 $445
1.00 30 to 340/360°C 12850 $265 12853 $445

0.32mm 0.10 30 to 340/360°C 12809 $475
0.25 30 to 340/360°C 12821 $285 12824 $470 12827 $770
0.50 30 to 340/360°C 12839 $470
1.00 30 to 340/360°C 12854 $470

0.53mm 0.50 30 to 340/360°C 12840 $525
1.50 30 to 340/360°C 12867 $290 12870 $525

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1122--MMeetteerr 2200--MMeetteerr 2255--MMeetteerr
0.18mm 0.18 30 to 340/360°C 42802 $360
0.20mm 0.33 30 to 340/360°C 42815 $260 42820 $400

GC_EV00695

Column: Rtx®-XLB, 30m, 0.25mm ID, 0.25µm (cat. # 12823)
Sample: US EPA Method 525 analytes, 1µL 5ng per analyte

reference mixes used:  31824, 32420, 32421, 32422,
32423, 31825, 31826, 31828, 32291, 32415, 32436.

Inj.: pressure pulsed (0.4 min. @ 30psi),  splitless (hold 0.4
min.), 4mm  Drilled Uniliner® inlet liner (cat.# 21055) 

Inj. Temp.: 300°C
Carrier Gas:  helium, constant flow  
Flow Rate: 1.0mL/min. 
Oven Temp.: 35°C (hold 2 min.) to 260°C @ 20°C/min. (hold 0 min.)

to 330°C @ 6°C/min. (hold 5 min.) 
Det: Agilent 5973 GC/MS
Transfer Line Temp.: 280°C
Scan Range: 45–550 amu
Solvent Delay: 4.7 min.
Tune: DFTPP

1. isophorone
2. 2-nitro-m-xylene
3. dichlorvos
4. hexachlorocyclopentadiene
5. EPTC
6. butylate
7. mevinphos
8. vernolate
9. pebulate

10. etridiazole (Terrazole®)
11. dimethylphthalate
12. acenaphthene
13. 2,6-dinitrotoluene
14. acenaphthene-d10
15. 2-chlorobiphenyl (BZ#1)
16. chloroneb
17. tebuthiuron
18. molinate
19. diethyl phthalate
20. 2,4-dinitrotoluene
21. propachlor
22. fluorene
23. ethoprop
24. cycloate
25. trifluralin
26. chlorpropham
27. 2,3-dichlorobiphenyl (BZ#5)
28. atraton
29. prometon
30. α-BHC
31. hexachlorobenzene
32. propazine
33. simazine
34. atrazine
35. metribuzin
36. diazinon
37. terbufos
38. pronamide
39. pentachlorophenol
40. β-BHC
41. disulfoton
42. terbacil
43. phenanthrene-d10
44. methyl parathion OA
45. phenanthrene
46. anthracene
47. γ-BHC (lindane)
48. 2,4,5-trichlorobipenyl

(BZ#29)
49. alachlor
50. prometryne
51. ametryn
52. simetryn
53. δ-BHC
54. heptachlor
55. chlorothalonil
56. di-n-butylphthalate
57. terbutryn
58. bromacil
59. chlorpyrifos
60. metolachlor
61. DCPA methyl ester

(Dacthal®)

62. 2,2',4,4'-tetrachloro-
biphenyl (BZ#47)

63. aldrin
64. triadimefon
65. cyanazine (Bladex)
66. MGK-264
67. diphenamid
68. merphos
69. 2,2',3',4,6-pentachlorobiphenyl

(BZ#98)
70. heptachlor epoxide (isomer B) 
71. heptachlor epoxide (isomer A)
72. butachlor
73. stirofos (tetrachlorvinphos)
74. fenamiphos
75. α-chlordane
76. napropamide
77. γ-chlordane
78. endosulfan I
79. trans-nonachlor
80. pyrene-d10
81. pyrene
82. 4,4'-DDE
83. 2,2',4,4',5,6'-hexachlorobiphenyl

(BZ#154)
84. p-terphenyl-d14
85. dieldrin
86. carboxin
87. chlorbenzilate
88. tricyclazole
89. endrin
90. 4,4'-DDD
91. bis(2-ethylhexyl)adipate
92. butyl benzyl phthalate
93. endosulfan II
94. endrin aldehyde
95. norflurazon
96. 4,4'-DDT
97. triphenylphosphate
98. hexazinone
99. endosulfan sulfate

100. bis(2-ethylhexyl)phthalate
101. methoxychlor
102. 2,2',3,3',4,5',6,6'-octachloro-

biphenyl (BZ#207)
103. 2,2',3,3',4,4',6-heptachloro-

biphenyl (BZ#171)
104. endrin ketone
105. benzo(a)anthracene
106. chrysene-d12
107. chrysene
108. fenarimol
109. cis-permethrin
110. trans-permethrin
111. benzo(b)fluoranthene
112. benzo(k)fluoranthene
113. fluridone (Sonar®)
114. benzo(a)pyrene
115. perylene-d12
116. dibenzo(a,h)anthracene
117. indeno(1,2,3-cd)pyrene
118. benzo(ghi)perylene

Every Rtx®-XLB column undergoes rigorous quali-
ty assurance evaluation for film thickness, bleed
(at 340ºC), inertness, plates per meter, and
retention time indices, to ensure every column
we ship meets exacting performance standards
and performance is reproduced from column to
column. These measures assure you of the high-
est quality GC/MS column on the market.

Figure 2 An Rtx®-XLB column offers low bleed, inertness, and good resolution of semivolatile 
environmental pollutants.

Use Rtx®-XLB columns in GC/MS analyses
requiring a low bleed stationary phase at oven
temperatures as high as 360ºC. Applications for
this stable, low polarity phase include

Additional mixes for Method 525 include
individual Aroclor® PCB solutions (cat.#

32075, 32077, 32079, 32081, 32083, 32085,
32087) and TCLP Toxaphene (cat.# 32015).
For information about Method 525.2 refer-
ence mixes, refer to our catalog (available

on request) or review on our website.
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Enhanced Rtx®-1PONA GC Column
Improves Detailed Hydrocarbon Analysis

Guaranteed Retention - Efficiency - Peak Symmetry - Selectivity

by Gary Stidsen, GC Columns Marketing Manager, and Barry Burger, Petroleum Applications Chemist

• Reduce analysis time by 30%!
• Selectivity specific for detailed hydrocarbon analysis (ASTM Method D-6730-0).
• Each column tested to meet method-specific resolution criteria.
• Unsurpassed peak symmetry for oxygenated compounds.

To meet the demanding resolution and retention
criteria in American Society for Testing and
Materials (ASTM) and Canadian General
Standards Board (CGSB) methodology for
detailed hydrocarbon analysis, Restek chemists
reformulated the Rtx®-1PONA column. The
enhanced column meets or exceeds all criteria
in these standardized methods, in 30% less
time: retention time for C13 is 97 minutes, using

helium as the carrier gas. Measured values for
retention (k), efficiency (n), peak symmetry, and
stationary phase selectivity (RI) are stringently
controlled, enabling us to guarantee perform-
ance and reproducibility from column to column. 

To achieve critical resolutions in detailed hydro-
carbon analysis, a 5-meter 5% diphenyl/95%
dimethyl polysiloxane tuning column is connect-

Figure 2 Critical pairs of gasoline components resolved per ASTM specifications, using an 
Rtx®-1PONA column.

Rtx®-1PONA, 100m, 0.25mm ID, 0.5µm (cat.# 10195) w/ Rtx®-5 tuning col-
umn, 2.62m, 0.25mm ID, 1.0µm, connected via Press-Tight® connector
(cat.# 20446)
Sample: custom detailed hydrocarbon analysis (DHA) mix, neat
Inj.: 0.01µL, split (split ratio 150:1), 4mm cup inlet liner (cat.#

20709)
Inj. temp.: 200°C
Carrier gas: helium, constant flow
Linear velocity: 28cm/sec. (2.3mL/min.)
Oven temp.: 5°C (hold 15 min.) to 50°C @ 5°C/min. (hold 50 min.) to

200°C @ 8°C/min. (hold 10 min.)
Det.: FID @ 250°C

1. ethanol
2. C5
3. tert-butanol
4. 2-methylbutene-2
5. 2,3-dimethylbutane
6. methyl tert-butyl ether (MTBE)

7. C6
8. 1-methylcyclopentene
9. benzene

10. cyclohexane
11. 3-ethylpentane
12. 1-tert-2-dimethylcyclopentane

13. C7
14. 2,2,3-trimethylpentane
15. 2,3,3-trimethylpentane
16. toluene
17. C8
18. ethylbenzene

19. p-xylene
20. 2,3-dimethylheptane
21. C9
22. 5-methylnonane
23. 1,2-methylethylbenzene
24. C10

25. C11
26. 1,2,3,5-tetramethylbenzene
27. naphthalene
28. C12
29. 1-methylnaphthalene
30. C13

Resolution (1-methylcyclo-
pentane/benzene): 1.28

Circles indicate
critical pairs that
must be resolved.

GC_PC00743

Figure 1 Sharp, symmetric peak for ethanol (gasoline oxygenate), using an Rtx®-1PONA column.

1

2

3

4

9 10 11 12 min.

Rtx®-1PONA, 100m, 0.25mm ID, 0.5µm (cat.# 10195) 
w/ Rtx®-5 tuning column, 2.62m, 0.25mm ID, 1.0µm, 
connected via Press-Tight® connector (cat.# 20446)

Sample: custom detailed hydrocarbon analysis 
(DHA) mix, neat

Inj.: 0.01µL, split (split ratio 150:1),
4mm cup inlet liner (cat.# 20709)

Inj. temp.: 200°C
Carrier gas: helium, constant flow
Linear velocity: 28cm/sec. (2.3mL/min.)
Oven temp.: 35°C
Det.: FID @ 250°C

1. ethanol
2. C5
3. tert-butanol
4. 2-methylbutene-2

C5 efficiency: 613,596 total theoretical plates
k' (C5): 0.489
tert-butanol skewness: 1.25
Resolution (tert-butanol/2-methylbutene-2): 5.60

GC_PC00743A

ed to the analytical column and adjusted to the
needed length through a series of trial analyses.

This work earned the Restek Innovations
chemists the Concluded Research Award, spon-
sored by DCG Partnership 1 Ltd., at the 2004
Gulf Coast Conference. When you use an Rtx®-
1PONA column, we think you'll agree that the
award is well justified.

Rtx®-1PONA Column (fused silica)
(Crossbond® 100% dimethyl polysiloxane)* 

*Optimized phase for hydrocarbon analysis

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 110000--MMeetteerr

0.25mm 0.50 -60 to 300/340°C 10195 $795

Rtx®-5PONA Tuning Column (fused silica)
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane)
IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 55--MMeetteerr

0.25mm 1.0 -60 to 330/340°C 10196 $75

2004
Concluded
Research
Award goes to
Barry Burger

The award was presented at the 2004 Gulf
Coast Conference, for Restek’s second gener-
ation Rtx®-1PONA capillary GC column for
detailed hydrocarbon analysis according to
American Society for Testing and Materials
and Canadian General Standards Board
methodology. For the full story, visit us online.

award-winning innovation!

Pittcon® presentation
This information will be presented by Barry
Burger, Poster Session 10, Sunday afternoon,
February 27.

Reliable connections
made simple!

See page 22 for
information on

Vu2Union™
Connectors.
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New GC Column for PCB Congeners or
Aroclor® Mixes: Rtx®-PCB

Exclusive Polymer with Unique Selectivity

by Gary Stidsen, GC Columns Marketing Manager

• Unique polymer for PCBs analysis by GC/ECD or GC/MS.
• Good results for other semivolatiles.
• Low polarity and inertness for active compounds.
• Thermally stable to 340ºC.

Rtx®-PCB columns contain a proprietary polymer
that has provided unique separations for PCB
congeners, and can be used with electron cap-
ture detection or mass spectrometry. Figure 1
shows the excellent peak shape obtained for the
PCB congeners in several Aroclor® mixes. In our
initial review of data for these columns, we dis-

covered that by using an Rtx®-PCB column in a
GC/MS analysis, European PCB congeners can
be analyzed without interference from other
congeners. Table 1 is a shortened list of the PCB
congeners, showing those that elute near the
European PCB congeners, which are indicated
by an “x”.

Figure 1 Excellent separation and peak
shape for PCBs in three Aroclor® mixes, using an

Rtx®-PCB column.

Column: Rtx®-PCB 30m, 0.25mm ID, 0.25µm (cat.# 13223)
Sample: 200ng/mL Aroclor® 1242 (cat.# 32009); Aroclor®

1254 (cat.# 32011); Aroclor® 1260 (cat.# 32012)
Inj.: 1.0µL splitless (hold 0.75 min.), 3.5mm ID single

gooseneck inlet liner (cat.# 20962)
Inj. temp.: 250ºC
Carrier gas: hydrogen, constant pressure
Linear velocity: 71cm/sec. @ 110ºC
Oven temp.: 100ºC (hold 1.0 min.) to 300ºC @ 10ºC/min. (hold 4

min.)
Det.: ECD @ 310ºC

Rtx®-PCB Columns (fused silica)
IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 2200--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr

0.18mm 0.18 30°C to 320/340°C 41302 $445 41304 $470
0.25mm 0.25 30°C to 320/340°C 13223 $445 13226 $470
0.32mm 0.50 30°C to 320/340°C 13239 $525

unique polymer
technology

new!

AArroocclloorr®® 11224422  oonn  RRttxx®®--PPCCBB

AArroocclloorr®® 11225544  oonn
RRttxx®®--PPCCBB

AArroocclloorr®® 11226600  oonn
RRttxx®®--PPCCBB

Table I Coelutions do not interfere with analysis of European PCB congeners (“x”) on Rtx®-PCB:
only congeners not measurable by MS are indicated in boxes.

EEuurr IIUUPPAACC  ## CCll  ## TTRR ((mmiinn..)) RReessoolluuttiioonn AAsssseessssmmeenntt
53 4 14.11
31 3 14.14 0.5

x 28 3 14.23 1.4 Measurable by MS
33 3 14.27 0.6
51 4 14.29 0.4
20 3 14.30 0.1
45 4 14.54 3.8
46 4 14.71
43 4 14.88 2.7

x 52 4 14.94 1.0 Measurable by MS
48 4 15.01 1.2
49 4 15.08 1.0
89 5 17.29
84 5 17.30 0.2
56 4 17.34 0.6

x 101 5 17.35 0.2 Measurable by MS
99 5 17.50 2.3
60 4 17.52 0.4
123 5 19.18
109 5 19.19 0.2
134 6 19.24 0.7
133 6 19.28 0.7

x 118 5 19.35 1.0 Measurable by MS
131 6 19.35 0.0
146 6 19.47 1.9
122 5 19.53 1.0
114 5 19.65 1.8

x 153 6 19.66 0.2
132 6 19.77 1.7
179 7 19.88 1.8
130 6 20.31
164 6 20.33 0.3
178 7 20.45 1.9

x 138 6 20.47 0.3 Measurable by MS
163 6 20.51 0.6
129 6 20.56 0.7
158 6 20.60 0.6
172 7 21.99
156 6 22.07 1.3
157 6 22.18 1.6

x 180 7 22.19 0.3 Major congener 180 should 
193 7 22.23 0.6 not be terribly biased by 193.
200 8 22.30 1.1
191 7 22.37 1.1

Mix of Aroclor® 1242-1254-1262 used for resolution check.
Relaxed resolution criteria based on visual inspection of closely eluting congeners.

Rtx®-PCB is the newest member of a family of
new polymer phases that undergo rigorous qual-
ity assurance measures to ensure every column
meets exacting standards and that performance
is reproduced from column to column. Specified
column parameters include film thickness, bleed
(at 320ºC), inertness, plates per meter, and
retention time indices. These measures assure
you of the highest quality columns available.
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A high sample throughput is important to most
analysts, and is essential to those in environ-
mental laboratories. Chromatographers follow-
ing US EPA methods 8270, 625, or 525, or other
methods for equivalent lists of semivolatile
organic pollutants, now can take advantage of
advances in mass spectrometer and GC column
technology, to reduce analytical time and
increase sample throughput while also obtaining
good lifetimes from their columns.

The new generation of high sensitivity mass
spectrometers enables analysts to reduce the
amount of sample injected onto the column. In
analyses of semivolatiles, this has lead to using
split injections and columns having smaller
internal diameter, resulting in shorter analysis
times. Split injection contributes to good chro-
matographic resolution, but also helps improve
sensitivity by reducing the degradation of acidic
and basic compounds in the hot injection port.

Further, because less sample is transferred onto
the column in split injections, transfer of non-
volatile contaminants from the extracts is mini-
mized, and column lifetime is prolonged.

In our laboratories, we have been evaluating
various combinations of column length, ID, and
film thickness for suitability for shortening
analysis time while meeting the resolution
requirements of the various methods. The latest
product of our research is the 20m, 0.18mm ID,
0.36µm film Rtx®-5Sil MS column. Figure 1
shows the results of an analysis on this new
column. Under the conditions listed, resolution
of these 89 compounds meets the resolution cri-
teria of method 8270, 625, or 525. A split injec-
tion was used to obtain Figure 1, but the column
also can be used with splitless injections.

The 20m, 0.18mm ID, 0.36µm film Rtx®-5Sil MS
column is the latest product of our application
lab chemists' continuing efforts to combine rapid
analysis with good column lifetime, and give you
the best available column for analyzing semi-
volatile pollutants. To discuss this application,
call our technical support staff at 800-356-1688
or 814-353-1300, ext. 4, or contact your Restek
representative.

Fast GC/MS Analysis of Semivolatile Organic
Compounds

Using a 0.18mm ID / 0.36µm Film Rtx®-5Sil MS Column

by Gary Stidsen, GC Columns Marketing Manager

• Meets resolution and response factors for many methods, including EPA Method 8270.
• Split injections and thick phase film help prolong column life when analyzing dirty extracts.
• Low bleed, thermally stable.
• Column and method optimized for conventional scanning detectors, such as Agilent 5973.

GC_EV00757

1. N-nitrosodimethylamine
2. pyridine
3. 2-fluorophenol

peaks 4-63: see page 19
64. 4-bromophenyl phenyl ether
65. hexachlorobenzene
66. pentachlorophenol
67. phenanthrene-d10
68. phenanthrene
69. anthracene
70. carbazole
71. di-n-butylphthalate
72. fluoranthene
73. benzidine
74. pyrene

75. p-terphenyl-d14
76. butyl benzyl phthalate
77. bis(2-ethylhexyl)adipate
78. benzo(a)anthracene
79. chrysene-d12
80. bis(2-ethylhexyl)phthalate
81. chrysene
82. di-n-octyl phthalate
83. benzo(b)fluoranthene
84. benzo(k)fluoranthene
85. benzo(a)pyrene
86. perylene-d12
87. indeno(1,2,3-cd)pyrene
88. dibenzo(a,h)anthracene
89. benzo(ghi)perylene

Figure1 89 semivolatile pollutants, surrogates, and internal standards separated in less than 18
minutes on a 20m, 0.18mm ID, 0.36µm film Rtx®-5Sil MS column.

Enlarged area—see page 19.

Column: Rtx®-5Sil MS, 20m, 0.18mm ID, 0.36µm  (cat.# 557810)
Sample: US EPA Method 8270D analytes, 10ppm each (10ng on column); 8270 MegaMix™

(cat.# 31850); Benzidine (cat.# 31441); Benzoic Acid (cat.# 31415); 2,4-
Dinitrophenol (cat.# 31291); Acid Surrogate Mix (4/89 SOW) (cat.# 31063); B/N
Surrogate Mix (4/89 SOW) (cat.# 31062)

Inj.: 1.0µL, splitless, 4mm ID gooseneck splitless inlet liner (cat.# 20798), splitless
hold time 0.20 min., pressure pulse 0.15 min. @ 30psi

GC: Agilent 6890
Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1.2mL/min.
Oven temp.: 50°C(hold 0.5 min.) to 330°C @ 18°C/min.  (hold 3 min.)
Det.: Agilent 5973 GC/MS
Transfer line
temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 1 min.
Tune: DFTPP
Ionization: EI
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New Rtx®-440 GC Column, for Rapid Analysis
of Pesticides, PAHs or Other Semivolatiles

Exclusive Stationary Phase from Restek

by Gary Stidsen, GC Columns Marketing Manager

• Unique selectivity compared to other phases.
• Ideal polarity for pesticides, many other semivolatile compounds.
• Low bleed, thermally stable to 340ºC—excellent for trace analysis by GC/MS.

New Rtx®-440 stationary phase exhibits unique
selectivity at an intermediate polarity.
Applications testing we have performed to date
includes organochlorine pesticides, polycyclic

aromatic hydrocarbons (PAHs), and semivolatile
environmental compounds (US EPA Method
8270). The new column resolves 20 commonly
monitored organochlorine pesticides in 10 min-

utes (Figure 1), or the 34 organochlorine pesti-
cides listed in US EPA Method 8081 in less than
13 minutes.

We also have had very promising results with
analyzing PAHs on Rtx®-440 columns, as shown
in Figure 2. Phenanthrene and anthracene
(peaks 5 and 6), benzo(a)anthracene and chry-
sene (peaks 9 and 10) and benzo(b)fluoranthene
and benzo(k)fluoranthene (peaks 11 and 12) are
resolved well, as is a more difficult pair of ana-
lytes: indeno(1,2,3-cd)pyrene and
dibenzo(a,h)anthracene (peaks 14 and 15). The
analysis is complete in less than 18 minutes.

Our chemists are continuing their applications
research with this new phase. Please call our
Technical Service team to obtain the latest infor-
mation about Rtx®-440 columns.

Figure 1 Separate 20 organochlorine pesticides in 10 minutes, using an Rtx®-440 column.

Column: Rtx®-440 30m, 0.25mm ID, 0.25µm (cat.# 12923)
Sample: 610 PAH Mix (cat.# 31011) diluted to 20ppm each compound in methylene chloride
Inj.: 1.0µL splitless (hold 0.4 min.), 4mm splitless liner (cat.# 20772)
Inj. temp.: 320°C
Carrier gas: hydrogen, constant flow
Flow: 3.6mL/min.
Oven temp.: 40°C (hold 2 min.) to 240°C @ 30°C/min., to 320°C @ 8°C/min. (hold 5 min.)
Det.: FID @ 320°C

1. naphthalene
2. acenaphthylene
3. acenaphthene
4. fluorene
5. phenanthrene
6. anthracene
7. fluoranthene
8. pyrene
9. benzo(a)anthracene

10. chrysene
11. benzo(b)fluoranthene
12. benzo(k)fluoranthene
13. benzo(a)pyrene
14. indeno(1,2,3-cd)pyrene
15. dibenzo(a,h)anthracene
16. benzo(ghi)perylene

Figure 2 Analyze 16 PAHs in 22 minutes, and resolve critical pairs, with an Rtx®-440 column.

GC_EV00732

Rtx®-440 Columns (fused silica)
(proprietary intermediate-polarity Crossbond® phase)
Temp. limits: 20°C to 320/340°C

IIDD ddff  ((µmm)) 3300--MMeetteerr
0.25mm 0.25 12923 $445

0.50 12938 $445
0.32mm 0.25 12924 $470

0.50 12939 $470
0.53mm 0.50 12940 $525

1.00 12955 $525

critical pairs
well resolved

new!

aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
α-chlordane
γ-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (B)
methoxychlor

Organochlorine Pesticide Mix AB #1

200µg/mL each in hexane:toluene (1:1), 1mL/ampul
cat. # 32291 (ea.)  $43

decachlorobiphenyl 2,4,5,6-tetrachloro-m-xylene

Pesticide Surrogate Mix

200µg/mL each in acetone, 1mL/ampul
cat. # 32000 (ea.)  $19

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

SV Calibration Mix #5 / 610 PAH Mix

2,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31011 (ea.)  $80

GC_EV00751

Column: Rtx®-440  30m, 0.32mm ID, 0.50µm (cat.# 12939)
Sample: 50ng/mL Organochlorine Pesticides Mix AB standard (cat#32291) &

50ng/mL Pesticide Surrogate Mix (cat#32000) in hexane
Inj.: 1.0µL splitless (hold 1.0 min.), 3.5mm ID single gooseneck inlet liner (cat.# 20962)
Inj. temp.: 250°C
Carrier gas:  hydrogen, constant pressure
Linear velocity: 71cm/sec. @ 110°C
Oven temp.: 110°C (hold 0.5 min.) to 268°C @30°C/min. to 290°C @ 11°C/min. to 320°C @ 25°C/min. (hold 5 min.)
Det.: ECD @ 310°C

1.  2,4,5,6-tetrachloro-m-xylene
2.  α-BHC
3.  γ-BHC
4.  β-BHC
5.  δ-BHC
6.  heptachlor
7.  aldrin
8.  heptachlor epoxide
9.  γ-chlordane

10. α-chlordane
11. endosulfan I

12. 4,4' -DDE
13. dieldrin
14. endrin
15. 4,4' -DDD
16. endosulfan II
17. endrin aldehyde
18. 4,4' -DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl
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New Reference Mixes for Determination of
Chlorinated Disinfection Byproducts,
Chlorinated Solvents, or Halogenated

Pesticides in Drinking Water
by John Lidgett, Analytical Reference Materials Technical Specialist

• Complete set of high concentration reference materials for US EPA Method 551.1.
• Target pesticides/herbicides at equal concentration, for GC/MS analysis.
• Chloral hydrate and metribuzin offered as separate solutions, for assured stability.

Chlorine has been used
to disinfect drinking
water for many years.
Chlorinating agents,
however, can form
harmful and potentially
carcinogenic byprod-
ucts with organic com-
pounds in water, and
this potential led to US
Environmental

Protection Agency regulation in 1979.1 Extensive
research has been done on the origination of
disinfection byproducts (DBPs), and on prevent-
ing their formation. DBPs can form by reaction
of chlorine with naturally present organic com-
pounds in water, such as humic acid or fulvic
acid - organic compounds found in water as a
result of decomposition of plant matter.
Disinfection byproducts include 3 groups of
compounds: trihalomethanes (THMs), haloace-
tonitriles, and a mixed group that includes chlo-
ral hydrate, chloropicrin, and chloropropanones.
Many other DBPs, including haloacetic acids,
haloacetaldehydes, cyanogen halides, aldehy-
des, ketoacids, chlorite, bromate, and other
organic and inorganic compounds also have
been identified in chlorinated or ozonated drink-
ing water.2

Several US EPA methods regulate the monitor-
ing of drinking water, including methods 502.2,
524.1, 551.1, and 552.2. In addition to THMs,
Method 551.1 is followed for monitoring chlori-
nated solvents and halogenated pesticides/her-
bicides. EPA Method 551 requires liquid-liquid
extraction with methyl-tert-butyl ether (MTBE)
as a primary extraction solvent and analysis by
GC, using electron capture detection (ECD). The
latest version of Method 551, Method 551.1,
allows pentane to be used as the extraction sol-
vent if chloral hydrate is not being analyzed.
Qualitative confirmation of the target com-
pounds is required by GC/MS analysis or by GC
on two dissimilar columns. The listed primary
analytical column is a bonded methyl polysilox-
ane stationary phase Restek column, Rtx®-1
(30m, 0.25mm ID, 1.0µm film, cat.# 10153); the
listed confirmation column is a bonded 6%

cyanopropylphenyl / 94% dimethyl polysiloxane
stationary phase Restek column, Rtx®-1301
(30m, 0.25mm ID, 1.0µm film, cat.# 16053).

Restek chemists have formulated three new cal-
ibration mixes, Disinfection Byproducts &
Chlorinated Solvents Mix (cat.# 30615),
Disinfection Byproducts Mix (cat.# 30616), and
Method 551.1 Pesticide/Herbicide Mix (cat.#
32438), to include all but two Method 551.1 tar-
get compounds, based on enhanced stability and
the testing requirements of our customers. We
prepare the three new solutions in acetone,
because methanol causes degradation of most
haloacetonitriles, and acetone should be used
for primary dilution in preparing working solu-
tions. Bromochloroacetonitrile, a target com-
pound we include in two of our new mixes
(Disinfection Byproducts & Chlorinated Solvents
Mix, Disinfection Byproducts Mix) is not available
commercially at purity higher than 89%.
Dichloroacetonitrile and dibromoacetonitrile are
both target compounds in the calibration mixes
and impurities in bromochloroacetonitrile, at 0.5
to 2.2%. After careful review, we determined that
Method 551.1 allows a 4% concentration error
and, based on this information, we have included
bromochloroacetonitrile in both reference mate-
rials after compensating for the impurities.

Because chloral hydrate is unstable, due to
hydrogen-bond interactions with halide ions, we
offer it as a separate solution. After several
months of stability studies, using various sol-
vents, we determined that chloral hydrate
should be offered in acetonitrile, and we seal
the reference material in light-resistant ampuls
as defined in the United States Pharmacopoeia
(USP). When using chloral hydrate all working
solutions and glassware should be free of alka-
line substances and the reference material
should be stored away from heat, because heat-
ing chloral hydrate with alkali produces chloro-
form. Note that chloral hydrate is a hypnotic
depressant included in Schedule IV of the
Controlled Substance Act. We have the required
license and exception approval to offer chloral
hydrate as a reference material.

For stability, we also offer another compound in
this interest group, metribuzin, as a separate
mix (cat.# 32436). In earlier studies we deter-
mined that metribuzin could react with certain
pesticides/herbicides at high concentration.

We offer an internal standard, bromofluoroben-
zene, and a surrogate standard, decafluoro-
biphenyl, in acetone, per method recommenda-
tions. The method recommends the use of a lab-
oratory performance check (LPC) solution in
MTBE, the extraction solvent. The check solution
is a mix of method analytes used to evaluate the
performance of the instrument. The parameters
evaluated are instrument sensitivity, chromato-
graphic performance, column performance, and
analyte breakdown. Special care must be taken
when analyzing endrin, a component in our new
pesticide/herbicide mix, because it can break
down to aldo and keto derivatives on contact
with active metal sites in the injection port. The
analyzed value of each compound in the check
solution should be 95% to 105% of its expected
value. For analysts using pentane as the extrac-
tion solvent, we offer the laboratory perform-
ance check solution in pentane. Analysis of the
LPC solution is especially difficult because of the
substantial range in concentration (0.2 to 83
µg/mL) of the components. Because of the high
sensitivity and narrow range of linear detection
of the ECD, and the possibility of coelution of
solvent impurities with some of the target com-
pounds, we use high purity MTBE and pentane in
preparing the LPC solutions.

Our complete set of reference materials for
determining Method 551.1 target compounds is
listed on page 17. If you are analyzing for disin-
fection byproducts, chlorinated solvents, or
chlorinated pesticides/herbicides, we highly
recommend these carefully prepared standards.
We also offer Rtx®-1 and Rtx®-1301 capillary
columns, which are ideal for the analysis, and
are listed in Method 551.1.

References
1. US Environmental Protection Agency National Interim

Primary Drinking Water Regulations: Control of
Trihalomethanes in Drinking Water, Final Rule Fed. Reg. 44
(231): 68624 (1979).

2. Yue Feng Xie, Disinfection By-Product Analysis in Drinking
Water American Laboratory, Nov. 2000, p. 50.

new!
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alachlor
atrazine
bromacil
cyanazine (Bladex)
endrin
endrin aldehyde
endrin ketone
g-BHC (Lindane)
heptachlor

heptachlor epoxide (isomer B)
hexachlorobenzene
hexachlorocyclopentadiene
methoxychlor
metolachlor
simazine
trifluralin

Method 551.1 Pesticide/Herbicide
Mix

1,000µg/mL each in acetone, 1mL/ampul
cat. # 32438 (ea.)  $40

metribuzin
Metribuzin

1,000µg/mL in acetone, 1mL/ampul
11,,000000 cat. # 32436 (ea.)  $22

alachlor 83µg/mL
g-BHC (Lindane) 0.2
bromacil 83
bromodichloromethane 30

endrin 30
hexachlorocyclopentadiene 20
trichloroethylene 30

Method 551.1 MTBE Lab
Performance Check Mix

In methyl tert-butyl ether, 1mL/ampul
cat. # 32440 (ea.)  $25

Rtx®-1 Column (fused silica)
(Crossbond® 100% dimethyl polysiloxane)
TTeemmpp..  lliimmiittss:: -60 to 320/340°C

IIDD ddff  ((µµmm)) lleennggtthh ccaatt..  ## pprriiccee
0.25mm 1.00 30-Meter 10153 $395

Rtx®-1301 Column (fused silica)
(Crossbond® 6% cyanopropylphenyl/94% dimethyl polysiloxane)
TTeemmpp..  lliimmiittss::  -20 to 260°C

IIDD ddff  ((µµmm)) lleennggtthh ccaatt..  ## pprriiccee
0.25mm 1.00 30-Meter 16053 $395

Figure 1 Use an Rtx®-1301 column for optimal separation of disinfection byproducts.

1-bromo-4-fluorobenzene

551.1 Internal Standard

1,000µg/mL in acetone, 1mL/ampul
cat. # 31854 (ea.)  $22

decafluorobiphenyl

551.1 Surrogate Standard

1,000µg/mL in acetone, 1mL/ampul
cat. # 31855 (ea.)  $22

bromochloroacetonitrile
chloropicrin
dibromoacetonitrile
dichloroacetonitrile

1,1-dichloro-2-propanone
trichloroacetonitrile
1,1,1-trichloro-2-propanone

Disinfection by-Product Mix

2000µg/mL each in acetone, 1mL/ampul
cat. # 30616 (ea.)  $40

bromochloroacetonitrile
bromodichloromethane
bromoform
carbon tetrachloride
chloroform
chloropicrin
dibromoacetonitrile
dibromochloromethane
1,2-dibromo-3-
chloropropane[DBCP]

1,2-dibromoethane[EDB]
dichloroacetonitrile
1,1-dichloro-2-propanone
tetrachloroethylene
trichloroacetonitrile
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene
1,2,3-trichloropropane
1,1,1-trichloro-2-propanone

Disinfection by-Product and
Chlorinated Solvents Mix

2000µg/mL each in acetone, 1mL/ampul
cat. # 30615 (ea.)  $43

chloral hydrate

Chloral Hydrate

1,000µg/mL in acetonitrile, 1mL/ampul
cat. # 30609 (ea.)  $22

alachlor 83µg/mL
g-BHC 0.2
bromacil 83
bromodichloromethane 30

endrin 30
hexachlorocyclopentadiene 20
trichloroethylene 30

Laboratory Performance Check
Solution/ Pentane Extract

In pentane, 1mL/ampul
cat. # 32442 (ea.)  $25

Column: Rtx®-1301 30m, 0.25mm ID, 1.0µm (cat.# 16053)
Sample: 5 - 10µg/mL each analyte (Method 551.1

Pesticide/Herbicide Mix, cat.# 32438 and
Disinfection Byproducts & Chlorinated Solvents
Mix, cat.# 30615)  

Inj.: 1.0µL splitless (hold 0.5 min.), 4mm split injection
liner w/fused silica wool (cat.# 20781)

Inj. temp.: 200°C
Carrier gas:  helium, constant pressure  
Linear velocity: 30cm/sec. @ 35°C
Oven temp.: 35°C (hold 22 min.) to 145°C @ 10°C/min. (hold 2

min.) to 225° @ 20°C/min. (hold 15 min.) to 260°
@ 10°C/min. (hold 30 min.)

Det.: ECD @ 290°C

GC_EV00758

1. chloroform
2. 1,1,1-trichloroethane
3. carbon tetrachloride
4. trichloroacetonitrile
5. trichloroethylene
6. bromodichloromethane
7. 1,1-dichloropropanone
8. chloropicrin
9. tetrachloroethylene

10. 1,1,2-trichloroethane
11. dichloroacetonitrile
12. dibromochloromethane
13. 1,2-dibromoethane
14. 1,1,1-trichloropropanone
15. bromochloroacetonitrile
16. bromoform
17. 1,2,3-trichloropropane
18. dibromoacetonitrile

19. 1,2-dibromo-3-chloropropane
20. hexachlorocyclopentadiene
21. trifluralin
22. hexachlorobenzene
23. atrazine
24. simazine
25. γ-BHC (lindane)
26. heptachlor
27. alachlor
28. metolachlor
29. heptachlor epoxide (B)
30. bromacil
31. cyanazine
32. endrin
33. endrin aldehyde
34. endrin ketone
35. methoxychlor

Vive la France!
In addition to the 
traditional seasonal 
celebrations, 200-plus
Restek employee-owners
had something extra to
commemorate this past
December: Restek
France has been meet-

ing chromatographers' needs for Restek
products and Plus 1™ service for ten years!
Félicitations to everyone at Restek France—
and best wishes for many more achieve-
ments to come.

Renzo Brun,
Restek France

Universal “Y” Press-Tight® Connectors
• Split sample flow onto two columns.
• Split a single column flow to two detectors—

perform confirmation analysis with a single
injection.

• Fit column ODs from 0.33–0.74mm (Restek
0.1mm–0.53mm ID).

DDeessccrriippttiioonn eeaa..//pprriiccee 33--ppkk..//pprriiccee
“Y” Press-Tight®

Connector 20405 $60 20406 $160
Siltek®-treated “Y”
Press-Tight® Connector 20485 $62 20486 $166
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Chlorinated phenoxyacid acid herbicides used to
control broadleaf weeds are very persistent
contaminants in the environment, particularly in
drinking water. These strongly polar compounds
readily contribute to hydrogen bonds, making
them poorly volatile and strongly adsorptive to
chromatographic stationary phases. As a conse-
quence, chlorophenoxyacid herbicides are diffi-
cult to analyze by GC. To make these compounds
suitable for GC analysis they must be deriva-
tized to methyl esters. The most common deriva-
tization reagent is diazomethane. US
Environmental Protection Agency Method 515.4

describes a derivatization procedure using dia-
zomethane and an analysis of the methylated
esters using GC with an electron capture detec-
tor (ECD). The target list of Method 515.4 phe-
noxyacid herbicides consists of carboxylic acids
and phenols.

When monitoring these methylated esters by
GC/ECD two columns are needed, to provide
identification and confirmation. Further, it is
important to select stationary phases that have
low bleed and high thermal stability, because
the columns should be heated between analyses

to drive off any retained materials. The primary
column chosen for this analysis is a 30m,
0.32mm ID, 0.25µm Rtx®-CLPesticides2 column.
The Rtx®-CLPesticides2 stationary phase is high-
ly selective for electronegative compounds and
so is very effective in analyses of chlorophe-
noxyacid herbicides (Figure 1). We selected our
new, intermediate-polarity Rtx®-440 column as
the confirmation column because it has unique
selectivity for chlorinated pesticides and is ther-
mally stable to 340ºC. Figure 2 shows an analysis
of methylated chlorophenoxyacid herbicides on a
30m, 0.32mm ID, 0.25µm Rtx®-440 column.
Resolution is good, and the column exhibits very
low bleed at 340ºC. In combination, the two
columns resolve all target compounds, and the
reverse in elution order helps ensure correct iden-
tifications. Both columns provide fast analyses.

To design a chlorophenoxyacid herbicide refer-
ence material suitable for GC/ECD, detection
limits should be determined for each compound
in the mix. Because the ECD is highly sensitive,
and exhibits a narrow range of linear detection,
concentrations of the target compounds must be
determined carefully. Additionally, chlorinated
phenoxyacid herbicides are photosensitive and
heat-labile, so the materials must be packaged
in amber ampuls and kept away from heat.
Restek now offers a complete set of reference
materials for Method 515.4: a chlorinated acids
calibration mix, a methylated chlorinated acids
calibration mix, a surrogate standard (2,4-
dichlorophenylacetic acid), and an internal stan-
dard (4,4'-dibromooctafluorobiphenyl). Note that
the acids mix will degrade readily in the pres-
ence of alkaline compounds or strong oxidizers,
and working solutions must be prepared in acid-
ified glassware. The surrogate standard and
internal standard are per recommendations in
the EPA method. We selected the solvents for
the surrogate standard and internal standard
carefully, to ensure compatibility with the cali-
bration mixes, and we prepare both standards
at high concentrations, for more economical
analysis.

If you are analyzing chlorophenoxyacid herbi-
cides, and want fast analyses and reliable
results, we highly recommend the combination
of an Rtx®-CLPesticides2 column and an Rtx®-
440 column, together with our complete set of
reference materials.

GC/ECD Analysis of Chlorophenoxyacid
Herbicides

Using Columns with Complementing Selectivity and New Reference Mixes

by John Lidgett, Analytical Reference Materials Technical Specialist

• Optimized analysis on two stationary phases.
• Complete set of reference mixes for US EPA Method 515.4.
• Acids / methyl esters calibration mixes are at concentrations designed for GC/ECD.

Figure 1 Chlorophenoyxacid methyl esters are well separated on an Rtx®-CLPesticides2 column.

Figure 2 Good resolution of chlorophenoyxacid methyl esters on an Rtx®-440 column.
In combination, an Rtx®-CLPesticides2 column and an Rtx®-440 column resolve all target compounds

and provide fast results.

CCoommppoouunndd CCoonncc..  ((µgg//mmLL))
1. dalapon methyl ester 100
2. 3,5-dichlorobenzoic acid

methyl ester 50
3. dicamba methyl ester 50
4. dichloroprop methyl ester 100
5. 2,4-D methyl ester 100
6. pentachloroanisole 10
7. 2,4,5-TP (Silvex) methyl ester 25

8. 2,4,5-T methyl ester 25
9. chloramben methyl ester 50

10. 2,4-DB methyl ester 100
11. dinoseb methyl ester 100
12. bentazon methyl deriv. 100
13. DCPA methyl ester (Dacthal®) 100
14. picloram methyl ester 50
15. quinclorac methyl ester 50
16. acifluorfen methyl ester 50

Column: Rtx-CLPesticides2® 30m, 0.32mm ID, 0.25µm (cat.# 11324)
Sample: 10-100µg/mL each methyl ester in MTBE (cat.# 32444)
Inj.: 1.0µL splitless (hold 0.45 min.), 4mm Siltek® double gooseneck splitless liner (cat.# 20784)
Inj. temp.: 225°C
Carrier gas: helium, constant pressure
Inlet pressure: 10.5psi set @ 70°C
Oven temp.: 70°C (hold 1 min.) to 210°C @ 20°C/min. (hold 1 min.) to 300°C @ 5°C/min.
Det.: ECD @ 320°C

GC_EV00755

CCoommppoouunndd CCoonncc..  ((µgg//mmLL))
1. dalapon m.e. 100
2. 3,5-dichlorobenzoic acid  m.e. 50
3. dicamba m.e. 50
4. dichlorprop m.e. 100
5. 2,4-D m.e. 100
6. pentachloroanisole 10
7. 2,4,5-TP (Silvex) m.e. 25
8. chloramben m.e. 50

9. 2,4,5-T m.e. 25
10. 2,4-DB m.e. 100
11. dinoseb m.e. 100
12. bentazon (methyl deriv.) 100
13. picloram m.e. 50
14. DCPA  m.e. (Dacthal®) 100
15. quinclorac m.e. 50
16. acifluorfen m.e. 50

GC_EV00756

Column: Rtx®-440 30m, 0.32mm ID, 0.25µm (cat.# 12924)
Sample: 10-100µg/mL each methyl ester in MTBE (cat.# 32444)
Inj.: 1.0µL splitless (hold 0.45 min.), 4mm Siltek® double gooseneck splitless liner (cat.# 20784)
Inj. temp.: 225°C
Carrier gas: helium, constant pressure
Inlet pressure: 10.5psi set @ 70°C
Oven temp.: 70°C (hold 1 min.) to 210°C @ 20°C/min. (hold 1 min.) to 300°C @ 5°C/min.
Det.: ECD @ 320°C

quantity discounts
Order 3 or 4 of any one analytical reference material
product and receive a 1100%%  ddiissccoouunntt!!

Order 5 or more of any one analytical reference materi-
al product and receive a 2200%%  ddiissccoouunntt!!
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acifluorfen (Blazer®) 50µg/mL
bentazon 100
chloramben 50
2,4-D 100
dalapon 100
2,4-DB 100
DCPA diacid (tetrachloro-

terephthalic acid) 50
dicamba 50

3,5-dichlorobenzoic acid 50
dichlorprop 100
dinoseb 100
pentachlorophenol 10
picloram 50
quinclorac 50
2,4,5-T 25
2,4,5-TP  (Silvex) 25

515.4 Calibration Mix

In acetone, 1mL/ampul
cat. # 32443 (ea.)  $60

acifluorfen methyl ester 50µg/mL
bentazon methyl ester 100
chloramben methyl ester 50
dalapon methyl ester 100
2,4-D methyl ester 100
2,4-DB methyl ester 100
DCPA methyl ester (Dacthal®) 100
dicamba methyl ester 50

3,5-dichlorobenzoic acid 50
dichlorprop methyl ester 100
dinoseb methyl ether 100
pentachloroanisole 10
picloram methyl ester 50
quinclorac methyl ester 50
2,4,5-T methyl ester 25
2,4,5-TP (Silvex) methyl ester 25

515.4 Methylated Chlorinated 
Acids Mix

In methyl tert-butyl ether, 1mL/ampul
cat. # 32444 (ea.)  $120

4,4-dibromooctafluorobiphenyl

515.4 Internal Standard

2,000µg/mL in methyl tert-butyl ether, 1mL/ampul
22,,000000 cat. # 31856 (ea.)  $22

2,4-dichlorophenylacetic acid

515.4 Surrogate Mix

1,000µg/mL in acetone, 1mL/ampul
11,,000000 cat. # 32439 (ea.)  $22

Rtx®-440 Column (fused silica)
(proprietary intermediate-polarity Crossbond® phase)
TTeemmpp..  lliimmiittss::  -60 to 310/330°C

IIDD ddff  ((µµmm)) lleennggtthh ccaatt..  ## pprriiccee
0.32mm 0.25 30-Meter 12924 $470

Rtx®-CLPesticides2 Column
(fused silica)
TTeemmpp..  lliimmiittss:: -60 to 320/340°C

IIDD ddff  ((µµmm)) lleennggtthh ccaatt..  ## pprriiccee
0.32mm 0.25 30-Meter 11324 $485

Column: Rtx®-5Sil MS, 20m, 0.18mm ID, 0.36µm (cat.# 557810)
Sample: US EPA Method 8270D analytes, 10ppm each (10ng on col-

umn): 8270 MegaMix™ (cat.# 31850), Benzidine (cat.#
31441), Benzoic Acid (cat.# 31415), 2,4-Dinitrophenol (cat.#
31291), Acid Surrogate Mix (4/89 SOW) (cat.# 31063), 
B/N Surrogate Mix (4/89 SOW) (cat.# 31062)

Inj.: 1.0µL, splitless, 4mm ID gooseneck splitless 
inlet liner (cat.# 20798), splitless hold time 
0.20 min., pressure pulse 0.15 min. @ 30psi

GC: Agilent 6890
Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1.2mL/min.
Oven temp.: 50°C(hold 0.5 min.) to 330°C @ 18°C/min. 

(hold 3 min.)
Det.: Agilent 5973 GC/MS
Transfer line

temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 1 min.
Tune: DFTPP
Ionization: EI

4. phenol-d6
5. phenol
6. aniline
7. bis(2-chloroethyl)ether
8. 2-chlorophenol
9. 1,3-dichlorobenzene

10. 1,4-dichlorobenzene-d4
11. 1,4-dichlorobenzene
12. benzyl alcohol
13. 1,2-dichlorobenzene
14. 2-methylphenol
15. bis(2-chloroisopropyl)ether
16a. 4-methylphenol
16b. 3-methylphenol
17. N-nitroso-di-n-propylamine
18. hexachloroethane
19. nitrobenzene-d5
20. nitrobenzene

21. isophorone
22. 2-nitrophenol
23. 2,4-dimethylphenol
24. benzoic acid
25. bis(2-chloroethoxy)methane
26. 2,4-dichlorophenol
27. 1,2,4-trichlorobenzene
28. naphthalene-d8
29. naphthalene
30. 4-chloroaniline
31. hexachlorobutadiene
32. 4-chloro-3-methylphenol
33. 2-methylnaphthalene
34. 1-methylnaphthalene
35. hexachlorocyclopentadiene
36. 2,4,6-trichlorophenol
37. 2,4,5-trichlorophenol
38. 2-fluorobiphenyl

39. 2-chloronaphthalene
40. 2-nitroaniline
41. 1,4-dinitrobenzene
42. dimethylphthalate
43. 1,3-dinitrobenzene
44. 2,6-dinitrotoluene
45. 1,2-dinitrobenzene
46. acenaphthylene
47. 3-nitroaniline
48. acenaphthene-d10
49. acenaphthene
50. 2,4-dinitrophenol
51. 4-nitrophenol
52. 2,4-dinitrotoluene
53. dibenzofuran
54. 2,3,4,6-tetrachlorophenol
55. 2,3,5,6-tetrachlorophenol
56. diethyl phthalate

57. fluorene
58. 4-chlorophenyl phenyl ether
59. 4-nitroaniline
60. 4,6-dinitro-2-methylphenol
61. diphenylamine
62. azobenzene
63. 2,4,6-tribromophenol

Fast GC/MS Analysis of Semivolatile Organic Compounds
Using a 0.18mm ID / 0.36µm Film Rtx®-5Sil MS Column

(cont. from page 14)

Searching for a
chromatogram?

www.restek.com
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IIDD//OODD  &&
LLeennggtthh  ((mmmm))

ccaatt..##//pprriiccee
eeaa..

ccaatt..##//pprriiccee
55--ppkk..

AAuuttoo  SSYYSS  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

4.0 ID
6.2 OD x 92.1

20819
$60

20822
$240

AAuuttoo  SSYYSS  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  bboottttoomm))

4.0 ID
6.2 OD x 92.1

21293
$60

21294
$240

AAuuttoo  SSYYSS  GGoooosseenneecckk  DDrriilllleedd  UUnniilliinneerr®

((hhoollee  oonn  ttoopp))

4.0 ID
5.0 OD x 92.1

21295
$74

21296
$296

AAuuttoo  SSYYSS  GGoooosseenneecckk  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn
bboottttoomm))

4.0 ID
6.2 OD x 92.1

21297
$74

21298
$296

DDII  LLiinneerrss  ffoorr  VVaarriiaann  11117777  GGCCss
((FFoorr  00..2255//00..3322//00..5533mmmm  IIDD  CCoolluummnnss))

IIDD//OODD  &&
LLeennggtthh  ((mmmm))

ccaatt..##//pprriiccee
eeaa..

ccaatt..##//pprriiccee
55--ppkk..

DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

4.0 ID
6.3 OD x 78.5

21470
$60

21471
$270

DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  bboottttoomm))

4.0 ID
6.3 OD x 78.5

21468
$60

21469
$270

DDII  LLiinneerrss  ffoorr  SShhiimmaaddzzuu  1177AA  &&  22001100  GGCCss
((FFoorr  00..3322//00..5533mmmm  IIDD  CCoolluummnnss))

IIDD//OODD  &&
LLeennggtthh  ((mmmm)) eeaa..

ccaatt..##//pprriiccee
55--ppkk..

OOppeenn--ttoopp  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

3.5 ID
5.0 OD x 95

21285
$65

21286
$260

OOppeenn--ttoopp  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  bboottttoomm))

3.5 ID
5.0 OD x 95

21287
$65

21288
$260

GGoooosseenneecckk  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

3.5 ID
5.0 OD x 95

21289
$72

21290
$288

GGoooosseenneecckk  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  bboottttoomm))

3.5 ID
5.0 OD x 95

21291
$72

21292
$288

DDII  LLiinneerrss  ffoorr  AAggiilleenntt  55889900  &&  66889900  GGCCss
((FFoorr  00..2255//00..3322//00..5533mmmm  IIDD  CCoolluummnnss))

IIDD//OODD  &&
LLeennggtthh  ((mmmm)) eeaa..

ccaatt..##//pprriiccee
55--ppkk..

DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

4.0 ID
6.3 OD x 78.5

21054
$60

21055
$240

SSiilltteekk® DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

4.0 ID
6.3 OD x 78.5

21054-214.1
$65

21055-214.5
$260

DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  bboottttoomm))

4.0 ID
6.3 OD x 78.5

20756*
$60

20771
$270

DDoouubbllee  GGoooosseenneecckk  DDrriilllleedd  UUnniilliinneerr®

((hhoollee  oonn  ttoopp))

4.0 ID
6.3 OD x 78.5

20508
$60

20509
$240

DDoouubbllee  GGoooosseenneecckk  DDrriilllleedd  UUnniilliinneerr®

((hhoollee  oonn  bboottttoomm))

4.0 ID
6.3 OD x 78.5

20954**
$60

20989
$270

SSiilltteekk® 11mmmm  DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

1.0 ID
6.3 OD x 78.5

21390-214.1
$70

21391-214.5
$280
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Whether you have an Agilent, PerkinElmer, Shimadzu, Thermo
Finnigan, or Varian system, Restek consumables and parts will help
you maintain optimum system performance, and give you the con-
venience and economy of one-stop shopping for all your GC needs.

nstrument  nnovations! ! !Simplify Life in Your Laboratory
by Donna Lidgett, GC Accessories Product Marketing Manager

Liners for ATAS injectors

LLiinneerrss  ffoorr  AATTAASS  IInnjjeeccttoorrss BBeenneeffiittss//UUsseess::
IIDD//OODD  &&

LLeennggtthh  ((mmmm)) eeaa..
ccaatt..##//pprriiccee

55--ppkk..

AATTAASS  OOppeenn  LLiinneerr,,  33mmmm
universal

3.0
5.0 x 80

22415
$18.25

22416
$88.50

AATTAASS  OOppeenn  LLiinneerr,,  11mmmm

trace, active
samples <1µL

1.0
5.0 x 80

22417
$34.72

22418
$151

AATTAASS  FFrriitttteedd  GGoooosseenneecckk
dirty samples

3.0
5.0 x 80

22419
$42.50

22420
$184.35

All liners are

100%
deactivated

All liners are shipped intermediate
polarity (IP) deactivated unless
otherwise requested.

Liner for Varian 1177 GCs

DDiirreecctt  IInnjjeeccttiioonn  LLiinneerrss  ffoorr  TThheerrmmoo  FFiinnnniiggaann
88000000  &&  TTRRAACCEE™ SSeerriieess  GGCCss

((00..3322  &&  00..5533mmmm  IIDD  ccoolluummnnss))
IIDD//OODD  &&

LLeennggtthh  ((mmmm)) eeaa..
ccaatt..##//pprriiccee

55--ppkk..

DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  ttoopp))

5.0 ID
8.0 OD x 105

22411
$70

22412
$280

DDrriilllleedd  UUnniilliinneerr® ((hhoollee  oonn  bboottttoomm))

5.0 ID
8.0 OD x 105

22413
$70

22414
$280

Direct Injection Liners

LLiinneerrss  ffoorr
VVaarriiaann  11117777  GGCCss BBeenneeffiittss//UUsseess:: eeaa..

ccaatt..##//pprriiccee
55--ppkk..

LLooww  PPrreessssuurree  DDrroopp  PPrreecciissiioonn™ LLiinneerr
(2.0mm ID, 6.3mm OD, 78.5mm length)

trace samples
<2µL, dirty

samples

22421
$41

22422
$185

*Similar to Agilent part # G1544-80730.
**Similar to Agilent part # G1544-80700.

new!

new!

Drilled Uniliner® Inlet Liners
Hole makes direct injection possible with EPC-equipped Agilent 6890 GCs.

Allows injector to be operated in split/splitless mode.
Ideal for trace, active samples; high recovery and linearity.

Use hole on top configuration if analytes elute away from the solvent peak,
or when the sample solvent is water.

Drilled Uniliner® inlet liners are available in two configurations.

Use hole on bottom configuration if analytes elute near the solvent peak.

new!

free literature
Minimize Adsorption of Active Analytes,
Using a Drilled Uniliner® GC Inlet Liner
(lit. cat.# 59877)



FFoorr  uussee  wwiitthh    11//1166""  ccoommpprreessssiioonn  ssttyyllee  nnuuttss

FFoorr  uussee  wwiitthh  PPEE  ssttyyllee  ccaappiillllaarryy  nnuuttss

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Graphite Liner Seals for
Varian 1078/1079 GCs (5mm) 10-pk. 22683 $33
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FID Collector Housing Kit for Agilent 5890 GCs
• Meets or exceeds OEM performance.
• Kit includes collector body, spanner nut, and silicone washer.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
FID Collector Housing Kit
for Agilent 5890 GCs 19231-20920 kit 23037 $165

FID Collector Mount for Agilent 5890 GCs
• Meets or exceeds OEM performance.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
FID Collector Mount for Agilent 5890 GCs 19231-20930 ea. 23036 $87.50

FID Base Weldment for Agilent 5890 GCs
• Meets or exceeds OEM performance.
• Kit includes brass nut.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
FID Base Weldment for Agilent 5890 GCs 19231-80580 ea. 23041 $485

FID Capillary Column Adaptor for PerkinElmer Auto SYS™ XL
• Made of high quality stainless steel.
• Meets or exceeds OEM performance.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

FFoorr  uussee  wwiitthh  PPEE  ssttyyllee  ccaappiillllaarryy  nnuuttss
FID Capillary Column Adaptor for
PerkinElmer Autosys XL N6120020 ea. 22608 $54
FFoorr  uussee  wwiitthh  11//1166"" ccoommpprreessssiioonn  ssttyyllee  nnuuttss
FID Capillary Column Adaptor for
PerkinElmer Autosys XL — ea. 22609 $54

Septum Cap for PerkinElmer Auto SYS™ XL
• Made of clear anodized aluminum and high-quality stainless steel.
• Meets or exceeds OEM performance.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Septum Cap for PerkinElmer Autosys XL N6100153 ea. 22322 $72

Injector Adaptor for PerkinElmer Auto SYS™ XL
• Made of high quality stainless steel.
• Meets or exceeds OEM performance.
• Siltek®-treated version available for increased inertness.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Injector Adaptor for PerkinElmer Auto SYS N6100157 ea. 22318 $78
Siltek®-Treated Injector Adaptor for
PerkinElmer Auto SYS XL — ea. 22320 $85

Injector Adaptor for PerkinElmer Auto SYS — ea. 22319 $78
Siltek®-Treated Injector Adaptor for
PerkinElmer Auto SYS XL — ea. 22321 $85

Viton® O-Rings for Agilent GCs
• Fit split (6.3mm OD) or splitless

(6.5mm OD) liners.
• Max. temp.: 250°C
• Similar to Agilent part# 5180-4182
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Viton® O-Rings for Agilent GCs 25-pk. 20377 $19.80

Graphite O-Rings for Agilent
and Varian 1177 GCs
• Max temp.: 450°C
• Cat.# 20296 similar to Agilent part# 5180-4168,

cat.# 20298 similar to 5180-4173.
RReesstteekk  ccaatt..##//  pprriiccee

DDeessccrriippttiioonn 1100--ppkk.. 5500--ppkk..
Graphite O-rings for split
liners (6.3mm ID) 20296 $30 20297 $135
Graphite O-rings for split-
less liners (6.5mm ID) 20298 $30 20299 $135

Graphite Liner Seals for Varian
1078/1079 GCs
• Max temp.: 450°C.
• Similar to Varian part# 392611919 and 392534201. 

Viton® O-Rings for PerkinElmer
Auto SYS™ GCs
• Max temp.: 250°C.
• Similar to PE part# N6101374.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Viton® O-Rings for
PerkinElmer Auto SYS GCs 10-pk. 20262 $7

Graphite O-Rings for PerkinElmer
Auto SYS™ XL PSS
• Max temp.: 450°C.
• Similar to PE part# N6101751.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Graphite O-Rings for
PerkinElmer Auto SYS XL PSS 10-pk. 21475 $34
Graphite O-Rings for
PerkinElmer Auto SYS XL PSS 25-pk. 21476 $75

Viton® O-Rings for PerkinElmer PSS
• Max temp.: 250°C.
• Similar to PE part# N610-1747.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Viton® O-Rings for
PerkinElmer PSS 10-pk. 20366 $9

O-Rings and Liner Seals
For complete listings, refer to our catalog or
website.

Injector and Detector Parts new!

new!

Viton® O-Rings for Shimadzu
17A and 2010 GCs
• Max. temp.: 250°C.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Viton® O-Rings for Shimadzu
17A and 2010 GCs 10-pk. 21477 $14

Graphite O-Rings for Shimadzu 17A
and 2010 GCs
• Max. temp.: 450°C.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Graphite O-Rings for Shimadzu
Split Liners 5-pk. 20243 $45
Graphite O-Rings for Shimadzu
Splitless Liners 5-pk. 20244 $45

new!

new!

free literature
Genuine Restek Replacement Parts for Agilent
GCs will be available soon. This 60-page catalog
details innovative, high-performance supplies
for your Agilent GC—from injector to detector.
(lit. cat.# 59627E).
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Reliable Connections Made Simple
by Donna Lidgett, GC Accessories Product Marketing Manager

SeCure™ “Y” Connectors
Connect two analytical columns to a transfer line or guard column.
Combine the simplicity of a “Y” Press-Tight® connector with the strength of a metal union. The ferrules
and knurled nuts hold the fused silica tubing in place, which prevents the tubing from unexpectedly dis-
connecting, even at temperatures as high as 400°C.

Kits include: SeCure™ “Y” connector body, 3 knurled nuts, 1“Y” Universal Press-Tight® union, and 3 ferrules.

The Vu2 Union™ connector’s open design allows
visual confirmation of the seal; secondary seals

ensure a leak-tight connection.

DDeessccrriippttiioonn FFeerrrruulleess  FFiitt  CCoolluummnn  IIDD qqttyy.. ccaatt..## pprriiccee
SeCure™ “Y” Connector Kit 0.25/0.28mm kit 20276 $215
SeCure™ “Y” Connector Kit 0.28/0.32mm kit 20277 $215
SeCure™ “Y” Connector Kit 0.45/0.53mm kit 20278 $215
Knurled nut 3-pk. 20279 $30

Graphite Ferrules for SeCure™ “Y” Connectors
FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD GGrraapphhiittee  1100--ppkk..//pprriiccee GGrraapphhiittee  5500--ppkk..//pprriiccee
0.4mm 0.25/0.28mm 20200 $27.50 20227 $105
0.5mm 0.28/0.32mm 20201 $27.50 20228 $105
0.8mm 0.45/0.53mm 20202 $27.50 20224 $105

Universal “Y” Press-Tight® Connectors

DDeessccrriippttiioonn eeaa..//pprriiccee 33--ppkk..//pprriiccee
Universal “Y” Press-Tight® Connector 20405 $60 20406 $160
Siltek®-treated Universal “Y” Press-Tight® Connector 20485 $62 20486 $166

Vu2 Union™ Connectors
Connect a guard column to an analytical column, a column to a transfer line, two columns in series, or
repair a broken column.

NOTE: Not recommended for GC column-to-MS connections—use the Vacuum Vu-Union® described in our catalog.

Kits include: Vu2 Union™ body, 2 knurled nuts, 2 Press-Tight® unions, and 4 ferrules

DDeessccrriippttiioonn FFeerrrruulleess  FFiitt  CCoolluummnn  IIDD qqttyy.. ccaatt..## pprriiccee
Vu2 Union™ Connector Kit 0.15–0.25mm kit 21105 $128
Vu2 Union™ Connector Kit 0.28/0.32mm kit 21106 $128
Vu2 Union™ Connector Kit 0.45/0.50 & 0.53mm kit 21107 $128
Knurled nut 2-pk. 21108 $25

Graphite Ferrules for Vu2 Union™ Connectors
FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD GGrraapphhiittee  22--ppkk..//pprriiccee GGrraapphhiittee  1100--ppkk..//pprriiccee
0.4mm 0.18–0.25mm 20280 $19 20281 $79
0.5mm 0.28/0.32mm 20282 $19 20283 $79
0.8mm 0.45/0.50 & 0.53mm 20284 $19 20285 $79

Universal Press-Tight® Connectors
DDeessccrriippttiioonn 55--ppkk..//pprriiccee 2255--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
Universal Press-Tight® Connectors 20400 $38 20401 $152 20402 $450
Siltek®-treated Universal Press-Tight®

Connectors 20480 $48 20449 $202 20481 $650

Both SeCure™ “Y” and Vu2 Union™ Connectors
use standard Press-Tight® connectors—

no expensive, unique inserts to purchase.

Make secure, reliable column-to-column 
connections with SeCure™ “Y” connectors.

Secondary seals ensure a leak-tight connection.

• Reliable seal integrity—will not unexpectedly disconnect during temperature-programmed
analyses.

• Open design allows visual confirmation of the seals, for added confidence in the connections.
• Use standard Press-Tight® connectors.

restek
innovation!



Capillary
Nut

$17522423kitEZ No-Vent™ Connector Kit for Varian Saturn 2000 Series MSs
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EZ No-Vent™ GC Column-MS Connector
Change Columns in Minutes Without Venting

by Donna Lidgett, GC Accessories Product Marketing Manager

• Save hours of downtime—100µm transfer line throttles vacuum and prevents MS pump-
down.

• Easy to install and maintain—no special tools or plumbing required.
• Gold-plated body for inertness.
• Deactivated transfer line keeps analytes focused; high-temperature polyimide ferrules

eliminate leaks at the problematic transfer line fitting.
• Lower cost than other “no-vent” fittings.
• Available for Agilent GCs with 5971/5972 or 5973 GC/MS, Varian Saturn 2000 Series MSs.

We designed the EZ No-Vent™ connector to be
simple and easy to use. A critical orifice in
the EZ No-Vent™ connector minimizes the
amount of oxygen allowed into the MS
source, eliminating the need for purge gas
and enabling you to skip the lengthy vent and
pump-down cycle otherwise required when
you make a column change. This can save
nearly a day of downtime with each column
change. The EZ No-Vent™ connector easily
attaches to the MS source without special
tools or extra plumbing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
EZ No-Vent™ Connector Kit for Agilent 5971/5972 and 5973 GC/MS kit 21323 $175

Replacement ferrules for connecting capillary column to EZ No-Vent™:
0.4mm ID 2-pk. 21015 $28
0.5mm ID 2-pk. 21016 $28
Replacement ferrules for connecting transfer line to EZ No-Vent™: 0.4mm ID 2-pk. 21043 $25
Replacement 100µm deactivated transfer line 3 ft. 21018 $20
Replacement EZ No-Vent™ Column Nut 5-pk. 21900 $30
Replacement EZ No-Vent™ Plug 2-pk. 21915 $36
Open-End Wrenches (1/4" x 5/16") 2-pk. 20110 $25
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502.2 Calibration Mix#1 (gases) cat# 30042
1. dichlorodifluoromethane
2. 1,2-dichlorotetrafluoroethene (Freon® 114)
3. chloromethane
4. vinyl chloride

5. bromomethane
6. chloroethane
7. trichlorofluoromethane

Column: Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969)
Inj.: purge & trap
GC Agilent 6890 
Inj. temp.: 300°C
Carrier gas:  helium, constant flow  
Flow rate: 1.0mL/min. 

Oven temp.: 60°C 
Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Tune BFB
Ionization: EI

GC_EV00659a GC_EV00659b

Figure 2 Sharp, symmetric peaks for gases show the EZ No-Vent™ connector does not add dead volume and allows rapid column changes.

1st column, equilibrated system Acquired 76 minutes after installing
2nd column, using EZ No-Vent™

GC/MS
Interface

Transfer
Line
Ferrule

EZ No-Vent™

Connector

Capillary
Ferrule

Capillary
Column

Transfer
Line

Figure 1  A laser machined
orifice, coupled with the
100µm ID transfer line,
minimizes the amount of

oxygen entering the MS,
which eliminates the need
for purge gases.

Laser drilled to
100µm ID

did you know?
Restek offers many innovative
tools and supplies for your
MS. Refer to our catalog or
website.

new!
EEaacchh  kkiitt  iinncclluuddeess:: EZ No-Vent™

Connector, two 0.4mm ID ferrules for
capillary column, two 0.4mm ID ferrules
for transfer line, 100µm deactivated
transfer line (3 ft.), column plug, column
nut.

new!
Now available for Varian 2000 Series MSs



RReesstteekk  TTrraaddeemmaarrkkss//SSeerrvviiccee  MMaarrkkss:: Allure, Alumaseal, Crossbond, EZ No-Vent,
MegaMix, Plus 1, Precision, Press-Tight, Rtx, SeCure, SilcoCan, Silcosteel, Siltek,
Sulfinert, TO-Can, Trident, Uniliner, Viva, Vu2 Union, Turning Visions Into Reality,
Restek logo. OOtthheerr  TTrraaddeemmaarrkkss::  Aroclor (Monsanto Chemical Co.), ASE (Dionex),
Auto SYS (PerkinElmer), Blazer (BASF), Dacthal (Amvac Chemical Corp.), DB (J&W
Scientific), PEEK (Victrex plc), Sonar (Sepro Corporation), Swagelok (Crawford
Fitting Co.), Terrazole (Uniroyal Chemical Company, Inc.), TRACE (Thermo Finnigan),
TrueTube (O'Brien Corporation), Waters (Waters Associates, Inc.), Vespel, Viton,
Zorbax (E.I. du Pont de Nemours & Co. Inc.), Vydac (Separations Group, Inc.).

Please direct your comments on this publication to Carrie Sprout at carrie.sprout@restekcorp.com or call 814-353-1300, ext. 2151.

Some of the new items in the 2005 Restek Catalog:
GC Columns
Rtx®-440 - Low-bleed, high-resolution, intermediate-polarity column for many applications.
Rtx®-5Sil MS, 0.18mm ID - Monitor nanogram levels of semivolatile pollutants in 15 minutes.
Rtx®-Dioxin2 - Improved separation of dioxin or furan congeners, compared to diphenyl or high-cyano columns.
Rtx®-1PONA Column/Rtx®-5PONA Tuning Column - Performance enhanced, for 30% faster SIMDIS analysis, using helium.
Rtx®-XLB Column - Ideal for active, higher weight environmental analytes and other compounds.
TToooo  nneeww  ffoorr  oouurr  ccaattaalloogg!!  Read about the Rtx®-PCB column on page 13 of this Advantage.
HPLC Columns
Allure™ Aqueous C18 - Excellent retention and selectivity for polar analytes in highly aqueous mobile phases.
Ultra Quat - Monitor paraquat and diquat without ion pairing reagents.
HPLC Method Development Column Kits - Multiple stationary phases help to quickly optimize selectivity.
GC Accessories
Parker Balston FID-1000 Gas Station - Ultra-high purity hydrogen and zero grade air from a single unit.
EZ No-Vent™ Column/MS Connector for Varian Saturn 2000 Series MSs - Change column in minutes without venting.
Alumaseal™ aluminum ferrules - The sealing ease of graphite, the security and reliability of metal ferrules.
Vespel® ferrules - We give you more choices: Vespel®, Vespel®/graphite, or graphite.
HPLC Accessories
LC Autosampler Syringes
Instrument parts - for Agilent, Beckman, Hitachi, PerkinElmer, Shimadzu, Thermo Separation Products, and Waters equipment.
Mobile Phase Pre-heater - Accurately and reproducibly warms mobile phase, for more consistent analyses.
Restek Performance Coatings
Siltek®, Sulfinert®, and Silcosteel®-CR treated Swagelok® fittings - Inert fittings for demanding applications.
Siltek® and Silcosteel®-CR treated electropolished stainless steel tubing - For the most inert sample pathways available.
Air Monitoring
Improved SilcoCan™ and TO-Can™ air sampling canisters - Superior deactivation; superior protection for the valve.
Canister Heating Jacket - Uniformly heats entire canister, and valve, for faster more efficient cleaning.
Analytical Reference Materials
Calibration mixes, check mixes, surrogates, and internal standards for environmental analyses - volatile organics…
semivolatile organics…pesticides & herbicides…UST monitoring...Canadian environmental methods
Dimethyldichlorosilane (DMDCS) deactivation reagent
Drinking water odor compounds

If you haven’t received your copy, request one from your Restek representative.
Or, visit our website: www.restek.com or our new performance coatings website:
www.restekcoatings.com

It’s Here! The 2005 Restek Catalog!
• 775+ pages / thousands of innovative products.
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reliably store ppb levels of the
active sulfur-containing com-
pound during transport from
the sampling site to the analyti-
cal laboratory. In contrast,
hydrogen sulfide degraded 

rapidly in the untreated cylinder, and was lost 
totally within 24 hours.

In a similar study in which gas containing
18.8ppbv methyl mercaptan was stored for 60
hours in Sulfinert® treated sample cylinders,
recovery of the active sulfur compound was
equally high relative to the stable reference
material, dimethyl mercaptan, as shown in
Figure 1b.

Sample Transfer: Adsorption of
Sulfur Compounds to Tubing
Surfaces
Comparison of the transport properties of
Sulfinert® treated electropolished stainless steel
tubing (TrueTube™ EPS tubing, surface rough-
ness average (RA): 5-10, O'Brien Corporation,
St. Louis, MO), untreated electropolished stain-
less steel tubing (TrueTube™ EP tubing, RA 5-10,
O'Brien Corporation), and raw commercial grade
stainless steel tubing (RA 23-27) show only
Sulfinert® treated electropolished stainless steel
has the inertness necessary for quantitatively
transferring sulfur compounds at low ppmv to
low ppbv concentrations in sample streams. An
experiment was designed to confirm whether a
sulfur-containing stream passing through stain-
less steel tubing would passivate active sites on
the steel surface, through adsorption of the
active sulfur species. The amount of time
elapsed before a representative sample, con-
taining a stable and accurate sulfur content,
exited the tubing was the measured indicator of
surface activity in the tubing.

More accurate results and faster
cycle times, using Sulfinert® 
treated components

Sulfur Compound Sampling,
Storage, and Transfer Considerations

Introduction
Accurate analyses for parts-per-million to 
parts-per-billion levels of sulfur-containing 
compounds in petrochemical streams are critical
to meeting new regulations for lower levels of
sulfur in diesel fuel and gasoline. Many organo-
sulfur compounds—hydrogen sulfide, methyl
mercaptan, and ethyl mercaptan among them—
adsorb strongly to metal surfaces. Adsorption of
sulfur compounds in sampling, storage, and/or
transfer apparatus can cause prolonged analy-
sis cycle times as well as inaccurate, falsely low
values.

In the studies described here, active sulfur
gases were sampled, stored, and transferred in
control (untreated) and Sulfinert® treated static
(storage) and flow-through system components,
to determine quantitative losses of the sulfur
gas species. Concentrations of the sulfur gases
spanned the low parts-per-million to low parts-
per-billion range.

Sulfur Compound Storage:
Sulfinert® Treated vs. Untreated
Sample Cylinders
Figure 1a depicts results from a comparison in
which a gas containing 17ppbv of hydrogen sul-
fide was stored for 7 days in untreated or in
Sulfinert® treated stainless steel sample cylin-
ders. The response ratio for hydrogen sulfide,
relative to a stable reference material, dimethyl
sulfide, is steady at approximately 1:1 for at
least seven days in Sulfinert® treated cylinders.
The data show a Sulfinert® treated system will

Avoid downtime,
save money

Sulfinert® treatment adds value to
your process by ensuring:
• Accurate results
• Improved yields
• Faster cycle times

Avoid these losses!
A 1-hour delay can cost:1

• 800,000 tpy ethylene plant: $50,000
• 250,000 tpy LDPE unit: $36,000
• 250,000 tpy EBSM styrene plant: $33,000
• 200,000 tpy anti-freeze process: $3,600

Applications Note

110 Benner Circle  •  Bellefonte, PA  16823
800-356-1688 • 814-353-1300 • fax: 814-353-1309
www.restekcoatings.com 

Restek Performance Coatings

Figure 1 Sulfur compounds are stable in Sulfinert® treated stainless steel systems
a) 17ppbv hydrogen sulfide in 500mL cylinders

b) 18.8ppbv methyl mercaptan in 300mL cylinders

a) b)



Figures 2 and 3 compare the transport proper-
ties of 100-foot (30.5-meter) lengths of the
three types of seamless 316L stainless steel
tubing, 1/8" OD x 0.020" wall, using a gas stream
containing 0.500ppmv methyl mercaptan in heli-
um as the test material. Tests were performed
at room temperature, using a gas flow rate of
40cc/minute.

Figure 2 demonstrates uptake of the sulfur com-
pound by the three surfaces. The performance
of the Sulfinert® treated, electropolished surface
is quite dramatic in comparison to that of
untreated electropolished tubing. Sulfinert®

treated electropolished tubing did not adsorb
methyl mercaptan to any measurable extent,
delivering a representative sample with no
delay. The untreated electropolished tubing, in
contrast, totally adsorbed methyl mercaptan for
more than 75 minutes, and the sulfur gas level
did not stabilize until approximately 130 min-
utes. Conventional 316L seamless tubing totally
adsorbed methyl mercaptan for more than 90
minutes, and the sulfur gas level did not stabi-
lize until approximately 140 minutes.

Closely correlated to the adsorption of sulfur
compounds by system components is the subse-

Figure 2 Sulfinert® treated electropolished
stainless steel tubing (red) does not adsorb

methyl mercaptan (500ppbv).
Blue—untreated electropolished tubing,

violet—commercial grade tubing.

Figure 3  Sulfur memory is prolonged in raw
commercial grade stainless steel tubing (violet). 
Red-Sulfinert® treated electropolished tubing;

blue-untreated electropolished tubing
(500ppbv methyl mercaptan in helium).

quent release of the adsorbed compounds.
When adsorption of sulfur-containing com-
pounds is prolonged, desorption from the sur-
face also is slow. This “memory” of adsorbed
active compounds can cause long delays in
equilibrating a sample stream. Figure 3 demon-
strates the memory effects of the three types of
tubing used to transfer streams containing sul-
fur compounds. The Sulfinert® treated tubing
shows less retention of sulfur compounds by
several orders of magnitude, indicating very
high inertness.

Value of an Inert Pathway
The value of surface treated sampling and
transfer equipment is twofold: more accurate
results and faster cycle times. Improved accura-
cy and reliability of data for sulfur, achieved using
Sulfinert® treated transfer and sampling equip-
ment, mean downstream processes can be more
precisely controlled, with associated cost sav-
ings. Shorter cycles translate directly into more
samples collected and analyzed in a given period
of time. Typical savings can be calculated by look-
ing at the average per-hour cost of operating a
process that relies on accurate quantification of
sulfur compounds.1 Example monetary values are
reported on the front of this note.

In Summary
We obtained accurate data, with no delay
between samples, by using Sulfinert® treated
electropolished tubing in the sampling-storage-
transport system. In contrast, we obtained sig-
nificantly less accurate data, even with delays of
more than two hours between samples, by using
untreated tubing. Analysts charged with moni-
toring sulfur levels in process streams can sig-
nificantly improve profitability by using
Sulfinert® treated system components and
Sulfinert® treated electropolished tubing 
transport lines.

Reference
1. Application of TrueTube™ in Analytical Measurement

Cardinal UHP August 2004
Available at www.restekcoatings.com or by contacting us at
800-356-1688, ext. 4. Request lit. cat.# 59088.
Acknowledgement
The authors thank the staff of the Shell Research and
Technology Centre, Amsterdam, for data used in evaluating
sulfur gas uptake and memory effects of tubing substrates.

Sulfinert®-Treated Electropolished Tubing

**0.035" wall thickness
1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to
300 ft. in one continuous coil. Longer lengths will be more than
one coil.
Note: (required length in meters) x (3.2808) = length in feet.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22538 $25/ft. $20/ft. $16.80/ft. $14/ft.
0.180" 1/4" 22539 $25/ft. $20/ft. $16.80/ft. $14/ft.

Coiled Sulfinert®-Treated Seamless 316 Grade Stainless Steel Tubing

please note
An extra charge is applied
for cutting Sulfinert® tubing,
calculated from the total
number of pieces produced
for each line item:

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)** 22508 $18.75/ft. $15/ft. $12.50/ft. $10/ft.
0.180" (4.57mm) 1/4" (6.35mm)** 22509 $18.75/ft. $15/ft. $12.50/ft. $10/ft.

Sulfinert®-Treated Sample Cylinders
D.O.T. rated to 1800psi at room temperature.
SSiizzee qqttyy.. ccaatt..## pprriiccee
75cc ea. 24130 $200
150cc ea. 24131 $225
300cc ea. 24132 $230
500cc ea. 24133 $255
1000cc ea. 24134 $425
2250cc ea. 21394 $820

# of Added 
Pieces Charge
5 to 15
16 to 30
31 to 75
76 to 99
100 to 200

Restek offers many
Sulfinert®-treat-
ed fittings,
valves, sample
loops.
For more information
and ordering, call us
or visit us online. 110 Benner Circle  •  Bellefonte, PA  16823

800-356-1688 • 814-353-1300 • fax: 814-353-1309
www.restekcoatings.com

Restek Performance Coatings

Sulfinert® Treated
Electropolished
Tubing

Lit. Cat.# 59082
© 2005 Restek Corporation.

free literature
Learn more about our 
precisely applied, highly
durable surface treatments:
request our brochure lit.
cat.# 59493.
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Test Report 
Testing was conducted to determine the relative corrosion resistance of Hastelloy C-22, commercial 316L SS, 
commercial tube with fused silica coating, electropolished TrueTube EP, and electropolished TrueTube EPS with a 
deactivated layer of bonded amorphous silicon applied via CVD technology (Siltek™) provided by Restek 
Corporation.  

Corrosion Test Protocol and Results 
The test specimens were ½” OD tubing with 0.049” wall thickness. They were cut, faced and deburred to 
approximately 8” in length. Each sample was rinsed in DI water and blown dry using 0.003 µm filtered N2 gas. 
The samples where weighed and one end was capped using LDPE Tube Caps. The samples where then placed in a 
tube holder and filled with 6N HCl. The other end of the tube was then capped using a tube cap that had a pinhole 
in it to let the sample breath. The samples where exposed to the HCl for 72 hours. During the exposure the samples 
where agitated using vibration every 8 hours. After the 72-hour period the samples where drained rinsed and dried. 
The final weights where then recorded. The tubing that was tested is listed as follows: 

Hastelloy C-22 
Commercial Grade 316L Tubing 
Commercial Grade 316L Tubing with Fused Silica Coating 
Electropolished TrueTube EP Tubing 
Electropolished TrueTube EP Tubing with a Siltek Coating 

 
Table 1 Corrosion Rates for Tubing Tested 

Material 
Weight Loss 

(g) 
Corrosion Rate 

(g/hr cm^2) 
MPY  

(mils per year) 
Sample 

Variance 
Hastelloy C-22 0.0075 1.69E-06 0.6733 0.001622 
Commercial Grade 316L Welded Tubing 0.3085 6.93E-05 29.9400 0.640267 
Commercial Grade 316L Tubing with Fused Silica Coating 0.0492 1.1E-05 4.7567 13.19002 
Electropolished TrueTube EP Tubing 0.1669 3.6E-05 16.5733 0.795022 
TrueTube EP with Siltek Coating (TrueTube EPS) 0.0031 6.65E-07 0.2867 0.000622 

 

Page 1 of 4 

 
lit. cat.# RPC-cor2



Test Report 
Study of 6N HCl Corrosion on Commercial 316 SS, Hastelloy C-22 and TrueTube Variants 

 

Determination of Test Data 
The corrosion rate was determined using the ASTM equation established in ASTM G31. 

)(
)(
TDA

WKateCorrosionR
⋅⋅

⋅
=

 
Where: K is a constant =3.45 E6 
 W is the weight loss in grams 
 A is the exposed surface Area cm2 
 D is the density g/cm2 
 T is the time in hours 

The variance of each sample population was computed to determine a confidence level for the results. The variance 
was less than 1 for all samples except fused silica coating on commercial tubing. Variance was calculated by the 
equation:

n
xx∑ − )(  where x is the sample mean and n the sample size.  

Micrographic Inspection of Test Samples 
In addition to the corrosion testing micrographs of the samples where taken at 500x after the exposure to 6N HCl. 
All the micrographs taken are of the surface after exposure to 6N HCl.   

Figure 1 is the micrograph of Hastelloy C-22. It clearly 
shows that the 6M HCl has barely touched the surface.  

 

 

 

 

 

 

Figure 1: Hastelloy C-22 500x  
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Figure 2 shows the surface of the commercial 316L SS 
sample. There are several corrosion mechanisms occurring 
here. The darken lines indicate grain boundary attack. 
There is also general corrosion due to the irregular surface 
and some pitting. Comparing the micrographs of  the 
commercial 316L SS tubing and the TrueTube EP tubing 
illustrates the importance of minimizing nucleation sites in 
which pitting and general corrosion can occur. In the case 
of the commercial tubing the nucleation sites are the peaks 
and valley’s on the surface and process contamination. The 
electropolished TrueTube EP process minimizes these 
nucleation sites. 

Figure 2: Commercial 316L SS Tubing 500x 

Page 2 of  4 
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Test Report 
Study of 6N HCl Corrosion on Commercial 316 SS, Hastelloy C-22 and TrueTube Variants 

 

Figure 3 is the surface of commercial grade 316L tubing 
with fused silica coating. Since the coating is transparent 
the image shows the metallic surface and not the coating 
surface. Because of the irregular surface roughness of the 
tubing it is difficult to distinguish any area of preferential 
attack. Several locations where inspected with no evidence 
of total coating failure.  

 

 

 

 Figure 3: Commercial Grade SS with Fused Silica 
Coating 500x 

 

Figure 4 shows the surface of the Electropolished TrueTube 
EP Tubing. Primary corrosion is evident at the grain 
boundaries with some pitting internal to the grains.  

 

 

 

 

 

 Figure 4: Electropolished TrueTube EP Tubing 500x

Figure 5 is of the TrueTube EP with Siltek Coating 
(TrueTube EPS). The micro pitting of the metallic surface 
is seen. This is the result of the electropolishing and 
coating process not due to corrosion. The base metal 
surface appears untouched by the HCl. Comparing the 
samples commercial grade fused silica (Figure 3) explains 
the variance in corrosion rate. The discontinuities in the 
coating for the fused silica coated commercial grade tubing 
are major sources of weight loss and directly affect the 
corrosion rate. 
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Figure 5: TrueTube EPS – Electropolished Tubing 
with Siltek Coating 500x  

 

Page 3 of  4 

 
lit. cat.# RPC-cor2



Test Report 
Study of 6N HCl Corrosion on Commercial 316 SS, Hastelloy C-22 and TrueTube Variants 

 

Notes on the Resulting Test Data 
Commercial 316L SS is used as the base for all relative corrosion resistance rankings. 

Hastelloy C-22 is included in the test because it is recognized as the ‘material of choice’ for HCl service. Test 
results illustrate a 44 fold improvement in corrosion resistance to 6N HCl over the base commercial 316L SS. 

The corrosion rate of the commercial grade fused silica coated tube varied between samples, more than all other 
tubes tested. The average corrosion rate for commercial grade fused silica was 4.75 mpy or a 6 fold improvement 
over commercial 316L SS.  

Test results clearly illustrate that TrueTube EP improves the corrosion resistance by approximately 2 fold over 
commercial 316L SS.    

Using TrueTube EP as the substrate of the Siltek coating improved the corrosion resistance by 27 fold over 
commercial grade fused silica coated tubing and 172 fold over commercial 316L SS in the milled condition. The 
resulting TrueTube EPS showed far less variance then the commercial grade fused silica coated tubing. The 
average corrosion rate was calculated to be 0.28 mpy. This gives TrueTube EPS a 104 fold advantage over 
commercial 316L SS material with a very high confidence level. 

Conclusion 
The corrosion resistance of austenitic stainless steel can be improved by electropolishing or by applying a coating 
of fused silica or by combining both processes. The combination of O’Brien Corporation electropolished TrueTube 
EP and the Siltek coating by Restek provided corrosion resistance superior to that of Haselloy C-22.  

Surface preparation will affect the ability of any subsequent process to provide additional corrosion protection. This 
assertion is supported by the variance found in the testing of the fused silica coating on commercial grade tubing. 
The corrosion rate of these samples varied sixteen times more than all other sample sets. The samples of fused 
silica applied to commercial tubing showed corrosion resistance changes from a low of 3 fold to a high of 24 fold. 
While the average corrosion rate for commercial grade fused silica computed to 4.75 mpy or a 6 fold improvement 
over commercial grade tubing, ranking by the average value belies the uncertainty of predicable performance.  

While very different in their values both TrueTube EP and TrueTube EPS provided constant results and enhanced 
corrosion protection.  
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In flue streams from coal-
fired power generators,
mercury exists in three
forms: elemental, the +2
oxidation state (Hg++), and

attached to particulate matter. In many
instances, Hg++ will react with sulfur com-
pounds, nitrogen, chlorine, and/or oxygen, to
produce sulfurous, nitrous, chloride, and oxide
mercury species. Elemental and oxidized mercu-
ry easily can be lost to reactions and adsorption
on the inner surfaces of monitoring equipment.
In order to accurately sample and quantify mer-
cury in all forms, it is important to use inert
sample pathways. Laboratory testing and field
results have proven that Sulfinert® treated sam-
pling and testing equipment is essentially inert
to active molecules4, and customer field testing
has shown Sulfinert® treatment to greatly
reduce interactions of steel components with
mercury.

Siltek®/Sulfinert® treatment applies an inert
barrier coating over the entire surface of a steel
component, regardless of its geometry. It can
be applied to many of the components in a mer-
cury sampling stream, including probe tubing,
impingers, fittings, filters, housings, and trans-
fer tubing. A typical sampling train schematic is
shown in Figure 1. Application of
Siltek®/Sulfinert® treatment to all of the compo-
nents of a stack or continuous emission moni-
toring system will greatly improve analytical
reliability and sensitivity, and will be needed as
regulations are brought on line and emission
quotas are enforced.

Similarly, a Siltek®/Sulfinert® treated sampling
system will improve the reliability of data for
sulfurous and nitrous oxides (SOx and NOx).
Emissions of SOx and NOx compounds from
coal-fired power generators are stringently 
regulated, and there currently are many sys-
tems in the field to monitor these compounds.
As with mercury, it is difficult to reliably transfer
these compounds through untreated sampling
equipment.

In addition to preventing adsorption of reactive
compounds in sampling pathways,
Siltek®/Sulfinert® treatment will act as a barrier,
protecting the steel and prolonging the lifetime
of the treated equipment. The value of
Siltek®/Sulfinert® treated monitoring equipment

Prevent Adsorption of Mercury,
Sulfur, and Nitrogen Compounds
in Stack and Monitoring Equipment

Improve reproducibility,
protect equipment

Siltek®/Sulfinert® treatment adds
value to your process:

• Improve analytical sensitivity and reliability
for mercury, SOx, or NOx compounds.

• Eliminate costly retests.
• Maximize scrubber performance.
• Protect against corrosion—increase 

component lifetime.
• Apply to existing equipment; will withstand

temperatures to 400ºC.

Applications Note

110 Benner Circle  •  Bellefonte, PA  16823
800-356-1688 • 814-353-1300 • fax: 814-353-1309
www.restekcoatings.com 
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Improve analytical reliability and
prevent corrosion, using
Siltek®/Sulfinert® treated components

Table I Typical costs of adding air pollution
controls to a 1969 vintage 75MW cyclone fired

boiler (U.S. dollars, millions).2

IItteemm WWeett  SSccrruubbbbeerr DDrryy  SSccrruubbbbeerr
SCR 23.8 23.8
PJFF and scrubber 22.4 16.1
ACI — 0.7
ID fans 2.6 2.6
Stack 2.8 2.8
Balanced draft conversion 7.7 7.7
Auxiliary power upgrades 0.9 0.85
Subtotal capital cost 60.2 51.75
Asbestos abatement 2.0 2.0
TToottaall  ccaappiittaall  ccoosstt 6622..22  mmiilllliioonn 5533..7755  mmiilllliioonn

Table II Typical costs of various sampling
methods (U.S. dollars).3

MMeetthhoodd AApppprrooxx..  CCoosstt  ooff  AAnnaallyyssiiss
US EPA 29 300
US EPA 101A 100
ASTM D6784-02 250
US EPA 324 430
FAMS 640

ercury has a significant impact on human
health, and mercury contamination in the

environment is a growing concern. Coal-fired
power generators are one of the major sources
of mercury emissions into the environment.1 The
United States is actively developing regulations,
limits, and control measures for mercury emis-
sions from coal-fired power generators.

As regulations and guidelines for monitoring
and controlling mercury emissions are devel-
oped and implemented, proper equipment will
be needed for accurate sampling and analysis. 
A typical coal-fired plant may spend up to $62
million to meet emission regulations (Table I).2

In addition, in many stack environments com-
mon to coal-fired power generators, monitoring
equipment is exposed to sulfuric and hydrochlo-
ric acids, which leads to corrosion and damage.
Regular upkeep and preventive maintenance of
testing equipment is costly. Also, analytical 
testing costs can be substantial. Recent studies
have shown a per-test cost of $100-$640 U.S.
dollars (Table II).3 Finally, the costs of inaccu-
rate analysis could have broad financial and
environmental repurcussions.

M



is twofold. First, it will materially increase the
accuracy of the analysis: fast and accurate com-
pletion of testing, without re-work, can save a
great deal of time and money. Second, the pro-
tective nature of Siltek®/Sulfinert® treatment
will increase the longevity and decrease the
upkeep of sampling equipment.
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*1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to 300 ft. in one continuous coil. Longer lengths will be more than one coil.
**0.035" wall thickness
Note: (required length in meters) x (3.28) = length in feet.

Sulfinert®-Treated Sample Cylinders
D.O.T. rated to 1800psi at room temperature.
SSiizzee qqttyy.. ccaatt..## pprriiccee
75cc ea. 24130
150cc ea. 24131
300cc ea. 24132
500cc ea. 24133
1000cc ea. 24134
2250cc ea. 21394

We offer a wide variety of
Sulfinert®-treated fittings

and custom treatment. For information and
ordering, call us or visit us online.
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Siltek®/Sulfinert®-Treated Electropolished Tubing*
• Exceptional inertness.
• Improved reliability and reproducibility; longer lifetime.
• Use with treated fittings for the most inert sample pathway available.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" 1/8" 22538
0.180" 1/4" 22539

Coiled Siltek®/Sulfinert®-Treated Seamless 316 Grade Stainless Steel Tubing*
PPrriiccee--ppeerr--ffoooott

IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)** 22508
0.180" (4.57mm) 1/4" (6.35mm)** 22509

Sulfinert®-Treated Sample Cylinder Valves
• All “wetted” parts are Sulfinert®-treated to make these valves inert and com-

patible with our inert sample cylinders.
• Stable storage of samples containing low concentrations of sulfur compounds.
• Maximum pressure rating, 5000psi.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/4" NPT Exit, Kel-F® Stem Tip ea. 24127
1/4" Compression Exit, Kel-F® Stem Tip ea. 24128
1/4" Female NPT Outlet (built-in rupture disc) ea. 21395

Figure 1 Highlighted components of a mercury sampling train,5 and all tubing in the system, can be
Siltek®/Sulfinert® treated.

Product Listing
Restek offers a complete line of tubing, fittings, and valves not listed here, as well as many air sampling
products such as passive air sampling kits, air sampling canisters and miniature air canisters, sample
loops, and more. For more information, request our catalog or visit us online.



Silcosteel®-CR is a propri-
etary (patent pending),
multilayer silicon, chemical
vapor-deposited (CVD)

coating, specifically designed to improve corro-
sion resistance of steel, stainless steel, alloys,
glass, and ceramics. The unique non line-of-sight
CVD process produces a flexible amorphous sili-
con layer that diffuses into the metal lattice. The
layer will conform to the most intricate surface
while maintaining high dimensional tolerances.
Silcosteel®-CR will deform with tubing surfaces,
allowing leak-free  seals or radius bends.

Independent Laboratory Testing
Corrosion testing of Silcosteel®-CR treated 316L
stainless steel and untreated 316L steel accord-
ing to ASTM G 48, Method B2 (72-hour ferric
chloride pitting and crevice corrosion testing),
shows corrosion of the treated stainless steel is
reduced by an order of magnitude, as measured
by weight loss (Figures 2 and 3).

Improve Corrosion Resistance of
Stainless Steel Tenfold, or More

Economical protection
against corrosion
Silcosteel®-CR treatment extends the lifetimes
of steel and steel alloy systems, while 
maintaining high dimensional tolerances, high
temperature capability, and leak-free conditions,
making it an ideal treatment for:

• process tubing, fittings, valves, and reactors
• gas transfer and delivery systems
• nozzles
• stack gas monitors
• analytical testing equipment

Silcosteel®-CR is highly effective protection for
equipment exposed to:

• hydrochloric, nitric, or sulfuric acid
• marine environments

Applications Note

110 Benner Circle  •  Bellefonte, PA  16823
800-356-1688 • 814-353-1300 • fax: 814-353-1309
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Restek Performance Coatings

Reduce downtime and extend
system lifetime with Silcosteel®-CR
treatment

Introduction
The annual cost of metallic corrosion in the
United States totals $276 billion1, or more than
3% of the US gross domestic product. Industry
is especially susceptible to high corrosion costs,
due to exposure of facilities and equipment to
both aggressive process chemicals and ambient
weather conditions. The annual direct cost of
corrosion to US industry is $17.6 billion1.

Methods available to control industrial corrosion
are limited to corrosion-resistant alloys, barrier
coatings, cathodic protection, and corrosion
inhibitors. When properly applied, each method
can be effective in slowing corrosion, but each
has limitations as well. For example, some coat-
ings are inexpensive, but require rigorous
inspection and/or frequent reapplication.
Corrosion-resistant alloys can provide excep-
tional protection, but can be prohibitively expen-
sive. Some alloys require significant process
redesign, increase operating cost, or generate
hazardous waste.

Silcosteel®-CR is a new class of performance
coating, offering an order of magnitude
improvement in corrosion resistance, or greater,
relative to existing processes. Silcosteel®-CR
maintains high dimensional tolerances, demon-
strates extreme heat capability, and exhibits
leak-tight system performance in steel, stainless
steel, and alloy systems. This study presents 
laboratory corrosion test results and potential
cost savings of applying this alternative corro-
sion-resistant barrier coating technology.

Figure 1 Corrosion costs US industries over
17.6 billion per year (US dollars).

Figure 2 Silcosteel®-CR treated stainless steel
outperforms uncoated metal by an order of

magnitude (ASTM G 48, Method B).

Figure 3 Silcosteel®-CR treated 316L stainless
steel coupons show no crevice corrosion and

only slight pitting corrosion; untreated coupons
exhibit severe crevice corrosion.

Silcosteel®-CR treated untreated
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Testing of Silcosteel®-CR treated coupons in
neutral, acidic, and basic chloride solutions,
according to ASTM G 61,2 shows Silcosteel®-CR
treatment reduces corrosion rates by an
impressive 50x, compared to untreated 316L
stainless steel.

Improved Performance in Marine or
Acidic Environments
Silcosteel®-CR treatment is effective in acidic or
salt corrosive environments, in which the user
demands extended service life for an existing
process without using high-priced alloys. 

4000-hour salt spray testing (salt spray acceler-
ated weathering test ASTM B117) shows
Silcosteel®-CR treated stainless steel coupons
exhibit no surface corrosion, while untreated

coupons shows surface corrosion and accelerat-
ed corrosion at the coupon hole (Figure 4).
Neither coupons developed pitting over the test
period.2

Figure 5, a comparison of lifetime costs in a 
typical process system, shows Silcosteel®-CR
treatment can reduce the overall lifetime cost of
the system by hundreds of thousands of dollars.
While the initial cost of an unprotected stainless
steel system is lower than that of a comparable
Silcosteel®-CR system, the overall lifetime cost,
considering replacement cost due to corrosion, is
nearly double that of a Silcosteel®-CR treated
system.  Conversely, high performance alloy sys-
tems offer superlative corrosion performance,
but the initial material cost can be up to six times
that of a comparable stainless steel system.

Silcosteel®-CR treatment has extended the life
of process systems in oil and gas production, oil
refining, petrochemical processing, aerospace
equipment, food and beverage processing, and
laboratory testing.

Silcosteel®-CR treated tubing and treated
Swagelok® or Parker fittings are available from
stock. Custom treatment is available for other fit-
tings, or for your process-specific components.

Summary
Test data show that Silcosteel®-CR treatment is
effective in extending the corrosion resistance
of stainless steel process systems while reduc-
ing overall system maintenance cost. Because
Silcosteel®-CR treatment can be applied to a
majority of existing process components,
process equipment life is extended without sig-
nificant re-engineering.

To learn more about how Silcosteel®-CR treat-
ment can improve the corrosion performance of
your process system, visit Restek Performance
Coatings on the web at www.restekcoatings.com
or contact our technical service group at 
814-353-1300 or 800-356-1688, ext. 4.

References
1. G. Koch; M. Brongers; N. Thompson; Y. Virmani; J. Payer;

Report # FHWA-RD-01-156, Corrosion Cost and  Preventive
Strategies in the United States;  Office of Infrastructure
Research and Development, Federal Highway Administration,
McLean, VA.  2001

2. M. Zamanzadeh; G. Bayer; G. Rhodes; D. Smith; M. Higgins;
Laboratory Corrosion Testing of a Chemical Vapor
Deposited Amorphous Silicon Coating;  Matco Associates,
Inc. Pittsburgh, PA; Restek Corporation, Bellefonte, PA.
2005

Figure 4 Silcosteel®-CR treated 316L stainless
steel coupons show no sign of attack after 

4000-hour salt spray exposure, per ASTM B117.

Silcosteel®-CR treated untreated

Figure 5 Silcosteel®-CR demonstrates
significant cost savings, compared to untreat-

ed stainless steel or alloys (US dollars).

Silcosteel®-CR-Treated Electropolished Tubing
• Exceptional inertness.
• Improved reliability and reproducibility; longer

lifetime.
• Use with treated fittings for the most inert sample

pathway available.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..
0.085" * 1/8" 22536
0.180" * 1/4" 22537

Coiled Silcosteel®-CR -Treated Seamless 316L Stainless Steel Tubing

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)** 22896
0.180" (4.57mm) 1/4" (6.35mm)** 22897

We offer a wide variety of

Silcosteel®-CR-treated fittings
and custom treatment. For information and 

ordering, call us or visit us online.
110 Benner Circle  •  Bellefonte, PA  16823
800-356-1688 • 814-353-1300 • fax: 814-353-1309
www.restekcoatings.com 
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Lit. Cat.# 59090
© 2005 Restek Corporation.

free literature
Learn more about our precisely applied, highly

durable surface treatments: request our
brochure lit. cat.# 59493.

Restek trademarks:
Silcosteel, the RPC logo.
Other trademarks:
Swagelok (Swagelok Co.)

$600,000

$400,000

$200,000

0
untreated
stainless

steel

Silcosteel®-CR

*1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to 300 ft. in one continuous coil. Longer lengths will be more than one coil.
**0.035" wall thickness

high
performance

alloy
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GC Analysis of US EPA Method 619 Triazine Herbicides Using the
Rtx®-CLPesticides and Rtx®-CLPesticides2 Columns

Triazine herbicides have risen in usage due to their lower toxicity
and less persistance in the environment as compared to the
chlorophenoxy herbicides (US Environmental Protection Agency
Method 8151). The US EPA Method 619 is a test commonly
performed by environmental laboratories for the analysis of
triazine herbicides in wastewater. Although this method was
written for use with packed columns, capillary columns have all
but replaced them in modern laboratories performing this method.

1

2

3
4

5

7

Figure 1

The Rtx®-CLPesticides and Rtx®-CLPesticides2 columns, connected in parallel, resolve all
EPA Method 619 target compounds in less than 24 minutes with a single injection.

6

30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides (cat.# 11139) and 30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 (cat.# 11324) with a 5m, 0.32mm ID guard
column (cat.# 10044) and a ‘Y’ Press-Tight® connector (cat.# 20403). Direct injection using a Uniliner® sleeve (cat.#21303) and adaptor for an HP 5890

(cat.# 20964). On-column concentration: 50pg each compound. Oven temp.: 100°C to 250°C @ 4°C/min. (hold 5 min.);
Inj./det. temp.: 250°C/NPD @275°C; Carrier gas: hydrogen, 9.65psi constant pressure; GC: HP 6890 with purged packed injection port.

1

2

3

4

5

7

6

Rtx®-CLPesticides Column Rtx®-CLPesticides2 Column

8

8

min. 18 19 20 21 22 23

Peak Compound CAS No.
1 prometon 1610-18-0
2 simazine 122-34-9
3 atraton 1610-17-9
4 propazine 139-40-2
5 atrazine 1912-24-9
6 terbuthylazine 5915-41-3
7 secbumeton 26259-45-0
8 simetryn 1014-70-6
9 ametryn 834-12-8

10 prometryn 7287-19-6
11 terbutryn 86-50-0

Table I

Compounds Determined by US EPA Method 619

Even when using capillary columns, separation of the 11 target
compounds listed in Method 619 can be difficult due to their
similar structures. Most common capillary column stationary
phases do not have adequate selectivity to resolve these com-
pounds, and a confirmation column of different selectivity can be
difficult to find.

Restek specifically designed the Rtx®-CLPesticides and Rtx®-
CLPesticides2 columns for the analysis of the organochlorine
pesticides. These stationary phases are highly selective for
compounds that contain electronegative substituents and,
correspondingly, work well for the analysis of chlorophenoxy
herbicides, PCBs, and the analytes listed in US EPA Method 619
(Table 1).

Figure 1 shows the analyses of Method 619 target compounds on
the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns,
connected in parallel in the same GC oven using a ‘Y’ Press-
Tight® connector. This configuration is beneficial because both
the primary and confirmation analysis is performed under the
same conditions, at the same time, using a single injection port.
The combination of the Rtx®-CLPesticides and Rtx®-
CLPesticides2 columns resolves all target compounds in less
than 24 minutes. These stationary phases are thermally stable to

min. 18 19 20 21 22 23

9 10 11

910
11
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Restek Trademarks: Press-Tight, Rtx, Uniliner.

Product Listing

Rtx®-CLPesticides Columns Rtx®-CLPesticides2 Columns

Universal ‘Y’ Press-Tight® Connectors

20405, each 20406, 3-pk.

Universal Angled ‘Y’ Press-Tight® Connectors

20403, each 20404, 3-pk.

5m Phenylmethyl-Deactivated Guard ColumnsRtx®-CLPesticides Column Kits

These kits include both a CLPesticides and CLPesticides2 column,
a Universal Angled ‘Y’ Press-Tight® Connector, and a 5m guard
column. (Note: Columns are not preconnected in these kits.)

Uniliner® Direct Injection Sleeves for HP GCs

330°C, allowing for “bake-out” of any high-boiling contami-
nants, which extends column lifetime and minimizes baseline
instability.

Restek’s Rtx®-CLPesticides and Rtx®-CLPesticides2 columns
provide the complete solution to analyze chlorinated pesticides,

Additional Applications Notes from Restek!

Cat.# 59539… GC Analysis of US EPA Method 504.1
Organochlorine Pesticides using the
Rtx®-CLPesticides and Rtx®-CLPesticides2
Columns.

Cat. #59547… GC Analysis of US EPA Method 8081A
Chlorinated Pesticides Using
Rtx®-CLPesticides and Rtx®-CLPesticides2
Columns.

Cat. #59559… Optimizing the Analysis of Chlorophenoxy
Herbicides.

ID df (µm) Stable to 15m 30m

0.25mm 0.25 340°C 11120 11123

0.32mm 0.50 340°C 11136 11139

0.53mm 0.50 340°C 11137 11140

ID df (µm) Stable to 10m 20m
0.18mm 0.18 340°C 42101 42102

ID df (µm) Stable to 15m 30m

0.25mm 0.20 340°C 11320 11323

0.32mm 0.25 340°C 11321 11324

0.53mm 0.42 340°C 11337 11340

ID df (µm) Stable to 10m 20m

0.18mm 0.14 340°C 42301 42302

ID (mm) cat.#

0.25 10043

0.32 10044

0.53 10045Description cat.#

0.53mm ID Rtx®-CLPesticides Kit 11197

0.32mm ID Rtx®-CLPesticides Kit 11198

0.25mm ID Rtx®-CLPesticides Kit 11199
4mm ID x 6.3mm OD x 78.5mm Length

20335, each 20336, 5-pk.

herbicides, PCBs, and now US EPA Method 619 compounds. If
your laboratory is analyzing samples using these methods, and
would like more information, please contact Restek’s Technical
Service Team at 800-356-1688 or 814-353-1300, ext 4.
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Figure 1: The Rtx®-1301 column shows excellent resolution of most European Pharmacopoeia Class 1 and Class 2
compounds at the regulation limit concentration.

European Pharmacopoeia Tests—Newly Revised for Residual Solvents

Residual solvent testing in pharmaceutical formulations can be
confusing. The International Conference on Harmonization
(ICH) has proposed a set of guidelines that may end the
confusion and the European Pharmacopoeia (EP) was the first to
revise their regulations for clarity.

(1,2)
 However, these guidelines

are challenging, containing over 60 compounds of regulatory
interest to manufacturers of active substances, excipients, and
medicinal products. The EP methods also allow testing limits
based on either a concentration limit in a product, or calculated
from the maximum daily dosage of the product and the permis-
sible daily exposure limit of the solvent. These technical
challenges will affect the sampling method and capillary column
needed to ensure precise and accurate results.

The two most common sampling techniques for residual solvent
testing are direct injection and static headspace sampling. While
the EP method lists only static headspace sampling, the ICH
allows the use of any validated sampling method. Although the
majority of the regulated compounds may be successfully tested
by either sampling method, six of the Class 2 compounds cannot
be tested by headspace. These compounds—formamide,
2-methoxyethanol, N-methylpyrrolidone, sulfolane,
2-ethoxyethanol, and  ethylene glycol—are available from
Restek in a separate mix at the regulatory limit for EP residual
solvent testing to be analyzed by direct injection.

Restek sells EP calibration mixes at the regulatory concentration
limit, allowing the same sample:dilutant (1:20) ratio to be used
for the calibration material without any further concentration
correction back to the sample concentration. See the product
listing for Class 1 and Class 2 residual solvent classifications.

Restek sells the Class 1 and Class 2 compounds in a mix of
water:dimethylsulfoxide (90:10). The use of co-solvents helps
precision by limiting the loss of volatile analytes during standard
preparation and handling, and product dispersion during sample
preparation. Restek can provide custom analytical reference
materials in N,N-dimethylformamide (DMF) or 1,3 dimethyl-2-
imidazolidinone (DMI) to meet certain EP testing requirements.

The recommended capillary columns for EP residual solvent
testing are the Rtx®-1301 and Stabilwax®. We can recommend
other columns for customers analyzing abbreviated residual
solvent lists. The Rtx®-1301 column shows excellent resolution
of most European Pharmacopoeia Class 1 and 2 compounds at
the regulation limit concentration (Figure 1). The Stabilwax®

column makes an excellent confirmation column for the analysis
of residual solvents (Figure 2). Please call us with your specific
compound list and our technical representatives will find the
best column for your solvent list and provide you with a price

30m x .53mm ID x 3.0mm Rtx®-1301 (cat.# 16085-126)

Headspace injection of 28 Class 1 and 2 residual solvents for
pharmaceutical processing. Prepared at the regulatory limit
concentration. Samples shaken and heated at
80°C for 15 minutes, 1mL headspace injection.

Oven temp.: 40°C (hold 20 min.) to 240°C @ 10°C/min.
(hold 20 min.)

Inj./det. temp.: 200°C/250°C
FID sensitivity: 1.1 x 10-11 AFS
Carrier gas: hydrogen @ 35cm/sec.
Split ratio: 2:1

 1. methanol
 2. 1,1-dichloroethene
 3. acetonitrile
 4. methylene chloride (dichloromethane)
 5. hexane (C6)
 6. cis-1,2-dichloroethene
 7. nitromethane
 8. chloroform
 9. cyclohexane
10. 1,1,1-trichloroethane
11. carbon tetrachloride
12. benzene
13. 1,2-dimethoxyethane
14. 1,2-dichloroethane

To place an order:
call 814-353-1300 or
800-356-1688, ext. 3.

15. trichloroethylene (1,1,2-trichlorethene)
16. methylcyclohexane
17. 1,4-dioxane
18. pyridine
19. toluene
20. 2-hexanone
21. chlorobenzene
22. DMF
23. ethylbenzene
24. m-xylene
25. p-xylene
26. o-xylene
27. N,N-dimethylacetamide
28. 1,2,3,4-tetrahydronaphthalene
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References:
1. “ICH Harmonized Tripartite Guideline, Impurities:  Guideline for Residual Solvents,”  The Fourth International Conference on Harmonization, July 17, 1997.
2. European Pharmacopoeia Supplement, January 1999, pp.14-15, 208.

quotation for the custom analytical reference materials you need.
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European Pharmocopoeia/ICH Class 1 Mix
benzene 2µg/mL 1,1-dichloroethene 8µg/mL
carbon tetrachloride 4 1,1,1-trichloroethane 1500
1,2-dichloroethane 5

Prepared in water:dimethylsulfoxide 90:10, 1mL/ampul

Ea.: 36228  5-pk.: 36228-510  10-pk.: 36328

European Pharmocopoeia/ICH Class 2 Mix A
chlorobenzene 360µg/mL N,N-dimethylformamide 880µg/mL
cyclohexane 3,880 toluene 890
cis-1,2-dichloroethene 1,870 1,1,2-trichloroethene 80
dichloromethane 600 m-xylene 1,302
ethylbenzene 369 o-xylene 195
hexane 290 p-xylene 304
methylcyclohexane 1,180

Prepared in water:dimethylsulfoxide 90:10, 1mL/ampul

Ea.: 36229 5-pk.: 36229-510 10-pk.: 36329

Rtx®-1301 Columns

Length ID df (µm) cat.#/price
30m 0.32mm 1.5
30m 0.53mm 3.0

Stabilwax® Columns

Length ID df (µm) cat.#/price
30m 0.32mm 0.25
30m 0.53mm 0.50

Product Listing

European Pharmocopoeia/ICH Class 2 Mix B
acetonitrile 410µg/mL 2-hexanone 50µg/mL
chloroform 60 methanol 3,000
1,2-dimethoxyethane 100 nitromethane 50
N,N-dimethylacetamide 1,090 pyridine 200
1,4-dioxane 380
1,2,3,4-tetrahydronaphthalene (tetraline) 100

Prepared in water:dimethylsulfoxide 90:10, 1mL/ampul

Ea.: 36230 5-pk.: 36230-510 10-pk.: 36330

European Pharmocopoeia/ICH Class 2 Mix C
2-ethoxyethanol 160µg/mL N-methylpyrrolidone 4,840µg/mL
ethylene glycol 620 sulfolane 160
formamide 220
2-methoxyethanol 50

Prepared in water, 1mL/ampul

Ea.: 36231  5-pk.: 36231-510  10-pk.: 36331

Figure 2: The Stabilwax® column makes an excellent confirmation column for the analysis of residual solvents.

 1. methanol
 2. 1,1-dichloroethene
 3. acetonitrile
 4. methylene chloride (dichloromethane)
 5. hexane (C6)
 6. cis-1,2-dichloroethene
 7. nitromethane
 8. chloroform
 9. cyclohexane
10. 1,1,1-trichloroethane
11. carbon tetrachloride
12. benzene
13. 1,2-dimethoxyethane
14. 1,2-dichloroethane

15. trichloroethylene (1,1,2-trichlorethene)
16. methylcyclohexane
17. 1,4-dioxane
18. pyridine
19. toluene
20. 2-hexanone
21. chlorobenzene
22. DMF
23. ethylbenzene
24. m-xylene
25. p-xylene
26. o-xylene
27. N,N-dimethylacetamide
28. 1,2,3,4-tetrahydronaphthalene
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30m x .53mm ID x 0.5µm Stabilwax®

(cat.# 10640-126)

Headspace injection of 28 Class 1 and 2 residual
solvents for pharmaceutical processing. Prepared at
the regulatory limit concentration. Samples shaken
and heated at 80°C for 15 minutes, 1mL headspace
injection.

Oven temp.: 50°C (hold 20 min.) to 165°C @
6°C/min. (hold 20 min.)

Inj./det. temp.: 200°C/250°C
FID sensitivity: 1.1 x 10-11 AFS
Carrier gas: hydrogen @ 35cm/sec.
Split ratio: 2:1

10624
10640

16069
16085
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Improved GC Analysis of Basic Organic Compounds Using Base-Deactivated
Columns and Inlet Liners

The gas chromatographic (GC) analysis of basic organic com-
pounds (e.g., amines, basic drugs, and azo dyes) is a challenge to
the analyst, especially when the compounds are at low concentra-
tions. The challenge is mainly caused by acidic silanol groups on
the pathway surfaces of GC system (i.e., inlet liner, wool, guard
and analytical columns) that remain after standard chemical
deactivation. Vaporized basic compounds are adsorbed onto the
active sites, causing peak tailing and reduced response.

Because of the interaction between basic compounds in the
sample with acidic active sites in the sample pathway, a “prim-
ing” effect may be noticed. With priming, the first injection of a
basic sample results in compounds adsorbing onto the active sites
and covering them. Repeated injections cause more and more
sites to be covered until an equilibrium is reached. Response
subsequently improves, but reproducibility is poor. The priming
effect is temporary because the system will revert back to an
adsorptive state after column conditioning or periods of inactivity.

Restek has an entire line of base-deactivated products to aid in the
analysis of basic compounds—inlet liners, fused silica wool,
guard columns, and the Rtx®-5 Amine analytical column.
(Restek’s analytical column deactivated specifically for the
analysis of organic basic compounds). Base-deactivation is a
unique deactivation process that bonds basic functional groups to

Figure 2

The Rtx®-5 Amine column achieves better response for active basic compounds compared to the standard 5% phenyl column.

1. pyridine
2. 1,2-butanediol
3. C10
4. diethylene triamine (3AM)
5. diethanolamine (DEA)
6. 2-nonanol
7. 2,6-diethylaniline
8. dodecane

Rtx®-5 Amine Column Rtx®-5 Column

30m, 0.32mm ID, 1.0µm Rtx®-5 Amine (cat.# 12354)
and a base-deactivated 4mm gooseneck sleeve with

base-deactivated wool (cat.# 20798-211.1).

30m, 0.32mm ID, 1.0µm Rtx®-5 (cat.# 10254)
and a 4mm gooseneck sleeve with wool (cat.# 20798-200.1).

Figure 1

Base-deactivated liner/wool system provides better
diethanolamine response.

Splitless Gooseneck
Liner w/Wool

Direct Open-Top
Uniliner® w/Wool

Base-
Deactivation

Standard
Deactivation

80

60

40

20

Response

RSD
RSD

Response
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the analytical surface. These functional groups on the surface
greatly reduce adsorption and priming effects, thereby improving
peak shape, response, and reproducibility. Figure 1 compares the
effect of a base-deactivated liner/wool system with a standard-
deactivated liner/wool system on diethanolamine response. In

RSD=standard
deviation

Oven temp.: 90°C isothermal
Inj. & det. temp.: 300°C
Detector: FID
Carrier gas: helium @ 36cm/sec
Split vent: 40mL/min.
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Product Listing

Rtx®-5 Amine Columns

ID df (µm) Stable to 15m 30m

0.25mm 0.50 340°C 12335 12338

1.00 340°C 12350 12353

0.32mm 1.00 340°C 12351 12354

1.50 340°C 12366 12369

0.53mm 1.00 340°C 12352 12355

3.00 340°C 12382 12385

Base-Deactivated Fused Silica Guard Columns

Nominal ID Nominal OD cat.#

0.25mm 0.37 ± 0.04mm 10000

0.32mm 0.45 ± 0.04mm 10001

0.53mm 0.69 ± 0.05mm 10002

Base-Deactivated Inlet Liners for HP GCs

Description each 5-pk. 25-pk.

4mm Split w/wool 20781-211.1 20782-211.5 20783-211.25

Cyclosplitter® 20706-210.1 20707-210.5 ——

4mm Splitless Straight 20772-210.1 20773-210.5 ——

2mm Gooseneck 20795-210.1 20796-210.5 20797-210.25

4mm Gooseneck 20798-210.1 20799-210.5 20800-210.25

Base-Deactivated Inlet Liners for Varian GCs

Description each 5-pk. 25-pk.

Splitter with wool 20792-211.1 20793-211.5 ——

Frit Splitter 20715-210.1 20716-210.5 ——

Restek stocks the most requested liners with base-deactivation for
immediate delivery. However, if you do not see the liner you need,
orders can be placed on a custom basis for base-deactivated liners
by adding the appropriate suffix number: each (-210.1), 5-packs (-
210.5), and 25-packs (-210.25). For base-deactivated liners packed
with base-deactivated wool: each (-211.1), 5-packs (-211.5), and
25-packs (-211.25).

Base-Deactivated Fused Silica Wool

Quantity cat.#

10 grams 20999

Amine Column Test Mix

1,2-butanediol 0.60mg/mL
pyridine 0.60
decane 0.60
diethylenetriamine 1.20
diethanolamine 1.20
2-nonanol 0.60
2,6-dimethylaniline 0.60
dodecane 0.60

In CH2Cl2/methanol (50:50), 1mL/ampul.    cat.# 35002, each

each case, response and reproducibility improved using the base-
deactivation as opposed to standard-deactivation. Using the base-
deactivated wool improves response of basic test probes by
preventing the vaporized sample from contacting the highly-
adsorptive hot metal inlet disc at the bottom of the injection port,
and by providing a high-surface area, non-adsorptive surface on
which to vaporize the sample.

The inertness of the Rtx®-5 Amine column is obvious when
compared to a standard 5% phenyl analytical column (Figure 2).
Two of the active basic compounds—diethylene triamine and
triethanolamine—are completely adsorbed on the standard 5%
phenyl column, yet exhibit good peak shape and response on the

Rtx®-5 Amine column. To ensure the integrity of the Rtx®-5
Amine columns, Restek uses a demanding test mixture containing
amines and alcohol-amines designed to confirm column inertness
to basic probes.

Restek’s base-deactivation process is effective for all but highly
acidic compounds, and is specially-designed to ensure a highly
inert GC pathway for basic compounds, from inlet to analytical
column. This deactivation provides a surface that is chemically
compatible with basic compounds, thereby greatly reducing
priming, peak tailing, and poor reproducibility associated with
basic compound analysis on standard-deactivated surfaces.

Restek offers additional deactivation procedures—
call Technical Service for details.
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rates, which may be used with this material, allow rapid extrac-
tion of 1 to 4 liters of aqueous samples. The tubes have a low
background level, especially suitable for pesticides. The high
surface area provides maximum capacity with a minimum of bed
weight, reducing the volume of solvent used during extraction.
These same characteristics make CarboPrep™ SPE tubes an ex-
cellent choice for cleanup of solid waste samples.

References:
1. The 8th Report on Carcinogens - 1998, US Dept. of Health & Human Services,

Public Health Service, www.ehis.niehs.nih.gov.
2. Recognition and Management of Pesticide Poisonings, US EPA, www.epa.gov.
3. “Trace Determination of Phenols in Natural Waters”, A. DiCorcia, A. Bellioni,

M. Madbouly, S. Marchese, Journal of Chromatography A, 1996, 733, 383-393.
4. “Ultratrace Determination of Atrazine and its Six Major Degradation Products in

Water”, A. DiCorcia, C. Crescenzi, E. Guerriero, R. Samperi, ES&T, 1997, 31,
1658-1663.

5. “Development of a Multiresidue Method for Analyzing Pesticide Traces in Water”,
C. Crescenzi, A. DiCorcia , E. Guerriero, R. Samperi, ES&T, 1997, 31, 479-488.

References not available from Restek.

Table I

Recovery of Chlorinated Pesticides from Solvent Extracts
Using CarboPrep™ 90 SPE Cartridge

Analytes* Percent RSD

Recovery n=6

dibromochloropropane 84.7 11.4
hexachlorocyclopentadiene 100.4 9.9
2,4,5,6 tetrachloro-m-xylene (surrogate) 90.6 8.1
cis-diallate 73.0 11.3
hexachlorobenzene 96.8 7.4
trans-diallate 93.0 10.3
α-BHC 93.7 9.7
γ-BHC 97.7 8.7
β-BHC 97.0 7.9
δ-BHC 106.7 6.4
heptachlor 111.6 8.0
aldrin 97.3 8.6
isodrin 98.5 7.8
heptachlor epoxide 101.6 7.0
γ-chlordane 91.2 11.3
α-chlordane 96.1 7.4
endosulfan I 97.0 7.5
4,4' DDE 100.1 6.7
dieldrin 104.9 4.1
endrin/chlorobenzilate 121.9 6.3
4,4' DDD 107.8 2.9
endosulfan II 108.8 4.9
4,4' DDT 103.5 6.5
endrin aldehyde 110.0 2.8
endosulfan sulfate 102.7 6.5
methoxychlor 119.1 6.1
endrin ketone 101.0 3.3
decachlorobiphenyl (surrogate) 96.8 3.5

*Analytes spiked at 80-160ng/mL in hexane.

CarboPrep™ SPE Cleanup of Method 8081A Chlorinated Pesticides

Many chlorinated pesticides have been banned for use because
of their short- and long-term toxicity, carcinogenicity, and envi-
ronmental persistence1. An expanded list of these chemicals,
some of which are still actively applied in the field, has been
included in the updated US Environmental Protection Agency
(EPA) Method 8081A. Despite the fact that most of these chlori-
nated pesticides are now illegal to use, manufacture, and trans-
port in the US, organochlorines are the eighth most common
source of pesticide poisoning that results in reportable illness2.
Although most of these chlorinated pesticides, insecticides, and
herbicides have limited water solubility and mobility, they are
found to bioaccumulate and persist in the environment. There is
an ongoing risk for exposure from a number of sources, so it is
still essential to test soils, wastewater, and sediments for their
presence.

Many of the additional components included in the EPA Method
8081A update are difficult to analyze by gas chromatography
(GC), especially the isomers of the carbamate herbicide diallate.
However, these have been shown to separate well using the Rtx®-
CLPesticides and Rtx®-CLPesticides2 column pair. For more
details on EPA Method 8081A analysis using these columns,
refer to Applications Note #59547.

Standard EPA methods for preparation and analysis of pesticide-
containing hazardous wastes require initial liquid/liquid extrac-
tion with dichloromethane, gel permeation chromatography
(GPC) fractionation of higher molecular weight interferences,
and a final cleanup of polar contaminants with Florisil® columns
or solid phase extraction (SPE) tubes, before analysis with GC-
electron capture detection (ECD). Many labs have found that
these cleanup precautions are not adequate and still produce
high backgrounds in analytical samples, resulting in difficult
quantitation and frequent GC/detector maintenance. The addi-
tion of a CarboPrep™ SPE tube, after the Florisil® cleanup, will
remove additional mid- to non-polar contaminants without com-
promising the recovery of pesticides. Extracts will have lower
backgrounds, producing better chromatograms with fewer inter-
ferences and extending the lifetime of inlet sleeves, guard col-
umns, and reducing maintenance of sensitive ECD detectors.
Results in Table I below show that recovery levels are excellent
for this extended chlorinated pesticides list, when following the
method described in Figure 1.

CarboPrep™ SPE tubes contain a nonporous, chromatographic
grade, graphitized carbon, optimized for cleanup and concen-
tration of environmental samples. Graphitized carbon has also
been shown to be effective in the concentration and extraction
of many environmentally significant analytes found in drinking
and waste water, such as phenols and triazine herbicides3,4. This
form of carbon has been useful in multi-residue fractionation of
base/neutral compounds from acidic pesticides5. The high flow
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Figure 1

Cleanup method for chlorinated pesticides provides better separation.

1. dibromochloropropane
2. hexachlorocyclopentadiene
3. tetrachloro-m-xylene
4. cis-diallate
5. hexachlorobenzene
6. trans-diallate
7. α-BHC
8. γ-BHC
9. β-BHC

10. δ-BHC
11. heptachlor
12. aldrin
13. isodrin
14. heptachlor epoxide
15. γ-chlordane

30m, 0.32mm ID, 0.25µm
Rtx® CLPesticides2 (cat.# 11324).

Oven temp.: 80°C (hold 1 min.) to 300°C
@ 9°C/min. (hold 10 min.)

Inj.: 220°C direct injection using
Uniliner® sleeve (cat.# 20335).

Det. temp.: ECD 310°C
Carrier gas: helium

Standards: Organochlorine Pesticide Mix AB #1 cat# 32291
Pesticide Surrogate Mix cat# 32000
Organochlorine Pesticide Mix C #1 cat# 32296

Column: Rtx®-CLPesticides2, 30m x 0.32mmID, 0.25µm cat# 11324

Sample: 0.5 - 1.0mL solvent extracted sample exchanged into hexane.
Standards and surrogates were spiked into hexane.

Tube: 3mL, 250mg CarboPrep™ 90 cat# 26091

Tube conditioning: Apply 2mL CH2Cl2:hexane (20:80) and pass through tube.

Extract clean-up: Prepare collection rack with vials, place under each tube. Add 0.5-1.0mL of extracted sample to tube and
collect all solutions passing through. Do not expose carbon bed to air. Add 20mL of CH2Cl2:hexane (20:80)
to tube and allow it to elute using gravity feed.

Extract concentration: Solvent exchange extract to hexane.
Do not allow extracts to dry completely.
Concentrate extract to 0.5- 1.0mL.
Sample is ready for analysis.

Solvent Extracts of Method 8081A Chlorinated
Pesticides Using CarboPrep™ 90
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Product Listing:
Description cat. #

RTX®-CLPesticides2, 30m, 0.32mm ID, 0.25µm 11324

CarboPrep™ 90 cartridge 3mL, 250mg 26091

Pesticide Surrogate Mix 32000

Description cat. #

Organochlorine Pesticide Mix AB #1 32291

Organochlorine Pesticide Mix C #1 32296

16. α-chlordane
17. endosulfan I
18. 4,4'-DDE
19. dieldrin
20. endrin/chlorobenzilate
21. 4,4'-DDD
22. endosulfan II
23. 4,4'-DDT
24. endrin aldehyde
25. endosulfan sulfate
26. methoxychlor
27. endrin ketone
28. decachlorobiphenyl
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Minimizing Breakdown of Chlorinated Pesticides Using Siltek™-Deactivated
GC Accessories

Gas chromatographic (GC) analysis of chlorinated pesticides
presents unique challenges to environmental laboratories because
these compounds often are at trace levels and susceptible to
decomposition. Some analyses, such as the US Environmental
Protection Agency (EPA) Methods 8081 and 608, have stringent
breakdown and reproducibility criteria. Breakdown occurs when
a compound decomposes into related compounds, generally
because a thermal or chemical reaction has occurred. Two
compounds notorious for exhibiting breakdown are endrin, which
breaks down into endrin aldehyde and endrin ketone, and DDT,
which breaks down into DDE and DDD. The source of break-
down can be aged samples and standards, the GC column or,
most commonly, active sites in the GC injection port. Routine
maintenance of the injection port, prevention of sample flash-
back, and thorough deactivation of the inlet liner and GC
columns are essential to minimize compound breakdown.

We chose a pesticide analysis to compare Siltek™-deactivated
products against undeactivated products. To evaluate inlet liner
effects on endrin and DDT breakdown, an HP 5890 GC equipped
with an Rtx®-CLPesticides2 column and an electron capture
detector (ECD) was used. A 50pg/µL standard of tetrachloro-m-

xylene, endrin, 4,4'-DDT, methoxychlor, and decachlorobiphenyl
was injected directly onto the column and onto several different
liners. The area of the breakdown products was then measured.
Helium was used as the carrier gas and the following oven
program was used: 120°C (hold 1 min.), to 300°C at 9°C/min.
(hold 10 min.). The injector was set at 250°C and the ECD at
300°C.

To measure the column (i.e., “system”) breakdown, an on-
column injection was made. This eliminated the effects of the
injection port. Using this technique, endrin breakdown was 1%
and DDT breakdown was below detection limits (Figure 1).

A sample was then introduced by direct injection into an
untreated glass Uniliner® sleeve. The advantage of using a
Uniliner® sleeve for a direct injection is that the GC column
forms a press-tight seal with the liner, allowing the vaporized
sample to deposit onto the column with minimal injection port
contact. Deactivation is critical for this technique because a
direct injection maximizes contact of the sample vapor with the
liner. The injection resulted in 62% endrin breakdown with no
DDT breakdown (Figure 2).

1

2

3

4

5

Figure 1

An on-column injection demonstrates system breakdown
of less than 1% for endrin and DDT using a

Siltek™-deactivated inlet liner.

          0 10

Figure 2

A chromatographic system that is inadequately
deactivated will cause poor linearity, poor reproducibility,

as demonstrated by 62% endrin breakdown.

30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 (cat.# 11340).
Inj.: 1µL of 50pg/µL standard. Oven temp.: 120°C (hold 1 min.)

to 300°C @ 9°C/min. (hold 10 min.); Inj. temp.: 250°C;
Det.: ECD, 300°C; Carrier gas: helium.

1. 2,4,5,6-tetrachloro-m-xylene
2. endrin
3. 4,4'-DDT
4. endrin aldehyde
5. methoxychlor
6. endrin ketone
7. decachlorobiphenyl
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min.  0 10 20 3020 30 40  min.

30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 (cat.# 11340).
Inj.: 1µL of 50pg/µL standard. Oven temp.: 40°C (hold 1 min.)

to 300°C @ 9°C/min. (hold 10 min.); Inj. temp.: 250°C;
Det.: ECD, 300°C; Carrier gas: helium.

1. 2,4,5,6-tetrachloro-m-xylene
2. endrin
3. 4,4'-DDT
4. methoxychlor
5. decachlorobiphenyl
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Figure 3

Untreated metal liners and injection port surfaces will cause high levels of endrin and DDT breakdown.

To compare the effects caused by hot metal surfaces, a splitless
injection was made into an untreated stainless steel sleeve.
Because the splitless sleeve does not form a press-tight seal with
the analytical column, the sample vapor is less restricted and is
free to contact the metal disk located at the bottom of the HP
injection port, as well as the injection port body. Endrin break-
down (40%) was less than in the untreated glass liner, but DDT
breakdown (20%) was significant (Figure 3).

As a final comparison, the standard mixture was injected via
direct injection into a Uniliner® sleeve that was processed with
Siltek™ deactivation (Figure 4). Endrin breakdown measured less
than 1% on the Uniliner® sleeve that had been deactivated using
the Siltek™ deactivation process. DDT breakdown again was
below detection limits and, therefore, insignificant. A completely
deactivated system is most effective for analyzing US EPA
Method 8081A samples on the same HP system used for the
previous injections (Figure 5).

Several conclusions can be drawn from the results of this series
of injections. It appears that endrin is more prone to break down
on glass surfaces than metal, and DDT is more prone to break
down on metal surfaces. In addition, direct injection reduces
contact between the sample and the metal injection port. And,

most importantly, careful deactivation of glass sleeves is crucial
for minimizing endrin breakdown. Restek’s Siltek™ deactivation
yields a minimal endrin breakdown of 1%!

Our research demonstrates that a direct injection into a Siltek™-
deactivated Uniliner® sleeve provides the best protection against
problematic breakdown that occurs in the injection port when
analyzing chlorinated pesticides. For a complete, highly inert
pathway to analyze these compounds, Restek also offers
analytical columns for chlorinated pesticide analysis (Rtx®-
CLPesticides and Rtx®-CLPesticides2 columns) and Siltek™-
deactivated guard columns.

1. 2,4,5,6-tetrachloro-m-xylene
2. 4,4'-DDE
3. endrin
4. 4,4'-DDD
5. 4,4'-DDT
6. endrin aldehyde
7. methoxychlor
8. endrin ketone
9. decachlorobiphenyl
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30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 (cat.# 11340). On-column conc.: 50ppb; Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°C/min.
(hold 10 min.); Inj./det. temp.: 250°C/300°C; Purge: on 0.75 min.; Carrier gas: helium, 33cm/sec.

For more information on Siltek™—
the next generation of deactivation,
please request our Siltek™ Benefits

brochure (cat.# 59803).
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Figure 4

Siltek™-deactivated Uniliner® inlet liners result in less than 1% endrin breakdown
and undetectable DDT breakdown.

Figure 5

A completely deactivated GC system shows excellent resolution of the complete list of the chlorinated pesticides in
US EPA Method 8081A.

1. 2,4,5,6-tetrachloro-m-xylene
2. endrin
3. 4,4'-DDT
4. methoxychlor
5. decachlorobiphenyl

30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 (cat.# 11340). Inj.: 1µL of 50pg/µL standard. Oven temp.: 120°C (hold 1 min.) to
300°C @ 9°C/min. (hold 10 min.); Inj. temp.: 250°C; ECD temp.: 300°C; Carrier gas: helium.
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30m, 0.32mm ID, 0.5µm Rtx®-CLPesticides (cat.# 11139) with a 5m, 0.32mm ID Siltek™-deactivated guard column (cat.# 10027) and a
Siltek™-deactivated gooseneck liner (cat.# 20798-214.1). On-column conc.: 16-160pg; Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°C/min.

(hold 10 min.); Inj. temp.: 250°C, splitless (hold for 0.75 min.); ECD temp.: 300°C with anode purge; Carrier gas: helium, 31cm/sec.

1. 2,4,5,6-tetrachloro-m-xylene
2. �-BHC
3. �-BHC
4. �-BHC
5. �-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. �-chlordane

10. �-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl
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Product Listing

Rtx®-CLPesticides Columns Rtx®-CLPesticides2 Columns

ID df (µm) Stable to 15m 30m

0.25mm 0.25 340°C 11120 11123

0.32mm 0.50 340°C 11136 11139

0.53mm 0.50 340°C 11137 11140

ID df (µm) Stable to 10m 20m
0.18mm 0.18 340°C 42101 42102

ID df (µm) Stable to 15m 30m

0.25mm 0.20 340°C 11320 11323

0.32mm 0.25 340°C 11321 11324

0.53mm 0.42 340°C 11337 11340

ID df (µm) Stable to 10m 20m
0.18mm 0.14 340°C 42301 42302

Rtx®-CLPesticides Column Kits

Description cat.#

0.53mm ID Rtx®-CLPesticides Kit 11197

0.32mm ID Rtx®-CLPesticides Kit 11198

0.25mm ID Rtx®-CLPesticides Kit 11199

These kits include both a CLPesticides and CLPesticides2 column,
a Universal Angled ‘Y’ Press-Tight® Connector, and a 5m guard
column. (Note: Columns are not preconnected in these kits.)

Siltek™ with Siltek™ with
Siltek™ Siltek™-deact. wool CarboFrit™ qty.
-214.1 -213.1 -216.1 each

-214.5 -213.5 -216.5 5-pk.

-214.25 -213.25 -216.25 25-pk.

For Siltek™-deactivated liners, add the corresponding suffix number to the liner’s catalog number.

type qty. cat.#

straight 25-pk. 20449

angled ‘Y’ 3-pk. 20469

For other Siltek™-deactivated Press-Tight® connectors, add suffix “-266” to the catalog number.

Siltek™-Deactivated Press-Tight® Connectors

Siltek™-Deactivated Guard Columns

nominal ID nominal OD 5-meter 10-meter

0.25mm 0.37 + 0.04mm 10026 10036

0.32mm 0.45 + 0.04mm 10027 10037

0.53mm 0.69 + 0.04mm 10028 10038

Siltek™-Deactivated Inlet Liners

Organochlorine Pesticide Mix AB #2

aldrin 8µg/mL dieldrin 16µg/mL
�-BHC 8 endosulfan I 8
�-BHC 8 endosulfan II 16
�-BHC 8 endosulfan sulfate 16
�-BHC (lindane) 8 endrin 16
�-chlordane 8 endrin aldehyde 16
�-chlordane 8 endrin ketone 16
4,4'-DDD 16 heptachlor 8
4,4'-DDE 16 heptachlor epoxide (B) 8
4,4'-DDT 16 methoxychlor 80

in hexane/toluene (1:1), 1mL/ampul.
each 5-pack 10-pack

32292 32292-510
w/data pack 32292-500 32292-520 32392

qty. cat.#

10 grams 21100

Siltek™-Deactivated Borosilicate Wool

Organochlorine Pesticide Mix C #2

chlorobenzilate 32µg/mL
diallate (cis & trans) 80
1,2-dibromo-3-chloropropane 8
hexachlorobenzene 8
hexachlorocyclopentadiene 8
isodrin 8

in hexane/toluene (1:1), 1mL/ampul.
each 5-pack 10-pack

32295 32295-510
w/data pack 32295-500 32295-520 32395

For more information on Siltek™—
the next generation of deactivation,
please request our Siltek™ Benefits

brochure (cat.# 59803).
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Siltek ™ Deactivation Delivers Inertness to Analyte Breakdown and Reactivity,
and Durability to Physical and Chemical Challenges

1
2

3

4

5

Figure 1

Siltek™-deactivated liner shows excellent inertness for acidic and basic probes.

30m, 0.25mm ID, 0.25µm XTI®-5 (cat.# 12223) with a Siltek™-deactivated 4mm splitless single gooseneck sleeve (cat.# 20798-214.1). Oven temp.: 40°C
(hold 2 min.) to 100°C @ 30°C/min., to 180°C @ 9°C/min., to 330°C @ 30°C/min. (hold 10 min.); Inj. temp.: 250°C; Det.: 330°C; Carrier gas: He.

1. 1,2-hexanediol
2. N-nitroso-di-n-propylamine
3. benzoic acid
4. C14
5. 2,4-dinitrophenol
6. 4-nitrophenol
7. 4-nitroaniline
8. pentachlorophenol
9. carbazole

10. C20
11. C21
12. C22
13. benzo(b)fluoranthene
14. benzo(k)fluoranthene

A common concern in gas chromatographic (GC) analyses is the
interaction of analytes with active surfaces in the GC pathway.
The injection port is the first source of active sites, often leading
to adsorption and breakdown of analytes. However, not all
analyses are affected by reactivity within the injection port.
Hydrocarbons, typically, are not susceptible to adsorption or
breakdown. In contrast, active compounds such as pesticides,
drugs, phenols, amines, and alcohols, which are often injected
via splitless mode, are more prone to these problems. With a
splitless injection, carrier gas flow rate through the liner is very
slow, increasing the sample residence time in the injector and the
chance for reactivity. Complete and effective liner deactivation is
crucial to minimize available active sites and ensure repeatable
results.

Restek has designed Siltek® deactivation to deliver both en-
hanced inertness and durability. Gas chromatography accessories
coated with Siltek® deactivation provide durability for matrices
of extreme pH or high-temperature applications.

Inertness
Semivolatile analysis places extreme demands on the GC system.
One key to successfully analyzing semivolatiles is having the
capability to handle basic and acidic compounds in the GC
system. The analytical column must provide selectivity for both
classes without resulting in poor peak shape. Additionally, liner
deactivation is critical to analytical success because the vapor-
ized sample comes in contact with the inlet liner first.

The Restek XTI test mix was chosen to evaluate the inertness of a
Siltek™-deactivated liner. This mix contains both acidic and basic
probes, some of which are pollutants monitored in US Environ-
mental Protection Agency (EPA) Method 8270 (4-nitroaniline,
N-nitroso-di-n-propylamine, 2,4-dinitrophenol, pentachlorophenol,
benzoic acid, benzo(b)- and benzo(k)fluoranthene). A splitless
injection of the XTI mix with an on-column concentration of
4-10ng shows an excellent response for all of the probes, including
the active compounds dinitrophenol, 1,2-hexanediol, and benzoic
acid (Figure 1).

6
7

8

9

10 11 12

13
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Figure 2

Siltek™ deactivation remains effective at an injection port temperature of 330°C for ten days.

Thermal Stability
To test the durability of the Siltek® liner deactivation, two
sources of stress were investigated—high inlet temperature over
a period of 10 days and repeated exposure to aqueous injections
of low, then high pH. High inlet temperatures can promote
degradation of the deactivation layer by causing it to bake or
bleed off of the liner. In the first study, a baseline splitless XTI
injection was performed, and response factors (relative to C14)
were calculated. The injection port was then set at 330°C
overnight and another XTI injection was made. This process was
continued for 10 days. After 10 days at 330°C, the Siltek®

deactivation retained its integrity, achieving essentially unchanged
response factors, even for the critical probes (Figure 2).

Resistance to Chemical Attack
For the next durability study, a Siltek®-deactivated liner was
repeatedly exposed to aqueous HCl injections, pH 1.4. The
ability to withstand low pH aqueous samples is important with
environmental applications that require acidification of the
matrix. Very low or very high pH samples can cause pinpoint
holes in the deactivation layer that will eventually undercut the
layer and strip it away. For this study, a baseline XTI injection
was made via direct injection and relative response factors were
calculated. In the direct injection mode, a leak-free connection is
formed in the liner, minimizing sample exposure within the
injection port. Ten microliters of the pH 1.4 sample were
injected, followed by a direct injection of the XTI test mixture.

This cycle continued until a total of 180µL were injected (Figure
3). Key probes, such as 2,4-dinitrophenol (DNP), pentachlo-
rophenol (PCP), N-nitroso-di-n-propylamine (n-propylamine),
and 1,2-hexanediol (diol) retained their responses up to at least
120µL injected.

The experiment was repeated with an identical set-up using
aqueous NH

4
OH injections, pH 10.1 (Figure 4). Under these

demanding conditions, the response for the XTI compounds was
consistent for 70 injections. As expected, the response of the
acidic compounds began to decrease with repeated injections but
many compounds continued to have excellent response for more
than 120µL injections.

Siltek® deactivation offers both inertness and resistance to
temperature and pH extremes within a GC system. It is available
as a deactivation for fused silica guard columns and inlet liners.

For more information on Siltek ™—
the next generation of deactivation,
please request our Siltek ™ Benefits

brochure (cat.# 59803).

30m, 0.25mm ID, 0.25µm XTI®-5 (cat.# 12223) with a Siltek™-deactivated splitless sleeve (cat.# 20798-214.1). Oven temp.: 40°C (hold 2 min.) to
190°C @ 6°C/min., to 330°C @ 30°C/min. (hold 10 min.); Inj. temp.: 330°C; Det.: 330°C; Carrier gas: He.

1,2-hexanediol
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Figure 3

Difficult probes* retain their response on Siltek™ deactivation up to 120µL of an aqueous solution of pH 1.4.

Figure 4

Response for XTI compounds on Siltek™ deactivation was consistent for 70 injections of an aqueous solution at pH 10.1.

30m, 0.25mm ID, 0.25µm XTI®-5 (cat.# 12223) with a Siltek™-deactivated 4mm open-top Uniliner® w/o wool (cat.# 20843-214.1).
Oven temp.: 40°C (hold 2 min.) to 190°C @ 6°C/min., to 330°C @ 30°C/min. (hold 10 min.); Inj. temp.: 250°C; Det.: 330°C; Carrier gas: He.

30m, 0.25mm ID, 0.25µm XTI®-5 (cat.# 12223) with a Siltek™-deactivated 4mm open-top Uniliner® w/o wool (cat.# 20843.214.1).
Oven temp.: 40°C (hold 2 min.) to 190°C @ 6°C/min., to 330°C @ 30°C/min. (hold 10 min.); Inj. temp.: 250°C; Det.: 330°C; Carrier gas: He.

1,2-hexanediol*

N-nitroso-di-n-propylamine*

benzoic acid

2,4-dinitrophenol*

4-nitrophenol

4-nitroaniline

pentachlorophenol*
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Restek Trademarks: Cyclosplitter, Press-Tight, Rtx, Siltek, Uniliner.

Product Listing

XTI®-5 Columns

ID df (µm) Temp. limits 15m 30m

0.25mm 0.25 -60 to 360°C 12220 12223

0.50 -60 to 330/350°C 12235 12238

1.00 -60 to 325/350°C 12250 12253

0.32mm 0.25 -60 to 360°C 12221 12224

0.50 -60 to 330/350°C 12236 12239

1.00 -60 to 325/350°C 12251 12254

0.53mm 0.50 -60 to 330/360°C 12237 12240

1.00 -60 to 325/350°C 12252 12255

1.50 -60 to 310/330°C 12267 12270

Siltek™ with Siltek™ with
Siltek™ Siltek™-deact. wool CarboFrit™ Qty.
-214.1 -213.1 -216.1 each

-214.5 -213.5 -216.5 5-pk.

-214.25 -213.25 -216.25 25-pk.

For Siltek™-deactivated liners, add the corresponding suffix number to the
liner’s catalog number.

Type Qty. cat.#

straight 25-pk. 20449

angled ‘Y’ 3-pk. 20469

For other Siltek™-deactivated Press-Tight® connectors, add suffix “-266”
to the catalog number.

Siltek ™-Deactivated Press-Tight ® Connectors

Siltek ™-Deactivated Guard Columns

Nominal ID Nominal OD 5m 10m

0.25mm 0.37 + 0.04mm 10026 10036

0.32mm 0.45 + 0.04mm 10027 10037

0.53mm 0.69 + 0.04mm 10028 10038

Siltek ™-Deactivated Inlet Liners

Qty. cat.#

10 grams 21100

Siltek ™-Deactivated Glass Wool

For more information on Siltek ™—
the next generation of deactivation,
please request our Siltek ™ Benefits

brochure (cat.# 59803).

Liner ID/OD/Length
type (mm) ea. 5-pk. 25-pk.

4mm split w/wool 4.0/6.3/78.5 20781 20782 20783

2mm splitless 2.0/6.5/78.5 20712 20713 20714

4mm splitless 4.0/6.5/78.5 20772 20773 20774

4mm gooseneck 4.0/6.5/78.5 20798 20799 20800

4mm double gooseneck 4.0/6.5/78.5 20784 20785 20786

Cyclosplitter® 4.0/6.3/78.5 20706 20707 20708

Inlet Liners for HP GCs

Liner ID/OD/Length
type (mm) ea. 5-pk. 25-pk.

2mm splitless 2.0/6.3/74 20721 20722 20723

4mm splitless 4.0/6.3/74 20904 20905 20906

0.5mm SPI 0.53/4.6/54 20775 20776 20777

0.8mm SPI 0.80/4.6/54 20778 20779 20780

SPI with buffer 2.4/4.6/54 20850 20851 20852

Inlet Liners for Varian GCs
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Allure™ PFP Propyl and Ultra PFP HPLC Columns Provide Improved
Analyses of Basic Compounds

High performance liquid chromatography (HPLC) methods
must be optimized to provide the greatest selectivity and
sensitivity, and the best peak shape. Unfortunately, many
analysts consider switching the stationary phase—the heart of
the HPLC system—only as a last resort. Too often analysts
coax the stationary phase to perform a non-native separation
by using modifiers and ion pairing agents, which leads to
reduced sensitivity and equilibration problems (the C18 phase
is the most often misused). Selection of the proper stationary
phase for your separation can improve LC sensitivity, analyte
retention, and peak shape without the use of modifiers or ion
pairing agents. For example, Restek’s Allure™ PFP Propyl and
Ultra PFP HPLC columns easily perform separations of many
basic analytes.

Research shows the Allure™ PFP Propyl stationary phase not
only provides the greatest retention and capacity factor (k')
(Figure 1) for basic analytes such as beta blockers and tricyclic
antidepressants, but also the best peak shape. “…The results

indicate that both the fluorine groups and the propyl chain are
important on the phenyl ring to obtain the best peak shape
and retention of the basic solutes when ammonium
formate:acetonitrile (10:90) is used as the mobile phase.”1 As
peak asymmetry is improved, sensitivity is increased.

Basic analytes are difficult to retain on C18 phases if the
analytes have pKa’s greater than 8. They can be retained on
C8 or C18 columns by using modifiers, but at the expense of
sensitivity.2  Sensitivity can be reduced further on an LC/mass
spectrometer (MS) ESI interfaces when the buffer concentra-
tions exceed 50mM. The Allure™ PFP Propyl and Ultra PFP
columns eliminate the need for modifiers, and analytes such as
cocaine (COC) and its metabolite, ecgonine methyl ester
(EME), can be separated and retained using 90% acetonitrile
in under 4.5 minutes (Figure 2). As the concentration of the
organic solvent in the mobile phase increases, the desolvation
process becomes more effective and the LC/MS ESI signal
increases.3  Because of this interaction, using the Allure™ PFP
Propyl column with a high organic concentration increases the
response of COC and other basic solutes by as much as twelve
times over that from a C18 column.4

Proper retention also is needed to separate basic analytes from
naturally occurring substances in the blood, urine, or body
tissues. If the analytes elute too closely to the void volume,
ionization suppression can occur.5 To be cost effective,
however, the analytes should be separated in less than 6
minutes. The high selectivity of the Allure™ PFP Propyl
column more than adequately separates EME from COC and
the column void volume, respectively. (Figure 2).6

The Ultra PFP column is similar to the Allure PFP Propyl. The
PFP column features a 100 angstrom pore size and is available
in 3 and 5 micron particle sizes. Like the PFP Propyl, the PFP
has high retention for  basic and multi-halogenated analytes.
Table I displays the retention of many basic beta-blockers on
the PFP phase versus many other phases using 90% acetoni-
trile as the mobile phase. The HPLC/MS ESI analysis of beta-
blockers using the Ultra PFP column shows good intensity
(Figure 6). The PFP phase is also able to retain multi-
halogenated analytes such as the thyroid hormone,
levothyroxine, and purines and pyrimidines (Figures 4 & 5).
The PFP phase has the greatest retention, which will improve
the separation of one analyte from another.

The attraction mechanism of pi-acid HPLC phases, such as
PFPP and PFP, allow stronger retention of bases than alkyl
phases like C18. Alkyl phases like C18 cannot adequately
retain strongly basic analytes unless they have significant
non-polar functional groups to allow hydrophobic retention.

100

50
k'

Figure 1

Allure™ PFP Propyl demonstrates increased
retention of basic analytes

5mM NH4OAc, pH 4.5:ACN; 30x2.1mm; 0.4mL/min.

Acebutolol

Data Courtesy of Shane Needham, Pfizer Inc

0          50 100 %ACN
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Figure 2

Allure™ PFP Propyl column baseline separates cocaine (COC) and its metabolite,
ecgonine methyl ester (EME), with excellent peak shape in less than five minutes.
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Data Courtesy of Shane Needham, Pfizer Inc

Column: Allure
™

 PFP Propyl
Catalog#: 9169532
Dimensions: 30mm x 2.1mm
Particle size: 5µm
Pore size: 60Å

Conditions:
Mobile phase: 5mM pH 3.0

ammonium formate:
acetonitrile (10:90)

Flow: 0.6mL/min.
Column temp.: ambient

Det.: PE/Sciex API 3000
Interface: Turbo Ion Spray, ESI
Interface temp.: 150°C
Ion mode: positive
ESI probe voltage: 5000V
Orifice: +/- 71V
Ring: +/- 265V
Collision gas: Nitrogen
Collision gas pressure: 2.2 mTorr
Collision gas energy(COC): 28 eV
Collision gas energy(EME): 26 eV
Electron multiplier: 2100 volts
Auxillary gas flow: 7000cc/min.
Nebulizer gas setting: 15lb/in.2

Curtain gas setting: 12lb/in.2

Peak List:
1. EME (ecgonine methyl ester)
2. COC (cocaine)

Sample Conditions:
Inj.: 10µL
Conc.: 1µg/mL
Solvent: water
Temp.: 4°C

LC_0126

1

2

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 min.

XIC of +MRM (3 pairs) for 304.0 / 182.0 amu 2.35e3 cps

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 min.

XIC of +MRM (3 pairs) for 200.0 / 182.0 amu 1.30e3 cps

12x increase
in COC response

over C18

LC_0137

Peak List:
1. cytosine
2. uracil
3. guanine
4. thymine
5. adenine

Sample:
Inj.: 1.0  mL
Conc. 100µg/mL
Solvent: 20 mM Ammonium

Acetate, pH 5.0.
Ammonium hydroxide
added to keep guanine
in solution

Column: Allure™ PFP Propyl
Catalog #: 9169565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å
Conditions:
Mobile Phase: 20mM Ammonium

Acetate, pH 5.0:
Methanol (85:15, v/v)

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 260nm

Figure 3

Nucleic bases as guanine, cytosine, uradine, thymine, and adenine are all easily retained upon the Allure™ PFP Propyl.

Therefore, Restek’s Allure™ PFP Propyl and Ultra PFP columns
are the best choice for the analysis of basic analytes. COC,
EME, quinine, morphine, beta-blockers, and tricyclic antide-
pressants have been analyzed successfully in urine, blood, and
tissue samples. In addition, pyridines, pyrimidines, and multi-
halogenated compounds have been successfully separated on
the Ultra PFP column.

The Allure™ PFP Propyl and Ultra PFP columns provide
superior retention and peak shape for analytes having a pKa
>8 without the need for modifers, and they can provide
increased sensitivity for LC/MS ESI due to the high level of
organic solvent used in the mobile phase.
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1

Peak List:
1. unknown
2. levothyroxine

Sample:
Inj.: 20µL
Conc.: 1.1µg/mL
Solvent: water:methanol

(70:30)
Add 3 drops of concentrated
ammonium hydroxide to each
10mL of the sample diluent.
Levothyroxine will not dissolve
unless the pH is basic.

Column: Ultra PFP
Catalog #: 9199565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: 10mM ammonium

formate, pH 2.5:
methanol
(60:40, v/v)

Flow rate: 1.2mL/min.
Temp.: 25°C
Det.: UV@254nm

2

0 2 4 6 8 10 12 14 16 min.

LC_0093

Figure 4

Multi-halogenated analytes as levothyroxine can also
take advantage of the  Ultra PFP’s strong retention

Figure 5

The strong retention of the PFP makes it an excellent
phase for the analysis of purines and pyrimidines.
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LC_0136

Sample:
Inj.: 10µL
Conc.: 100µg/mL
Solvent: mobile phase

Column: Ultra PFP
Catalog #: 9176575
Dimensions: 250 x 4.6 mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 50:50  0.001% (v/v)

Formic Acid in Water:
Methanol

Flow: 1.0 mL/min
Temp.: ambient
Det.: UV @ 260 nm

Peak List:
1. cytosine
2. 5-methylcytosine
3. uracil
4. uric acid
5. hypoxanthine

6. xanthine
7. thymine
8. purine
9. 6-methylpurine

10. theobromine

Figure 6

HPLC/MS ESI analysis of beta-blockers on the
Ultra PFP column shows good intensity

Data courtesy of Shane Needham, Pfizer Inc

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15min.

1.93e8 cps

1

2

3 4

Peak list:

1 = atenolol

2 = acetbutolol

3 = alprenolol

4 = propranolol

Table I

Retention Data of Basic Solutes with 90% Acetonitrile

Retention Time (min.)

βββββ-blockers CN OH PFP C4*

Acebutolol 3.22 2.02 6.32 <0.5

Alprenolol 3.79 1.74 9.99 <0.5

Atenolol 3.04 2.15 4.63 <0.5

Labetolol 3.56 1.32 4.93 <0.5

Metoprolol 3.42 1.83 7.70 <0.5

Nadolol 3.37 2.15 5.58 <0.5

Oxprenolol 3.81 1.78 9.20 <0.5

Pindolol 3.64 1.81 6.60 <0.5

Propranolol 3.27 1.78 10.3 <0.5

Sotalol 3.12 1.69 5.09 <0.5

Timolol 3.37 1.74 7.53 <0.5

*<20% acetonitrile needed for adequate retention

Data courtesy of Shane Needham, Pfizer Inc
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11. ethyluracil
12. 1,7-dimethylxanthine
13. theophylline
14. propyluracil
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Allure™ PFP Propyl, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.#
30mm 9169531 9169532 9169533 9169535
50mm 9169551 9169552 9169553 9169555

100mm 9169511 9169512 9169513 9169515
150mm 9169561 9169562 9169563 9169565
200mm 9169521 9169522 9169523 9169525
250mm 9169571 9169572 9169573 9169575

Allure™ PFP Propyl, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9169532-700 9169533-700 9169535-700
50mm — 9169552-700 9169553-700 9169555-700

100mm — 9169512-700 9169513-700 9169515-700
150mm — 9169562-700 9169563-700 9169565-700
200mm — 9169522-700 9169523-700 9169525-700
250mm — 9169572-700 9169573-700 9169575-700

Ultra PFP, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.#
30mm 9176531 9176532 9176533 9176535
50mm 9176551 9176552 9176553 9176555

100mm 9176511 9176512 9176513 9176515
150mm 9176561 9176562 9176563 9176565
200mm 9176521 9176522 9176523 9176525
250mm 9176571 9176572 9176573 9176575

Ultra PFP, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9176532-700 9176533-700 9176535-700
50mm — 9176552-700 9176553-700 9176555-700

100mm — 9176512-700 9176513-700 9176515-700
150mm — 9176562-700 9176563-700 9176565-700
200mm — 9176522-700 9176523-700 9176525-700
250mm — 9176572-700 9176573-700 9176575-700

Product Listing
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Rtx ®-CLPesticides and Rtx ®-CLPesticides2 Columns: The Ideal
Confirmational Pair for Analyzing Polychlorinated Biphenyls (PCBs)
Polychlorinated biphenyls (PCBs) are a group of industrial
organochlorine chemicals that have become a major environmental
concern. Since the 1950’s, over one million metric tons of PCBs
have been produced. They are very persistent in the environment
and bioaccumulate in living systems. All PCBs are practically
insoluble in water, but they are soluble in hydrophobic media like
fats or oily substances. They were used commercially because they
are chemically inert liquids and are difficult to burn; they have low
vapor pressures, are inexpensive to make, and are excellent
electrical insulators. As a result, they were used extensively as
coolant fluids in transformers and capacitors; and later as plasticiz-
ers, de-inking solvents, heat transfer fluids in machinery, and
water-proofing agents, among other uses.

Because of their persistence and their solubility in fatty tissue,
PCBs in food chains undergo biomagnification. Strong heating of
PCBs in the presence of oxygen can lead to the formation of
polychlorodibenzofurans (PCDF), which are structurally and
toxicologically similar to dioxins. Commercial PCB mixtures (e.g.,
Aroclor® mixtures) contain small amounts of PCDF as a result of
the synthesis. PCB mixtures are not highly toxic, but toxicity due
to the PCDF concentration has caused concern.

Certain PCB congeners can be highly toxic; toxicity depends on
where the chlorine substitution resides on the biphenyl molecule.
The congeners without chlorine substitution on the ortho positions
are the most toxic. These are termed “coplanar PCBs” because the
phenyl rings can maintain a planar geometry to each other. This
makes these compounds “dioxin-like,” and the most toxic of these
PCB congeners is one-tenth the toxicity of the 2,3,7,8-tetrachloro
dibenzo dioxin. The coplanar PCBs also have been implicated as
endocrine disrupters.1

It is important, therefore, when designing a PCB analysis method
to determine if the separation will be by specific congener (for
toxicity) or by commercial Aroclor® mixture. The commercial
synthesis of PCBs results in chlorination of the biphenyl molecule,
and this reaction produces a mixture of many of the 209 congeners
of the PCB family.

Naming of the specific congeners follows the positional numbering
shown in Figure 1. Because the IUPAC names for these com-
pounds are long, the congeners are normally referred to by their
IUPAC number or BZ number as defined by Ballschmitter and
Zell.2 The exact proportions of congeners in the Aroclor® mixtures
depends on the ratio of chlorine to biphenyl, the reaction time, and
the temperature. Although many of the PCB compounds are solids,
the mixtures usually are liquids or low-melting-point solids.
Commercially, the PCB compounds were not isolated. Instead,
they were sold as partially separated mixtures, with the average
chlorine content in different products ranging from 21% to 68%.
These Aroclor® mixtures are, therefore, composed of a number of
individual PCB congeners and have a characteristic profile
depending on the percent of chlorine substitution. The Aroclor®

mixtures are named by the number of carbons (12), followed by
the weight % of chlorine (42). Thus Aroclor® 1242 represents a
mixture of PCB compounds with an average weight percent of 42.

There are 9 common Aroclor® mixtures: 1221, 1232, 1242, 1248,
1254, 1260, 1262, 1268, and 1016. Aroclor® 1016 does not follow
the same naming sequence, and appears chromatographically
similar to 1242. Samples from contamination sites often are
quantitated and reported as concentration of PCBs, i.e., as
Aroclor® mixtures. This analysis requires the individual PCB
Aroclor® mixtures to be analyzed as standards, then the sample
extract chromatograms are compared to the standards to qualita-
tively identify the Aroclor® mixtures. Once this identification has
been made, the quantitation can be performed by selecting five of
the largest peaks and treating them as individual compounds, then
reporting the average concentration.

Due to the unreactive nature of the PCBs, instrument conditions
and column choice is less critical than when analyzing chlorinated
pesticides. When choosing columns, it is important to select
stationary phases that have low bleed and high thermal stability;
allowing the columns to be baked out at the end of the run to
prevent carryover from one injection to the next. Because many
instruments used for the analysis of PCBs also may be used for
pesticide and herbicide analyses, the column pair of choice is the
Rtx®-CLPesticides and Rtx®-CLPesticides2 columns. This column
pair provides excellent separation of the pesticide and herbicide
compounds, low bleed, high thermal stability, and they are
designed to compliment each other for primary column analysis
and secondary column confirmation.

Figure 2 shows the chromatograms obtained for seven commercial
Aroclor® mixtures injected on the Rtx®-CLPesticides column.
Figure 3 shows the chromatograms for the same mixtures injected
on the Rtx®-CLPesticides2 column.

Table 1 (on back) lists the retention times for the individual 209
PCB congeners on these same stationary phases. The analysis of
PCBs by congener requires each peak to be treated like an
individual component; making a standard curve for each of the
congeners of interest. While many laboratories are interested in the
analysis of PCBs by congener, most do not need, or desire, to
analyze all 209. For this reason, the retention table is listed, and
conditions may be modified to better suit the particular separation
in your laboratory. If you have questions regarding the analysis of
PCBs by congener, contact Restek’s technical service team at 800-
356-1688 or 814-353-1300, ext. 4, or contact your local Restek
representative.

Figure 1

Structure of polychlorinated biphenyls.
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Figure 2

Aroclor® standards run on the Rtx®-CLPesticides column at 320ppb.

30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides (cat.# 11139).
0.5µL direct injection of commercial Aroclor® mixtures, 160pg
on-column concentration. Oven temp.: 120°C (hold 1 min.) to

300°C @ 9°C/min. (hold 10 min.); Inj. temp.: 210°C;
Det.: ECD with anode purge, 310°C; Carrier gas: He.

Aroclor ® 1016 Aroclor® 1221

Aroclor ® 1232 Aroclor® 1242

Aroclor ® 1248 Aroclor® 1254

Aroclor ® 1260

min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22 min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22 min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22
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Figure 3

Aroclor® standards run on the Rtx®-CLPesticides2 column at 320ppb.

Aroclor ® 1016 Aroclor® 1221

Aroclor ® 1232 Aroclor® 1242

Aroclor ® 1248 Aroclor® 1254

Aroclor ® 1260

30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 (cat.# 11324).
0.5µL direct injection of commercial Aroclor® mixtures, 160pg
on-column concentration. Oven temp.: 120°C (hold 1 min.) to

300°C @ 9°C/min. (hold 10 min.); Inj. temp.: 210°C;
Det.: ECD with anode purge, 310°C; Carrier gas: He.

min.  2 4 6 8 10 12 14 16 18 20 22 min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22 min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22 min.  2 4 6 8 10 12 14 16 18 20 22

min.  2 4 6 8 10 12 14 16 18 20 22
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PCB RT PCB RT
IUPAC# (min) IUPAC# (min)

155 28.50 88 29.89
66 28.54 155 30.07
80 28.77 91 30.22
55 28.90 55 30.39
60 29.28 92 30.54
92 29.28 101 30.81
84 29.34 90 30.85
89 29.42 60 30.91
90 29.44 56 30.96
56 29.48 113 30.96
101 29.51 99 31.07
150 29.60 84 31.16
99 29.68 89 31.26
113 29.76 79 31.28
152 30.01 119 31.42
112 30.02 150 31.43
119 30.08 112 31.46
109 30.10 109 31.58
116 30.18 78 31.83
79 30.27 83 31.84
145 30.29 111 31.87
83 30.33 152 31.89
86 30.46 116 32.00
117 30.49 148 32.04
97 30.56 86 32.07
115 30.57 97 32.13
148 30.69 120 32.14
136 30.72 117 32.19
78 30.73 125 32.19
87 30.79 145 32.20
125 30.84 115 32.26
111 30.91 87 32.40
85 30.98 81 32.43
154 31.07 154 32.45
81 31.10 85 32.65
120 31.13 136 32.74
110 31.38 110 32.95
151 31.60 77 33.06
144 31.79 151 33.14
77 31.79 144 33.35
82 31.87 135 33.44
147 31.89 124 33.56

PCB RT PCB RT
IUPAC# (min) IUPAC# (min)

135 31.90 147 33.60
139 32.10 82 33.69
149 32.22 108 33.75
140 32.35 107 33.79
124 32.37 139 33.80
108 32.37 149 33.86
107 32.43 123 33.89
123 32.49 106 33.96
106 32.51 118 34.01
118 32.65 140 34.06
142 32.67 133 34.25
188 32.68 165 34.31
143 32.68 143 34.36
134 32.69 188 34.39
131 32.88 134 34.46
114 32.93 161 34.49
184 33.00 142 34.54
133 33.03 146 34.57
165 33.19 114 34.60
146 33.30 131 34.68
161 33.30 184 34.73
122 33.40 153 34.86
132 33.55 122 34.88
153 33.56 168 34.98
179 33.74 127 35.11
168 33.75 132 35.46
105 33.95 141 35.60
176 34.07 105 35.61
141 34.15 179 35.63
127 34.16 137 35.96
137 34.34 176 36.01
186 34.39 130 36.20
130 34.58 160 36.27
160 34.66 163 36.37
163 34.80 164 36.39
138 34.81 186 36.41
158 34.90 178 36.44
164 34.93 138 36.48
178 34.99 158 36.50
166 35.15 175 36.73
175 35.22 182 36.90
129 35.23 187 36.91

PCB RT PCB RT
IUPAC# (min) IUPAC# (min)

182 35.37 129 36.95
187 35.38 159 36.95
183 35.60 126 37.00
126 35.67 166 37.06
159 35.76 183 37.16
185 35.98 162 37.34
162 36.12 167 37.61
128 36.14 185 37.65
181 36.32 128 38.08
167 36.37 181 38.20
202 36.50 174 38.24
174 36.50 202 38.27
177 36.69 177 38.56
201 36.85 201 38.70
204 36.89 204 38.74
171 36.92 171 38.81
173 37.09 192 38.86
197 37.18 156 38.88
156 37.27 173 39.04
192 37.57 172 39.08
157 37.61 197 39.09
172 37.65 157 39.26
200 37.87 180 39.42
180 37.95 193 39.51
193 38.11 191 39.71
191 38.25 200 39.93
198 39.17 169 40.54
170 39.19 198 40.76
190 39.19 190 40.95
169 39.30 199 41.04
199 39.38 170 41.07
203 39.56 203 41.23
196 39.62 196 41.33
208 40.44 189 42.17
189 40.71 208 42.38
207 40.82 207 42.82
195 40.86 195 42.92
194 42.05 194 43.68
205 42.28 205 43.83
206 43.34 206 45.15
209 44.19 209 46.32

Rtx®-CLP Rtx ®-CLP2 Rtx®-CLP Rtx®-CLP2 Rtx®-CLP Rtx®-CLP2 Rtx®-CLP Rtx®-CLP2 Rtx®-CLP Rtx®-CLP2

PCB RT PCB RT
IUPAC# (min) IUPAC# (min)

52 25.24 73 26.47
65 25.27 52 26.56
43 25.29 46 26.70
62 25.30 43 26.71
73 25.33 49 26.73
49 25.34 75 26.79
39 25.34 38 26.86
75 25.40 65 26.87
47 25.48 47 26.88
48 25.52 62 26.92
104 25.53 48 26.93
38 25.78 104 27.31
44 26.32 35 27.61
59 26.34 59 27.80
42 26.44 44 27.82
35 26.56 72 27.85
64 26.71 42 28.00
96 26.71 37 28.07
41 26.86 68 28.11
37 26.89 103 28.38
72 26.90 71 28.40
103 26.97 64 28.41
71 26.98 41 28.50
68 27.00 57 28.61
100 27.22 100 28.70
57 27.44 96 28.72
40 27.44 67 28.83
67 27.61 40 29.10
61 27.73 58 29.13
63 27.76 63 29.18
94 27.78 61 29.29
58 27.92 94 29.30
93 28.00 74 29.37
74 28.00 80 29.42
98 28.07 121 29.47
102 28.13 98 29.68
88 28.16 102 29.68
95 28.22 70 29.70
70 28.39 93 29.72
76 28.44 76 29.74
121 28.46 95 29.86
91 28.47 66 29.88

PCB RT PCB RT
IUPAC# (min) IUPAC# (min)

1 13.36 1 14.33
2 ND 2 ND
3 15.86 3 16.61
4 16.57 10 17.79
10 16.38 4 17.94
7 17.84 7 18.98
9 17.86 9 18.99
6 18.73 6 19.80
5 18.91 8 20.13
8 18.96 5 20.21
19 19.64 14 20.56
14 19.80 30 21.17
30 19.82 19 21.36
18 21.00 11 21.93
17 21.06 12 22.24
11 21.10 13 22.34
24 21.27 18 22.40
12 21.31 17 22.46
13 21.34 15 22.66
27 21.67 24 22.88
15 21.68 27 23.00
32 22.01 32 23.49
16 22.11 23 23.63
54 22.36 16 23.65
23 22.37 34 23.69
29 22.52 29 23.78
34 22.69 26 24.27
50 23.01 54 24.37
26 23.15 25 24.39
25 23.20 50 24.55
31 23.46 31 24.74
28 23.56 28 24.81
21 23.79 21 25.32
53 23.85 53 25.44
51 24.04 33 25.48
33 24.22 20 25.53
20 24.23 51 25.68
45 24.33 36 25.85
22 24.53 22 25.97
46 24.93 45 26.12
69 24.96 69 26.21
36 25.05 39 26.39

Restek Trademarks: Rtx.  Other Trademarks: Aroclor.
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Rtx ®-CLPesticides Columns Rtx ®-CLPesticides2 Columns

ID df (µm) Stable to 15m 30m

0.25mm 0.25 340°C 11120 11123

0.32mm 0.50 340°C 11136 11139

0.53mm 0.50 340°C 11137 11140

ID df (µm) Stable to 10m 20m

0.18mm 0.18 340°C 42101 42102

ID df (µm) Stable to 15m 30m

0.25mm 0.20 340°C 11320 11323

0.32mm 0.25 340°C 11321 11324

0.53mm 0.42 340°C 11337 11340

ID df (µm) Stable to 10m 20m

0.18mm 0.14 340°C 42301 42302

References (not available from Restek):
1 Environmental Chemistry, Colin Baird, W.H. Freeman and Co., 1998, pp. 337-353.
2 Ballschmiter, K, and Zell, M., Fresenius Z. Anal. Chem., 302, 20, (1980)

Table I—PCB Congener Retention Time Data

30m, 0.32mm ID Rtx®-CLPesticides (cat.# 11139) and Rtx®-CLPesticides2 (cat.# 11324) columns.
Oven temp.: 100°C (hold 1 min.) to 290°C @ 4°C/min.; Inj. temp.: 210°C; Det. temp.: 310°C; Carrier gas: He @ 36cm/sec.
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Ultra C4 HPLC Column Provides High Stability At Low pH

The use of a low pH (< 2.0) mobile phase can cause acid
hydrolysis of the HPLC column stationary phase, resulting
in reduced retention and poor reproducibility. During
hydrolysis the phase is stripped from the silica backbone.
Generally, acid hydrolysis of alkyl bonded phases increases
with a decrease in the chain length of the stationary phase
ligand. Typically, stationary phase ligands as short as C4 will
be much less stable than C18 ligands. To overcome the
problem, some HPLC column manufacturers offer C4 phases
made with relatively high ligand density, which are more
stable than lower density C4 phases. However, these high
ligand density phases still exhibit gradual loss of retention
when exposed to low pH mobile phases.

The research chemists at Restek have designed the new Ultra
C4 phase to further increase stability by using both high
ligand density and a unique bonding chemistry to reduce
acid hydrolysis. The improved stability of the Ultra C4 phase
was confirmed using a controlled study comparing the Ultra
C4 to another leading C4 phase. This leading C4 phase
contains a relatively high ligand density, making it more
stable than other C4 columns (Table 1). The results of the
study are shown in Figure 1.

Experimental Conditions
Both columns were simultaneously exposed to repeated
acetonitrile/water mobile phase gradients in the presence
of 0.1% (v/v) trifluoroacetic acid (TFA) and a temperature
of 50°C. The pH of 0.1% TFA in water is 1.9. As the mobile
phase pH is decreased towards 2, all bonded phase silicas
become less stable because the siloxane (Si-O-Si) linkage
to the stationary phase is susceptible to acid hydrolysis,
resulting in loss of stationary phase1. Elevated column
temperature accelerates acid hydrolysis and the resulting
loss of the stationary phase.

The hydrophobic retention of each column was measured
before exposure to hydrolysis conditions, and periodically
during the acid hydrolysis experiment. The capacity factor
(k') of phenylheptane was used to measure hydrophobic
retention, and was calculated using uracil as the void marker
(t

o
). After equilibration in a mobile phase of H

2
O:ACN

(25:75, v/v) at a flow rate of 1.25mL/min, each column was
injected with 5µL of a mixture of uracil (0.1mg/mL) and
phenylheptane (10mg/mL). UV detection was performed at
254nm.

In addition to the Ultra C4 and competitor C4 columns that
were exposed to hydrolytic conditions, an additional Ultra
C4 column was used as a control. The control column was
periodically analyzed for hydrophobic retention along with
the test columns. While the test columns were exposed to the
TFA gradients, the control column was only exposed to

H
2
O:ACN (25:75). The hydrophobic retention of the control

column varied less than 2% throughout this experiment.

The acid hydrolysis conditions of the experiment (Table 2)
were modeled after those of Kirkland, Glajch, and Farlee.2

Both test columns were exposed simultaneously to repeated
cycles of the mobile phase gradient listed in Table 2. A flow
rate of 2.0mL/min was split between the two test columns
using a tee. The eluent from each column was collected and
monitored. A restrictor was added to the outlet of one of the
columns to make the flow rate as similar as possible. The
total flow through each column at the conclusion of the
experiment was comparable—3784mL for the Ultra C4

Table 1

C4 Columns Evaluated

Column Dimensions Particle Size Pore Size Carbon %
Competitor C4 50x4.6mm 5µm 100Å 8
Ultra C4 50x4.6mm 5µm 100Å 9

Table 2

Acid Hydrolysis Conditions
Mobile phase A: 0.1% TFA in deionized water
Mobile phase B: 0.1% TFA in acetonitrile
Temperature: 50°C

Gradient: Time (min.) %A %B
0 100 0

20 0 100
40 0 100
40.1 100 0
60 100 0
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Figure 1

Ultra C4 shows greater retention and stability
due to its unique bonding chemistry

Column Volumes of 0.1%TFA vs. Retention
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Ultra C4, 3µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
        3µm cat.# cat.# cat.# cat.#

30mm length 9102331 9102332 9102333 9102335
50mm length 9102351 9102352 9102353 9102355

100mm length 9102311 9102312 9102313 9102315

Ultra C4, 3µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID
        3µm cat.# cat.# cat.#

30mm length — 9102332-700 9102333-700 9102335-700
50mm length — 9102352-700 9102353-700 9102355-700

100mm length — 9102312-700 9102313-700 9102315-700

Ultra C4, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
        5µm cat.# cat.# cat.# cat.#

30mm length 9102531 9102532 9102533 9102535
50mm length 9102551 9102552 9102553 9102555

100mm length 9102511 9102512 9102513 9102515
150mm length 9102561 9102562 9102563 9102565
200mm length 9102521 9102522 9102523 9102525
250mm length 9102571 9102572 9102573 9102575

Ultra C4, 5µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID
        5µm cat.# cat.# cat.#

30mm length — 9102532-700 9102533-700 9102535-700
50mm length — 9102552-700 9102553-700 9102555-700

100mm length — 9102512-700 9102513-700 9102515-700
150mm length — 9102562-700 9102563-700 9102565-700
200mm length — 9102522-700 9102523-700 9102525-700
250mm length — 9102572-700 9102573-700 9102575-700

© Copyright 2000, Restek Corporation

column versus 3671mL for the competitor C4 column.
Mobile phase volumes were converted to column volumes
using the initial elution volumes for uracil (0.553 mL for
competitor C4, 0.538mL for Ultra C4). Following the 50th

gradient cycle, the columns were exposed to 8.5 hours of
continuous flow of 100% mobile phase A. The test columns
were exposed to a total of 54 gradient cycles.

Results
Figure 1 shows the percent change in capacity factor (k') of
phenylheptane plotted against the column volumes of the
TFA mobile phase.  After approximately 3000 column
volumes of TFA, the competitor C4 column showed twice
the loss in retention as compared to the Ultra C4 column.
Even after 7000 column volumes, the Ultra C4 column lost
less than 10% of its original retention, while the competitor
C4 column showed a 44% loss in retention.

Conclusions
Restek’s Ultra C4 column combines high ligand density and
a unique bonding chemistry to attain excellent resistance to
acid hydrolysis. This resistance to stationary phase loss
ensures highly reproducible and consistent retention even
when using a very acidic mobile phase.

References

1. J.J. Kirkland, J.W. Henderson, J.J. Destefano, M.A. Van Straten, H.A. Claessens,

J. Chromatogr., A, 762 (1-2), 97-112 (1997).

2. J.J. Kirkland, J.L. Glajch, and R.D. Farlee, Anal. Chem. 61, 2-11 (1989).

References not available from Restek.



Figure 1

• Allows DI and splitless injections.

• Minimizes injection port 
discrimination.

• Reduces loss of active compounds 
for more accurate results.

The drilled Unilinerfi liner provides more accurate results.
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Improving throughput of semivolatile GC/MS analysis using a performance-
based measurement system, Rtxfi-5Sil MS column, and Unilinerfi inlet liner.

exposure to the injection port. This unique inlet liner can be used
for both direct and splitless injections. Because the column is
sealed to the liner with a press-tight connection, there is no chance
for any sample contact with metal surfaces below the liner. The
small hole located on the side of the Unlinerfi liner allows carrier
gas to be routed through the split vent line during the splitless
purge operation of the injection system. Because the drilled
Unilinerfi liner directs more of the sample onto the column, less
discrimination of high molecular weight compounds occurs.

Restek has developed a GC/MS method for analyzing semi-
volatile compounds (e.g., US Environmental Protection Agency
[EPA] Method 8270) that will help increase productivity in the
lab. The changes include modifying the final extract volume,
using a drilled Unilinerfi liner, optimizing GC analysis conditions,
and modifying the calibration curve to offset the increased extract
volume. Following is an explanation of each modification. 

1) Increase the final extract volume from 1mL to 5mL.

Increasing the final extract volume will dilute the nonvolatile
material extracted from the sample, resulting in less contamina-
tion to the injection system and analytical column. This has the
potential to allow the GC/MS to stay in calibration longer, and to
reduce maintenance time and expense. Also, the increased extract
volume will result in better recoveries of low-boiling compounds
that may be lost when the extract is concentrated to 1mL.  

2) Replace the splitless inlet liner with a drilled Unilinerfi liner.

When the sample is injected into the injection port, it expands
and comes into contact with the bottom of the injection port. This
may cause adsorption or breakdown of the active compounds in
the sample. A drilled Unilinerfi liner (Figure 1) can be used in
place of a standard splitless liner to significantly reduce sample

Figure 2

The Rtxfi -5Sil MS column, combined with a Siltek -treated drilled Unilinerfi liner, exhibits excellent peak
shape and response for semivolatile compounds.

Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: 16µg/mL in methylene chloride, IS @ 

8µg/mL
Inj.: 1 µL splitless (hold 0.4 min.),

Drilled Uniliner® liner (cat.# 21054) 
Inj. temp.: 300°C
Carrier gas: helium, constant flow
Flow rate: 1mL/min.
Oven temp.: 35°C (hold 2 min.) to 260°C @ 

20°C/min., 
to 330°C @ 6°C/min. (hold 1 min.)

Det.: MS
Transfer line temp.: 280°C
Scan range: 35–550amu
Ionization: EI
Mode: full scan

Analytical Reference Materials used: 
cat.#’s 31618, 31619, 31620, 31621, 31622, 31206, 31062, 31063

GC_EV00561

See page 3 for peak list.
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3) Use a thin-film column by reducing the concentration 
of calibration standards.

A thin-film Rtxfi -5Sil MS column can reduce the analysis time to
less than 22 minutes for the compounds listed in EPA Method
8270 (see compound list for Figure 2, p.3). The Rtxfi -5Sil MS
column features a silarylene stationary phase that exhibits lower
bleed and optimized separation of semivolatile compounds.
Usually, a thinner film column has less sample capacity than a
thicker film column, which can lead to column overload. To pre-
vent column overload, the concentration of the calibration stan-
dards should be reduced by 1/5, so that the on-column concentra-
tion ranges from 4ng to 32ng. Table I shows the response factors
and linearity of active and late-eluting semivolatile compounds.
Also, reducing the standard concentration by a factor of 5 off-sets
the increased extract volume, resulting in the same reporting lim-
its.

4) Optimize oven temperature programming.

A multi-ramp GC temperature program can optimize the separa-
tion of critical compound pairs. Increasing the initial hold time
helps resolve early-eluting compounds; then a fast ramp rate can
be used through non-critical areas, and a lower ramp rate used to
elute later compounds. Extracted ion chromatograms of the close-
ly eluting compounds show resolution between them (Figure 3).

5) Calibration Curve

We used 1/5 the recommended concentration level of Method
8 2 7 0 1 L injection of 4, 10, 16, 24, and 32ppm standard. The
internal standards were also reduced to 1/5 the concentration and
are at 8ppm. As seen in Figure 2, the 16ng on-column injection
shows excellent signal-to-noise ratio, and low column bleed and
injection port discrimination.

Conclusion

A number of techniques can be used to increase sample through-
put for the analysis of semivolatile compounds. Increasing extract
volume will reduce preparation time and injection port contamina-
tion. Using a drilled  Unilinerfi injection port liner results in a
more inert sample pathway and eliminates injection port discrimi-
nation. In addition, the use of a thin-film column reduces analysis
time helping laboratories increase sample output.

Compound Ret. time Int. Stnd. m/z 4ppm 10ppm 16ppm 24ppm 32ppm Ave. 5-point 4-point
(min.) for quant. RRF RRF RRF RRF RRF RRF %RSD %RSD 

(w/o 4ppm)

N-nitrosodimethylamine 3.79 1 74 0.724 0.736 0.775 0.742 0.748 0.745 3 2
pyridine 3.80 1 79 1.055 0.951 1.058 0.967 1.004 1.007 5 5
aniline 6.28 1 93 1.777 1.773 1.962 1.933 1.946 1.878 5 5
N-nitroso-di-n-propylamine 7.12 1 169 0.776 0.746 0.801 0.740 0.770 0.767 3 4
benzoic acid 7.84 2 122 0.148 0.193 0.201 0.203 0.228 0.195 15 7
2,4-dichlorophenol 7.94 2 162 0.215 0.248 0.240 0.249 0.259 0.242 7 3
hexachlorocyclopentadiene 9.14 3 237 0.283 0.310 0.323 0.333 0.357 0.321 9 6
3-nitroaniline 10.21 3 138 0.323 0.318 0.343 0.339 0.348 0.334 4 4
2,4-dinitrophneol 10.34 3 184 0.110 0.139 0.156 0.155 0.169 0.146 16 8
4-nitrophenol 10.41 3 109 0.162 0.168 0.185 0.187 0.202 0.181 9 7
azobenzene 11.07 3 77 1.387 1.446 1.436 1.369 1.414 1.410 2 2
nitrosodiphenylamine 11.04 4 169 0.718 0.698 0.723 0.771 0.738 0.729 4 4
pentachlorophenol 11.81 4 266 0.094 0.122 0.132 0.132 0.146 0.125 15 7
benzidine 13.72 5 184 0.213 0.178 0.188 0.206 0.269 0.211 17 19
benzo(b)fluoranthene 17.88 6 252 1.344 1.448 1.504 1.506 1.628 1.486 7 5
benzo(ghi)perylene 21.76 6 276 1.341 1.428 1.492 1.488 1.593 1.468 6 5
ISTD
1,4-dichlorobenzene-d14 6.62 1 152
naphthalene-d8 8.10 2 136
acenaphthene-d10 10.22 3 164
phenanthrene-d10 12.02 4 188
chrysene-d12 15.70 5 240
perylene-d12 18.73 6 264

Table I

Response factors and linearity of active and late-eluting semivolatile compounds.
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Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: 16µg/mL in methylene chloride 
Inj.: 1µL splitless (hold 0.4 min.),

Drilled Uniliner® liner (cat.# 21054) 
Inj. temp.: 300°C
Carrier gas: 1mL/min., constant flow
Linear velocity: 34cm/sec.
Oven temp.: 35°C (hold 2 min.) to 260°C @ 20°C/min., to

330°C @ 6°C/min. (hold 1 min.)
Det.: MS
Transfer line temp.: 280°C
Scan range: 35–550amu
Ionization: EI
Mode: full scan

phenol (m/z 94)
aniline (m/z 93) 
bis(2-chloroethyl)ether (m/z 93)

GC_EV00562

1,3-dichlorobenzene (m/z 146)
1,4-dichlorobenzene (m/z 146)
1,2-dichlorobenzene (m/z 146)

GC_EV00563

benzo(b)fluoranthene (m/z 252)
benzo(k)fluoranthene (m/z 252)

GC_EV00564

indeno(1,2,3-cd)pyrene (m/z 276)
dibenzo(a,h)antracene (m/z 278)

GC_EV00565

Extracted ion chromatograms show resolution of closely-eluting compounds.

Peak List for Figure 2

1. N-nitrosodimethylamine
2. pyridine
3. methyl methanesulfonate
4. 2-fluorophenol
5. ethyl methanesulfonate
6. phenol-d6
7. phenol
8. aniline
9. bis(2-chloroethyl)ether

10. 2-chlorophenol
11. 1,3-dichlorobenzene
12. 1,4-dichlorobenzene-d4
13. 1,4-dichlorobenzene
14. 1,2-dichlorobenzene
15. benzyl alcohol
16. 2-methylphenol
17. bis(2-chloroisopropyl)ether
18. acetophenone
19. 4-methylphenol/3-methylphenol
20. N-nitroso-di-n-propylamine
21. hexachloroethane
22. nitrobenzene-d5
23. nitrobenzene
24. isophorone
25. 2-nitrophenol
26. 2,4-dimethylphenol

27. bis(2-chloroethoxy)methane
28. benzoic acid
29. 2,4-dichlorophenol
30. 1,2,4-trichlorobenzene
31. naphthalene-d8
32. naphthalene
33. 2,6-dichlorophenol
34. 4-chloroaniline
35. hexachloropropene
36. hexachlorobutadiene
37. 4-chloro-3-methylphenol
38. isosafrole
39. 2-methylnaphthalene
40. 1-methylnaphthalene
41. hexachlorocyclopentadiene
42. 1,2,4,5-tetrachlorobenzene
43. 2,4,6-trichlorophenol
44. 2,4,5-trichlorophenol
45. 2-fluorobiphenyl
46. safrole
47. 2-chloronaphthalene
48. 2-nitroaniline
49. 1,4-naphthoquinone
50. dimethylphthalate
51. 1,3-dinitrobenzene
52. 2,6-dinitrotoluene

53. acenaphthylene
54. acenaphthene-d10
55. 3-nitroaniline
56. acenaphthene
57. 2,4-dinitrophenol
58. pentachlorobenzene
59. 4-nitrophenol
60. dibenzofuran
61. 2,4-dinitrotoluene
62. 2,3,4,6-tetrachlorophenol
63. diethyl phthalate
64. fluorene
65. 4-chlorophenyl phenyl ether
66. 4-nitroaniline
67. 4,6-dinitro-2-methylphenol
68. diphenylamine
69. azobenzene
70. 2,4,6-tribromophenol
71. phenacetin
72. 4-bromophenyl phenyl ether
73. hexachlorobenzene
74. pentachlorophenol
75. pentachloronitrobenzene
76. phenanthrene-d10
77. dinoseb
78. phenanthrene

79. anthracene
80. di-n-butylphthalate
81. 4-nitroquinoline-1-oxide
82. isodrin
83. fluoranthene
84. benzidine
85. pyrene 
86. p-terphenyl-d14
87. aramite
88. chlorbenzilate
89. kepone
90. butyl benzyl phthalate
91. benzo(a)anthracene
92. 3,3'-dichlorobenzidine
93. chrysene-d12
94. chrysene
95. bis(2-ethylhexyl)phthalate
96. di-n-octyl phthalate
97. benzo(b)fluoranthene
98. benzo(k)fluoranthene
99. benzo(a)pyrene

100. perylene-d12
101. 3-methylcholanthrene
102. indeno(1,2,3-cd)pyrene
103. dibenzo(a,h)anthracene
104. benzo(ghi)perylene

7
8

9
11

13
14

97

98

102

103
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Product Listing

Rtx®-5Sil MS (Fused Silica)
(Equivalent selectivity of Crossbondfi 5% diphenyl/95% dimethyl polysiloxane)  Stable to 360°C

Rtx®-5MS (Fused Silica)
(Crossbondfi 5% diphenyl - 95% dimethyl polysiloxane) Stable to 360°C

** Nominal ID at syringe needle expulsion point.

ID Length Suffix # ID Length Suffix #
0.25mm 5m -124 0.32mm 5m -125

10m -127 10m -128
0.28mm 5m -243 0.53mm 5m -126

10m -244 10m -129

Benefits/Uses: ID**/OD & Length (mm) cat.# ea. cat.# 5-pk.

Drilled Uniliner®

allows direct injection when
using an EPC-equipped GC

4.0 ID
6.3 OD x 78.5 21054 21055

Innovative Integra-Guard™ Columns

Drilled Uniliner® Liners for Agilent 6890 GCs (For 0.32/0.53mm ID Columns)

ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter
0.25mm 0.10 -60 to 330/350°C 12605 12608 12611

0.25 -60 to 330/350°C 12620 12623 12626
0.50 -60 to 330/350°C 12635 12638 12641
1.00 -60 to 325/350°C 12650 12653

0.32mm 0.10 -60 to 330/350°C 12606 12609 12612
0.25 -60 to 330/350°C 12621 12624 12627
0.50 -60 to 330/350°C 12636 12639 12642
1.00 -60 to 325/350°C 12651 12654

0.53mm 0.50 -60 to 320/340°C 12637 12640
1.00 -60 to 320/340°C 12652 12655
1.50 -60 to 310/330°C 12667 12670

Merlin Microseal™ Septa

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

Microseal™ High-Pressure Septa 400 Series Merlin# Similar to Agilent# cat.#
Nut kit (1 nut, fits 300 & 400 series septa) 403 5182-3445 22809
Standard kit (nut, 2 high-pressure septa) 404 Not offered 22810
Starter kit (nut, 1 high-pressure septum) 405 5182-3442 22811
High-pressure replacement septum (1 septum) 410 5182-3444 22812

Microseal™ Septa, 300 Series Merlin# Similar to Agilent# cat.#
Standard kit (nut, 2 septa) 304 5181-8833 22813
Starter kit (nut, 1 septum) 305 5181-8816 22814
Microseal replacement septum (1 septum) 310 5181-8815 22815
Replacement PTFE washers (2-pk.) 311 5181-0853 22808
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Determination of Omega-3 (n-3) and Omega-6 (n-6) Fatty Acid Composition
in Evening Primrose Oil, Flax Seed Oil, Black Currant Oil, and Borage Oil

Essential fatty acids (EFAs) are polyunsaturated fatty acids
(PUFAs) that the human body requires, yet cannot produce, and
therefore must be obtained through dietary sources or nutritional
supplements. α-Linolenic acid (LNA) and γ-Linolenic acid
(GLA) are important Omega-3 (n-3) and Omega-6 (n-6) fatty
acids. Accurate determination and quantitation of these EFAs,
especially the separation of LNA and GLA, can be performed by
capillary gas chromatography (GC). The FAMEWAX™ column is
ideal to provide the composition of the EFAs found in evening
primrose oil, flax seed oil, black currant seed oil, and borage oil.

Why are these fatty acids essential?

The two families of EFAs are the Omega-3 (n-3) series and the
Omega-6 (n-6) series. The Omega-3 (n-3) series includes LNA,
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA).
The Omega-6 (n-6) series includes linoleic acid (LA), GLA,
dihommogamma-linolenic acid (DGLA), and arachidonic acid
(AA).

These EFAs are nutrients that perform key functions in our
bodies. For example, they determine membrane fluidity and
reactivity, oxidation rate, metabolic rate, and energy production.
In addition, they are a factor in maintaining body temperature,
insulating nerves, and cushioning body tissue. EFAs also are
precursors to prostaglandins, hormone-like substances that are
critical to the body’s overall health maintenance. Prostagland-
ins regulate blood pressure, blood clotting, stimulation of the
immune system, and general regulation of heart, kidneys, liver,
lungs, and brain. They are short-lived molecules and constantly
need to be replenished. Without EFAs this can be impossible.

Background

EFAs are similar to vitamins in their importance to one’s overall
health. However, vitamins are required in small dietary quantities
(µg/day), whereas EFAs are a macronutrient (i.e., necessary in
g/day). A joint study released by the Food and Agriculture
Organization and the World Health Organization recommends
that at least 3% of our daily calorie intake be in the form of EFA.1

Polyunsaturated oils, such as safflower, sunflower, and corn oil
are good sources of LA. Once ingested, LA can be converted to
the other Omega-6 acids: GLA, DGLA, and AA.

Green, leafy vegetables and flax oil are good sources of LNA.
From the LNA provided in our diets, our bodies can produce the
other Omega-3 (n-3) acids: EPA and DHA.

Unfortunately, one’s diet may not be well-fortified with these
food sources. Also, physiological conditions can inhibit the

conversion process of LA and LNA to the other essential Omega-
3 and Omega-6 fatty acids.1 Therefore, nutritional supplements
can be used to help people attain the suggested daily intake.
Evening primrose oil, flax seed oil, black currant seed oil, and
borage oil are rich sources of these EFAs and are available in
capsules as nutritional supplements.

A number of clinical conditions have been treated with oils rich
in GLA. Oral dosages of evening primrose oil have been used to
treat premenstrual tension, rheumatoid arthritis, breast disorders,
and atopic eczema.2

Analysis

The oils were obtained from soft-gel capsules of evening
primrose oil, flax seed oil, black currant oil, and borage oil. The
fats were initially in the form of triglycerides. They were
saponified into their free acids and esterified for better volatility
and inertness by GC. To do this, 5mL of hexane and 250µL of
2N KOH were added to 0.24g oil. The mixture was shaken for
2 minutes in a closed 20mL vial. After settling, the supernatant
was injected.

In the 1980s, packed and capillary GC, as well as liquid chroma-
tography (LC), were evaluated for the analysis of EFAs in
evening primrose oil and soybean oil.2 According to one
reference, “gas chromatography using a capillary column (25m,
Carbowax® 20 M) was the best tool for the separation of GLA
(C18:3n6) and LNA (C18:3n3).” 3

Based on this finding, we used a Restek column—the 30m,
0.25mm ID, 0.25 µm FAMEWAX™ column (cat.# 12497)—to
analyze these oils. The FAMEWAX™ column contains a
polyethylene glycol stationary phase, which is slightly more
polar than the Stabilwax® column. The FAMEWAX™ column
offers excellent selectivity and efficiency, not only to separate
saturated (C16:0 and C18:0) and monounsaturated (C18:1n9)
fatty acids from the Omega-3 and -6 fatty acids of interest, but
also to resolve the isomers of linolenic acid (C18:3n3 and
C18:3n6).

We used an HP 5890 GC with a flame ionization detector (FID)
and a split/splitless injection port, used in the split mode, with a
split vent flow of 40mL/min. The inlet liner was a deactivated
4mm ID split sleeve (cat.# 20781). The injector and detector
ports were set at 225°C and 230°C, respectively. The oven
temperature program was initially set at 165°C for the first 30
minutes, and then increased at a rate of 1.5°C/min to 220°C,
where it remained for the last 15 minutes. The carrier gas was
helium and the linear velocity of 40cm/sec. was measured at the
initial temperature.
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Figure 1

Evening primrose oil

30m, 0.25mm ID, 0.25µm FAMEWAX™ (cat.# 12497).
Oven temp.: 165°C (hold 30 min.) to 220°C @ 1.5°C/min.

(hold 15 min.); Inj. temp.: 225°C; Det. temp.: 230°C;
Carrier gas: Helium @ 40cm/sec.

1

40

1. C16:0
2. C18:0
3. C18:1 n-9
4. C18:2 n-6
5. C18:3 n-6

2

3

4

5

Figure 2

Flax seed oil

30m, 0.25mm ID, 0.25µm FAMEWAX™ (cat.# 12497).
Oven temp.: 165°C (hold 30 min.) to 220°C @ 1.5°C/min.

(hold 15 min.); Inj. temp.: 225°C; Det. temp.: 230°C;
Carrier gas: Helium @ 40cm/sec.

1

1. C16:0
2. C18:0
3. C18:1 n-9
4. C18:2 n-6
6. C18:3 n-3

2

3

4

6

Results

Regarding the content of the Omega-3 and Omega-6 essential
fatty acids in the four oils studied, all contain LA (18:2n6)
(Figures 1-4 and Table I). Evening primrose oil (Figure 1)
contains the largest amount of LA and would be the best source.
Flax seed oil (Figure 2) reveals a significant amount of LNA
(C18:3n3), and would be the best source of this EFA. Only black
currant seed oil (Figure 3) contains an approximately equal
amount of both isomeric linolenic acids. All chromatograms,
except that of flax seed oil, illustrate the presence of GLA
(C18:3n6). In fact, borage oil (Figure 4) and black currant seed
oil are significant sources of GLA.

Conclusion

Omega-3 (n-3) and Omega-6 (n-6) EFAs perform key functions
in our bodies. Quantifying these compounds in nutritional
supplements such as evening primrose oil, flax seed oil, black
currant seed oil, and borage oil is successfully achieved using the
FAMEWAX ™ column. This column offers excellent efficiency
and selectivity towards these polyunsaturated methyl esters,
providing an accurate determination of the fatty acid profiles.
Thus the FAMEWAX™ column is an excellent column choice for
this and similar applications.

20min. 4020min.

Achieve baseline resolution of complex polyunsaturated FAMEs in significantly less
time using the FAMEWAX™ column as compared to other Carbowax® columns!

Call 800-356-1688 or 814-353-1300, ext. 3, or your local Restek representative to order your FAMEWAX™ column today.
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Figure 3

Black currant seed oil

30m, 0.25mm ID, 0.25µm FAMEWAX™ (cat.# 12497).
Oven temp.: 165°C (hold 30 min.) to 220°C @ 1.5°C/min.

(hold 15 min.); Inj. temp.: 225°C; Det. temp.: 230°C;
Carrier gas: Helium @ 40cm/sec.

1

1. C16:0
2. C18:0
3. C18:1 n-9
4. C18:2 n-6
5. C18:3 n-6
6. C18:3 n-3
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3

4

5
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Figure 4

Borage seed oil

30m, 0.25mm ID, 0.25µm FAMEWAX™ (cat.# 12497).
Oven temp.: 165°C (hold 30 min.) to 220°C @ 1.5°C/min.

(hold 15 min.); Inj. temp.: 225°C; Det. temp.: 230°C;
Carrier gas: Helium @ 40cm/sec.

1
1. C16:0
2. C18:0
3. C18:1 n-9
4. C18:2 n-6
5. C18:3 n-6

2

3

4
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4020min. 4020min.

Table I

Composition of Omega-3 and Omega-6 EFAs in the four oils (% area).

C16:0 C18:0 C18:1n9 C18:2n6 C18:3n6 C18:3n3

Evening Primrose Oil 6.5 1.8 8.6 73.5 8.7  n/a

Flax Seed Oil 4.9 5.2 23.7 15.2 n/a 50.1

Black Currant Seed Oil 6.7 1.6 11.3 47.1 15.3 13.1

Borage Oil 11.5 4.9 19.5 40.3 22.1 n/a
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Product Listing

Fatty Acid Methyl Ester Mixtures

Carbon No. Compound CAS# cat.#

C14:0 methyl myristate 124-10-7 35045

C14:1∆9 cis methyl myristoleate 56219-06-8 35046

C15:0 methyl pentadecanoate 7162-64-1 35047

C16:0 methyl palmitate 112-39-0 35048

C16:1∆9 cis methyl palmitoleate 1120-25-8 35049

C17:0 methyl heptadecanoate 1731-92-6 35050

C18:0 methyl stearate 112-61-8 35051

C18:1∆9 cis methyl oleate 112-62-9 35052

C18:2∆9, 12 cis methyl linoleate 112-63-0 35053

C18:3∆9,12,15 cis methyl linolenate 301-00-8 35054

C19:0 methyl nonadecanoate 1731-94-8 35055

C20:0 methyl arachidate 1120-28-1 35056

C20:1∆11 cis methyl eicosenoate 2390-09-2 35057

C20:2∆11,14 cis methyl eicosadienoate 2463-02-7 35058

C20:3∆11,14,17 cis methyl eicosatrienoate55682-88-7 35059

C20:4∆5,8,11,14 cis methyl arachidonate 2566-89-4 35060

Neat fatty acid methyl esters can be used to prepare specific
mixtures not commercially available. These products are of the
highest purity available. Each compound is packaged under a
nitrogen blanket to ensure product stability. A Certificate of
Analysis is provided with each ampul. Packaged 100mg/ampul.

High-Capacity Split Vent Trap

Each 5-pk.
20698 20699

• Reduces the release of hazardous materials into the lab when
using a split injection mode.

• Lasts one month or 1,500 injections.
• Connecting lines and mounting kit included.

Thermolite ® Septa (green)

Septum Diameter 25-pk. 50-pk. 100-pk.

9.5mm (3/8") 20359 20360 20361

10mm 20378 20379 20380

11mm (7/16") 20363 20364 20365

Shimadzu Plug 20372 20373 20374

• Lowest bleed on FIDs, ECDs, and MSDs.
• Excellent puncturability.
• Preconditioned/ready to use.
• Does not adhere to hot metal surfaces.
• Usable to 340°C inlet temperatures.
• Packaged in non-contaminating tins.

FAMEWAX™ Columns

ID df (µm) Stable to 30m

0.25mm 0.25 250°C 12497

0.32mm 0.25 250°C 12498

0.53mm 0.50 250°C 12499

• Ideal for FAME analysis.
• Similar to Omegawax™ columns.

Autosampler Syringe 6-Packs for HP 7673 GCs

Volume Needle Gauge Hamilton SGE
(µL) Term. Restek cat.# Restek cat.#

5 ASN/F 23s 20170 24783

5 ASN/F 26s 21230 24782

5 ASN/F 23s-26s 24594 21214

10 ASN/F 23s 20169 24787

10 ASN/F 26s 24599 24786

10 ASN/F 23s-26s 24600 21215

• Hamilton and SGE syringes are designed and tested to meet
critical autosampler specifications.

• Needle point styles are developed to withstand multiple, fast
septum injections.
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The Rtx ®-5Sil MS Column Provides the Best Resolution for Gasoline Range
Organic (GRO) Compounds Listed in Alaska Method AK101AA

Figure 1

The Rtx®-5Sil MS column resolves the alkyl benzenes and
all the branched aromatic compounds listed in the Alaska

GRO Method AK101AA providing more accurate
identification and quantitation.

The Alaska Department of Environmental Conservation (ADEC)
developed a new technique for the gas chromatographic (GC)
analysis of gasoline range organic (GRO) compounds in soil,
water, and waste water—Method AK101AA. This method
quantitates aromatic and aliphatic compounds from C6 (hexane)
to C10 (decane), and is capable of a higher level of accuracy over
existing GRO methods. Restek’s Rtx®-5Sil MS column is ideal
for the analysis of GRO compounds, and specifically meets the
requirements of Method AK101AA.

The key difference between AK101AA and other GRO methods
that use photoionization detection/flame ionization detection
(PID/FID) for differentiation of aliphatic and aromatic com-
pounds, is that AK101AA uses the C9 alkyl benzenes (e.g.,
methyl ethylbenzenes) as target compounds in the calibration
mixture. Using specific compound identification reduces error
over other GRO methods that rely only on PID ranges for the
determination of aromatic compounds. This can help determine
the difference between highly degraded gasoline and light
components of diesel fuels, such as kerosene and arctic fuel.

Method AK101AA prevents a high bias in reporting of aromatic
compounds when they are in the presence of alkenes and
alkynes. These are straight-chain unsaturated compounds that
can give a false positive on the PID. Because all gasoline
compounds respond on the FID, the total quantitation of gasoline
is achieved with this detector, and the identification of single
compounds are performed with the more selective PID detector.
Method AK101AA also disregards analytes eluting before C6
because these pentanes and oxygenates have similar retention
and are poorly resolved.

1. hexane
2. benzene
3. α,α,α-trifluorotoluene (ss)
4. toluene
5. ethylbenzene
6. m-xylene
7. p-xylene
8. o-xylene
9. isopropylbenzene

40m, 0.45mm ID, 1.50µm Rtx®-5Sil MS (cat.# 12798). Injection of
4-bromofluorobenzene (cat.# 30026); α,α,α-trifluorotoluene

(cat.# 30048), decane, hexane, and Alaska aliphatic/aromatic GRO mix
(cat.# 30461). GC: Finnigan 9001; Column flow: 9mL/min.; Concen-
trator:  Tekmar LSC-3000 Purge & Trap, BTEX trap; Interface: direct
with Siltek™ transfer line; Oven temp.: 40°C (hold 2 min.) to 85°C @

4°C/min. (hold 1 min.) to 225°C @ 40°C/min. (hold 2 min.);
Det.: FID (280°C)/PID (200°C); Make-up flow rate: 15mL/min.

10. 4-bromo-fluorobenzene (ss)
11. n-propylbenzene
12. 1-ethyl-3-methylbenzene
13. 1-ethyl-4-methylbenzene
14. 1,3,5-trimethylbenzene
15. 1-ethyl-2-methylbenzene
16. 1,2,4-trimethylbenzene
17. decane
18. 1,2,3-trimethylbenzene

min.  2 4 6 8 10 12 14 16

Peak List and Conditions for Figure 1
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Peak List and Conditions for Figure 2

Figure 2

Comparing patterns and elution can help determine un-
weathered gasoline, kerosene, and diesel fuel.

1. hexane
2. benzene
3. α,α,α-trifluorotoluene (ss)
4. toluene
5. ethylbenzene
6. m-xylene
7. p-xylene
8. o-xylene
9. isopropylbenzene

40m, 0.45mm ID, 1.50µm Rtx®-5Sil MS (cat.# 12798).
Injections of gasoline, kerosene, and diesel.

Column flow: 9mL/min.; Concentrator: Tekmar LSC-3000 Purge &
Trap, BTEX trap; Interface: direct with Siltek™ transfer line; Oven

temp.: 40°C (hold 2 min.) to 85°C @ 4°C/min. (hold 1 min.) to
225°C @ 40°C/min. (hold 2 min.); Det.: GC/MS TIC.

The Rtx®-5Sil MS column is capable of resolving all 13 aromatic
compounds listed in the method. Columns commonly used for
GRO analysis, such as the Rtx®-5 and Rtx®-502.2 columns,
cannot adequately resolve the C9 alkyl benzenes. The Rtx®-5Sil
MS phase design, column dimensions, and suggested GC
conditions are optimized to provide the best possible resolution
of the alkyl benzenes and all the branched aromatics listed in the
Alaska method (Figure 1). Additionally, the 40m length and a
0.45mm internal diameter (ID) results in faster GC run-times,
reduced cost, and lower column bleed. Bleed levels are excep-
tionally low even at temperatures up to 300°C.

The FID chromatogram in Figure 1 shows the elution of the
AK101AA target compounds with the addition of two surrogates
and two window markers—α,α,α-trifluorotoluene and
4-bromofluorobenzene, and C6 and C10 , respectively. Two of
the eight aromatic C9 compounds—1,2,4-trimethylbenzene and
1,2,3-trimethylbenzene—have longer retention times on the
Rtx®-5Sil MS column than the C10 marker, thus these two
analytes elute after decane. All the C9 aromatic compounds are
included for analyte quantitation on the PID, whereas the FID
uses the total gasoline range quantitation, which ends with C10.

Unweathered gasoline, kerosene, and diesel fuel were analyzed
under the same conditions to illustrate the differences in their
patterns and elution (Figure 2). These three different fractions of
petroleum were analyzed using GC/mass spectrometry (MS),
with the C9 aromatic compounds labeled. The distribution and
concentration of the C9 aromatics is different depending on the
following: degree of weathering, type of fuel, and source of the
petroleum. It is important to run both weathered and unweath-
ered fuels using PID/FID and your conditions to assist in
determining the types of petroleum and degrees of weathering.

Figure 3 shows examples of the C9 aromatic compounds found
in gasoline and kerosene, analyzed using GC/MS in selected ion
monitoring (SIM) mode and scanning for M/Z 120. These alkyl-
benzenes are the only compounds that share ions 105 and 120 in
this region of the chromatogram. Concentrations of C9 com-
pounds found in kerosene and gasoline differ by an order of
magnitude; therefore, the standards were made in two different
concentrations to produce a similar signal intensity on the MS
system. The area of each C9 aromatic hydrocarbon was com-
pared relative to the total area of all eight of these compounds in

10. 4-bromo-fluorobenzene (ss)
11. n-propylbenzene
12. 1-ethyl-3-methylbenzene
13. 1-ethyl-4-methylbenzene
14. 1,3,5-trimethylbenzene
15. 1-ethyl-2-methylbenzene
16. 1,2,4-trimethylbenzene
17. decane
18. 1,2,3-trimethylbenzene

Unweathered gasoline
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Peak List and Conditions for Figure 3

Figure 3

Distribution of C9 for varying types of petroleum are
different, which can aid in fuel identification and

quantitation.

Kerosene

1. hexane
2. benzene
3. α,α,α-trifluorotoluene (ss)
4. toluene
5. ethylbenzene
6. m-xylene
7. p-xylene
8. o-xylene
9. isopropylbenzene

Gasoline

40m, 0.45mm ID, 1.50µm Rtx®-5Sil MS (cat.# 12798).
Injections of gasoline and kerosene. Column flow: 9mL/min.;
Concentrator: Tekmar LSC-3000 Purge & Trap, BTEX trap;
Interface: direct with Siltek™ transfer line; Oven temp.: 40°C

(hold 2 min.) to 85°C @ 4°C/min. (hold 1 min.) to 225°C @ 40°C/min.
(hold 2 min.); Det.: GC/MS SIM mode for ion 120 only.

10. 4-bromo-fluorobenzene (ss)
11. n-propylbenzene
12. 1-ethyl-3-methylbenzene
13. 1-ethyl-4-methylbenzene
14. 1,3,5-trimethylbenzene
15. 1-ethyl-2-methylbenzene
16. 1,2,4-trimethylbenzene
17. decane
18. 1,2,3-trimethylbenzene
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each chromatogram. 1-ethyl-2-methylbenzene and 1,2,3-
trimethylbenzene distributions are different for gasoline and
kerosene using our standards. Other slight differences were noted
between 1-ethyl-3-methylbenzene and 1,3,5-trimethylbenzene
requiring separation of the ethyl-methylbenzene isomers. It is
important to stress that results may vary due to different fuel
sources and the degree of weathering; the point is that the
distribution of C9 for varying types of petroleum are different,
and these differences can aid in fuel identification and
quantitation.

The standards for Method AK101AA consist of a mixture of 13
aromatic compounds. Restek offers this mixture complete with
quality assurance (QA) documentation and a Certificate of
Analysis, which can be used for audits as well as for internal QA
needs. Our Alaska GRO standards are made in the correct
concentrations, ensuring accurate identification and quantitation
of environmental samples.

Use of the Rtx®-5Sil MS column and the analytical method
outlined in Method AK101AA will achieve the best possible
resolution of the alkyl benzenes and all the listed branched
aromatics.

formoreinfo
Request the Rtx®-5Sil MS Capillary Columns flyer

(lit. cat.# 59204).
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Restek Trademarks: Rtx, Siltek.

Product Listing

Rtx ®-5Sil MS Columns

ID df (µm) Stable to 30m 40m 60m

0.45mm 1.50 300/320°C — 12798 —

Siltek ™ Guard Columns

nominal ID nominal OD 5-meter 10-meter

0.25mm 0.37 + 0.04mm 10026 10036

0.32mm 0.45 + 0.04mm 10027 10037

0.53mm 0.69 + 0.04mm 10028 10038

Alaska UST Method AK101AA

benzene toluene
ethylbenzene 1,2,3-trimethylbenzene
1-ethyl-2-methylbenzene 1,2,4-trimethylbenzene
1-ethyl-3-methylbenzene 1,3,5-trimethylbenzene
1-ethyl-4-methylbenzene o-xylene
isopropylbenzene m-xylene
n-propylbenzene p-xylene

1,000µg/mL ea. in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30461 30461-510
w/data pack 30461-500 30461-520 30561

4-bromofluorobenzene

2,000µg/mL in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30026 30026-510
w/data pack 30026-500 30026-520 30126

10,000µg/mL in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30082 30082-510
w/data pack 30082-500 30082-520 30182

ααααα,ααααα,ααααα-trifluorotoluene

2,000µg/mL in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30048 30048-510
w/data pack 30048-500 30048-520 30148

10,000µg/mL in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30083 30083-510
w/data pack 30083-500 30083-520 30183

WA VPH Marker Standard

decane (C10) octane (C8)
dodecane (C12) pentane (C5)
hexane (C6) toluene
1-methylnaphthalene 1,2,3-trimethylbenzene
naphthalene

1,000µg/mL ea. in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30450 30450-510
w/data pack 30450-500 30450-520 30550

WA VPH Standard

benzene octane (C8)
decane (C10) pentane (C5)
dodecane (C12) toluene
ethylbenzene 1,2,3-trimethylbenzene
hexane (C6) m-xylene
1-methylnaphthalene o-xylene
methyl-tert-butyl ether p-xylene
naphthalene

1,000µg/mL ea. in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30451 30451-510
w/data pack 30451-500 30451-520 30551

Suitable for Matrix Spikes and Laboratory
Control Samples

Unleaded Gasoline Composite

From samples of regular- and premium-grade unleaded gasoline
from three sources, blended to form a composite sample.

2,500µg/mL ea. in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30081 30081-510
w/data pack 30081-500 30081-520 30181

50,000µg/mL ea. in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30205 30205-510
w/data pack 30205-500 30205-520 30305

50,000µg/mL ea. in P&T methanol, 5mL/ampul.
each 5-pack 10-pack

30206 30206-510
w/data pack 30206-500 30206-520 30306
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Excellent LC/MS Separation of Penicillins and Cephalosporins Using
Ultra IBD Columns

Antibiotics are the most widely used medications in the
world. Whether by prescription, addition to animal feed
stocks, or use of cleaning agents, everyone in the civilized
world is either directly or indirectly exposed to antibiotics
in daily life. The overuse of antibiotics, however, has
allowed resistant bacteria to thrive. The death of 12,500
people in Guatemala from an episode of Shingella fever can
be traced to a simple mutation of the bacterial strain.
Research indicated that the bacterium incorporated a single
plasmid into its RNA sequence and resultantly became
resistant to four different antibiotics. This illustrates the
danger of resistance caused by adaptation. To combat
resistant bacteria, new antibiotic derivatives must be created
to overcome the bacteria’s new defense mechanisms.
Typically, HPLC columns can be used to analyze penicillins
and their structurally related cephalosporins. However, the
similarity of many derivatives may require additional
interactions to effectively separate related compounds.
Restek’s Ultra IBD column is better able to resolve these
compounds using polar and hydrophobic interactions.

Background
Penicillins and cephalosporins represent nearly sixty percent
of antibiotics worldwide. These antibiotics possess a sulfur

Figure 1

Ultra IBD separates penicillin V from other fermentation impurities.

LC_0096

atom within a five- or six-membered ring, attached to a four-
member ß-lactam ring. They are produced by fermentation
processes using either selected fungi or species of Strepto-
myces bacteria. Derivatives are produced in two fashions:

1. Biosynthetic process—The fungus or bacteria are
genetically engineered to produce a new derivative, or the
starting materials are altered to produce biosynthetic
variants during fermentation.

2. Semi-synthetic processes—The materials from a biosyn-
thetic process are converted to chemical derivatives.
Penicillin derivatives are created from penicillin G or V,
while cephalosporin derivatives are created from cepha-
losporin C or cephamycin C.

Unfortunately, biosynthetic fermentation does not produce
a “pure” antibiotic. Even after cleanup of the fermentation
mash, some side reaction products will remain. Many of
these side products are closely related to the primary analyte
(Figure 1). Desired products, however, are created in the
semi-synthetic process. Penicillin V is converted to
amoxicillin through chemical intermediates and varies only
slightly in structure (Figure 2). Similar reactions also occur
during production of cephalosporin derivatives. The loss of

Peak List:
1. unknown
2. unknown
3. unknown
4. penicillin V

Sample:
Inj.: 2.5µL
Conc.: 1.2mg/mL
Solvent: acetonitrile:water (10:90, v/v)

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 10mM ammonium

formate, pH 2.5:
acetonitrile (60:40, v/v)

Flow: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm
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Figure 2

Ultra IBD shows excellent peak shape for amoxicillin.

Figure 3

Ultra IBD shows great separation between cephalexin and cephradine, which differ only by a hydride ion.

1

2

0 2 4 6 8 10 min.

a hydride ion to create a phenyl ring is the only structural
difference between cephradine and its side product cephal-
exin (Figure 3). Semi-synthetic processes are used to create
derivatives like cephaloridine.

Unfortunately, many penicillins and cephalosporins are acid
labile so that liquid chromatographic (LC) analysis of these
molecules only should be performed if the sample is dis-
solved in a neutral media. Furthermore, if analysis time on
the column is prolonged, breakdown of the analytes may
occur in situ with a mobile phase that is not at a neutral pH.
When measuring trace quantities of the analytes, especially
by LC/mass spectrometry (MS), maintaining physiological

pH near 7.4 may become important for stability and accurate
quantitation.

Discussion of Analysis
The Restek Ultra IBD phase provides greater versatility
for the LC/MS analysis of penicillins and cephalosporins
compared to a C18 column. The Ultra IBD column is
capable of providing retention for cephaloridine in reverse
phase mode with up to 45% organic solvent in the mobile
phase. A conventional C18 column loses all retention near
35% organic solvent. Unlike a C18 column, the IBD is
capable of polar interactions in a normal phase mode with
analytes that possess charged functional groups. The ability

LC_0095

LC_0094

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 10mM ammonium

formate, pH 2.5:
acetonitrile (90:10, v/v)

Flow: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm

Peak List:
1. cephalexin
2. cephradine

Sample:
Inj.: 10µL
Conc.: 500µg/mL
Solvent: acetonitrile:water

(10:90, v/v)

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 10mM ammonium formate,

pH 2.5:acetonitrile (95:5, v/v)
Flow: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm

Peak List:
1. amoxicillin

Sample:
Inj.: 5µL
Conc.: 1.5mg/mL
Solvent: acetonitrile:water

(10:90, v/v)
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Figure 4

Ultra IBD allows increased LC/MS sensitivity of cephaloridine in normal phase mode.
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to retain a compound such as cephaloridine in normal
phase mode using levels of organic solvents above 50%
in the mobile phase, will allow increased sensitivity by
LC/MS (Figure 4).

The IBD column also provides other chromatographic
benefits. The excellent peak shape for cephaloridine in both
the reverse and normal phase modes (Figure 5) increases
sensitivity and improves quantitation. Furthermore, the
retention of cephalosporin and cephaloridine is essentially
unaffected by the pH. This allows full control in the pH
range of 2 to 8 for optimum stabilization of the cephalospor-
ins and penicillins during analysis, provided hydrolysis is

not an issue. The IBD column has a unique blend of hydro-
phobic and polar character for better resolution of closely
related compounds.

Conclusion
Closely related compounds such as penicillins and cepha-
losporins may require more than one type of interaction for
optimum resolution of closely related components. The
Restek IBD phase provides those interactions using only
simple mobile phases. The excellent peak shape, resolution
enhancement, and wide pH make it the ideal choice for the
analysis of penicillin- and cephalosporin-based antibiotics
by HPLC or LC/MS.

Figure 5

Ultra IBD shows excellent peak shape for cephaloridine in both normal and reverse phase modes.

1

0 1 2 3 4 5 6 7 8 9 min. LC_0101 & LC_0102

2
Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Normal Phase:
Mobile Phase: acetonitrile: pH 4.0 20mM

ammonium phosphate (80:20, v/v)
Reverse Phase:
Mobile Phase: acetonitrile: pH 4.0 20mM

ammonium phosphate (20:80, v/v)

Flow: 1.2mL/min.
Temp.: 27°C
Det.: UV @ 254nm

Peak List:
1. cephaloridine reverse phase
2. cephaloridine normal phase

Sample:
Inj.: 5µL
Conc.: 1mg/mL
Solvent: acetonitrile:water (50:50)

Peak List:
1. cephaloridine

Sample:
Inj.: 5µL
Conc.: 5µg/mL
Solvent: Mobile Phase

Column: Ultra IBD
Catalog #: 9175552
Dimensions: 50 x 2.1mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 5mM ammonium

acetate pH 7.4:
acetonitrile (20:80)

Flow: 0.2mL/min.
Temp.: ambient
Det.: PE/Sciex API 150 EX
Interface: Turbo Ion Spray
Ion Mode: Positive
Nebulizer: 8L/hour
Curtain Gas: 12L/Hour
Ion Spray Voltage: 4700.0v
Temp.: 350°C
Orifice: + 10.0v
Ring: + 25.0v
SIM monitoring: 416 ± 3dal.
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Ultra IBD, 3µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

3µm cat.# cat.# cat.# cat.#

30mm length 9175331 9175332 9175333 9175335

50mm length 9175351 9175352 9175353 9175355

100mm length 9175311 9175312 9175313 9175315

150mm length 9175361 9175362 9175363 9175365

Ultra IBD, 3µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID

3µm cat.# cat.# cat.#

30mm length 9175332-700 9175333-700 9175335-700

50mm length 9175352-700 9175353-700 9175355-700

100mm length 9175312-700 9175313-700 9175315-700

150mm length 9175362-700 9175363-700 9175365-700

Ultra IBD, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.# cat.#

30mm length 9175531 9175532 9175533 9175535

50mm length 9175551 9175552 9175553 9175555

100mm length 9175511 9175512 9175513 9175515

150mm length 9175561 9175562 9175563 9175565

200mm length 9175521 9175522 9175523 9175525

250mm length 9175571 9175572 9175573 9175575

Ultra IBD, 5µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.#

30mm length 9175532-700 9175533-700 9175535-700

50mm length 9175552-700 9175553-700 9175555-700

100mm length 9175512-700 9175513-700 9175515-700

150mm length 9175562-700 9175563-700 9175565-700

200mm length 9175522-700 9175523-700 9175525-700

250mm length 9175572-700 9175573-700 9175575-700

Ultra IBD Guard Cartridges
Dimensions cat.# qty.

10 x 2.1mm 917550212 3

10 x 4.0mm 917550210 3

20 x 4.0mm 917550220 2
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The Institute for Nutraceutical Advancement (INA) Validates GC Methods for
Saw Palmetto Using Rtx ®-5 and Stabilwax ® Columns

History of the INA Methods Validation Program

Consumer demand for natural products and dietary supplements
has grown exponentially, with increasing amounts of botanical
materials being used in the manufacture of a large variety of
products.As the supplies and number of suppliers multiply, the
consistency of raw materials has become an issue for virtually
every major player in the natural products industry. Even
companies with conscientious and responsible quality control
procedures have found it difficult to ensure consistency in their
products due to the lack of any published standards for analysis.

These issues, along with other science and market-based factors,
led 29 companies to come together in an international effort to
validate and make available analytical methods that will meet the
demand for global consistency in the testing of botanicals.

The effort is called the Methods Validation Program, or MVP,
and it is the first project for the newly formed Institute for
Nutraceutical Advancement (INA). INA is a non-corporate
division of Denver-based Industrial Laboratories, an independent
laboratory that provides analytical and consulting services to the
natural products industry.

The INA MVP is being developed under the direction of a broad
range of representatives from within the natural products
industry, including suppliers, manufacturers, retailers, marketing
companies, a grower and an independent laboratory. Companies
from both the United States and Europe are represented. In
addition, ten major natural products organizations, including the
Food and Drug Administration (FDA), have accepted seats on
the INA MVP Advisory Committee as a way of ensuring that the
process is inclusive. (Additional information is available at
http://www.nutraceuticalinstitute.com/whoweare.)

All currently validated methods from the INA can be viewed at
their website: http://www.nutraceuticalinstitute.com/methods.
Although many use high performance liquid chromatography
(HPLC), two methods involve gas chromatography (GC) for the
analysis of fatty acids and sterols in saw palmetto. This fruit
contains several principles thought to have physiological activity,
including fatty acids such as caproic, capric, lauric, myristic,
oleic, palmitic, stearic, and 1 to 2% essential oils. Furthermore,
saw palmetto contains phytosterols and high molecular weight
polysaccharides such as ß-sitosterol, ß-sitosterol 3-O-ß-D-
glucoside, campesterol, stigmasterol. Purified ethanolic or CO

2

extracts of saw palmetto usually contain 70 to 80% free fatty
acids. The fatty acids present are in several forms: free fatty

acids, fatty acid esters of the fatty alcohols, and fatty acid esters
of the phytosterols. This oil is commonly blended with excipi-
ents to form a dry powder at 30% free fatty acids concentration.

Determination of Fatty Acids in Serenoa Repens
(Saw Palmetto or Sabel) by GC

This assay can be used to determine fatty acid distribution in saw
palmetto fruit, oil extract, and blended powders. Determination is
performed using GC, after transesterification of the triglycerides
into the methyl esters occurs. For more specific information on
the method itself and all procedures involved, please refer to
http://www.nsfina.org/methods/sterolsset.html

The fatty acids from saw palmetto are separated in Figure 1,
which was obtained using a Restek Stabilwax® column and a
Shimadzu GC-14A GC, with split injection and a flame ioniza-
tion detector (FID). The Stabilwax® column offers the necessary
efficiency and selectivity to provide accurate identification of the
fatty acids (as methyl esters).

Figure 1

The Stabilwax® column offers the necessary efficiency and
selectivity to provide accurate identification of the fatty

acids (as methyl esters).

50m, 0.25mm ID, 0.25µm Stabilwax® (cat.# 10626-105). 1µL split
injection. Oven temp.: 110°C (hold 1 min.) to 240°C @ 8°C/min.

(hold 25 min.); Inj./FID temp.: 230°C/250°C; Carrier gas: Hydrogen
@ 2.5mL/min.; Split flow:  37.5mL/min.; Septum purge: 3mL/min.

20min. 10 30

87

10

6 9
11
121 2 3 4 5

1. caproic acid
2. caprylic acid
3. pelargonic acid
4. capric acid
5. lauric acid
6. myristic acid
7. palmitic acid
8. margaric acid
9. stearic acid

10. oleic acid
11. linoleic acid
12. linolenic acid
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Restek Trademarks: Cyclosplitter, Rtx, Stabilwax.

Product Listing

Stabilwax ® Columns

ID df (µm) Stable to 50m

0.25mm 0.25 250°C 10626-105

1. cholesterol
2. brassicasterol
3. campesterol
4. stigmasterol
5. β-sitosterol

Figure 2

The Rtx®-5 column has the thermal stability to provide
elution and accurate quantitation of the phytosterols,

even up to 340°C.

Determination of Sterols in Serenoa Repens
(Saw Palmetto or Sabel) by GC

This assay can be used to determine stigmasterol, campesterol,
brassicasterol, and ß-sitosterol in saw palmetto fruit, oil extract,
and blended powders. Determination is performed using GC
after hydrolysis, saponification, and derivatization. For more
specific information on the method itself and all procedures
involved, please refer to http://www.nutraceuticalinstitute.com/
methods/sterols.html

The sterols from saw palmetto are shown in Figure 2, which was
obtained by using a Restek Rtx®-5 column and a Hewlett
Packard 5890 Series II GC equipped with an FID and an
autosampler. The Restek Rtx®-5 column contains a 5% diphenyl/
95% dimethyl polysiloxane phase, and has the thermal stability
to provide elution and accurate quantitation of the phytosterols,
even up to 340°C.

Special thanks to Dr. Mark Lange, Director, and to
Kathryn Bass, Marketing Director, of MVP for

allowing us to print this material. Much of this text
has been directly downloaded from the INA website.

60m, 0.25mm ID, 0.25µm Rtx®-5 (cat.# 10226). 1µL splitless injection*.
Oven temp.: 200°C (hold 1 min.) to 340°C @ 15°C/min. (hold 10 min.);

Inj./FID temp.: 345°C/355°C.
*Split injection may be used. A split flow of 112mL/min. is suggested. However, split

injection may result in higher variability of results.

Rtx ®-5 Columns

ID df (µm) Stable to 60m

0.25mm 0.25 360°C 10226

1

2

3

4

5

155min. 10

For more information on Restek’s Stabilwax® and Rtx®-5 GC columns, please request our informative
Fast Facts Flyers (Lit. cat.# 59316 for Stabilwax® and Lit. cat.# 59310 for Rtx®-5).

Inlet Sleeves for HP GCs

Description ID/OD/Length ea. 5-pk. 25-pk.

2mm Splitless 2.0/6.5/78.5mm 20712 20713 20714

4mm Splitless 4.0/6.5/78.5mm 20772 20773 20774

Inlet Sleeves for Shimadzu GCs

Description ID/OD/Length ea. 5-pk. 25-pk.

99mm Split 3.5/5.0/99mm 20860 20861 20862

Cyclosplitter® 3.5/5.0/99mm 20870 20871 —
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Analyze Nucleotides, Nucleosides, Purine, and Pyrimidine Bases
Simultaneously with the Ultra IBD Column

Mixtures of nucleotides, nucleosides, and their respective
purine or pyrimidine bases are difficult to analyze by reversed
phase/high performance liquid chromatography (RP/HPLC).
These compounds cover a wide range of polarities and
functionalities, from the acidic nucleotides to the basic
purines and pyrimidines, making it very difficult to retain and
resolve all of them with conventional alkyl stationary phases.
Traditional HPLC analysis of these compounds often uses a
combination of reversed phase-ion pairing (RP-IP) and/or ion
exchange (IEX) mode. Nucleotides often are analyzed by
anion exchange, while nucleosides sometimes are analyzed
by cation exchange. These methods are not compatible with
all the solutes in the mixtures and they lack ruggedness.

This Applications Note demonstrates that all three classes of
compounds (nucleotides, nucleosides, and bases) can be
analyzed by RP/HPLC using one column and the same,

simple isocratic mobile phase. This provides greater
convenience, reproducibility, and ruggedness in developing
methods for these mixtures. By using a unique, intrinsically
base-deactivated stationary phase (i.e., the Ultra IBD
column), simple RP/HPLC conditions were identified that
can resolve any common purine or pyrimidine base from its
related ribonucleoside and mono-, di-, and triphosphate
nucleotides.

Nucleotides and nucleosides are derived from the nitrog-
enous bases shown in Figure 1. These nitrogenous bases are
either purines (adenine and guanine) or pyrimidines
(cytosine, uracil, and thymine). A nucleoside consists of a
purine or pyrimidine base linked to a five-carbon sugar
(pentose). A nucleotide is composed of a nucleoside plus
one or more phosphate groups. Figure 2 shows the structures
of a nucleoside and three nucleotides derived from adenine.

Figure 1

Nitrogenous purine and pyrimidine bases form nucleotides and nucleosides

Figure 2

A nucleoside and three nucleotides derived from adenine

adenine guanine cytosine uracil thymine

adenosine 5'-AMP 5'-ADP 5'-ATP



Peak List: Conc. (µg/mL):
1. GTP 212
2. GDP 260
3. GMP 362
4. guanine 80
5. guanosine 226

Sample:
Inj.: 20µL
Solvent: 20mM ammonium

acetate, pH 5.8

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

Figure 3

Ultra IBD separates adenine, adenosine, ATP, ADP, and AMP with simple isocratic reverse phase conditions.

Figure 4

Ultra IBD separates guanine, guanosine, GTP, GDP, and GMP with simple isocratic reverse phase conditions.

1

2

LC_0129

LC_0131

Adenosine is a ribonucleoside (adenine + ribose). ATP is a
particularly important nucleotide, serving as a universal
source of energy for biological processes.

The Ultra IBD column is particularly effective for retaining
and resolving complex mixtures of nucleotides, nucleosides,
and purine and pyrimidine bases. The unique Ultra IBD
stationary phase is composed of a polar group within, or
intrinsic to, an alkyl chain. The polar group gives extra

retention for many polar analytes as well as unique selectiv-
ity, a very high level of base deactivation, and compatibility
with highly aqueous mobile phases. The Ultra IBD column is
ideal for LC/MS because it often can resolve acidic, basic,
zwitterionic and/or neutral compounds in a single analysis
using simple mobile phases.

Figures 3 through 7 each show separations of one of the
major purines or pyrimidines from its respective ribonucleo-

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 5.8:
methanol (97.5:2.5)

Flow: 1.0mL/min
Temp.: 35°C
Det.: UV @ 260nm

Peak List: Conc. (µg/mL):
1. ATP 258
2. ADP 320
3. AMP 274
4. adenine 84
5. adenosine 254

Sample:
Inj.: 20µL
Solvent: 20mM ammonium

acetate, pH 5.8 1

2

3

4

5

0 2 4 6 8 10 12 14 16 18 min.

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 5.8:
methanol (97.5:2.5)

Flow: 1.0mL/min
Temp.: 35°C
Det.: UV @ 260nm

0 2.5 5 7.5 10 min.

3

4

5



Figure 5

Ultra IBD separates cytosine, cytidine, CTP, CDP, and CMP with simple isocratic reverse phase conditions.

1

LC_0130
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Figure 6

Ultra IBD separates thymine, thymidine, TTP, TDP, TMP with simple isocratic reverse phase conditions.

LC_0132

side and mono-, di-, and triphosphate nucleotide. Guanosine,
uridine, cytidine, and thymidine are ribonucleosides derived
from guanine, uracil, cytosine, and thymine, respectively.
Note that each of these separations was achieved using the
same conditions and that, in each case, the order of elution is
the same: the triphosphate, the diphosphate, then the
monophosphate nucleotide, followed by the base, and lastly
the nucleoside. There are slight “shoulders” on the peaks for
GDP (Figure 4), TTP (Figure 6), and UMP (Figure 7). These

compounds were present in the standards and were presumed
to be impurities or degradation products.

Table 1 lists the typical retention times obtained for all 25 of
the compounds separated in Figures 3–7. While not all 25
compounds can be resolved in a single HPLC analysis, it is
possible to analyze all of them using these chromatographic
conditions and MS or MS/MS detection. Note that the
mobile phase is compatible with MS detection, as all of its

0 2 4 min.

Peak List: Conc. (µg/mL):
1. CTP 248
2. CDP 322
3. CMP 248
4. cytosine 100
5. cytidine 340

Sample:
Inj.: 20µL
Solvent: 20mM ammonium

acetate, pH 5.8

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 5.8:
methanol (97.5:2.5)

Flow: 1.0mL/min
Temp.: 35°C
Det.: UV @ 260nm

2

3

4

5

Peak List: Conc. (µg/mL):
1. TTP 224
2. TDP 152
3. TMP 346
4. thymine 88
5. thymidine 318

Sample:
Inj.: 20µL
Solvent: 20mM ammonium

acetate, pH 5.8

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 5.8:
methanol (97.5:2.5)

Flow: 1.0mL/min
Temp.: 35°C
Det.: UV @ 260nm

1

2

0 2 4 6 8 10 min.
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Figure 8

Ultra IBD separates an 11-component mixture of nucleotides, nucleosides, and nitrogenous bases.

Figure 7

Ultra IBD separates uracil, uridine, UTP, UDP, UMP with simple isocratic reverse phase conditions.

1

LC_0133

LC_0128

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

components are volatile. Figure 8 shows that the Ultra IBD
column can resolve a mixture of 11 various nucleotides,
nucleosides, and bases using ultraviolet (UV) detection.

The unique stationary phase of the Ultra IBD column can
retain and resolve mixtures of nucleotides, nucleosides, and
purine and pyrimidine bases by RP/HPLC, using isocratic

Peak List: Conc. (µg/mL):
1. UTP 360
2. UDP 360
3. UMP 284
4. uracil 90
5. uridine 230

Sample:
Inj.: 20µL
Solvent: 20mM ammonium

acetate, pH 5.8

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 5.8:
methanol (97.5:2.5)

Flow: 1.0mL/min
Temp.: 35°C
Det.: UV @ 260nm

0 2 4 6 min.

2

3

4
5

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 5.8:
methanol (97.5:2.5)

Flow: 1.0mL/min
Temp.: 35°C
Det.: UV @ 260nm

Peak List: Conc. (µg/mL):
1. CDP 146
2. CMP 113
3. ATP 117
4. ADP 145
5. cytidine 155
6. TMP 157
7. AMP 125
8. guanine 36
9. guanosine 103

10. adenine 38
11. adenosine 115

Sample:
Inj.: 20µL
Solvent: 20mM ammonium

acetate, pH 5.8

elution with a simple, volatile mobile phase. A single set of
chromatographic conditions can resolve any of the common
purine or pyrimidine bases from its respective ribonucleoside
and mono-, di-, and triphosphate nucleotides.



Table 1

Typical retention times for common nucleotides, nucleosides, and purine and pyrimidine bases.

Compound Retention Time1 (min.)
CTP 1.5

UTP 1.5

CDP 1.6

UDP 1.6

GTP 1.7

TTP 1.8

CMP 1.9

GDP 1.9

UMP 2.0

TDP 2.2

ATP 2.3

GMP 2.6

Cytosine 2.6

ADP 2.7

Uracil 2.7

Cytidine 3.1

TMP 3.3

Uridine 3.6

AMP 4.2

Guanine 4.6

Thymine 4.6

Guanosine 7.4

Thymidine 9.0

Adenine 9.3

Adenosine 16.2

1. Retention times are for 150x4.6mm column; Flow rate: 1.0mL/min; Mobile phase:
20mM ammonium acetate, pH 5.8: Methanol. (97.5:2.5, v/v).

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

Application Notes:

(#59511) Improved HPLC Analysis of Analgesics

(#59512) The Ultra IBD Column Allows HPLC
Separation of Polar and Non-Polar Analytes from
the Same Sample

(#59510) HPLC Stationary Phase Selection for the
Analysis of Steroids

(#59118) Allure™ PFP Propyl HPLC Column Provides
Improved LC/MS Analyses of Basic Compounds

Restek is your source for free technical literature
call 814-353-1300 or 800-356-1688, ext. 5

Fast Facts

(#59728) HPLC Mobile Phase Accessories

(#59896) Trident™ Integral HPLC Guard Column System

(#59302) HPLC and LC/MS Column Kits

(#59303) Allure™ Acidix HPLC Columns

(#59314) Trident™ Direct Guard Column System

(#59614A) Ultra IBD HPLC Columns
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Ultra IBD, 3µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

3µm cat.# cat.# cat.# cat.#

30mm length 9175331 9175332 9175333 9175335

50mm length 9175351 9175352 9175353 9175355

100mm length 9175311 9175312 9175313 9175315

150mm length 9175361 9175362 9175363 9175365

Ultra IBD, 3µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID

3µm cat.# cat.# cat.#

30mm length 9175332-700 9175333-700 9175335-700

50mm length 9175352-700 9175353-700 9175355-700

100mm length 9175312-700 9175313-700 9175315-700

150mm length 9175362-700 9175363-700 9175365-700

Ultra IBD, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.# cat.#

30mm length 9175531 9175532 9175533 9175535

50mm length 9175551 9175552 9175553 9175555

100mm length 9175511 9175512 9175513 9175515

150mm length 9175561 9175562 9175563 9175565

200mm length 9175521 9175522 9175523 9175525

250mm length 9175571 9175572 9175573 9175575

Ultra IBD, 5µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.#

30mm length 9175532-700 9175533-700 9175535-700

50mm length 9175552-700 9175553-700 9175555-700

100mm length 9175512-700 9175513-700 9175515-700

150mm length 9175562-700 9175563-700 9175565-700

200mm length 9175522-700 9175523-700 9175525-700

250mm length 9175572-700 9175573-700 9175575-700

Ultra IBD Guard Cartridges
Dimensions cat.# qty.

10 x 2.1mm 917550212 3

10 x 4.0mm 917550210 3

20 x 4.0mm 917550220 2
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CarboPrep™ SPE Cleanup of Method 8141A Organophosphorous
Pesticides and Herbicides
Organophosphorus pesticides (OPP) are widely applied in
agriculture and home use. With the decline of organochlo-
rine pesticides, OPPs have become the most widely used
class of insecticides in the US. 1 Analysis of OPPs requires
protection of prepared samples from thermal- and photo-
degradation and special detectors. In addition, the US EPA
does not recommend GPC or Florisil® cleanup techniques for
solvent-extracted samples. This makes gas chromatography
(GC) analysis of low-level, complex matrices even more
difficult. This Applications Note shows how CarboPrep™ 90
solid phase extraction (SPE) cartridges may be useful as an
alternative in the cleanup of sample extracts containing OPP.
Using Rtx®-CLPesticides columns also will help to improve
GC analysis of these insecticides.

CarboPrep™ SPE cartridges contain a nonporous, chromato-
graphic grade- graphitized carbon that is optimized for
cleanup of environmental sample extracts. Graphitized
carbon packings also have been effective in the concentra-
tion and extraction of a variety of pesticides in drinking
water samples.2 The high flow rates that can be used with this
material allow rapid extraction of 1 to 4 liters of aqueous
samples. The cartridges have a low background level,
especially suitable for pesticides. The carbon surface
provides maximum capacity with a minimum bed weight,
reducing the volume of solvent used during extraction.

Studies using spiked solvent samples show that CarboPrep™

90 SPE cartridges may be useful as an alternative in the
cleanup of OPP insecticides before nitrogen phosphorus
detection (NPD) or flame photometric detection (FPD)
analysis. Previous studies at Restek have shown excellent
performance in the recovery of organochlorine pesticides in
sample extracts.3 The same SPE cartridge and preparation
method were used to extract the OPPs as in the previous
studies (see procedure outlined in Figure 1).

Repetitive extracts show that 80% of the compounds tested
exhibited greater than 80% recovery (Table 1). The average
recovery range (n=5) was 42% for monocrotophos to 109%
for merphos. CarboPrep™ 90 SPE cartridges also were shown
to remove sample matrix interferences such as hydrocarbons
and humic substances that cause chromatographic interfer-
ence peaks and leave nonvolatile organic residue in the
injection port. For fast, quantitative recovery of OPP
compounds, CarboPrep™ 90 SPE cartridges offer a better
alternative than GPC or Florisil® SPE.
References:
1. “Recognition and Management of Pesticides Poisonings”. http://www.epa.gov/

oppfead1/safety/healthcare/handbook/handbook.htm, p.34
2. “Development of a Multiresidue Method for Analyzing Pesticide Traces in Water,”

C. Crescenzi, A. DiCorcia , E. Guerriero, R. Samperi, ES&T, 1997, 31 479-488.
3. “CarboPrep™ SPE Cleanup of Method 8081A Chlorinated Pesticides” Restek

Application Note #59110.

Table I

Recovery of OPP from Solvent Extracts Using
CarboPrep™ 90 SPE Cartridges

Analyte % recovery
avg. n=5 RSD

dichlorvos 91.6 5.8

mevinphos 90.7 8.9

ethoprop 103.1 8.7

phorate 101.7 10.2

naled 103.1 9.0

tributylphosphate (surrogate) 106.8 8.9

demeton-o 101.3 9.9

diazinon, demeton-s (coelution) 104.2 9.8

disulfoton 105.5 10.9

ronnel 101.9 10.1

merphos 109.3 8.9

chlorpyrifos 96.1 0.7

fenthion 103.6 9.8

parathion-methyl 103.1 10.1

trichloronate 101.6 14.7

tokuthion 98.8 11.1

stirofos 101.2 9.3

bolstar 98.1 7.9

fensulfothion 78.9 11.2

triphenylphosphate (surrogate) 92.9 9.1

azinphos-methyl 86.6 7.4

coumaphos 83.1 10.2

trichlorfon 55.0 12.9

thionazin 90.0 8.4

fonophos 94.6 8.1

dicrotophos 76.0 10.7

dichlorofenthion 95.3 9.1

chlorpyrifos methyl 101.8 9.9

aspon 91.9 7.9

fenitrothion 81.5 22.6

crotoxyphos 92.8 7.9

avg. n=4 RSD

TEPP, sulfotepp (coelution) 84.7 0.4

dimethoate 82.3 17.4

monocrotophos 42.4 21.7

malathion 81.8 14.7

parathion-ethyl 80.3 13.9

EPN 64.4 14.7

terbufos 93.8 9.6

dioxathion 59.3 8.4

phosphamidon 68.7 10.0

chlorfenvinphos 80.4 10.5

carbophenothion 78.8 8.2

ethion 80.5 10.5

leptophos 91.3 1.7

famphur 78.5 7.1

phosmet 83.0 6.7

azinphos-ethyl 83.0 9.3
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Figure 1

CarboPrep™ 90 SPE Cleanup for Method 8141A OPPs Provides Quantitation-Level Accuracy

Product Listing:
Description cat. #

Rtx®-CLPesticides, 30m, 0.32mm ID, 0.50µm 11139

Rtx®-OPPesticides, 30m, 0.32mm ID, 0.50µm 11239

CarboPrep™ 90 cartridge 3mL, 250mg 26091

Triphenylphosphate Standard 32281

Description cat. #

Tributylphosphate Standard 32280

OP Pesticide Calibration  Mix A 32277

OP Pesticide Calibration  Mix B 32278

Rtx®-CLPesticides - 30m, 0.32mmID, 0.50µm cat.# 11139
Oven temp: 120°C (hold 10 min.) to 250°C (hold 15 min.) @ 4°C/min.
Inj.: 220°C, split/splitless sleeve
Det.: 295°C, Agilent (HP) 5890 FPD
Carrier gas: helium
Standards: OP Pesticide Calibration Mix A cat.# 32277, OP Pesticide Calibration Mix B cat.# 32278,

OP Pesticide Mix C & D custom, Tributylphosphate surrogate standard cat.# 32280
Triphenylphosphate surrogate standard, cat.# 32281

Sample: 1.0mL hexane. Standards were spiked at 0.20µg/mL, injection volume 1µL.
Cartridge: 3mL, 250mg CarboPrep™ 90, cat.# 26091
Cartridge conditioning: Apply 3mL of hexane and pass through cartridge.
Extract clean-up: Prepare collection rack with vials, place under each cartridge. Add 1.0mL of extracted sample to cartridge and

collect all solutions passing through. Add 20mL of CH
2
Cl

2
:hexane (20:80) to cartridge and allow it to elute using

gravity feed.
Extract concentration: Solvent exchange extract to hexane. Do not allow extracts to dry completely.  Concentrate extracts to 1.0mL.

Sample is ready for analysis.

1. dichlorvos
hexamethylphosphoramide
(HMPA)

2. trichlorfon
3. mevinphos
4. demeton-o
5. thionazin
6. ethoprop
7. phorate
8. naled
9. sulfotepp

10. TEPP
11. tributylphosphate

(surrogate)
12. fonophos
13. terbufos
14. demeton-s
15. dicrotophos
16. diazinon
17. disulfoton
18. dimethoate
19. dioxathion
20. monocrotophos
21. dichlorofenthion
22. chlorpyrifos methyl
23. ronnel
24. phosphamidon isomer
25. merphos
26. chlorpyrifos
27. fenthion
28. parathion-methyl
29. aspon
30. trichloronate

31. malathion
32. fenitrothion
33. phosphamidon
34. parathion-ethyl
35. chlorfenvinphos
36. tokuthion
37. merphos oxone

(oxidation product of merphos)
38. stirofos
39. crotoxyphos
40. sulfopros
41. famphur
42. carbophenothion
43. fensulfothion
44. triphenylphosphate (surrogate)
45. leptophos
46. ethion
47. phosmet
48. EPN

tri-o-cresyl phosphate (TOCP)
49. azinphos-methyl
50. azinphos-ethyl
51. coumaphos
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Optimizing Massachusetts Volatile Petroleum Hydrocarbon GC Analysis

Total Petroleum Hydrocarbon (TPH) analysis allows the character-
ization of dozens of commercially available petroleum products,
which are the most prevalent environmental pollutants. The two
fractions of TPH—volatile gasoline range organic (GRO) com-
pounds, also called petroleum volatile organic compounds
(PVOC), and the semivolatile diesel range organic (DRO) com-
pounds—are analyzed differently depending on their boiling point
ranges.

Typical methods for the identification of gasoline use early and
late eluting compounds to determine an analytical window for
total gasoline quantitation. Then, GC analysis uses pattern recog-
nition, the specific ratio of peaks that make up a particular com-
pound, to identify a fuel. If a pattern falls within this window, it
may be reported as gasoline and quantified. Difficult matrices can
result in misidentification or poor quantitation of the sample, and
environmental degradation (i.e., weathering) further complicates
this analysis.

On January 1, 1998, the Massachusetts Department of Environ-
mental Protection (MADEP) promulgated a new method, known
as Volatile Petroleum Hydrocarbons (VPH) to better quantify
gasolines. This method identifies and evaluates PVOCs by differ-
entiating and characterizing the aromatic and aliphatic fractions of
gasoline using a photo-ionization detector (PID) and a flame ion-
ization detector (FID) in series. The data generated from this
method will aid in evaluating human health hazards that may result
from exposure to PVOCs. Other states in the US and provinces in
Canada have adopted the VPH method for use in remediation, site
characterization, and toxicity data (mixtures for other methods are
listed in the UST Product Listing, lit. cat. #59617-A).

Difficulties with the Analysis
A large proportion of VPH samples are soil. The soil is weighed in
the field and an equal amount of methanol is added at the time of
sampling. 100uL of methanol extract is added to 4.9mL of water
and then is purged. One problem with this analysis is that most
purge-and-trap concentrators were not designed to have large
amounts of methanol purged onto their absorbent beds. The
VOCARB™ 3000 and VOCARB™ 4000 traps have difficulty re-
taining n-pentane and 2-methylpentane after repeated exposure to
methanol, causing poor linearity of these compounds. We suggest
using a BTEX trap because of its non-polar properties. You will
experience a slight decrease in response for methyl-tert-butyl-
ether, but it will not compromise your detection limit.

Column Selection
All purge-and-trap methods for this analysis result in broad, early
eluting peaks. Therefore, choosing the right chromatographic
column can prevent coelutions and poor quantitation.  Many col-
umns may drastically change the quantitation of aliphatic and
aromatic compounds, or suffer from poor resolution of methanol
and methyl-tert-butyl-ether or from poor separation of pentane
and 2-methylpentane. For optimized separation of light hydrocar-
bons and light gas additives, use the Rtx®-502.2 column speci-
fied in the VPH method.

Figure 1 shows the separation of VPH compounds on an Rtx®-
502.2 column, using a PID (Figure 1A) and an FID (Figure 1B).
The first peak in the chromatogram is methanol. Notice that it is
clearly separated from the methyl-tert-butyl-ether and n-pentane.

Figure 1

To achieve optimum VPH analysis using an Rtx®-502.2 column, use PID for aromatic compounds and FID for
aliphatic compounds.

Figure 1A: PID

105m, 0.53mm ID, 3.0µm (cat.# 10910). Concentration: on-column at levels listed; Oven temp: 45°C to 90°C @ 3°C/min., to 140° @ 5°C/min.,
to 230°C @ 45°C/min. (hold 8 min.); Carrier gas: helium @ 15mL/min.; Tekmar® Model LSC 2000; Trap: BTEX; Purge: helium @ 40mL/min.

for 11 min.; Dry purge: 2 min.; Desorb preheat: 245°C; Desorb: 2 min. @ 250°C; Bake: 6 min. @ 260°C.
Chromatograms courtesy of Severn Trent Laboratories, Burlington, VT.

1. methanol
2. methyl-tert-butyl-ether (60ng)
3. benzene (20ng)
4. toluene
5. ethylbenzene (20ng)
6. p+m-xylene (40ng ea.)
7. o-xylene (40ng)
8. 1,2,4-trimethylbenzene (40ng)

1. methanol
2. n-pentane (40ng)
3. 2-methylpentane (60ng)
4. methyl-tert-butyl-ether (60ng)
5. 2,2,4-trimethylpentane (60ng)
6. benzene (20ng)
7. toluene
8. n-nonane

9. ethylbenzene (20ng)
10. p+m-xylene (40ng ea.)
11. o-xylene (40ng)
12. 1,2,4-trimethylbenzene (40ng)
13. naphthalene (40ng)
14. 2,5-dibromotoluene (ss)

9. naphthalene (40ng)
10. 2,5-dibromotoluene (ss)

Figure 1B: FID
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Product Listing

Rtx®-502.2 Columns (Fused Silica)

ID df (µm) 20m 30m 40m 60m 105m

0.18mm 1.00 40914 — 40915 —

0.25mm 1.40 — 10915 — 10916 —

0.32mm 1.80 — 10919 — 10920 10921

0.53mm 3.00 — 10908 — 10909 10910

The PID is used to identify target VPH analytes, defined as ben-
zene, toluene, ethylbenzene, m-xylene, p-xylene, o-xylene, naph-
thalene, and methyl-tert-butyl-ether. The VPH method identifies
all of the aromatic compounds after o-xylene to naphthalene. The
reason for the distinction of aromatic from aliphatic compounds
rests on current data, which suggests aromatic compounds are
more toxic.

The FID detector is used only for reporting aliphatic compounds.
This detector responds to all hydrocarbons, thereby necessitating
the subtraction of aromatic and target compounds. The latter
analytes subsequently are reported on the PID detector. There are
two aliphatic ranges: C5 to C8, which elute from n-pentane to just
before n-nonane; and C9 to C12, which elute from n-nonane to
just before naphthalene.

Analytical Reference Materials
Running MA VPH method requires calibrating 13 separate com-
pounds. These 13 compounds allow for the determination of three
groups of analytes in the sample: total gasoline, aliphatic and aro-
matic hydrocarbons, and individual target compounds. Restek of-
fers the required mixtures with a Certificate of Analysis or with
complete data packs that can be used for audits and internal qual-
ity assurance. The VPH mixtures are made in the appropriate con-
centrations for spiking, ensuring accurate identification and
quantitation of environmental samples in your laboratory. Restek
also offers high concentration mixes that can be diluted down to a
spiking concentration, useful for cost savings.

MXT®-502.2 Columns (Silcosteel®)

ID df (µm) 30m 60m 105m

0.28mm 1.60 70919 70920 70921

0.53mm 3.00 70908 70909 70910

MA VPH Standard

benzene 500µg/mL n-pentane 1000µg/mL
ethylbenzene 500 toluene 1500
isooctane 1500 1,2,4-trimethylbenzene 1000
2-methylpentane 1500 m-xylene 1000
methyl-tert-butyl-ether 1500 o-xylene 1000
naphthalene 1000 p-xylene 1000
n-nonane 1000

in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30434 30434-510
w/data pack 30434-500 30434-520 30534

MA VPH Standard w/ Surrogate

benzene 500µg/mL n-pentane 1000µg/mL
ethylbenzene 500 toluene 1500
isooctane 1500 1,2,4-trimethylbenzene 1000
2-methylpentane 1500 m-xylene 1000
methyl-tert-butyl-ether 1500 o-xylene 1000
naphthalene 1000 p-xylene 1000
n-nonane 1000 2,5-dibromotoluene* 1000

in P&T methanol, 1mL/ampul. *surrogate
each 5-pack 10-pack

30452 30452-510
w/data pack 30452-500 30452-520 30552

MA VPH Surrogate Standard

2,5-dibromotoluene

1000µg/mL in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30435 30435-510
w/data pack 30435-500 30435-520 30535

MA VPH Matrix Spike Mix w/ Surrogate

benzene n-pentane
ethylbenzene toluene
isooctane 1,2,4-trimethylbenzene
2-methylpentane m-xylene
methyl-tert-butyl-ether o-xylene
naphthalene p-xylene
n-nonane 2,5-dibromotoluene (surrogate)

2500µg/mL each in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30454 30454-510
w/data pack 30454-500 30454-520 30554

10,000µg/mL in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30453 30453-510
w/data pack 30453-500 30453-520 30553
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Analyzing Cardiac Medications by HPLC

In the United States, cardiovascular disease is the leading
cause of death. In an effort to reduce mortality from heart
disease, several classes of medications are used to decrease
high blood pressure, control arrhythmias (abnormal heart
rhythms), and treat congestive heart failure. Many of these
cardiac medications include beta antagonists, ACE inhibi-
tors, diuretics, or calcium channel blockers.

High performance liquid chromatography (HPLC) is the
preferred technique to analyze many of the compounds used
in these medications. To maximize the effectiveness of the
separation, a chromatographer should choose the column
and conditions that best allow amplification of structural
differences between matrix components, related compounds,
and analytes. Proper HPLC column selection is dictated by
the analyte and the sample matrix. In fact, selecting the
appropriate analytical column is critical when analyzing
cardiac medications because many of them contain basic

Figure 1

Ultra IBD column provides alternate selectivity, which separates impurities in a digoxin standard.

compounds, which tend to tail badly on poorly deactivated
HPLC phases. Restek’s fully end-capped Allure™ Basix, Ultra
IBD (intrinsically base deactivated), and Ultra Cyano phases
can use the basic nature of these compounds to achieve a
separation that will not suffer from the problems normally
resulting in peak tailing.

 Angiotensin Converting Enzyme (ACE) Inhibitors
Ancient Egyptians used the ACE inhibitor, digoxin, as a
poison. Ancient Romans used it as a wound dressing and
heart stimulant. It is extracted primarily from the poisonous
foxglove plant in a concentration of up to 0.4% by mass. A
commercial digoxin standard claiming 100% purity is shown
to be impure when the analysis is performed using the Ultra
IBD column. The alternate selectivity of this phase to alkyl
stationary phases results in the separation of two unknown
impurity peaks in the digoxin standard (Figure 1).

LC_0068

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile phase: water with 0.1% (v/v)

acetic acid:acetonitrile
(65:35, v/v)

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 220nm

Peak List:
1. unknown
2. unknown
3. digoxin

Sample:
Inj.: 10µL
Conc.: 1000µg/mL
Solvent: water:methanol (1:1, v/v)

0 1 2 3 4 5 6 7 8 9 min.

1 2

3
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Figure 2

The Allure™ Basix column provides retention by a normal phase mechanism.

Figure 3

The Ultra Cyano column separates four of the most common calcium channel blockers.

LC_0091

LC_0062

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile phase: 10mM ammonium

formate, pH 2.5:
acetonitrile
(20:80, v/v)

Flow: 1.2mL/min.
Temp.: 25°C
Det.: UV @ 225nm

Peak List:
1. maleate salt
2. enalapril

Sample:
Inj.: 2.5µL
Conc.: 1.1mg/mL
Solvent: methanol:water

(30:70)

Enalapril maleate, another common ACE inhibitor, can be
separated by polar interaction using the Allure™ Basix phase.
The Allure™ Basix column is able to interact with the basic
amide and amine of enalapril to provide retention by a
normal phase mechanism (Figure 2).

Calcium Channel Blockers
Verapamil, diltiazem, nicardipine, and nifedipine are a group
of calcium channel blockers used to treat high blood

pressure, angina (chest pain), and/or some arrhythmias. These
four compounds all contain a basic amine group. Addition-
ally, nifedipine and nicardipine contain more basic
nitrophenol and pyridine functional groups. Figure 3
demonstrates how basic functional groups can be used to
affect retention and separation of these compounds using the
Ultra Cyano column. Also, the Allure™ Basix Column, in the
reverse phase mode, easily retains verapamil (Figure 4).

1

2
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4 5 6 7 8 9 10 min.
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Column: Ultra Cyano
Catalog #: 9106565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile phase: 20mM potassium

phosphate monobasic,
pH 3.0:acetonitrile
(70:30, v/v)

Flow: 1.2mL/min.
Temp.: 30°C (± 1°C)
Det.: 235nm

Peak List:
1. diltiazem
2. nifedipine impurity
3. verapamil
4. nifedipine
5. nicardipine

Sample:
Inj.: 5µL
Conc.: 100µg/mL
Solvent: acetonitrile:water

(1:1)



Figure 4

The Allure™ Basix column offers alternative selectivity for verapamil in the reverse phase mode.
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Figure 5

 The Allure™ Basix column separates metoprolol and an impurity in 10 minutes.

LC_0090

0 1 2 3 4 5 6 7 8 9 min.

2

Beta Antagonists
Two of the more common beta antagonists are atenolol
and metoprolol. The analytical techniques cited in some
compendia methods for these compounds use a C18 phase
with ion pairing agents. A simpler approach makes use of
the nitrogen atom on these compounds as a key mechinism
for separation. However, the basic amine groups allow
analysis of these compounds using normal phase separa-
tion with the Allure™ Basix column.

Because metoprolol is more lipid-soluble than atenolol,
it is more hydrophobic. Therefore, an increase in the organic
composition of the mobile phase actually will enhance
the retention of metoprolol with the Allure™ Basix phase.
The Allure™ Basix column performs separation of these
components, provides alternate selectivity to alkyl station-
ary phases, and reveals an impurity in the metoprolol
(Figures 5 and 6).

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile phase: 20mM ammonium

acetate pH 4.5:
acetonitrile (65:35, v/v)

Flow: 1.2mL/min.
Temp.: 25.0°C
Det.: UV @ 230nm

Peak List:
1. toluene (marker)
2. verapamil HCL

Sample:
Inj.: 1µL
Conc.: 1mg/mL
Solvent: water:acetonitrile

(70:30, v/v)

0 2 4 6 8 10 12 14 min.

1

Peak List:
1. unknown
2. metoprolol

Sample:
Inj.: 2.5µL
Conc.: 1.5mg/mL
Solvent: water:methanol

(70:30)

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 10mM ammonium

formate, pH 2.5:
acetonitrile
(10:90, v/v)

Flow: 1.2mL/min.
Temp.: 25°C
Det.: UV @ 225nm

2



Figure 7

The Ultra IBD column separates impurities in furosemide.

Figure 6

The Allure™ Basix column retains atenolol without ion pairing agents.

1

LC_0072

LC_0071
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Diuretics
Another important class of cardiac and high blood pressure
medications are diuretics. These compounds rid the body of
excess fluids and salt (sodium). Diuretics such as furosemide
are used for the management of edema associated with chronic
heart problems. The furosemide molecule contains carboxylic
acid and basic sulfa-amine groups. The zwitterionic nature of
furosemide makes it an ideal candidate for analysis using an
Ultra IBD column (Figure 7).

Enlargement of the baseline reveals that the furosemide
standard is not a pure substance (Figure 7, inset). The impuri-
ties may possibly be a reason why the therapeutic mechanism
of furosemide is not completely understood.

The diuretic admixture of triamterene and hydrochlorothiaz-
ide (HCTZ) is used to remove excess fluid while attempting
to limit the amount of potassium displaced from the body.
The highly-charged HCTZ contains numerous amine and
sulfonic groups. The high charge is the reason it elutes in

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 20mM ammonium

acetate pH 4.5:acetonitrile
(20:80, v/v)

Flow: 1.2mL/min.
Temp.: 25.0°C
Det.: UV @ 225nm

Peak List:
1. uracil (marker)
2. atenolol

Sample:
Inj.: 1µL
Conc.: 1mg/mL
Solvent: water:methanol

(70:30, v/v)

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM ammonium

acetate pH 4.5:
acetonitrile (70:30, v/v)

Flow: 2.0mL/min.
Temp.: 27.0°C
Det.: UV @ 280nm

Peak List:
1. uracil (marker)
2. furosemide

Sample:
Inj.: 5µL
Conc.: 1000µg/mL
Solvent: acetonitrile:water

(60:40, v/v)

Impurities in Furosemide
(enlargement of baseline)

1. uracil
2. furosemide

1 2

0 2 4 6 8 10 12 14min.
0 2 4 6 8 10 12 14 min.

1

2
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less than 3 minutes on the Allure™ Basix in reverse phase
mode (Figure 8). The retention of HCTZ would increase if
the organic modifier exceeded 50%, but solubility may
become a concern. Triamterene is less charged than HCTZ.
The amides present in the triamerene pteridine structures and
the amino groups make this molecule fairly polar. Under the
mobile phase conditions shown in Figure 8, triamterene is
easily resolved from the HCTZ.

Summary
The Allure™ Basix, Ultra CN, and Ultra IBD columns can be
used to achieve an alternate and effective selectivity to alkyl
stationary phases for many types of cardiac medications.

Because all three of these phases display a characteristic
U-shaped profile for retention versus percentage of organic
solvent in mobile phase, the mobile phase content can be
modified to use either the normal or reverse phase mode if
solubility problems arise. The selectivity of the Allure™

Basix and Ultra CN phases are based upon non-ionic polar
interactions from basic functional groups as well as hydro-
phobic interaction. Basic molecules—especially those
containing electron-deficient nitrogen complexes—can be
retained readily by a normal phase mechanism. The selectiv-
ity for the IBD phase can be adjusted for acids, bases,
zwitterionic, or neutral molecules.

Figure 8

The Allure™ Basix column easily resolves the diuretic admixture of triamterene and hydrochlorothiazide (HCTZ)

LC_0086

Peak List:
1. hydrochlorothiazide
2. triamterene

Sample:
Inj.: 1µL
Conc.: 500µg/mL
Solvent: methanol:water:

tetrahydrofuran
(30:35:35)

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 4.5:
acetonitrile (65:35, v/v)

Flow: 1.2mL/min
Temp.: 25°C
Det.: UV @ 225nm

1

2.5 3 3.5 4 4.5 min.
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Application Notes:

(#59511) Improved HPLC Analysis of Analgesics

(#59512) The Ultra IBD Column Allows HPLC
Separation of Polar and Non-Polar Analytes from
the Same Sample

(#59510) HPLC Stationary Phase Selection for the
Analysis of Steroids

(#59118) Allure™ PFP Propyl HPLC Column Provides
Improved LC/MS Analyses of Basic Compounds

Restek is your source for free technical literature
call 814-353-1300 or 800-356-1688, ext. 5

Fast Facts:

(#59728) HPLC Mobile Phase Accessories

(#59896) Trident™ Integral HPLC Guard Column System

(#59302) HPLC and LC/MS Column Kits

(#59303) Allure™ Acidix HPLC Columns

(#59314) Trident™ Direct Guard Column System

(#59614A) Ultra IBD HPLC Columns
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Allure™ Basix, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.# cat.#

30mm length 9161531 9161532 9161533 9161535

50mm length 9161551 9161552 9161553 9161555

100mm length 9161511 9161512 9161513 9161515

150mm length 9161561 9161562 9161563 9161565

200mm length 9161521 9161522 9161523 9161525

250mm length 9161571 9161572 9161573 9161575

Ultra Cyano, 3µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

3µm cat.# cat.# cat.# cat.#

30mm length 9106331 9106332 9106333 9106335

50mm length 9106351 9106352 9106353 9106355

100mm length 9106311 9106312 9106313 9106315

Ultra Cyano, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.# cat.#

30mm length 9106531 9106532 9106533 9106535

50mm length 9106551 9106552 9106553 9106555

100mm length 9106511 9106512 9106513 9106515

150mm length 9106561 9106562 9106563 9106565

200mm length 9106521 9106522 9106523 9106525

250mm length 9106571 9106572 9106573 9106575

Ultra IBD, 3µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

3µm cat.# cat.# cat.# cat.#

30mm length 9175331 9175332 9175333 9175335

50mm length 9175351 9175352 9175353 9175355

100mm length 9175311 9175312 9175313 9175315

150mm length 9175361 9175362 9175363 9175365

Ultra IBD, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

5µm cat.# cat.# cat.# cat.#

30mm length 9175531 9175532 9175533 9175535

50mm length 9175551 9175552 9175553 9175555

100mm length 9175511 9175512 9175513 9175515

150mm length 9175561 9175562 9175563 9175565

200mm length 9175521 9175522 9175523 9175525

250mm length 9175571 9175572 9175573 9175575



GC Analysis of Volatile Free Fatty Acids on the Stabilwaxfi-DA Column

Figure 1

1. acetic acid
2. propionic acid
3. isobutyric acid
4. n-butyric acid
5. isovaleric acid
6. n-valeric acid
7. isocaproic acid
8. caproic acid
9. heptanoic acid

15m, 0.53mm ID, 1.0 m Stabilwaxfi -DA
(cat.# 11052)
0.2 L injection of a 10-20ng/ L free fatty acid 
standard in water. Direct injection using a 
Unilinerfi  liner.

Oven Temp.: 145 C isothermal 
Inj./Det. Temp.: 250 C 
Carrier gas: hydrogen 
Linear Velocity: 80cm/sec. (flow rate: 10cc/min.) 
FID Sensitivity: 4 x 10-11 AFS

ID     df     15-meter
0.53mm 1.0 m   cat.# 11052

ID     df     30-meter
0.53mm 0.25 m   cat.# 11025

food & flavor
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Injecting Free Fatty Acids
Although free fatty acids can be injected by split or splitless
techniques (especially when using smaller bore columns), a
direct injection technique is recommended. Direct injection will
reduce the risk of losing volatile low molecular weight fatty
acids through the split vent, which improves quantitative repro-
ducibility. Because free acids can be adsorbed, the analyst must
make every effort to ensure an inert sample pathway by using
properly deactivated direct injection liners and inert capillary
columns. Regular preventive maintenance of the GC injection
port is strongly recommended to prevent surfaces from becom-
ing active over time.  

Selecting a Column
Although the official methods listed previously indicate the use
of packed column chromatography, capillary chromatography
can provide much greater resolving power (i.e., column efficien-
cy). We suggest using a Stabilwaxfi -DA capillary column for the
analysis of volatile free fatty acids. The Stabilwaxfi -DA features
a bonded Carbowaxfi phase that has been modified specifically
for the analysis of acidic compounds. To prove its effectiveness,
we analyzed a direct injection of straight chain and branched
fatty acids ranging from acetic acid to heptanoic acid. Because
the Stabilwaxfi -DA column has a strong affinity for free acids,
excellent separation was achieved within 10 minutes (Figure 1).
Also notice how the unique deactivation of the Stabilwaxfi -DA
column produced sharp symmetrical peaks with minimal tailing.

Summary
An optimized GC system for the analysis of volatile free fatty
acids requires direct injection for minimal discrimination and
maximum inertness in the injection port, and requires an analyt-
ical column like the Stabilwaxfi -DA to provide selectivity and
good peak shape.

References:
1. AOAC International, Official Methods of the AOAC, 15th edition, 1990.
Reference not available from Restek.

Volatile free fatty acids are present in many foods, including
eggs (AOAC Official Method 971.11), seafood (AOAC Official
Method 973.26), and dairy products (AOCS Official Method Ca
5c-87). Gas chromatographic (GC) analysis is used to quantitate
these fatty acids. Unlike fatty acids with longer hydrocarbon
chain lengths, these volatile free fatty acids generally do not
require methylation to obtain peak symmetry and reproducibili-
ty by GC. However, like all free fatty acids, they can be difficult
to analyze because of their adsorptive nature. Therefore, a selec-
tive stationary phase that is specifically designed to analyze
acidic compounds will provide the best results. The Restek
Stabilwaxfi -DA column fits these criteria and provides good
peak shape without methylation.

Preparing Free Fatty Acids
One can analyze existing free fatty acids in a matrix or saponify
fats to obtain them. Saponification procedures are outlined in
AOAC Methods 971.11D and 938.09D1. Samples are extracted
with solvent and saponified by heating under a reflux with an
excess of dilute aqueous ethanolic alkali. After saponification,
the sample is neutralized with dilute hydrochloric acid or sulfu-
ric acid. In many cases, an aqueous solution of phosphotungstic
acid is added after mixing or shaking. The sample may be cen-
trifuged and/or filtered, and then finally diluted to an aqueous
solution.

min.    4                    6                  8                  10

1

2
3 4

5
6

7 8
9

Order a FREE Foods, Flavors, and Fragrances
Catalog! This 52-page document includes
important analysis tips and chromatograms for
the analysis of fats and oils, carbohydrates, vita-
mins, amino acids, organic acids, preservatives,
flavors and fragrances, essential oils, and chiral
compounds. Retention time indices and com-
plete product listings for all of the relevant GC
and HPLC products also are included (lit. cat.#
59260). Also, request Applications Note detail-
ing food packaging testing (lit. cat.# 59348). 

Applicationsnote

Stabilwaxfi -DA achieved excellent separation 
within 10 minutes.

Stabilwaxfi -DA Columns



Trademarks: Restek: Stabilwax, Uniliner, Thermolite, and Crossbond. DB (J&W Scientific),
OV (Ohio Valley Specialty Chemical Co.), NUKOL (Supelco), Agilent.

Lowest bleed on FIDs, ECDs, and MSDs.
Each batch is tested to ensure lowest bleed.
Excellent puncturability.
Preconditioned/ready to use.
Does not adhere to hot metal surfaces.
Usable to 340 C inlet temperatures.
Packaged in non-contaminating glass jars.

Thermolitefi Septum Diameters 25-pk. 50-pk. 100-pk.
9.5mm (3/8") 20359 20360 20361
10mm 20378 20379 20380
11mm (7/16") 20363 20364 20365
Shimadzu Plug 20372 20373 20374

Will not deform or stick in fittings. fitting.
Allows reuse of the ferrule.
Less torque needed to seal ferrule.
Unique blend of graphite provides 
less fragmentation and outgassing.
Encapsulated Ferrule ID Fits Column ID 10-pk.
0.4mm 0.25mm 21036
0.5mm 0.32mm 21037
0.8mm 0.53mm 21038

Unilinersfi each 5-pk.

Agilent Open-top Unilinerfi w/ Wool 20843 20844

Varian Open-top Unilinerfi w/ Wool 20845 20846

Shimadzu 94mm Unilinerfi w/ Wool 21713 21719

CE/Thermoquestfi Open-top Unilinerfi  w/Wool 20841 20842

PE Auto Sys Open-top Unilinerfi w/ Wool 20837 20838

PE Auto Sys Cyclo-Unilinerfi 20839 20840

(Crossbondfi Carbowaxfi for acidic compounds) Stable to 250 C
Ideal for the analysis of free acids (no need for derivatization).
High thermal stability (250 C) and long column lifetime.
Crossbondfi technology results in reduced bleed, increased column 
lifetime, and solvent rinsability.
100% bonded polyethylene glycol stationary phase.
Similar polarity to DB-FFAP, OV-351, NUKOL, and HP-FFAP
columns.

ID df ( m) Temp. Limits 15-Meter 30-Meter 60-Meter

0.25mm 0.10 40 to 250/260 C 11005 11008 11011
0.25 40 to 250/260 C 11020 11023 11026
0.50 40 to 250/260 C 11035 11038 11041

0.32mm 0.10 40 to 250/260 C 11006 11009 11012
0.25 40 to 250/260 C 11021 11024 11027
0.50 40 to 250/260 C 11036 11039 11042
1.00 40 to 240/250 C 11051 11054 11057

0.53mm 0.10 40 to 250/260 C 11007 11010 11013
0.25 40 to 250/260 C 11022 11025 11028
0.50 40 to 250/260 C 11037 11040 11043
1.00 40 to 240/250 C 11052 11055 11058
1.50 40 to 230/240 C 11062 11065 11068

Unilinerfi  Liners 

For permission to reproduce any portion of this application note, please contact Restek s publications/graphics department by phone (ext. 2128) or FAX.
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59128 Application Note: Determination of Omega 3 and Omega 6 Fatty Acids 
59136 Application Note: Analysis of Saw Palmetto using Rtx-Stabilwax
59177 Application Note: Ultra Aqueous C18 HPLC Column
59181 Application Note: Analysis of Vitamins Using Ultra C18 HPLC Columns
59186 Application Note: HPLC Analysis of Vanillin and Ethyl Vanillin in 

Vanilla Flavors
59241 HPLC Minicatalog
59546 Application Note: The Analysis of Chiral Flavor Compounds in 

Apple Juices using the Rt-bDEXsm & Rt-bDEXse Columns
59553 Application Note: Grape Flavor Analysis using Rt-bDEXsa Column
59579 Application Note: Analysis of Flavor Volatiles in Alcoholic Beverages
59580A Application Note: Fast, Selective Triglyceride Analysis
59581 Application Note: Analysis of Cholesterol
59582 Application Note: Detection of Synthetic and Natural Antioxidants 

in Foods
59583 Application Note: Analyzing Free Fatty Acids
59584 Application Note: Analyzing Fatty Acid Methyl Esters (FAMEs)
59627B Genuine Restek Replacement Parts Catalog for Agilent GCS
59889 Guide to the Analysis of Chiral Columns by GC
59890 Selection Guide for Polar Wax GC Column Phases
59199 Applications Note: Analyzing Heat Level of Peppers and Hot Sauces 

Using an Ultra C18 HPLC Column
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Thermolitefi Septa GreenStabilwaxfi -DA (Fused Silica)



Table II Sulfur compounds used to test
the inertness of a Sulfinert® treated system.
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Sulfinert®-Treated Sample Cylinders
Increase Storage Time for Active Sulfur Compounds

APPLICATIONS NOTE

Stainless steel sample cylinders commonly are used in the collection and
analysis of refinery and natural gas samples. These samples often contain
trace amounts of sulfur-containing compounds (e.g., hydrogen sulfide, mer-
captans, and sulfides), which can interfere with reactions or poison catalysts
in many petrochemical processes. Because sulfur compounds quickly react
with stainless steel surfaces, accurate determination of these compounds is
impossible when using untreated sample cylinders.

Restek’s Sulfinert® passivation technique bonds an inert silica layer into the
surface of the stainless steel. This layer acts as a barrier, preventing active
compounds from reacting with or adsorbing to the stainless steel. Therefore,
Sulfinert® products are ideal for storing and transferring reactive sulfur com-
pounds. Most stainless steel products can be treated with Sulfinert® passiva-
tion, including tubing. Because the Sulfinert® layer is incorporated into the
structure of the stainless steel, treated surfaces can be bent or flexed without
affecting the inertness characteristics (Table I).

We developed a gas chromatographic analytical method to demonstrate the
effects of using Sulfinert® transfer lines, sample loops, and sample cylinders
for sampling, storing, and analyzing low-level reactive sulfur compounds. To
characterize Sulfinert® surfaces, we tested the stability of sulfur compounds in
three Sulfinert® sample cylinders over a 54-hour period. Table II lists the test
compounds and their concentrations.

Analytical System
The analytical system was designed so that a 17ppbv standard could be detect-
ed with sufficient sensitivity to quantify compound loss. Sample introduction
was with a 1mL Sulfinert® sample loop, Sulfinert® Valco® valve, and 1/16-inch
Sulfinert® transfer lines (Figure 1). The analytical column was connected
directly to the Valco® valve.

In order to control transfer of the sample to the 1mL sample loop, an orifice
was attached to the exit of the sample loop. This allowed a controlled flow in
the range of 60-120mL/min. during sample transfer (flow was pressure-regu-
lated from the sample cylinder). An Rtx®-1 column (60m x 0.53mm, 7µm) and
a Sievers model 355 sulfur chemiluminescence detector (SCD) were used.

1mL of a 1000ppbv standard was added to a 500cc sample cylinder and pres-
surized to 160psig. The sample was prepared “dry” (no water added to the
cylinder) to simulate a petrochemical process. Dimethyl sulfide, which has
been shown to be non-reactive in this mixture and is not adsorbed by stainless
steel, was used as an internal standard.

To introduce the sample onto the GC column, the sample loop was flushed
with sample for 45 seconds, then the cylinder valve was closed and the sam-
ple loop was vented to atmospheric pressure. The Valco® valve was switched
to introduce the sample from the loop to the analytical column, and the
analysis was started. Figure 2 (page 2) shows the chromatogram.

CCoommppoouunndd FFoorrmmuullaa SSttoocckk  CCoonncc.. CCyylliinnddeerr  CCoonncc..
((ppppbbvv)) ((ppppbbvv))

hydrogen sulfide H2S 1000 17
carbonyl sulfide COS 1000 17
methyl mercaptan CH3SH 1000 17
ethyl mercaptan CH3CH2SH 1000 17
dimethyl sulfide* CH3SCH3 1000 17
dimethyl disulfide CH3SSCH3 1000 17

* internal standard

Table I Minimum bend radius for
Sulfinert®-treated tubing.

TTuubbiinngg  OODD MMiinniimmuumm  BBeenndd  RRaaddiiuuss
≤ 1/16" 1" (2.5cm)

1/8" 2" (5.1cm)
1/4" 4" (10.2cm)

Figure I Analytical system for detecting
losses of active sulfur compounds.

Sulfinert® sample
cylinder

orifice = 0.0060"

Rtx®-1 analytical
column

Sulfur Chemiluminescence
Detector

1mL Sulfinert®

sample loop

exit



Figure 3 Stability of sulfur compounds is
remarkable in Sulfinert®-treated cylinders.

Sulfinert®-Treated Swagelok® Sample Cylinders
• Stable storage of sulfur compounds at ppb levels.
• D.O.T. rated to 1800psi at room temperature.
• High quality cylinders manufactured by Swagelok®.

Sulfinert®-treated gas sampling equipment is ideal for collecting and storing
samples containing ppb levels of sulfur compounds, such as natural gas or bev-
erage-grade carbon dioxide. Sulfinert® treatment ensures that sulfur com-
pounds or other highly active compounds remain stable during transport
from the field to the laboratory. These cylinders are made from 304 grade
stainless steel with 1/4" female NPT threads on both ends.

SSiizzee qqttyy.. ccaatt..##
75cc ea. 24130
150cc ea. 24131
300cc ea. 24132
500cc ea. 24133
1000cc ea. 24134
2250cc ea. 21394
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Sulfinert®-Treated Rupture Disc Tee
2850 psig rating, 1/4" NPT connections.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Sulfinert® Rupture Disc Tee (1/4" NPT connections) ea. 21396
Replacement Rupture Disc (not Sulfinert®-treated) ea. 24298

Cleaning Sample Cylinders
Optimum performance of Silcosteel® or Sulfinert® treated surfaces can be
maintained by cleaning them with a variety of neutral solvents. An increase
in surface activity, with the potential of physical damage to the coating, can
occur if the surface is exposed to oxygenated steam. Therefore, we do not
recommend exposing Silcosteel® or Sulfinert® treated surfaces to steam envi-
ronments in the presence of air or oxygen. However, Sulfinert® or Silcosteel®

surfaces have been successfully cleaned using nitrogen-enriched steam.

Sulfinert®-Treated Alta-Robbins Sample Cylinder Valves
• All wetted parts are Sulfinert®-treated for inertness.
• Compatible with Sulfinert®-treated Swagelok® sample cylinders.
• Large, durable, Kel-F® seat ensures leak-free operation.

*Specify dip tube length or % outage when ordering (maximum length = 5.25"/ 13.3cm)

DDeessccrriippttiioonn qqttyy.. ccaatt..##
1/4" NPT Exit ea. 21400
1/4" Compression Exit ea. 21401
1/4" NPT with Dip Tube* ea. 21402
1/4" NPT with 2850psi Rupture Disk ea. 21403

Results
As shown in Figure 3, Sulfinert®-treated cylinders and accessories were inert
to reactive sulfur compounds over the 54-hour test period. Hydrogen sulfide
exhibited greater than 85% recovery over the test period; methyl mercaptan,
ethyl mercaptan, carbonyl sulfide, and dimethyl disulfide exhibited greater
than 90% recovery.

Conclusion
This investigation confirms the use of Sulfinert®-treated sample cylinders
and transfer lines greatly increases the storage time for reactive sulfur com-
pounds, ensuring more accurate analyses.

Figure 2 17ppbv sulfur standards on an
Rtx®-1 column with SCD detection.

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

Column: Rtx®-1 60m, 0.53mm ID, 7.0µm (cat.# 10193)
Oven temp.: 30°C (hold 1 min.) to 180°C @ 10°C/min. (hold 5 min.)
Carrier gas: helium
Flow rate: 8.5mL/min.
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tech tip
†SSiilltteekk®® aanndd  SSuullffiinneerrtt®®::  WWhhaatt’’ss  tthhee  DDiiffffeerreennccee??
Siltek® is the name for our patented deposition process. When we
developed the Siltek® process, the application that showed the
greatest benefit, among many we investigated, was the storage
and transfer of low ppb level active sulfur compounds, such as
hydrogen sulfide and mercaptans. Because there was (and con-
tinues to be) demand for a reliable surface treatment for this
application, we use the name Sulfinert® to describe Siltek® treat-
ed products created specifically for this purpose.

Coiled Siltek®/Sulfinert®-Treated† Welded 304 Grade Stainless Steel Tubing

*0.020" wall thickness

IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >>440000  fftt..
0.011" (0.28mm) 0.022" (0.56mm) 22500
0.021" (0.53mm) 0.029" (0.74mm) 22501
0.010" (0.25mm) 1/16" (1.59mm) 22502
0.020" (0.51mm) 1/16" (1.59mm) 22503
0.030" (0.76mm) 1/16" (1.59mm) 22504
0.040" (1.02mm) 1/16" (1.59mm) 22505
0.085" (2.16mm) 1/8" (3.18mm)* 22506
0.210" (5.33mm) 1/4" (6.35mm)* 22507

Coiled Siltek®/Sulfinert®-Treated† Seamless 316 Grade Stainless Steel Tubing

**0.035" wall thickness

IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >>440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm) 22508
0.180" (4.57mm) 1/4" (6.35mm) 22509

please note
For Sulfinert®-treated fittings,
see our general catalog or our
website.

for more info
Call for availability of lengths
greater than 1000ft.

MMeettrriicc  ccoonnvveerrssiioonn::  
6ft. 1.8m

25ft. 7.6m
50ft. 15.2m

200ft. 61m
>400ft. >122m

Minimum Bend Radius

OODD MMiinn..  BBeenndd  RRaaddiiuuss
≤1/16" 1" (2.5cm)

1/8" 2" (5.1cm)
1/4" 4" (10.2cm)

Sulfinert®-Treated Gas Sampling Valves and Sample Loops
• Ideal for samples containing low concentrations of sulfur compounds.
• Sample loop sizes from 5µL to 5cc.

Use Sulfinert®-treated gas sampling valves for low-level sulfurs and other active compounds. Sulfinert®

treatment eliminates active sites on the valve or in the loop, for better recovery of difficult-to-analyze com-
pounds.

Sulfinert®-Treated  Gas Sample Loops (1/16" fittings, for “W Type” valves)
SSiizzee qqttyy.. ccaatt..##
5µL ea. 22840
10µL ea. 22841
20µL ea. 22842
25µL ea. 22843
50µL ea. 22844
100µL ea. 22845
250µL ea. 22846
500µL ea. 22847
1cc ea. 22848
2cc ea. 22849
5cc ea. 22850

Sulfinert®-Treated Gas Sampling Valves (1/16" fittings, 0.40mm port diameter; “W Type” valve)
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Sulfinert® Gas Sampling Valve; 4-Port ea. 20584
Sulfinert® Gas Sampling Valve; 6-Port ea. 20585
Sulfinert® Gas Sampling Valve; 10-Port ea. 20586

Replacement Rotors
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Replacement Rotor for 4-Port Sulfinert® Gas Sampling Valve ea. 20587
Replacement Rotor for 6-Port Sulfinert® Gas Sampling Valve ea. 20588
Replacement Rotor for 10-Port Sulfinert® Gas Sampling Valve ea. 20589

Got tape?
Restek offers three types of Teflon® thread-sealing tape.
For information, please visit our website:
www.restekcoatings.com

For prices please refer to our catalog or website

For prices please refer to our catalog or website
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RReesstteekk  TTrraaddeemmaarrkkss::
Crossbond, MXT, Rt-Sulfur, Rt-
XLSulfur, Sulfinert, Silcosteel,
Siltek, Rtx, Turning Visions Into
Reality, Restek logo.

OOtthheerr  TTrraaddeemmaarrkkss::  
Valco, Kel-F, Swagelok

Restek U.S. • 110 Benner Circle • Bellefonte, PA  16823 • 814-353-1300 • 800-356-1688 • fax: 814-353-1309 • www.restek.com
Restek France • phone: 33 (0)1 60 78 32 10 • fax: 33 (0)1 60 78 70 90 • e-mail: restekfr@club-internet.fr
Restek Ireland • phone: 44 2890 814576 • fax: 44 2890 814576 • e-mail: restekeurope@aol.com
Thames Restek U.K. LTD • phone: 44 1494 563377 • fax: 44 1494 564990 • e-mail: sales@thamesrestek.co.uk
Restek GmBH • phone: +49 (0) 6172 2797 0 • fax: +49 (0) 6172 2797 77 • e-mail: info@restekgmbh.de

The maximum temperatures listed are for 15- and 30-meter lengths.  Longer lengths may have a slightly reduced maximum temperature.

The maximum temperatures listed are for 15- and 30-meter lengths.  Longer lengths may have a slightly reduced maximum temperature.

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.53mm 3.00 -60 to 270/290°C 10182 10185 10188

5.00 -60 to 270/290°C 10177 10179 10183
7.00 -60 to 240/260°C 10191 10192 10193

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 110055--MMeetteerr
0.53mm 3.00 -60 to 285°C 70182 70185 70188 70189

5.00 -60 to 270°C 70177 70179 70183
7.00 -60 to 250°C 70191 70192 70193

*Please add configuration suffix number to cat.# when ordering - see chart below.  
**For installation kits for 3/16" columns, see our catalog or website.

did you know?
Rt-XLSulfur™ columns are opti-
mized for low ppb-level sulfur
analysis!

OODD IIDD  ((mmmm)) 11--MMeetteerr** 22--MMeetteerr**
1/8" 2.0mm 80484- 80485-
3/16"** 3.2mm 80482- 80483-

Column Configurations

General
Configuration
SSuuffffiixx  --880000

Agilent 
5880, 5890,
5987, 6890:
SSuuffffiixx  --881100

Varian 3700,
Vista Series,
FID:
SSuuffffiixx  --882200

PE 900-3920
Sigma 1,2,3:
SSuuffffiixx  --883300

83/4"

PE Auto System
8300, 8400,
8700 (Not On-
Column):
SSuuffffiixx  --884400

6 1/2"
NNoottee::  Initial 2" of column will
be empty, to accommodate a
needle. For a completely filled
column add suffix -901.

Rt-Sulfur™ Micropacked Columns

Rt-Sulfur™ Packed/Micropacked Columns for Sulfur Analysis
• Excellent reproducibility for low-level sulfur analysis.
• Eliminate the need for Teflon® tubing.

OODD IIDD 11--MMeetteerr 22--MMeetteerr
1/16" 1.0mm 19801 19800

0.95mm 0.75mm 19803 19802

also available
For adapter kits for installing
packed or micropacked
columns, see our general
catalog, or website.

fact
MXT® columns—rugged,
flexible, Silcosteel®-treated
stainless steel tubing; inert-
ness comparable to fused
silica tubing.

Rtx®-1 Columns (fused silica)
(Crossbond® 100% dimethyl polysiloxane)

MXT®-1 Columns (Silcosteel®-treated stainless steel)
(Crossbond® 100% dimethyl polysiloxane)

Purchase installation kit separately; see our catalog, or website.

Rt-XLSulfur™ Packed Columns
• The best packed columns available for low ppmv sulfur analyses.

for more info
about Siltek®/ Sulfinert®

treatment, request informa-
tion packet 59616.
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Rt-XLSulfur ™ Packed GC Column for Analysis of Low-Level Sulfur
Compounds in C1-C6 Hydrocarbon Streams

The analysis of sulfur compounds in C1-C6 hydrocarbon streams
by gas chromatography (GC) is an important application in the
petrochemical field. The presence of sulfur compounds in
petroleum products can affect the longevity and performance of
catalysts used in hydrocarbon processing. As requirements for
sulfur detection become more stringent, the importance of good
chromatographic separation of the hydrocarbons from the sulfur
compounds and the inertness of the analytical columns increases.

Detectors used for sulfur determination generally are specific
(e.g., sulfur chemiluminescence detection) and help eliminate
positive response from chromatographic interferences. Unfortu-
nately, when high levels of hydrocarbons elute through the
detector simultaneously with sulfur compounds, the signal for

sulfur is quenched and area counts are decreased. For a successful
analysis, the analytical column must resolve the hydrocarbons from
the sulfurs listed in Figure 1. A packed, micropacked, or PLOT
column can be used to achieve this requirement.

Figure 1

The Rt-XLSulfur™ micropacked column separates
hydrocarbons from sulfur compounds.

Figure 2

The Rt-XLSulfur™ column is sensitive enough for
50ppbv sulfur compounds.

1
2

3

4,5

6

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan

1m x 0.75mm ID Rt-XLSulfur™ column (cat.# 19806)
Sample conc.: 50ppb; Oven temp.: 60°C to 230°C @ 15°C/min.;

Carrier gas: helium; Flow rate: 9mL/min.; Detection: SCD

5 10

Sulfurs
1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

A B

C

D
E

F

G
H

I

1

2
3

4/5

6

2 4 6 8 10

Hydrocarbons
A. methane
B. ethane
C. propylene
D. propane
E. isobutane
F. butane

G. isopentane
H. pentane
I. hexane

This is the second generation of packing material for the
analysis of sulfur compounds. The first packing material,

in the Rt-Sulfur™ column, had inertness characteristics for
low ppmv levels of sulfur compounds. Now, with the second

generation, the Rt-XLSulfur™ column, it is possible to
achieve low ppbv detection of sulfur compounds.

min. min.

4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

1m x 0.75mm ID Rt-XLSulfur™ column (cat.# 19806)
Oven temp.: 60°C to 230°C @ 15°C/min.; Carrier gas: helium;

Flow rate: 9mL/min.; Detection: FID/SCD
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Hydrocarbons are non-reactive but sulfur compounds, especially
hydrogen sulfide and methyl mercaptan, are easily adsorbed by
undeactivated surfaces. Therefore, there are two areas of concern
when performing this analysis with packed or micropacked
columns: one is the inertness and selectivity of the solid support,
and the other is the inertness of the tubing walls. Packed and
micropacked columns typically use metal tubing for ruggedness
but the surface is very adsorptive for sulfur compounds. So, for
sulfur analysis, Teflon® tubing is often used. However, this
tubing is permeable and will expand and contract during
temperature changes.

Restek designed the Rt-XLSulfur™ column to accomplish the
sensitive separation of hydrocarbons from sulfur compounds. All
components of the column have been tested for inertness. The
packing material is extensively deactivated for the analysis of low
ppbv-levels of hydrogen sulfide and methyl mercaptan, and then
is prepared to achieve the proper selectivity and required
resolution (Figure 1). Analysis of 50ppbv sulfur compounds
using a 1mL gas loop and Sievers sulfur chemiluminescence
detector (SCD) shows excellent sensitivity (Figure 2).

The interior tubing walls of the Rt-XLSulfur™ column are treated
with a Sulfinert™ coating, a passivation technique designed to
deactivate metal surfaces. This coating is found to be very inert
for hydrogen sulfide and methyl mercaptan. (For more informa-
tion on Sulfinert™ coating, request lit. cat.# 59203.) Another issue
that is routinely overlooked with packed columns is that their end
plugs are known to adsorb sulfur compounds. So, Restek also
treated the end plugs in the Rt-XLSulfur™ column with
Sulfinert™ passivation. The extra care taken with the surfaces in
this column result in a more accurate analysis of sulfur com-
pounds in hydrocarbon processes.

Sulfinert™ and Silcosteel® treatments adhere a thin,
inert layer onto stainless steel and other metal surfaces.

The Sulfinert™ coating is the leading passivation
technique for the storage and transfer of low-level,

organo-sulfur-containing samples.

Product Listing

Rt-XLSulfur ™ Packed & Micropacked Columns*

OD (in.) ID (mm) 1-Meter 2-Meter

0.95mm 0.75 19806 19807
1/16 1.0 19804 19805
1/8 2.0 80484 80485

3/16 3.2 80482 80483
* Installation kit must be purchased with column

(no kit needed for 3/16" columns)

Restek Trademarks: Sulfinert, Silcosteel, Rt-Sulfur, Rt-XLSulfur, and the Restek logo.

Installation Kits for 0.75mm ID columns

Description cat.#

For valve applications 21062

For split applications 21063

For all HP GC split applications 21064

Installation Kits for 1.0mm ID columns

Description cat.#

For valve applications 21065

For direct injections 21066

Installation Kits for 2mm ID columns

Description cat.#

For valve applications 21067

For more information on Sulfinert™ coating, call
800-356-1688 or 814-353-1300, ext. 5, and request

lit. cat.# 59203.
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GC/ECD Analysis of Haloacetic Acids in Water Samples Using Rtx ®-CLPesticides
and Rtx ®-CLPesticides2 Columns

Sample Extraction
Sample preparation requires a microextraction of a 40mL
sample, methylation of the acids, and final neutralization of
extract. The initial extraction of haloacetic acid compounds
involves transferring 40mL of sample to a 60mL vial or
separatory funnel, and adding the surrogate 2,3-dibromo-
propionic acid.

The following steps are done in quick succession so that the heat
generated from adding the acid to the sample helps dissolve the
salts into the liquid phase: 1) Lower the sample pH to <0.5 using
concentrated sulfuric acid. 2) Add two grams of copper II sulfate
pentahydrate to the sample to color the water, making it is easy
to distinguish the water phase from the organic phase. 3) Add
16gm of pre-cleaned sodium sulfate to the sample to increase the
ionic strength of the aqueous phase. 4) Add 4mL of methyl tert-
butyl ether (MTBE) to the sample and shake for two minutes.

Compound Methylation
To begin haloacetic acids methylation, transfer approximately
3mL of the MTBE extract to a 15mL graduated, conical
centrifuge tube. Add 1mL of 10% sulfuric acid in methanol to
the centrifuge tube. Cap the tube and heat at 50°C for two hours.
After cooling, neutralize the extract with saturated sodium
bicarbonate solution, adding it in 1mL increments. Continually
vent the centrifuge tube because CO

2
 will be generated during

the neutralization process.

Transfer 1mL of the MTBE extract to an autosampler vial and
spike 10uL of internal standard (25ppm 1,2,3-trichloropropane).
Archive the remaining extract portion for later use if necessary.

Peak Gausian Factor:

Column Choice
The analysis of haloacetic acid compounds can be performed on
a variety of GC column phases. An important criterion for
column selection is the quality of resolution between the
methylated haloacetic acid compounds and known interference
compounds like bromoform. Bromoform may be present
because of the partial decarboxylation of tribromoacetic acid in
the methylation step using acidic methanol.

The Rtx®-CLPesticide and Rtx®-CLPesticide2 columns provide
the necessary resolution for this analysis using GC/electron
capture detection (ECD) (see chromatograms in Figure 1).
These columns have historically been used for the analysis of
chlorinated pesticides (US EPA Method 508), and chlorinated
acids (Method 515), using the same analytical configuration.

Instrument Calibration
Analyze the laboratory performance check (LPC) solution to
verify instrument performance. The LPC verifies three criteria:
instrument sensitivity, chromatographic performance, and
column performance. See Table 1, other side, for the results on
the Rtx®-CLPesticide and Rtx®-CLPesticide2 columns.
Monochloroacetic acid (MCAA) is used to verify instrument
sensitivity. At a concentration of 6µg/L, MCAA must have a
signal-to-noise ratio greater than three. Chromatographic
performance is verified using a measure of peak symmetry
called the Peak Gaussian Factor (PGF). The calculated PGF
must be between 0.80 to 1.15 for optimum performance. The
compound used for this is bromochloro- acetic acid (BCAA) at a
concentration of 4µg/L (see below for calculation).

Column performance is verified using the peak resolution between chlorodi-
bromoacetic acid (CDBAA) and the surrogate (1,2,3-trichloropropane).

The criteria for resolution is greater than 0.5 using the following equation:

R = t/Wave

where: t = the difference in elution time of the two peaks (in minutes)

Wave = the average peak width of the two peaks measured at baseline
(in minutes)

Haloacetic acids are a byproduct of chlorinated disinfection of drinking water. Recently, there has been some concern that
these analytes may represent a chronic risk to human health, and toxicological evidence suggests that some of them are
possible human carcinogens. Elevated levels of haloacetic acids in drinking water could pose acute human risk because
of their corrosive natures. With the proper sample preparation technique and use of the Rtx®-CLPesticides and the
Rtx®-CLPesticides2 columns, environmental chemists can achieve accurate analysis of these compounds. (Refer to US
Environmental Protection Agency [EPA] Method 552).

PGF = (1.83 x W1/2)/W1/10

where: W1/2 = the peak width at half-height (in seconds)

W1/10 = the peak width at one-tenth height  (in seconds)

Peak Resolution:
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Restek Trademarks: Rtx.

The GC is calibrated using standards that have been deriva- tized
by the same procedure as the samples. This process helps reduce
variability between extraction sets and laboratories. The low
point of the curve should be near the detection limit and the high
point should be 20 to 50 times higher. The last three standards
should have concentrations evenly distributed between the low
and high point in the curve.

Instrument stability is verified at every 10 sample injections by
analyzing a mid-point calibration standard. All calculated
compound concentrations in the standard must have a recovery
of 70-130% of the theoretical value.

There are other quality controls that must be performed when
analyzing samples by US EPA Method 552.2. They include
laboratory duplicates, field duplicates, laboratory blanks, field

blanks, laboratory fortified blank, laboratory fortified sample
matrix spikes, and quality control samples. Read through the
method and set-up a flowchart to determine when quality control
samples should be performed. Doing so will reduce confusion
and make the analysis straightforward.

Conclusion
The versatile Rtx®-CLPesticide and Rtx®-CLPesticide2 col-

min. 1       2       3      4       5       6       7       8       9     10      11 min. 1       2       3      4       5       6       7       8       9     10      11

CLP 1
30m, 0.32mm ID (cat.# 11139)

0.50µm

Figure 1: The Rtx®-CLPesticide and Rtx®-CLPesticide2 columns provide the necessary resolution of haloacetic acids.

CLP 2
30m, 0.32mm ID (cat.# 11324)

0.25µm

c=solvent contaminant
1. monochloroacetic acid
 2. monobromoacetic acid
3. dichloroacetic acid
4. dalapon

5. 1,2,3-trichloropropane
6. trichloroacetic acid
7. bromochloroacetic acid
8. dibromoacetic acid

9. bromodichloroacetic acid
10. chlorodibromoacetic acid
11. 2,3-dibromopropionic acid
12. tribromoacetic acid

Haloacetic acids, EPA Method 552.2 on Rtx-CLPesticides columns
Custom haloacetic acid methyl derivatives std. [20-200µg/mL] mix in MTBE.
Oven temp.: 40°C (hold 4 minutes) @ 14°C/min. to 200°C; Inj. temp.:  200°C,

Table 1: Laboratory Performance Check Solution

Parameter Measurement Analyte Concentration CLP Result CLP2 Result Acceptance Criteria

Instrument sensitivity S/N MCAA 0.006µg/mL 9 4 S/N>3

Chromatographic performance PGF BCAA 0.004µg/mL 0.92 1.05 PGF>0.08 and <1.15

1
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splitless, 2µL; Carrier gas: helium @ 46cm/sec.; ECD Det.: 300°C

Product Listing

Rtx®-CLPesticides (Fused Silica) Stable to 340°C Rtx®-CLPesticides2 (Fused Silica) Stable to 340°C

ID df (µm) temp. limits 30-meter ID df (µm) temp. limits 30-meter

0.32mm 0.50 -60 to 310/330°C 11139 0.32mm 0.25 -60 to 310/330°C 11324

umns exhibit proper resolution of many compounds including
haloacetic acids, chlorinated pesticides, chlorinated phenoxy
herbicides, organophosphorus pesticides, and triazine herbicides.
These columns help analysts reduce instrument downtime and
increase sample throughput.

For more information, call Restek at 800-356-1688 or
814-353-1300, ext. 4, or your local Restek representative.

For permission to repro-
duce any portion of this
application note, contact
Restek’s publications/
graphics department by
phone (ext. 2128) or FAX.

Column performance Resolution CDBAA 0.010µg/mL 1.0 0.6 Resolution> 0.50
2,3-DBPA 0.010µg/mL
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Analyze Polar Compounds by Reversed Phase HPLC Using Ultra Aqueous
C18 Column
Short-chain organic acids, amino acids, and water-soluble
vitamins are examples of highly polar compounds that are
difficult to retain using conventional reversed phase columns,
even with little or no organic solvent in the mobile phase. The
Ultra Aqueous C18 column was designed for reversed phase
applications that require highly aqueous mobile phases. The
analysis of six organic acids, which are difficult to retain using
many conventional C18 columns, shows the Ultra Aqueous C18
column provides enhanced retention and selectivity (Figure 1).
The Ultra Aqueous C18 column also gives reproducible retention
times, sharper peak shapes; allows use of highly aqueous mobile
phases, and may eliminate the need for sample derivatization or
ion pairing reagents.

Reproducible Retention Times
When exposed to highly aqueous mobile phases, many conven-
tional C18 columns will lose retention from run to run because of
a phenomenon called “chain folding.” This loss of retention can
be gradual or sudden and is attributed to the hydrophobic C18
chains self-associating (i.e., folding down onto the silica surface
to avoid associating with a very hydrophilic mobile phase).
While the chain folding process is reversible, it can make
analyses of highly polar compounds difficult due to
irreproducible retention times.

The Ultra Aqueous C18 column, however, avoids this problem—
it provides stable and reproducible retention, even with 100%
aqueous mobile phases. The Ultra Aqueous C18 column is
designed using Type B, high-purity silica and a novel bonding
chemistry that results in a true C18 phase (USP L1). Because
polar groups on the silica surface keep the stationary phase wet,
the alkyl chains remain totally extended even when continually
exposed to a highly aqueous mobile phase. This unique second-
ary polar character prevents chain folding, and enhances the
retention and selectivity of polar compounds without compro-
mising the level of base deactivation.

Notice the highly reproducible separation of four small carboxy-
lic acids using the Ultra Aqueous C18 column and a 100%
aqueous mobile phase (Figure 2). No significant change in
retention occurred over twenty injections, performed over a four-
day period that included three days of continuous exposure of the
column to the totally aqueous mobile phase.

Peak List Conc. (mg/mL)
1. glycolic acid 5.4
2. malonic acid 4.2
3. acetic acid 7.8
4. maleic acid 0.06
Sample dissolved in mobile phase.

Column: Ultra Aqueous C18 Column
Catalog#: 9178565
Dimensions: 150x4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 50mM potassium

phosphate, pH 2.5
Flow Rate: 1.0 mL/min.
Temp.: 25°C
Det.: UV@210nm
Inj.: 10µL

1
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3

4

0 1 2 3 4 5 6 7 min.

 LC_0142

Figure 2

Ultra Aqueous C18 column achieves stable retention of
organic acids in 100% aqueous mobile phase.

Figure 1

Ultra Aqueous C18 column provides enhanced retention
and selectivity for organic acids.

Peak List: Conc. (µg/mL):
1. malonic acid 500
2. lactic acid 500
3. acetic acid 1000
4. citric acid 1000
5. succinic acid 2000
6. fumaric acid 10

Sample:
Solvent: HPLC- grade water
Inj.: 10µL

Column: Ultra Aqueous C18
Catalog #: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: 50mM potassium

phosphate, pH 2.5:
acetonitrile (99:1)

Flow: 1.5mL/min.
Temp.: 25°C
Det.: UV @ 210nm

LC_0140
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Figure 3

Hydrophobic compounds are retained similarly on the Ultra Aqueous C18 and the conventional Ultra C18 columns.

Figure 4

Ultra Aqueous C18 column provides enhanced retention of pyridine and shows a high level of base deactivation.

Greater Retention and Sharper Peak Shape of Polar
Compounds
The Ultra Aqueous C18 column typically has very similar
retention and selectivity to the more conventional Ultra C18
column when analyzing neutral, hydrophobic compounds
(Figure 3). The Ultra C18 column is a highly retentive, well-
deactivated, general purpose C18 column. The unique qualities
of the Ultra Aqueous C18 column are apparent, however, when
separating polar compounds (Figure 4). Although phenol, a

neutral polar compound, is retained similarly by both columns,
basic and more polar pyridine has approximately 2.5 times more
retention on the Ultra Aqueous C18 column.

Also note the relatively symmetrical peak shape of pyridine
using the Ultra Aqueous C18 column; the peak symmetry of
pyridine is commonly used as a test probe for column base
deactivation. Some older generation C18 columns enhanced their
retention of polar compounds using low-coverage bonding,
which left a large population of active silanols on the silica

 LC_0143

Peak List: Conc. (mg/mL)
1. uracil 0.02
2. benzene 3.00
3. naphthalene 0.50
4. biphenyl 0.06

Conditions:
Mobile phase: methanol:water (85:15, v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 254nm

Sample:
Inj.: 5µL
Solvent: methanol:water (75:25)

 LC_0145

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

Peak List:
1. uracil
2. pyridine
3. phenol

Conditions:
Mobile phase: 20mM potassium

phosphate, pH 7.0:
acetonitrile (80:20)

Flow: 1.0mL/min.
Temp: 25°C
Det.: UV@254nm

Ultra Aqueous C18 (cat.# 9178565)
Dimensions: 150x4.6mm; Particle size: 5µm;

Pore size: 100Å

Base-deactivated C18
Dimensions: 150x4.6mm; Particle size: 5µm;

Pore size: 100Å

1

2

3

1

2

3

2 6 10 min. 2 6 10 min.

Ultra Aqueous C18 (cat.# 9178565)
Dimensions: 150x4.6mm; Particle size: 5µm;

Pore size: 100Å

Ultra C18 (cat.# 9174565)
Dimensions: 150x4.6mm; Particle size: 5µm;

Pore size: 100Å
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surface. Active silanols can enhance retention of polar com-
pounds, but also can cause severe peak tailing for basic com-
pounds like pyridine. The comparison in Figure 4 shows that the
Ultra Aqueous C18 column achieves enhanced retention for polar
compounds without sacrificing base deactivation. This combina-
tion of benefits sets the Ultra Aqueous C18 column apart from
conventional C18 columns.

Maximum Retention Without Derivatization or Ion
Pairing Reagents
Amino acids frequently are derivatized in preparation for
reversed phase HPLC analysis. Derivatization provides adequate
retention and improved detection sensitivity for these com-
pounds. The Ultra Aqueous C18 column retains and separates
many amino acids without derivatization or ion pairing reagents
(Figure 5). The amino acids in this example are three of the most
hydrophobic because of their aromatic side groups, and thus they
are not as difficult to retain as some of the more hydrophilic
amino acids. However, please note the initial mobile phase
contains 5% acetonitrile. For the more polar, hydrophilic amino
acids, retention can be increased considerably by reducing the
proportion of acetonitrile. To maximize retention, the acetonitrile
can be eliminated without compromising reproducibility.

The group of compounds known as water-soluble vitamins is
chemically very diverse, including both acidic and basic
molecules. Some of the water-soluble vitamins, such as thiamin
and ascorbic acid, are very polar and thus difficult to retain by
reversed phase HPLC. Many reversed phase methods for water-
soluble vitamins require ion pairing reagents in order to retain
the more polar analytes. The Ultra Aqueous C18 column
analyzes six water-soluble vitamins with gradient elution and
relatively simple mobile phases that contain no ion pairing
reagents (Figure 6).

Peak List  Conc. (mg/mL)
1. tyrosine 0.2
2. phenylalanine 1.6
3. tryptophan 0.4

Column: Ultra Aqueous C18 Column
Catalog#: 9178565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 100Å

Sample:
Inj.: 20µL
Solvent: mobile phase A

Conditions:
Mobile phases: A: 50mM potassium phosphate, pH 2.5

B: acetonitrile
5% - 20% B: 0-5 min.
20% - 5% B: 5-6 min.
Hold at 5% B: 6-13 min.

Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 254nm

Figure 5

The Ultra Aqueous C18 column retains and separates
many amino acids without derivitization or

ion pairing reagents.

Conclusion
The Ultra Aqueous C18 column provides selectivity similar to a
conventional C18 column, while maintaining a high level of base
deactivation. In addition, the Ultra Aqueous C18 column can
benefit your analysis by allowing 100% aqueous mobile phases;
providing enhanced retention of polar compounds, better peak
shape, and no need of sample derivatization or ion pairing
reagents.

Figure 6

The Ultra Aqueous C18 column separates six water-
soluble vitamins using a relatively simple mobile phase

and no ion pairing reagents.

 LC_0141

Peak List: Conc. (µg/mL)
1.  thiamin (B1) 250
2.  ascorbic acid (C) 1,000
3.  unknown n/a
4.  nicotinic acid (B3) 1,000
5.  unknown n/a
6.  pantothenic acid (B5) 1,000,000
7.  folic acid (B9) 500
8.  riboflavin (B2) 250
9.  methyl paraben 0.2

Initial dilutions of B1 and B2
basified with ammonium hydroxide

1

2

3

 LC_0146

0 2 4 6 8 10 min.

Column: Ultra Aqueous C18
Catalog #: 9178575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Sample:
Inj.: 1µL
Solvent: all analytes dissolved

in HPLC-grade water
Conditions:
Mobile phase: A: 25mM potassium

phosphate, pH 2.00:
methanol (95:5)

B: methanol:25mM
potassium phosphate,
pH 3.5 (60:40)
Hold 0% B: 0-6 min
Step to 25% B: 6.01min
25-100% B: 6.01-11min
Hold 100% B: 11-16min

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 254nm
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Ultra Aqueous, 3µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.#
30mm 9178331 9178332 9178333 9178335
50mm 9178351 9178352 9178353 9178355

100mm 9178311 9178312 9178313 9178315

Ultra Aqueous, 3µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9178332-700 9178333-700 9178335-700
50mm — 9178352-700 9178353-700 9178355-700

100mm — 9178312-700 9178313-700 9178315-700

Ultra Aqueous, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.#
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Ultra Aqueous, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9178532-700 9178533-700 9178535-700
50mm — 9178552-700 9178553-700 9178555-700

100mm — 9178512-700 9178513-700 9178515-700
150mm — 9178562-700 9178563-700 9178565-700
200mm — 9178522-700 9178523-700 9178525-700
250mm — 9178572-700 9178573-700 9178575-700

Product Listing
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HPLC Analysis of Vitamins
The market for nutritional and dietary supplements is growing
tremendously. And, as these nutraceutical and dietary supple-
ment markets grow, the need for simple, rugged, and accurate
high performance liquid chromatography (HPLC) methods to
analyze vitamins becomes increasingly important.

Vitamins encompass a wide range of organic compounds. They
are required by the human body in only minute quantities. Yet,
they have significant impact at the cellular level. Vitamins play
a vital role in converting fat and carbohydrates to energy, regu-
lating metabolism, and other bodily functions. 

Vitamins can be broadly classified into two groups, water-solu-
ble vitamins and fat-soluble vitamins. Fat-soluble vitamins
include such constituents as Vitamin A (retinol) and Vitamin D3
(cholecalciferol). Vitamin A has been found to play an important
role in proper growth and eye function, while Vitamin D is
required for proper bone and tooth growth.

Fat-Soluble Vitamins
The Restek Ultra C18 column is an ideal first choice to separate
a wide range of fat-soluble vitamins. Its very retentive, high-
purity packing exhibits excellent peak shape. The silica has a
carbon load of 20% and is fully end-capped, which eliminates
any unwanted silanol interactions and improves column-to-col-
umn reproducibility.
The fat-soluble vitamins are extremely hydrophobic and must
be dissolved in an organic solvent. A mixture of six fat-soluble
vitamins were separated using an Ultra C18 column (Figure 1).

The analytes were dissolved in diethyl ether. The sample solu-
tion was then analyzed using a simple isocratic mobile phase
(acetonitrile:methanol [90:10]) with a stepped flow rate
(1mL/min. from 1 minute  to 5 minutes, then 2mL/min. from 5
minutes to 50 minutes). All six constituents are easily resolved
and show excellent peak shape.

Water-Soluble Vitamins
The group of compounds known as water-soluble vitamins is
very diverse chemically, including both basic and acidic mole-
cules. Some of the water-soluble vitamins, such as thiamin and
ascorbic acid, are very polar and thus difficult to retain by
reversed phase HPLC. Many reversed phase methods for water-
soluble vitamins require ion-pairing reagents in order to retain
the more polar analytes. However, the Ultra Aqueous C18 col-
umn easily separates six water-soluble vitamins with a gradient
elution and relatively simple mobile phases that contain no ion
pairing reagents (Figure 2). 

Figure 2

The Ultra Aqueous C18 column easily separates six 
water-soluble vitamins.

Figure 1
The Ultra C18 column provides excellent peak shape and

resolution of fat-soluble vitamins.

LC_0144

Peak List: Conc.: (mg/mL)
1. solvent front
2. menadione (vitamin K3) 0.45
3. all-trans-retinol (vitamin A) 0.34
4. vitamin D3 0.4
5. unknown
6. alpha tocopherol (vitamin E) 2.4
7. alpha tocopherol acetate 

(vitamin E Acetate) 2.4
8. unknown
9. phylloquinone (vitamin K1) 0.84

Column: Ultra C18
Catalog #: 9174575 
Dimensions: 250 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Sample:
Inj.: 1µL
Solvent: all analytes dissolved

in HPLC-grade 
diethyl ether.

Conditions:
Mobile phase: acetonitrile:

methanol (90:10)
Time (min) Flow (mL/min)

1.00 1.00
5.00 1.00
5.01 2.00

50.00 2.00
Temp.: 30°C
Det.: UV @ 280nm

LC_0141

Peak List: Conc. (µg/mL)
1.  thiamin (B1)* 250
2.  ascorbic acid (C) 1,000
3.  unknown n/a
4.  nicotinic acid (B3) 1,000
5.  unknown n/a
6.  pantothenic acid (B5) 1,000,000
7.  folic acid (B9) 500
8.  riboflavin (B2)* 250
9.  methyl paraben (preservative) 0.2

*Initial dilutions of B1 and B2 
basified with ammonium hydroxide.

Column: Ultra Aqueous C18
Catalog #: 9178575 
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Sample:
Inj.: 1µL
Solvent: all analytes dissolved 

in HPLC-grade water
Conditions:
Mobile phase: A: 25mM potassium 

phosphate, pH 2.00:
methanol (95:5)  
B: methanol:25mM 
potassium phosphate, 
pH 3.5 (60:40)

Hold 0% B: 0-6 min.
Step to 25% B: 6.01min.
25-100% B: 6.01-11min.
Hold 100% B: 11-16min.

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 254nm
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Ultra Aqueous C18, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Ultra Aqueous C18, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9178532-700 9178533-700 9178535-700
50mm — 9178552-700 9178553-700 9178555-700

100mm — 9178512-700 9178513-700 9178515-700
150mm — 9178562-700 9178563-700 9178565-700
200mm — 9178522-700 9178523-700 9178525-700
250mm — 9178572-700 9178573-700 9178575-700

Ultra C18, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9174531 9174532 9174533 9174535
50mm 9174551 9174552 9174553 9174555

100mm 9174511 9174512 9174513 9174515
150mm 9174561 9174562 9174563 9174565
200mm 9174521 9174522 9174523 9174525
250mm 9174571 9174572 9174573 9174575

Ultra C18, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9174532-700 9174533-700 9174535-700
50mm — 9174552-700 9174553-700 9174555-700

100mm — 9174512-700 9174513-700 9174515-700
150mm — 9174562-700 9174563-700 9174565-700
200mm — 9174522-700 9174523-700 9174525-700
250mm — 9174572-700 9174573-700 9174575-700

© Copyright 2000, Restek Corporation

For simple, rugged, and accurate high performance liquid chromatography (HPLC) methods and columns to analyze 
fat- and water-soluble vitamins, turn to Restek for products and service.



Peak List:
1.vanillin
Column: Ultra C8
Catalog #: 9103565 
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å
Sample:
Inj.: 10µL
Conc.: 5% solution of vanilla extract
Solvent: 40% ethanol
Conditions:
Mobile phase:A:1.2% acetic acid

B:methanol
Time (min.) %B

0.0 20.0
5.0 20.0

15.0 40.0
20.0 40.0
25.0 20.0

Flow: 1.0mL/min.
Temp.: 28°C
Det.: UV @ 254nm

0 2 4 6 8 10 12 14 16 18 min.

Introduction
Vanilla extracts and flavorings are used in a wide range of food
products, including dairy products, beverages, baked goods, and
confections. They also are used as a background note or flavor
enhancer in products such as sauces, soups, and vegetables. In
fact, vanilla is the only flavor with a US Federal Department of
Agriculture (FDA) standard of identity (21 CFR 169), which
states that vanilla extract must contain the extractive material
from 13.35 oz. of vanilla beans per gallon and at least 35%
alcohol by volume. If the alcohol content is less than 35%, the
solution is “vanilla flavor.” Imitation vanilla extract contains
natural and artificial flavorings, including vanillin, and has 
alcohol as the solvent. Imitation vanilla flavors contain vanillin,
ethyl vanillin, or other acceptable flavoring materials, with or
without “real” vanilla.

The flavor profile of vanilla contains over 250 components,
with vanillin present at levels between 0.5-2%. A curing process
creates the characteristic odor and flavor by promoting an enzy-
matic reaction that transforms glucovanillin and other sub-
stances into vanillin and other aromatic compounds. In general,
vanillin is the component of vanilla extract that is imitated in
artificial flavorings. United States Pharmacopoeia (USP)
defined vanillin can be synthesized from sources such as lignin,
a byproduct of the paper industry. Ethyl vanillin also is synthe-
sized for use in vanilla flavorings, and has a taste very similar to
vanillin. Figure 1 shows the chemical structures for vanillin and
ethyl vanillin. The aromatic rings on these compounds allow
sensitive detection based on their UV absorbance at 254nm.

Analysis
In the Association of Official Analytical Chemists (AOAC)
Method 990.25, flavor compounds in vanilla extract and artifi-
cial vanilla flavor are analyzed using HPLC. The analytes are
separated on a C8 column and quantitated by comparing their
UV absorbance at 254nm to an external standard. The analysis
is performed isocratically, with a mobile phase of acidified
water:methanol (90:10) and a flow rate of 2.5mL/min. Even at
this high flow rate, the run time is long (approximately 40 min-
utes) and there is significant broadening of the late-eluting ethyl
vanillin peak.

An efficient separation can be performed using the Restek Ultra
C8 reverse phase column (150 x 4.6mm, with 5µm particles)
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Analysis of Vanillin and Ethyl Vanillin in Vanilla Flavors Using Ultra C8 Column

Figure 2

The Ultra C8 column achieves excellent resolution 
of vanillin and ethyl vanillin.

LC_0148

Peak List: Conc.: (mg/mL)
1. vanillin 0.12
2. ethyl vanillin 0.04

Column: Ultra C8
Catalog #: 9103565 
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å
Sample:
Inj.: 10µL
Solvent: 40% ethanol
Conditions:
Mobile phase:A:1.2% acetic acid

B:methanol
Time (min.) %B

0.0 20.0
5.0 20.0

15.0 40.0
20.0 40.0
25.0 20.0

Flow: 1.0mL/min.
Temp.: 28°C
Det.: UV @ 254nm

and a gradient pump program, such as acidified water:methanol
(80:20 to 60:40). By using a gradient program, the run time can be
reduced to 25 minutes at a flow rate of 1mL/min (Figures 2 and 3). 

Figure 2 shows the analysis of a standard solution of vanillin and
ethyl vanillin. Using these parameters, the k' values for vanillin and
ethyl vanillin are 4.8 and 6.8, respectively. The resolution of these
compounds is excellent under these run conditions. Figure 3 shows
the injection of a solution of vanilla extract. In addition to vanillin,
there are other aromatic compounds present in the extract. Vanillin is
well resolved from these components, and the vanillin can be easily
quantitated in this sample. Other flavor components present in vanil-
la extracts and flavorings also can be analyzed using this procedure.

Vanillin Ethyl Vanillin

CHO CHO

OCH3
OH OH

OC2H5

Figure 1

Ethyl vanillin is a synthetic molecule that has a similar taste to
vanillin, but is approximately 2-3 times stronger.

6 8 10 12 14 16 min.

1

Figure 3

The analysis of a 5% solution of a vanilla extract 
allows easy quantitation of vanillin.

LC_0149
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Ultra C8, 3µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9103331 9103332 9103333 9103335
50mm 9103351 9103352 9103353 9103355

100mm 9103311 9103312 9103313 9103315

Ultra C8, 3µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9103332-700 9103333-700 9103335-700
50mm — 9103352-700 9103353-700 9103355-700

100mm — 9103312-700 9103313-700 9103315-700

Ultra C8, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9103531 9103532 9103533 9103535
50mm 9103551 9103552 9103553 9103555

100mm 9103511 9103512 9103513 9103515
150mm 9103561 9103562 9103563 9103565
200mm 9103521 9103522 9103523 9103525
250mm 9103571 9103572 9103573 9103575

Ultra C8, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9103532-700 9103533-700 9103535-700
50mm — 9103552-700 9103553-700 9103555-700

100mm — 9103512-700 9103513-700 9103515-700
150mm — 9103562-700 9103563-700 9103565-700
200mm — 9103522-700 9103523-700 9103525-700
250mm — 9103572-700 9103573-700 9103575-700

© Copyright 2000, Restek Corporation

Summary
The analysis of vanillin and ethyl vanillin in vanilla flavors can
be performed efficiently by liquid chromatography using an Ultra
C8 column and UV detection at 254nm. The separation can be
carried out using either an isocratic or a gradient elution program;
however, in the gradient mode the run time is significantly
reduced and less solvent is needed. In addition, much less peak
broadening is observed with the gradient program, resulting in
higher sensitivity for the later-eluting compounds.

References
1. AOAC Official Methods of Analysis (2000), 17th edition, 

method 990.25.
2. Brandt, Laura.  “The Creation and Use of Vanilla,” Food

Product Design (1996), editorial archives.



Uniliner® sleeve
with press-tight seal

inlet seal

Figure 1
The Uniliner® sleeve forms a leak-free connection, 
minimizes backflash, and helps focus the sample.
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Techniques to Optimizing GC Analysis of Ethylene Glycol in Water
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Direct injection 
using a Uniliner®

sleeve—An alternative 
to splitless!

The analysis of ethylene glycol in water is a very common test
in environmental laboratories. Many of these samples originate
from water runoff at airports where ethylene glycol is used as a
de-icing agent for airplanes during winter months. Because
ethylene glycol is highly soluble in water, it is not easily 
concentrated by purge and trap. Therefore, the most frequently
used sample introduction technique is direct aqueous injection.
The direct aqueous injection of ethylene glycol can be chal-
lenging because, if not done properly, it can be difficult to
attain reproducibility and good peak shape. The large expan-
sion volume of water can cause backflash, carryover can 
cause inconsistent results, and excess water can extinguish the
FID flame. These problems can prevent achieving the 
detection limit for ethylene glycol, which may vary in the 
1-10ppm range.   

Poor Peak Shape
With a column head pressure of 10psig and an injection port
temperature of 250°C, a 1µL injection of water will expand to
1420µL of vapor. This large vapor cloud exceeds the volume of
most inlet liners, causing backflash. If backflash occurs, the
vapor cloud can expand out of the liner and injection port and
result in poor sample transfer onto the column. Also, the glycol
compounds are not focused in a narrow band but, instead, are
focused in the condensed water that beads onto the column
walls, so the compounds of interest can elute as split peaks.
This peak splitting effect is most apparent when performing a
splitless injection because of the solvent focusing required.
Split peaks and backflash compromise the analysis by causing
irreproducible peak shapes.

One technique to reduce the effect of vapor expansion and poor
solvent focusing is the use of a Uniliner® injection port sleeve.
This sleeve forms a leak-free connection with the column end
(Figure 1), thereby ensuring a complete sample transfer.
Additionally, the Uniliner® sleeve requires operation at a higher
pressure than traditional splitless liners, which forces the large
vapor cloud to be focused into a narrow band when entering
the column. This minimizes sample backflash and eliminates
the need for solvent focusing. By using a Uniliner® sleeve, the
aqueous ethylene glycol sample is completely vaporized and
properly transferred to the column in a focused, narrow band,
thereby achieving reproducible peak areas. Uniliner® sleeves
are available for conversion of packed column injection sys-
tems and for split/splitless injection systems.  

Sample Residue Carryover
Carryover is another problem associated with ethylene glycol
analysis. When analyzing glycols, carryover can be caused by
sample residue in the syringe being carried over from one
injection to another. If the syringe is not properly cleaned
between analyses, carryover will cause inconsistent results.

Rinsing the syringe with either water or water/methanol (50:50)
three to six times between each injection will eliminate sample
residue and minimize the possibility of carryover. 

FID Flameout
Column stationary phase choice is a critical consideration when
analyzing glycols in water via direct injection. Water analyzed
on a non-polar stationary phase, such as the Rtx®-1 column, or
on a moderately polar stationary phase, such as the Rtx®-200
column, will cause the flame on the FID to be extinguished.
This is because the water will not partition properly and will
“bead up” on the phase, producing a large plug of water that
passes through the detector and extinguishes the flame. The
more commonly-used GCs will experience flameout under
these circumstances while others will not. 

To minimize the possibility of extinguishing the flame, select a
polar stationary phase that is more compatible with water. The
Stabilwax® stationary phase is one of the more polar phases,
making it a good choice for water injections. It allows water to
partition properly, which prevents it from beading up on the
stationary phase and quenching the FID flame. 

analytical column
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Figure 3
The Stabilwax® column combined with a Uniliner® sleeve shows remarkable response consistency.

The Stabilwax® column can easily handle
direct aqueous injections without showing
any signs of degradation. Testing of the
Stabilwax® column was performed by inject-
ing 1µL of a water standard 100 times. Peak
shape and response of ethylene and propy-
lene glycol remained consistent throughout
the analyses (Figures 2 and 3). The
Stabilwax® column also allows sensitive
detection of low ppm-levels of glycol com-
pounds. Notice the 5ppm detection limit for
ethylene glycol in water is easily achieved,
and peak shape is maintained when com-
pared to a 25ppm standard (Figure 4).

Conclusion
You can achieve better response and repro-
ducibility for the GC analysis of ethylene
glycol in water by using direct injection with
a Uniliner® sleeve, a polar capillary column
such as Stabilwax®, and multiple syringe
washes between runs. Using these tech-
niques can assist in attaining reproducible
analyses with detection limits in the low
ppm range.

30m, 0.53mm ID, 1.0µm Stabilwax (cat.# 10655)
1.0µL of ethylene glycol and propylene glycol sample
in water. Open-top Uniliner direct injection liner with-
out wool (cat.# 20843-205).

Concentration: 100ppm
Instrument: Agilent 5890 w/7673 Autosampler
Oven temp.: 80°C (hold 1 min.) to 200°C @ 

8°C/min. (5.0 min.)
Inj./det. temp.: 225°C/250°C
Carrier gas: helium
Linear velocity: 50cm/sec.
Detector: FID
Septa Purge: 5.0cc/min.
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Figure 2
The Stabilwax® column shows good peak shape and response 

for ethylene glycol after 100 injections.
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Stabilwax® Columns
30m 0.32mm ID 1.0µm cat.# 10654

30m 0.53mm ID 1.0µm cat.# 10655

Uniliner® Sleeves
Description Column ID Inj. Mode Each* 5-pack
Uniliner® Sleeve (large buffer volume chamber—85mm long for injections ≤4µL) 0.32 & 0.53mm DI only 20308 20309

0.53mm DI or OC 20301 20305

Cyclo-Uniliner® Sleeve (for active dirty samples) 0.32 & 0.53mm DI only 20319 20320

Open-Top Uniliner® Sleeve (packed with fused silica wool) 0.32 & 0.53mm DI only 20315 20316

Uniliner® Sleeve Adaptor includes a ¼" SS nut and graphite ferrule, a 1/16" SS
(required for installing Uniliner® sleeves in ¼" injection ports) nut, and a 0.8mm ID graphite ferrule.

For injection ports <8cm: cat.# 20310 ea.
For injection ports 8-15cm: cat.# 20311 ea.
For Shimadzu: cat.# 20312 ea.

Product Listing:

Restek Corporation • (800) 356-1688 • (814) 353-1300 • www.restekcorp.com
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30m, 0.53mm ID, 1.0µm Stabilwax (cat.# 10655)
1.0µL of ethylene glycol and propylene glycol sample
in water. Open-top Uniliner direct injection liner with-
out wool (cat.# 20843-205).

Concentration: 5ppm and 25ppm
Instrument: Agilent 5890 w/7673 Autosampler
Oven temp.: 80°C (hold 1 min.) to 200°C @ 

8°C/min. (5.0 min.)
Inj./det. temp.: 225°C/250°C
Carrier gas: helium
Linear velocity: 50cm/sec.
Detector: FID
Septa Purge: 5.0cc/min.

Figure 4
The Stabilwax® column can easily analyze 5ppm and 25ppm standards.

* Add the suffix “-205” to the catalog number to order without wool. 
.
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Product Listing, continued:

Uniliner® Sleeves
Direct Injection Liners for Agilent ID***/OD & Length
& Finnigan GCs (0.32/0.53mm ID) Benefits/Uses: (mm) Each* 5-pack
Uniliner®† trace, active samples, high recovery & linearity 4.0 ID, 6.3 OD x 78.5 20335 20336

Cyclo-Uniliner®† trace, dirty, high MW active samples, high recovery & linearity 4.0 ID, 6.3 OD x 78.5 20337 20338

Open-top Uniliner® with Wool† trace, dirty active samples, high recovery & linearity 4.0 ID, 6.3 OD x 78.5 20843 20844

Direct Injection Liners for Agilent ID***/OD & Length 
6890 GCs (0.32/0.53mm ID) Benefits/Uses: (mm) Each* 5-pack
Drilled Uniliner®† allows direct injection when using an EPC-equipped GC 4.0 ID, 6.3 OD x 78.5 21054 21055

Direct Injection Liners for Varian GCs ID***/OD & Length 
(0.32/0.53mm ID) Benefits/Uses: (mm) Each* 5-pack
Uniliner® trace, active samples, high recovery & linearity 4.0 ID, 6.3 OD x 72 20345 20346

Cyclo-Uniliner® trace, dirty, high MW, active samples, linearity 4.0 ID, 6.3 OD x 72 20347 20348

Open-top Uniliner® w/ Wool** trace, dirty, active samples, high recovery & linearity 4.0 ID, 6.3 OD x 72 20845 20846

Direct Injection Liners for ID***/OD & Length 
Shimadzu GCs (0.32/0.53mm ID) Benefits/Uses: (mm) Each* 5-pack
128mm Uniliner® trace, active samples, high recovery & linearity 3.0 ID, 5.0 OD x 128 20872 20873

128mm Cyclo-Uniliner® trace, dirty, high MW active samples, linearity 3.5 ID, 5.0 OD x 128 20874 20875

99mm Uniliner® trace, active samples, high recovery & linearity 3.0 ID, 5.0 OD x 99 20876 20877

99mm Cyclo-Uniliner® trace, dirty, high MW active samples, high recovery & linearity 3.0 ID, 5.0 OD x 99 20893 20894

94mm Uniliner® w/ Wool** trace, dirty, high MW active samples, high recovery & linearity  3.0 ID, 5.0 OD x 94 21713 21719

Direct Injection Liners for ID***/OD & Length 
Perkin-Elmer GCs (0.32/0.53mm ID) Benefits/Uses: (mm) Each* 5-pack
Uniliner® trace, active samples, high recovery & linearity 3.5 ID, 5.0 OD x 100 20855 20856

Cyclo-Uniliner® trace, dirty, active samples, linearity 3.5 ID, 5.0 OD x 100 20857 20858

trace, dirty, active samples, 

Auto SYS Open-top Uniliner® w/ Wool** high recovery & linearity 4.0 ID, 6.2 OD x 92.1 20837 20838

Auto SYS Cyclo-Uniliner® trace, dirty, high MW active samples, linearity 4.0 ID, 6.2 OD x 92.1 20839 20840

Split Liners for 5000-6000 ID***/OD & Length 
Series GCs Benefits/Uses: (mm) Each* 5-pack
Open-top Uniliner® w/ Wool** trace, dirty, active samples, high recovery & linearity 4.0 ID, 5.5 OD x 79.5 20841 20842

Direct injection Liners for 8000 ID***/OD & Length 
& TRACE™ Series GCs Benefits/Uses: (mm) Each* 5-pack
Uniliner® w/ Wool trace, active samples, high recovery & linearity 5.0 ID, 8.0 OD x 105 21005 21006

Trademarks: Uniliner, Rtx, and Stabilwax (Restek). TRACE (ThermaQuest Corp.).

* Add the suffix “-205” to the catalog number to order without wool. 
** These liners are packed with fused silica wool. To order glass wool instead, add the suffix “-202” to the liner’s catalog number.

*** Nominal ID at syringe needle expulsion point.
†These Uniliner® sleeves are for split/splitless injection ports.



Figure 1 TO-Can™ canister maintains excellent stability for TO-14/TO-15 compounds at 10ppbv after 14 days.

TO-Can™ Air Monitoring Canisters
Long-Term Stability of  TO-14/TO-15 Compounds 

APPLICATIONS NOTE

US Environmental Protection Agency (EPA) Compendium of Air Methods TO-14/TO-15 are designed to regulate the collection,
storage, and analysis of atmospheric volatile organic compounds (VOCs) using treated air sampling canisters. Restek TO-Can™
canisters are electropolished using a proprietary process and extensively cleaned using an ultrasonic method—treatments that
ensure a high-quality, passivated surface to maintain stability of the TO-14/TO-15 compounds during storage. The design of the
frame surrounding the electropolished canister eliminates the need for weld marks on the sphere, which can be focal points for
VOC breakdown or adsorption. A Parker Hannifin metal-to-metal diaphragm valve further ensures the reliable performance of
the canister.

To collect VOCs in ambient air, TO-Can™ canisters should be cleaned and evacuated prior to being sent to the field. In the field,
the sample is drawn through a sampling train that will regulate the rate and duration of sampling. The TO-Can™ canister is then
sent to an analytical laboratory, where a known amount is drawn from the canister, concentrated on a concentrating trap, and ana-
lyzed according to Methods TO-14/TO-15, typically using a 60m, 0.32mm ID, 1.0µm Rtx®-1 capillary column in a GC/MS system.

TO-Can™ canisters meet the holding time criteria for Methods TO-14/TO-15
A 62-component TO-15 standard (10ppbv) was injected into a TO-Can™ canister and humidified to 70% relative humidity. The
standard was analyzed on day 0, day 7, and day 14 of storage. Table I (page 2) shows the results of the study. The TO-Can™ canis-
ter ensured excellent stability for these polar and non-polar compounds. The analysis on an Rtx®-1 column shows excellent reso-
lution and peak shapes (Figure 1).

Rtx®-1 60m, 0.32mm ID, 1.0µm (cat.# 10157). 
SSaammppllee:: 200mL of 10ppbv TO-15 standard, injected into TO-Can™ canister, humidified to 70% RH, stored 14 days. 
CCoonncceennttrraattoorr::    Nutech 3550 Preconcentrator, 200mL of sample concentrated at -160°C, thermally desorbed at 150°C, and cryofocused at -185°C.  
OOvveenn  tteemmpp..::  30°C (hold 4 min.) to 175°C @  9°C/min. to 220°C @  40°C/min. 
CCaarrrriieerr  ggaass::    helium @ 1.2mL/min.  
DDeett..::    Agilent 5971 MS  
SSccaann  rraannggee::  35-265amu
(see Table I on page 2 for peak identifications)
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Chromatogram courtesy of Gina Maio, Severn Trent Laboratories, Inc., Burlington, VT.
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Table I Holding time criteria for Methods TO-14/TO-15 are easily
achieved using a TO-Can™ canister.

DDaayy  11 DDaayy  77 DDaayy  1144
CCoommppoouunnddss RRTTss ppppbbvv ppppbbvv ppppbbvv
1. dichlorodifluoromethane (Freon® 12) 3.794 10.0 10.0 11.0
2. chloromethane 3.952 9.2 9.0 10.0
3. dichlorotetrafluoroethane (Freon® 114) 4.096 9.7 9.7 11.0
4. vinyl chloride 4.193 10.0 9.8 11.0
5. 1,3-butadiene 4.327 10.0 9.9 12.0
6. bromomethane 4.601 9.3 8.5 9.7
7. chloroethane 4.774 9.4 8.2 10.0
8. bromoethene 5.117 9.8 8.8 9.7
9. acetone 5.436 9.1 9.4 9.9

10. trichlorofluoromethane (Freon® 11) 5.527 9.8 10.0 10.0
11. isopropyl alcohol 5.709 10.0 8.8 7.8
12. 1,1-dichloroethene 6.149 9.6 9.6 11.0
13. methylene chloride 6.271 9.1 9.5 9.8
14. 3-chloropropene 6.392 9.1 8.3 8.4
15. carbon disulfide 6.544 8.0 8.9 9.6
16. trichlorotrifluoroethane (Freon® 113) 6.544 9.3 10.0 11.0
17. trans-1,2-dichloroethene 7.196 9.5 10.0 10.0
18. 1,1-dichloroethane 7.394 9.3 9.9 10.0
19. methyl tert-butyl ether 7.500 12.0 8.3 8.2
20. methyl ethyl ketone 7.834 9.2 9.1 10.0
21. cis-1,2-dichloroethene 8.228 9.6 9.8 10.0
22. bromochloromethane (IS) 8.395 10.0 10.0 10.0
23. n-hexane 8.471 9.0 9.4 9.9
24. chloroform 8.532 9.3 10.0 10.0
25. tetrahydrofuran 8.972 8.2 7.2 7.3
26. 1,2-dichloroethane 9.291 9.0 8.1 8.9
27. 1,1,1-trichloroethane 9.549 8.5 7.8 8.6
28. benzene 10.019 9.1 8.7 9.8
29. carbon tetrachloride 10.171 7.3 7.4 7.5
30. cyclohexane 10.307 9.2 9.2 10.0
31. 1,4-difluorobenzene (IS) 10.399 10.0 10.0 10.0
32. 1,2-dichloropropane 10.884 9.8 8.3 8.9
33. bromodichloromethane 11.081 7.2 8.0 8.6
34. trichloroethene 11.127 8.0 8.5 9.3
35. 1,4-dioxane 11.157 7.4 7.9 9.9
36. 2,2,4-trimethylpentane 11.188 7.7 7.9 8.7
37. n-heptane 11.461 7.9 8.0 9.0
38. cis-1,3-dichloropropene 12.068 7.7 8.3 9.5
39. methyl isobutyl ketone 12.129 8.5 8.6 10.0
40. trans-1,3-dichloropropene 12.644 7.5 7.9 8.2
41. 1,1,2-trichloroethane 12.842 8.8 11.0 9.9
42. toluene 13.160 9.0 12.0 11.0
43. methyl butyl ketone 13.464 9.3 9.7 10.0
44. dibromochloromethane 13.631 8.5 8.6 9.2
45. 1,2-dibromoethane 13.919 9.3 9.0 11.0
46. tetrachloroethene 14.481 9.7 8.5 12.0
47. chlorobenzene-d5 (IS) 15.224 10.0 10.0 10.0
48. chlorobenzene 15.285 10.0 9.4 11.0
49. ethylbenzene 15.755 11.0 11.0 12.0
50. xylene (m,p) 15.983 20.0 19.0 23.0
51. bromoform 16.059 9.6 8.4 8.5
52. styrene 16.438 11.0 8.3 8.5
53. 1,1,2,2-tetrachloroethane 16.545 11.0 9.1 8.0
54. xylene (o) 16.575 12.0 8.9 7.8
55. 2-chlorotoluene 18.017 11.0 10.0 7.8
56. 4-ethyltoluene 18.290 11.0 9.7 7.7
57. 1,3,5-trimethylbenzene 18.396 11.0 10.0 8.4
58. 1,2,4-trimethylbenzene 19.018 11.0 11.0 10.0
59. 1,3-dichlorobenzene 19.246 10.0 10.0 9.9
60. 1,4-dichlorobenzene 19.352 10.0 9.9 10.0
61. 1,2-dichlorobenzene 19.898 10.0 10.0 10.0
62. 1,2,4-trichlorobenzene 22.569 12.0 11.0 10.0
63. hexachlorobutadiene 23.358 12.0 11.0 10.0

Rtx®-1 Column (fused silica)
(Crossbond® 100% dimethyl polysiloxane)

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.32mm 1.00 -60 to 320/340°C 60-Meter 10157

Air Canister Heating Jacket
• Heats entire canister, and valve.
• Two temperature settings, 75°C and 150°C.*
• Prevents sample condensation, for accurate sub-

sampling.
• Easily fits canister up to 6 liters.
• Lightweight; comfortable to the touch when

heated.
• Connect up to five Canister Heating Jackets to

one 15 amp circuit.

*Not CE certified.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Air Canister Heating Jacket (110 volt) ea. 24123

The ultimate in controlled heating, 
for reliably cleaning your air canisters!

bromochloromethane
1-bromo-4-fluorobenzene (4-bromofluorobenzene)
chlorobenzene-d5
1,4-difluorobenzene

TO-14A Internal Standard/Tuning Mix

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34408 (ea.)
110000ppppbb cat. # 34425 (ea.)



WWiitthh  QQuuiicckk--CCoonnnneecctt  SStteemm  FFiittttiinnggss

Miniature Air Sampling Canisters
These 1000cc canisters are suitable for sampling volatile organic compounds
in air according to US EPA Methods TO-14/TO-15.

DDeessccrriippttiioonn VVoolluummee qqttyy.. ccaatt..##

Electro-Polished Miniature Canister with Quick-Connect Stem Fitting 1000cc ea. 24194
Sulfinert®-Treated Miniature Canister with Quick-Connect Stem Fitting 1000cc ea. 24195

1000cc ea. 24196
Sulfinert®-Treated Miniature Canister with Sulfinert®-Treated Quick-Connect
Stem Fitting

WWiitthh  MMeettaall--SSeeaatteedd  DDiiaapphhrraaggmm  VVaallvvee
Electro-Polished Miniature Canister with Metal-Seated Diaphragm Valve 1000cc ea. 24197
Sulfinert®-Treated Miniature Canister with Metal-Seated Diaphragm Valve 1000cc ea. 24198
Sulfinert®-Treated Miniature Canister with Sulfinert®-Treated Diaphragm Valve 1000cc ea. 24199
WWiitthh  NNuutt  &&  FFeerrrruullee
Electro-Polished Miniature Canister with Nut & Ferrule 1000cc ea. 24206
Sulfinert®-Treated Miniature Canister with Nut & Ferrule 1000cc ea. 24208

Also available: 400cc canisters. See our catalog or website.

TO-Can™ Air Monitoring Canisters
Optimized for US EPA Methods TO-14/TO-15
• High quality, metal-to-metal seal, 2/3-turn valve with metal diaphragms.
• Sizes from 1 to 15 liters.
• Optional 30" Hg/60psig vacuum/pressure gauge (other gauges available).

DDeessccrriippttiioonn qqttyy.. ccaatt..##
11LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24172
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24176
33LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24173
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24177
66LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24174
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24178
1155LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24175
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24179

acetone 
benzene
benzyl chloride*
bromodichloromethane
bromoform
bromomethane
1,3-butadiene
2-butanone (MEK)
carbon disulfide*
carbon tetrachloride 
chlorobenzene
chloroethane
chloroform 
chloromethane
cyclohexane
dibromochloromethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene

trans-1,2-dichloroethene
1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
1,4-dioxane
ethanol*
ethyl acetate
ethyl benzene 
ethyl dibromide 

(1,1-dibromoethane) 
4-ethyltoluene
trichlorofluoromethane

(Freon® 11)
dichlorodifluoromethane

(Freon® 12 )
1,1,2-trichloro-1,2,2-trifluo-

roethane (Freon® 113)
1,2-dichlorotetrafluoroethane

(Freon® 114)
heptane
hexachloro-1,3-butadiene
hexane
2-hexanone (MBK) 

4-methyl-2-pentanone (MIBK) 
methylene chloride
methyl tert-butyl ether (MTBE) 
2-propanol
propylene 
styrene 
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
toluene 
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene 
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
vinyl acetate
vinyl chloride
m-xylene 
o-xylene
p-xylene

*Stability of this compound cannot be guaranteed.

TO-15 62 Component Mix

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34436 (ea.)
110000ppppbb cat. # 34437 (ea.)

cylinder
design
AAlluummiinnuumm  ccoonnssttrruuccttiioonn..
SSiizzee:: 8 x 24 cm. 
VVoolluummee//PPrreessssuurree::
104 liters of gas @
1800psig.
OOuuttlleett  FFiittttiinngg:: CGA-180.
WWeeiigghhtt::  1.5 lbs.

Dimensions:
2.75" diameter, 11.92" long

(7 x 30.3cm)



Restek Trademarks:
Rtx, SilcoCan, Sulfinert, Siltek,
TO-Can, Turning Visions into
Reality, Restek logo.

Other Trademarks: 
Freon (E. I. du Pont de
Nemours & Co., Inc.), Veriflo
(Veriflo Corp.)

Passive Air Sampling Kits
• Improved design eliminates leaks at the filter.
• Excellent for sampling times from 1 hour to 125 hours, or grab sampling.

Available in six sampling flow ranges, Restek’s passive air sampling kit incorporates all hardware neces-
sary to collect air samples, and is easy to assemble for field sampling.* The stainless steel kit is ideal to
partner with the Restek TO-Can™ air sampling canister for methods TO-14A/TO-15. Use the Siltek®-treat-
ed version with the Restek SilcoCan® air sampling canister when collecting low-level volatile sulfur com-
pounds, or other active compounds.

*Air sampling canisters sold separately.

Air Sampling Kits

For individual components, see our catalog or website.

free literature
For detailed information about
using, cleaning, and certifying
passive sampling trains in air
sampling applications, request
our technical guide A Guide to
Passive Air Sampling.

Call Restek at 800-356-1688 or
814-353-1300, ext. 5, or con-
tact your Restek representa-
tive, to request your free copy!

lliitt..  ccaatt..##  5599997777BB

Restek U.S. • 110 Benner Circle • Bellefonte, PA  16823 • 814-353-1300 • 800-356-1688 • fax: 814-353-1309 • www.restek.com
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Thames Restek U.K. LTD • phone: 44 1494 563377 • fax: 44 1494 564990 • e-mail: sales@thamesrestek.co.uk
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CCaanniisstteerr  VVoolluummee FFllooww OOrriiffiiccee SSiilltteekk®--TTrreeaatteedd SSttaaiinnlleessss  SStteeeell
440000cccc 11  LLiitteerr 33  LLiitteerr 66  LLiitteerr 1155  LLiitteerr ((ssccccmm)) ssiizzee CCoommpplleettee  SSaammpplliinngg  KKiittss CCoommpplleettee  SSaammpplliinngg  KKiittss
8 hour 24 hour 48 hour 125 hour — 0.5–2 0.0008" 24217 24216
2 hour 4 hour 12 hour 24 hour 60 hour 2–4 0.0012" 24160 24165
1 hour 2 hour 6 hour 12 hour 30 hour 4–8 0.0016" 24161 24166

— 1 hour 4 hour 8 hour 20 hour 8–20 0.0020" 24162 24167
— — 2 hour 3 hour 8 hour 20–40 0.0030" 24163 24168
— — — 1 hour 3 hour 40–80 0.0060" 24164 24169

2

3

All fitting connections are 1/4" tube,
except where noted.

1. Veriflo™ SC423XL
flow controller
Designed to maintain a con-
stant mass flow as the pres-
sure changes from 30" Hg to
5" Hg. All wetted parts of the
flow controller can be Siltek®-
treated.

2. Stainless steel 
vacuum gauge
Monitors canister pressure
change during sampling.

3. 1/4-inch Siltek® 
sample inlet
Stainless steel nut prevents
water droplets from accumu-
lating at the edge of the tub-
ing, where they could be
pulled into the sampling train.

4. 2-micron frit 
filter and washer
Replaceable. Available in stain-
less steel, or Siltek®-treated
for optimum inertness.

5. Interchangeable 
critical orifice
Sapphire critical orifice con-
trols the flow with very high
precision. Available in stainless
steel, or Siltek®-treated for
optimum inertness.

4

5

1/4" NPT

1

did you know?
We also offer sampling bags,
thermal desorption tubes, and
a range of gas reference stan-
dards to meet your environ-
mental air sampling require-
ments.
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Polarity: selective for lone 
pair electrons.

Uses: environmental samples, 
solvents, Freon® samples, 
drugs, ketones and 
alcohols.

environmental
Applicationsnote
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Separating m- and p-Xylene Isomers by US EPA Method 8260 Using an 
Rtx®-200 GC Column

Xylenes are aromatic hydrocarbons that naturally occur
in petroleum and coal tar; they also can be commercially
derived from these substrates. Three xylene isomers
exist: meta-, para-, and ortho-xylene, usually referred to
as m-, p-, and o-xylene, respectively. Mixed xylenes pro-
duced from petroleum contain 20% o- and p-xylene, with
44% m-xylene.1 The isomers of m- and p-xylene are dif-
ficult to resolve using gas chromatography (GC) and
most capillary columns. Although limited data exists
suggesting toxicological differences between m- and p-
xylene, there is still interest in resolving them.  

The US Environmental Protection Agency (EPA) does
not require separation of the xylene isomers, but rather
requests their calculation as totals or sums.2 Some states
such as New York have action limits based on m- and p-
xylene separately. For example the action limit in drink-
ing water is 5µg/L for m-xylene and 5µg/L for p-xylene.
A drinking water sample that has 9µg/L of total xylenes
could, in fact, exceed the limits by having 9µg/L of m-
xylene and no p-xylene present in the sample.3 However,
other states and agencies would consider the action limit
for these two isomers as 10µg/L total. 

A recent performance evaluation from New York state
contained one of the isomers of xylene, which required
the contracted environmental laboratories to determine
actual concentrations of m- and p-xylene separately. The
most common way to perform a GC separation of m- and
p-xylene is by using a polyethylene glycol (PEG) station-
ary phase, such as the Restek Stabilwax® column.
Chromatographically, baseline separation is possible;
however, bleed levels are unacceptable for a mass spec-
trometer (MS) and sample matrices containing organic
acids can contribute to bleed from the stationary phase.  

The more ideal column choice for this particular separa-
tion is the Rtx®-200 column. The Crossbond® trifluoro-
propylmethyl polysiloxane stationary phase (Figure 1)
features exceptionally low bleed at common volatile
application working temperatures because its maximum
operating temperature is 360° C. 

The Rtx®-200 column provides unique separation of
volatile organic compounds (VOCs) listed in US EPA
Methods 524 and 8260 (Figure 2), making it the best
column to separate xylene isomers for specific state

requirements (Figure 3). The Rtx®-200 column’s  only
limitation is the resolution of the gases—peaks 2, 3, 5,
and 6 (Figure 2). 

This column also is a good choice for analyzing samples
having complex matrices; analyses where coelutions of
several compounds can make identification of tentitively
identified compounds (TICs) nearly impossible on a
“624” phase. Trifluoropropyl stationary phases like that
of the Rtx®-200 column have a unique selectivity because
of the electrophilic nature of the fluorine-containing
polymer. This creates interactions with electron-rich
molecules like ketones and halogenated compounds. This
unique selectivity results in different elution orders and
resolves compounds that phenyl, cyano and methyl phas-
es cannot. In this analysis, the Rtx®-200 column can be
used to confirm TICs and resolve multiple coelutions. 

References
1. Toxicological Profile for Total Xylenes. Prepared by Clements
Associates, Inc.. under Contract No. 205-88-0608. Prepared for
Agency for Toxic Substances and Disease Registry, US Public Health
Services, Atlanta, GA. December 1990. 

2. US EPA Method 8000B, Rev. 2. Determinative Chromatographic
Separations. Page 7 Section 3.3.3. Washington, DC. December 1996.

3. Consumer Confidence Report. New York Water Service Corporation.
60 Brooklyn Avenue Merrick, New York, NY. September 1999. 

Figure 1—Phase Structure
Rtx®/MXT®-200 trifluoropropylmethyl polysiloxane
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Figure 2
The Rtx®-200 column provides unique separation of the VOCs listed in US EPA Method 8260.

60m, 0.25 mm ID, 1.0µm Rtx-200 (cat.# 15056)
Compounds in at 10 ppb in 5mL of RO water.
Ketones, alcohols in at 2x (unless otherwise noted).

Concentrator: Tekmar LSC-3100 Purge and Trap 
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature
Dry Purge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C  
Desorb: 250°C for 2 min., flow 10mL/min. 
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel MXT tubing

Oven Program: 40°C (hold 10 min.) to 100°C @ 6°C/min. 
(hold 1 min.) to 210°C @ 30°C/min. (hold 7 min.)  

Carrier Gas: helium @ ~1.3mL/min. constant flow
Adjust dichlorodifluoromethane to a retention time of 4.1 min. @ 40°C.

Detector: Agilent 5973 MS, scan range 35 to 300 AMU

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. carbon disulfide
8. ethanol (2500ppb)
9. 1,1-dichloroethene

10. methylene chloride
11. allyl chloride
12. trans-1,2-dichloroethene
13. tert-butyl alcohol (100ppb)
14. methyl tert-butyl ether
15. allyl alcohol (250ppb)
16. diisopropyl ether
17. propargyl alcohol (500ppb)
18. 1,1-dichloroethane
19. ethyl-tert-buyl ether
20. chloroform
21. dibromofluoromethane
22. cis-1,2-dichloroethene
23. bromochloromethane
24. carbon tetrachloride

25. acetone
26. 2,2-dichloropropane
27. 1,1,1-trichloroethane
28. vinyl acetate
29. 1,1-dichloropropene
30. isobutyl alcohol (500ppb)
31. acrylonitrile
32. benzene
33. tert-amyl-methyl ether
34. tetrahydrofuran
35. 1,2-dichloroethane
36. trichloroethene
37. bromodichloromethane
38. methyl acrylate 
39. dibromomethane
40. ethyl acetate
41. 2-butanone
42. 1,4-difluorobenzene
43. pentafluorobenzene
44.  1,2-dichloropropane
45. isopropyl acetate
46. cis-1,3-dichloropropene
47. dibromochloromethane
48. methyl methacrylate

49. toluene
50. toluene-d8
51. tetrachloroethene
52. 1,1,2-trichloroethane
53. n-propyl acetate
54. trans-1,3-dichloropropene
55. 1,2-dibromoethane
56. pyridine (250ppb)
57. 1,3-dichloropropane
58. ethyl methacrylate
59. bromoform
60.  1,1,1,2-tetrachloroethane
61. ethylbenzene
62. 4-methyl-2-penanone
63. chlorobenzene
64. chlorobenzene-D5
65. m-xylene
66. 2-picoline (250ppb)
67. p-xylene
68. n-butyl acetate
69. o-xylene
70. stryrene
71. 2-hexanone
72. isopropylbenzene

73. 1,1,2,2-tetrachloroethane
74. n-propylbenzene
75. bromobenzene
76. 4-bromo-1-fluorobenzene
77. 1,3,5-trimethylbenzene
78. pentachloroethane
79. 2-chlorotoluene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. 1,2,4-trimethylbenzene
84. sec-butylbenzene
85. p-isopropyltoluene
86. 1,3-dichlorobenzene
87. 1,2-dichlorobenzene-d4
88. 1,4-dichlorobenzene
89. n-butylbenzene
90. 1,2-dichlorobenzene
91. 1,2-dibromo-3-chloropropan
92. hexachlorobutadiene
93. 1,2,3-trichlorobenzene
94. naphthalene
95. 1,2,4-trichlorobenzene
96. nitrobenzene (250ppb)
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Separate m/p-xylene isomers
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Figure 3
An extracted ion chromatogram shows the Rtx®-200 column is the best column choice 

to separate m/p-xylene isomers.

Call for availability of lengths greater than 1000 ft.

*Metric conversion: 6 ft. (1.8m), 25 ft. (7.6m), 50 ft. (15.2m), 
200 ft. (61m), >400 ft. (>122m)

Other lengths and sizes of Silcosteel® tubing
are available on a custom basis!

Coiled Silcosteel® Tubing

Silcosteel®-Treated Welded/Drawn Grade 304 
Stainless Steel Tubing

Sold by the foot—5 ft. minimum.
cat.# ID, OD
20590 0.011" ID (0.28mm ID), 0.022" OD (0.56mm OD)

20591 0.021" ID (0.53mm ID), 0.029" OD (0.74mm OD)

20592 0.010" ID (0.25mm ID), 1/16" OD (1.59mm OD)

20593 0.020" ID (0.51mm ID), 1/16" OD (1.59mm OD)

20594 0.030" ID (0.76mm ID), 1/16" OD (1.59mm OD)

20595 0.040" ID (1.02mm ID), 1/16" OD (1.59mm OD)

0.020" wall:

20596 0.085" ID (2.16mm ID), 1/8" OD (3.18mm OD)

0.020" wall:

20597 0.210" ID (5.33mm ID), 1/4" OD (6.35mm OD)

Silcosteel®-Treated Seamless 316 Grade 
Stainless Steel Tubing

Sold by the foot—5 ft. minimum.
cat.# ID, OD

0.035" wall:

20598 0.055" ID (1.40mm ID), 1/8" OD (3.18mm OD)

0.035" wall:

20599 0.180" ID (4.57mm ID), 1/4" OD (6.35mm OD)

Straight Silcosteel® Tubing

0.085" ID (2.16mm), 1//8" OD (3.18mm)

Length Individual 5-Pack
18" (457mm) 20575  20576

0.210" ID (5.33mm), 1//4" OD (6.35mm)

Length Individual 5-Pack
18" (457mm) 20577  20578

Minimum Bend Radius 
(dependent on OD)

OD Min. Bend Radius
£1/16" 1"

1/8" 2"
1/4" 4"

60m, 0.25 mm ID, 1.0µm Rtx-200 (cat.# 15056)
Compounds in at 10 ppb in 5mL of RO water.
Ketones, alcohols in at 2x (unless otherwise noted).

Concentrator: Tekmar LSC-3100 Purge and Trap 
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient 

temperature
Dry Purge: 1 min. @ 40mL/min.
Desorb Preheat: 245°C  
Desorb: 250°C for 2 min., flow 10mL/min.
Bake: 260°C for 8 min.
Interface: transfer line 0.53mm ID Silcosteel 

MXT tubing

Oven Program: 40°C (hold 10 min.) to 100°C @ 
6°C/min. (hold 1 min.) to 210°C 
@ 30°C/min. (hold 7 min.)  

Carrier Gas: helium @ ~1.3mL/min. constant 
flow. Adjust dichlorodifluo-
romethane to a retention time of 
4.1 min. @ 40°C.

Detector: Agilent 5973 MS, 
scan range 35 to 300 AMU

Product Listing:
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Ions 91 and 106 
(peaks 65, 67, 69, Figure 1)

Ion 91

Ion 106

o-
xy
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Column product listing continued on back.



ID df (µm) temp. limits* 15-Meter 30-Meter 60-Meter 105-Meter

0.25mm 0.10 -20 to 320/340°C 15005 15008 15011

0.25 -20 to 320/340°C 15020 15023 15026 15029

0.50 -20 to 310/330°C 15035 15038 15041 15044

1.00 -20 to 290/310°C 15050 15053 15056 15059

0.32mm 0.10 -20 to 320/340°C 15006 15009 15012

0.25 -20 to 320/340°C 15021 15024 15027 15030

0.50 -20 to 310/330°C 15036 15039 15042 15045

1.00 -20 to 290/310°C 15051 15054 15057 15060

1.50 -20 to 280/300°C 15066 15069 15072 15075

0.53mm 0.10 -20 to 310/330°C 15007 15010 15013

0.25 -20 to 310/330°C 15022 15025 15028

0.50 -20 to 300/320°C 15037 15040 15043

1.00 -20 to 290/310°C 15052 15055 15058

1.50 -20 to 280/300°C 15067 15070 15073

3.00 -20 to 260/280°C 15082 15085 15088 15091

ID df (µm) temp. limits 10-Meter 20-Meter 40-Meter

0.18mm 0.20 -20 to 310/330°C 45001 45002 45003

0.40 -20 to 310/330°C 45010 45011 45012

For permission to reproduce any portion of this application note, please contact Restek’s publications/graphics department by phone (ext. 2128) or FAX.

Restek Corporation • (800) 356-1688 • (814) 353-1300 • www.restekcorp.com

Trademarks: Stabilwax, Silcosteel, Rtx, Crossbond (Restek). 
Vocarb, (Supelco). Freon (E.I. du Pont de Nemours & Co., Inc.)

*The maximum temperatures listed are for 15- and 30-meter lengths.
Longer lengths may have a slightly reduced maximum temperature.

Product Listing:

Rtx®-200 (Fused Silica)
(Crossbond® trifluoropropylmethyl polysiloxane) Stable to 360°

ID df (µm) temp. limits* 15-Meter 30-Meter 60-Meter

0.25mm 0.50 -20 to 330°C 75035 75038

1.00 -20 to 310°C 75050 75053

0.53mm 1.00 -20 to 290/310°C 75052 75055 75058

1.50 -20 to 280/300°C 75067 75070 75073

3.00 -20 to 260/280°C 75082 75085 75088

ID df (µm) temp. limits* 10-Meter 20-Meter 40-Meter

0.18mm 0.20 -20 to 310/330°C 71881 71882 71883

0.40 -20 to 310/330°C 71884 71885 71886

MXT®-200 (Silcosteel®)
(Crossbond® trifluoropropylmethyl polysiloxane) Stable to 360°
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Thames Restek UK Ltd.: Fairacres Industrial Centre, Dedworth Road, Windsor, England, Berkshire SL4 4LE 
phone: (44) 01753 624111 • fax: (44) 01753 624666
Thames Restek Scotland Ltd.: Dept 10, 44-46 Morningside Road, Edinburgh • EH10 4BF
phone: 870 241 1247 • fax: 870 241 0781
Restek Ireland: 8 Baronscourt Lane, Carryduff, Belfast, Ireland • BT8 8RR
phone: (44) 2890 814576 • fax: (44) 2890 814576© Copyright 2001, Restek Corporation
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Analysis of Polycyclic Aromatic Hydrocarbons (PAHs) Using Rtx®-5Sil MS and
Rtx®-CLPesticides2 Capillary Columns
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Analysis of polycyclic aromatic hydrocarbons (PAHs) is a
very common method in environmental laboratories. US
Environmental Protection Agency (EPA) Method 8100 requires
gas chromatograph/flame ionization detection (GC/FID) to
quantitate PAHs found in extracts from soil, water, or biologi-
cal samples. This method requires the use of a dual-column
system, because most samples often contain hydrocarbon inter-
ferences. Confirmational analysis increases the confidence of
proper identification and quantitation of the PAHs. Good reso-
lution is necessary for proper quantitation; the most difficult
compound pairs to resolve are benzo(b)/benzo(k)fluoranthene
and indeno(1,2,3-cd)pyrene/dibenzo(a,h)anthracene. Short anal-
ysis time is another key consideration for most laboratories. By
decreasing analysis time, sample throughput is increased and
the lab benefits from a cost savings.

Primary Analysis
For this analysis, the primary analytical stationary phase is a
5% diphenyl/95% dimethyl-polysiloxane polymer. The Restek
Rtx®-5Sil MS column is an equivalent phase and is recom-
mended for this analysis (Fig. 1). While selectivity is similar to
5% diphenyl/95% dimethyl-polysiloxane columns, the propri-
etary silarylene stationary phase of the Rtx®-5Sil MS column is
designed to produce very low bleed.

Confirmational Analysis
Confirmational analysis is a technique that requires two analyti-
cal columns of different selectivities, resulting in different reten-
tion times of target or interfering compounds. These differences
can improve quantitative and qualitative reliability through peak
verification. The confirmational column recommended by
Restek for this analysis is the Rtx®-CLPesticides2 column (Fig.
2). Quantitative reliability for this analysis is maintained
because the stationary phases differ in selectivity, resulting in
retention time shifts of both PAHs and interference compounds.

Resolution of PAHs
Resolution between benzo(b)fluoranthene and benzo(k)fluoran-
thene and indeno(1,2,3,-cd)pyrene and dibenzo(a,h)anthracene
is essential for quantitation when using an FID. To achieve
excellent resolution of these peak pairs, the carrier gas, column
flow rate, and temperature program must all be optimized. And,
to achieve even better quantitative reliability, it is recommended
to clean sample extracts following EPA Method 3630 (silica
gel) prior to analysis.

Optimizing Carrier Gas Flows
The resolution of PAHs can be increased and the overall analy-
sis time reduced by using hydrogen carrier gas at high flow
rates. For this application hydrogen is a better choice than heli-
um because it is more efficient at higher flow rates. And, if used

in the constant flow mode, the best separation and fastest analy-
sis time can be achieved. (Constant pressure mode is not recom-
mended because the flow rate will decrease as the oven temper-
ature is increased. This could result in a loss of resolution for
the later eluting PAHs and a longer analysis time.)

The optimum carrier gas flow rate for the 30m, 0.25mm ID,
0.25µm Rtx®-5Sil MS column is less than 1mL/min. However,
by increasing the flow rate to 4mL/min. for the analysis of
PAHs, the separation of the isomer pairs is increased and the
analysis time is reduced to less than 17 minutes (Figure 1). The
Rtx®-CLPesticides2 confirmation column can separate these
compounds under identical conditions (Figure 2). Again, the
faster flow rate (4mL/min.) improves separation and reduces
analysis time to less than 18 minutes.

Figure 1–The Rtx®-5Sil MS column exhibits
excellent resolution of polycyclic aromatic

hydrocarbons including benzo(b)/benzo(k)fluoran-
thene in less than 16 minutes.

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: 50µg/mL 610 PAH Mix standard (cat.# 31011) 

in carbon disulfide 
Inj.: 1.0µL splitless (hold 2 min.), 

2mm splitless w/ wool inlet liner (cat.# 20829)
Inj. temp.: 330°C
Carrier gas:  hydrogen, 4mL/min constant flow 
Oven temp.: 40°C (hold 2 min.) to 250°C @25°C/min. to 265°C 

@5°C/min. to 300°C (hold 4 min.) @25°C/min.
Det.: FID @350°C

5. phenanthrene
6. anthracene
7. fluoranthene
8. pyrene

GC_EV00595

1. naphthalene
2. acenaphthylene
3. acenaphthene
4. fluorene

9. benzo(a)anthracene
10. chrysene
11. benzo(b)fluoranthene
12. benzo(k)fluoranthene
13. benzo(a)pyrene
14. indeno(1,2,3-cd)pyrene
15. dibenzo(a,h)anthracene
16. benzo(ghi)perylene



Rtx®-5Sil MS Columns (-60 to 330/350°C)
30m 0.25mm ID 0.25µm cat.# 12723
30m 0.32mm ID 0.25µm cat.# 12724

Rtx®-CLPesticides2 Columns (-60 to 310/330°C)
30m 0.25mm ID 0.20µm cat.# 11323
30m 0.32mm ID 0.25µm cat.# 11324

Optimizing Temperature Program
Optimizing the temperature program also contributes to better
resolution of closely eluting peak pairs and shortens analysis
times. The temperature program in Figures 1 and 2 achieves

baseline resolution of indeno(1,2,3-cd)pyrene and
dibenzo(a,h)anthracene, and excellent resolution of
benzo(b)fluoranthene and benzo(k)fluoranthene, while still
keeping the analysis time under 18 minutes. Because the col-
umn flow rate and temperature program for both columns is the
same, the analysis can be run simultaneously on the primary
and confirmation columns.

Reducing Discrimination
Reduced response of the higher molecular weight PAHs is caused
by discrimination in the injection port. In extreme cases the
response of the last three PAH compounds may be lost completely.
Discrimination will vary by injection port design. Chromatograms
generated using a Perkin Elmer Autosys GC system exhibit mini-
mal discrimination (Figures 1 and 2). The area ratio of naphthalene
(peak 1) is ~2:1 compared to benzo(ghi)perylene (peak 16).

Several modifications can be made to reduce discrimination:
increasing injection port temperature to improve vaporization;
increasing the splitless hold time; and using a drilled Uniliner® inlet
sleeve. The design of the drilled Uniliner® creates a seal between
the liner and the column, which reduces the loss of high molecular
weight compounds and thereby improves their response. The
drilled Uniliner® has a small hole drilled at the top of the liner that
allows it to work with small-diameter columns and electronic pres-
sure control (EPC) injection systems.

Conclusion
PAH analysis by US EPA Method 8100 can be improved by
choosing the appropriate analytical columns and by optimizing
the temperature program, carrier gas type, and column flow
rates. When operating under the conditions listed for Figures 1
and 2, the Rtx®-5Sil MS and the Rtx®-CLPesticides2 columns
yield excellent resolution and short analysis times for PAHs.

Method 610–Polynuclear Aromatic
Hydrocarbons Mix

acenaphthene chrysene
acenaphthylene dibenzo(a,h)anthracene
anthracene fluoranthene
benzo(a)anthracene fluorene
benzo(a)pyrene indeno(1,2,3-cd)pyrene
benzo(b)fluoranthene naphthalene
benzo(k)fluoranthene phenanthrene
benzo(ghi)perylene pyrene
2,000µg/mL each in CH2Cl2, 1mL/ampul

Each 5-pk. 10-pk.
31011 31011-510

w/data pack 31011-500 31011-520 31111

Inlet Liners
For Agilent GCs

Drilled Uniliner® (4.0mm ID, 6.3mm OD, 78.5mm length)

21054 (ea.) 21055 (5-pk.)

Siltek™ Drilled Uniliner® (1.0mm ID, 6.3mm OD, 78.5mm length)

21390-214.1 (ea.) 21391-214.5 (5-pk.)

For PE GCs
Auto SYS Splitless w/Wool (2.0mm ID, 6.2mm OD, 92.1mm length)

20829 (ea.) 20830 (5-pk.) 20831 (25-pk.)

USA: 110 Benner Circle, Bellefonte, PA 16823 • phone: (800) 356-1688 • fax: (814) 353-1309
Germany: phone: (49) 06172 2797 0 • fax: (49) 06172 2797 77
France: phone: (33) 01 60 78 32 10 • fax: (33) 01 60 78 70 90
Thames Restek UK Ltd.: phone: (44) 01753 624111 • fax: (44) 01753 624666
Restek Ireland: phone: (44) 2890 814576 • fax: (44) 2890 814576
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Figure 2–The Rtx®-CLPesticides column is an
excellent confirmational column for polycyclic

aromatic hydrocarbon analysis.

Rtx®-CLPesticides2 30m, 0.25mm ID, 0.20µm (cat.# 11323)
Sample: 50µg/mL 610 PAH Mix standard (cat.# 31011)

in carbon disulfide 
Inj.: 1.0µL splitless (hold 2 min.), 

2mm splitless w/ wool inlet liner (cat.# 20829)
Inj. temp.: 330°C
Carrier gas:  hydrogen, 4mL/min constant flow 
Oven temp.: 40°C (hold 2 min.) to 250°C @25°C/min. to 265°C 

@5°C/min. to 300°C (hold 4 min.) @25°C/min.
Det.: FID @350°C

1. naphthalene
2. acenaphthylene
3. acenaphthene
4. fluorene

GC_EV00596

5. phenanthrene
6. anthracene
7. fluoranthene
8. pyrene

9. benzo(a)anthracene
10. chrysene
11. benzo(b)fluoranthene
12. benzo(k)fluoranthene
13. benzo(a)pyrene
14. indeno(1,2,3-cd)pyrene
15. dibenzo(a,h)anthracene
16. benzo(ghi)perylene



Introduction
Spicy foods and sauces can be used to add zest to bland foods
and to build more complex flavors in a variety of food types.
They provide a nutritious way to add flavor to "healthy foods,"
such as low-salt, low-fat alternatives. Chili pepper extracts
also are being explored for their medicinal uses, including 
rubdown liniments, arthritis pain lotions, and counter-irritant
balms. As society's taste in spicy foods grows, so does the
need to test and classify products and raw materials for their
pungency (i.e., heat levels). Pungency is defined as the hot,
sharp, stinging sensations experienced by the nasal and oral
cavities and the tongue when certain flavor compounds contact
them.1 The trigeminal nerves in these areas are stimulated,
tricking the body into thinking it is in pain. Then the body
releases endorphins, which give a pleasant sensation.
In chili peppers, black pepper, and ginger, the pungent species
are not volatile. Flavorings such as mustard, garlic, and horse-
radish, on the other hand, contain volatile compounds that
contribute aroma as well as pungency. Pungency can differ
both in intensity and duration, depending on the chemical
species present.
There are over 200 chili pepper varieties, with a wide range 
of pungency levels and flavor profiles.2 Chili peppers belong
to the genus Capsicum, which contains five domesticated
species. In chili peppers, pungency is a result of capsaicinoids,
or vanillylamides of monocarboxylic acids. The capsaicinoid
content, and thus the heat level, depends on the type of pepper,
maturity, growing conditions, and processing methods. Most
of the capsaicinoids can be found in the inner layer of the
plant, including the placenta where the seeds attach. Only
small amounts of capsaicinoids are found in the seeds them-
selves. There are seven generally recognized capsaicinoids in
chili peppers, all of which evoke different responses in the
consumer: The most famous and the hottest is capsaicin
(CAP). In chili peppers, CAP and dihydrocapsaicin (DHC) are
present in the greatest amounts and are the largest contributors
to the heat level (Figure 1). The minor capsaicinoids include
nordihydrocapsaicin (NDC), homocapsaicin, norcapsaicin,
nornorcapsaicin, and homodihydrocapsaicin. 
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Analyzing the Heat Level of Spicy Foods Using an Ultra C18 HPLC column

Figure 2

The Ultra C18 column and a gradient elution program 
result in a fast, reproducible separation. 

Historical Perspectives
In 1912, Wilbur Scoville developed a method for determining heat
levels. In this organoleptic (i.e., affecting the qualities of sub-
stances that stimulate the sense organs) procedure, a Scoville Heat
Unit (SHU) is defined as the number of parts sugar water needed
to neutralize the heat of one part sample extract. For example, if
the heat of a cayenne pepper is 30,000 SHU, that means 30,000
parts of sugar water are needed to dilute one part of cayenne pep-
per extract to the last point that hotness can be detected. However,
there are several problems with the organoleptic procedure for
determining heat levels. The test is somewhat subjective because it
relies on the tasters' palates and sensitivity. The geographic area or
culture from which the taster originates can affect the results—dif-
ferent groups of people have different physical perceptions of heat.
In addition, tasters can handle only a limited number of samples at
one time, before "fatiguing of the palate" occurs.3 This can make it
difficult to process a large number of samples in a reasonable
amount of time, such as in a quality control (QC) environment,
and can affect the reproducibility of the tests.

Analytical Methods
Starting in the 1970s, several analytical methods for heat level
measurement were introduced to overcome the limitations of the
organoleptic procedure.4 These included wet chemical methods;
spectrometry; and paper, gas (GC), and liquid chromatography
(HPLC). Of these, the HPLC procedures have provided the 
greatest specificity while requiring the least amount of sample
preparation. The American Spice Trade Association (ASTA) and
the Association of Official Analytical Chemists (AOAC) have 
published methods for the determination of capsaicinoids by
HPLC. AOAC Method 995.035 specifies the separation of three
target capsaicinoids using reversed phase HPLC on a C18 column,
and quantitation using either UV or fluorescence detection. This
method is performed isocratically with a 1% acetic acid:acetoni-
trile (60:40) mobile phase. Standardization is performed using 
synthetic capsaicin, N-vanillyl-n-nonanamide; and the relative
amounts of CAP, DHC, and NDC are calculated by applying the
specified factors. Using the appropriate calculations, the heat index
can then be calculated, where 1ppm of total capsaicinoids is
approximately equal to 15 SHU.

LC_0155

Column: Ultra C18
Catalog#: 9174565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A:  1% acetic acid 

in water
B:  acetonitrile

Time (min.) %B
0 50
2 50
9 80
12 80
13 50

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

Peak List:
1. capsaicin

Sample:
Inj.: 10µL
Conc.: 110 ppm capsaicin
Solvent: ethanol

0 2 4 6 8 10min.

1

capsaicin
(CAP)

dihydrocapsaicin
(DHC)

nordihydrocapsaicin
(NDC)

Figure 1

CAP and DHC are considered major contributors to the
heat level. NDC is a minor capsaicinoid, which also 

contributes to the heat level. 
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Ultra C18, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9174531 9174532 9174533 9174535
50mm 9174551 9174552 9174553 9174555

100mm 9174511 9174512 9174513 9174515
150mm 9174561 9174562 9174563 9174565
200mm 9174521 9174522 9174523 9174525
250mm 9174571 9174572 9174573 9174575

Ultra C18, 5µm Columns with Trident™ Inlet Fitting
2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.#
30mm — 9174532-700 9174533-700 9174535-700
50mm — 9174552-700 9174553-700 9174555-700

100mm — 9174512-700 9174513-700 9174515-700
150mm — 9174562-700 9174563-700 9174565-700
200mm — 9174522-700 9174523-700 9174525-700
250mm — 9174572-700 9174573-700 9174575-700

© Copyright 2000, Restek Corporation

The selectivity and lot-to-lot reproducibility of the Restek Ultra
C18 column make it an excellent choice for performing heat
level measurements by HPLC. The analysis of capsaicinoids
using an Ultra C18 column and a gradient elution program
results in an efficient separation that can be performed in less
than 8 minutes (Figure 2). In addition, the Ultra C18 column
achieves good resolution of the three target capsaicinoids in an
extract of habanero nuggets (Figure 3). The high percentage 
of organic at the end of the run helps to elute any strongly
absorbing species present in the samples and improves analysis
reproducibility. 

Several brands of hot sauce were analyzed to determine their
heat levels using this HPLC procedure. The samples were
extracted in ethanol, filtered, and injected onto the analytical

Figure 3

The Ultra C18 achieves good resolution of three target 
capsaicinoids in less than 9 minutes.

Column: Ultra C18
Catalog#: 9174565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: 1% acetic acid 

in water
B: acetonitrile

Time (minutes): % B
0 50
2 50
9 80
12 80
13 50

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

Peak List:
1. nordihydrocapsaicin
2. capsaicin
3. dihydrocapsaicin

Sample: habanero nugget extract
Inj.: 10µL
Conc.: 0.8g sample in 200mL
Solvent: ethanol

LC_01560 2 4 6 8 10min.

1

2

3

column. After determining the amounts (in ppm) of the three target
capsaicinoids, the SHUs were calculated as described in AOAC
Method 995.03 (Table 1). Dried habanero nuggets also were 
analyzed, as seen in Figure 3. This extract had a sizzling hotness 
rating of 348,000 SHU.  

Table I

Comparison of five commercially available hot sauces.

Sample SHU Hotness Ranking
sauce #1 8,530 Super Hot
sauce #2 380 Mild
sauce #3 400 Mild
sauce #4 1,100 Hot
sauce #5 1,870 Hot
habanero nuggets 348,000 Off the chart

Conclusion
With the rapidly increasing popularity of Capsicum-based products,
there is a need to quantitatively evaluate the heat content of both raw
materials and finished products. The HPLC analysis described above
gives an objective measurement of the heat level of a wide range of
samples. By using a Restek Ultra C18 column and a gradient elution
program, the analysis can be performed quickly and reproducibly
with only minimal sample preparation. 
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Enhanced Performance



Rtx®-5Sil MS Columns

• Inert, high temperature stable polymer (Figure 1).

• Faster analyses.

• Longer column lifetime.

Enhanced Column Performance
Our new polymer and new manufacturing process greatly enhance the performance of
Rtx®-5Sil MS columns in analyses of semivolatile environmental compounds. Figure 2
shows a sub 17-minute analysis of more than 100 semivolatile environmental com-
pounds, using a 30m x 0.25mm ID Rtx®-5Sil MS column. Typically, this many com-
pounds, or more, are targets in these analyses. In most circumstances a 0.25mm ID
Rtx®-5Sil MS column with a 0.50µm phase film best combines fast analysis time with
extended column lifetime.

Figure 1 Rtx®-5Sil MS polymer.

x y

Figure 2 16.5-Minute analysis of semivolatile organics in US EPA Method 8270D Appendix IX,
using a 30m x 0.25mm ID Rtx®-5Sil MS column.

GC_EV00782

Column: Rtx®-5Sil MS 30m, 0.25mm ID, 0.50µm
(cat.# 12738)

Sample: US EPA Method 8270D Appendix IX mix:
8270 MegaMix™ (cat.# 31850)
Appendix IX Mix #2 (cat.#31806)
Acid Surrogate Mix (4/89 SOW) (cat.# 31063)
B/N Surrogate Mix (4/89 SOW) (cat.# 31062)

Inj.: 0.5µL, splitless, 100ppm each compound
(50ng on column)
2mm cyclo double gooseneck splitless inlet liner 
(cat.# 20907), 0.3 min. splitless hold time, 0.4 min. 
pressure pulse @ 30psi

Inj. temp.: 250°C

Carrier gas: helium, constant flow
Flow rate: 1.1mL/min.
Oven temp.: 50°C (hold 0.5 min.) to 310°C @ 25°C/min.

(hold 0 min.) to 330°C @ 4°C/min. (hold 4 min.)
Det.: MS
Det. temp.: 280°C
Transfer line

temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 1 min.
Tune: DFTPP
Ionization: EI
Instrument: Agilent 6890 / 5973



1. 1,4-dioxane
2. N-nitrosodimethylamine
3. pyridine
4. ethyl methacrylate
5. methyl methanesulfonate
6. 2-fluorophenol
7. ethyl methanesulfonate
8. phenol-d6
9. phenol

10. benzaldehyde
11. aniline
12. bis(2-chloroethyl)ether
13. pentachloroethane
14. 2-chlorophenol
15. 1,3-dichlorobenzene
I2. 1,4-dichlorobenzene-d4*
16. 1,4-dichlorobenzene
17. benzyl alcohol
18. 2-methylphenol
19. 1,2-dichlorobenzene
20. bis(2-chloroisopropyl)ether

21a. 4-methylphenol
21b. 3-methylphenol
22. N-nitroso-di-n-propylamine
23. acetophenone
24. hexachloroethane
25. nitrobenzene-d5
26. nitrobenzene
27. isophorone
28. 2,4-dimethylphenol
BA. benzoic acid*
29. 2-nitrophenol
30. diallate (isomer)
31. bis(2-chloroethoxy)methane
32. 2,4-dichlorophenol
33. 1,2,4-trichlorobenzene
I3. naphthalene-d8*
34. naphthalene
35. 4-chloroanaline
36. 2,6-dichlorophenol
37. hexachloropropene
38. hexachlorobutadiene
39. ε-caprolactam
40. 4-chloro-3-methylphenol
41. isosafrole (cis)
42. 2-methylnaphthalene
43. 1-methylnaphthalene
44. hexachlorocyclopentadiene
45. isosafrole (trans)
46. 1,2,4,5-tetrachlorobenzene
47. 2,4,6-trichlorophenol
48. 2,4,5-trichlorophenol
49. 2-fluorobiphenyl
50. 2-chloronaphthalene
51. biphenyl
52. safrole
53. 1-chloronapthalene
54. diphenyl ether
55. 2-nitroaniline
56. 1,4-naphthoquinone
57. 1,4-dinitrobenzene
58. dimethylphthalate

59. 1,3-dinitrobenzene
60. 2,6-dinitrotoluene
61. 1,2-dinitrobenzene
62. acenaphthylene
63. 3-nitroaniline
I4. acenaphthene-d10*
64. 2,4-dinitrophenol
65. acenaphthene
66. 4-nitrophenol
67. 2,4-dinitrotoluene
68. pentachlorobenzene
69. dibenzofuran
70. 2,3,5,6-tetrachlorophenol
71. 2,3,4,6-tetrachlorophenol
72. diethyl phthalate
73. 4-chlorophenyl phenyl ether

74. 4-nitroaniline
75. fluorene
76. 4,6-dinitro-2-methylphenol
77. diphenylamine
78. azobenzene
79. 2,4,6-tribromophenol
80. 1,3,5-trinitrobenzene
81. phenacetin
82. diallate
83. 4-bromophenyl phenyl ether
84. hexachlorobenzene
85. atrazine
86. pronamide
87. pentachlorophenol
I5. phenanthrene-d10*
88. pentachloronitrobenzene

89. phenanthrene
90. anthracene
91. carbazole
92. di-n-butylphthalate
93. 4-nitroquinoline-N-oxide
94. isodrin
95. fluoranthene
96. pyrene
97. benzidine
98. p-terphenyl-d14
99. Aramite®

100. chlorobenzilate
101. benzyl butyl phthalate
102. bis(2-ethylhexyl)adipate
103. Kepone
104. bis(2-ethylhexyl)phthalate

105. benzo(a)anthracene
I6. chrysene-d12*

106. chrysene
107. di-n-octyl phthalate
108. 7,12-dimethylbenzo(a)anthracene
109. benzo(b)fluoranthene
110. benzo(k)fluoranthene
111. benzo(a)pyrene

I7. perylene-d12*
112. 3-methylcholanthrene
113. dibenzo(a,j)acridine
114. indeno(1,2,3-cd)pyrene
115. dibenzo(a,h)anthracene
116. benzo(ghi)perylene

* Present in Figure 3 only

Figure 3 90 semivolatile analytes separated in 18 minutes on a 20m x 0.18mm ID Rtx®-5Sil MS column.

Some analysts prefer using shorter, narrower ID columns to analyze for semivolatiles. When using such columns, both matrix
interferences and on-column amounts of target compounds must be reduced, so the column is not overloaded, and to maintain
column lifetime. Figure 3 shows an 18-minute analysis of 90 semivolatile pollutants, surrogates, and internal standards on a 20m
x 0.18mm ID, 0.36µm film Rtx®-5Sil MS column. A splitless injection was used, but results are equivalent with split injections.

I3
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Column: Rtx®-5Sil MS, 20m, 0.18mm ID, 0.36µm (cat.# 42704)
Sample: US EPA Method 8270D analytes, 10ppm each (10ng on column)

8270 MegaMix™ (cat.# 31850), 
Benzidine (cat.# 31441), 
Benzoic Acid (cat.# 31415), 
2,4-Dinitrophenol (cat.# 31291), 
Acid Surrogate Mix (4/89 SOW) (cat.# 31063), 
B/N Surrogate Mix (4/89 SOW) (cat.# 31062)

Inj.: 1.0µL, splitless, 4mm ID gooseneck splitless inlet liner (cat.# 20798), 
splitless hold time 0.15 min., pressure pulse 0.20 min. @ 30psi

GC: Agilent 6890

Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1.2mL/min.
Oven temp.: 50°C(hold 0.5 min.) to 330°C @ 18°C/min. (hold 3 min.)
Det.: Agilent 5973 GC/MS
Transfer line
temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 1 min.
Tune: DFTPP
Ionization: EI

CCoommppoouunnddss  iinn  FFiigguurreess  22  &&  33

free literature
For details about this analysis,
request Restek Advantage
2005v1

lliitt..  ccaatt..##  5599007777



IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.10 -60 to 330/350°C 12705 $280 12708 $455

0.25 -60 to 330/350°C 12720 $270 12723 $445
0.50 -60 to 330/350°C 12735 $270 12738 $445
1.00 -60 to 325/350°C 12750 $270 12753 $445

0.28mm 0.25 -60 to 330/350°C 12790 $270 12793 $445
0.50 -60 to 330/350°C 12791 $270 12794 $445
1.00 -60 to 325/350°C 12792 $270 12795 $445

0.32mm 0.10 -60 to 330/350°C 12706 $300 12709 $475
0.25 -60 to 330/350°C 12721 $290 12724 $470
0.50 -60 to 330/350°C 12736 $290 12739 $470
1.00 -60 to 325/350°C 12751 $290 12754 $470

0.53mm 0.50 -60 to 320/340°C 12737 $295 12740 $525
1.00 -60 to 320/340°C 12752 $295 12755 $525
1.50 -60 to 310/330°C 12767 $295 12770 $525

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr
0.18mm 0.18 -60 to 325°C 42703 $220 42702 $360

0.36 -60 to 325°C 42704 $360

Assured Column Quality
To guarantee individual column performance and column-to-column reproducibility, we test every
Rtx®-5Sil MS column we make. Our isothermal test verifies coating efficiency, film thickness, inert-
ness, and bleed.

MMeeaann RRSSDD
CCoommppoouunndd CCAASS  ## 11nngg 44nngg 1100nngg 2200nngg 5500nngg 8800nngg 116600nngg RRRRFF ((%%))
N-nitrosodimethylamine 39885-14-8 0.876 0.940 0.980 0.969 0.940 0.958 0.946 0.956 2
pyridine 110-86-1 1.438 1.641 1.707 1.724 1.597 1.634 1.607 1.652 3
aniline 62-53-3 3.762 3.989 4.056 3.941 3.614 3.391 2.975 3.661 12
2,4-dichlorophenol 120-83-2 0.280 0.314 0.308 0.308 0.269 0.252 0.239 0.282 11
hexachlorocyclopentadiene 77-47-4 0.258 0.310 0.311 0.337 0.301 0.289 0.278 0.304 7
3-nitroanaline 99-09-2 0.344 0.433 0.437 0.417 0.419 0.408 0.367 0.413 6
2,4-dinitrophenol 51-28-5 0.075 0.123 0.153 0.162 0.185 0.176 0.155 0.159 14
4-nitrophenol 100-02-7 0.145 0.201 0.215 0.213 0.220 0.219 0.197 0.211 4
azobenzene 103-33-3 1.390 1.606 1.568 1.502 1.440 1.347 1.162 1.437 11
pentachlorophenol 87-86-5 0.096 0.128 0.146 0.147 0.143 0.141 0.141 0.141 5
benzidine 92-87-5 0.710 1.149 1.162 1.047 1.085 1.040 1.015 1.083 6
benzo(b)fluoranthene 205-99-2 1.117 1.289 1.405 1.383 1.280 1.273 1.320 1.325 4
*The 1ng value is not included in the mean relative response factor (RRF) or relative standard deviation (RSD).

Table 1. Response factors and linearity for active semivolatile compounds.*

Enhanced Column Performance
For on-column amounts as small as 1ng, response factors for basic or acidic compounds meet or
exceed the requirements of US EPA methods, as shown in Table 1.
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for more info
Rtx®-5Sil MS columns are opti-
mized for use with conventional
MS detectors but, for the fastest
analyses, they are equally com-
patible with time-of-flight mass
spectrometers. To see a 9-
minute TOFMS analysis of semi-
volatiles on an Rtx®-5Sil MS col-
umn, request Restek Advantage
2005v1 (page 8).

lliitt..  ccaatt..##  5599007777

did you know?
Split injections of semivolatiles
can reduce analysis time, rela-
tive to splitless injections, due to
the characteristically sharp ana-
lyte focus at the column inlet.

Rtx®-5Sil MS (fused silica)
(Selectivity similar to Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

OOnn--CCoolluummnn  QQuuaannttiittyy
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Restek’s HPLC Program
Service
Knowledgeable & Experienced Technical Service

Courteous & Efficient Customer Service

Innovation
Unique Phases

Ingenious Accessories 

Quality
Extensive Quality Testing of Every Column & Every Lot
of Packing Material

Excellent Column-to-Column Reproducibility

High-Quality Replacement Parts

To order from outside the U.S.:
please contact your local Restek representative.

Product Satisfaction - Plus 1™
Restek is commited to providing Plus 1™ service. If
you are not satisfied with your purchase for any
reason, please contact Restek’s customer service
department at 800-356-1688 or 814-353-1300, ext.
3, Restek’s technical service department at ext. 4, or
your local Restek representative. Likewise, if we
have exceeded your expectation, let us
know! With your feedback, we can
continue offering the best prod-
ucts and service in the industry.
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customer service
800-356-1688 (ext. 3)
• Ordering
• Prices and Availability
• Delivery Information
• Order Status
• Return Authorizations 

(due to ordering errors)
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Mobile Phase Degasser
cat.# 25189

Page 66

Solvent
Debubbler
cat.# 25014

Page 66

PEEK® Tubing Elbow
cat.# 25309

Page 71

Teflon® Tubing
cat.# 25306

Page 72

Opti-Cap™ Kit
with Bottle
cat.# 25302

Page 66

LO-Pulse® 
Pulse Damper

cat.# 25012
Page 74

Last Drop Filter
cat.# 25314

Page 65

Helium Sparger
cat.# 25311

Page 65

In-Line
Filter

cat.# 25041
Page 64

Syringe
Pages 93-94

Trident Direct
Guard Column

System
cat.# 25086

Page 56

PEEK® Fingertight
Fitting

cat.# 25324
Page 71

PEEK® Tubing
cat.# 25065

Page 72

Adjustable Flow
Splitter

cat.# 25336
Page 73

Tubing Clip
cat.# 25310

Page 72
Backpressure 

Regulator
cat.# 25020

Page 74

Pinnacle™ DB,
Allure™, Ultra, 
or Pinnacle II™ 
HPLC Column

Pages 11-46

Detector Lamps
(UV/Vis)

Pages 60-62

Piston Seal
cat.# 25175

Page 59

Sidewinder™ Column
Heater

cat.# 25090 or 25091
Page 67

Stainless Steel
Tubing

cat.# 25243
Page 72

Screw-Thread Vial
cat.# 24619

Page 89

Restek has the HPLC Columns and Accessories You Need.
We offer a wide selection of syringes, vials, column protection products,
instrument parts and unique tools. Use the page numbers shown here to
locate specific categories of products.
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Figure 2  Choose the best stationary phase for your application based on analyte functionality. 

Column Selection4

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Choosing a Stationary Phase
Identifying the appropriate stationary phase for your separation is the most critical step of column selec-
tion. The choice of stationary phase should be based on sample solubility and on chemical differences
among the sample compounds that can be exploited to separate the analytes of interest (Figure 1).

Sample hydrophobicity also is a major determinant of the separation mode (reversed phase or normal
phase). In reversed phase separations, the mobile phase is more polar than the stationary phase, which is
traditionally a straight alkyl chain, most often octadecylsilyl, C18 (ODS). The majority of HPLC analyses
are performed in reversed phase mode because most analytes of interest can be dissolved in mixtures of
water and/or a polar organic solvent such as methanol or acetonitrile.

In normal phase separations, the mobile phase is less polar than the stationary phase (e.g., when bare sil-
ica is the stationary phase and hexane with a modifier is the mobile phase). The normal phase mode is
used primarily when the reversed phase mode cannot be used, because reversed phase separations gener-
ally are more robust, reproducible, and versatile. Note that a stationary phase incorporating both polar
and nonpolar functionality can be used in either reversed phase or normal phase mode. Cyano phases
(e.g., Ultra, Pinnacle™ DB, or Pinnacle II™ cyano columns) commonly are used in either reversed phase or
normal phase modes. Ultra IBD and Allure™ Basix columns also can be used for either reversed phase or
normal phase separations. Allure™ PFP Propyl and Ultra PFP columns also display dual functionality.

The C18 phase is the most commonly used stationary phase in HPLC because of its versatility, durability,
and large library of applications. The C18 phase is an excellent first choice for neutral compounds that are
compatible with polar organic and aqueous mobile phases (Figure 2). Pinnacle™ DB C18 is an excellent
all-around C18 phase. With its high degree of base deactivation it is suitable for neutral to slightly basic
hydrophobic compounds. Pinnacle™ DB is Restek’s newest line of HPLC columns, and the second line
using a Restek-manufactured silica. Pinnacle™ DB is a highly base-deactivated silica support to which
high-density phases are bonded. Pinnacle™ DB columns will not exhibit tailing that may be seen for basic
compounds on non-base-deactivated silicas. A Pinnacle II™ C18 column is a good first choice for neutral
hydrophobic analytes. The Ultra C18 column features an all-purpose phase for neutral hydrophobic ana-
lytes. The Allure™ C18 column provides maximum retention of neutral hydrophobic analytes due to its
high ligand density bonded to high-surface-area silica (Figure 3). The Allure™ C18 column was designed
especially for electrospray ionization-liquid chromatography/mass spectrometry (ESI-LC/MS) applica-
tions, in which sensitivity is enhanced by eluting the analytes in the highest possible concentration of
organic solvent. The Allure™ C18 column contains maximum bonded phase coverage, with 27% carbon
load, and provides superior retention of neutral to slightly polar mixtures, including steroids and pesti-
cides.

Analysts are no longer limited to straight chain alkyl stationary phases for their separations. There now
are better alternatives for analyzing highly polar compounds such as organic acids, nucleotides, and water-
soluble vitamins (Figure 2).

Figure 1
Choice of stationary phase
is dependent upon polari-
ty of the sample.

Nonpolar analytes are
more attracted to the less
polar stationary phase.
Polar analytes are more
strongly retained by the
more polar stationary
phase.

�

NeutralBaseAcid
Acids, Bases, & Neutrals

Mixed

Analyte Functional Group

Ultra IBD
Ultra Aqueous C18
Allure™ Aqueous C18
Allure™ Organic Acids

Allure™ Basix
Allure™ PFP Propyl
Ultra IBD
Ultra PFP
Pinnacle™ DB Cyano
Ultra Cyano
Ultra Amino
Pinnacle II™ Amino

Pinnacle™ DB C18
Ultra C18
Pinnacle II™ C18
Allure™ C18
Ultra C8
Pinnacle II™ C8
Pinnacle II™ Phenyl

Ultra  Aqueous C18
Ultra IBD
Allure™ Aqueous C18
Allure™ Organic Acids

Ultra IBD
Allure™ Basix

Hydrophobic Hydrophilic

01-10_HPLC.qxd  9/28/2004  4:58 PM  Page 4



H
P

L
C

 P
R

O
D

U
C

T
S

 | H
P

LC
 C

O
LU

M
N

S
Column Selection 5

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Aqueous C18 and Allure™ Aqueous C18 columns provide enhanced retention and selectivity for
polar analytes that are neutral to weakly acidic, while maintaining a selectivity that is generally similar to
a conventional C18 column. The Ultra IBD (intrinsically base deactivated) column also provides
enhanced retention of hydrophilic compounds, and gives an alternative to the selectivity of conventional
C18 columns.

The Ultra IBD column is the most versatile column and the best choice when attempting to analyze acidic,
basic, and neutral compounds simultaneously. This intrinsically base-deactivated phase contains a polar
group, within the hydrocarbon chain, which participates in the retention and separation process. It also
assists in shielding or deactivating the silica surface, to reduce peak tailing of strongly basic analytes.

The Ultra IBD column is a good choice for acidic analytes, as well. The stationary phase incorporates non-
polar and polar characteristics, so the column can be used in either reversed phase or normal phase mode
(Figure 4). It often is used in reversed phase mode when secondary interactions with its polar group can
be exploited to provide extra retention and better selectivity for acidic compounds.

The Allure™ Basix column also is a good candidate for analyzing complex mixtures of acidic, basic, and
neutral compounds. The Allure™ Basix column was designed to provide maximum retention of basic
compounds. This cyano-based phase is ideal for reversed phase analyses of many amine-containing phar-
maceutical compounds by LC/MS. Other columns recommended for basic analytes are the Allure™ PFP
Propyl (pentafluorophenyl propyl) and Ultra IBD columns. The Allure™ PFP Propyl column retains basic
compounds by reversed phase or normal phase mode. The column is particularly effective at retaining
basic compounds in normal phase mode if you use a mobile phase that has a low percentage of water and
a low buffer concentration (Figure 5). These conditions greatly enhance sensitivity in LC/MS separations.
The Ultra IBD column can provide excellent peak shape for basic analytes while reducing or eliminating
the need for mobile phase additives.

Allure™ C18

Inertsil® C18

Ultra C18

Spherisorb® ODS-2

YMC® ODS-A

Nucleosil® C18

Pinnacle™ ODS Amine

Pinnacle™ ODS

Spherisorb® ODS-1

YMC® Basic

k’ 0.5 10 1.5 2 2.5 3 3.5

Figure 3 Relative capacity factors (k’) for biphenyl on selected reversed phase columns.
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Cephaloridine Retention Time vs. % Acetonitrile at pH 3.0 (20mM Ammonium Formate)

CCoolluummnn:: Ultra IBD
DDiimmeennssiioonnss:: 150 x 4.6mm
PPaarrttiiccllee  SSiizzee:: 5µm
CCaattaalloogg  ##:: 9175565

CCoommppoouunndd:: cephaloridine 
hydrate

CCoonncc..:: 0.5mg/mL
FFllooww:: 1.2mL/min
DDeett..:: 260nm
IInnjj..:: 5µL
TTeemmpp..:: 30°C

Figure 4 A highly versatile Ultra IBD column can be used in either normal or 
reversed phase mode.

0 10 20 30 40 50 60 70 80 90

MMoobbiillee  PPhhaassee::
Organic: acetonitrile
Aqueous: 20mM ammonium 

formate, pH 3.0
(adjusted with 
formic acid)

did you know?
Among popular C18 columns,
Allure™ C18 is the most reten-
tive for neutral compounds!

Becky Wittrig
HPLC Product Manager
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Ultra 100Å pore size 
provides moderate 

retention.

Allure™ 60Å pore size
provides maximum

retention.

Acebutolol Amitriptyline

0

100

0

30

k’ k’

Data Courtesy of Shane Needham, Pfizer Inc

5mM NH4OAc, pH 4.5:acetonitrile (10:90); 30x2.1mm; 0.4mL/min.

PLC-0001

100% ACN50

15
50

100% ACN50

Figure 5  An Allure™ PFP Propyl column demonstrates increased retention of basic analytes.

Allure™ Basix columns can be used in either normal phase or reversed phase mode. Even with traditional
reversed phase solvents (e.g., water:acetonitrile mixtures), these columns will provide separations charac-
teristic of either reversed phase mode or normal phase mode, depending on the solvent ratio. This offers
a tremendous advantage in LC/MS separations, in which high organic/less aqueous mobile phase content
is desirable. More organic can be added to the mobile phase, yet retention of the compounds will increase.
This retains the solutes away from the solvent front, preventing solvent interference, while simultaneous-
ly increasing MS sensitivity (Figure 6). The Allure™ Basix column allows the proportion of organic solvent
in the mobile phase to be increased by 45%, resulting in a 239% increase in the MS signal for amitripty-
line compared to a conventional C18 column.

Mass Spectrometer: PE SCIEX API 150 EX
LC/MS Interface: PE SCIEX turbo ion spray
Flow: 0.2mL/min.
Injection: 25ng amitriptyline HCl

CCoolluummnn::  CCoonnvveennttiioonnaall  CC1188,,  5500  xx  22..11mmmm,,  55µµmm
Mobile phase: 5mM ammonium acetate,

pH 4.5:acetonitrile (65:35, v/v)
Intensity: 278710 cps
Area: 5.66 x106cps2

Noise: 1951 cps

CCoolluummnn::  AAlllluurree™™ BBaassiixx,,  5500  xx  22..11mmmm,,  55µµmm,,  
CCaatt..##  99116611555522

Mobile phase: 5mM ammonium acetate,
pH 4.5:acetonitrile (20:80, v/v)

Intensity: 943582 cps
Area: 1.60 x 107cps2

Noise: 333.3 cps

restek
innovation!
Allure™ Basix achieves 239%
sensitivity increase over 
conventional C18 column!

Figure 6 An Allure™ Basix column enhances MS signal response for amitriptyline by 239%,
compared to a conventional C18 column.
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Pore Size
A primary difference between Allure™ and Ultra columns is the pore size of the base silica. Ultra
columns incorporate silica with 100Å pores while Allure™ columns incorporate silica with 60Å pores.
Available surface area is inversely related to pore size—the larger the pores, the smaller the surface area
available for retaining analytes. Allure™ columns were designed for maximum retention through a high
ligand density bonded on a high-surface-area silica. Ultra columns have the same high ligand density,
but are more moderately retentive due to their lower surface area. The difference in retention between
Ultra C18 and Allure™ C18 columns (Figure 3, page 5) is due to the differences in surface area. The
Ultra C18 column is recommended for general purpose reversed phase applications, while the Allure™

C18 column is recommended for analyses in which it is advantageous to have a higher concentration
of organic solvent in the mobile phase, because of sample solubility or detection requirements (e.g.,
MS or evaporative light-scattering detection (ELSD)). Pinnacle II™ silica has a 110Å pore size, and
Pinnacle™ DB silica has a 140Å pore size. These silicas have lower surface areas than either the Allure™

or Ultra lines and are less retentive due to lower surface areas.

CCoolluummnn

PFP Propyl

C4

CN

OH

ordering note
If you need assistance in
choosing a column, please
contact Restek technical serv-
ice by phone at 800-356-1688
or 814-353-1300, ext. 4, or 
via email at ssuuppppoorrtt@@rreesstteekk--
ccoorrpp..ccoomm or contact your local
Restek representative.
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Particle Size
In selecting a particle size, the primary consideration is efficiency (plates/meter) versus column pressure.
A 3µm column will have approximately 50% more efficiency than a 5µm column, if all other conditions
are constant for both columns. This corresponds to approximately 22% more resolution for the 3µm col-
umn for isocratic analyses, because resolution is proportional to the square root of efficiency. The 3µm
column also will generate approximately twice the column backpressure of the 5µm column, so 3µm
packings generally are not recommended for column lengths greater than 10cm. We manufacture
Pinnacle II™ silica in the widest range of particle sizes: 3, 5, 10, and 15µm. Please call for availability of the
10 and 15µm sizes. Pinnacle™ DB is available in 3µm and 5µm particle sizes. Ultra and Allure™ columns
also are available in either 3µm or 5µm particle size.

A 5µm particle size is recommended for general screening and initial method development. One of the
best applications for 3µm particles is to achieve the same separation as a 5µm packing in less time. For ex-
ample, a 3µm column of 10cm length will provide approximately the same resolution as a 5µm column
of 15cm length. The separation on the 10cm column will take approximately one-third less time, because
analysis time generally is proportional to column length. Converting from 5µm to 3µm also is recom-
mended if an optimized separation requires slightly more resolution, or if maximum sensitivity is desired.
The taller, narrower peaks from the 3µm column will improve sample detection limits.

Analytical Column Dimensions
The most commonly used column ID for HPLC columns is 4.6mm, the first ID to be widely commer-
cialized. In theory, resolution and pressure should be independent of column ID as long as the flow rate
is adjusted to maintain the same mobile phase linear velocity (flow rate is proportional to column cross-
sectional area). Table I shows the approximate optimum flow rates for four column IDs. The lower flow
rates of smaller ID columns are more compatible with some forms of LC/MS, such as when using elec-
trospray ionization. A smaller column ID can eliminate the need to split the flow, as required by a stan-
dard bore column, and can decrease solvent usage. Reducing the column ID will increase sensitivity if the
sample volume is limited and your system is optimized for the narrower dimension. Most modern HPLC
systems can provide optimum performance for column IDs of 3.2mm, and, in some cases, 2.1mm. Scaling
down to even smaller IDs may involve altering the injector, detector, and connecting tubing to minimize
internal volume. This is increasingly significant as column ID is reduced. The primary advantage of using
larger ID columns is increased sample capacity, which usually is not a concern. To minimize solvent waste
and expense, we recommend you use the smallest column ID for which your HPLC system can provide
optimum efficiency and sensitivity.

The most popular column length is 15cm, although the trend is toward using shorter columns. Factors
encouraging the use of shorter columns are the need for faster analyses and the growing use of MS detec-
tion, which often decreases resolution requirements. Analysis time, column efficiency, and pressure are
directly proportional to column length. A length of 5cm is recommended for quickly screening selectivi-
ty among different stationary phases in preliminary methods development. If a stationary phase with suit-
able selectivity is identified but slightly more resolution is required, a longer column can be employed.
However, remember that resolution is proportional to the square root of column efficiency, so it will take
a four-fold increase in column length to double resolution. Thus it is much more productive to optimize
selectivity first. For general use, we recommend a length of 15cm.

5µm particles are ideal
for general screening

and method 
development.

3µm particles provide
fast separations.

Method Development Tip Chart DDeeffiinniittiioonnss::
RP Reversed Phase
SEC Size Exclusion 

Chromatography
RP-IP Reversed Phase Ion Pair
IEX Ion Exchange
NP Normal Phase
GFC Gel Filtration 

Chromatography
GPC Gel Permeation

Chromatography

Table I  Approximate optimum flow rates for various analytical column IDs.
55µmm  PPaarrttiicclleess 33µmm  PPaarrttiicclleess

IIDD  ((mmmm)) OOppttiimmuumm  FFllooww  RRaattee  ((mmLL//mmiinn..)) OOppttiimmuumm  FFllooww  RRaattee  ((mmLL//mmiinn..))
4.6 1.00 1.5
3.2 0.50 0.73
2.1 0.20 0.31
1.0 0.05 0.07

SSaammppllee  ssoolluubbllee  iinn:: IIoonniicc  ssttrreennggtthh AAnnaallyytteess  pprriimmaarriillyy  ddiiffffeerr  bbyy:: RReeccoommmmeennddeedd  MMooddee::
wwaatteerr  aanndd//oorr  ppoollaarr  oorrggaanniiccss nonionic hydrophobicity/hydrophilicity RP

weakly ionic hydrophobicity/hydrophilicity RP with ion suppression
nonionic/weakly ionic size (>2000MW) SEC (GFC)
strongly ionic hydrophobicity/hydrophilicity RP-IP or IEX

nnoonnppoollaarr  oorrggaanniiccss nonionic hydrophobicity/hydrophilicity NP
weakly ionic hydrophobicity/hydrophilicity NP with ion suppression

01-10_HPLC.qxd  9/28/2004  4:58 PM  Page 7
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All columns: recommended pH range is 2.5–7.5; temp. limit 80°C.
Column lifetimes can be shortened by operating at pH and or temperature extremes.

RReesstteekk  
HHPPLLCC  CCoolluummnn

EEnndd
CCaapp??

PPoorree
SSiizzee  ((ÅÅ))

CCaarrbboonn  
llooaadd  ((%%)) AApppplliiccaattiioonnss

PPiinnnnaaccllee™™ DDBB  CC1188 Y 140 11 Hydrophobic C18 phase suitable for analyses of a wide range of compounds, from acidic through slightly basic.

PPiinnnnaaccllee™ DDBB  CC88 Y 140 6
Applications similar to Pinnacle™ DB C18, but with less hydrophobic retention. Less retention can be useful for shortening
analysis time, if resolution is adequate.

PPiinnnnaaccllee™ DDBB  CCyyaannoo Y 140 4
Suitable for analyses of a wide range of compounds, from acidic through slightly basic. Also useful for confirmation of
analyses on a C18 or C8 column. Can be used in normal phase or reversed phase mode of separation.

PPiinnnnaaccllee™ DDBB  SSiilliiccaa NA 140 NA Normal phase mode of separation.

PPiinnnnaaccllee  II™ CC1188 Y 110 13 Superior general purpose C18 for non-basic analytes.

PPiinnnnaaccllee  II™ PPAAHH Y 110 — Maximum resolution of polynuclear aromatic hydrocarbons.

PPiinnnnaaccllee  II™ CC88 Y 110 7 Superior general purpose C8 for non-basic analytes.

PPiinnnnaaccllee  II™ CCyyaannoo Y 110 4 Superior general purpose cyano for weakly-basic analytes. Used in either normal or reversed phase analyses.

PPiinnnnaaccllee  II™ PPhheennyyll Y 110 6 Superior general purpose phenyl for neutral analytes. 

PPiinnnnaaccllee  II™ AAmmiinnoo N 110 2 Superior general purpose amino phase. Excellent choice for carbohydrate analysis.

PPiinnnnaaccllee  II™ SSiilliiccaa NA 110 NA Ideal for polar analytes.

AAlllluurree™ CC1188 Y 60 27
Ideal for LC/MS of neutral to slightly polar solutes. Separates basic compounds, showing good deactivation; 
excellent for explosives or steroids.

AAlllluurree™ AAqquueeoouuss  CC1188 N 60 —
Ideal for analyses that require >90% water in the mobile phase. Excellent for highly water soluble or poorly organic 
soluble compounds. Excellent for water-soluble vitamins and organic acids. More retention than Ultra Aqueous columns.

AAlllluurree™ BBaassiixx Y 60 12
Ideal for LC/MS of basic solutes. 
Excellent for basic pharmaceuticals or other amine-containing compounds.

AAlllluurree™ PPFFPP  PPrrooppyyll Y 60 17 Ideal for MS, ELSD, or NPD detection of nucleosides, nucleotides, purines, pyrimidines, or halogenated compounds. 

AAlllluurree™ OOrrggaanniicc  AAcciiddss N 60 Excellent resolution of challenging organic acids.

AAlllluurree™ SSiilliiccaa NA 60 NA Ideal for LC/MS by normal phase separation.

UUllttrraa  CC1188 Y 100 20
Ideal for anilines, barbiturates, carbonyls, fat-soluble vitamins, fatty acids, glycerides, phthalates, PTH amino acids,
steroids, other acids.

UUllttrraa  AAqquueeoouuss  CC1188 N 100 15
Ideal for analyses that require >90% water in the mobile phase. Excellent for highly water soluble or poorly organic 
soluble compounds. Excellent for water-soluble vitamins and organic acids.

UUllttrraa  IIBBDD N 100 12
A polar group assists in deactivating surface silanols and contributes to unique separation selectivities for acids, 
bases, zwitterions, and other polar compounds. 

UUllttrraa  CC88 Y 100 12 Selectivity and peak shape similar to Ultra C18, but less hydrophobic retention.

UUllttrraa  CC44 Y 100 9 Ideal for peptides and small proteins. 

UUllttrraa  CC11 NA 100 5
Alternative selectivity to Ultra C18 or C8 columns, especially for polar analytes. Shortest chain alkyl phase available for
reversed phase separations.

UUllttrraa  CCyyaannoo Y 100 8 Excellent for basic pharmaceuticals, steroids (normal or reversed phase conditions), or other basic compounds. 

UUllttrraa  PPhheennyyll Y 100 10 Ideal for fatty acids, polynuclear aromatic hydrocarbons, purines and pyrimidines, and polar aromatics.

UUllttrraa  AAmmiinnoo N 100 2 Ideal for carbohydrates.

UUllttrraa  PPFFPP Y 100 7 Ideal for taxol and precursors, or halogenated compounds, amines, esters, or ketones.

UUllttrraa  SSiilliiccaa NA 100 NA Ideal for normal phase applications.

UUllttrraa  CCaarrbbaammaattee 100 Rapid analysis of carbamates.

UUllttrraa  QQuuaatt — 100 — Proprietary phase for the analysis of paraquat and diquat.
VViivvaa™ WWiiddee  PPoorree  CC1188 Y 300 6 Proteins and other higher MW compounds.
VViivvaa™ WWiiddee  PPoorree  SSiilliiccaa — 300 — Proteins and other higher MW compounds.
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CChhrroommaattooggrraapphhiicc  PPrrooppeerrttiieess SSiimmiillaarr  PPhhaasseess
UUSSPP
CCooddee PPaaggee  ##

Highly base-deactivated spherical silica manufactured by Restek Corp. Monomeric C18 bonding. Replaces Hypersil® BDS C18 L1 11

Highly base-deactivated spherical silica manufactured by Restek Corp. Monomeric C8 bonding. 
Similar to Pinnacle™ DB C18, but the shorter alkyl chain provides less hydrophobic retention.

Replaces Hypersil® BDS C8 L7 11

Highly base-deactivated spherical silica manufactured by Restek Corp. Cyano bonding. Replaces Hypersil® BDS Cyano L10 12

Highly base-deactivated spherical silica manufactured by Restek Corp. Replaces Hypersil® BDS L3 12

Intermediate carbon load and surface area, suitable for a wide range of neutral to acidic compounds. 
Silica manufactured by Restek Corp.

Replaces Hypersil® ODS; Spherisorb ODS
(Waters)

L1 15

Proprietary stationary phase; resolves 16 PAHs in US EPA Method 610. Silica manufactured by Restek Corp. Unique 16

Provides shorter retention times for hydrophobic compounds than C18. Silica manufactured by Restek Corp. Replaces Hypersil® C8 L7 17

More rugged than bare silica for normal phase analyses. Silica manufactured by Restek Corp.
Replaces Hypersil® Cyano; Spherisorb Cyano
(Waters)

L10 17

Offers unique selectivity versus traditional alkyl chain phases, especially for aromatic compounds. 
Silica manufactured by Restek Corp.

Replaces Hypersil® Phenyl; 
Spherisorb Phenyl (Waters)

L11 19

Silica manufactured by Restek Corp.
Replaces Hypersil® Amino; 
Spherisorb Amino (Waters)

L8 19

Superior value phase for normal phase separation of polar analytes. Lower retention than Ultra. 
Silica manufactured by Restek Corp. 

Replaces Hypersil® Silica L3 18

Most retentive phase for hydrophobic and slightly polar analytes. Mobile phase containing higher percentage of
organic modifier contributes to higher sensitivity in ESI-based LC/MS.

Ultracarb C18 (Phenomenex); Betamax
Neutral (Keystone)

L1 26

Highly retentive and selective for reversed phase separations of polar analytes. Highly base deactivated.
Compatible with highly aqueous (up to 100%) mobile phases. 

L1 27

Highly retentive phase for analytes containing amino functionality.
Betamax Base (Keystone); Maxsil CN
(Phenomenex)

L10 26

A pentafluorophenyl phase with a propyl spacer. Highly retentive for basic analytes. Excellent for separating beta-
blockers, halogenated compounds, nucleosides, nucleotides, pyridines, pyrimidines, or tricyclic antidepressants.

Discovery HS F5 (Supelco) 27

Single 30cm column performs equally to two C18 columns in series. (AOAC Method 986.13) Unique 28

High purity, highly retentive phase for normal phase separation of polar analytes. Very high surface area. Maxsil Si (Phenomenex) L3 28

A very retentive, high-purity phase that exhibits excellent peak shape for a wide range of compounds.
Recommended as a general purpose reversed phase column. 

Discovery C18 (Supelco); Symmetry C18
(Waters);  Luna  C18 (Phenomenex); Zorbax
C18 (Agilent); Kromasil C18; Lichrosphere RP-
18; Inertsil ODS-2; Develosil C18

L1 33

Highly retentive and selective for reversed phase separations of polar analytes. Highly base deactivated.
Compatible with highly aqueous (up to 100%) mobile phases. 

ODS-AQ (YMC)
Aquasil C18 (Keystone)

L1 34

One of a group of intrinsically base-deactivated (IBD) phases, with a polar group within, or intrinsic to, the alkyl
bonded phase. Provides unique selectivity and high level of base deactivation while reducing or eliminating the
need for mobile phase additives.

Symmetry Shield (Waters); 
Discovery ABZ & ABZ+ (Supelco);
Prism (Keystone)

35

Very retentive, high-purity, base-deactivated reversed phase packing that exhibits excellent peak shape for a 
wide range of compounds.

Luna C8 (Phenomenex); Symmetry C8
(Waters); Kromasil C8

L7 33

Exceptionally stable C4 packing, with high bonding coverage and silanol base-deactivation. Exhibits shorter 
retention than C18 or C8 phases.

Supelcosil Butyl (C4) (Supelco); 
Delta-Pak C4 (Waters)

L26 36

Exceptionally stable C1 packing resists hydrolysis, even under acidic mobile phase conditions. Least retentive
reversed phase hydrocarbon packing.

Spherisorb C1 (Waters) L13 36

High-purity cyano phase with reduced silanol activity. Often a better choice than C18 for basic pharmaceuticals.
Cyano is the most stable bonded phase for normal phase mode.

Platinum CN (Alltech); Develosil Cyano; Luna
CN (Phenomenex)

L10 37

High-purity, highly retentive, base-deactivated phase with alternate selectivity to hydrocarbon phases, especially
for aromatic analytes.

Platinum Phenyl (Alltech); Supelcosil Phenyl
(Supelco)

L11 37

Recommended for normal phase analyses of mono- and disaccharides and other similar compounds. Can also
serve as a weak anion exchanger, with aqueous buffers.

Platinum Amino (Alltech); 
Develosil NH2 (Phenomenex)

L8 38

A pentafluorophenyl phase. Unique selectivity by interaction with functional groups of organohalogens or other
basic analytes. 

Fluophase PFP (Keystone); Fluosep-RP Phenyl
(ES Industries)

L43 38

High purity, high surface area. Unique L3 39

Proprietary stationary phase can process up to twice as many samples per hour, compared to a conventional C18
phase.

Unique 39

High purity silica. Unique — 39
Silica manufactured by Restek Corp. 47
Silica manufactured by Restek Corp. 47

01-10_HPLC.qxd  9/28/2004  4:58 PM  Page 9
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USP Descriptions10

Phone: 800-356-1688 or 814-353-1300
www.restek.com

US Pharmacopoeia Cross Reference

L1
C18 chemically bonded to porous 3 to 10µm silica or ceramic microparticles.
Allure™ C18, Pinnacle™ DB C18, Pinnacle II™ C18, Ultra C18, Allure™ Aqueous
C18, Ultra Aqueous C18, p. 26, 11, 15, 33, 27 & 34

L25
A packing with the ability to separate compounds having a molecular weight
range from 100 to 5000 Dalton, especially neutral, anionic, and cationic 
water-soluble polymers.

L2 C18 chemically bonded to silica gel, with a controlled surface porosity, bonded
onto 30 to 50µm solid spherical core. L26 5 to 10µm porous silica bonded with butyl groups. Ultra C4, p.36

L3 5 to 10µm porous silica. Allure™ Silica, Pinnacle™ DB Silica, Pinnacle II™ Silica,
Ultra Silica, p.28, 12, 18, & 39 L27 30 to 50µm porous silica.

L4 Silica gel with a controlled surface porosity bonded onto 30 to 50µm solid
spherical core. Ressil™ -Custom Silica L28 High purity, 100Å spherical silica bonded with an anionic function (amine), and

a conventional reversed phase C8 functionality.

L5 Alumina with a controlled surface porosity bonded onto 30 to 50µm solid
spherical core. L29 Spherical, 5µm, 80Å gamma alumina coated with polybutadiene, used for

reversed phase chromatography.

L6 Sulfonated fluorocarbon polymer, which acts as a strong cation exchanger,
coated on 30 to 50µm solid spherical core. L30 3 to 10µm porous silica bonded with ethyl groups.

L7 C8 chemically bonded to porous 5 to 10µm silica or ceramic microparticles.
Pinnacle™ DB C8, Pinnacle II™ C8 Ultra C8, p.11, 17 & 33 L31

A quaternary amine attached to a core of 8.5µm macroporous latex particles
having 2000Å pores and composed of ethylvinylbenzene cross-linked with 55%
divinyl benzene, which functions as a strong anion exchanger.

L8 Aminopropylsilane chemically bonded to porous 10µm silica or ceramic
microparticles. Pinnacle II™ Amino, Ultra Amino, p.19, 38 L32 Irregular, 5 to 10µm silica bonded with an L-proline copper complex, which

acts as a chiral ligand exchange packing.

L9 Irregular, 10µm porous silica bonded with a strongly acidic cation exchanger. L33 A specially processed, pH stable, spherical silica-based packing capable of 
separating proteins having a molecular weight from 4000 to 400,000 Dalton.

L10 5 to 10µm porous silica bonded with nitrile groups.  Pinnacle™ DB Cyano,
Pinnacle II™ Cyano, Ultra Cyano, Allure™ Basix, p.12, 17, 37, & 26 L34 9µm strong cation-exchange resin composed of sulfonated cross-linked

styrene-divinylbenzene copolymer in the lead form.

L11 5 to 10µm phenyl bonded porous silica.  Pinnacle II™ Phenyl, Ultra Phenyl, 
p.19 & 37 L35 A zirconium-stabilized spherical silica packing with a hydrophilic (diol-type)

molecular monolayer bonded phase having a pore size of 150Å.

L12 A strong anion-exchange packing made by chemically bonding a quaternary
amine to a solid silica spherical core, 30 to 50µm in diameter. L36 A 3,5-dinitrobenzoyl derivative of L-phenylglycine covalently bonded to 5µm

aminopropyl silica.

L13 5 to 10µm porous silica bonded with trimethylsilane. Ultra C1, p.36 L37 Packing having the capacity to separate proteins by molecular size over a
range of 2000 to 40,000 Dalton. It is a polymethacrylate gel.

L14 10µm silica bonded with a strong basic quaternary ammonium anion 
exchanger. L38 A methacrylate-based size-exclusion packing for water-soluble samples.

L15 3 to 10µm hexyl bonded porous silica. L39 A hydrophilic polyhydroxymethacrylate gel of totally porous spherical resin.

L16 5 to 10µm porous silica bonded with dimethylsilane. L40 Cellulose tris-3,5-dimethylphenylcarbamate coated porous silica particles, 
5 to 20µm in diameter.

L17 7 to 11µm strong cation-exchange resin composed of sulfonated cross-linked
styrene-divinylbenzene copolymer in the hydrogen form. L41 Immobilized α1-acid glycoprotein on spherical silica particles, 5µm in diameter.

L18 5 to 10µm porous silica bonded with cyano and amino groups. L42 Octylsilane and octadecylsilane groups chemically bonded to porous silica 
particles, 5µm in diameter.

L19 9µm strong cation-exchange resin composed of sulfonated cross-linked 
styrene divinylbenzene copolymer in the calcium form. L43 Pentafluorophenyl groups chemically bonded to silica particles, 5 to 10µm in

diameter. Ultra PFP, p.38

L20 5 to 10µm porous silica bonded with dihydroxypropane groups. L44
A multifunctional support, which consists of a high purity, 60Å, spherical silica
substrate that has been bonded with a cationic exchanger, sulfonic acid func-
tionality in addition to a conventional reversed phase C8 functionality.

L21 5 to 10µm rigid, spherical styrene divinylbenzene copolymer. L45 Beta cyclodextrin bonded to porous silica particles, 5 to 10µm in diameter.

L22 A 10µm cation exchange resin made of porous polystyrene gel with sulfonic
acid groups. L46 Polystyrene/divinylbenzene substrate agglomerated with quaternary amine

functionalized latex beads, 10µm in diameter.

L23 A 10µm ion exchange resin made of porous polymethacrylate or polyacrylate
gel with quaternary ammonium groups. L47 High-capacity anion exchange microporous substrate fully functionalized with

trimethylamine groups, 8µm in diameter.

L24 A semi-rigid hydrophilic gel consisting of 32 to 63µm vinyl 
polymers with numerous hydroxyl groups on the matrix surface. L48 Sulfonated, cross-linked polystyrene with an outer layer of submicron, porous,

anion-exchange microbeads, 15µm in diameter.

01-10_HPLC.qxd  9/28/2004  4:58 PM  Page 10



H
P

L
C

 P
R

O
D

U
C

T
S

 | H
P

LC
 C

O
LU

M
N

S
Pinnacle™ DB C18 and C8 Columns
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Pinnacle™ DB C18 (USP L1)
Physical Characteristics:

particle: 5µm spherical endcap: yes
pore size: 140Å pH: 2.5 - 7.5
carbon load: 11% temperature limit: 80°C

Chromatographic Properties:
Highly base-deactivated spherical silica manufactured by Restek Corp. Monomeric C18 bonding. Hydrophobic
C18 phase suitable for analyses of a wide range of compounds, from acidic through slightly basic. Replaces
Hypersil® BDS C18 and Pinnacle™ ODS Amine.

Pinnacle™ DB C8 (USP L7)
Physical Characteristics:

particle: 5µm spherical endcap: yes
pore size: 140Å pH: 2.5 - 7.5
carbon load: 6% temperature limit: 80°C

Chromatographic Properties:
Highly base-deactivated spherical silica manufactured by Restek Corp. Monomeric C8 bonding. Similar to
Pinnacle™ DB C18, but the shorter alkyl chain provides less hydrophobic retention. Less retention can be useful for
shortening analysis time, if resolution is adequate. Replaces Hypersil® BDS C8 and Pinnacle™ C8 Amine.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
30mm 9414531 $285 9414532 $265 9414533 $265 9414535 $265
50mm 9414551 $320 9414552 $300 9414553 $300 9414555 $300

100mm 9414511 $340 9414512 $320 9414513 $320 9414515 $320
150mm 9414561 $362 9414562 $342 9414563 $342 9414565 $342
200mm 9414521 $370 9414522 $350 9414523 $350 9414525 $350
250mm 9414571 $388 9414572 $368 9414573 $368 9414575 $368

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
30mm 9413531 $285 9413532 $265 9413533 $265 9413535 $265
50mm 9413551 $320 9413552 $300 9413553 $300 9413555 $300

100mm 9413511 $340 9413512 $320 9413513 $320 9413515 $320
150mm 9413561 $362 9413562 $342 9413563 $342 9413565 $342
200mm 9413521 $370 9413522 $350 9413523 $350 9413525 $350
250mm 9413571 $388 9413572 $368 9413573 $368 9413575 $368

Pinnacle™ DB Columns: 5µm particles; 140Å pores
Prepared using a highly base-deactivated silica support; ideal for analyses of basic compounds, or bases
mixed with acids/neutrals. Silica manufactured at Restek, for total control of quality and reproducibility.

Note: Call for information on our Pinnacle™ DB, 3µm columns.

Base-Deactivated Silica
Manufactured by Restek

Base-Deactivated Silica
Manufactured by Restek

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 11
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Pinnacle™ DB Cyano and Silica Columns

Phone: 800-356-1688 or 814-353-1300
www.restek.com

12

Pinnacle™ DB Cyano (USP L10)
Physical Characteristics:

particle: 5µm spherical endcap: yes
pore size: 140Å pH: 2.5 - 7.5
carbon load: 4% temperature limit: 80°C

Chromatographic Properties:
Highly base-deactivated spherical silica manufactured by Restek Corp. Cyano bonding. Suitable for analyses of a
wide range of compounds, from acidic through slightly basic. Also useful for confirmation of analyses on a C18 or
C8 column. Can be used in normal phase or reversed phase mode of separation. Replaces Hypersil® BDS Cyano
and Pinnacle™ Cyano Amine.

Pinnacle™ DB Silica (USP L3)
Physical Characteristics:

particle: 5µm spherical endcap: n/a
pore size: 140Å pH: 2.5 - 7.5
carbon load: none temperature limit: 80°C

Chromatographic Properties:
Highly base-deactivated spherical silica manufactured by Restek Corp. Normal phase mode of separation. Replaces
Hypersil® BDS and Pinnacle™ Cyano Amine.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
30mm 9416531 $285 9416532 $265 9416533 $265 9416535 $265
50mm 9416551 $320 9416552 $300 9416553 $300 9416555 $300

100mm 9416511 $340 9416512 $320 9416513 $320 9416515 $320
150mm 9416561 $362 9416562 $342 9416563 $342 9416565 $342
200mm 9416521 $370 9416522 $350 9416523 $350 9416525 $350
250mm 9416571 $388 9416572 $368 9416573 $368 9416575 $368

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
30mm 9410531 $285 9410532 $265 9410533 $265 9410535 $265
50mm 9410551 $320 9410552 $300 9410553 $300 9410555 $300

100mm 9410511 $340 9410512 $320 9410513 $320 9410515 $320
150mm 9410561 $362 9410562 $342 9410563 $342 9410565 $342
200mm 9410521 $370 9410522 $350 9410523 $350 9410525 $350
250mm 9410571 $388 9410572 $368 9410573 $368 9410575 $368

Base-Deactivated Silica
Manufactured by Restek

Base-Deactivated Silica
Manufactured by Restek

free literature
PPiinnnnaaccllee™™ DDBB  HHPPLLCC  CCoolluummnnss  aass  RReeppllaacceemmeennttss  ffoorr  HHyyppeerrssiill®® BBDDSS

We developed Pinnacle™ DB base-deactivated silica to match or exceed the performance of any "type B" base-deactivated silica, and
to be an equivalent, effective, reliable replacement for Hypersil® BDS material. Pinnacle™ DB columns offer superior base deactiva-
tion, very low metals content, and unique advantages: fast delivery, excellent reproducibility, and Restek Plus 1™ service. This 8-page
note includes many examples of the highly equivalent performance of Pinnacle™ DB and Hypersil® BDS columns.

Call Restek at 800-356-1688 or 814-353-1300, ext. 5, or contact your local representative, to request your free copy!

lliitt..  ccaatt..##  5599774422  (domestic)

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 12
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0 1 2 3

1 2

3

4 5 6 7 min.�

PPeeaakk  LLiisstt:: RReett..  TTiimmee  ((mmiinn..)) CCoonncc..
1. caffeine 2.525 0.5mg/mL
2. acetylsalicylic acid 4.088 3.5mg/mL
3. benzoic acid 6.733 2.8mg/mL

SSaammppllee::
Inj.: 2µL
Solvent: methanol:water (50:50 v/v)

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Cat #: 9414565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: 5 mM KH2PO4, pH 3.5:methanol (40:60 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

LC_0260

Base/Acid Mix on Pinnacle™ DB C18

PPeeaakk  LLiisstt:: RReett..  TTiimmee  ((mmiinn..)) CCoonncc..
1. uracil 1.666 1µg/mL
2. pyridine 2.155 0.64mg/mL
3. N,N-dimethylaniline 6.778 0.45mg/mL
4. benzophenone 9.006 0.59mg/mL

SSaammppllee::
Inj.: 5µL
Solvent: methanol:water (50:50 v/v)

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Cat. #: 9414565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol (40:60 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

0 2 4 6

1

2
3

4

8 10 min.

LC_0276

Uracil, Pyridine, N,N-Dimethylaniline,
Benzophenone Test Mix on Pinnacle™ DB C18

Sharp peak for caffeine
(base), as well as for acids.

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 13
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14 Pinnacle™ DB Column Applications

0 0.5 1.51 2.52 3 3.5 min.

1

LC_0239

Naproxen on Pinnacle™ DB Cyano

PPeeaakk  LLiisstt::
1. naproxen

SSaammppllee::
Inj.: 2µL
Conc.: 550µg/mL
Solvent: mobile phase

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CCyyaannoo
Cat. #: 9416565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: 20mmolar KH2PO4 buffer, 

pH 3.0:acetonitrile (90:10 v/v)
Flow: 1.0mL/min.
Temp.: 27°C 
Det.: UV @ 254nm

0 1 2 3 4 5 6 7 min.

1

2

3

4

LC_0241

Xanthenes on Pinnacle™ DB C18

SSaammppllee::
Inj.: 2µL
Solvent: mobile phase

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Cat. #: 9414565
Dimensions: 150 x 4.6 mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: 20mmolar KH2PO4

buffer, pH 3.0:
acetonitrile (90:10 v/v)

Flow: 1.0 mL/min.
Temp.: 27°C
Det.: UV @ 254nm

RReett..  TTiimmee CCoonncc..
PPeeaakk  LLiisstt:: ((mmiinn..)) µgg//mmLL
1. theobromine 2.7 225
2. theophylline 3.7 418
3. β-hydroxyethyltheophylline 4.6 418
4. caffeine 6.25 400

0 2 4

1

2

3

6 8 10 12 14 16 min.

PPeeaakk  LLiisstt:: RReett..  TTiimmee  ((mmiinn..)) CCoonncc..
1. phenol 4.647 0.6mg/mL
2. 2,6-dinitrophenol 15.318 1.4mg/mL
3. 3,5-dinitrophenol  16.691 1.5mg/mL

SSaammppllee::
Inj.: 5µL 
Solvent: methanol

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Cat. #: 9414565
Dimensions: 150mm x 4.6mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: 0.7% acetic acid:methanol (60:40 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

LC_0272

Phenols on Pinnacle™ DB C18

0 2

1

4 6 8 min.

PPeeaakk  LLiisstt::
1. PCMX (4-chloro-3,5-dimethylphenol)

SSaammppllee::
Inj.: 10µL of 5% solution of hand soap
Solvent:  methanol

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Cat. #: 9414565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol (35:65 v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

LC_0293

PCMX in Hand Soap on Pinnacle™ DB C18

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 14
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Pinnacle II™ C18 (USP L1)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 13% temperature limit: 80°C

Chromatographic Properties:
Excellent choice as a general purpose C18 column. Intermediate carbon loading and surface area, suitable for a
wide range of neutral hydrophobic compounds. Replaces Hypersil® ODS and Pinnacle™ C18.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9214331 $257 9214332 $237 9214333 $237 — — 9214335 $237
50mm 9214351 $273 9214352 $253 9214353 $253 — — 9214355 $253

100mm 9214311 $288 9214312 $268 9214313 $268 — — 9214315 $268
55µmm  CCoolluummnnss

30mm 9214531 $247 9214532 $227 9214533 $227 — — 9214535 $227
50mm 9214551 $263 9214552 $243 9214553 $243 — — 9214555 $243

100mm 9214511 $278 9214512 $258 9214513 $258 9214514 $258 9214515 $258
150mm 9214561 $293 9214562 $273 9214563 $273 9214564 $273 9214565 $273
200mm 9214521 $309 9214522 $289 9214523 $289 — — 9214525 $289
250mm 9214571 $324 9214572 $304 9214573 $304 — — 9214575 $304

Pinnacle II™ Columns: 3µm or 5µm particles; 110Å pores
Silica manufactured at Restek, for total control of quality and reproducibility. Excellent replacement for
the original Hypersil® material. Physical and chromatographic properties similar to original Pinnacle™

materials, but greater lot-to-lot uniformity.

Restek 
Manufactured 

Silica

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 15
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Pinnacle II™ PAH
Physical Characteristics:

particle size: 5µm, spherical fully end-capped
pore size: 110Å pH range: 2.5 to 7.5
temperature limit: 80°C

Chromatographic Properties:
We developed the newest addition to our Pinnacle II™ line, the Pinnacle II™ PAH column, specifically for the chal-
lenging analyses of polynuclear aromatic hydrocarbons. Replaces Pinnacle™ PAH columns.

The Pinnacle II™ PAH stationary phase is a specialized polymeric C18 bonding that uses unique shape selectivity to
resolve to baseline all 16 PAHs listed in US EPA Method 610. Excellent lot-to-lot reproducibility. Every lot of
Pinnacle II™ PAH bonded phase material is tested to ensure baseline resolution of the Method 610 PAHs, using a
simple water/acetonitrile mobile phase gradient. Further, because we make Pinnacle II™ PAH columns using our
own silica, we have greater control over quality and reproducibility.

If you are analyzing PAHs, Pinnacle II™ PAH columns are the reliable, cost-effective columns you need.

Emily Dillon
International Customer
Service Representative

0 2 4 6 8 10 12 14 16 18 min.

1

2
3

4

6

7 8

9

11

13

12

15

16

14

10

5
SSaammppllee::
Inj.: 5µL
Solvent: 1:9 methylene chloride:acetonitrile

CCoolluummnn:: PPiinnnnaaccllee  II™PPAAHH
Cat. #:  9219563
Dimensions:  150 x 3.2mm
Particle size: 5µm
Pore size:     110Å

CCoonnddiittiioonnss::
Mobile phase: A: purified water, B: acetonitrile

TTiimmee  ((mmiinn..)) %%BB
0 40
7 60
11 100

17.9 100
18 40

Flow: 1.2 mL/min.
Temp.: ambient
Det.: UV @  254nm

LC_0303

Polynuclear Aromatic Hydrocarbons on Pinnacle II™ PAH

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. naphthalene 100
2. acenaphthylene 100
3. acenaphthene 100
4. fluorene 100
5. phenanthrene 50
6. anthracene 100
7. fluoranthene 50
8. pyrene 50
9. benzo(a)anthracene 50

10. chrysene 50
11. benzo(b)fluoranthene 50
12. benzo(k)fluoranthene 50
13. benzo(a)pyrene 50
14. dibenzo(a,h)anthracene 50
15. benzo(ghi)perylene 50
16. indeno(1,2,3-cd)pyrene 50

Fast, baseline resolution
of all USEPA Method
610 PAHs.

22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnnss
50mm 9219552 $340 9219553 $340 9219555 $340

100mm — — 9219513 $350 9219515 $350
150mm — — 9219563 $365 9219565 $365
200mm — — 9219523 $380 9219525 $380
250mm 9219572 $380 9219573 $380 9219575 $380

Restek 
Manufactured 

Silica

new!

a plus one story
The Pinnacle II™ PAH column gives an excellent separation of the 18 target PAHs that we commonly analyze.  Column lifetime far
exceeded our expectations - after more than 5000 injections, the columns still maintain resolution and peak shape. Other PAH
columns typically had lifetimes of 2000 to 2500 injections.  We actually had one Pinnacle II™ PAH column last for more than
10,000 injections!

NNoorrmm  FFaarrmmeerr  Technical Director, Accutest Laboratories, Southeast

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 16
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Pinnacle II™ C8 (USP L7)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 7% temperature limit: 80°C

Chromatographic Properties:
Reliable performance and symmetrical peak shapes. Provides shorter retention times for hydrophobic compounds
than C18 phases. Replaces Hypersil® C8 and Pinnacle™ C8.

Pinnacle II™ Cyano (USP L10)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 4% temperature limit: 80°C

Chromatographic Properties:
Can be used in either reversed phase or normal phase mode. More rugged than bare silica for normal phase appli-
cations. Replaces Hypersil® Cyano and Pinnacle™ CN.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9213331 $257 9213332 $237 9213333 $237 — — 9213335 $237
50mm 9213351 $273 9213352 $253 9213353 $253 — — 9213355 $253

100mm 9213311 $288 9213312 $268 9213313 $268 — — 9213315 $268
55µmm  CCoolluummnnss

30mm 9213531 $247 9213532 $227 9213533 $227 — — 9213535 $227
50mm 9213551 $263 9213552 $243 9213553 $243 — — 9213555 $243

100mm 9213511 $278 9213512 $258 9213513 $258 9213514 $258 9213515 $258
150mm 9213561 $293 9213562 $273 9213563 $273 9213564 $273 9213565 $273
200mm 9213521 $309 9213522 $289 9213523 $289 — — 9213525 $289
250mm 9213571 $324 9213572 $304 9213573 $304 — — 9213575 $304

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9216331 $257 9216332 $237 9216333 $237 9216335 $237
50mm 9216351 $273 9216352 $253 9216353 $253 9216355 $253

100mm 9216311 $288 9216312 $268 9216313 $268 9216315 $268
55µmm  CCoolluummnnss

30mm 9216531 $247 9216532 $227 9216533 $227 9216535 $227
50mm 9216551 $263 9216552 $243 9216553 $243 9216555 $243

100mm 9216511 $278 9216512 $258 9216513 $258 9216515 $258
150mm 9216561 $293 9216562 $273 9216563 $273 9216565 $273
200mm 9216521 $309 9216522 $289 9216523 $289 9216525 $289
250mm 9216571 $324 9216572 $304 9216573 $304 9216575 $304

free literature
HPLC Column Selection Guide

Call Restek at 800-356-1688 or
814-353-1300, ext. 5, or contact
your local representative, to
request your free copy!

lliitt..  ccaatt..##  5599445544AA  (domestic)

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..

Restek 
Manufactured 

Silica

Restek 
Manufactured 

Silica

11-25_HPLC.qxd  9/28/2004  5:02 PM  Page 17
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Pinnacle II™ Silica (USP L3)
Physical Characteristics:

particle size: 3µm or 5µm, spherical endcap: n/a
pore size: 110Å pH range: 2.5 to 7.5
carbon load: none temperature limit: 80°C

Chromatographic Properties:
Good general purpose packing for normal phase separations. Moderate surface area. Replaces Hypersil® and
Pinnacle™ Silica.

Restek 
Manufactured 

Silica

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9210331 $257 9210332 $237 9210333 $237 9210335 $237
50mm 9210351 $273 9210352 $253 9210353 $253 9210355 $253

100mm 9210311 $288 9210312 $268 9210313 $268 9210315 $268
55µmm  CCoolluummnnss

30mm 9210531 $247 9210532 $227 9210533 $227 9210535 $227
50mm 9210551 $263 9210552 $243 9210553 $243 9210555 $243

100mm 9210511 $250 9210512 $258 9210513 $258 9210515 $258
150mm 9210561 $293 9210562 $273 9210563 $273 9210565 $273
200mm 9210521 $309 9210522 $280 9210523 $280 9210525 $280
250mm 9210571 $324 9210572 $304 9210573 $304 9210575 $304

SSoouutthheeaasstt
TTeerrrriittoorryy

NN..  CCaalliiffoorrnniiaa  &&
NNoorrtthhwweesstt  TTeerrrriittoorryy

EEaasstteerrnn
TTeerrrriittoorryy

NNeeww  EEnnggllaanndd
TTeerrrriittoorryy

MMttnn..  RReeggiioonn  &&
SSoouutthhwweesstt  TTeerrrriittoorryy MMiiddwweesstt  TTeerrrriittoorryy

MMiidd--AAttllaannttiicc  &&
OOhhiioo  RReeggiioonn

TTeerrrriittoorryy

GGuullff  CCooaasstt  RReeggiioonn
MMaannuuffaaccttuurreerr  RReepp..
LLoonneessttaarr  IInnssttrruummeennttss

1-800-356-1688

Cindy Ross, Southeast Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..cindy.ross@restekcorp.com  . . . . . . . . . . . . . . . . . . . . . . .ext. 2117
Doug Elliott, N. California & Northwest Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..doug.elliott@restekcorp.com  . . . . . . . . . . . . . . . . . . . . .ext. 2189
Joe Konschnik, Eastern Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..joe.konschnik@restekcorp.com  . . . . . . . . . . . . . . . . . . .ext. 2002
Mark Lawrence, New England Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..mark.lawrence@restekcorp.com  . . . . . . . . . . . . . . . . . .ext. 2318
Christine Vargo, Sales Manager   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..christine.vargo@restekcorp.com  . . . . . . . . . . . . . . . . . .ext. 2123
Kim Holliday, Mtn. Region & Southwest Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..kim.holliday@restekcorp.com  . . . . . . . . . . . . . . . . . . . . .ext. 2115
John Baker, Midwest Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..john.baker@restekcorp.com  . . . . . . . . . . . . . . . . . . . . . .ext. 2279
Mike Zezzo, Mid-Atlantic & Ohio Region Acct. Rep.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..mike.zezzo@restekcorp.com  . . . . . . . . . . . . . . . . . . . . . .ext. 2120
Karen Reese, Sales Support Specialist.   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..karen.reese@restekcorp.com  . . . . . . . . . . . . . . . . . . . . .ext. 2196
Anne Sensel
Gulf Coast Region Manufacturer Rep. Lonestar Instruments   ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..  ..asensel@restekcorp.com  . . . . . . . . . . . . . . . . . . . .512-863-0630

Sales Representatives
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Pinnacle II™ Phenyl (USP L11)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 6% temperature limit: 80°C

Chromatographic Properties:
The Pinnacle II™ Phenyl offers unique selectivity versus traditional alkyl chain phases, especially for aromatic com-
pounds. Replaces Hypersil® Phenyl and Pinnacle™ Phenyl.

Pinnacle II™ Amino
Physical Characteristics:

particle size: 3µm or 5µm, spherical
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 2% temperature limit: 80°C

Chromatographic Properties:
HPLC analysis using an amino-based stationary phase is the most popular technique for routine analyses of simple
sugars, using isocratic elution (e.g., acetonitrile:water, 75:25) and a refractive index detector (RID) or an evapora-
tive light scattering detector (ELSD). The Pinnacle II™ Amino column is ideal for mono- and disaccharide analyses.
Replaces Hypersil® Amino and Pinnacle™ Amino.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9215331 $257 9215332 $237 9215333 $237 9215335 $237
50mm 9215351 $273 9215352 $253 9215353 $253 9215355 $253

100mm 9215311 $288 9215312 $268 9215313 $268 9215315 $268
55µmm  CCoolluummnnss

30mm 9215531 $247 9215532 $227 9215533 $227 9215535 $227
50mm 9215551 $263 9215552 $243 9215553 $243 9215555 $243

100mm 9215511 $278 9215512 $258 9215513 $258 9215515 $258
150mm 9215561 $293 9215562 $273 9215563 $273 9215565 $273
200mm 9215521 $309 9215522 $289 9215523 $289 9215525 $289
250mm 9215571 $324 9215572 $304 9215573 $304 9215575 $304

Restek 
Manufactured 

Silica

Restek 
Manufactured 

Silica

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9217331 $257 9217332 $237 9217333 $237 9217335 $237
50mm 9217351 $273 9217352 $253 9217353 $253 9217355 $253

100mm 9217311 $288 9217312 $268 9217313 $268 9217315 $268
55µmm  CCoolluummnnss

30mm 9217531 $247 9217532 $227 9217533 $227 9217535 $227
50mm 9217551 $263 9217552 $243 9217553 $243 9217555 $243

100mm 9217511 $278 9217512 $258 9217513 $258 9217515 $258
150mm 9217561 $293 9217562 $273 9217563 $273 9217565 $273
200mm 9217521 $309 9217522 $289 9217523 $289 9217525 $289
250mm 9217571 $324 9217572 $304 9217573 $304 9217575 $304

We also have syringe filters! 
See page 87.

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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CCoolluummnn:: PPiinnnnaaccllee  II™ CC88
Cat. #: 9213565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase:  A: water

B: acetonitrile
TTiimmee  ((mmiinn..)) %%BB

0 40
8 40

10 90
15 90

Flow: 1.0mL/min
Temp.: ambient  
Det.: UV @ 240nm

PPeeaakk  LLiisstt::
1. fenuron
2. monuron
3. chlorotoluron
4. isoproturon
5. diuron
6. linuron
7. neburon

SSaammppllee:: Uron Herbicide Mix
Inj.: 10µL
Conc.: 35.7µg/mL each in acetonitrile

Herbicides (Uron) on Pinnacle II™ C8

LC_0190

0 2

2

1

3

4

5

4 6 8 10 12 14 16 min.

PPeeaakk  LLiisstt:: RReett..  TTiimmee  ((mmiinn..)) CCoonncc..  ((µgg//mmLL))
1. propylbenzene 5.915 15000
2. butylbenzene 8.248 15000
3. o-terphenyl 9.998 200
4. amylbenzene 11.796 15000
5. triphenylene 15.691 100

SSaammppllee::
Inj.: 5µL 
Solvent: methanol

CCoolluummnn:: PPiinnnnaaccllee  II™ CC1188
Cat. #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size:     110Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol (20:80 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

LC_0258

Aromatics on Pinnacle II™ C18

11-25_HPLC.qxd  9/28/2004  5:03 PM  Page 20
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LC_0180

0 5 10 15 min.

1

2

3 4
5

6

PPeeaakk  LLiisstt::
1. dimethyl phthalate
2. diethyl phthalate
3. di-n-butyl phthalate
4. butyl benzyl phthalate
5. bis(2-ethylhexyl)phthalate
6. di-n-octyl phthalate

SSaammppllee:: Method 606-phthalate esters 
calibration mix (cat.# 31031)

Inj.:         5µL
Conc.:   2,000µg/mL each in methanol

CCoolluummnn:: PPiinnnnaaccllee  II™ PPhheennyyll
Cat. #: 9215565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: A: water

B: acetonitrile
TTiimmee  ((mmiinn..)) %%  BB

0 60
5 60
10 80
15 80

Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

Phthalate Esters on Pinnacle II™ Phenyl

PPeeaakk  LLiisstt::
1. hyperforin
2. adhyperforin

SSaammppllee:: St. John’s wort capsule
Inj.: 20µL
Conc.: 4.17mg/mL
Solvent: methanol
Autosampler: 15°C

Hyperforin in St. John’s Wort on Pinnacle II™ C18

CCoolluummnn::  PPiinnnnaaccllee  II™ CC1188
Cat. #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: 0.01N phosphate buffer, pH 2.5:

acetonitrile (15:85, v/v)
Flow: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm

LC_0175

11-25_HPLC.qxd  9/28/2004  5:03 PM  Page 21
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0 1 2 3 4 5 6 7 8 min.

1
2

3
4

LC_0182

Corticosteroids on Pinnacle II™ Phenyl

PPeeaakk  LLiisstt::
1. hydrocortisone
2. cortisone
3. corticosterone
4. cortisone acetate

SSaammppllee::
Inj.: 5µL
Conc.: 200µg/mL each
Solvent: methanol

CCoolluummnn:: PPiinnnnaaccllee  II™ PPhheennyyll
Cat. #: 9215565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol (60:40 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

0 2 4 6 8 10 12 14 min.

1

2

3

LC_0185

Corticosteroids on Pinnacle II™ Cyano (Normal Phase Separation)

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1.  corticosterone 0.7    
2   cortisone acetate 0.4
3.  cortisone 0.4

SSaammppllee::
Inj.: 10µL
Solvent: ethanol

CCoolluummnn:: PPiinnnnaaccllee  II™ CCyyaannoo
Cat. #:  9216565
Dimensions:  150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: hexane:ethanol (90:10, v/v)
Flow: 1.0mL/min.
Temp.: 30°C 
Det.: UV @ 254nm
Pressure: 29 bar

11-25_HPLC.qxd  9/28/2004  5:03 PM  Page 22
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1

2

3

4

0 2 4 6 8 10 12 14 min.

LC_0197

Tocopherols in Soy Oil on Pinnacle II™ Silica

PPeeaakk  LLiisstt::
1. α-tocopherol
2. β-tocopherol
3. γ-tocopherol
4. δ-tocopherol

SSaammppllee::
Inj.: 10µL
Conc.: approx. 1.25% soy oil
Solvent: hexane

CCoolluummnn:: PPiinnnnaaccllee  II™ SSiilliiccaa
Cat. #: 9210565  
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: isopropyl alcohol:hexane

(0.5:99.5)
Flow: 0.6 mL/min.
Temp.: 30°C  
Det.: UV @ 295nm

0 1 2 3 4 min.

PPeeaakk  LLiisstt:: RReett..  TTiimmee  ((mmiinn..)) IInnjj..  %%  RRSSDD  ((nn==55))  
1. hydrocodone bitartrate 3.1 0.37%

SSaammppllee::
Inj.: 20µL
Conc.: 1µg/mL
Sample: assay standard
Solvent:  mobile phase

LC_0211

Hydrocodone Bitartrate by USP 25 on Pinnacle II™ Silica

CCoolluummnn:: PPiinnnnaaccllee  II™ SSiilliiccaa
Cat. #: 9210575
Dimensions:  250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: A: 800mL acetonitrile; 4mL 

water; 1mL diethylamine
B: methanol (55A:45B, v/v)

Flow: 1.5mL/min.
Temp.: 27°C  
Det.: UV @ 280nm

Stable baseline!

11-25_HPLC.qxd  9/28/2004  5:03 PM  Page 23
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Acetaminophen and Codeine Phosphate 
on Pinnacle II™ C18

CCoolluummnn::  PPiinnnnaaccllee  II™ CC1188
Cat. #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: 10mM potassium phosphate 

monobasic with 0.1% v/v TEA, 
pH 3.0:acetonitrile (90:10, v/v)

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 210nm

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. acetaminophen 1200
2. codeine phosphate 246

SSaammppllee::  
Inj.: 1.0µL
Solvent: mobile phase

LC_0152

CCoolluummnn:: PPiinnnnaaccllee  II™ CC1188
Cat. #: 9214575-700
Dimensions:  250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase:  A: 0.73g 1-heptane 

sulfonic acid and 10mL 
glacial acetic acid diluted 
to 720mL with water, pH=2.33

B: methanol (72A:28B, v/v)
Flow: 1.00mL/min
Temp.: 26.5°C 
Det.: UV @ 284nm

LC_0209

Morphine Sulfate Raw Material by USP 25:
Resolution Solution on Pinnacle II™ C18

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. unknown unknown
2. phenol 0.15
3. morphine sulfate 0.24

SSaammppllee::
Inj.: 20.0µL
Solvent: mobile phase

CCoolluummnn:: PPiinnnnaaccllee  II™ CC88
Cat. #: 9213564
Dimensions: 150 x 4.0mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase:  A: 20mM potassium 

phosphate monobasic 
pH=2.5

B: methanol (90A:10B, v/v)
Flow: 1.5mL/min.
Temp.: 27°C  
Det.: UV @ 284nm

LC_0210

Oxycodone HCI Raw Material by USP 25 (modified):
Resolution Solution on Pinnacle II™ C8

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL)) RReett..  TTiimmee  ((mmiinn..)) RRRRTT TTaaiilliinngg RReess..
1. codeine phosphate 13 4.3 0.8 1.5 —  
2. oxycodone HCl 9 6.2 1.0 1.1 4.5

SSaammppllee::
Inj.: 10µL resolution solution
Solvent: mobile phase

11-25_HPLC.qxd  9/28/2004  5:03 PM  Page 24
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PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

SSaammppllee::
Inj.:        5µL
Solvent:  mobile phase

LC_0223

Sugars Test Mix on Pinnacle II™ Amino (3µm)

CCoolluummnn:: PPiinnnnaaccllee  II™ AAmmiinnoo
Cat. #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å

CCoonnddiittiioonnss::
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C

LC_0199

0 2 4 6 8 10 12 14 16 18 min.

1

2

Benzoic and Sorbic Acids on Pinnacle II™ Phenyl
CCoolluummnn:: PPiinnnnaaccllee  II™ PPhheennyyll
Cat. #: 9215565  
Dimensions:  150 x 4.6mm
Particle size: 5µm
Pore size:     110Å

CCoonnddiittiioonnss::
Mobile phase:  1% acetic acid:methanol (80:20)
Flow: 1.0 mL/min.
Temp.: 25°C  
Det.: UV @ 230nm

PPeeaakk  LLiisstt::
1. sorbic acid
2. benzoic acid

SSaammppllee::
Inj.: 10µL
Conc.: 100ppm each
Solvent: methanol
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Allure™ C18 and Basix Columns26

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Allure™ C18 (USP L1) 
Specialized Columns for LC/MS and ELSD
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 60Å pH range: 2.5 to 7.5
carbon load: 27% temperature limit: 80°C

Chromatographic Properties:
Most retentive phase for hydrophobic and slightly polar analytes due to high surface area of the base silica and
high-density bondings. High-purity packings exhibit excellent peak shapes for a wide range of compounds.

Allure™ Basix (USP L10)
Specialized Columns for LC/MS and ELSD
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 60Å pH range: 2.5 to 7.5
carbon load: 12% temperature limit: 80°C

Chromatographic Properties:
Highly retentive propyl cyano phase using high-purity, Type B silica. Excellent choice for analytes containing amine
group functionality.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price ccaatt..## price ccaatt..## price

33µmm  CCoolluummnnss
30mm 9164331 $350 9164332 $330 9164333 $330 9164335 $330
50mm 9164351 $350 9164352 $330 9164353 $330 9164355 $330

100mm 9164311 $376 9164312 $356 9164313 $356 9164315 $356
55µmm  CCoolluummnnss

30mm 9164531 $324 9164532 $304 9164533 $304 9164535 $304
50mm 9164551 $324 9164552 $304 9164553 $304 9164555 $304

100mm 9164511 $350 9164512 $330 9164513 $330 9164515 $330
150mm 9164561 $376 9164562 $356 9164563 $356 9164565 $356
200mm 9164521 $402 9164522 $382 9164523 $382 9164525 $382
250mm 9164571 $427 9164572 $407 9164573 $407 9164575 $407

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9161331 $350 9161332 $330 9161333 $330 9161335 $330
50mm 9161351 $350 9161352 $330 9161353 $330 9161355 $330

100mm 9161311 $376 9161312 $356 9161313 $356 9161315 $356
55µmm  CCoolluummnnss

30mm 9161531 $324 9161532 $304 9161533 $304 9161535 $304
50mm 9161551 $324 9161552 $304 9161553 $304 9161555 $304

100mm 9161511 $350 9161512 $330 9161513 $330 9161515 $330
150mm 9161561 $376 9161562 $356 9161563 $356 9161565 $356
200mm 9161521 $402 9161522 $382 9161523 $382 9161525 $382
250mm 9161571 $427 9161572 $407 9161573 $407 9161575 $407

Allure™ Columns: 3µm or 5µm particles; 60Å pores
Small pore size results in large surface area, high carbon loads, highly retentive. An excellent choice for LC/MS
and ELSD analyses where more organic solvent in the mobile phase gives better sensitivity.

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Allure™ PFP Propyl and Aqueous C18 Columns 27

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Allure™ PFP Propyl
Specialized Columns for LC/MS and ELSD
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 60Å pH range: 2.5 to 7.5
carbon load: 17% temperature limit: 80°C

Chromatographic Properties:
A pentafluorophenyl phase with a propyl spacer. Highly retentive for basic analytes. An excellent phase for separat-
ing nucleosides, nucleotides, purines, pyrimidines, halogenated compounds, β-blockers, and tricyclic antidepres-
sants.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9169331 $360 9169332 $340 9169333 $340 9169335 $340
50mm 9169351 $360 9169352 $340 9169353 $340 9169355 $340

100mm 9169311 $386 9169312 $366 9169313 $366 9169315 $366
55µmm  CCoolluummnnss

30mm 9169531 $335 9169532 $315 9169533 $315 9169535 $315
50mm 9169551 $335 9169552 $315 9169553 $315 9169555 $315

100mm 9169511 $360 9169512 $340 9169513 $340 9169515 $340
150mm 9169561 $386 9169562 $366 9169563 $366 9169565 $366
200mm 9169521 $412 9169522 $392 9169523 $392 9169525 $392
250mm 9169571 $438 9169572 $418 9169573 $418 9169575 $418

Allure™ Aqueous C18
Physical Characteristics:

particle: 5µm spherical non end-capped
pore size: 60Å pH: 2.5 to 7.5

temperature limit: 80°C
Chromatographic Properties:

Highly retentive and selective phase for separating polar analytes, including polar acidic compounds. Compatible
with highly aqueous (up to 100%) mobile phases. Highly base deactivated. An excellent choice when analyzing a
wide range of compounds, as in LC/MS screening methods.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price ccaatt..## price ccaatt..## price

55µmm  CCoolluummnnss
30mm 9168531 $335 9168532 $315 9168533 $315 9168535 $315
50mm 9168551 $335 9168552 $315 9168553 $315 9168555 $315

100mm 9168511 $360 9168512 $340 9168513 $340 9168515 $340
150mm 9168561 $386 9168562 $366 9168563 $366 9168565 $366
200mm 9168521 $412 9168522 $392 9168523 $392 9168525 $392
250mm 9168571 $438 9168572 $418 9168573 $418 9168575 $418

new!

a plus one story
“I have always found Restek to be extremely helpful. They provide both HPLC and GC columns
which are extremely reliable. Their technical support and application development assistance
has been first rate.”

AAnnddrreeww  BBuurrrroowwss  BBSScc  ((HHoonnss..))  Senior Analytical Chemist, Phoenix Chemicals
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Allure™ Organic Acids and Silica Columns

Allure™ Silica (USP L3) 
Specialized Columns for LC/MS and ELSD
Physical Characteristics:

particle size: 3µm or 5µm, spherical pH range: 2.5 to 7.5
pore size: 60Å temperature limit: 80°C

Chromatographic Properties:
Highly retentive phase for normal phase separation of polar analytes. Very high surface area, Type B 
silica packing.

Allure™ Organic Acids
Physical Characteristics:

particle size: 5µm, spherical non end-capped
pore size: 60Å pH range: 2.5 to 7.5

temperature limit: 80°C

Chromatographic Properties:
Allure™ Organic Acids columns provide enhanced retention and selectivity for polar organic acids, allowing the
separation to be performed on a single 30cm column. An Allure™ Organic Acids column effectively resolves key
organic acids such as tartaric and quinic acids, using the chromatographic conditions specified in AOAC method
986.13. Retention is stable and reproducible, even with the 100% aqueous mobile phase specified in the AOAC
method.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price ccaatt..## price ccaatt..## price

33µmm  CCoolluummnnss
30mm 9160331 $350 9160332 $330 9160333 $330 9160335 $330
50mm 9160351 $350 9160352 $330 9160353 $330 9160355 $330

100mm 9160311 $376 9160312 $356 9160313 $356 9160315 $356
55µmm  CCoolluummnnss

30mm 9160531 $324 9160532 $304 9160533 $304 9160535 $304
50mm 9160551 $324 9160552 $304 9160553 $304 9160555 $304

100mm 9160511 $350 9160512 $330 9160513 $330 9160515 $330
150mm 9160561 $376 9160562 $356 9160563 $356 9160565 $356
200mm 9160521 $402 9160522 $382 9160523 $382 9160525 $382
250mm 9160571 $427 9160572 $407 9160573 $407 9160575 $407

33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price

55µmm  CCoolluummnn
150mm 9165563 $505 9165565 $505
250mm 9165575 $535
300mm 9165585 $550

Note: Other dimensions available on request.

restek
innovation!
One 30cm Allure™ Organic
Acids column replaces two
C18 columns in series for 
difficult separations, such as
quinic and tartaric acids! 
See page 32.

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Allure™ Column Applications 29

Phone: 800-356-1688 or 814-353-1300
www.restek.com

0 1 2 3 4 5 6 7 8 9 min.
LC_0137

SSaammppllee::
Inj.: 1.0µL
Conc. 100µg/mL each
Solvent: 20 mM ammonium acetate, pH 5.0. 

1-3 drops of ammonium hydroxide 
added to keep guanine in solution

CCoolluummnn:: AAlllluurree™™ PPFFPP  PPrrooppyyll
Cat. #:   9169565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 20mM ammonium 

acetate, pH 5.0: 
methanol (85:15, v/v)

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 260nm

Nucleic Acid Bases on Allure™ PFP Propyl

1

2

3

4

5

PPeeaakk  LLiisstt::
1. cytosine 
2. uracil
3. guanine
4. thymine
5. adenine

Pesticides on Allure™ C18

PPeeaakk  LLiisstt::
1. desisopropyl atrazine
2. desethyl atrazine
3. simazine
4. terbuthylazine desethyl
5. cyanazine
6. methabenzthiazuron
7. chlortoluron
8. atrazine
9. secbumeton

10. isoproturon
11. diuron
12. terbumeton
13. terbuthylazine
14. linuron
15. flusilazole
16. ethofumerate
17. neburon

LC_0310

SSaammppllee::
Inj.: 5µL
Conc.: approx. 10ppm each pesticide
Solvent: acetonitrile

CCoolluummnn:: AAlllluurree™™ CC1188
Cat. #: 9164565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase A: 20mM K2HPO4, pH 7.0

B: acetonitrile

TTiimmee %%BB
0 20
10 40
15 40
30 70
30.1 20

Flow: 1.2mL/min.
Temp.: ambient  
Det.: UV @ 220nm

Cocaine and Ecgonine Methyl Ester
on Allure™ PFP Propyl

PPeeaakk  LLiisstt::
1. EME (ecgonine methyl ester) 
2. COC (cocaine)

SSaammppllee::
Inj.: 10µL
Conc.: 1µg/mL
Solvent: water
Temp.: 4°C

CCoolluummnn:: AAlllluurree™ PPFFPP  PPrrooppyyll
Cat. #: 9169532
Dimensions: 30 x 2.1mm
Particle size:  5µm
Pore size:    60Å

Data Courtesy of Shane Needham, Pfizer Inc.

LC_0126
XIC of +MRM (3 pairs) for
304.0 / 182.0 amu 2.35e3 cps

2

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5min.

XIC of +MRM (3 pairs) for
200.0 / 182.0 amu 1.30e3 cps

1

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5min.

CCoonnddiittiioonnss::
Mobile phase: 5mM ammonium

formate, pH 3.0:
acetonitrile (10:90, v/v)

Flow: 0.6mL/min.
Column temp.:  ambient
Det.: PE/Sciex API 3000 
Interface: turbo ion spray, ESI
Interface temp.: 150°C
Ion mode: positive 
ESI probe voltage: 5000V
Orifice:       + 71V
Ring:          + 265V
Collision gas: nitrogen
Collision gas pressure: 2.2 mTorr
Collision gas energy: 28 eV (COC)

26 eV (EME)
Electron multiplier: 2100 volts
Auxilary gas flow: 7000cc/min.
Nebulizer gas setting:  15lb/in.2

Curtain gas setting:     12lb/in.2

26-47_HPLC.qxd  9/28/2004  5:08 PM  Page 29
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Allure™ Column Applications30

Phone: 800-356-1688 or 814-353-1300
www.restek.com

0 2

2

1

4 6 8 10 12 14 min.

3

5
4

6

8

7

9 10
11 12 13 14

15

PPeeaakk  LLiisstt:: RReett..  TTiimmee  ((mmiinn..))
1. formaldehyde    2.84 
2 acetaldehyde 3.53
3. acrolein  4.35
4. acetone  4.53
5. propionaldehyde  4.85
6. crotonaldehyde 5.81
7. butyraldehyde 6.63
8. benzaldehyde 7.24
9. isovaleraldehyde 8.77

10. valeraldehyde 9.33
11. o-tolualdehyde 9.85
12. m-tolualdehyde 10.20
13. p-tolualdehyde 10.50
14. hexanaldehyde 13.50
15. dimethylbenzaldehyde 13.95

LC_0294

Aldehydes and Ketones (DNPH Derivatized) on Allure™ C18

SSaammppllee::  
Inj.: 10µL Aldehydes/Ketones DNPH Standard

(cat.# 31808)
Conc.: 15µg/mL each
Solvent: acetonitrile

CCoolluummnn:: AAlllluurree™™ CC1188
Cat.# 9164565 
Dimensions: 150 x 4.6 mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase:  water:acetonitrile (30:70 v/v)
Flow: 1.0mL/min.
Temp.: 25°C  
Det.: UV @ 365 nm

Decongestant Mix on Allure™ Basix

1

PPeeaakk  LLiisstt::
1. sample solvent
2. caffeine
3. acetaminophen
4. pseudoephedrine

SSaammppllee::
Inj.: 5µL 
Conc.: 100µg/mL
Solvent: mobile phase

CCoolluummnn::  AAlllluurree™ BBaassiixx
Cat. #: 9161565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 10mM ammonium acetate, 

pH 6.9: methanol (75:25, v/v) 
Flow: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 210nm

2

3

4

0 2 4 6 8 10 12 min.

LC_0097

Analgesics on Allure™ Basix

1

PPeeaakk  LLiisstt::
1. acetaminophen
2. codeine
3. oxycodone
4. hydroxycodone

SSaammppllee::
Inj.: 5µL
Conc.: 100µg/mL
Solvent: mobile phase

CCoolluummnn::  AAlllluurree™ BBaassiixx
Cat. #: 9161565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 20mM ammonium

acetate, pH 4.5:
acetonitrile (85:15, v/v)

Flow rate: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 280nm

2

3

0 1 2 3 4 5 6 7 8 9 min.

LC_0082

4
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Allure™ Column Applications 31

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ibuprofen and Pseudoephedrine on Allure™ Basix

SSaammppllee::
Inj.: 5µL 
Conc.: 200µg/mL
Solvent: mobile phase

CCoolluummnn::  AAlllluurree™ BBaassiixx
Cat. #: 9161565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 10mM ammonium 

acetate, pH 6.9:
methanol (75:25, v/v)

Flow: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 210nm

PPeeaakk  LLiisstt::
1. uracil 
2. ibuprofen
3. pseudoephedrine

1

2

3

LC_0098

0 2 4 6 8 10 12 14 min.

Tricyclic Antidepressants
on Allure™ Basix

0 1 2 3 4 5 6 7 8 9 min.

1

2

4

5

7

3

6

LC_0053

PPeeaakk  LLiisstt::
1. doxepin
2. nordoxepin
3. amitriptyline
4. imipramine
5. desimipramine
6. nortriptyline
7. protriptyline

SSaammppllee::
Inj.: 10µL
Conc.: 100µg/mL each
Solvent: mobile phase

CCoolluummnn:: AAlllluurree™ BBaassiixx
Cat. #: 9161565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: acetonitrile:

50mM KH2PO4

pH3:methanol 
(60:25:15, v/v)

Flow rate: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 254nm

Ethynyl Estradiol and Norgestrel
on Allure™ Basix

1

PPeeaakk  LLiisstt::
1. uracil (marker)
2. norgestrel
3. ethynyl estradiol

0 1 2 3 4 5 6 7 8 9 min.

LC_0100

2

3

SSaammppllee::
Inj.: 5µL
Conc.: 100µg/mL
Solvent: mobile phase

CCoolluummnn::  AAlllluurree™™ BBaassiixx
Cat. #: 9161565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol

(40:60, v/v)
Flow rate: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 220nm
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Allure™ Column Applications32

Phone: 800-356-1688 or 814-353-1300
www.restek.com

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1. tartaric acid 1
2. quinic acid 1
3. malic acid 1
4. citric acid 1
5. fumaric acid 0.005

SSaammppllee::
Inj.: 10µL standard solution
Solvent: water

CCoolluummnn:: AAlllluurree™™ OOrrggaanniicc  AAcciiddss
Cat. #: 9165585
Dimensions: 300 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 100mM phosphate buffer, pH 2.5
Flow: 0.5mL/min.
Temp.: ambient
Det.: UV @  226nm

Organic Acids in Fruit Juice on Allure™ Organic Acids

LC_0238 LC_0311

Organic Acids: Isocitric and Malic Acids
on Allure™ Organic Acids

PPeeaakk  LLiisstt::
1. malic acid 
2. isocitric acid

CCoolluummnn:: AAlllluurree™™ OOrrggaanniicc  AAcciiddss
Cat. #: 9165575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 100mM KH2PO4, pH 2.5
Flow: 0.5mL/min
Temp.: ambient
Det.: UV @ 226nm

SSaammppllee::
Inj.: 5µL
Conc.: approx. 0.2 mg/mL malic acid;

0.02 mg/mL isocitric acid
Solvent: water

PPeeaakk  LLiisstt::
1. quinic acid
2. malic acid
3. citric acid

SSaammppllee::
Inj.: 10µL cranberry juice:

water (50:50, v/v)
Solvent: water

CCoolluummnn:: AAlllluurree™™ OOrrggaanniicc  AAcciiddss
Cat. #: 9165585 
Dimensions: 300 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 100mM phosphate buffer, pH 2.5
Flow: 0.5mL/min.
Temp.: ambient
Det.: UV @ 226nm

Organic Acids in Cranberry Juice 
on Allure™ Organic Acids

LC_0236
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Ultra C18 and C8 Columns 33

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Columns: 3µm or 5µm particles; 100Å pores
Our broadest selection of stationary phases, including unique phases. High density bondings, for maxi-
mum retention. High-purity, Type B silica gives excellent peak shapes for a wide range of compounds.

Ultra C18 (USP L1)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 20% temperature limit: 80°C

Chromatographic Properties:
A retentive, high-purity packing that exhibits excellent peak shape for a wide range of compounds. Excellent gen-
eral-purpose reversed phase column.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..## price ccaatt..##  price

33µµmm  CCoolluummnnss
30mm 9174331 $350 9174332 $330 9174333 $330 — — 9174335 $330
50mm 9174351 $350 9174352 $330 9174353 $330 — — 9174355 $330

100mm 9174311 $376 9174312 $356 9174313 $356 — — 9174315 $356
55µµmm  CCoolluummnnss

30mm 9174531 $324 9174532 $304 9174533 $304 — — 9174535 $304
50mm 9174551 $324 9174552 $304 9174553 $304 — — 9174555 $304

100mm 9174511 $350 9174512 $330 9174513 $330 9174514 $330 9174515 $330
150mm 9174561 $376 9174562 $356 9174563 $356 9174564 $356 9174565 $356
200mm 9174521 $402 9174522 $382 9174523 $382 — — 9174525 $382
250mm 9174571 $427 9174572 $407 9174573 $407 — — 9174575 $407

Ultra C8 (USP L7)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 12% temperature limit: 80°C

Chromatographic Properties:
A retentive, high-purity, base-deactivated reversed phase packing that exhibits excellent peak shape for a wide
range of compounds. Less retention for neutral, hydrophobic compounds than the Ultra C18 column.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..## price ccaatt..##  price

33µµmm  CCoolluummnnss
30mm 9103331 $350 9103332 $330 9103333 $330 — — 9103335 $330
50mm 9103351 $350 9103352 $330 9103353 $330 — — 9103355 $330

100mm 9103311 $376 9103312 $356 9103313 $356 — — 9103315 $356
55µµmm  CCoolluummnnss

30mm 9103531 $324 9103532 $304 9103533 $304 — — 9103535 $304
50mm 9103551 $324 9103552 $304 9103553 $304 — — 9103555 $304

100mm 9103511 $350 9103512 $330 9103513 $330 9103514 $330 9103515 $330
150mm 9103561 $376 9103562 $356 9103563 $356 9103564 $356 9103565 $356
200mm 9103521 $402 9103522 $382 9103523 $382 — — 9103525 $382
250mm 9103571 $427 9103572 $407 9103573 $407 — — 9103575 $407

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Ultra Aqueous C18 Columns34

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Aqueous C18 (USP L1)
Physical Characteristics:

particle size: 3µm or 5µm, spherical non end-capped
pore size: 100Å pH range: 2.5 to 7.5

temperature limit: 80°C

Chromatographic Properties:
Highly retentive and selective for reversed phase separations of polar analytes. Highly base deactivated. Compatible
with highly aqueous (up to 100%) mobile phases.

An Ultra Aqueous C18 column enhances retention of pyridine
while maintaining a high level of base deactivation.

PPeeaakk  LLiisstt:: 1. uracil
2. pyridine
3. phenol

Ultra Aqueous C18 (cat.# 9178565)
Dimensions: 150 x 4.6mm
Particle size: 5µm 
Pore size: 100Å

Conventional base-deactivated C18
Dimensions: 150 x 4.6mm
Particle size: 5µm 
Pore size: 100Å

1

2

3

1

2

3

2 6 10 min.
LC_0143

CCoonnddiittiioonnss::
Mobile Phase: 

20mM potassium
phosphate pH 7.0:
acetonitrile (80:20)

Flow: 1.0mL/min.
Temp: 25°C
Det.: UV @ 254nm

2 6 10 min.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh  ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9178331 $360 9178332 $340 9178333 $340 9178335 $340
50mm 9178351 $360 9178352 $340 9178353 $340 9178355 $340

100mm 9178311 $386 9178312 $366 9178313 $366 9178315 $366
55µmm  CCoolluummnnss

30mm 9178531 $335 9178532 $315 9178533 $315 9178535 $315
50mm 9178551 $335 9178552 $315 9178553 $315 9178555 $315

100mm 9178511 $360 9178512 $340 9178513 $340 9178515 $340
150mm 9178561 $386 9178562 $366 9178563 $366 9178565 $366
200mm 9178521 $412 9178522 $392 9178523 $392 9178525 $392
250mm 9178571 $438 9178572 $418 9178573 $418 9178575 $418

* Note enhanced selectivity &
excellent peak shape!

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Ultra IBD Columns 35

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra IBD
Specialized Columns for Mixed Polar and Nonpolar Compounds
Physical Characteristics:

particle size: 3µm or 5µm, spherical non end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 12% temperature limit: 80°C

Chromatographic Properties:
An intrinsically base-deactivated (IBD) phase, containing a polar group within, or intrinsic to, the hydrocarbon
bonded phase. Unique selectivity and a high level of base deactivation, while reducing or eliminating the need for
mobile phase additives.

Better chromatography from an Ultra IBD column: anti-ulceratives

0 2 4 6 8 10 12 14 min.

CCoolluummnn::  UUllttrraa™™ IIBBDD
Catalog# 9175565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 20mM KxHyPO4

pH 7:acetonitrile (70:30,v/v)
Flow rate: 1.0mL/min.
Det.: UV @ 234nm

1
2

3

PPeeaakk  LLiisstt::
1. uracil
2. famotidine
3. ranitidine

Ultra IBD Phase:
• High Selectivity
• Marked Resolution

0 2 4 6 8 10 12 14 min.

1

CCoolluummnn::  CCoonnvveennttiioonnaall  CC1188
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 20mM KxHyPO4

pH 7:acetonitrile (70:30,v/v)
Flow rate: 1.0mL/min
Det.: UV @ 234nm

2, 3

PPeeaakk  LLiisstt::
1.uracil
2.famotidine
3.ranitidine

Conventional C18 Phase:
• Little Retention
• No Resolution

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9175331 $360 9175332 $340 9175333 $340 9175335 $340
50mm 9175351 $360 9175352 $340 9175353 $340 9175355 $340

100mm 9175311 $386 9175312 $366 9175313 $366 9175315 $366
55µmm  CCoolluummnnss

30mm 9175531 $335 9175532 $315 9175533 $315 9175535 $315
50mm 9175551 $335 9175552 $315 9175553 $315 9175555 $315

100mm 9175511 $360 9175512 $340 9175513 $340 9175515 $340
150mm 9175561 $386 9175562 $366 9175563 $366 9175565 $366
200mm 9175521 $380 9175522 $392 9175523 $392 9175525 $392
250mm 9175571 $438 9175572 $418 9175573 $418 9175575 $418
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Ultra C4 and C1 Columns36

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra C4 (USP L26)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 9% temperature limit: 80°C

Chromatographic Properties:
Exceptionally stable C4 packing, with high bonding coverage and base deactivation. Less retention than C18 or C8
phases.

Ultra C1 (USP L13)
Physical Characteristics:

particle size: 3µm or 5µm, spherical
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 5% temperature limit: 80°C

Chromatographic Properties:
Exceptionally stable C1 phase. Least retentive reversed phase hydrocarbon packing.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9102331 $350 9102332 $330 9102333 $330 9102335 $330
50mm 9102351 $350 9102352 $330 9102353 $330 9102355 $330

100mm 9102311 $376 9102312 $356 9102313 $356 9102315 $356
55µmm  CCoolluummnnss

30mm 9102531 $324 9102532 $304 9102533 $304 9102535 $304
50mm 9102551 $324 9102552 $304 9102553 $304 9102555 $304

100mm 9102511 $350 9102512 $330 9102513 $330 9102515 $330
150mm 9102561 $376 9102562 $356 9102563 $356 9102565 $356
200mm 9102521 $402 9102522 $382 9102523 $382 9102525 $382
250mm 9102571 $427 9102572 $407 9102573 $407 9102575 $407

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9101331 $350 9101332 $330 9101333 $330 9101335 $330
50mm 9101351 $350 9101352 $330 9101353 $330 9101355 $330

100mm 9101311 $376 9101312 $356 9101313 $356 9101315 $356
55µmm  CCoolluummnnss

30mm 9101531 $324 9101532 $304 9101533 $304 9101535 $304
50mm 9101551 $324 9101552 $304 9101553 $304 9101555 $304

100mm 9101511 $350 9101512 $330 9101513 $330 9101515 $330
150mm 9101561 $376 9101562 $356 9101563 $356 9101565 $356
200mm 9101521 $402 9101522 $382 9101523 $382 9101525 $382
250mm 9101571 $427 9101572 $407 9101573 $407 9101575 $407

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Ultra Cyano and Phenyl Columns 37

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Cyano (USP L10)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 8% temperature limit: 80°C

Chromatographic Properties:
High-purity cyano phase with few silanol sites. Often a better choice than C18 phases for basic pharmaceuticals,
especially regarding peak shape and selectivity. Cyano phases are more rugged than bare silica for normal phase
analyses because they are less sensitive to small amounts of water present in the mobile phase.

Ultra Phenyl (USP L11)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 10% temperature limit: 80°C

Chromatographic Properties:
High-purity, highly retentive, base-deactivated phase with alternative selectivity to straight chain hydrocarbon
phases, especially for aromatic analytes.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9106331 $350 9106332 $330 9106333 $330 9106335 $330
50mm 9106351 $350 9106352 $330 9106353 $330 9106355 $330

100mm 9106311 $376 9106312 $356 9106313 $356 9106315 $356
55µmm  CCoolluummnnss

30mm 9106531 $324 9106532 $304 9106533 $304 9106535 $304
50mm 9106551 $324 9106552 $304 9106553 $304 9106555 $304

100mm 9106511 $350 9106512 $330 9106513 $330 9106515 $330
150mm 9106561 $376 9106562 $356 9106563 $356 9106565 $356
200mm 9106521 $402 9106522 $382 9106523 $382 9106525 $382
250mm 9106571 $427 9106572 $407 9106573 $407 9106575 $407

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh  ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9105331 $350 9105332 $330 9105333 $330 9105335 $330
50mm 9105351 $350 9105352 $330 9105353 $330 9105355 $330

100mm 9105311 $376 9105312 $356 9105313 $356 9105315 $356
55µmm  CCoolluummnnss

30mm 9105531 $324 9105532 $304 9105533 $304 9105535 $304
50mm 9105551 $324 9105552 $304 9105553 $304 9105555 $304

100mm 9105511 $350 9105512 $330 9105513 $330 9105515 $330
150mm 9105561 $376 9105562 $356 9105563 $356 9105565 $356
200mm 9105521 $402 9105522 $382 9105523 $382 9105525 $382
250mm 9105571 $427 9105572 $407 9105573 $407 9105575 $407

Vernon Bartlett
HPLC Innovations Manager

a plus one story
“After the disaster of 9-11, Diazald, a highly explosive compound used in Herbicide analysis, was immediately controlled by the U.S.
government which made shipment impossible. Restek was instrumental in helping me to develop an isocratic HPLC method that did
not require the use of Diazald.  This method is not only safer, but it saves us time and money. Thanks, Restek!”

CChhrriiss  DDoommaarraaddzzkkii,,  Organics Manager, Environmental Testing Laboratories
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Ultra Amino and PFP Columns38

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Amino
Physical Characteristics:

particle size: 3µm or 5µm, spherical
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 2% temperature limit: 80°C

Chromatographic Properties:
Recommended for normal phase analyses of mono- and disaccharides, or similar compounds.

Ultra PFP (USP L43)
Specialized Columns for LC/MS and ELSD
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 7% temperature limit: 80°C

Chromatographic Properties:
A pentafluorophenyl phase. Unique selectivity for compounds containing organohalogens or other basic
functional groups.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9176331 $360 9176332 $340 9176333 $340 9176335 $340
50mm 9176351 $360 9176352 $340 9176353 $340 9176355 $340

100mm 9176311 $386 9176312 $366 9176313 $366 9176315 $366
55µmm  CCoolluummnnss

30mm 9176531 $335 9176532 $315 9176533 $315 9176535 $315
50mm 9176551 $335 9176552 $315 9176553 $315 9176555 $315

100mm 9176511 $330 9176512 $340 9176513 $340 9176515 $340
150mm 9176561 $355 9176562 $366 9176563 $366 9176565 $366
200mm 9176521 $412 9176522 $392 9176523 $392 9176525 $392
250mm 9176571 $438 9176572 $418 9176573 $418 9176575 $418

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9107331 $350 9107332 $330 9107333 $330 9107335 $330
50mm 9107351 $350 9107352 $330 9107353 $330 9107355 $330

100mm 9107311 $376 9107312 $356 9107313 $356 9107315 $356
55µmm  CCoolluummnnss

30mm 9107531 $324 9107532 $304 9107533 $304 9107535 $304
50mm 9107551 $324 9107552 $304 9107553 $304 9107555 $304

100mm 9107511 $350 9107512 $330 9107513 $330 9107515 $330
150mm 9107561 $376 9107562 $356 9107563 $356 9107565 $356
200mm 9107521 $402 9107522 $382 9107523 $382 9107525 $382
250mm 9107571 $427 9107572 $407 9107573 $407 9107575 $407

Randy Romesberg
HPLC Applications

Chemist

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Ultra Silica,  Ultra Carbamate, and Ultra Quat Columns 39

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Silica (USP L3)
Specialized Columns for LC/MS and ELSD
Physical Characteristics:

particle size: 3µm or 5µm, spherical endcap: n/a
pore size: 100Å pH range: 2.5 to 7.5
carbon load: none temperature limit: 80°C

Chromatographic Properties:
High surface area, Type B silica packing.

Ultra Carbamate
Physical Characteristics:

particle size: 3µm, spherical pH range: 2.5 to 7.5
pore size: 100Å temperature limit: 80°C

Chromatographic Properties:
Restek chemists developed the Ultra Carbamate column specifically for carbamates analysis. A unique stationary
phase, bonded to a 3µm silica, creates a packing that separates 10 target carbamates in just over 10 minutes. The
column is compatible with fluorescence or LC/MS detection.*

An Ultra Carbamate column can process as many as 3 to 4 samples per hour, versus less than 2 samples per hour
on a general-purpose C18 column. In addition to increased sample throughput, this much faster analysis will sig-
nificantly reduce solvent usage—and the costs of disposing of solvent waste.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..##  price ccaatt..## price ccaatt..##  price

33µmm  CCoolluummnnss
30mm 9100331 $350 9100332 $330 9100333 $330 9100335 $330
50mm 9100351 $350 9100352 $330 9100353 $330 9100355 $330

100mm 9100311 $376 9100312 $356 9100313 $356 9100315 $356
55µmm  CCoolluummnnss

30mm 9100531 $324 9100532 $304 9100533 $304 9100535 $304
50mm 9100551 $324 9100552 $304 9100553 $304 9100555 $304

100mm 9100511 $350 9100512 $330 9100513 $330 9100515 $330
150mm 9100561 $376 9100562 $356 9100563 $356 9100565 $356
200mm 9100521 $402 9100522 $382 9100523 $382 9100525 $382
250mm 9100571 $427 9100572 $407 9100573 $407 9100575 $407

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price ccaatt..## price ccaatt..## price ccaatt..## price

33µmm  CCoolluummnnss
50mm 9177351 $474 9177352 $433 9177353 $438 9177354 $443 9177355 $449

100mm 9177311 $450 9177312 $443 9177313 $449 — — 9177315 $454

Ultra Quat
Physical Characteristics:

particle size: 5µm, spherical pH range: 2.5 to 7.5
pore size: 100Å temperature limit: 80°C

Chromatographic Properties:
A retentive, high-purity, base deactivated reversed phase packing. Ideal for the analysis of paraquat and diquat
when used with Ultra Quat Reagent Solution mobile phase additive (cat. # 32441).

44..66mmmm  IIDD
LLeennggtthh ccaatt..## price

55µmm  CCoolluummnn
150mm 9181565 $356

*For post-column derivatization / fluorescence detection applications for a 4.6mm ID column the total system dead volume, including
the post-column reactor, must be less than 650µL.
**For standard post-column reactor systems, we recommend a 250 x 4.6mm, 5µm column dimension. Call Restek technical service
for more information.

restek
innovation!
An Ultra Carbamate column
can process as many as 3 to 4 
samples per hour, versus less
than 2 samples per hour on a
general-purpose C18 
column.**

Ultra Quat
Reagent Solution

EEaacchh 1100--ppkk..
IInn  wwaatteerr,,  2200mmLL//aammppuull

32441 $50 32541 $450

new!
new!

restek
innovation!
An Ultra Quat column 
eliminates the need for ion 
pairing reagents in
paraquat/diquat analysis.
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Ultra Column Applications

Nucleotides, Nucleosides, and 
Nitrogenous Bases on Ultra IBD

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. CDP 146
2. CMP 113
3. ATP 117
4. ADP 145
5. cytidine 155
6. TMP 157
7. AMP 125
8. guanine 36
9. guanosine 103

10. adenine 38
11. adenosine 115

SSaammppllee::
Inj.: 20µL
Solvent: 20mM ammonium acetate, pH 5.8

0 2 4 6 8 10 12 14 16 18 min.

6 7

8
9

10

11

1
2

3

4

5

LC_0128

CCoolluummnn::  UUllttrraa  IIBBDD
Cat. #: 9175565 
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 20mM ammonium acetate, 

pH 5.8:methanol (97.5:2.5) 
Flow: 1.0mL/min.
Temp.: 35°C
Det.: UV @ 260nm

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1. tyrosine 0.2
2. phenylalanine 1.6
3. tryptophan 0.4

SSaammppllee::    
Inj.: 20µL
Solvent: mobile phase A

Amino Acids on Ultra Aqueous C18

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phases: A: 50mM potassium

phosphate, pH 2.5
B: acetonitrile 

5% - 20% B: 0-5 min.
20% - 5% B: 5-6 min.
Hold at 5% B: 6-13 min.

Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 254nm

0 2 4 6 8 10 min.

LC_0146

1

2

3
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0 2 4 6 8 10 12 14 16 18 min.
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LC_0254

Explosives by EPA 8330 on Ultra C18

PPeeaakk  LLiisstt::
1. HMX
2. RDX
3. 1,2-dinitrobenzene (surrogate)
4. 1,3,5-trinitrobenzene
5. 1,3-dinitrobenzene
6. tetryl
7. nitrobenzene
8. 3,4-dinitrobenzene (internal standard)
9. 2,4,6-trinitrotoluene

10. 4-amino-2,6-dinitrotoluene
11. 2-amino-4,6-dinitrotoluene
12. 2,6-dinitrotoluene
13. 2,4-dinitrotoluene
14. 2-nitrotoluene
15. 4-nitrotoluene
16. 3-nitrotoluene

SSaammppllee::
Inj.: 5µL
Conc.: 30µg/mL (30ppm) each
Sample diluent: acetonitrile

CCoolluummnn:: UUllttrraa  CC1188
Cat. #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol (44:56, v/v)
Flow: 1.0mL/min
Temp.: 30°C
Det.: UV @  254nm

Carbamates on Ultra Carbamate

LC_0308

CCoolluummnn:: UUllttrraa  CCaarrbbaammaattee
Cat. #: 9177315
Dimensions: 100 x 4.6mm
Particle size: 3µm
Pore size: 100Å

SSaammppllee::
Inj.: 10µL
Conc.: 100µg/mL each component

CCoonnddiittiioonnss::
Mobile phase: A: 90% water: 10% methanol with 

10mM ammonium formate
B: 90% acetonitrile: 10% methanol 

with 10 mM ammonium formate

TTiimmee:: %%BB
0.0 10%

15.0 90%
20.0 90%

Flow: 1.0mL/min. (approx. 0.75mL/min. to 
UV detector, 0.25mL/min. to MSD)

Temp.: ambient
Det.: UV @ 220nm; MSD

MMSSDD  CCoonnddiittiioonnss
Detector: Micromass ZMD
Mode: ESI+
Capillary V: 3.50
Extractor: 4.0
Ion energy: 0.4
Multiplier: 650
Source temp: 100°C
Desolv. temp: 250°C
Gas flow: 490 L/hr.

CCoommppoouunndd IIoonn CCoonnee  VV
1. aldicarb sulfone 223.3 25V
2. aldicarb sulfoxide 207.3 18V
3. oxamyl 237.2* 10V
4. methomyl 163.2 15V
5. 3-hydroxycarbofuran 238.3 15V

*Ammonium adduct (all others are [M+H]+ ions)

CCoommppoouunndd IIoonn CCoonnee  VV
6. aldicarb 191.2 8V
7. propoxur 210.2 18V
8. carbofuran 222.3 22V
9. carbaryl 202.2 18V

10. methiocarb 226.3 19V

3-hydroxycarbofuran

methiocarb

aldicarb sulfone

carbofuran

propoxur

aldicarb sulfoxide

carbaryl

aldicarb

methomyl

UV @220nm

oxamyl
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Ultra Column Applications

LC_0313

Phenoxyacid Herbicides (Mix A) on Ultra Aqueous C18 

PPeeaakk  LLiisstt::
1. picloram
2. chloramben
3. dicamba
4. bentazon
5. 2,4-D
6. dichlorprop
7. 2,4,5-TP
8. acifluorfen
9. 1,4-dichlorobenzene (IS)

CCoolluummnn:: UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile Phase A: 0.05% H3PO4
Mobile Phase B: acetonitrile

TTiimmee %%BB
0 20
15 80
20 80
21 20

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 225nm

SSaammppllee::
Inj.: 10µL
Conc.: 10ppm each 

herbicide
Sample diluent: acetonitrile

LC_0314

Phenoxyacid Herbicides (Mix B) on Ultra Aqueous C18

PPeeaakk  LLiisstt::
1. 4-nitrophenol
2. MCPA
3. 3,5-dichlorobenzoic acid
4. MCPP
5. 2,4,5-T
6. 2,4-DB
7. 1,4-dichlorobenzene (IS)
8. dinoseb
9. pentachlorophenol

CCoolluummnn:: UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile Phase A: 0.05% H3PO4
Mobile Phase B: acetonitrile

TTiimmee %%BB
0 10
10 45
16 45
22 90
24 90
25 10

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 225nm

SSaammppllee::
Inj.: 10µL
Conc.: 10 ppm each 

herbicide
Sample diluent: acetonitrile
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Acids and Bases on Ultra IBD (pH 3)

0 2 4 6 8 10min.

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. uracil 5
2. unknown
3. maleate 5
4. benzoic acid 50
5. nortriptyline 50
6. amitriptyline 50
7. trimipramine 50

SSaammppllee::
Inj.: 10µL
Solvent: mobile phase

LC_0057

1

2 3

4

5
6

7

CCoolluummnn:: UUllttrraa  IIBBDD
Cat. #: 9175565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å
CCoonnddiittiioonnss::
Mobile phase: 20mM KH2PO4 pH 3:

acetonitrile (70:30, v/v)
Flow rate: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 254nm

Organic Acids on Ultra Aqueous C18

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))::
1. malonic acid 500
2. lactic acid 500
3. acetic acid 1000
4. citric acid 1000
5. succinic acid 2000
6. fumaric acid 10

SSaammppllee::
Inj.: 10µL
Solvent: water

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565 
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 50mM potassium 

phosphate, pH 2.5: 
acetonitrile (99:1)

Flow: 1.5mL/min.
Temp.: 25°C
Det.: UV @ 210nm

LC_0140

1

2

3

4

5

6

0 1 2 3 4 5 min.
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Cephalexin (Antibiotic)
on Ultra IBD 1

PPeeaakk  LLiisstt::
1. cephalexin
2. cephradine

SSaammppllee::
Inj.: 10µL
Conc.: 500µg/mL
Solvent: acetonitrile:water

(10:90, v/v)

CCoolluummnn:: UUllttrraa  IIBBDD
Cat. #: 9175565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 10mM ammonium

formate, pH 2.5:
acetonitrile
(90:10, v/v)

Flow rate: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm

2

0 2 4 6 8 10 min.
LC_0094

PPeeaakk  LLiisstt::
1. penicillin V

SSaammppllee::
Inj.: 2.5µL
Conc.: 1.2mg/mL
Solvent: acetonitrile:water (10:90,v/v)

CCoolluummnn::  UUllttrraa  IIBBDD
Cat. #: 9175565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 10mM ammonium

formate, pH 2.5:
acetonitrile (95:5, v/v)

Flow rate: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm

Penicillin V on Ultra IBD

1

0 1 2 3 4 5 6 7 8 min.

LC_0096

Digoxin (Antiarrhythmic) on Ultra IBD

PPeeaakk  LLiisstt::
1. unknown
2. unknown
3. digoxin

LC_0068

SSaammppllee::
Inj.: 10µL
Conc.: 1000µg/mL
Solvent: water:methanol (1:1, v/v)

CCoolluummnn::  UUllttrraa  IIBBDD
Cat. #: 9175565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: water with

0.1% (v/v) acetic acid:
acetonitrile (65:35, v/v)

Flow rate: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 220nm

LC_0116

Norgestrel and Ethynyl Estradiol
on Ultra C18

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 min.

1

2

3

PPeeaakk  LLiisstt::
1. uracil (marker)
2. ethynyl estradiol
3. norgestrel

SSaammppllee::
Inj.: 5µL
Conc.: 100µg/mL
Solvent: mobile phase

CCoolluummnn:: UUllttrraa  CC1188
Cat. #: 9174565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol 

(40:60, v/v)
Flow: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 220nm
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0 2 4 6 8 10 12 14 min.

1

2

3

4

5 6 9

7
8

PPeeaakk  LLiisstt:: CCoonncc..::  ((mmgg//mmLL))
1. thiamin (B1) 250
2. ascorbic acid (C) 1000
3. unknown n/a
4. nicotinic acid (B3) 1000
5. unknown n/a
6. pantothenic acid (B5) 1000
7. folic acid (B9) 500
8. riboflavin (B2) 250
9. methyl paraben 0.2

SSaammppllee::
Initial dilutions of B1 and B2 
basified with ammonium hydroxide

Vitamins (Water Soluble) on Ultra Aqueous C18

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178575 
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile Phase: A: 25mM potassium phosphate, pH 2.00:methanol (95:5, v/v)

B: methanol:25mM potassium phosphate, pH 3.5 (60:40, v/v)

TTiimmee  ((mmiinn..)) %%  BB
0-6 Hold 0
6.01 25
11 100
16 100

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 254nm

LC_0141

PPeeaakk  LLiisstt:: CCoonncc..::  ((mmgg//mmLL))
1. solvent front n/a
2. menadione (vitamin K3) 0.45
3. all-trans-retinol (vitamin A) 0.34
4. vitamin D3 0.4
5. unknown n/a
6. alpha tocopherol (vitamin E) 2.4
7. alpha tocopherol acetate 

(vitamin E Acetate) 2.4
8. unknown n/a
9. phylloquinone (vitamin K1) 0.84

SSaammppllee::  
Solvent: diethyl ether

Vitamins (Fat Soluble) on Ultra C18
CCoolluummnn::  UUllttrraa  CC1188
Cat. #: 9174575 
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: acetonitrile:methanol 

(90:10, v/v)

TTiimmee  ((mmiinn..)) FFllooww  ((mmLL//mmiinn..))
1.00 1.00
5.00 1.00
5.01 2.00

50.0 2.00

Temp.: 30°C
Det.: UV @ 280nm

1

2

3

4

5

6
7

8

9

0 10 20 30 40 min.
LC_0144
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Capsaicinoids: Heat Level Assay for Habenero Nuggets on Ultra C18

CCoolluummnn::  UUllttrraa  CC1188
Cat. #: 9174565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: A: 1% acetic acid in water

B: acetonitrile

TTiimmee  ((mmiinn..)) %%  BB
0 50
2 50
9 80

12 80
13 50

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

PPeeaakk  LLiisstt::
1. unknown
2. capsaicin
3. dihydrocapsaicin

SSaammppllee::
Inj.: 10µL habanero nugget extract
Conc.: 0.8g sample in 200mL
Solvent: ethanol

LC_0156

0 2 4 6 8 10 min.

1

2

3

LC_0150

SSaammppllee::
Inj.: 10µL
Conc.: 100 ppm sorbic acid, 200 ppm 

benzoic acid
Solvent: mobile phase

CCoolluummnn::  UUllttrraa  PPhheennyyll
Cat. #: 9105565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 1% acetic acid:methanol 

(80:20, v/v)
Flow: 1.2 mL/min.
Temp.: ambient
Det.: UV @ 245nm

PPeeaakk  LLiisstt::
1. sorbic acid
2. benzoic acid

Antimicrobial Agents: Sorbic and Benzoic Acids on Ultra Phenyl

0 2 4 6 8 10 12 14 16 18 min.

2

1
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33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## price ccaatt..## price

55µmm  CCoolluummnnss
100mm 9514513 $380 9514515 $390
150mm 9514563 $400 9514565 $410
250mm 9514573 $465 9514575 $475

Viva™ Wide Pore HPLC Columns
• Excellent for separating peptides or proteins.
• Rugged, spherical particles.
• C18 phase and bare silica.
• Narrow pore size distribution - high proportion of pore/surface area available for large molecule 

separations.

Viva™ columns are Restek’s newest line of HPLC columns, based on a wide pore material we designed
and developed to better address the needs of the biomolecule analyst.

In developing our new silica, we evaluated many commercial silicas that are targeted to the peptide and
protein market. We found that although many silicas meet the standard 300Å mean pore size, most have
very broad distributions about this mean, with a significant portion of their pore volume falling below
150Å. This means a large portion of the surface area is unavailable to affect the separation. Viva™ columns
have a narrow distribution about the mean pore size, permitting a larger portion of the silica surface to
play a role in the separation. Closely eluting sample components are better separated.

A C18 phase and bare silica are the initial presentations in this line of columns, in the dimensions most
frequently requested for large molecule applications. If you need alternative column dimensions or sta-
tionary phases, please do not hesitate to call for a quote.

Viva™ Wide Pore Silica Columns
33..22mmmm  IIDD 44..66mmmm  IIDD

LLeennggtthh ccaatt..## price ccaatt..## price
55µmm  CCoolluummnnss

100mm 9510513 $380 9510515 $390
150mm 9510563 $400 9510565 $410
250mm 9510573 $465 9510575 $475

Viva™ Wide Pore C18 Columns

ordering note
If  you need another column
dimension or phase, please
do not hesitate to call for a
quote.

restek
innovation!
Narrow distribution about the
mean pore size, permitting a
larger portion of the silica 
surface to play a role in the
separation.

We also have syringe filters!
See page 87.

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™ IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

FFoorr  gguuaarrdd  ccaarrttrriiddggeess  ffoorr  tthheessee  ccoolluummnnss,,  sseeee  ppaaggee  5577..
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Column Kits;  Fast LC48
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HPLC and LC/MS Column Kits
The ability to create quick, rugged, accurate, and precise HPLC and LC/MS methods is critical in the phar-
maceutical industry. The chromatographers in our HPLC applications group have worked in pharma-
ceutical laboratories and are experienced with methods development. Because of this insight, Restek has
introduced LC/MS and HPLC development kits containing a wide variety of columns to handle virtually
any application. If these kits don’t fit your needs, call for a kit customized to your specifications.

Fast LC Method Development Kits
This system provides fast, efficient separations in an economical cartridge format. The design allows rapid
substitution of one cartridge for another. The holder is available with either standard fittings or with a
universal PEEK® tip fitting. The universal fitting gives the user the option of threading the column direct-
ly into the detector inlet, reducing overall system dwell volume. The cartridges are 30mm long, with either
2.1mm or 4.0mm ID. The 2.1mm and 4.0mm ID cartridges have the same outside diameter, so the hold-
er will accept either.

Each kit includes four 3µm Fast LC Cartridges: Ultra C18 (USP L1), Ultra Aqueous C18 (USP L1), Ultra
Cyano (USP L1), Ultra PFP (USP L43), and a Fast LC cartridge holder.

Fast LC Development Kits

3µm Fast LC Cartridges
DDeessccrriippttiioonn LLeennggtthh 22..11mmmm  IIDD 44..00mmmm  IIDD pprriiccee
Ultra C18 Fast LC Cartridge 30mm 91743320 91743340 $222
Ultra Aqueous C18 Fast LC Cartridge 30mm 91783320 91783340 $232
Ultra Cyano Fast LC Cartridge 30mm 91063320 91063340 $222
Ultra PFP Fast LC Cartridge 30mm 91763320 91763340 $232

Fast LC Cartridge Holder
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Fast LC Cartridge Holder ea. 25298 $125

Use these kits to simplify
HPLC and LC/MS methods

development.

Fast LC saves time and
conserves solvents.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
LC/MS Column Kit
(1 Allure™ C18 (USP L1), 1 Allure™ PFP Propyl, 1 Allure™ Basix (USP L10), 
1 Ultra Aqueous C18 (USP L1)) four 30 x 2.1mm, 3µm columns 25136 $975
LC/UV Column Kit
(1 Pinnacle™ DB C18 (USP L1), 1 Allure™ PFP Propyl, 
1 Ultra Aqueous C18 (USP L1), 1 Ultra IBD) four 50 x 4.6mm, 5µm columns 25137 $850

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Fast LC Development Kit four 30 x 2.1mm columns 25296 $880
Fast LC Development Kit four 30 x 4.0mm columns 25297 $880

HHPPLLCC  MMeetthhooddss  VVaalliiddaattiioonn  KKiittss ((tthhrreeee  115500  xx  44..66mmmm  ccoolluummnnss)) ccaatt..## pprriiccee
Allure™ C18 25352 $928
Ultra IBD 25355 $928
Allure™ Basix 25354 $928

LLCC//MMSS  MMeetthhooddss  VVaalliiddaattiioonn  KKiittss ((tthhrreeee  5500  xx  22..11mmmm  ccoolluummnnss)) ccaatt..## pprriiccee
Allure™ C18 25356 $778
Ultra IBD 25359 $778
Allure™ Basix 25358 $778

ordering note
Additional column kits and
Fast LC cartridges are avail-
able. Please call for more
information.
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LC_0250

Digitalis Extracts/Derivatives on Ultra PFP Propyl Cartridge Column (Fast LC)

SSaammppllee::
Inj.: 10µL
Solvent: water:acetonitrile (80:20 v/v)

CCoolluummnn::  FFaasstt  LLCC CCaarrttrriiddggee
Dimensions: 30 x 4.0mm
Particle size: 3µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: A: water

B: acetonitrile

TTiimmee  ((mmiinn..)) %%BB
0.0 20
1.5 20
1.51 35
3.0 35
3.1 20

Flow: 2.0mL/min
Temp.: 27°C 
Det.: UV @ 230nm

PPeeaakk  LLiisstt:: CCoonncc.. RReett..  TTiimmee  ((mmiinn..))
1. digoxigenin 100µg/mL 0.40
2. gitoxigenin 100µg/mL 0.80
3. digoxin 100µg/mL 1.10
4. gitoxin ~10µg/mL 2.20
5. digitoxin 100µg/mL 2.60

LC_0252

Vanilla Bean Extract on Pinnacle™ DB C18

PPeeaakk  LLiisstt RReett..  TTiimmee  ((mmiinn..))
1. vanillin 2.00

SSaammppllee::
Inj.: 5µL
Solvent: 20% v/v commercial 

extract in water

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Cat. #: 9414555
Dimensions: 50 x 4.6mm
Particle size: 5µm
Pore size: 140Å

CCoonnddiittiioonnss::
Mobile phase: 0.2% v/v phosphoric acid in 

water:methanol (80:20 v/v)
Flow: 2mL/min.
Temp.: 27°C 
Det.: UV @ 254nm

Fast LC!

Fast LC!
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Kromasil® Columns
Physical Characteristics:

particle size: 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
average carbon load: C18–19% C8–12% C4–8%

Chromatographic Properties:
High-purity silica with few silanol sites, high surface area, and excellent mechanical stability. Good alternative
when separating basic compounds such as pharmaceuticals.

PPhhaassee:: PPaarrttiiccllee  SSiizzee  DDiimmeennssiioonnss  ccaatt..##      pprriiccee
CC1188 5µm 100 x 4.6mm 9204515 $295

5µm 150 x 4.6mm 9204565 $330
5µm 250 x 4.6mm 9204575 $360

CC88 5µm 100 x 4.6mm 9203515 $295
5µm 150 x 4.6mm 9203565 $330
5µm 250 x 4.6mm 9203575 $360

CC44 5µm 100 x 4.6mm 9202515 $295
5µm 150 x 4.6mm 9202565 $330
5µm 250 x 4.6mm 9202575 $360

Kromasil® Columns50

Phone: 800-356-1688 or 814-353-1300
www.restek.com

ordering note
TToo  oorrddeerr  aa  22..11mmmm,,  33..22mmmm,,  oorr  44..66mmmm  IIDD  ccoolluummnn  wwiitthh  aa  TTrriiddeenntt™™  IInntteeggrraall  IInnlleett  FFiittttiinngg,,  aadddd  ““--770000””
ttoo  tthhee  ccaattaalloogg  nnuummbbeerr  ffoorr  tthhee  ccoolluummnn..

Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge $15.00

Free Literature
Restek is Your Free Technical Literature Source!

You can review these and many more publications on our website, www.restek.com 

HPLC Tech Tips Wall Chart
(lit. cat.# 59894A)
Almost everything you need to remember about HPLC, condensed into 3 feet by 2 feet: mobile phase basics, buffers (types, pKas, pH
ranges, formula masses, more), miscibility and solubility chart (invaluable!), system setup and optimization, detector tips, pressure con-
version factors, most-used chromatographic equations, column storage essentials. Post near your instrument to save time; perhaps
save a column.

Genuine Restek Replacement Parts for HPLC Systems
(lit. cat.# 59012)
A listing of Restek parts for Agilent, Beckman, Hitachi, PerkinElmer, Shimadzu, and Waters instruments.

HPLC Column Selection Guide
(lit. cat.# 59454A)
A useful chart to keep with your workbooks, or post on a wall. Quickly scan important characteristics of Restek HPLC columns.
Includes cross-references to similar phases.

Call our literature hotline: 800-356-1688 or 814-353-1300, ext. 5, or contact your Restek representative.
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Prep Columns 51

Phone: 800-356-1688 or 814-353-1300
www.restek.com

HPLC Prep Columns
• Easy scale-up from Restek analytical columns.
• Popular bonded phases.

Restek is making it easier than ever to scale up your separations. We now offer a wide range of semi-
preparative and preparative-scale columns in our Ultra, Allure™, Pinnacle™ DB, and Pinnacle II™ product
lines, packed with many of our more popular bonded phases on a 5µm spherical silica. Other particle sizes
are available—if you need a phase on 10µm or 15µm particles, please call.

Pinnacle™ DB HPLC Prep Columns
DDiimmeennssiioonnss PPiinnnnaaccllee™ DDBB  CC1188 PPiinnnnaaccllee™ DDBB  CC88 PPiinnnnaaccllee™ DDBB  CCyyaannoo PPiinnnnaaccllee™ DDBB  SSiilliiccaa
LLeennggtthh  xx  IIDD ccaatt..## ccaatt..## ccaatt..## ccaatt..## pprriiccee
50 x 10mm 9414557 9413557 9416557 9410557 $690
50 x 21.2mm 9414558 9413558 9416558 9410558 $1378
50 x 30mm 9414559 9413559 9416559 9410559 $2400
50 x 50mm 9414550 9413550 9416550 9410550 $5942
100 x 10mm 9414517 9413517 9416517 9410517 $875
100 x 21.2mm 9414518 9413518 9416518 9410518 $1698
100 x 30mm 9414519 9413519 9416519 9410519 $2830
100 x 50mm 9414510 9413510 9416510 9410510 $7448
150 x 10mm 9414567 9413567 9416567 9410567 $980
150 x 21.2mm 9414568 9413568 9416568 9410568 $2175
150 x 30mm 9414569 9413569 9416569 9410569 $3600
150 x 50mm 9414560 9413560 9416560 9410560 $9915
250 x 10mm 9414577 9413577 9416577 9410577 $1120
250 x 21.2mm 9414578 9413578 9416578 9410578 $2820
250 x 30mm 9414579 9413579 9416579 9410579 $5830
250 x 50mm 9414570 9413570 9416570 9410570 $16,500

Pinnacle II™ HPLC Prep Columns
DDiimmeennssiioonnss PPiinnnnaaccllee  II™ CC1188 PPiinnnnaaccllee  II™ CC88 PPiinnnnaaccllee  II™ CCyyaannoo PPiinnnnaaccllee  II™ SSiilliiccaa

LLeennggtthh  xx  IIDD ccaatt..## ccaatt..## ccaatt..## ccaatt..## pprriiccee
50 x 10mm 9214557 9213557 9216557 9210557 $620
50 x 21.2mm 9214558 9213558 9216558 9210558 $1152
50 x 30mm 9214559 9213559 9216559 9210559 $1858
50 x 50mm 9214550 9213550 9216550 9210550 $4588
100 x 10mm 9214517 9213517 9216517 9210517 $840
100 x 21.2mm 9214518 9213518 9216518 9210518 $1381
100 x 30mm 9214519 9213519 9216519 9210519 $2195
100 x 50mm 9214510 9213510 9216510 9210510 $5642
150 x 10mm 9214567 9213567 9216567 9210567 $950
150 x 21.2mm 9214568 9213568 9216568 9210568 $1700
150 x 30mm 9214569 9213569 9216569 9210569 $2675
150 x 50mm 9214560 9213560 9216560 9210560 $7385
250 x 10mm 9214577 9213577 9216577 9210577 $1050
250 x 21.2mm 9214578 9213578 9216578 9210578 $2100
250 x 30mm 9214579 9213579 9216579 9210579 $3840
250 x 50mm 9214570 9213570 9216570 9210570 $11,175

restek
innovation!
We strongly recommend
ordering a semi-prep or prep
column only after scouting
the desired separation on an
equivalent analytical-scale
column. Because we cannot
re-use a column or the silica
it contains once it has left
our facility, we cannot accept
returns of large-scale
columns (except in cases of
our error).

Supersize without
surprise!
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Prep Columns52

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Allure™ HPLC Prep Columns
DDiimmeennssiioonnss AAlllluurree™ CC1188 AAlllluurree™ BBaassiixx AAlllluurree™ SSiilliiccaa
LLeennggtthh  xx  IIDD ccaatt..## ccaatt..## ccaatt..## pprriiccee
50 x 10mm 9164557 9161557 9160557 $690
50 x 21.2mm 9164558 9161558 9160558 $1378
50 x 30mm 9164559 9161559 9160559 $2400
50 x 50mm 9164550 9161550 9160550 $5942
100 x 10mm 9164517 9161517 9160517 $875
100 x 21.2mm 9164518 9161518 9160518 $1698
100 x 30mm 9164519 9161519 9160519 $2830
100 x 50mm 9164510 9161510 9160510 $7448
150 x 10mm 9164567 9161567 9160567 $980
150 x 21.2mm 9164568 9161568 9160568 $2175
150 x 30mm 9164569 9161569 9160569 $3600
150 x 50mm 9164560 9161560 9160560 $9915
250 x 10mm 9164577 9161577 9160577 $1120
250 x 21.2mm 9164578 9161578 9160578 $2820
250 x 30mm 9164579 9161579 9160579 $5830
250 x 50mm 9164570 9161570 9160570 $16,500

Ultra HPLC Prep Columns
DDiimmeennssiioonnss UUllttrraa  CC1188 UUllttrraa  AAqquueeoouuss  CC1188 UUllttrraa  CC88 UUllttrraa  IIBBDD
LLeennggtthh  xx  IIDD ccaatt..## ccaatt..## ccaatt..## ccaatt..## pprriiccee
50 x 10mm 9174557 9178557 9103557 9175557 $690
50 x 21.2mm 9174558 9178558 9103558 9175558 $1378
50 x 30mm 9174559 9178559 9103559 9175559 $2400
50 x 50mm 9174550 9178550 9103550 9175550 $5942
100 x 10mm 9174517 9178517 9103517 9175517 $875
100 x 21.2mm 9174518 9178518 9103518 9175518 $1698
100 x 30mm 9174519 9178519 9103519 9175519 $2830
100 x 50mm 9174510 9178510 9103510 9175510 $7448
150 x 10mm 9174567 9178567 9103567 9175567 $980
150 x 21.2mm 9174568 9178568 9103568 9175568 $2175
150 x 30mm 9174569 9178569 9103569 9175569 $3600
150 x 50mm 9174560 9178560 9103560 9175560 $9915
250 x 10mm 9174577 9178577 9103577 9175577 $1120
250 x 21.2mm 9174578 9178578 9103578 9175578 $2820
250 x 30mm 9174579 9178579 9103579 9175579 $5830
250 x 50mm 9174570 9178570 9103570 9175570 $16,500

DDiimmeennssiioonnss UUllttrraa  CCyyaannoo UUllttrraa  PPhheennyyll UUllttrraa  PPFFPP UUllttrraa  SSiilliiccaa
LLeennggtthh  xx  IIDD ccaatt..## ccaatt..## ccaatt..## ccaatt..## pprriiccee
50 x 10mm 9106557 9105557 9176557 9100557 $690
50 x 21.2mm 9106558 9105558 9176558 9100558 $1378
50 x 30mm 9106559 9105559 9176559 9100559 $2400
50 x 50mm 9106550 9105550 9176550 9100550 $5942
100 x 10mm 9106517 9105517 9176517 9100517 $875
100 x 21.2mm 9106518 9105518 9176518 9100518 $1698
100 x 30mm 9106519 9105519 9176519 9100519 $2830
100 x 50mm 9106510 9105510 9176510 9100510 $7448
150 x 10mm 9106567 9105567 9176567 9100567 $980
150 x 21.2mm 9106568 9105568 9176568 9100568 $2175
150 x 30mm 9106569 9105569 9176569 9100569 $3600
150 x 50mm 9106560 9105560 9176560 9100560 $9915
250 x 10mm 9106577 9105577 9176577 9100577 $1120
250 x 21.2mm 9106578 9105578 9176578 9100578 $2820
250 x 30mm 9106579 9105579 9176579 9100579 $5830
250 x 50mm 9106570 9105570 9176570 9100570 $16,500

restek
innovation!
We strongly recommend
ordering a semi-prep or prep
column only after scouting
the desired separation on an
equivalent analytical-scale
column. Because we cannot
re-use a column or the silica
it contains once it has left
our facility, we cannot accept
returns of large-scale
columns (except in cases of
our error).
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Bulk Packing Materials 53

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Bulk Packing Materials
Easily scale up to prep columns by using our bulk packings, or pack your own columns!
Restek is among the small group of column manufacturers capable of producing their own high purity
silica. We are offering our Pinnacle II™ and Pinnacle™ DB silica and bonded phases in bulk. Pinnacle II™

is an excellent replacement for Hypersil® silica. Pinnacle™ DB is a highly base-deactivated material for
analyses of basic compounds and an excellent alternative to Hypersil® BDS silica. Many of the bonded
phases from our Ultra line also are available in bulk.

Our extensive QC program ensures the high quality and reproducibility of these silicas. Each lot of mate-
rial is tested for mean particle size and distribution, pore diameter, surface area, and total metals analysis.
You can be confident that you are getting consistent, high quality product.

Use these materials for easy scale up to preparative scale chromatography, or for packing your own
columns.

Pinnacle II™ Bulk Packing Materials
Narrow particle distribution ensures

sharper peaks and greater efficiency for
the most demanding applications.
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Metals analyses performed by an independent laboratory.

ordering note
10µm and 15µm Pinnacle II™

and Pinnacle™ DB packings,
and 3µm Pinnacle™ DB 
packings also are available;
please inquire.

Bulk Packing Materials

Silica Bulk Materials

55µµmm  PPiinnnnaaccllee™ DDBB  BBuullkk  PPaacckkiinngg  MMaatteerriiaallss
Pinnacle™ DB C18 Bulk Packing 5g 94145 $25/gram $22.50/gram $21.25/gram $18.75/gram
Pinnacle™ DB C8 Bulk Packing 5g 94135 $25/gram $22.50/gram $21.25/gram $18.75/gram
Pinnacle™ DB Cyano Bulk Packing 5g 94165 $25/gram $22.50/gram $21.25/gram $18.75/gram
DDeessccrriippttiioonn qqttyy.. ccaatt..## 11--99  bboottttlleess 1100--4499  bboottttlleess 5500--9999  bboottttlleess ≥110000  bboottttlleess

55µµmm  UUllttrraa  BBuullkk  PPaacckkiinngg  MMaatteerriiaallss
Ultra C1 Bulk Packing 10g/btl. 91015 $400/btl. $360/btl. $340/btl. $320/btl.
Ultra C4 Bulk Packing 10g/btl. 91025 $400/btl. $360/btl. $340/btl. $320/btl.
Ultra C8 Bulk Packing 10g/btl. 91035 $400/btl. $360/btl. $340/btl. $320/btl.
Ultra C18 Bulk Packing 10g/btl. 91745 $400/btl. $360/btl. $340/btl. $320/btl.
Ultra Amino Bulk Packing 10g/btl. 91075 $400/btl. $360/btl. $340/btl. $320/btl.
Ultra Cyano Bulk Packing 10g/btl. 91065 $400/btl. $360/btl. $340/btl. $320/btl.
Ultra Phenyl Bulk Packing 10g/btl. 91055 $400/btl. $360/btl. $340/btl. $320/btl.

DDeessccrriippttiioonn mmiinn..  qqttyy.. ccaatt..## 55--9999  ggrraammss 110000--449999  ggrraammss 550000--999999  ggrraammss ≥11000000  ggrraammss
33µmm  PPiinnnnaaccllee  II™ BBuullkk  PPaacckkiinngg  MMaatteerriiaallss
Pinnacle II™ C8 Bulk Packing 5g 92133 $25/gram $22.50/gram $21.25/gram $18.75/gram
Pinnacle II™ C18 Bulk Packing 5g 92143 $25/gram $22.50/gram $21.25/gram $18.75/gram
Pinnacle II™ Cyano Bulk Packing 5g 92163 $25/gram $22.50/gram $21.25/gram $18.75/gram
Pinnacle II™ Phenyl Bulk Packing 5g 92153 $25/gram $22.50/gram $21.25/gram $18.75/gram
55µmm  PPiinnnnaaccllee  II™ BBuullkk  PPaacckkiinngg  MMaatteerriiaallss
Pinnacle II™ Amino Bulk Packing 5g 92175 $20/gram $18.00/gram $17.00/gram $15.00/gram
Pinnacle II™ C8 Bulk Packing 5g 92135 $20/gram $18.00/gram $17.00/gram $15.00/gram
Pinnacle II™ C18 Bulk Packing 5g 92145 $20/gram $18.00/gram $17.00/gram $15.00/gram
Pinnacle II™ Cyano Bulk Packing 5g 92165 $20/gram $18.00/gram $17.00/gram $15.00/gram
Pinnacle II™ Phenyl Bulk Packing 5g 92155 $20/gram $18.00/gram $17.00/gram $15.00/gram

DDeessccrriippttiioonn mmiinn..  qqttyy.. ccaatt..## 55--9999  ggrraammss 110000--449999  ggrraammss 550000--999999  ggrraammss ≥11000000  ggrraammss

BBuullkk  SSiilliiccaa  MMaatteerriiaallss
Pinnacle II™ Silica Bulk Packing, 3µm 5g 92103 $16/gram $14.40/gram $13.60/gram $12.00/gram
Pinnacle II™ Silica Bulk Packing, 5µm 5g 92105 $12/gram $10.80/gram $10.20/gram $9.00/gram
Pinnacle™ DB Silica Bulk Packing, 5µm 5g 94105 $18/gram $16.20/gram $15.30/gram $13.50/gram

qqttyy.. ccaatt..## 11--99  bboottttlleess 1100--4499  bboottttlleess 5500--9999  bboottttlleess ≥110000  bboottttlleess

Ultra Silica Bulk Packing, 5µm 10g/btl. 91005 $400/btl. $360/btl. $340/btl. $320/btl.
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HHooww  iimmppoorrttaanntt  iiss  mmeettaallss  ccoonntteenntt??
Metal ions on the surface of a silica particle negatively affect peak symmetry and otherwise

interfere with chromatography, particularly for basic analytes. Consequently, silica manufacturers use various treatments to elimi-
nate surface metals or prevent contact between surface metals and sample components.

Silicas that have a high metal content – especially sodium – are structurally inferior to silicas containing small amounts of metals. To
strengthen silica particles containing high concentrations of sodium and other metals, some manufacturers use an annealing process
to embed the sodium into the framework of the particles. Although annealing imparts strength to the particles, it destroys some of
their useable surface area. Worse, as the particles age or crack, shielded metals that were embedded in the silica through the
annealing procedure, and thereby escaped surface deactivation treatments, are re-exposed to wreak havoc with a separation. The
analyst observes loss of base deactivation and further erosion of the particles’ stability in highly aqueous mobile phases.

Pinnacle™ DB silica has a particularly low total sodium value; it does not need annealing to impart strength, as strength comes from
Restek’s use of self-assembled materials technology. By removing excess metals and other impurities, we make a more rugged silica.
This means a potentially longer lifetime for a column made from this material, and more consistent peak shapes for bases as the col-
umn ages. 

PPaarrttiiccllee  SSiizzee  AAnnaallyyssiiss PPiinnnnaaccllee™™ DDBB HHyyppeerrssiill®® BBDDSS
Geometric Mean (µm): 4.81±1.20 4.89±1.70
Arithmetic Mean (µm): 4.89±0.94 4.95±0.82
Median (µm): 4.69 4.81
Mode: 4.69 4.79
Max Diff. (%): 6.04 7.11

Bulk Packing Materials54

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Equivalent particle size distribution 
for Pinnacle™ DB silica and 
Hypersil® BDS silica.

Pinnacle™ DB silica and Hypersil® BDS
silica have remarkably equivalent pore
volume distribution. 

PPoorree  SSiizzee  AAnnaallyyssiiss::  PPiinnnnaaccllee™™ DDBB
Surface Area (m2/g): 150
Pore Size (Å): 140
Pore Volume (mL/g): 0.66

Consistently low metals content in Pinnacle™ DB silica ensures sharper, 
more symmetric peaks for basic analytes.

Metal Type
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Hypersil® BDS

Pinnacle™ DB

frequently 
asked question

Pinnacle™ DB

Hypersil® BDS
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Trident™ Integral Guard Column System 55

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Restek’s Trident™ Integral System
• Convenient and economical leak-free guard column system, extremely easy to install.
• Versatile configuration protects against all levels of contamination.
• Integral design eliminates troublesome tubing connections.

The system’s foundation consists of the analytical column configured with our exclusive Trident™ end fit-
ting and XF fitting. This configuration contains the standard internal frit as well as a replaceable cap frit,
which can easily be changed without disturbing the packed bed. Changing the external frit can reverse the
effects of accumulated particles, such as high backpressure or peak distortion. To obtain this basic con-
figuration, simply order any Restek HPLC column, and add the suffix -700 to the catalog number for the
column. (Nominal additional charge. $15)

For maximum protection against contaminants and particulate matter, the system can be configured with
an integral guard cartridge holder (XG-XF), a guard cartridge, and a replaceable external frit. To obtain
this configuration, simply order any Restek HPLC column, add the suffix -700 to the catalog number
for the column, and order the appropriate XG-XF male fitting (cat.# 25026 or 25062) and Trident™

guard cartridges (page 57).

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
XG-XF Fitting for 10mm Guard Cartridge ea. 25026 $21
XG-XF Fitting for 20mm Guard Cartridge ea. 25062 $21
Replacement XF Filter Fitting ea. 25024 $21
Replacement cap frits:  4mm, 2.0µm 5-pk. 25022 $26
Replacement cap frits:  4mm, 0.5µm 5-pk. 25023 $31
Replacement cap frits:  2mm, 2.0µm 5-pk. 25057 $31

XXFF
FFiittttiinngg

CCaapp
FFrriitt

EEnndd
FFiittttiinngg

XXFF
FFiittttiinngg

CCaapp
FFrriitt

XXGG--XXFF
FFiittttiinngg

GGuuaarrdd
CCaarrttrriiddggee

EEnndd
FFiittttiinngg

BBaacckkpprreessssuurree
High backpressure is one of the most common problems encountered in HPLC analysis. Normal column back-

pressure is observed after a new column has been installed and equilibrated with mobile phase. Unfortunately, this pressure often
will increase as the column is used because particles collect on the column inlet frit. These particles can be sample impurities, mobile
phase contaminants, or materials from the injector or autosampler rotor seal. 

In addition to increasing backpressure, particles on the frit can cause split peaks, peak tailing, and, eventually, over-pressure shut-
down. In some circumstances, these problems can be corrected by back-flushing the column. However, in many cases the result is an
unusable column.

To minimize backpressure problems, all samples and mobile phase solvents must be filtered before use, and rotor seals should be
changed on a routine basis. Along with these preventive measures, it is advisable to use precolumn filters such as the Trident™ guard
column protection system. Particles build up on the inexpensive, replaceable frit in the filter, instead of on the permanent frit at the
column inlet.

tech tip
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Trident™ Direct Guard Column System56

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Trident™ Direct
Easy to Use, Low Dead Volume—The Ultimate Combination of Convenience and Column Protection
Unlike “one size fits all” guard systems, the Trident™ Direct system gives you the power to select the right
level of protection for your analysis. The system offers three levels of protection and guard cartridges in
four dimensions, with a variety of bonded phases to match your analytical column. The economical, leak-
free cartridge design provides an unprecedented combination of convenience, economy, and reliability.
The foundation of the Trident™ Direct system is a reusable direct connect holder that easily attaches to any
HPLC column using CPI- or Waters®-style end fittings.* The system is available in configurations to match
different protection level needs: in-line filter, in-line filter with holder for 10mm guard cartridge, and in-
line filter with holder for 20mm guard cartridge. The guard cartridges are available in 2.1 and 4.0mm ID
and are interchangeable within the appropriate length holder.

Trident™ Direct 
provides three levels 

of protection

*The standard PEEK® tip in Trident™ Direct systems is compatible with Parker®, Upchurch®, Valco®, and other CPI-style fittings. 
To use Trident™ Direct systems with Waters®-style end fittings, replace the tip with cat.# 25088.

Trident™ Direct 
high-pressure filter

Protection against 
particulate matter.

Trident™ Direct 10mm
guard cartridge holder

with filter
Protection against 

particulate matter and
moderate protection
against irreversibly

adsorbed compounds.

Trident™ Direct 20mm 
guard cartridge holder 

with filter
Protection against 

particulate matter and
maximum protection

against irreversibly
adsorbed compounds.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
High-pressure filter ea. 25082 $78
10mm guard cartridge holder without filter ea. 25083 $78
10mm guard cartridge holder with filter ea. 25084 $98
20mm guard cartridge holder without filter ea. 25085 $78
20mm guard cartridge holder with filter ea. 25086 $98
Connection tip for Waters®-style end fittings ea. 25088 $11
PEEK® tip standard fittings ea. 25087 $11
Replacement cap frits: 4mm, 2.0µm 5-pk. 25022 $26
Replacement cap frits: 4mm, 0.5µm 5-pk. 25023 $31
Replacement cap frits: 2mm, 2.0µm 5-pk. 25057 $31
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Trident™ HPLC Guard Column Cartridges

Trident™ HPLC In-Line Guard Cartridge Holders
A Trident™ in-line guard cartridge holder can be used with almost any HPLC column by connecting it with
a short piece of 1/16" tubing, appropriate nuts and ferrules, or finger-tight fittings. The system can be used
with Restek columns or columns from other manufacturers. Holders are available for either 10mm or
20mm guard cartridges. Either size can be purchased with or without a prefilter, which provides added
protection against the particles that can shorten the lifetime of the guard cartridge.

Cap frits

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Holder for 10mm guard cartridge ea. 25021 $52
Holder with filter for 10mm guard cartridge ea. 25040 $73
Holder for 20mm guard cartridge ea. 25061 $52
Holder with filter for 20mm guard cartridge ea. 25060 $73
Replacement cap frits:  4mm, 2.0µm* 5-pk. 25022 $26
Replacement cap frits:  4mm, 0.5µm 5-pk. 25023 $31
Replacement cap frits:  2mm, 2.0µm* 5-pk. 25057 $31
*Standard porosity.

Holder for 10mm 
guard cartridge

Holder with filter for
10mm guard cartridge

Holder for 20mm 
guard cartridge

Holder with filter for
20mm guard cartridge

10 & 20mm Guard
Cartridges

GGuuaarrdd  CCoolluummnn
CCaarrttrriiddggeess

33--ppkk..
((1100  xx  22..11mmmm))

33--ppkk..
((1100  xx  44..00mmmm))

22--ppkk..
((2200  xx  22..11mmmm))

22--ppkk..
((2200  xx  44..00mmmm)) pprriiccee

Allure™ Basix 916150212 916150210 916150222 916150220 $129
Allure™ C18 916450212 916450210 916450222 916450220 $129
Allure™ PFP Propyl 916950212 916950210 916950222 916950220 $129
Allure™ Silica 916050212 916050210 916050222 916050220 $129
Allure™ Organic Acids 916550212 916550210 916550222 916550220 $129
Allure™ Aqueous C18 916850212 916850210 916850222 916850220 $129
Pinnacle II™ Amino 921750212 921750210 921750222 921750220 $129
Pinnacle II™ C8 921350212 921350210 921350222 921350220 $129
Pinnacle II™ C18 921450212 921450210 921450222 921450220 $129
Pinnacle II™ Cyano 921650212 921650210 921650222 921650220 $129
Pinnacle II™ PAH 921950212 921950210 921950222 921950220 $129
Pinnacle II™ Phenyl 921550212 921550210 921550222 921550220 $129
Pinnacle II™ Silica 921050212 921050210 921050222 921050220 $129
Pinnacle™ DB C8 941350212 941350210 941350222 941350220 $125
Pinnacle™ DB C18 941450212 941450210 941450222 941450220 $125
Pinnacle™ DB Cyano 941650212 941650210 941650222 941650220 $125
Pinnacle™ DB Silica 941050212 941050210 941050222 941050220 $125
Ultra Amino 910750212 910750210 910750222 910750220 $129
Ultra Aqueous C18 917850212 917850210 917850222 917850220 $129
Ultra C1 910150212 910150210 910150222 910150220 $129
Ultra C4 910250212 910250210 910250222 910250220 $129
Ultra C8 910350212 910350210 910350222 910350220 $129
Ultra C18 917450212 917450210 917450222 917450220 $129
Ultra Cyano 910650212 910650210 910650222 910650220 $129
Ultra IBD 917550212 917550210 917550222 917550220 $129
Ultra PFP 917650212 917650210 917650222 917650220 $129
Ultra Phenyl 910550212 910550210 910550222 910550220 $129
Ultra Silica 910050212 910050210 910050222 910050220 $129
Ultra Quat 918150212 918150210 918150222 918150220 $129
Viva™ C18 — 951450210 — 951450220 $129
Viva™ Silica — 951050210 — 951050220 $129
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HPLC
Replacement
Parts &
Accessories
Hand-in-hand with developing new columns, our

HPLC chemists continue to introduce innovative

tools, to help you get maximum performance

from your chromatograph, minimize downtime,

and make upkeep easier. We’re also regularly

adding to our selection of highest-quality instru-

ment parts for Agilent, Beckman, Hitachi,

PerkinElmer, Shimadzu, Thermo Separation, and

Waters systems: seals, pistons, check valves, detec-

tor lamps. If you’re having trouble finding a tool

or part, call us for Plus 1™ help; we’ll do our best

to get you what you need.

Bruce Albright
HPLC Applications Chemist
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

ASI Piston Seals
Over time the piston seal in every HPLC system becomes worn and must be replaced. Our piston seals are
constructed of Teflon® material with an additive that reduces their tendency to “cold flow” and improves
their wear characteristics. Teflon® seals are more resistant to any HPLC solvent than UHMW-PE seals, but
they are less wear resistant and rugged. For Agilent 1050 and 1100 HPLC systems.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
ASI Piston Seal ea. 25175 $30
ASI Piston Seal 10-pk. 25176 $280

ASI Check Valves
ASI subjects each valve to a rigorous series of tests. Each valve is tested for its self-priming capability,
which means you won’t need a syringe or draw-off valves to prime your pump. Simply open the pump
outlet and start the pump; the valve will prime itself—even if the transfer lines are completely dry! The
valve also undergoes a high-pressure and a low-pressure test. The high-pressure test ensures that the valve
will not leak, even at pressures up to 12,000psi. The low-pressure test verifies that the valve closes proper-
ly, even without a high backpressure force. The cartridge design allows easy, convenient replacement of
worn or damaged valves.

ASI Check Valves for Agilent 1050 & 1100
DDeessccrriippttiioonn MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Outlet Check Valve (cartridge and housing) Sapphire & Ruby Ball & Seat ea. 25170 $120
Outlet Check Valve (cartridge and housing) Ceramic Ball & Seat ea. 25173 $120
Outlet Cartridges Sapphire & Ruby Ball & Seat ea. 25171 $90
Outlet Cartridges Ceramic Ball & Seat ea. 25174 $90
Outlet Housing — ea. 25172 $30

Inlet and Outlet Check
Valves for Waters™

Instruments

ASI Check Valves for Waters™ Alliance™ Model 2690
DDeessccrriippttiioonn MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Outlet Cartridges Sapphire & Ruby Ball & Seat ea. 25161 $90
Outlet Cartridges Ceramic Ball & Seat ea. 25163 $100
Inlet Cartridges Sapphire & Ruby Ball & Seat ea. 25160 $90
Inlet Cartridges Ceramic Ball & Seat ea. 25162 $100

ASI Replacement HPLC Pump Piston Rods
Buffer salts and metals from the HPLC system become imbedded on the surface of the piston seal and
gradually wear the surface of the piston rod. Worn regions on the rod will quickly destroy the pump seals.
In turn, the seal material gets trapped on the frit at the head of the column, which leads to increased sys-
tem pressure and/or irregular or poor peak shape. As the piston continues to wear, a leak may develop at
the pump.

Any time piston seals are replaced, the piston rod should be inspected with a 10x magnifier or microscope
to ensure it does not have wear or scratches. Replace the rod if you observe any glazed regions or scratch-
es. ASI inspects each sapphire piston rod to make sure there are no inclusions or other surface defects, so
you know your new part is smooth.

DDeessccrriippttiioonn MMooddeell  ## MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Pump Piston Rod for Waters™ 616, 625, 626 Sapphire ea. 25195 $145
Pump Piston Rod for Waters™ Alliance™ 2690 Sapphire ea. 25196 $135
Pump Piston Rod for Agilent 1050, 1100 Sapphire ea. 25197 $90
Pump Piston Rod for Agilent 1090 Sapphire ea. 25198 $90

ASI Check Valves for Waters™ 616 SS
DDeessccrriippttiioonn MMaatteerriiaall qqttyy.. ccaatt..## pprriiccee
Outlet Check Valve (cartridge and housing) Sapphire & Ruby Ball & Seat ea. 25167 $120
Outlet Check Valve (cartridge and housing) Ceramic Ball & Seat ea. 25179 $130
Inlet Check Valve (cartridge and housing) Sapphire & Ruby Ball & Seat ea. 25164 $120
Inlet Check Valve (cartridge and housing) Ceramic Ball & Seat ea. 25177 $130
Outlet Cartridge Sapphire & Ruby Ball & Seat ea. 25168 $90
Outlet Cartridge Ceramic Ball & Seat ea. 25180 $100
Inlet Cartridge Sapphire & Ruby Ball & Seat ea. 25165 $90
Inlet Cartridge Ceramic Ball & Seat ea. 25178 $100
Inlet Housing — ea. 25166 $30
Outlet Housing — ea. 25169 $30

did you know?
Restek offers Analytical
Scientific Instruments (ASI)
check valves and piston seals
for Agilent and Waters™

mobile phase pumps. ASI spe-
cializes in HPLC system com-
ponents and parts that often
exceed the original equipment
manufacturer’s performance.
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Replacement Parts60

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Restek Replacement Parts for Agilent HPLC Systems

Restek Replacement Parts for Beckman HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Preventive Maintenance Kit (Includes: rotor seal, 
needle seat, needle assembly, seat cap) 1050 01078-68721 kit 25259 $300
Autosampler Preventive Maintenance Kit (Includes:
rotor seal, needle assembly, needle seat) 1100 G1313-68709 kit 25271 $215
Pump Maintenance Kit (Includes: PTFE frit, 
outlet cap, active inlet cartridge, gold disk seal, 
piston seals (2-pk.), glass solvent filter) 1050 & 1100 G1311-68710 kit 25270 $360
Outlet Ball Valve, Binary Pump 1100 G1312-60012 ea. 25267 $225
Outlet Ball Valve 1050 & 1100 G1311-60012 ea. 25276 $200
Sieves for Outlet Valve 1050 & 1100 5063-6505 10-pk. 25266 $10
Check Valve Cartridge Assembly Agilent 1090 79835-67101 ea. 25344 $115
Piston Seals 1050 & 1100 5063-6589 2-pk. 25274 $60
Piston Seals (Black) Agilent 1090 5062-2494 4-pk. 25347 $105
Seal Wash Kit, Binary Pump (4 seals, 4 gaskets) 1100 — kit 25268 $130
Seal Wash Kit (2 seals, 2 gaskets) 1100 — kit 25269 $80
Wash Seal 1050 & 1100 0905-1175 ea. 25277 $34
Sapphire Piston 1050 & 1100 5063-6586 ea. 25273 $79
Sapphire Piston Agilent 1090 6980-0672 ea. 25345 $81
Needle Seat 1050 79846-67101 ea. 25258 $30
Needle Seat Agilent 1090 79846-67101 ea. 25348 $30
Needle Seat Assembly 1100 G1313-87101 ea. 25265 $75
Needle Assembly 1100 G1313-87201 ea. 25278 $46
Rotor Seal (not for use with 7125) 1050 0101-0626 ea. 25272 $60
Rotor Seal 1100 0100-1853 ea. 25275 $44
Rotor Seal (Rheodyne®-style) Agilent 1090 0101-0623 ea. 25349 $65
Frits, PTFE 1050 & 1100 01018-22707 5-pk. 25466 $20
Seal, Gold Disk 1050 & 1100 5001-3707 ea. 25467 $31
Detector Lamp, 1090 DA, 1050 VW/DA/MWD 1090, 1050 79883-60002 ea. 25260 $440
Lamp, DAD G1315A, G1365A 1100 2140-0590 ea. 25261 $490
Lamp, VWD G1314A 1100 G1314-60100 ea. 25262 $445
8453 Deuterium Lamp — 2140-0605 ea. 25263 $490
G1321 Fluorescence Detector Flash Lamp — 2140-0600 ea. 25264 $640

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

BBeecckkmmaann  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Inlet Check Valve Assembly
110A&B, 112, 114M, 116, 118, 125,

126, 127, 128 240720 ea. 25439 $106

Outlet Check Valve Assembly
110A&B, 112, 114M, 116, 118, 125,

126, 127, 128 240721 ea. 25440 $106
Inlet Check Valve Cartridge for Check
Valve Assembly

110A&B, 112, 114M, 116, 118, 125,
126, 127, 128 240620 ea. 25441 $85

Outlet Check Valve Cartridge for Check
Valve Assembly

110A&B, 112, 114M, 116, 118, 125,
126, 127, 128 240621 ea. 25442 $85

Guide Sleeve for Graphite Plunger Guide 110 Series 243713 ea. 25444 $32.75
Outlet Check Filter Frit Assembly Pumps 240619 ea. 25445 $16
Piston Guide Assembly Pumps 243045 ea. 25446 $57
Plunger 110 Series and 112 Pumps 243053 ea. 25447 $109.75
Plunger Seal 110 Series 887138 ea. 25448 $24.50
Plunger Seal 112 Pumps 236797 ea. 25449 $27

Sapphire Plunger
114M, 116, 118, 125, 126, 127, 128

Pumps 240714 ea. 25450 $119.75
Plunger Seal 114M, 116, 118, 126, 127, 128 Pumps 241037 ea. 25451 $30
Pump Seal, Gold 114, 116, 125, 126, 127, 128 Pumps 241037 ea. 25452 $25
Plunger Wash Seal Pumps 238627 ea. 25453 $40
Deuterium Lamp DU60, 62, 64, 65 596791 ea. 25454 $450

new!

new!
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Replacement Parts 61

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Restek Replacement Parts for Shimadzu HPLC Systems

Restek Replacement Parts for Hitachi HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

HHiittaacchhii  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
SS Check Valve Cartridges 
(1/16" Ruby Ball) 655/6000/6200 AN0-085 2-pk. 25455 $138
Inlet Check Valve Assembly 655/6000/6200 AN0-0833 ea. 25456 $220
Outlet Check Valve Assembly 655/6000/6200 AN0-0834 ea. 25457 $220
Plunger Assembly 655, 6000, 6200, 7100 810-1033 ea. 25458 $108
Plunger Seal L655A, 6000, 6200, 7100 655-1080 ea. 25459 $26
Plunger Seal, Gold 655, 6000, 6200, 7100 655-1080 ea. 25460 $27.50
Inlet Check Valve Assembly L-7100 AN0-0836 ea. 25461 $142
Outlet Check Valve Assembly L-7100 AN0-0837 ea. 25462 $142
Rotor Assembly for Dilutor Valve AS-7200 Autosampler 810-3085 ea. 25463 $75
Rotor Seal Kit AS-7200, AS-7250 Injection Valve AN0-0818 ea. 25464 $60
Deuterium Lamp, Prealigned L4000, L4200, L4250, L7400 885-3570 ea. 25465 $345

Paula Zuchowski
Customer Service

Representative

Restek Replacement Parts for PerkinElmer HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

PPeerrkkiinnEEllmmeerr  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve PE 200, 4, 250, 400, 410, 620 2540177 ea. 25438 $250
Outlet Check Valve PE 200, 4, 250, 400, 410, 620 2540197 ea. 25437 $250

High Pressure Seal Kit
PE Series 200 pumps--1, 2, 3, 3B, 4, 10,

250, 400, 410, 620, Int. 4000 Pump 2540275 ea. 25433 $125

Standard High Pressure Seal 
PE Series 200 pumps--1, 2, 3, 3B, 4, 10,

250, 400, 410, 620, Int. 4000 Pump 9907324 ea. 25434 $34
Low Pressure Seal PE Series 200 pumps 9907339 ea. 25435 $36
Needle PE Series 200 N2930023 ea. 25432 $75

Deuterium Lamp
PE Lambda--2, 5, 7, 8, 10, 11, 12, 14,
15, 16, 17, 18, 19, 20, 40, 800, 900 B0160917 ea. 25436 $450

Deuterium Lamp PE 200/785A N2920149 ea. 25431 $350

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

SShhiimmaaddzzuu  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve LC-6A, LC-10AS 228-12353-91 ea. 25287 $98
Inlet Check Valve LC-600, LC-9A, LC-10AD 228-18522-91 ea. 25295 $120
Outlet Check Valve LC-6A, LC-10AS 228-09054-93 ea. 25288 $98
Outlet Check Valve Rebuild Kit LC-6A, LC-10AS 228-11200-91 2-pk. 25289 $67
Outlet Check Valve LC-600, LC-9A, LC-10AD 228-18522-92 ea. 25282 $120
Plunger Seal LC-6A 228-11999-00 ea. 25285 $26
Plunger Seal, Polyethylene LC-10AS 228-21975-00 ea. 25290 $40
Plunger Rinse Seal LC-10AS 228-28499-00 ea. 25292 $52
Sapphire Plunger LC-6A 228-12904-93 ea. 25286 $95
Sapphire Plunger LC-10AS 228-17019-93 ea. 25291 $115
Sapphire Plunger LC-600, LC-9A, LC-10AD 228-18523-91 ea. 25294 $85
Needle Seal SIL-10A, 10XL, 10ADvp 228-33355-04 ea. 25468 $47
Rotor Seal Assembly SIL-10A, 10AXL 228-21217-91 ea. 25469 $88
Stator Assembly SIL-10A, 10AXL 228-21220-91 ea. 25470 $129
Syringe, 500µL SIL-10A, 10AXL 228-25237-04 ea. 25471 $75
Plunger Assembly, Ceramic LC-10ADvp 228-35601-91 ea. 25472 $90
Plunger Assembly, Ceramic LC-10ATvp 228-35009-92 ea. 25473 $95
Deuterium Lamp SPD-6A 062-65056-02 ea. 25283 $250
Deuterium Lamp SPD-10A, 10AV 228-34016-02 ea. 25284 $420

new!

new!
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Restek Rheodyne® Style Replacement Parts for Waters™ HPLC Systems

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  RRhheeooddyynnee® ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
7010 Vespel® Rotor Seal 7010-039 ea. 25279 $55
7125 Vespel® Rotor Seal 7125-047 ea. 25280 $55
Isolation Seal, 7010 7010-015 ea. 25281 $12

Restek Replacement Parts for Waters™ Detectors

Restek Replacement Parts for Thermo Separation HPLC Systems

DDeessccrriippttiioonn MMooddeell  ## SSiimmiillaarr  ttoo  SSPP  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve Assembly SP8800 & P-Series Pumps A3495-010 ea. 25474 $105
Outlet Check Valve Assembly SP8800 Series Pumps A3490-010 ea. 25475 $105
Piston SP8800 & P-Series Pumps A3102-010 ea. 25476 $95
Back-up Seal SP8800 & P-Series Pumps A2963-010 ea. 25477 $26
Plunger Seal, Gold Superseal SP8800 & P-Series Pumps A2962-010 ea. 25478 $22
Check Valve and Transducer Assembly P-Series Pumps A3990-010 ea. 25479 $107
Kel-F Washer P-Series Pumps A2973-010 ea. 25480 $5

Rotor Seal Assembly, Rheodyne® 7010
TSP AS100, 300, 1000, 3000, 3500, 8875,

and 8880 Autosamplers 7010-039 ea. 25481 $55

Syringe Assembly, 250µL
TSP AS100, 300, 1000, 3000, 3500, 8875,

and 8880 Autosamplers A3588-020 ea. 25482 $107

Syringe, 500µL
TSP AS100, 300, 1000, 3000, 3500, 8875,

and 8880 Autosamplers A3588-010 ea. 25483 $75

Lamp, UV
Linear UV-200, 203, 204, 205, 206, and UV

100, 150, 1000, and 2000 Detectors 9551-0023 ea. 25484 $375

DDeessccrriippttiioonn MMooddeell  ## SSiimmiillaarr  ttoo  TTSSPP  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Check Valve Cartridge LDC Constametric Pumps 900946 ea. 25485 $72
Sapphire Plunger LDC Constametric Pumps 801306 ea. 25486 $98
Plunger Seal Kit, Gold LDC Constametric Pumps 31-36-00754 ea. 25487 $45
Plunger Seal, Black LDC Constametric Pumps 206129001 ea. 25488 $25
Plunger Seal, Gold LDC Constametric Pumps 206156001 ea. 25489 $25

Lamp, Deuterium
LDC SM-I, II, III, 3000, 3100, 3100X, and

4000 Detectors 108035 ea. 25490 $385
Lamp, Deuterium Pre-aligned LDC 3200 and 4100 Detectors 900918001 ea. 25491 $350

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

WWaatteerrss™ ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Window Gasket 484, 486, 490 80335 ea. 25423 $19
Lamp Side Gasket 484, 486, 490 80336 ea. 25424 $20
Quartz Cell Window 484, 486, 490 97091 ea. 25425 $40
Quartz Lens 486 80687 ea. 25427 $135
Xenon Lamp (w/o holder or mirror) 470 — ea. 25404 $370
Xenon Lamp 474 — ea. 25405 $385
Deuterium Lamp (UV/Vis) 480, 481 99499 ea. 25403 $385
Deuterium Lamp (UV/Vis) 484 80357 ea. 25406 $385
Deuterium Lamp (UV/Vis) 486 80678 ea. 25407 $385
Deuterium Lamp 996, 2996 WAT052586 ea. 25408 $498
Deuterium Lamp 2487 WAS081142 ea. 25409 $400
Deuterium Lamp, long life (1000 hours) 486 80678 ea. 25410 $485

new!
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Restek Replacement Parts for Waters™ HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

WWaatteerrss™ ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Preventative Maintenance Kit (Includes: 1 sparge 
diffuser, 1 filter insert, compression screws, 1 SS ferrule,
1 battery for 2690\717, 250µL WISP™ syringe, seal wash
plunger seal kit (2), wash tube seal kit (4-pk), 2690 seal
pack rebuild kit  (steel bodies are not included), 2690
head plunger seal kit (2), 4 solvent reservoir 
20µm filters, Alliance™ check valve cartridge (2-pk), 
2 Alliance™ plunger assemblies, 2690 face seal (4 pk)) Alliance™ 2690 WAT270944 kit 25143 $1090
Preventative Maintenance Kit (Includes: 
2 PerformancePLUS™ cartridges, 4 sparge diffusers, 
2 Super Seals™, 2 solvent reservoir filters (20µm), 
2 sapphire plungers, 1 reference valve rebuild kit, 
1 inlet manifold kit) 600 Pump WAT052675 kit 25144 $990
Preventative Maintenance Kit (Includes: 1 717 seal pack
with needle, 1 filter insert, 1 255µL WISP™ syringe) 717 Autosampler WAT052669 kit 25145 $690
Preventative Maintenance Kit (Includes: 2 616\326\625
plunger assemblies, 1 pump seal kit, 4 sparge diffusers,
4 solvent reservoir filters (20µm), 4 616 cartridge
assemblies) 616 Pump WAT052672 kit 25146 $990
Inlet Check Valve Assembly M6KA, 501, 510, 515, 590, 600E 33679, 25214 ea. 25360 $125
Inlet Check Valve Housing M6KA, 501, 510, 515, 590, 600E 25203 ea. 25361 $30
Inlet Check Valve Rebuild Kit M6KA, 501, 510, 515, 590, 600E 60495 2-pk. 25362 $100
Outlet Check Valve Assembly (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25030 ea. 25363 $100
Outlet Check Valve Housing  (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25212 ea. 25364 $38
Outlet Check Valve Rebuild Kit (Actuator Style) M6KA, 501, 510, 515, 590, 600E 26016 2-pk. 25365 $42
Outlet Check Valve Assembly (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25216 ea. 25366 $125
Outlet Check Valve Housing (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25207 ea. 25367 $35
Outlet Check Valve Rebuild Kit (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 26014 2-pk. 25368 $100
Inlet Check Valve Assembly, 225µL (Extended Flow) M6KA, 501, 510, 515, 590, 600E 60307 ea. 25369 $130
PerformancePLUS™ Check Valve Cartridge M6KA, 501, 510, 515, 590, 600E 700000254 2-pk. 25370 $130
Check Valve Rebuild Kit (Extended Flow) M6KA, 501, 510, 515, 590, 600E 88223 2-pk. 25371 $120
PerformancePLUS™ Check Valve Housing M6KA, 501, 510, 515, 590, 600E — ea. 25372 $40
Check Valve Cartridges Alliance™ WAT270941 2-pk. 25373 $140
Super Seal™ for Analytical Heads M6KA, 501, 510, 515, 590, 600E 22946, 22934 ea. 25374 $26
Plunger Seal, Gold (Analytical Heads) M6KA, 501, 510, 515, 590, 600E 22934 ea. 25375 $26
Plunger Seal, Black M6KA, 501, 510, 515, 590, 600E 26613 ea. 25378 $24
Plunger Seal, Black (EF Heads) 510, 590, 600E 26644 ea. 25379 $25
Plunger Seal, Gold (EF Heads) 510, 590, 600E 26644 ea. 25380 $25
Seal Wash Plunger Seal Alliance™ WAT271018 2-pk. 25386 $45
Head Plunger Seal Kit Alliance™ WAT270938 2-pk. 25387 $48
Head Plunger Seal Kit (Black) Alliance™ WAT271066 2-pk. 25388 $48
Insert Seal Parts Kit M6KA, 501, 510, 515, 590, 600E 60012 kit 25389 $18
Sapphire Plunger M6KA, 510, 590, 600 25656 ea. 25381 $105
Sapphire Plunger (Extended Flow) 510, 590, 600E 60304 ea. 25382 $98
Sapphire Plunger M45, M501 26524 ea. 25383 $98
Sapphire Plunger M515 WAT207069 ea. 25384 $125
Sapphire Plunger 616, 625, 626 31788 ea. 25420 $133
Sapphire Plunger Alliance™ WAT270959 ea. 25385 $125
Single Solvent Inlet Manifold 600E 60034, 60042 ea. 25390 $385
Pressure Transducer M6KA, 501, 510, 515, 590, 600E 60328 ea. 25391 $425
Draw-Off Tube Assembly M6KA, 501, 510, 515, 590, 600E 25470 ea. 25392 $40
1/16" Stainless Steel TEE M6KA, 501, 510, 515, 590, 600E 75215 ea. 25411 $49
Inlet Manifold Kit M45, 501, 510, 590, 600E 60448 kit 25412 $28
Ferrule, Stainless Steel 515 22330 ea. 25417 $2.80
Gradient Proportioning Valve, 9Volt 600E 34423 ea. 25418 $630
Gradient Proportioning Valve, 12Volt 600E 62037 ea. 25419 $630
Wash Face Seal Alliance™ 2690 WAT271017 ea. 25428 $29
Wash Tube Seal Kit Alliance™ 2690 WAT270940 4-pk. 25429 $89
Proportioning Valve Alliance™ 2690 WAT270927 ea. 25430 $885
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

High-Pressure Frit-Type In-Line Filters
Restek’s high-pressure in-line filter is a stand-alone version of the Trident™ column protection system. The
filter is specifically designed for ease of use, low dead-volume, and flexibility. The filter has a replaceable,
PEEK® encapsulated 316 stainless steel frit with a surface area of 12mm2. The standard frit shipped with
the filter has a 2.0µm porosity; however, it may be replaced with an optional 0.5µm porosity frit. Use of
this filter can greatly extend column life, thereby reducing costs and saving maintenance time. Tubing OD
1/16"; Connectors–CPI

High-Pressure Cup-Type In-Line Filters
High-pressure cup-type filters can be used in fluid streams operating to 15,000psi. The cup-shaped filter
elements have a large (2.5 cm2) surface area to give long operating lifetime. Mounted in screw-type
adapters, they are easily removed for cleaning. Normally, backflushing and cleaning in an ultrasonic bath
with an appropriate solvent will restore them. If they become permanently clogged, replacement elements
are available.

Housings and all wetted parts are type 316 stainless steel. Filters are packaged with appropriate gland nuts
and ferrules. A bulkhead type is available for thru-panel mounting. Tubing OD 1/16"; Connectors–CPI

Low-Pressure Slip-On Inlet Filter for Mobile Phase Reservoir
A type 316 stainless steel tip with a Tefzel® collar seals to a corrosion-resistant type 316 stainless steel fil-
ter element. The slip-on filter easily attaches to the pump inlet line, without the use of wrenches. The uni-
versal tip accommodates standard Teflon® tubing inner diameters. The cylindrical filter is standard 10µm
porosity. 1/8" OD (fits Altex, ISCO, LDC, Varian, Waters, PerkinElmer, and other pumps)

Low-Pressure CPI Inlet Filter for Mobile Phase Reservoir
A type 316 stainless steel knurled cap and Tefzel® CPI ferrule seals to 1/8" OD Teflon® tubing when finger-
tightened onto the precision-machined filter holder. The filter element is replaceable. Standard 10µm
porosity protects delicate pump components from particles but introduces very little pressure drop. 1/8"
OD. May be used as a helium sparging diffuser.

Trident™ Direct high-pressure filter—
protection against particulate matter. 
See page 56 for details.

DDeessccrriippttiioonn PPoorroossiittyy qqttyy.. ccaatt..## pprriiccee
Frit-Type In-Line Filter 2.0µm ea. 25041 $52
Replacement cap frits:  4mm 0.5µm 5-pk. 25023 $31
Replacement cap frits:  4mm 2.0µm 5-pk. 25022 $26

DDeessccrriippttiioonn PPoorroossiittyy qqttyy.. ccaatt..## pprriiccee
Cup-Type In-Line Filter 0.5µm ea. 25000 $78
Cup-Type In-Line Filter 2.0µm ea. 25001 $83
Replacement Filter Elements & Seals 0.5µm 2-pk. 25002 $37
Replacement Filter Elements & Seals 2.0µm 2-pk. 25003 $37

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Slip-on Inlet Filter ea. 25008 $21

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
CPI Inlet Filter ea. 25009 $47
Replacement Elements: 10µm filter 2-pk. 25010 $42
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Mobile Phase Spargers and Filters
These helium spargers offer an inexpensive way to prepare and maintain mobile phases free of dissolved
gas. They are made from 316 stainless steel and PEEK® and are compatible with most solvents.

Kontes Membrane Microfiltration Glassware
47mm filtration apparatus with fritted glass support is recommended for routine filtration of corrosive
liquids and removal of particles from HPLC solvents. The ground joint connection eliminates phthalate
contamination that can occur when using silicone or neoprene stoppers. The support base has a coarse
porosity glass frit and an integral vacuum connection, located above the drip tip to prevent contamina-
tion of the vacuum line with filtrate droplets. Each apparatus includes a funnel, an anodized aluminum
clamp, a 47mm fritted glass support base, and a filtration flask.

Last Drop Filter
The flat filter element sits parallel to the bottom of the mobile phase reservoir, allowing the filter to draw
98% of the mobile phase without drawing air into the system. Conventional cylindrical mobile phase fil-
ters begin to draw air into the system when approximately 10% of the solvent remains in the reservoir.
The Last Drop Filter allows more analyses per batch of mobile phase and helps reduce hazardous waste.
22.1mm OD.

KKoonntteess  AAllll--GGllaassss  MMiiccrrooffiillttrraattiioonn  AAppppaarraattuuss qqttyy.. ccaatt..##        pprriiccee
300mL Funnel, 1000mL Flask ea. KT953825-0000 $273
500mL Funnel, 2000mL Flask ea. KT953835-0000 $340
1000mL Funnel, 4000mL Flask ea. KT953845-0000 $380
RReeppllaacceemmeenntt  PPaarrttss  ffoorr  KKoonntteess  MMiiccrrooffiillttrraattiioonn  AAppppaarraattuuss qqttyy.. ccaatt..##        pprriiccee
40/35 PTFE Joint Sleeve 6-pk. KT676001-4035 $104
Flask Cap, 40/35 Outer Joint ea. KT953830-0000 $26
Fritted Glass Support, 47mm, 40/35 Joint ea. KT953826-0000 $140
Glass Funnel, 47mm, 100mL ea. KT953761-0000 $42
Glass Funnel, 47mm, 300mL ea. KT953751-0000 $52
Glass Funnel, 47mm, 500mL ea. KT953771-0000 $78
Glass Funnel, 47mm, 1000mL ea. KT953781-0000 $104
Flask, 1000mL, 40/35 Joint ea. KT953827-0000 $88
Flask, 2000mL, 40/35 Joint ea. KT953828-0000 $145
Flask, 4000mL, 40/35 Joint ea. KT953829-0000 $165
Aluminum Clamp, 47mm ea. KT953753-0000 $52

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Last Drop Filter: 2µm ea. 25314 $62
Last Drop Filter: 10µm ea. 25315 $62

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sparge Filter: 2µm ea. 25311 $26
Inlet Filter: 10µm ea. 25312 $26
Inlet Filter: 20µm ea. 25313 $26

tech tip
MMoobbiillee  PPhhaassee  AAddddiittiivveess
Mobile phase additives such as triethylamine, trifluoroacetic acid, and ion-pairing reagents can compete with sample ions, reducing
sample ion intake into the MS, and decreasing sensitivity. To obtain symmetrical peaks and/or sufficient retention, use base deacti-
vated, state-of-the-art Type B silica packings that do not require additives.
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Phone: 800-356-1688 or 814-353-1300
www.restek.com

Mobile Phase Accessories66

Opti-Cap™ Bottle Top
The most economical way to helium-sparge and deliver HPLC mobile phases. The Opti-Cap™ top fits all
standard GL-45 bottles and has two 1/8-inch holes and one 1/16-inch hole for tubing.

Solvent Debubbler
Bubbles in an HPLC system can cause check valve malfunctions and pump cavitation, seriously affecting
pump performance. The debubbler removes bubbles from the fluid stream before it enters the pump.

Special geometry at the base of the housing allows bubbles entrained in the inlet fluid stream to rise and
be trapped in the reservoir. The gas/liquid interface is easily visible through the translucent wall of the
device. Loosening the airtight cap releases the trapped gas. The debubbler is fitted with a bracket and uni-
versal connecting tips.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Solvent Debubbler with Bracket ea. 25014 $57

Sonic Debubbler
• Fast.
• Easy to use.
• Less solvent waste; less clean-up.

Just touch the Sonic Debubbler to the inlet line or check valve — sonic vibrations will quickly dislodge or
redissolve trapped air bubbles. Reduces downtime or conversion time from one mobile phase to another.

Mobile Phase Degasser
Dissolved oxygen can cause flow rate instability and increased baseline
noise. Also, it has a quenching effect on fluorescence detection and increas-
es the background of UV detectors. Dissolved gases can out-gas in the
HPLC system, forming bubbles in check valves, at connections, or in detec-
tor flow cells.

In-line vacuum degassing is more effective at removing dissolved gas from
mobile phases than sonication or helium sparging. In-line degassers work
by withdrawing gas across a gas-permeable membrane encased in a sealed chamber. Traditionally, the
membrane has been made of PTFE tubing, but the Degasys Ultimate Degasser uses tubing composed of
an amorphous fluoropolymer that is 200 to 300 times more gas permeable than PTFE. This translates into
the ability to use shorter tubing for removing dissolved gas. This new material also has better tubular burst
strength than PTFE. To prevent cross contamination, each channel on this Degasys unit is individually
encased within its own vacuum chamber.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
110V Mobile Phase Degasser (4 Channel, 7mL/min./channel) ea. 25189 $2445
220V Mobile Phase Degasser (4 Channel, 7mL/min./channel) ea. 25194 $2445

Specifications:
RReessiidduuaall  OOxxyyggeenn1 PPrreessssuurree  LLoossss1 IInntteerrnnaall  VVoolluummee WWeetttteedd  PPaarrttss MMaaxx  FFllooww  RRaattee
0.9ppm 0.24psi 500µL Teflon® AF, PTFE, ETFE, PPS 7mL/min./channel
1 At a flow rate of 1mL/min.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Opti-Cap™ (Cap and PEEK® Plug) ea. 25300 $37
Opti-Cap™ Kit (Opti-Cap™, 3 meters of tubing, sparging filters) kit 25301 $78
Opti-Cap™ Kit with 1L Bottle kit 25302 $104
Opti-Cap™ Kit with 2L Bottle kit 25303 $129
RReellaatteedd  iitteemmss  aanndd  rreeppllaacceemmeenntt  ppaarrttss qqttyy.. ccaatt..## pprriiccee
SS Mobile Phase Sparge Filter: 2µm ea. 25311 $26
Mobile Phase Inlet Filter: 10µm ea. 25312 $26
Teflon® Tubing, 1/8" OD x 0.094" ID x 3m 3m 25307 $21
Teflon® Tubing, 1/8" OD x 0.063" ID x 3m 3m 25306 $21
PEEK® Plug, 1/4"-28 threads 3-pk. 25319 $21
1L Graduated Safety-Coated Bottle – GL-45 threads ea. 25304 $52
2L Graduated Safety-Coated Bottle – GL-45 threads ea. 25305 $78

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sonic Debubbler (110V) ea. 20444 $237
Sonic Debubbler (220V) ea. 25098 $255

Opti-Cap™ Kit with bottle

Mobile Phase:
water:methanol 50:50

Flow: 1.0 mL/min.  
Det.: UV @ 210nm

Degasys Ultimate
Degasser provides
highly stable
baselines

LC_0196

Ultimate
Degasser

Off

Ultimate
Degasser

On

new!
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Column Heater,  Gas Trapping System 67

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Super-Clean™ Gas Trapping System for LC/MS
The Super-Clean™ Gas Trapping System is the latest technol-
ogy in cartridge-style gas filtration for removing hydrocar-
bons from nitrogen, and is ideal for use in LC/MS systems.
The cartridge-based system makes changing filters quick and
easy. A two-position baseplate (1/4" fittings), installed in the
gas line, allows cartridges to be exchanged without introduc-
ing oxygen into the system. Spring-loaded check valves seal
when a cartridge is removed and open only when a new cartridge has been locked in place. There is no
need for loosening and tightening fittings every time you change cartridges, and your system cannot
become contaminated during the changing process.

To meet the high flow needs of the LC/MS system, the incoming gas stream is split equally between the
two charcoal-filled cartridges, and the two streams are rejoined after purification but before the gas exits
the base plate. This approach allows longer contact between the nitrogen and the adsorbent, ensuring
higher gas purity and eliminating a potential source of contaminants to your analyses. The system deliv-
ers flows of up to 20L of hydrocarbon-free nitrogen per minute.

A handy date wheel, included with the system, indicates the cartridge installation date and the recom-
mended replacement date.

Charcoal  Filters

2-Position Base Plate

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Super-Clean™ Gas-Trapping System (2-position base plate, 2 charcoal filters) ea. 22062 $495
2-Position Base Plate ea. 22060 $323
Replacement Charcoal Filters 2-pk. 22061 $208

Sidewinder™ Column Heater
• Easy to set up!
• Controls temperature from 5°C above ambient to 85°C.
• Lightweight, compact design fits in small spaces.
• Column holder can be placed in any orientation.
• Automatically shuts down when samples are finished.

This unique design completely encloses any HPLC analytical column up to 25cm in length. Two lengths
of heater jackets are available: the smaller jacket accommodates columns up to 10cm in length, while the
longer one holds columns up to 25cm in length. The control module provides optimum heating per-
formance, accuracy to within 1°C, and stability to within 0.1°C.

factoid
Quick-change cartridge 
system efficiently removes
hydrocarbons from nitrogen

Terry Reid
Technical Service

Specialist

Mobile Phase Pre-heater
• Presents temperature changes, to help keep analyte peaks sharp.
• Heats mobile phase before entering heated column.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Mobile Phase Pre-heater ea. 25099 $86

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Temperature Control Module and Long Column Holder ea. 25090 $1025
Temperature Control Module and Short Column Holder ea. 25091 $1025

new!
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Survival Kits68

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Restek Survival Kit for HPLC
The Restek Survival Kit is an invaluable spare parts kit that contains the tools
and supplies essential for setting up and maintaining your HPLC system.

For start-up and standard use in all HPLC systems.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Survival Kit for HPLC kit 25322 $258

Contents:

*Kit contains 1 wrench, replacement (cat.# 20110) is 2-pk.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Column Connector (beige, round body) 10-pk. 25015 $32
PEEK® Tubing, 1/16" OD x 0.005" ID x 3m (red stripe) ea. 25065 $30
PEEK® Tubing, 1/16" OD x 0.007" ID x 3m (yellow stripe) ea. 25066 $31
PEEK® Tubing, 1/16" OD x 0.010" ID x 3m (blue stripe) ea. 25067 $31
PEEK® Tubing Elbow 90° 5-pk. 25308 $16
PEEK® Tubing Elbow 180° 5-pk. 25309 $16
Teflon® Tubing, 1/8" OD x 0.063" ID x 3m ea. 25306 $21
Teflon® Tubing, 1/8" OD x 0.094" ID x 3m ea. 25307 $21
Tubing Clip 5-pk. 25310 $21
ValvTool Wrench ea. 25321 $31
Open-End Wrenches (1/4" x 5/16") 2-pk.* 20110 $25
Clean-Cut™ Tubing Cutter ea. 25069 $38
Replacement Blade for Clean-Cut™ Cutter ea. 25070 $6
PEEK® Union Connector 1/16" 2-pk. 25323 $32
Sparge Filter: 2µm ea. 25311 $26
Inlet Filter: 10µm ea. 25312 $26

Stainless Steel Survival Kit for HPLC
The stainless steel survival kit contains a wide range of tubing, fittings,
and tools necessary to maintain your HPLC system.

DDeessccrriippttiioonn qqttyy.. ccaatt..##      pprriiccee
Stainless Steel Survival Kit for HPLC kit 25097 $284

Contents:
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
HPLC Capillary Tubing, SS 1/16" x 0.005" x 5cm 3-pk. 25240 $11
HPLC Capillary Tubing, SS, 1/16" x 0.005" x 10cm 3-pk. 25241 $13
HPLC Capillary Tubing, SS, 1/16" x 0.005" x 20cm 3-pk. 25242 $15
HPLC Capillary Tubing, SS, 1/16" x 0.005" x 30cm 3-pk. 25243 $17
HPLC Capillary Tubing, SS, 1/16" x 0.007" x 5cm 3-pk. 25244 $11
HPLC Capillary Tubing, SS, 1/16" x 0.007" x 10cm 3-pk. 25245 $13
HPLC Capillary Tubing, SS, 1/16" x 0.007" x 20cm 3-pk. 25246 $15
HPLC Capillary Tubing, SS, 1/16" x 0.007" x 30cm 3-pk. 25247 $17
HPLC Capillary Tubing, SS, 1/16" x 0.010" x 5cm 3-pk. 25248 $11
HPLC Capillary Tubing, SS, 1/16" x 0.010" x 10cm 3-pk. 25249 $13
HPLC Capillary Tubing, SS, 1/16" x 0.010" x 20cm 3-pk. 25250 $15
HPLC Capillary Tubing, SS, 1/16" x 0.010" x 30cm 3-pk. 25251 $17
HPLC Capillary Tubing, SS, 1/16" x 0.020" x 5cm 3-pk. 25252 $11
HPLC Capillary Tubing, SS, 1/16" x 0.020" x 10cm 3-pk. 25253 $13
HPLC Capillary Tubing, SS, 1/16" x 0.020" x 20cm 3-pk. 25254 $15
HPLC Capillary Tubing, SS, 1/16" x 0.020" x 30cm 3-pk. 25255 $17
1/16" Rheodyne® Style Nut 10-pk. 25095 $33
1/16" Rheodyne® Style Ferrule 10-pk. 25096 $25
ValvTool Wrench ea. 25321 $31
1/16" Stainless Steel Ferrules 10-pk. 20286 $22
1/16" Stainless Steel Nuts 10-pk. 20287 $20
Zero-Dead-Volume Internal Union ea. 20148 $18

factoid
Survival Kits are convenient 
and economical, compared to 
ordering individual items!

Restek Survival Kit

Stainless Steel Survival Kit
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Fittings, Connectors,  Tools 69

Phone: 800-356-1688 or 814-353-1300
www.restek.com

PEEK® Fitting Extractor
Drill into the broken fitting, then screw the extractor into the fitting and remove it easily.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Fitting Extractor ea. 25325 $37

PEEK® Union Connector
Allows you to quickly and reliably connect two pieces of 1/16-inch tubing. End fittings included.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Union Connector 1/16" 2-pk. 25323 $32

Zero-Dead-Volume Internal Union
Ends of tubing seat squarely at bottoms of fitting details. 300 series stainless steel. For 1/16-inch OD tubing.
Stainless steel ferrules included.

DDeessccrriippttiioonn UUnniioonn  BBoorree VVaallccoo® ## qqttyy.. ccaatt..## pprriiccee
Internal Union 0.15mm ZU1XC ea. 20147 $28
Internal Union 0.25mm ZU1C ea. 20148 $18
Internal Union 0.75mm ZU1 ea. 20149 $15
Internal Union 1/16" ZU1T ea. 20150 $15

Figure 2 Fitting styles differ among various manufacturers.

Swagelok® Parker A-LokParker
Valco®

Waters™

Rheodyne® Ferrule can’t seal

Tubing not seated, 
causing dead volume

Tubing and ferrule 
seated correctly

Figure 1  Problems
arise from 

incompatible fittings.

Improving Column Connections
A good connection is necessary for trouble-free chromatography. Connecting incompatible fittings from
different manufacturers can result in leaks, poor peak shape, and increased void volume (Figure 1). Each
type of end-fitting has a unique seat depth or style. Generally, Restek, Valco®, Parker, and Upchurch
Scientific fittings are interchangeable; whereas Waters™, SSI, Rheodyne®, and Gasukura fittings are not
(Figure 2) .

Our wrenchless universal 10-32 PEEK® column connector (cat.# 25015, page 71) can be used with any
style of end fitting, and all 1/16-inch tubing. It is reusable and will adjust to any seat, depth, or style.
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Fittings, Connectors,  Tools70

Phone: 800-356-1688 or 814-353-1300
www.restek.com

HPLC Piston Seal Insertion Tool
• Simplify pump maintenance.
• One end removes old piston seal, other end easily and securely installs new seal.

Do you have to search for a paper clip or screw to remove worn seals from your HPLC pump? Then, once
you get the old seal out, do you struggle to correctly seat the new seal? Now Restek has a tool that can help.
Use one end to remove your old seal, then simply slip your new seal on the other end and push it flush
into position. The tool cannot mar the surrounding metal surface of the pump housing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
HPLC Piston Seal Insertion Tool ea. 21356 $42

Secure-Fit Fittings
A good connection between HPLC components is necessary for trouble-free chromatography. Secure-Fit
connectors from Restek and Selerity Technologies ensure a consistent, leak-free seal—and they eliminate
excess dead volume! An internal spring mechanism holds the capillary tubing at the proper depth in the
female fitting. This seal is maintained while you finger-tighten the nut. These fittings are available in stain-
less steel or PEEK®, and in a variety of tubing lengths and internal diameters.

Stainless Steel Secure-Fit Fittings—Single Ended
LLeennggtthh 00..000055"" IIDD 00..000077"" IIDD 00..001100"" IIDD pprriiccee
6cm 25181 25185 25190 $37
10cm 25182 25186 25191 $37
20cm 25183 25187 25192 $37
30cm 25184 25188 25193 $37

Stainless Steel Secure-Fit Fittings—Double Ended
LLeennggtthh 00..000055"" IIDD 00..000077"" IIDD 00..001100"" IIDD pprriiccee
10cm 25208 25211 25214 $64
20cm 25209 25212 25215 $64
30cm 25210 25213 25216 $64

PEEK® Secure-Fit Fittings—Single Ended
LLeennggtthh 00..000055"" IIDD 00..000077"" IIDD 00..001100"" IIDD pprriiccee
6cm 25230 25234 25217 $37
10cm 25231 25235 25218 $37
20cm 25232 25236 25219 $37
30cm 25233 25237 25220 $37

PEEK® Secure-Fit Fittings—Double Ended
LLeennggtthh 00..000055"" IIDD 00..000077"" IIDD 00..001100"" IIDD pprriiccee
10cm 25221 25224 25227 $64
20cm 25222 25225 25228 $64
30cm 25223 25226 25229 $64

Use the flat side of the
Piston Seal Insertion

Tool to seat a Waters™
face seal.

Stainless Steel 
Secure-Fit Fitting

Remove
a seal

Seat
a seal
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PEEK® Tubing Elbows
Tubing Elbows (90° and 180°) are ideal for routing 1/16-inch PEEK® tubing through your system. Simply
snap the tubing into the elbow. Prevent pinching of PEEK® tubing which can cause high pressure.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Tubing Elbow 90° 5-pk. 25308 $16
PEEK® Tubing Elbow 180° 5-pk. 25309 $16

Tubing Dressing Tool
Opens stainless steel tubing bore and removes burrs. For 1/16-inch OD tubing or 1/8-inch OD tubing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/16" Tubing Dressing Tool ea. 20188 $61
Replacement Insert for 1/16" Tubing Dressing Tool ea. 20189 $17
1/8" Tubing Dressing Tool ea. 20190 $91
Replacement Insert for 1/8" Tubing Dressing Tool ea. 20191 $23

Clean-Cut™ Tubing Cutter
• Burr-free, perpendicular cuts that will not distort the tubing OD or close the ID.
• Use on PEEK®, Teflon®, Tefzel®, other polymeric tubing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Clean-Cut™ Tubing Cutter ea. 25069 $38
Replacement Blade for Clean-Cut™ Cutter ea. 25070 $6

Universal 10-32 PEEK® Column Connectors and Plugs
Universal PEEK® Connectors allow easy installation of all 1/16-inch tubing, including stainless steel. See
“Improving Column Connections” data on page 69.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Column Connector (beige, round body) 10-pk. 25015 $32
PEEK® Column Plug (black) 10-pk. 25016 $32
PEEK® Fingertight Fittings (blue, flat-sided) 10-pk. 25324 $32

Rheodyne® Style Nut and Ferrule
Replacement long nut for connecting stainless steel tubing to a Rheodyne® 6-port valve or other
Rheodyne® part.

DDeessccrriippttiioonn qqttyy.. ccaatt..##      pprriiccee
1/16" Rheodyne® Style Nut 10-pk. 25095 $33
1/16" Rheodyne® Style Ferrule 10-pk. 25096 $25

ValvTool Wrench
The ValvTool is a time-saving device that provides easy access to many hard-to-reach Rheodyne® or Valco®

valves. For 1/4-inch nuts.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
ValvTool Wrench ea. 25321 $31
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Inert PEEK® Tubing
• Replaces stainless steel, titanium, Teflon® and Tefzel® tubing.
• Less oxygen permeable and more temperature resistant (to 350°C) than Teflon® or Tefzel® tubing.
• Use with PEEK® fingertight or flangeless fittings.
• Use to 7,000psi.

DDeessccrriippttiioonn CCoolloorr  CCooddee qqttyy.. ccaatt..## pprriiccee
PEEK® Tubing, 1/16" OD x 0.0025" ID x 1m (natural) natural 3-pk. 25320 $57
PEEK® Tubing, 1/16" OD x 0.005" ID x 3m (red stripe) red stripe ea. 25065 $30
PEEK® Tubing, 1/16" OD x 0.007" ID x 3m (yellow stripe) yellow stripe ea. 25066 $31
PEEK® Tubing, 1/16" OD x 0.010" ID x 3m (blue stripe) blue stripe ea. 25067 $31
PEEK® Tubing, 1/16" OD x 0.020" ID x 3m (orange stripe) orange stripe ea. 25068 $31

HPLC Stainless Steel Capillary Tubing
• 316 grade stainless steel.
• Precise pre-cut lengths.
• Smooth surface finish.
• Ultra clean.

Whether you need to replace system tubing as part of your troubleshooting or are looking to reduce the
dwell volume of your system as you move to narrower columns, Restek has the quality tubing in the
lengths and IDs you need. Each ID is color-coded so it is easy to identify and replace correctly.

LLeennggtthh IIDD OODD qqttyy.. ccaatt..## pprriiccee
5cm 0.005" 1/16" 3-pk. 25240 $11

10cm 0.005" 1/16" 3-pk. 25241 $13
20cm 0.005" 1/16" 3-pk. 25242 $15
30cm 0.005" 1/16" 3-pk. 25243 $17
5cm 0.007" 1/16" 3-pk. 25244 $11

10cm 0.007" 1/16" 3-pk. 25245 $13
20cm 0.007" 1/16" 3-pk. 25246 $15
30cm 0.007" 1/16" 3-pk. 25247 $17
5cm 0.010" 1/16" 3-pk. 25248 $11

10cm 0.010" 1/16" 3-pk. 25249 $13
20cm 0.010" 1/16" 3-pk. 25250 $15
30cm 0.010" 1/16" 3-pk. 25251 $17
5cm 0.020" 1/16" 3-pk. 25252 $11

10cm 0.020" 1/16" 3-pk. 25253 $13
20cm 0.020" 1/16" 3-pk. 25254 $15
30cm 0.020" 1/16" 3-pk. 25255 $17

Teflon® Tubing
• Ideal for mobile phase inlet lines.
• Chemically inert.
• Use to 500psi and 80°C.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Teflon® Tubing, 1/8" OD x 0.063" ID x 3m (1.6mm ID) ea. 25306 $21
Teflon® Tubing, 1/8" OD x 0.094" ID x 3m (2.4mm ID) ea. 25307 $21

Tubing Clip
Securely holds 1/16-inch or 1/8-inch tubing in beaker, flask, or bottle up to 4mm thick.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Tubing Clip 5-pk. 25310 $21
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QuickSplit™ Post-Column Flow Splitters
Fixed Flow Splitters for HPLC & LC/MS
Fluid resistor technology eliminates adjustments to capillary tubing for optimizing split ratio. Wide range
of interchangeable resistors available.

• Split ratio not affected by changes in viscosity or pressure.
• High operating pressure limit: 10,000 psi.
• Low dead volume - negligible effect on analyte bandwidth.

Adjustable Flow Splitter
Fluid resistor technology eliminates adjustments to capillary tubing for optimizing split ratio. Wide range
of interchangeable resistors available.

• Adjustable metering valve gives convenient control of split ratio.
• Split ratio not affected by changes in viscosity or pressure.
• High operating pressure limit: 5,000 psi.
• Low dead volume - negligible effect on analyte bandwidth.

DDeessccrriippttiioonn SSpplliitt  RRaattiioo qqttyy.. ccaatt..## pprriiccee
Binary Fixed Flow Splitter 100:1 ea. 25326 $995

50:1 ea. 25327 $995
20:1 ea. 25328 $995
10:1 ea. 25329 $995
5:1 ea. 25330 $995

Replacement Fixed Flow Splitter Resistor Set 100:1 ea. 25331 $495
50:1 ea. 25332 $495
20:1 ea. 25333 $495
10:1 ea. 25334 $495
5:1 ea. 25335 $495

Adjustable Flow Splitter 5:1 to 100:1 ea. 25336 $1950
1:1 to 20:1 ea. 25337 $1950

Replacement Adjustable Flow Splitter Resistor Set 5:1 to 100:1 ea. 25338 $295
1:1 to 20:1 ea. 25339 $295

HyperShear™ Static In-Line Mixers
• Reduced baseline noise.
• Increased sensitivity.
• Improved gradient accuracy, for more reproducible results.
• Increased reaction efficiency in post-column derivatization.

An efficient cross-flow shearing mechanism and interchangeable cartridges produce vortex shear mixing
over a wide range of flows. Stainless steel.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
50µL In-Line Mixer ea. 25341 $440
150µL In-Line Mixer ea. 25342 $440
250µL In-Line Mixer ea. 25343 $440

FlatLine™ Pulse Damper
• Rupture-proof, no diaphragm—minimal risk of failure or leaks.
• Clean flush-out design—no sample carryover.
• Low internal volume—negligible effect on analyte bandwidth.

The ASI FlatLine™ Pulse Damper combines performance and reliability in a simple, easy-to-use housing.
Standard 10-32 inlet and outlet ports allow quick connection into virtually any HPLC system. Solid core
technology provides reliable long-term operation without the down time associated with ruptured or
leaking membrane dampers.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
FlatLine™ Pulse Damper ea. 25340 $595
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MicroPulse™ Pulse Dampers
• Compact unit (2.5" x 1.5") can be placed almost anywhere.
• Small, 150µL dead volume at atmospheric pressure.
• PEEK® unit can withstand pressures to 5000psi.
• 316 Stainless steel unit can withstand pressures to 6000psi.

Improves system baseline stability while increasing the total system volume by only 150µL. The
MicroPulse™ pulse damper is ideal for applications where minimizing the total system volume is critical.
Stainless steel and PEEK® options for a wide range of applications.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
MicroPulse™ Pulse Damper, Stainless Steel ea. 25238 $196
MicroPulse™ Pulse Damper, PEEK® ea. 25239 $279

LO-Pulse® Pulse Damper
The LO-Pulse® Pulse Damper is a patented, wide-dynamic-range 316 stainless steel device that smooths pul-
sations and maintains constant flow at system pressures up to 6,000psi. The flow path volume is only 0.9mL
and the path is efficiently swept, eliminating solvent memory effects when changing mobile phases.

The LO-Pulse® pulse damper also is available in a space-saving, economical kit that includes hardware for
mounting the pulse damper on a bracket, or for installing feet on it for bench-top use.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Model LP-21 LO-Pulse® Pulse Damper ea. 25012 $505
Pulse Damper Kit kit 25013 $366

Backpressure Regulators
Backpressure regulators can improve detector performance by preventing bubble formation in the detec-
tor flow cell. They also are useful in post-column reaction lines and between detectors and fraction col-
lectors in preparatory work. Regulators are superior to more specific alternative solutions, like small-bore
tubing, in which pressure varies with flow rate.

Our end-of-line and flow-through backpressure regulators are adjustable to assure constant backpressure
over a wide range of mobile-phase viscosities and flow rates. The end-of-line model is available with 1/4-
28 plastic flange-type fittings or high-pressure 1/16-inch compression fittings; this design adjusts from 15
to 60psi. The flow-through design has 1/16-inch compression fittings and is adjustable from 7 to 75psi.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
A) Backpressure Regulator: end-of-line, 1/16-inch OD tubing, flanged ea. 25017 $122
B) Backpressure Regulator: end-of-line, high-pressure seat ea. 25018 $122
C) Backpressure Regulator: flow-through, 5µL internal volume ea. 25020 $116

A

B

C

A

B

C

LO-Pulse® 
Pulse Damper Kit
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HPLC Column Tubing
Restek tubing is manufactured from fine, chromatographic-grade 316 stainless steel. It is corrosion resist-
ant, ultrasonically cleaned and passivated. We polish the tubing and promise a burr-free cut. You can use
this tubing immediately—there is no need for any additional treatment.

1/4-Inch HPLC Frits
We manufacture our frits from fine, chromatographic-grade 316 stainless steel, and we offer sizes to fit
most column and pore sizes. To choose the correct frit, check its pore size compatibility with the particle
size of the packing in the column (see right). If the packing has a smaller particle size than the pore size
of the frit, the packing can clog the frit.

Column End-Fittings
1/4-inch end-fittings are compatible with Valco® and Parker fittings.

Empty Chromatography Columns
• 316 stainless steel tubing complete with end-fittings, frits, nuts, and ferrules.
• Preassembled prior to shipment, unless otherwise requested.
• Internal 1/16-inch seats are compatible with Valco® and Parker fittings.

LLeennggtthh IIDD OODD qqttyy.. ccaatt..## pprriiccee
30mm 2.1mm 1/4" ea. 25100 $21
50mm 2.1mm 1/4" ea. 25101 $21
100mm 2.1mm 1/4" ea. 25102 $21
150mm 2.1mm 1/4" ea. 25103 $26
200mm 2.1mm 1/4" ea. 25104 $26
250mm 2.1mm 1/4" ea. 25105 $26
30mm 3.2mm 1/4" ea. 25106 $21
50mm 3.2mm 1/4" ea. 25107 $21
100mm 3.2mm 1/4" ea. 25108 $21
150mm 3.2mm 1/4" ea. 25109 $26
200mm 3.2mm 1/4" ea. 25110 $26
250mm 3.2mm 1/4" ea. 25111 $26
30mm 4.6mm 1/4" ea. 25112 $16
50mm 4.6mm 1/4" ea. 25113 $16
100mm 4.6mm 1/4" ea. 25114 $16
150mm 4.6mm 1/4" ea. 25115 $21
200mm 4.6mm 1/4" ea. 25116 $21
250mm 4.6mm 1/4" ea. 25117 $32

IIDD PPoorree  SSiizzee qqttyy.. ccaatt..##      pprriiccee
4.6mm 2.0µm 10-pk. 25071 $26
4.6mm 0.5µm 10-pk. 25072 $26
3.2mm 2.0µm 10-pk. 25073 $26
3.2mm 0.5µm 10-pk. 25074 $26
2.1mm 2.0µm 10-pk. 25075 $26
2.1mm 0.5µm 10-pk. 25076 $26

DDeessccrriippttiioonn qqttyy.. ccaatt..##      pprriiccee
Column End-Fitting for 4.6mm Column ea. 25077 $16
Column End-Fitting Flat Bottom ea. 25078 $16

LLeennggtthh IIDD OODD qqttyy.. ccaatt..## pprriiccee
30mm 2.1mm 1/4" ea. 25118 $67
50mm 2.1mm 1/4" ea. 25119 $67
100mm 2.1mm 1/4" ea. 25120 $67
150mm 2.1mm 1/4" ea. 25121 $73
200mm 2.1mm 1/4" ea. 25122 $73
250mm 2.1mm 1/4" ea. 25123 $73
30mm 3.2mm 1/4" ea. 25124 $67
50mm 3.2mm 1/4" ea. 25125 $67
100mm 3.2mm 1/4" ea. 25126 $67
150mm 3.2mm 1/4" ea. 25127 $73
200mm 3.2mm 1/4" ea. 25128 $73
250mm 3.2mm 1/4" ea. 25129 $73
30mm 4.6mm 1/4" ea. 25130 $62
50mm 4.6mm 1/4" ea. 25131 $62
100mm 4.6mm 1/4" ea. 25132 $62
150mm 4.6mm 1/4" ea. 25133 $67
200mm 4.6mm 1/4" ea. 25134 $67
250mm 4.6mm 1/4" ea. 25135 $67

PPaacckkiinngg  UUssee  tthhiiss
ppaarrttiiccllee  ssiizzee ppoorree  ssiizzee::
3—4µm 0.5µm
5—20µm 2.0µm
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LCLocker™ HPLC Organizer
• Storage for ten HPLC columns, compartments for accessories, and a book holder.
• Small footprint—easily fits next to HPLC instruments.

Deluxe BenchBooster™ Organizer
• Ten compartments, plus a wiper dispenser.
• Lightweight, movable, wall-mountable.

Mini pHPerch™ Storage Unit
• Designed for pH meter supplies.
• Small footprint, high storage capacity, easy access, built-in wiper dispenser.

TopLoader™ BalanceBank™ Storage Unit
• Provides easy access to wipers, weigh papers, boats, and spatulas.
• Creates a neat, highly functional weighing area and workstation.

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
BenchBooster™ 24 x 7 x 12" ea. 25150 $170

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
Mini pHPerch™ 13 x 12 x 6" ea. 25147 $83

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
TopLoader™ 12 x 12 x 7" ea. 25148 $93

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
LCLocker™ 24 x 12 x 6" ea. 25149 $129

HPLC 30-Column Storage Cabinet
• Saves space and protects columns.
• Hinged door is clear for quick identification of column labels or tags.
• Made from solid, durable PVC.
• Easy-to-install, wall-mountable (screws not included), securely holds 30 columns.

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
30 Column Cabinet 173/8 x 15 x 27/8" ea. 25159 $119

Book Holders
• Use on the side of instrument, hood, or file cabinet.
• Include: 3M™ double-stick, removable tape mounts.

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
Book Holder, Small 0.75" ID ea. 25151 $10
Book Holder, Large 1.5" ID ea. 25152 $11

Open Supply Bins
• Multiple-bin units for large/small items.
• Use individually or end-to-end along bench.

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
4-bin Unit 24 x 12 x 10" ea. 25153 $109
5-bin Unit 12 x 16 x 10.5" ea. 25154 $109
13-bin Unit 12 x 7.5 x 12" ea. 25155 $104

Glove Box Dispensers
• Fit most glove boxes; allow quick access.
• Include: double-faced tape for instant installation, holes for permanent mounting (screws not included).

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee
Glove Box Dispenser, Single 53/8 x 111/2 x 41/2" ea. 25156 $37
Glove Box Dispenser, Double 103/8 x 111/2 x 41/2" ea. 25157 $42
Glove Box Dispenser, Triple 153/8 x 111/2 x 41/2" ea. 25158 $47

13-bin unit

69-77_HPLC.qxd  9/28/2004  5:21 PM  Page 76



H
P

L
C

 P
R

O
D

U
C

T
S

 | H
P

LC
 A

C
C

E
S

S
O

R
IE

S
Tech Tips 77

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Multiply units in the left-most column by the conversion factors listed in the columns to the right.
e.g., 10PSI x 0.068 = 0.68atm

10 bar x 29.5300 = 295.300 inches Hg

HPLC Pump Pressure Conversion Table

PPrreessssuurree PPSSII aattmm kkgg//ccmm22 ttoorrrr kkPPaa bbaarr iinncchheess  HHgg
PSI = 1 0.068 0.0703 51.713 6.8948 0.06895 2.0359
atm = 14.696 1 1.0332 760 101.32 1.0133 29.921
kg/cm2 = 14.223 0.967 1 735.5 98.06 0.9806 28.958
torr = 0.0193 0.00132 0.00136 1 0.1330 0.00133 0.0394
kPa = 0.1450 0.00987 0.0102 7.52 1 0.0100 0.2962
bar = 14.5038 0.9869 1.0197 751.88 100 1 29.5300
in Hg = 0.49612 0.0334 0.0345 25.400 3.376 0.03376 1

Miscibility and Solubility

Acetone
Acetonitrile

Dimethyl formamide
Dimethyl sulfoxide

Dioxane
Ethanol

Isopropyl alcohol
Methanol

Tetrahydrofuran
Water

Benzene
Butanol

Carbon tetrachloride
Chloroform

Cyclohexane
1,2 Dichloroethane

Dichloromethane
Ethyl acetate

Ethyl ether
Heptane
Hexane

Isooctane
Methyl t-butyl ether
Methyl ethyl ketone

Pentane
Toluene

Xylene
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Water Miscible Solvents

Miscible Solvents

Immiscible Solvents
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ANALYTICAL REFERENCE MATERIALS
US EPA 500 Series Methods  . . . . . . . . . . . . . . . . . . . .79

US EPA 8000 Series Methods . . . . . . . . . . . . . . . .79-81

Organic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .81

Column Test Mixes  . . . . . . . . . . . . . . . . . . . . . . . . . . . .81

for HPLC
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Method 8315 (Aldehydes/Ketones-
DNPH by HPLC)

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde-

DNPH

formaldehyde-DNPH
hexaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

Aldehyde-Ketone-DNPH TO-11A Calibration Mix
(15 components)

EEaacchh
1155µµgg//mmLL**  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31808 $50

4-bromo-3,5-dimethylphenyl-N-methylcarbamate (BDMC)
Internal Standard

EEaacchh 55--ppkk.. 1100--ppkk..
110000µµgg//mmLL  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

32274 $21.70 32274-510 $96 —
w/data pack

32274-500 $32 32274-520 $106.60 32374 $191.90

Method 531.1 (Carbamates)

aldicarb sulfoxide 100µg/mL
BDMC 10

3-hydroxycarbofuran 2
methiocarb 20

531.1 Performance Check Mix

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  mmeetthhaannooll,,  11mmLL//aammppuull

32275 $39.20 32275-510 $173.60 —
w/data pack

32275-500 $49.50 32275-520 $193.90 32375 $338

aldicarb
aldicarb sulfone
aldicarb sulfoxide
carbaryl
carbofuran

3-hydroxycarbofuran
methiocarb
methomyl
oxamyl
propoxur (Baygon®)

531.1 Carbamate Pesticide Calibration Mixture
(10 components)

EEaacchh 55--ppkk.. 1100--ppkk..
110000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

32273 $39.20 32273-510 $173.60 —
w/data pack

32273-500 $49.50 32273-520 $193.90 32373 $338

Method 532 (Phenylurea Pesticides)

carbazole monuron
Phenylurea Surrogate Mixture

EEaacchh 55--ppkk.. 1100--ppkk..
550000µµgg//mmLL  eeaacchh  iinn  mmeetthhaannooll::aacceettoonniittrriillee,,  11mmLL//aammppuull

32433 $35 32433-510 $157.50 —
w/data pack

32433-500 $45 32433-520 $175 32533 $315

diflubenzuron
diuron
fluometuron
linuron

propanil
siduron
tebuthiuron
thidiazuron

Phenylurea Pesticide Mixture (8 components)

EEaacchh 55--ppkk.. 1100--ppkk..
220000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee::aacceettoonnee,,  11mmLL//aammppuull

32434 $50 32434-510 $225 —
w/data pack

32434-500 $60 32434-520 $250 32534 $450

Method 547 (Glyphosate) contd.

Glyphosate Standard

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  DDII  wwaatteerr,,  11mmLL//aammppuull

32426 $21.70 32426-510 $97.65 —
w/data pack

32426-500 $31.70 32426-520 $108.50 32526 $195.30
11,,000000µµgg//mmLL  iinn  DDII  wwaatteerr,,  55mmLL//aammppuull

32427 $65.10 32427-510 $292.95 —
w/data pack

32427-500 $75.10 32427-520 $325.50 32527 $585.90

aminomethyl phosphonic acid (AMPA)
AMPA (glyphosate metabolite)

EEaacchh 55--ppkk.. 1100--ppkk..
110000µµgg//mmLL  iinn  DDII  wwaatteerr,,  11mmLL//aammppuull

32428 $21.70 32428-510 $97.65 —
w/data pack

32428-500 $31.70 32428-520 $108.50 32528 $195.30

Method 549.2 (Diquat/Paraquat)

Method 8310 (Polynuclear Aromatic
Hydrocarbons)

*conc. as aldehyde

Method 547 (Glyphosate)

diquat dibromide paraquat dichloride

Paraquat & Diquat Calibration Mix

EEaacchh
11,,000000µµgg//mmLL  iinn  wwaatteerr,,  11mmLL//aammppuull

32437 $25
w/data pack

32437-500 $35

please note
Refer to our general catalog for
additional PAH calibration
mixes.

acenaphthene 100µg/mL
acenaphthylene 100
anthracene 100
benzo(a)anthracene 10
benzo(a)pyrene 10
benzo(b)fluoranthene 10
benzo(ghi)perylene 10
benzo(k)fluoranthene 5
chrysene 10

dibenzo(a,h)anthracene 10
fluoranthene 10
fluorene 100
indeno(1,2,3-cd)pyrene 10
1-methylnaphthalene 100
2-methylnaphthalene 100
naphthalene 100
phenanthrene 100
pyrene 10

EPA Method 8310 Quality Control Check
(18 components)

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31843 $42 31843-510 $189 —
w/data pack

31843-500 $52 31843-520 $199 31943 $357

Same components as 8310 Quality Control Check Mix, at
concentration listed below.

EPA Method 8310 PAH Mixture (18 components)

EEaacchh 55--ppkk.. 1100--ppkk..
550000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31841 $57 31841-510 $256.50 —
w/data pack

31841-500 $67 31841-520 $266.50 31941 $484.50

new!

Neil Mosesman
Analytical Reference

Materials Product
Manager

78-81_ARM.qxd  9/28/2004  5:31 PM  Page 79



A
N

A
LY

T
IC

A
L

 R
E

F
E

R
E

N
C

E
 M

A
T

E
R

IA
L

S
US EPA 8000 Series Methods80

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Method 8321 (Chlorinated Herbicides by HPLC)

acifluorfen (Blazer®)
bentazon
chloramben
2,4-D

dicamba
dichlorprop
picloram
2,4,5-TP (Silvex)

Chlorinated Acids by HPLC, Mix A (8 components)

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

32431 $57 32431-510 $256.50 —
w/data pack

32431-500 $67 32431-520 $285 32531 $513

2,4-DB
3,5-dichlorobenzoic acid
dinoseb
MCPA

MCPP (mecoprop)
4-nitrophenol
pentachlorophenol
2,4,5-T

Chlorinated Acids by HPLC, Mix B (8 components)

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

32430 $57 32430-510 $256.50 —
w/data pack

32430-500 $67 32430-520 $285 32530 $513

2,4-dichlorophenoxyacetic acid 2,4,5-TP (Silvex)
Chlorinated Acid Herbicide Mix

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

32429 $25.80 32429-510 $116.10 —
w/data pack

32429-500 $35.80 32429-520 $129 32529 $232.20

Dalapon

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

32432 $21.70 32432-510 $97.65 —
w/data pack

32432-500 $31.70 32432-520 $108.50 32532 $195.30

1,4-Dichlorobenzene

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

30498 $43.40 30498-510 $195.30 —
w/data pack

30498-500 $53.40 30498-520 $217 30598 $390.60

Rob Lindquist
Pricing Coordinator

Method 8330 (Nitroaromatics and Nitramines by HPLC)

EPA Method 8330 is used to measure explosives residues in water and soil samples, using HPLC with UV
detection.1 Target analytes are nitroaromatic and nitramine explosives and their degradation products.
Obtaining pure, neat compounds for these standards can be very difficult. Some of these commercial-
grade materials contain desensitizing agents such as beeswax, water, or other manufacturing by-products.
Many are shipped wet and must be carefully dried before preparation. To ensure the highest quality stan-
dards, Restek chemists carefully purify or synthesize all of the compounds listed in EPA Method 8330. All
compounds are 98% pure or higher. Multiple analytical techniques including GC, HPLC, GC/MS, and
DSC are used to verify raw material purity.

3,4-dinitrotoluene
8330 Internal Standard

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

31452 $21.70 31452-510 $96 —
w/data pack

31452-500 $32 31452-520 $106.60 31552 $191.90

1,2-dinitrobenzene
8330 Surrogate

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  mmeetthhaannooll,,  11mmLL//aammppuull

31453 $21.70 31453-510 $96 —
w/data pack

31453-500 $32 31453-520 $106.60 31553 $191.90

1,3-dinitrobenzene
2,4-dinitrotoluene
HMX
nitrobenzene

RDX
1,3,5-trinitrobenzene
2,4,6-trinitrotoluene

8330 Calibration Mix #1 (7 components)

EEaacchh 55--ppkk.. 1100--ppkk..

11,,000000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull
31450 $50.50 31450-510 $226.40 —

w/data pack
31450-500 $60.80 31450-520 $250.80 31550 $438.50

2-amino-4,6-dinitrotoluene
4-amino-2,6-dinitrotoluene
2,6-dinitrotoluene
2-nitrotoluene

3-nitrotoluene
4-nitrotoluene
tetryl

8330 Calibration Mix #2 (7 components)

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  eeaacchh  iinn  aacceettoonniittrriillee,,  11mmLL//aammppuull

31451 $50.50 31451-510 $226.40 —
w/data pack

31451-500 $60.80 31451-520 $250.80 31551 $438.50

31450: 8330 Calibration Mix #1
31451: 8330 Calibration Mix #2
31452: 8330 Internal Standard Mix
31453: 8330 Surrogate Mix

8330 Nitroaromatics Kit

KKiitt KKiitt  ww//DDaattaa  PPaacckk
CCoonnttaaiinnss  11mmLL  eeaacchh  ooff  tthheessee  mmiixxttuurreess..

31454 $134.20 31454-500 $170.60

please note
To ensure the highest quality
explosives standards, Restek
chemists carefully purify or
synthesize all of the 
compounds listed in EPA
Method 8330.

Reference
1US Environmental Protection
Agency. Test Methods for
Evaluating Solid Waste,
Physical/Chemical Methods.
SW-846 Update III, Office of
Solid Waste, Washington, DC,
1997.
(Reference not available from
Restek.)

kit
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US EPA 8000 Series Methods; Organic Acids; Column Test Mixes

benzene 1.00mg/mL
benzaldehyde 0.04

benzyl alcohol 3.00
4-methoxybenzyl alcohol 2.00

HPLC Normal Phase Test Mix #1
Routine analysis using these products can assist in determining the
need to perform column and/or system maintenance.

EEaacchh
IInn  hheexxaannee,,  11mmLL//aammppuull

35004 $28.90

benzene 3.00mg/mL
uracil 0.02

naphthalene 0.50
biphenyl 0.06

HPLC Reversed Phase Test Mix #1
Routine analysis using these products can assist in determining the
need to perform column and/or system maintenance.

EEaacchh
IInn  mmeetthhaannooll::wwaatteerr  ((7755::2255)),,  11mmLL//aammppuull

35005 $28.90

amitriptyline 
hydrochloride 2800µg/mL

ethylbenzene 1700

quinizarin 94
toluene 1400
uracil 28

HPLC Performance Test Mix
The National Institute of Standards and Technology (NIST) has for-
mulated a mixture that is highly effective for characterizing HPLC
columns for efficiency, void volume, methylene selectivity, retentive-
ness, and activity toward chelators and organic bases. Results can
be used for column classification, for column selection, for monitor-
ing column performance over time, or for quality control. We test
our material against the NIST 870 standard.

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  mmeetthhaannooll,,  11mmLL//aammppuull

31699 $35 31699-510 $157.50 —
w/data pack

31699-500 $45 31699-520 $175 31799 $315

Caffeine at 5.0, 25.0, 125.0, 250.0, 500.0 µg/mL in water in a
five ampul kit.

HPLC OQ Linearity Test Mix Kit
Linear detector responses to concentration variations are an impor-
tant part of operation qualification (OQ) for HPLC instruments. Our
kit of five aqueous solutions of caffeine can be used to generate
simple plots of UV response versus concentration. Certificate of
Analysis includes caffeine concentration, calculated variance in
preparing each mixture, a linearity plot, and coefficient of determina-
tion (r2) for the linear plot.

KKiitt
11mmLL  eeaacchh  ooff  tthheessee  mmiixxttuurreess..

31805 $95

glucose 2.0mg
fructose 2.1
lactose 4.4

maltose 4.5
sucrose 4.0

Carbohydrate HPLC Performance Check Mix
Performance qualification (PQ) determines the precision of the HPLC
system. Our performance check mix for HPLC / RI consists of five
simple sugars in varied concentrations. We prepare the reference
material in water, lyophilize it, and pack it dry for enhanced stability.

EEaacchh
DDrryy  ccoommppoonneennttss  iinn  44mmLL  ssccrreeww--ccaapp  vviiaall..  RReeccoonnssttiittuuttee  iinn  11mmLL  aacceettoonnii--
ttrriillee::wwaatteerr  ((7755::2255))  ttoo  22..00,,  22..11,,  44..44,,  44..55,,  44..00  mmgg//mmLL,,  rreessppeeccttiivveellyy..

31809 $28.90

HPLC Column Test Mixes  contd.

Single-Component Explosives Solutions
IInnddiivviidduuaall 55--ppkk.. 1100--ppkk..

CCoommppoouunndd SSoollvveenntt µgg//mmLL IInnddiivviidduuaall ww//ddaattaa  ppaacckk 55--ppkk.. ww//ddaattaa  ppaacckk ww//ddaattaa  ppaacckk
PPaacckkaaggeedd  11mmLL//aammppuull $21.70 $32 $96 $106.60 $191.90
2-amino-4,6-dinitrotoluene ACN 1,000 31670 31670-500 31670-510 31670-520 31770
4-amino-2,6-dinitrotoluene ACN 1,000 31671 31671-500 31671-510 31671-520 31771
3,5-dinitroaniline ACN 1,000 31661 31661-500 31661-510 31661-520 31761
1,3-dinitrobenzene ACN 1,000 31662 31662-500 31662-510 31662-520 31762
2,4-dinitrotoluene ACN 1,000 31663 31663-500 31663-510 31663-520 31763
2,6-dinitrotoluene ACN 1,000 31664 31664-500 31664-510 31664-520 31764

EGDN M 1,000 31601 31601-500 31601-510
31601-520

$108.20 31701
HMX ACN 1,000 31665 31665-500 31665-510 31665-520 31765
nitrobenzene ACN 1,000 31657 31657-500 31657-510 31657-520 31757
nitroglycerin M 1,000 31498 31498-500 31498-510 31498-520 31598
nitroguanidine M 1,000 31602 31602-500 31602-510 31602-520 31702
2-nitrotoluene ACN 1,000 31659 31659-500 31659-510 31659-520 31759
3-nitrotoluene ACN 1,000 31660 31660-500 31660-510 31660-520 31760
4-nitrotoluene ACN 1,000 31658 31658-500 31658-510 31658-520 31758
PETN M 1,000 31600 31600-500 31600-510 31600-520 31700
picric acid M 1,000 31499 31499-500 31499-510 31499-520 31599

propylene glycol dinitrate (PGDN) M 1,000 31821
31821-500

$31.70
31821-510

$97.65
31821-520

$108.50
31921

$195.30
RDX ACN 1,000 31666 31666-500 31666-510 31666-520 31766
tetryl ACN 1,000 31667 31667-500 31667-510 31667-520 31767
1,3,5-trinitrobenzene ACN 1,000 31668 31668-500 31668-510 31668-520 31768
2,4,6-trinitrotoluene ACN 1,000 31669 31669-500 31669-510 31669-520 31769

Organic Acids

citric acid 2000µg/ml
fumaric acid 10
malic acid 2000

quinic acid 2000
tartaric acid 2000

Fruit Juice Organic Acid Standard

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  wwaatteerr,,  11mmLL//aammppuull

35080 $23.70 35080-510 $106.65 —
w/data pack

35080-500 $33.70 35080-520 $118.50 35180 $213.30
IInn  wwaatteerr,,  55mmLL//aammppuull

35081 $37.90 35081-510 $170.55 —
w/data pack

35081-500 $47.90 35081-520 $189.50 35181 $341.10

HPLC Column Test Mixes

Method 8330 (Nitroaromatics and Nitramines by HPLC) contd.

ACN=acetonitrile
M = methanol

did you know?
We have over 2,000 pure, 
characterized, neat compounds
in our inventory! If you do not
see the EXACT mixture you need
listed on any of these 
pages, call us.

See oouurr  ggeenneerraall  ccaattaalloogg  oorr  
oouurr  wweebbssiittee    for our Custom
Reference Materials Request
Form.

78-81_ARM.qxd  9/28/2004  5:31 PM  Page 81



SAMPLE PREPARATION
Resprep™ SPE Cartridges  . . . . . . . . . . . . . . . . . .83, 86

Carboprep™ SPE Cartridges  . . . . . . . . . . . . . . . . . . .84

Resprep™ SPE Disks and Flow Filters  . . . . . . . . . . .85

SPE Manifolds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85, 86

SPE Cartridge Components  . . . . . . . . . . . . . . . . . . .86

Syringe Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87

Diskover™-47 Extraction System  . . . . . . . . . . . . . . .87

Parts for ASE Systems  . . . . . . . . . . . . . . . . . . . . . . . . .87

82-87_Samp.qxd  9/28/2004  5:28 PM  Page 82



S
A

M
P

L
E

 P
R

E
P

A
R

A
T

IO
N

Resprep™ SPE Cartridges 83
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Ion Exchange Phases 
Ionized adsorbents used to extract positively- or negatively-charged analytes from aqueous matrices
(e.g., tricyclic antidepressants from plasma).

Normal Phase 
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar matrices, such as
organic solvents (e.g., polar contaminants from sample extracts).

Bonded Reversed Phases
Hydrophobic (nonpolar) adsorbents used to extract hydrophobic analytes from polar matrices, such as water (e.g., pesticides from
drinking water).

Specialty Cartridges
These cartridges have been specifically designed to provide consistent and reproducible results for the method stated.

*Teflon® frits
**Glass tubes with Teflon® frits

11mmLL 33mmLL 33mmLL 66mmLL 66mmLL 2200mmLL 6600mmLL
110000mmgg 220000mmgg 550000mmgg 550000mmgg 11000000mmgg 55gg 1100gg

((110000--ppkk)) ((5500--ppkk..)) ((5500--ppkk..)) ((3300--ppkk..)) ((3300--ppkk..)) ((2200--ppkk..)) ((1166--ppkk..))
C18 (high load, endcapped) 26030 $110 26031 $82 24050 $90 24052 $60 24051 $85 26034 $147 26035 $126
C8 (high load, endcapped) 26036 $110 26037 $82 26038 $90 26039 $60 26040 $85 — — — —
C2 (endcapped) 26041 $110 26042 $82 — — — — — — — — — —
Cyclohexyl (endcapped) — — — — — — — — 26043 $90 — — — —

33mmLL//220000mmgg 33mmLL//550000mmgg 66mmLL//550000mmgg 66mmLL//11000000mmgg
((5500--ppkk..)) ((5500--ppkk..)) ((3300--ppkk..)) ((3300--ppkk..))

Florisil®

(EPA SW 846 methods and CLP protocols)
— — 24031 $85 — — 24034 $70
— — 24032* $129 26086** $180 26085** $200

Silica (EPA SW 846 methods) — — 24035 $85 — — 24038 $70
— — 24036* $147 — — — —

Cyanopropyl (endcapped) 26048 $95 26049 $110 — — — —

11mmLL//110000mmgg 33mmLL//220000mmgg 33mmLL//550000mmgg 66mmLL//550000mmgg 66mmLL//11000000mmgg
((110000--ppkk..)) ((5500--ppkk..)) ((5500--ppkk..)) ((3300--ppkk..)) ((3300--ppkk..))

SAX, quaternary amine 26054 $145 — — 26055 $120 — — — —
SCX, propyl 26056 $145 — — 26057 $120 — — — —
SCX, benzene — — 26058 $110 — — 26059 $95 26060 $110
WAX, amino, primary  amine 26050 $145 26051 $110 26052 $120 26053 $110 — —
WCX, carboxylic acid 26061 $150 — — 26062 $130 — — — —

All cartridges are
polypropylene and have
polyethylene frits unless

otherwise noted.

Strong Anion Exchange (SAX)
Strong Cation Exchange (SCX)
Weak Anion Exchange (WAX)
Weak Cation Exchange (WCX)

DDeessccrriippttiioonn AApppplliiccaattiioonnss
TTuubbee  VVoolluummee,,

BBeedd  WWeeiigghhtt qqttyy.. ccaatt..## pprriiccee

MMaassssaacchhuusseettttss  TTPPHH
Extraction of hexane-extractable petroleum hydrocarbons from soil and waste samples.
Specially treated to reduce contaminants and increase capacity. Silica.

20mL, 5g 20-pk. 26065 $95

EEPPAA  MMeetthhoodd  552211
For use in EPA Method 521, Nitrosamines in Drinking Water. This method uses large volume
injection and chemical ionization tandem mass spec. Charcoal for NDMA.

6mL, 2g 30-pk. 26032 $145

EEPPAA  MMeetthhoodd  554488..11 Extraction of endothal from aqueous samples. Weak anion exchange resin. 6mL 30-pk. 26063 $175

EEPPAA  MMeetthhoodd  555522..11 Extraction of haloacetic acids from aqueous samples. Strong anion exchange resin. 1mL 100-pk. 26064 $145

OOrrggaannoo  TTiinn
High-capacity cleanup of butyl and phenyl tin compounds from soil, water, and biota. 
Mixed bed.

60mL 16-pk. 24049 $120

DDrruugg  PPrreepp  II
Suitable for acidic, basic, and neutral drugs. Mixed-mode hydrophobic and ion exchange sites
provide selective, reproducible extraction of biological samples containing therapeutic or ille-
gal drugs.

3mL, 200mg
10mL, 200mg

50-pk.
50-pk.

26044
26045

$95
$95

DDrruugg  PPrreepp  IIII
Extraction of THCA from biological samples. Copolymeric anion exchange sites provide selec-
tive, reproducible extraction of THCA from urine.

3mL, 200mg
10mL, 200mg

50-pk.
50-pk.

26046
26047

$95
$95

RRDDXX Extraction of explosive compounds (EPA Method 8330) from water samples. 6mL, 500mg 30-pk. 26093 $150

new!
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84

Recovery of chlorinated pesticides from
solvent extract, using a CarboPrep™ 90 cartridge

2

Tube blank

Solvent extract

1

2
3

4

5

6 7

10
9

8
11
12

13

14

15

16

17

18

19

20

21

22

1. 2,4,5,6-tetrachloro-m-xylene
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

Column: Rtx®-CLPesticides2 30m, 0.32mm ID, 0.25µm (cat.# 11324).

Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°C/min. (hold 10 min.)
Injector: direct injection using Uniliner® inlet liner (cat.# 20335), 210°C
Det. temp.: ECD, 310°C 
Carrier gas: helium

4 6 8 10 12 14 16 18 20 22 24 26 28 30 min.

GC_EV00533

Excellent for
Pesticide Residue

Cleanup!

Carboprep™ SPE Cartridges

CarboPrep™ Cartridges
• Improved recovery of sulfonylurea herbicides, phenols, carbamates and triazine herbicides, compared

to C18 and C8 cartridges.
• Wide range of selectivity for both analytes and their metabolites or degradation products.
• Rapid sampling flow rates without compromising recoveries.
• Maximum capacity for contaminant clean-up.
• Controlled manufacturing improves cleanliness and ensures reproducible performance.

CarboPrep™ cartridges are manufactured from chromatographic-grade, nonporous, graphitized carbon.
Our manufacturing process minimizes variability and improves recovery and cleanup procedures. We
offer two types of carbons: CarboPrep™ 90 has a surface area of approximately 90m2/gm, CarboPrep™ 200
has a surface area of 200m2/gm. Both have higher capacity than silica-based packings for a variety of com-
pounds.

CarboPrep™ cartridges can be used for both sample extraction of organic compounds and extract cleanup
of matrix interferences.

SSPPEE  CCaarrttrriiddggee
TTuubbee  VVoolluummee,,
BBeedd  WWeeiigghhtt qqttyy.. ccaatt## pprriiccee

CarboPrep™ 200 3mL, 250mg 50-pk. 26088 $85
CarboPrep™ 200 6mL, 500mg 30-pk. 26087 $80
CarboPrep™ 90 3mL, 250mg 50-pk. 26091 $85
CarboPrep™ 90 6mL, 500mg 30-pk. 26092 $80
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Resprep™ SPE Disks, Flow Filters,  and Manifolds

Resprep™-C18 and Resprep™-C8 SPE Disks
• 47mm glass fiber disks embedded with C18 or C8 bonded silica.
• Extract semivolatile organic compounds.
• Deep-pore design reduces clogging and allows faster flow rates.
• Meet requirements for EPA Methods 525.1, 506, 550.1, and 549.1.
• Lower cost than Teflon® disks.

Resprep™ Oil & Grease SPE Disks
• 47mm glass fiber disks embedded with specialty bonded silica.
• Meet requirements for EPA Method 1664.* 
• Reduce emulsion formation and amount of solvent required by previous EPA methods.
• No chlorofluorocarbons needed.

Resprep™ SPE Flow Filters
• Designed specifically to improve flow when prefiltering oil and grease samples.
• Use with Resprep™ Diskcover™-47 reservoir, or any 47mm glass sample reservoir.

Resprep™ Resin SPE Disks
• 47mm glass fiber disks embedded with styrene/DVB resin.
• For chlorinated, benzidine-containing, or nitrogen-containing pesticides.
• Meet requirements of EPA Methods 515.2 and 553.

*A sodium sulfate drying tube and a 0.45µm Teflon® syringe filter (cat.# 26073) also may be used.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™-C18 47mm SPE Disks 20-pk. 24004 $95
Resprep™-C8 47mm SPE Disks 24-pk. 24048 $95

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™ Oil & Grease SPE Disks 20-pk. 26022 $75

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™ SPE Flow Filters 20-pk. 26024 $14

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™ Resin SPE Disks 20-pk. 26023 $130

Resprep™ 12- or 24-Port Tube Manifolds
• Designed for use with any standard male luer-end SPE tube or cartridge.
• Inert, Teflon® sample guides reduce cross-contamination and carryover.
• Flexible sample collection rack will accommodate a variety of receiving vessels.
• Quick vacuum-release valve for better system control.
• Individual vacuum control for each tube—improves reproducibility.

Complete manifold includes glass basin with built-in vacuum regulator, polypropylene top plate with 12
or 24 individual control valves, 12- or 24-position collection rack, and 12 or 24 Teflon® sample guides.

Resprep™ Manifold Replacement Parts and Accessories

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Resprep™ 12-Port Manifold kit 26077 $540
Resprep™ 24-Port Manifold kit 26080 $780

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Replacement Lid, 12-port ea. 26078 $170
Replacement Lid, 24-port ea. 26081 $300
Collection Rack, 12-port ea. 26079 $95
Collection Rack, 24-port ea. 26082 $119
Valves, 12 or 24-port 2-pk. 26083 $12
Sample Guides, 12 or 24-port 12-pk. 26084 $15
Vacuum Tubing (10ft., 1/4" ID) ea. 24016 $75
Teflon® Tube Luer Adaptors (1/8" OD) 6-pk. 24017 $50
Teflon® Sample Tubing (2ft., 1/8" OD) 6-pk. 24025 $45

Resprep™ disks & flow 
filters extract analytes of

interest at high 
flow rates, and 

significantly reduce 
clogging.

Resprep™ 12-Port Tube
Manifold
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*For 20mL packed tubes.
**For 60mL packed tubes.

Manifold Replacement Parts;  SPE Cartridge Components 

Oil-Free Vacuum/Pressure Station for 12-Port Resprep™ SPE Systems
This unit allows switching from pressure to vacuum in a matter of seconds. Quiet, oil-free unit won’t con-
taminate the extraction system or your samples. Provides 20" of Hg vacuum or 18psi pressure.

Not recommended for use with 24-port manifold.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Oil-Free Vacuum/Pressure Station (115V) ea. 24002 $465
Oil-Free Vacuum/Pressure Station (220V) ea. 24003 $450
Vacuum Tubing (10ft., 1/4" ID) ea. 24016 $75

Resprep™ SPE Connectors & End Caps

Resprep™ cartridges, frits,
and caps are available 

for your method 
development needs.

Resprep™ Empty SPE Tubes, Frits, & Caps for Packing

TTuubbeess  ((ppoollyypprrooppyylleennee)) VVoolluummee qqttyy.. ccaatt..## pprriiccee
1mL 50-pk. 26010 $20
3mL 50-pk. 26011 $23
6mL 50-pk. 26012 $25
12mL 50-pk. 26013 $30

sample reservoir, 25mL 12-pk. 26014 $20
sample reservoir, 70mL 12-pk. 26015 $25

FFrriittss  ((ppoollyyeetthhyylleennee)) FFiittss  TTuubbee  SSiizzee,,  DDiiaammeetteerr qqttyy.. ccaatt..## pprriiccee
1mL, 6mm 100-pk. 26016 $33
3mL, 9mm 100-pk. 26017 $46
6mL, 1.2cm 100-pk. 26018 $46

12mL, 1.5cm 100-pk. 26019 $42
25mL, 2.0cm* 100-pk. 26020 $56

70mL, 2.6cm** 100-pk. 26021 $58
CCaappss FFiittss  TTuubbee  SSiizzee qqttyy.. ccaatt..## pprriiccee

1mL 12-pk. 26001 $12
3mL 12-pk. 26002 $14
6mL 12-pk. 26003 $16
12mL 12-pk. 26004 $18

25mL* 12-pk. 26005 $20
70mL** 12-pk. 26006 $23

CCoonnnneeccttoorrss FFiittss  TTuubbee  SSiizzeess qqttyy.. ccaatt..## pprriiccee
1, 3, 6mL 12-pk. 26007 $58

12, 25mL* 12-pk. 26008 $66
70mL** 12-pk. 26009 $46

FFeemmaallee  LLuueerr  EEnndd  CCaappss universal qqttyy.. ccaatt..## pprriiccee
12-pk. 26000 $12

Lydia Nolan
Innovations Chemist
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Syringe Filters;  Diskcover™-47 Extraction System; Parts for ASE

Diskcover™-47 Extraction Disk Holder
• Compatible with most vacuum manifold systems that accept 1/8-inch male luer fittings.
• Sample can be automatically introduced via 1/8-inch Teflon® tubing or from the optional Diskcover™-47

reservoir.

Diskcover™-47 Reservoir*
The Diskcover™-47 open-top reservoir allows you to pour up to 125mL of sample directly onto the filter
disk holder. It easily installs on top of the Diskcover™-47 extraction disk holder.

* Must be used with the Diskcover™-47 extraction disk holder.
** Order when using PTFE extraction filters.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Diskcover™-47 Extraction Disk Holder ea. 24020 $125
Diskcover™-47 Extraction Disk Holder 6-pk. 24021 $695

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Diskcover™-47 Reservoir ea. 24029 $75
Diskcover™-47 Reservoir 6-pk. 24030 $355
Teflon® O-Ring** ea. 24027 $18
Teflon® O-Ring** 6-pk. 24028 $80

PEEK® Washers for ASE Extraction Unit
Replacement PEEK® seals for the extraction cells in Dionex ASE units. Meet original equipment manu-
facturer’s performance.

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  DDiioonneexx  ppaarrtt  ## qqttyy.. ccaatt..##      pprriiccee
PEEK® Washers for ASE 200 Extraction Unit 049454 12-pk. 25256 $56
PEEK® Washers for ASE 200 Extraction Unit 049454 48-pk. 25257 $220
PEEK® Washers for ASE 300 Extraction Unit 061687 12-pk. 25393 $62
PEEK® Washers for ASE 300 Extraction Unit 061687 48-pk. 25394 $235

Resprep™ Syringe Filters
• Solvent-resistant polypropylene housing.
• Glass fiber prefilter ensures better flow characteristics.
• Most popular filter sizes and membrane porosities.
• Non-leaching nylon or PTFE.

FFiilltteerr  DDiiaammeetteerr PPoorroossiittyy qqttyy.. NNyylloonn PPTTFFEE
13mm 0.20µm 100-pk. 26066 $145 26068 $160
13mm 0.45µm 100-pk. 26067 $145 26069 $160
25mm 0.20µm 50-pk. 26070 $110 26072 $120
25mm 0.45µm 50-pk. 26071 $110 26073 $120
25mm 1.00µm 50-pk. — — 26074 $120

Resprep™ syringe filters
feature solvent-resistant
polypropylene housings,

better flow characteristics,
and non-leaching nylon or

PTFE filters.

More replacement parts for ASE extraction systems coming soon! 
Check our website for the most current list of parts.
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Screw-Thread Vials (12 x 32mm, 8mm/425 Thread)
Fit all 2.0mL, 12 x 32mm, Screw-Thread Vial-Based Autosamplers.
These vials provide the most secure environment for your sample, because evaporation is 
minimized. We offer both deactivated (on request) and undeactivated vials.

Instrument Cross Reference for 8mm/425 Screw-Thread Vials
MMaannuuffaaccttuurreerr IInnssttrruummeenntt//MMooddeell  ##
A.I.M. CPS-100, 200
Alcott 738
Alltech 570
ASC
Beckman 501, 502, 507
Carlo Erba/Fisons AS 800, 8000
Dani ALS 39.80, 86.80
Dynatech 42 vial tray
Gilson 231XL, 232XL, 233XL, Asted XL, Aspec XL
Gynkoteck Gina, others
Hitachi S6551, L-7200, L-7250
IBM
ICI All except LC1600
Infochroma
Jasco 851-AS, AS-950, LC800 & 900 series
Kipp
Kontron 360, 460
LDC All except 713
L.E.A.P. Technologies CTC A200S
Magnus Scientific

MMaannuuffaaccttuurreerr IInnssttrruummeenntt//MMooddeell  ##
PerkinElmer Autosystem GC, 420/B, 4900
Pharmacia LKB 2157-010
Precision Sampling GC111, GC 311, LC241-60
Phillips LC-XP, 4247, 4710
S.G.E. M280D
Sedere
Shimadzu AOC-8B/9, SIL-6A, AOC14/1400, AOC-17, 

SIL-6B, -9A, -8A, SIL-10A, 10Ai, 10AxL
Spark Holland Marathon, Promis, Tiathalon, Midas
Spectra-Physics 8875, 8880
Talbot
TOA ICA5450
TosoHaas TSK-6080, AS-8010, AS-8020
TSP 8875, 8880, AS100/1000, AS300/3000
Unicam 4700LC, LC-XP, 4247
United Technologies
Varian/Rainin  Dynamax AI-3AI-IA, AI-2W
Varian 8100/8200, 8035, 8000 SSeries, Marathon,

8055, 8085, 9100/9090/9095, 3800 GC
Waters Alliance 2690

Screw-Thread Vials (12 x 32mm, 8mm/425 Thread)
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
2.0mL Clear Vial, White Graduated Marking Spot* 24619 $16 24620 $140
2.0mL Amber Vial, White Graduated Marking Spot* 24621 $17 24622 $160

8mm Pre-Assembled Caps and Septa
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
8/425 Black Cap w/ Red PTFE/Silicone Septa, 0.065" 21149 $19 21720 $173
8/425 Black Top Hat™ PTFE/Silicone Septa 21721 $24 21722 $221

*Colored marking spots available on request in blue, green, rust, and yellow (1000 packs only).
**Best fit for Shimadzu.
†Best fit for Varian.

8mm (2.0mL)
Screw-Thread Vial

Convenience Kits: Vials w/Pre-Assembled Caps and Septa Packed Separately
(Black Polypropylene Open-Hole Caps and 8mm Red PTFE/Silicone Septa, 0.065")
Vials packaged in a clear-lid tray. Caps with septa packaged in a plastic bag.

DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
2.0mL Clear Vial, Silcote™ CL7-Deactivated 24638 $46 24639 $414
2.0mL Amber Vial, Silcote™ CL7-Deactivated 24640 $50 24641 $462
2.0mL Clear Vial, untreated 21192 $30 21193 $273
2.0mL Amber Vial, untreated 21194 $32 21195 $273

Pre-Assembled Vial Kits: 8mm/425 Screw-Thread, Unmarked Vials, Septa, and Caps
Caps attached to vials.

DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
Clear Vial, Black Cap, Red PTFE/Silicone Septa, 0.045"** 24630 $31 24631 $280
Amber Vial, Black Cap, Red PTFE/Silicone Septa, 0.045"** 24632 $33 24633 $298
Clear Vial, Black Cap, Red PTFE/Silicone Septa, 0.065"† 24634 $31 24635 $280
Amber Vial, Black Cap, Red PTFE/Silicone Septa, 0.065"† 24636 $33 24637 $298

8mm/425 Thread Polypropylene Caps for 8mm Screw-Thread Vials

DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
Black, Open-Hole Cap 21176 $4.50 21177 $39

please note
All vials undeactivated unless
otherwise noted.

cross-reference
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8mm & 10mm (2mL) Screw-Thread Vials

Limited Volume Insert

Limited Volume Vial

Screw-Thread Vials, 12 x 32mm, 10mm/425 Thread,  Big Mouth Step™ Design
• 40% larger opening than other vials.
• Step™ profile automatically centers glass flange limited volume inserts.
• Pre-assembled caps with septa, with or without vials.
• Designed for Waters™ and Alliance™ autosamplers.

Restek’s Big Mouth Step™ Vial System has larger ID than conventional vials and incorporates a neck fin-
ish that is uniquely designed to allow the insert to be precisely aligned in the center of the vial. This pre-
cise alignment provides maximum sample withdrawal and eliminates any chance of missed injections. All
vials with the large opening are designed with the Step™ Vial System.

MMaannuuffaaccttuurreerr IInnssttrruummeenntt//MMooddeell  ##
Alcott 738
Alltech 570
Altex
ASC
Beckman 501, 502, 507
L.E.A.P. Technologies CTC A200S
Shimadzu SIL-10A, 10Ai, 10AxL
Varian 8100/8200
Waters Alliance 2690

Big Mouth Step™ Screw-Thread Vials (12 x 32mm, 10mm/425 Thread)
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
2.0mL Clear Step™ Vial, White Graduated Marking Spot** 24626 $16 24627 $136
2.0mL Amber Step™ Vial, White Graduated Marking Spot** 24628 $17 24629 $145

*Amber glass/clear plastic available on request (1000 packs only).
**1000 packs of mixed colored graduated marking spots available on request (blue, green, rust, and yellow).

Septa for 8mm Screw-Thread Vials
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
8mm x 0.045" Red PTFE/Silicone 21178 $13 21179 $103
8mm x 0.065" Red PTFE/White Silicone 21795 $15 21147 $115

Limited Volume Vials (12 x 32mm, 8mm/425 Thread)
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
100µL Polypropylene 24623 $16 24624 $126
100µL Glass Insert/Clear Plastic Vial* 24625 $152 — —

Instrument Cross Reference for 10mm/425 Screw-Thread Vials

10mm Pre-Assembled Big Mouth Step™ Vial Kits (w/Black Cap)
Caps attached to vials.
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
2.0mL Clear Vial, PTFE/Silicone/Red PTFE Septa, 0.040" 24675 $46 24676 $416
2.0mL Clear Vial, Red PTFE/Silicone Septa, 0.065" 24642 $46 24643 $416
2.0mL Amber Vial, Red PTFE/Silicone Septa, 0.065" 24644 $46 24645 $416

Limited Volume Inserts for 8mm/425 Screw-Thread Vials

DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
100µL Glass w/ Polypropylene Bottom Spring 24508 $41 21775 $368
250µL Glass, Flat Bottom — — 24510 $89
100µL Polypropylene, No Spring 24511 $14 — —
100µL Polypropylene, Bottom Spring 24512 $19 — —

cross-reference
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10mm (2mL) Screw-Thread Vials;  WISP™ 48 Style (4mL) Vials

Caps, Septa, and Limited Volume Inserts for Big Mouth Screw-Thread Vials, 2.0mL,
10mm/425 Thread, Step™ Design

Crimp-Top Vials, 4.0mL, WISP™ 48 Style, 15 x 45mm Snap Seal™

10mm Caps and Septa
DDeessccrriippttiioonn 11000000--ppkk..
Caps w/Septa, Pre-Assembled, Red PTFE/White Silicone, 0.060" 24677 $191
Septa Only, Red PTFE/Silicone/Red PTFE, 0.040" 24682 $170
Septa Only, Red PTFE/White Silicone, 0.060" 21148 $141

Limited Volume Inserts*
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
250µL Glass, Big Mouth Insert w/ Bottom Spring 21776 $72 21777 $660
350µL Glass, Flat Bottom Insert 21780 $17 24517 $105
250µL Glass, Big Mouth Insert w/ Glass Flange (Step™ Design) 24516 $63 21779 $514

13mm Aluminum Seals w/Septa
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
Silver, PTFE/Natural Rubber 21753 $27 21754 $252

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
13mm Crimper ea. 21739 $168
13mm Decapper ea. 21740 $168

13mm Crimper and Decapper

*Polypropylene inserts available on request (1000 packs only).

For other crimpers/decappers,
refer to our general catalog.

WISP™ 48 Crimp-Top Vial (15 x 45mm Snap Seal™ Vial, 13mm Crimp-Top)
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
4.0mL Clear Vial, White Graduated Marking Spot 24658 $15 24659 $145

Glass Limited Volume
Insert with Polypropylene

Bottom Spring

WISP™ 48 Style Crimp-Top
Vials
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WISP™ 48 Style (4mL) and 96 Style (1mL) Vials

Screw-Thread Vials, 4.0mL, WISP™ 48 Style, 13mm/425 Screw-Thread, Step™

4.0mL Clear Step™ Vial

Shell Vials, 1.0mL, WISP™ 96 Style, 8 x 40mm

MMaannuuffaaccttuurreerr IInnssttrruummeenntt//MMooddeell  ##
Bruker LC 51
Hitachi L-7200, L7250
Phillips LC-XP
Shimadzu AOC-14/1400, AOC-17, SIL-2AS

MMaannuuffaaccttuurreerr IInnssttrruummeenntt//MMooddeell  ##
TosoHaas TSK-6080, AS-8010, AS-8020
Unicam LC-XP
Waters 48-pos. M700, 710, 717+

MMaannuuffaaccttuurreerr IInnssttrruummeenntt//MMooddeell  ##
Hitachi L-7200
Waters 96-position M-700, 710, 717+

Limited Volume Inserts**
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
500µL, Glass, WISP™, Flat Bottom*** 21787 $13 21788 $102

*Colored graduated marking spots available on request in blue, green, rust, and yellow (1000 packs only).
**Polypropylene inserts available on request (1000 packs only).
***Also fit 4.0mL Snap Seal™ Vials (page 91).

Limited Volume Inserts for Shell Vials
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
250µL Glass, Big Mouth Insert w/ Bottom Spring 21776 $72 21777 $660

Caps and Septa
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
Top Hat™, PTFE/Silicone Septa 21745 $29 21746 $255
Pre-Assembled, Red PTFE/Silicone, 0.065" 21743 $25 21744 $216
Caps, Black, Polypropylene, Open-Hole 21741 $4.50 21742 $38
Septa, Red PTFE/Silicone, 0.040" 21751 $21 21752 $180
Septa, Red PTFE/Silicone, 0.060" 21749 $15 21750 $140

Instrument Cross-Reference for WISP™ 48 Style Vials

Instrument Cross-Reference for WISP™ 96 Style Vials

Crimp-Top WISP™ 96 Style Vials, 8 x 40mm
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
1.0mL Clear Flat Bottom Vials 24687 $26 24688 $250

8mm Aluminum Seals
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
8mm Silver Seal, PTFE/Silicone 24689 $22 24690 $210

WISP™ 96 Style, 8 x 40mm Shell Vials
DDeessccrriippttiioonn 220000--ppkk.. 11000000--ppkk..
1.0mL Clear Vial 24662 $15 24663 $65
1.0mL Amber Vial 24664 $17 24665 $85
1.0mL Polypropylene Vial 24678 $14 24679 $69
700µL Limited Volume Polypropylene Vial 24680 $19 24681 $87

WISP™ 48 Style Screw-Thread Step™ Vials (15 x 45mm, 13/425 Screw-Thread)
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
4.0mL Clear Step™ Vial, White Grad. Marking Spot* 24654 $29 24655 $155
4.0mL Amber Step™ Vial, White Grad. Marking Spot* 24656 $33 24657 $176

8mm Starburst (Snap) Plugs
DDeessccrriippttiioonn 220000--ppkk.. 11000000--ppkk..
Snap Plug, Clear Polyethylene 21769 $7 21770 $28
Snap Plug, Conical, Clear Polyethylene 21771 $9 21772 $38
Snap Plug, Silicone Lined, Clear Polyethylene 21773 $33 21774 $138

cross-reference

cross-reference
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HPLC Syringes

Syringes for Waters™ U6K Valves
• Reinforced plungers.
• Removable needles.
• Replaceable plunger/barrel assemblies.
• Barrel stop prevents plunger blowout.

Hamilton Syringes

SGE Syringes

Replacement Needles for Syringes for Waters™ U6K Valves

Needles for Hamilton Syringes

SSyyrriinnggee NNeeeeddllee NNeeeeddllee PPooiinntt HHaammiillttoonn RReesstteekk
VVoolluummee GGaauuggee LLeennggtthh SSttyyllee ccaatt..## qqttyy.. ccaatt..## pprriiccee
10-100µL 25s 1.97" 3 8647-01 6-pk. 21270 $30

250µL-10mL 25s 1.97" 3 8648-01 6-pk. 21271 $30

*Removable needle with repeating adapter.

Needles for SGE Syringes*

SSyyrriinnggee NNeeeeddllee NNeeeeddllee PPooiinntt SSGGEE RReesstteekk
VVoolluummee GGaauuggee LLeennggtthh SSttyyllee ccaatt..## qqttyy.. ccaatt..## pprriiccee

10µL 25 — — 037260 5-pk. 24878 $15
25-500µL 25 50mm 3 038260 5-pk. 24879 $15

Needle Point Style

PPooiinntt  SSttyyllee  33:: 90-degree needle point, for use with HPLC injection valves
and for sample pipetting.

VVoolluummee NNeeeeddllee NNeeeeddllee NNeeeeddllee PPooiinntt HHaammiillttoonn RReesstteekk
TTeerrmm.. GGaauuggee LLeennggtthh SSttyyllee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

10µL RN 25s 1.97" 3 801 84815 ea. 21255 $74.75
25µL RN 25s 1.97" 3 802 84816 ea. 21256 $74.75
50µL RN 25s 1.97" 3 805 84817 ea. 21257 $79.25

100µL RN 25s 1.97" 3 810 84818 ea. 21258 $81.50
250µL RN 25s 1.97" 3 825 84819 ea. 21259 $91.50

VVoolluummee NNeeeeddllee NNeeeeddllee NNeeeeddllee PPooiinntt SSGGEE RReesstteekk
TTeerrmm.. GGaauuggee LLeennggtthh SSttyyllee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL R 25 50mm 3 25R-WLC-RA8 003375 ea. 24873 $67.20
50µL R 25 50mm 3 50R-WLC-RA8 004375 ea. 24874 $73.90

100µL R 25 50mm 3 100R-WLC-RA8 005375 ea. 24875 $73.90
250µL R 25 50mm 3 250R-WLC-RA8 006375 ea. 24876 $70.50
500µL R 25 50mm 3 500R-WLC-RA8 007375 ea. 24877 $80.60

GGuuiiddee  ttoo  NNeeeeddllee  CCooddeess

HHaammiillttoonn::
(N) Cemented Needle
(RN) Removable Needle
(ASN) Autosampler  

Cemented Needle
(ASRN) Autosampler 

Removable Needle
(TLL) Teflon® Luer Lock
(KH) Knurled Hub
(LT) Luer Tip
(LTN) Luer Tip Cemented 

Needle

SSGGEE::
(F) Fixed Needle
(R) Removable Needle
(LL) Luer Lock
(LT) Luer Tip

We stock many more models of Hamilton and SGE syringes 
— see our general catalog, or visit our website!
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HPLC Syringes94

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Syringes for Agilent 1090 & 1100 LC Autosamplers

SGE Syringes

Syringes for Hitachi LC Autosamplers

SGE Syringes
SSGGEE RReesstteekk

VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
500µL 500C-HITACH1 007660 ea. 22292 $117.50

Syringes for PerkinElmer LC Autosamplers

SGE Syringes
SSGGEE RReesstteekk

VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
50µL 50D-CX-GT 004995 ea. 22295 $62.20
100µL 100D-CX-GT 005990 ea. 22296 $62.20
250µL 250D-CX-GT 006995 ea. 22297 $62.20
500µL 500D-CX-GT 007995 ea. 22298 $62.20
1mL 1MD-C-GT 008185 ea. 22299 $53.90

Syringes for Waters™ WISP® LC Autosamplers

SGE Syringes

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
25µL 25D-WISP 003990 ea. 22293 $103.30
250µL 250D-WISP 006690 ea. 22294 $94

SSGGEE RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
25µL 25D-HP1090-GT 003670 ea. 22290 $64.50
250µL 250D-HP1090-GT 006670 ea. 22291 $53.70

Hamilton Syringes
• Teflon® PTFE-tipped plungers

HHaammiillttoonn RReesstteekk
VVoolluummee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

25µL 1702 80020 ea. 24528 $113.70
250µL 1725 80024 ea. 24529 $108.50

new!

new!

new!

new!

new!

We stock many more models of Hamilton and SGE syringes 
— see our general catalog, or visit our website!

25µL, 1/4-32 UNEF Thread

500µL, M10 X1 Thread

250µL, 1/4-28 UNF Thread

250µL, 1/4-28 UNF Thread
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Introduction
There is an immense range of analytes and matrices present in food, flavor, and
fragrance systems, and many governing organizations have developed require-
ments for their testing. The Nutritional Labeling and Education Act (NLEA)
of 1990 requires that labels containing information about nutritional content
be placed on nearly all processed foods. The food analyst is called upon to pro-
vide the analytical data for these labels. Testing of the packaging materials or a
chemical shelf-life study may be requested for a product. In addition, the food
and flavor chemist might need to test the quality of incoming raw materials,
determine the flavor profile of a product or ingredient, or quantify trace-level
nutrients.

The Association of Official Analytical Chemists (AOAC) International has
published many methods for the analysis of foods, broken out by analyte and
matrix type. Chromatographic techniques are used in a number of these pro-
cedures. Other organizations, such as AOCS (American Oil Chemists Society)
and AACC (American Association of Cereal Chemists) also have published
chromatographic methods for food and ingredient testing. Because of the
complexity of many food, flavor, and fragrance matrices, some type of separa-
tion or isolation technique may be needed to ensure accurate results. For
example, in the analysis of flavors and fragrances, hundreds of volatile species
can contribute to an aroma or flavor. Gas and liquid chromatography (GC and
HPLC) are powerful techniques that can greatly reduce the amount of sample
preparation needed, as well as provide additional selectivity. By separating the
compound(s) of interest from the sample matrix, accurate identification and
quantitation becomes much more likely.

GC often is used in the analysis of flavor and fragrance compounds, lipids, and
preservatives. To analyze a compound by GC, the compound must be volatile
and thermally stable; however, a compound can be derivatized to increase its
volatility. The original methods used to analyze foods and flavors were devel-
oped for packed GC columns, although capillary columns have surpassed
these in popularity. Detectors such as the flame ionization detector (FID) and
thermal conductivity detector (TCD) are popular in food analysis. In addition,
a GC with a mass spectral detector (MSD) is a powerful tool in the analysis of
complex flavor and fragrance samples.

HPLC is used in the analysis of carbohydrates, organic acids, preservatives, and
some flavor compounds. HPLC offers a wide variety of column types and
mobile phases, making this technique applicable to many compound types.
Reversed phase, normal phase, ion exchange, size exclusion, and bioaffinity
separation techniques are all useful in food, flavor, and fragrance analysis.
Detectors used in HPLC include UV-visible, refractive index, fluorescence,
conductivity, and mass spectrometers, depending on the application.

This guide shows example foods, flavors, and fragrances analyses obtained by
using Restek GC and HPLC columns. Many additional examples, and much
information, can be attained from the reference publications, from our gener-
al catalog, and from our website.
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Marketing Manager

Becky has more than 14 years experience in HPLC & GC. 
Prior to joining Restek as the Foods, Flavors, & Fragrances
Innovations Manager, she supervised the chromatography labs 
at The Pillsbury Company and Ecolab, Inc. Becky has a Ph.D. 
in Analytical Chemistry from Purdue University and a B.A. in
Chemistry from Gustavus Adolphus College (Minnesota). 
If you have any questions or comments about food, flavor, 
or fragrance analyses, please contact Becky by e-mail at
becky.wittrig@restekcorp.com or by phone at 
800-356-1688 or 814-353-1300, ext. 2347.

Restek Trademarks:
Allure, Alumaseal, CarboBlack, Crossbond, Cyclosplitter, FAME-
WAX, FastPack, IceBlue, InfraRed, Integra-Guard, MXT, Pinnacle,
Pinnacle II, Plus 1, Precision, Rt-ßDEXcst, Rt-ßDEXm, Rt-ßDEXsa,
Rt-ßDEXse, Rt-ßDEXsm, Rt-ßDEXsp, Rt-CW20M, Rt-γDEXsa, Rtx,
Silcoport, SilcoSleeve, SilcoSmooth, Silcosteel, Silcote, Siltek,
Stabilwax, Thermolite, Trident, Turning Visions Into Reality,
Uniliner, XTI

Other Trademarks:
Agilent HP (Agilent Technologies, Inc.), Mylar, Teflon, Tefzel,
Vespel, Viton (E.I. du Pont de Nemours & Co., Inc.), Ultra
(Hewlett-Packard Corp.), Hypersil (Hypersil, Life Sciences Intl.
Co.), DB (J&W Scientific), Chromosorb (Manville Corp.), Bentone
(National Lead Co. Baroid Sales Div.), OV (Ohio Valley Specialty
Chemical Co.), Parker A-Lok (Parker Instrumentation Division),
NUKOL, PTE, SP, SPB,  SUPELCOWAX, VOCOL (Sigma-Aldrich Co.),
Carbowax (Union Carbide Corp.), Upchurch (Upchurch Scientific),
Valco (Valco Instruments Co, Inc.), PEEK (Victrex plc), Clean-Cut,
Opti-Cap (Jour Research), TRACE (Thermo Electron Corp.), LO-
Pulse (Scientific Systems, Inc.), Swagelok (Swagelok Company),
Rheodyne (Rheodyne LP), BalanceBank, BenchBooster, LCLocker,
Mini pHPerch, TopLoader (TrippNT, Inc.), Waters (Waters
Associates, Inc.)

List is accurate to the best of our knowledge at the time of print-
ing. Consult individual manufacturers or other sources for specific
information.



Fatty Acids (Free) GC
Rtx®-200

Fatty Acids (Free) GC
Stabilwax®-DA
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Fats & Oils

GC_FF00653

Stabilwax®-DA 30m, 0.32mm ID, 0.25µm (cat.# 11024)
Sample: 1.0µL FFA Mix
Solvent: water
Conc.: 5mg/mL in methanol
Inj.: splitless/250°C
Splitless hold time: 0.25min.
Carrier gas: hydrogen (constant flow mode)
Flow rate: 6.0mL/min. 
Split flow: 75mL/min.
Det.: FID/250°C
Inlet liner: laminar cup splitter 
Oven temp.: 40°C to 250°C @ 

10°C/min. (hold 15 min.)

PPeeaakk  LLiisstt::
1. butyric acid C4:0
2. caproic acid C6:0
3. caprylic acid C8:0
4. capric acid C10:0
5. lauric acid C12:0
6. myristic acid C14:0
7. palmitic acid C16:0
8. stearic acid C18:0
9. oleic acid C18:1

10. linoleic acid C18:2
11. linolenic acid C18:3
12. arachidic acid C20:0
13. behenic acid C22:0

1

2

3
4

5

6
7 8

9

min. 1 2 3 4
GC_CH00282

30m, 0.25mm ID, 0.25µm Rtx®-200 (cat.# 15023)
Sample: 0.8µL split injection of a free 

fatty acid standard.
Conc.: approximately 10 to 20ng/µL.

Oven temp.: 90°C
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. 

(flow rate: 1.4cc/min.)
FID sensitivity: 4 x 10-11 AFS
Split vent: 40cc/min.

PPeeaakk  LLiisstt::
1. acetic acid
2. propionic acid
3. isobutyric acid
4. n-butyric acid
5. isovaleric acid
6. n-valeric acid
7. isocaproic acid
8. caproic acid
9. heptanoic acid

Analyzing Fats & Oils 
In foods, fats serve several functions—providing
flavor, texture, and serving as a source of essential
fatty acids and fat-soluble vitamins. Lipids are sub-
stances in foods that are soluble in a non-polar sol-
vent, such as hexane, benzene, or chloroform/
methanol. They include compounds such as glyc-
erides, free fatty acids, phospholipids, glycolipids,
terpenes, sterols, and waxes. Lipids can be divided
into three general groups: 1) simple lipids, which
include fats and waxes; 2) compound lipids, which
include phospholipids and glycolipids; and 3)
derived lipids, which include fatty acids, alcohols,
and sterols. Over 90% of the lipids found in food
are present as triglycerides–esters of fatty acids and
glycerol.

Free Fatty Acids
Free fatty acid molecules consist of carbon chains of
varying lengths with an acidic group (-COOH) at
one end of the molecule. Fatty acids with chain
lengths of 2–20 carbon atoms account for up to
10% of the lipid content in food. In general, these
fatty acids are straight chain molecules, either fully
hydrogenated or with some degree of unsaturation
(i.e., double bonds). Because free fatty acids are
adsorptive and the longer chain acids lack volatility,
analysis of these compounds can be difficult. The
acids can be converted to methyl esters and analyzed
by GC, but the additional sample preparation
required to do this increases time and cost. The
analysis of free fatty acids without derivatization can
be accomplished using a Stabilwax®-DA column, a
bonded Carbowax® column specifically deactivated
for acidic compounds. To minimize loss from dis-
crimination in the injection port, direct injection is
recommended, although splitless injections can be
used. For additional examples of organic acid analy-
sis, see pages 14-15.

for more info
Request Applications Note GGCC  AAnnaallyyssiiss  ooff  FFrreeee  FFaattttyy  AAcciiddss  oonn
SSttaabbiillwwaaxx®®--DDAA  CCoolluummnnss (cat.# 59155B).

AAllssoo  sseeee  ppaaggee  1155!!



Triglycerides GC
Rtx®-65TG
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Triglycerides 
Triglycerides are naturally-occurring esters of fatty acids and glycerol, and the main component (90-95%) of dietary lipids. Mono-
and diglycerides also are esters, but contain one or two fatty acid groups, respectively. Triglycerides are classified according to the
nature of their esterified fatty acids. The fatty acid groups in the triglyceride molecule can be classified as saturated or fully hydro-
genated (e.g., C14:0), or unsaturated (e.g., C18:1 or C18:2).

In general, capillary GC columns are the preferred tool for triglyceride analyses, providing shorter analyses times, higher efficiency,
and better quantitation than packed column GC, HPLC, or supercritical fluid chromatography (SFC). Sample preparation is mini-
mal, involving liquefying the sample before diluting with a solvent such as dichloromethane or isooctane. Additional sample prepa-
ration is necessary if mono- and diglycerides and free fatty acids are present in significant amounts. Because these compounds have
relatively high molecular weights and polarities that increase with the degree of unsaturation, high oven temperatures are necessary.
An Rtx®-65TG (65% phenyl/35% methyl polysiloxane) column is able to resolve triglycerides according to degree of unsaturation,
as well as according to carbon number. The extended thermal stability of this column allows the use of a high oven temperature,
yielding short analyses times. In addition, the advanced deactivation techniques used to prepare Rtx®-65TG columns result in lower
bleed and longer column lifetimes than for traditional columns.

For more information, request Applications Note GC Analysis of Triglycerides (cat.# 59580A).

for more info
Restek offers an extensive line of GC and HPLC columns, accessories, and replacement parts. Call to
request one of these catalogs for a full listing of products or visit us on the web at www.restek.com

PPeeaakk  LLiisstt::
1. POP 
2. PLP
3. POO
4. PLO
5. PLL
6. OOO
7. OLO
8. OOL
9. LLL

a) canola oil b) corn oil c) olive oil

min. 4 8

4

5

6

7

8

9

1
2 3

6

4

5
8

7
7

9

1

2

3

4
6

7

8

GC_FF00136

15m, 0.25mm ID, 0.10µm Rtx®-65TG (cat.# 17005)
0.8µL split injection of triglycerides.

Oven temp.:
a)  355°C (hold 1 min.) to 365°C @ 1°C/min.
b)  350°C (hold 0.5 min.) to 365°C @ 1°C/min.
c)  350°C (hold 1 min.) to 365°C @ 0.5°C/min.

Inj. & det. temp.: 365°C
Carrier gas: hydrogen
Linear velocity: 50cm/sec.
FID sensitivity: 8 x 10-11 AFS
Split ratio: 40:1

min. 4 8 min. 4 8

HPLC Products
Lit. Cat. #59241B

2005 General Catalog
Lit. Cat. #59065

Agilent GC Replacement
Parts, Lit. Cat. #59627E



FAMEs (Cocoa Butter) GC
Stabilwax®

FAMEs (Marine Oil) GC
FAMEWAX™
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Fats & Oils

Fatty acid methyl esters (FAMEs)
FAMEs analysis is important in fats and oils charac-
terization and in the determination of total fat con-
tent in foods. To prepare the methyl esters, fats are
extracted from matrices using non-polar solvents,
and saponified to produce free fatty acids. After
derivatization to the methyl esters, molecules have
increased volatility and decreased activity, which
permits more accurate quantitation by GC.

Capillary columns with polyethylene glycol (PEG)
or Carbowax® stationary phases are used to ana-
lyze saturated and unsaturated FAMEs. For the res-
olution of the cis and trans isomers, bis-
cyanopropyl phases typically are used. Stabilwax®
and Rtx®-Wax columns provide excellent resolu-
tion of FAMEs derived from both plant and animal
sources. FAMEWAX® columns offer excellent reso-
lution of polyunsaturated FAMEs with significant-
ly reduced analyses times, compared to traditional
Carbowax® stationary phases. Individual cis and
trans isomers are resolved on an Rt-2560 column,
making it the column of choice for analyzing par-
tially hydrogenated fats.

GC_FF00568

PPeeaakk  LLiisstt::
1. C14:0
2. C15:0
3. C16:0
4. C16:1
5. C16:2
6. C17:0
7. C17:1
8. C16:4
9. C18:0

10. C18:1 (oleate)
11. C18:1 (vaccenate)
12. C18:2n6cis
13. C18:3n3
14. C18:4n6

15.C18:4n3
16. C20:0
17. C20:1n7
18. C20:1n9
19. C20:4n6
20. C20:4n3
21. C20:5n3
22. C22:1n7
23. C21:5n3
24. C23:0 (IS)
25. C22:5n6
26. C22:5n3
27. C22:6n3
28. C24:1

FAMEWAX™ 30m, 0.32mm ID, 0.25µm (cat.# 12498)
Sample: 12mg/mL total FAMEs
Inj.: 0.5µL, split (150:1), 3mm ID split liner for Trace Series GCs, 

packed with glass wool (cat.# 20936-202.1)
Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow
Linear velocity: 62cm/sec.
Oven temp.: 195°C to 240°C @ 5°C/min. (hold 1 min.)
Det.: FID, 250°C

restek innovation!
FAST analysis of marine oil FAMEs!

30m, 0.25mm ID, 0.25µm Stabilwax®

(cat.# 10623)
1.0µL split injection of a FAME reference
standard for cocoa butter.
Oven temp.: 200°C to 250°C @ 8°C/min. 

(hold 3 min.)
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 31.4cm/sec. set @ 200°C
FID sensitivity: 8 x 10-11 AFS
Split ratio: 45:1

PPeeaakk  LLiisstt::
1. C14:0
2. C16:0
3. C16:1n7
4. C17:0
5. C18:0
6. C18:1n9

7. C18:2n6
8. C18:3n3
9. C20:0

10. C20:1n9
11. C22:0

GC_FF00120

1

3

2 6

7

5

9

10
114

min. 2 4 6 8

8

ordering note
To order one of the columns highlighted on ppaaggeess  11  tthhrroouugghh  77,
please see the following pages:

FAMEWAX™ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33

Rtx®-65TG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32

Rtx®-200  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35

Rtx®-2560  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36

Rtx®-Wax  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33

Stabilwax®  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34

Stabilwax®-DA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34

min.

for more info
Request Applications Note AAnnaallyyzziinngg  FFaattttyy  AAcciidd  MMeetthhyyll  EEsstteerrss
(cat.# 59584A).



FAMEs (cis/trans isomers) GC
Rtx®-Wax

FAMEs (cis/trans isomers) GC
Rt-2560
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did you know?
Our Technical Service Department is staffed with more than 35 experienced chemists on rotating shifts from various departments. Whether your chromatography problem
is simple or complex, call Restek’s Technical Service Team at 1-800-356-1688 (ext. 4), or your Restek representative, and we will do everything we can to help you find a
solution.

5,6

60m, 0.25mm ID, 0.25µm Rtx®-Wax (cat.#12426)
On-column conc.: 40–75ng.
Oven temp.: 165°C to 250°C @ 2°C/min. 
Inj./det. temp.: 220°C/250°C
Carrier gas: helium
Linear velocity: 20cm/sec. set @ 165°C
Split ratio: 50:1

1

3

2

4

7

8

9

10

12

11

13

14

PPeeaakk  LLiisstt::
1. C14:0
2. C14:1n5 cis
3. C14:1n5 trans
4. C16:0
5. C16:1n7 cis
6. C16:1n7 trans
7. C18:0
8. C18:1 cis isomers 

(n12, n9, n7)

9. C18:1 trans isomers
(n12, n9, n7)

10. C18:2n6 cis
11. C18:2n6 trans
12. C20:0
13. C20:1n9 cis
14. C20:1n9 trans

min. 15 20 25 30 35

GC_FF00121

GC_FF00652

Rt-2560, 100m, 0.25mm ID, 0.2µm (cat.# 13199)
Sample: cis/trans FAME Mix (cat.# 35079), 10mg/mL total FAMEs in methylene chloride 
Inj.: 1.0µL split (split ratio 20:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas:  hydrogen, constant flow  
Flow rate: 1.2mL/min.
Oven temp.: 100°C (4 min. hold)

to 240°C @ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

CCoommppoouunndd %%  iinn  MMiixx
1. C18:0 methyl stearate 20.0
2. C18:1 methyl petroselaidate (trans-6) 8.0
3. C18:1 methyl elaidate (trans-9) 10.0
4. C18:1 methyl transvaccenate (trans-11) 12.0
5. C18:1 methyl petroselinate (cis-6) 8.0
6. C18:1 methyl oleate (cis-9) 10.0
7. C18:1 methyl vaccenate (cis-11) 12.0
8. C18:2 methyl linoleate (cis-9,12) 20.0

min.



FAMEs (Saw Palmetto) GC
Rtx®-Wax

FAMEs (NLEA) GC
Rt-2560
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Fats & Oils

The Institute for Nutraceutical Advancement
(INA) has published a method for the analysis of
the fatty acid content in saw palmetto by GC. The
analysis is performed after the triglycerides are
transesterified and converted to their methyl
esters. An Rtx®-Wax column provides the effi-
ciency and selectivity needed to perform this
analysis, allowing accurate identification of the
FAMEs present.

   

Column: Rt-2560 100m, 0.25mm ID, 0.20µm 
(cat.# 13199)

Sample: NLEA FAME Mix (cat.# 35078), 
30mg/mL total FAMEs in methylene chloride 

Inj.: 1.0µL split (split ratio 100:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas:  hydrogen, constant flow  
Flow rate: 1.2 mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C @ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

PPeeaakk  LLiisstt::
1. C4:0  methyl butyrate
2. C6:0  methyl hexanoate
3. C8:0  methyl octanoate
4. C10:0  methyl decanoate
5. C11:0  methyl undecanoate
6. C12:0  methyl laurate
7. C13:0  methyl tridecanoate
8. C14:0  methyl myristate
9. C14:1  methyl myristoleate (cis-9)

10. C15:0  methyl pentadecanoate
11. C16:0  methyl palmitate
12. C16:1  methyl palmitoleate (cis-9)
13. C17:0  methyl heptadecanoate
14. C18:0  methyl stearate
15. C18:1  methyl elaidate (trans-9)
16. C18:1  methyl oleate (cis-9)
17. C18:2  methyl linoelaidate (trans-9,12)
18. C18:2  methyl linoleate (cis-9,12)
19. C20:0  methyl arachidate
20. C20:1  methyl eicosenoate (cis-11)
21. C18:3  methyl linolenate (cis-9,12,15)
22. C22:0  methyl behenate
23. C22:1  methyl erucate (cis-13)
24. C23:0  methyl tricosanoate
25. C24:0  methyl lignocerate
26. C20:5  methyl eicosapentaenoate (cis-5,8,11,14,17)
27. C24:1  methyl nervonate (cis-15)
28. C22:6  methyl docosahexaenoate (cis-4,7,10,13,16,19)

GC_FF00651

GC_FF00538

30m, 0.25mm, 0.25µm Rtx®-Wax (cat.# 12423)
1µL split injection of saw palmetto standard
Conc.: see peak list
Oven temp.: 120°C (hold 3 min.) to 220°C at 20°C/min. (hold 12 min.)
Inj./det. temp.: 250°C/300°C
Carrier gas: helium
Linear velocity: 1mL/min. (34 cm/sec.)
Split ratio: 100:1

PPeeaakk  LLiisstt CCoonncc..  ((mmgg//mmLL))
1. methyl caproate (C6:0) 0.4
2. methyl caprylate (C8:0) 0.4
3. methyl nonanoate (C9:0) 2.0
4. methyl caprate (C10:0) 0.4
5. methyl laurate (C12:0) 5.0
6. methyl myristate (C14:0) 2.0
7. methyl palmitate (C16:0) 2.0
8. methyl palmitoleate (C16:1) 0.4
9. methyl stearate (C18:0) 0.4

10. methyl oleate (C18:1) 5.0
11. methyl linoleate (C18:2) 1.0
12. methyl linolenate (C18:3) 0.4

dependable
execution
The Rt-2560 column resolves
cis & trans FAMEs as required
by AOAC Method 996.06

for more info
Request Applications Note TThhee  IInnssttiittuuttee  ffoorr  NNuuttrraacceeuuttiiccaall
AAddvvaanncceemmeenntt  ((IINNAA))  VVaalliiddaatteess  GGCC  MMeetthhooddss  ffoorr  SSaaww  PPaallmmeettttoo
UUssiinngg  RRttxx®®--55  aanndd  SSttaabbiillwwaaxx®® CCoolluummnnss (cat.# 59136).



FAMEs GC
FAMEWAX™
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Essential fatty acids
Essential fatty acids (EFAs) are polyunsaturated
fatty acids (PUFAs) that the body needs to perform
important functions, including: determining
membrane fluidity, reactivity, oxidation rate, and
energy production, maintaining body temperature,
insulating nerves, and cushioning body tissue.
However, the body cannot produce EFAs, they
must be obtained through the diet. Two important
families of EFAs are the Omega-3 (n-3) series and
the Omega-6 (n-6) series. The Omega-3 series
includes α-linolenic acid, eicosapentaenoic acid,
and docosahexaenoic acid. The Omega-6 series
includes linoleic acid, γ-linolenic acid, dihom-
mogamma-linolenic acid, and arachidonic acid.

A FAMEWAX™ column has excellent selectivity for
EFAs. The PEG stationary phase used in the FAME-
WAX™ will resolve the Omega-3 and Omega-6
fatty acids, and the isomers of linolenic acid
(C18:3n3 and C18:3n6). The samples are saponi-
fied and esterified to form their FAMEs before
injection. Accurate determinations of the fatty acid
profiles of oils, such as flax seed oil and evening
primrose oil, also are possible with this column.

Evening Primrose Oil

1

2

3

4

5

min. 20 40
GC_FF00363

Flax Seed Oil

min. 20 40

1

2

3

4

6

PPeeaakk  LLiisstt::
1. C16:0
2. C18:0
3. C18:1n9
4. C18:2n6
5. C18:3n6
6. C18:3n3

GC_FF00364

Black Currant Seed Oil

min. 20 40

1

2

3

4

5

6

GC_FF00365

Borage Seed Oil

30m, 0.25mm ID, 0.25µm FAMEWAX™

(cat.# 12497).
Oven temp.: 165°C (hold 30 min.) 

to 220°C @
1.5°C/min. 
(hold 15 min.) 

Inj. temp.: 225°C
Det. temp.: 230°C
Carrier gas: helium @ 40cm/sec.

min. 20 40

1

2

3

4

5

GC_FF00366

for more info
Request Applications Note DDeetteerrmmiinnaattiioonn  ooff  OOmmeeggaa--33  aanndd
OOmmeeggaa--66  FFaattttyy  AAcciidd  CCoommppoossiittiioonn  iinn  EEvveenniinngg  PPrriimmrroossee  OOiill,,  FFllaaxx
SSeeeedd  OOiill,,  aanndd  BBoorraaggee  OOiill (cat.# 59128).

Julie Kowalski
Innovation Chemist



Sterols GC
XTI®-5

Sterols (Cholesterol) GC
XTI®-5
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Fats & Oils

Cholesterol and Other Dietary Sterols
Cholesterol is a lipid with a completely different
structure than a fatty acid. Cholesterol is present
only in foods of animal origin. Because cholesterol
content must be included on nutritional label pan-
els, accurate quantitation is important for products
such as butter, eggs, and baked goods. Capillary GC
is recommended in AOAC Methods 970.51E and
976.26 for the determination of cholesterol con-
tent. Cholesterol, and other sterols, must be recov-
ered from the unsaponified fraction of an ether
extract. The sterols can be converted to the
trimethylsilyl (TMS) or butyl ester derivatives and
analyzed on an Rtx®-5 capillary column, or they
can be analyzed underivatized on a highly inert
XTI®-5 column. An XTI®-5 column offers low reac-
tivity and high thermal stability for accurate quan-
titation with very short analyses times. For more
complex mixtures of sterols, including
coprostanone and cholesterol, a more polar Rtx®-
225 column should be used (page 9).

also available
Custom lengths and film thicknesses are available. Call technical
service at 880000--335566--11668888  ((eexxtt..  44)), or contact your Restek repre-
sentative.

ordering note
To order one of the columns highlighted on ppaaggee  88  oorr  99, please see
the following pages:

Rtx®-5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Rtx®-225  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

XTI®-5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

min. 2 4 6 8 10

2

3

PPeeaakk  LLiisstt::
1. 5-α-cholestane
2. coprosterol
3. cholesterol

1

30m, 0.25mm ID, 0.50µm XTI®-5 (cat.# 12238)
1.0µL split injection, 250ng on-column
Oven temp.: 330°C
Inj. & det. temp.: 300°C
Carrier gas: helium
Linear velocity: 30cm/sec. set @ 40°C
FID sensitivity: 8 x 10-11 AFS
Split ratio: 100:1

GC_FF00132

min. 2 4 6 8 10

2

3

4

5

6

7

8

9

1

30m, 0.25mm ID, 0.50µm XTI®-5 (cat.# 12238)
1.0µL split injection.
On-column conc.:  250ng
Oven temp.: 330°C
Inj. & det. temp.: 300°C
Carrier gas: helium
Linear velocity: 30cm/sec. set @ 40°C
FID sensitivity: 8 x 10-11 AFS
Split ratio: 100:1

GC_FF00133

PPeeaakk  LLiisstt::
1. 5-α-cholestane
2. coprosterol
3. cholesterol
4. brassicasterol
5. ergosterol
6. campesterol
7. stigmasterol
8. β-sitosterol
9. lanosterol

for more info
Request Applications Note AAnnaallyyssiiss  ooff  CChhoolleesstteerrooll  aanndd  OOtthheerr
DDiieettaarryy  SStteerroollss (cat.# 59581).



Sterols (Cholesterol) GC
Rtx®-225
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15m, 0.25mm ID, 0.25µm Rtx®-225 (cat.# 14020)
1.5µL split injection of neutral sterols and phytosterols,
200ng on-column 

Oven temp.: 260°C
Inj. & det. temp.: 260°C
Carrier gas: helium 
Linear velocity: 45cm/sec. set @ 240°C
FID sensitivity: 8 x 10-11AFS
Split ratio: 30:1

min. 0 10

PPeeaakk  LLiisstt::
1. 5-α-cholestane
2. coprosterol
3. cholesterol
4. brassicasterol
5. coprostanone
6. campesterol
7. stigmasterol
8. β-sitosterol

2

3 4

5

7

8

1

6

GC_FF00431

PPeeaakk  LLiisstt::
1. cholesterol
2. brassicasterol
3. campesterol
4. stigmasterol
5. β-sitosterol

60m, 0.25mm ID, 0.25µm Rtx®-5 (cat.# 10226).
1µL splitless injection*
Oven temp.: 200°C (hold 1 min.) to 340°C @ 15°C/min. (hold 10 min.)
Inj./FID temp.: 345°C/355°C.

*Split injection may be used, but results can have greater variability. A split
flow of 112mL/min. is suggested.

1

2

3

4

5

min. 5 10
GC_FF00368

Chromatogram provided by the Institute for Nutraceutical Advancement (INA)

Phytosterols (Saw Palmetto) GC
Rtx®-5

In addition to the method for fatty acid content in
saw palmetto (page 6), the INA has published a
method for the determination of sterols in saw pal-
metto by GC. This assay can be applied to stigmas-
terol, campesterol, brassicasterol, and β-sitosterol
in saw palmetto fruit, oil extract, and blended pow-
ders. The sample is analyzed after hydrolysis,
saponification, and derivatization of the sterols.
For this assay, an Rtx®-5 column is used. This col-
umn features the thermal stability needed to pro-
vide accurate quantitation of the phytosterols
(340°C).

for more info
Request Applications Note TThhee  IInnssttiittuuttee  ffoorr  NNuuttrraacceeuuttiiccaall
AAddvvaanncceemmeenntt  ((IINNAA))  VVaalliiddaatteess  GGCC  MMeetthhooddss  ffoorr  SSaaww  PPaallmmeettttoo
UUssiinngg  RRttxx®®--55  aanndd  SSttaabbiillwwaaxx  CCoolluummnnss (cat.# 59136).



Sugars: Maple Flavored Syrup HPLC
Ultra Amino

Sugars Test Mix HPLC
Pinnacle II™ Amino (3µm)F
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Carbohydrates

Carbohydrates 
Carbohydrates are important constituents of food
and beverage products and include simple sugars,
oligosaccharides, sugar alcohols, and polysaccha-
rides. Sugar analysis is needed for the generation of
nutritional panels, as both the sugar content and
the total carbohydrate content must be included.
In addition, sugar alcohols are gaining popularity
in dietetic foods, and often must be monitored in
the presence of other sugars.

Simple sugars include mono- and disaccharides
such as fructose, glucose, sucrose, maltose, and lac-
tose. In foods and beverages, they provide sweet-
ness, texture, and color development. The per-
ceived sweetness of each sugar is different and is
evaluated on the basis of character, intensity, and
duration. Therefore, the ability to profile the indi-
vidual mono- and disaccharides is important to
food chemists. Methods exist for the quantitation
of individual sugar species, as well as for the deter-
mination of total sugar content.

An oligosaccharide is a polymer of 2–10 simple
sugars, including compounds such as lactose, malt-
ose, and maltotriose. A polysaccharide is defined as
a polymer of greater than 10 simple sugars, which
includes starches and gums. In food systems, they
serve as bulking agents, emulsifiers, stabilizers, free-
flowing agents, and water binders. The total starch
content in foods can be determined by enzymati-
cally digesting the starch, followed by the quantita-
tive measurement of the resulting glucose and
maltose.

LC_0159

min. 0 2 4 6 8 10 12 14

CCoolluummnn::  UUllttrraa  AAmmiinnoo
Cat. #: 9107365
Dimensions: 150 x 4.6mm
Particle size: 3µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: acetonitrile:water 

(75:25, v/v)
Flow: 0.8mL/min.
Temp.: 35°C
Det.: refractive index

PPeeaakk  LLiisstt::
1. fructose
2. glucose
3. sucrose

SSaammppllee::  
Inj.: 20µL
Conc.: 10% solution of maple syrup
Solvent: acetonitrile:water (70:30, v/v)

1

2
3

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

SSaammppllee::
Inj.:        5µL
Solvent:  mobile phase

LC_022323

CCoolluummnn:: PPiinnnnaaccllee  IIII™™ AAmmiinnoo
Cat. #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å

CCoonnddiittiioonnss::
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C



Sugar Alcohols (TMS derivatives) PACKED GC
3% Rt-101 on 100/120 Silcoport™
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Either GC or HPLC, depending on the needs of the
analyst and the equipment available, can be used to
analyze carbohydrates. Typically, greater sensitivity
is possible using GC techniques, although sample
preparation will become more involved. HPLC
analysis using an amino-based stationary phase is
the most popular technique for the routine analy-
sis of simple sugars. This analysis involves isocratic
elution (e.g., acetonitrile:water, 75:25) and a refrac-
tive index detector (RID). An Ultra Amino or
Pinnacle II™ Amino column can be used to sepa-
rate fructose, glucose, sucrose, maltose, and lactose.
Good resolution can be achieved in less than 15
minutes using a flow rate of 0.8mL/min. This
method is applicable to a wide range of food and
beverage matrices.

Because sensitivity can be limited when using a
refractive index detector, GC often is used for
trace-level analyses of simple sugars and sugar
alcohols after derivatization, which makes the
compounds more volatile and thermally stable.
Alditol acetate derivatives of sugars can be analyzed
using an Rtx®-225 capillary column, a
cyanopropyl-containing siloxane phase. The TMS
derivatives of simple sugars, complex sugars, and
sugar alcohols can be analyzed using a bonded
packed column, such as 3% Rt-101 on 100/120
Silcoport™ packing.

5

GC_FF00128

87

6
4

3

2
1

PPeeaakk  LLiisstt::
1. rhamnitol
2. fucitol
3. ribitol
4. arabinitol
5. mannitol
6. galactitol
7. glucitol
8. inositol

15m, 0.25mm ID, 0.25µm Rtx®-225 (cat.# 14020)
0.5µL split injection

Oven temp.: 190°C (hold 5 min.) to 250°C 
@ 8°C/min. (hold 5 min.)

Inj. & det. temp.: 260°C
Carrier gas: hydrogen
Linear velocity: 42cm/sec. set @ 40°C
FID sensitivity: 16 x 10-11 AFS
Split ratio: 50:1

min. 2.5 5 7.5 10 12.5

1

2

3

4

5

6

7

8

3% Rt-101 on 100/120 Silcoport™ (cat.# 80400)
2m, 1/8" OD x 2mm ID 

Oven temp.: 140°C to 230°C @ 5°C/min.
(hold 5 min.)

Inj./det. temp.: 250°C / 300°C
Det.:  FID
Carrier gas:  helium 
Column flow rate: 35mL/min. 
FID sensitivity: 1.28 x 10-10 AFS

PPeeaakk  LLiisstt::
1. l-arabinose
2. xylitol
3. d-arabinitol
4. d-mannose
5. l-sorbose
6. d-glucose
7. d-sorbitol
8. inositol

GC_FF00130
min. 5 10 15 20

Sugars (as alditol acetates) GC
Rtx®-225



Vitamins (Water Soluble) HPLC
Ultra Aqueous C18

Vitamins (Fat Soluble) HPLC
Ultra C18
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Vitamins

Vitamins 
Vitamins play vital roles in the human body, and
include a wide range of organic compounds. The
quantitative analysis of vitamins has become a
necessity in both the mainstream food and dietary
supplement markets. However, because the body
needs vitamins in very small quantities, the analyst
often must perform trace-level analyses, which can
be challenging. Vitamin assays are used to ensure
product quality and to verify nutritional label
claims. In addition, assays are important in devel-
oping manufacturing and storage processes because
many vitamins are light- and/or air-sensitive.

Vitamins can be classified broadly into two
groups—water-soluble and fat-soluble. Fat-soluble
vitamins include A (retinol), E (alpha-tocopherol),
D, and K. They are quite hydrophobic and must be
dissolved in an organic solvent. The Ultra C18
HPLC column features a retentive, high-purity
packing that is ideal for separating a range of fat-
soluble vitamins. The fully end-capped silica elimi-
nates unwanted analyte-silanol interactions and
improves column-to-column reproducibility.

ordering note
Please see ppaaggeess  4400––4455 for HPLC columns featured in this catalog.

PPeeaakk  LLiisstt:: CCoonncc..::  ((mmgg//mmLL))
1. solvent front n/a
2. menadione (vitamin K3) 0.45
3. all-trans-retinol (vitamin A) 0.34
4. vitamin D3 0.4
5. unknown n/a
6. alpha tocopherol (vitamin E) 2.4
7. alpha tocopherol acetate 

(vitamin E acetate) 2.4
8. unknown n/a
9. phylloquinone (vitamin K1) 0.84

SSaammppllee::  
Solvent: diethyl ether

CCoolluummnn::  UUllttrraa  CC1188
Cat. #: 9174575 
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: acetonitrile:methanol (90:10, v/v)

TTiimmee  ((mmiinn..)) FFllooww  ((mmLL//mmiinn.)
1.00 1.00
5.00 1.00
5.01 2.00

50.0 2.00
Temp.: 30°C
Det.: UV @ 280nm

1

2

3

4

5

6
7

8

9

min. 0 10 20 30 40

LC_0144

min. 0 2 4 6 8 10 12 14

1

2

3

4

5 6 9

7
8

PPeeaakk  LLiisstt:: CCoonncc..::  ((mmgg//mmLL))
1. thiamin (B1) 250
2. ascorbic acid (C) 1000
3. unknown n/a
4. nicotinic acid (B3) 1000
5. unknown n/a
6. pantothenic acid (B5) 1000
7. folic acid (B9) 500
8. riboflavin (B2) 250
9. methyl paraben 0.2

SSaammppllee::
Initial dilutions of B1 and B2 basified with 
ammonium hydroxide (to promote solubility)

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178575 
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile Phase: A: 25mM potassium phosphate, 

pH 2.00:methanol (95:5, v/v)
B: methanol:25mM potassium 
phosphate, pH 3.5 (60:40, v/v)

TTiimmee  ((mmiinn..)) %%  BB
0-6 0
6.01 25
6.01-11 25-100
11-16 100

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 254nm

LC_0141

restek innovation!
Monitor water-soluble vitamins without
ion pairing reagents.



Cabbage Extract HPLC
Ultra Aqueous C18
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Water-soluble vitamins include both acidic and
basic compounds, as well as some highly polar
molecules, e.g., ascorbic acid (vitamin C), thiamin
(B1), riboflavin (B2), nicotinic acid (B3), pyridox-
ine (B6), and folic acid. The very polar compounds
are difficult to retain by reversed phase HPLC, and
many methods call for ion-pairing reagents to
improve retention. Ultra Aqueous C18 HPLC
columns resolve six water-soluble vitamins using a
gradient elution program, without the need for ion
pairing reagents.

Consumption of glucosinolates (β-thioglucoside
N-hydroxysulfate precursors of isothiocyanates) is
associated with a significantly reduced risk for a
variety of cancers. Because glucosinolates are high-
ly polar, ion pairing reagents are sometimes used to
retain them by reversed phase HPLC.

Due to enhanced retention for polar compounds
and compatibility with 100% aqueous mobile
phases, an Ultra Aqueous C18 column can sepa-
rate glucosinolates by reversed phase HPLC with-
out ion pairing reagents.

pinnacle II™ hplc columns
Developed using Restek silica. We strictly control the quality of raw material,
phase bonding, and column packing. You’ll be impressed with our column-to-
column reproducibility!

For more information and applications, 
request the PPiinnnnaaccllee  IIII™™ CCoolluummnn flyer. (lit. cat. #59281) 

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: A: 50mM potassium phosphate, 

pH 2.5
B: acetonitrile

TTiimmee  ((mmiinn..)):: %%  BB
0.0 0
10 75
11 0
16 0

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 210nm

PPeeaakk  LLiisstt::
1. phenethyl glucosinolate

SSaammppllee::
Inj.: 20µL
Solvent: water

LC_0165

restek innovation!
Monitor glucosinolates without ion 
pairing reagents.

min.

for more info
Request Applications Note AAnnaallyyzzee  PPoollaarr  CCoommppoouunnddss  bbyy  RReevveerrsseedd
PPhhaassee  HHPPLLCC  UUssiinngg  UUllttrraa  AAqquueeoouuss  CC1188  CCoolluummnn (cat.# 59177).



Amino Acids HPLC
Ultra Aqueous C18

Organic Acids HPLC
Ultra Aqueous C18
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Amino Acids, Organic Acids

Amino Acids 
Proteins are polymeric materials with molecular
weights greater than 5,000. The basic building
blocks of proteins are amino acids, which have the
nutritional properties, but not the functional
properties, of proteins. There are 20 common
amino acids in food systems, categorized as essen-
tial or nonessential amino acids. Derivatization
often is used to provide adequate retention of
amino acids, especially the more hydrophilic com-
pounds. An Ultra Aqueous C18 reversed phase
HPLC column can separate many amino acids
without derivatization or ion pairing reagents. To
maximize retention, the Ultra Aqueous C18 col-
umn can be used with a 100% aqueous mobile
phase without compromising the reproducibility
of the analysis.

Organic Acids 
Organic acids play several important roles in food
and beverage systems. For example, they are
important flavor compounds and indicators of
product quality. In some fruit juices, the organic
acid profile is monitored to determine the purity of
the fruit juice. Malic acid and citric acid can be
found in fruits, oxalic acid can be found in spinach
and rhubarb, and tartaric acid is present in grapes.
In food systems, organic acids may be added as
acidulants, to control the pH of the product.
Certain organic acids also can be used as antimi-
crobial agents; for example, propionic acid can be
used to inhibit mold growth.

The analysis of polar organic acids can be difficult
using conventional reversed phase HPLC columns,
even with highly aqueous mobile phases. The Ultra
Aqueous C18 column was designed for challeng-
ing applications such as this, and provides
enhanced retention and selectivity for organic
acids.

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1. tyrosine 0.2
2. phenylalanine 1.6
3. tryptophan 0.4

SSaammppllee::    
Inj.: 20µL
Solvent: mobile phase A

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phases: A: 50mM potassium phosphate, 

pH 2.5
B: acetonitrile 

5% - 20% B: 0-5 min.
20% - 5% B: 5-6 min.
Hold at 5% B: 6-13 min.

Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 254nm

0 2 4 6 8 10 min.
LC_0146

1

2

3

PPeeaakk  LLiisstt:: CCoonncc..  ((µgg//mmLL))::
1. malonic acid 500
2. lactic acid 500
3. acetic acid 1000
4. citric acid 1000
5. succinic acid 2000
6. fumaric acid 10

SSaammppllee::
Inj.: 10µL
Solvent: water

LC_0140

1

2

3

4

5

6

min. 0 1 2 3 4 5

CCoolluummnn::  UUllttrraa  AAqquueeoouuss  CC1188
Cat. #: 9178565 
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 50mM potassium 

phosphate, pH 2.5: 
acetonitrile (99:1)

Flow: 1.5mL/min.
Temp.: 25°C
Det.: UV @ 210nm

restek innovation!
Monitor amino acids without derivatization
or ion pairing reagents.

restek 
innovation!
Monitor acidic food additives
without ion pairing reagents.

Cathy Gross
HPLC Products 

Marketing Manager



Organic Acids in Fruit Juice HPLC
Allure™ Organic Acids

Short Chain Acids GC

Rtx®-1
(direct injection)

GC_CH00281

min. 4 8

1

2

3 4

5
6

7 8 9

30m, 0.53mm ID, 5.0µm Rtx®-1 (cat.# 10179)
0.2µL injection of a 10–20ng/µL free fatty acid
standard in water. Direct injection using a 
Uniliner® liner.

Oven temp.: 60°C to 180°C @ 15°C/min.
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 50cm/sec. 

(flow rate: 6cc/min.)
FID sensitivity: 4 x 10-11 AFS

PPeeaakk  LLiisstt::
1. acetic acid
2. propionic acid
3. isobutyric acid
4. n-butyric acid
5. isovaleric acid
6. n-valeric acid
7. isocaproic acid
8. caproic acid
9. heptanoic acid
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The organic acid content of fruit juices, such as
cranberry and grape, can be determined using
AOAC method 986.13. Because several of the acids
are extremely difficult to resolve, this procedure
calls for two reversed phase C18 columns in series,
on a 100% aqueous mobile phase.

A single 30cm Allure™ Organic Acids column
effectively resolves key organic acids, such as tartar-
ic and quinic, using the chromatographic condi-
tions specified in AOAC method 986.13!

Organic acids also can be analyzed by GC. Shorter
chain, volatile free fatty acids such as acetic, propi-
onic, butyric, and valeric acids can be analyzed
using a Stabilwax®-DA column, a bonded
Carbowax® column specifically deactivated for
acidic compounds. Direct injection generally is rec-
ommended, to avoid losing volatile low molecular
weight free fatty acids through the split vent, thus
improving reproducibility.

Less polar columns, such as Rtx®-1 and Rtx®-200
(page 2), can be used to separate short chain acids.
However, thicker films are required to improve sep-
aration and increase sample capacity for polar com-
pounds.

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1. tartaric acid 1
2. quinic acid 1
3. malic acid 1
4. citric acid 1
5. fumaric acid 0.005

SSaammppllee::
Inj.: 10µL standard solution
Solvent: water

CCoolluummnn:: Allure™ Organic Acids
Cat. #: 9165585
Dimensions: 300 x 4.6mm
Particle size: 5µm
Pore size: 60Å

CCoonnddiittiioonnss::
Mobile phase: 100mM phosphate buffer, pH 2.5
Flow: 0.5mL/min.
Temp.: ambient
Det.: UV @  226nm

LC_0238

Stabilwax®-DA
(split injection)

30m, 0.25mm ID, 0.25µm Stabilwax®-DA (cat.# 11023)
1.0µL split injection of a free acid standard.
Concentration approximately 10 to 20ng/µL.

Oven temp.: 145°C
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec.
FID sensitivity: 2 x 10-11 AFS
Split ratio: 50:1

GC_CH00280

min. 4 8 12

9

8
7

6

5

4

1

3

2

dependable
execution
A single 30cm Allure™

Organic Acids column
resolves key organic acids.

min.

for more info
Request Application Notes AAnnaallyyzzee  PPoollaarr  CCoommppoouunnddss  bbyy  RReevveerrsseedd
PPhhaassee  HHPPLLCC,,  UUssiinngg  UUllttrraa  AAqquueeoouuss  CC1188  CCoolluummnn (cat.# 59177) and
SSiinnggllee  CCoolluummnn  MMeetthhoodd  ffoorr  HHPPLLCC  AAnnaallyyssiiss  ooff  OOrrggaanniicc  AAcciiddss  iinn  FFrruuiitt
JJuuiicceess,,  UUssiinngg  aann  AAlllluurree™™ OOrrggaanniicc  AAcciiddss  CCoolluummnn  (cat.# 59530).



Phenolic Antioxidants HPLC
Pinnacle II™ C18

Sorbic Acid and Benzoic Acid HPLC
Ultra Phenyl

min.
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Preservatives

Preservatives 
Preservation techniques are used in foods and bev-
erages to maintain the quality of the product. Food
preservation can be done by both physical and
chemical means. Physical techniques might involve
drying, heating, freezing, pasteurization, or irradi-
ation; chemical techniques include adding sugar,
salt, or preservatives. Several common chemicals,
such as acetic acid and citric acid, can be used to
prevent the growth of food-spoiling microorgan-
isms. Calcium propionate can be used to prevent
mold growth. In addition, benzoate and sorbate
salts can be used as mold inhibitors in a range of
food and beverage products.

Benzoate and sorbate salts can be analyzed in their
protonated form (i.e., as benzoic acid and sorbic
acid) by reversed phase HPLC using an Ultra
Phenyl column and acidified water:methanol
(80:20, v/v) as the mobile phase. By monitoring the
UV absorbance at 245nm, sensitive detection of
benzoic and sorbic acids can be achieved. For opti-
mum sensitivity, monitor benzoic acid at 230nm
and sorbic acid at 254nm.

Analyze phenolic antioxidants by reversed phase
HPLC using a Pinnacle II™ C18 column and an
acidic mobile phase.

LC_0150

SSaammppllee::
Inj.: 10µL
Conc.: 100 ppm sorbic acid,

200 ppm benzoic acid
Solvent: mobile phase

CCoolluummnn::  UUllttrraa  PPhheennyyll
Cat. #: 9105565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: 1% acetic acid:methanol 

(80:20, v/v)
Flow: 1.2 mL/min.
Temp.: ambient
Det.: UV @ 245nm

PPeeaakk  LLiisstt::
1. sorbic acid
2. benzoic acid

min. 0 2 4 6 8 10 12 14 16 18

2

1

LC_0198

1

2

3

4

0 2 4 6 8 10 12 14 16 18 min.

PPeeaakk  LLiisstt:: ccoonncc..::  ((ppppmm))
1. propyl gallate 168
2. TBHQ 182
3. 2-BHA + 3-BHA 197
4. BHT 193

SSaammppllee::
Inj.:  10µL
Solvent:  methanol

CCoolluummnn:: PPiinnnnaaccllee  II™ CC1188
Cat. #: 9214565  
Dimensions:  150 x 4.6mm
Particle size: 5µm
Pore size:     110Å

CCoonnddiittiioonnss::
Mobile phase:  A = 1% acetic acid

B = methanol
TTiimmee BB
((mmiinn..)) ((%%))

0 50
4 50
10 90
25 90
26 50

Flow: 1.0mL/min
Temp.: 30°C  
Det.: UV @ 280nm

for more info
Request Flyer HHiigghh  PPeerrffoorrmmaannccee  SSiilliiccaa  PPrroodduuccttss (cat.# 59901).



BHA and BHT GC
Rtx®-50

Tocopherols and Tocotrienols GC
Rtx®-20
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Foods containing fats and oils are prone to lipid
oxidation, which can promote off-flavors and limit
shelf-life. To inhibit lipid oxidation, antioxidants
can be added to the product. Phenolic antioxi-
dants, including butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), propyl gallate
(PG), and tert-butyl hydroquinone (TBHQ), are
used in a variety of products. Phenolic antioxidants
are regulated by the FDA and can be added to the
product at levels up to 200ppm based on the fat
content. Another approach is to use “natural”
antioxidants, such as tocopherols and tocotrienols.
These compounds inhibit lipid oxidation and pro-
mote general health in the consumer.

Phenolic antioxidants can be analyzed by GC using
intermediate polarity Rtx®-50 or Rtx®-20 capillary
columns. Coelutions that can occur with less polar
columns can be avoided. Using direct injection and
a flame ionization detector, BHA and BHT can be
separated in less than 10 minutes. Using an Rtx®-
20 column, tocopherols from the unsaponified
fraction of animal and vegetable fats and oils can
be analyzed in their free form without derivatiza-
tion. Baseline resolution is possible, with analyses
times of less than 10 minutes.

Rtx®-20, 30m, 0.53mm ID, 0.5µm (cat.# 10340)
Sample: 1mg/mL each component in isooctane 
Inj.: 1.0µL split (split ratio 20:1), 

4mm inlet liner (cat.# 20814)
Inj. temp.: 320°C
Carrier gas:  hydrogen, constant flow  
Flow rate: 5.2mL/min.
Oven temp.: 270°C to 290°C @ 2°C/min.

290°C to 320°C @ 10°C/min. (1 min. hold)
Det.: FID @ 320°C

 

 

GC_FF00634

1. δ-tocopherol
2. β-tocopherol
3. γ-tocopherol
4. dl-δ-tocotrienol
5. α-tocopherol
6. dl-β-tocotrienol
7. dl-γ-tocotrienol
8. hexadecyl hexadecanoate
9. dl-α-tocotrienol

Rtx®-50, 30m, 0.53mm ID, 0.50µm (cat.# 10540)
Sample: 50ppm each in methanol 
Inj.: 1.0µL direct injection, gooseneck splitless inlet liner, 4mm (cat.# 20798)
Inj. temp.: 280°C
Carrier gas:  helium, constant pressure  
Linear velocity: 60cm/sec. @ 50°C
Oven temp.: 50°C to 240°C @15°C/min. (hold 3 min.)
Det.: FID @280°C

GC_FF00630

1. BHA
2. BHT

for more info
Request Application Note HHPPLLCC AAnnaallyyssiiss  ooff  PPrreesseerrvvaattiivveess  UUssiinngg
UUllttrraa  AAqquueeoouuss  aanndd  PPiinnnnaaccllee  IIII™™ CCoolluummnnss (cat. # 59398).



Vanilla Extract HPLC
Ultra C8

Vanillin and Ethyl Vanillin HPLC
Ultra C8
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Flavors & Fragrances

SSaammppllee::
Inj.: 10mL
Solvent: 40% ethanol

CCoolluummnn::  Ultra C8
Cat. #: 9103565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: A: 1.2% acetic acid

B: methanol
TTiimmee  ((mmiinn..)) %%BB

0.0 20.0
5.0 20.0

15.0 40.0
20.0 40.0
25.0 20.0

Flow: 1.0mL/min.
Temp.: 28°C
Det.: UV @ 254nm

0 2 4 6 8 10 12 14 16 18 min.

2

1

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1. vanillin 0.12
2. ethyl vanillin 0.04

LC_0148

Flavors & Fragrances 
Flavor consists of the taste, the aroma, and the
trigeminal response to a compound. The aroma of
a compound can be exceedingly complex, with sev-
eral hundred volatiles playing a role. Because the
nose can be extremely sensitive to some odorants,
trace-level analyses may be necessary. Off-flavors
can result from chemical changes in foods, micro-
bial growth, or contamination. Chemical changes
include lipid oxidation, nonenzymatic browning,
and enzymatic action in the food.

Vanilla Extracts and Flavorings
One example of flavor analysis is the determination
of the compounds present in vanilla extracts and
flavorings. Vanilla extracts and flavorings are used
in a wide range of food products, including dairy
products, beverages, baked goods, and confections.
In AOAC Method 990.25, flavor compounds in
vanilla extract and artificial vanilla flavor are ana-
lyzed using HPLC. The analytes are separated on a
C8 column and quantified by comparing their UV
absorbance at 254nm to an external standard. An
efficient separation can be performed using an
Ultra C8 reversed phase HPLC column and a gra-
dient elution program, with acidified
water:methanol as the mobile phase. By using a
gradient program and flow rate of 1mL/min., the
analysis time can be reduced to 25 minutes.

CCoolluummnn::  UUllttrraa  CC88
Cat. #: 9103565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: A: 1.2% acetic acid in water

B: methanol
TTiimmee  ((mmiinn..)) %%  BB
0.0 20.0
5.0 20.0
15.0 40.0
20.0 40.0
25.0 20.0

Flow: 1.0mL/min.
Temp.: 28°C
Det.: UV @ 254nm

PPeeaakk  LLiisstt::
1. vanillin

SSaammppllee::    
Inj.: 10mL
Conc.: 5% solution of 

vanilla extract
Solvent: 40% ethanol

LC_0149

1

0 2 4 6 8 10 12 14 min.

for more info
Request Application Note AAnnaallyyssiiss  ooff  VVaanniilllliinn  aanndd  EEtthhyyll  VVaanniilllliinn  iinn
VVaanniillllaa  FFllaavvoorrss  UUssiinngg  UUllttrraa  CC88  CCoolluummnn  (cat. # 59186).



Capsaicinoids: Heat Level Assay HPLC
Ultra C18

Flavor & Fragrance Compounds GC
Rt-CW20M™ F&F
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Heat Levels of Spicy Foods
The hotness of chili peppers, salsas, and other spicy
foods can be monitored using HPLC. By measuring
the levels of three different capsaicinoid species in
the sample, the heat level in Scoville Heat Units
(SHUs) can be calculated. AOAC Method 995.03 is
a reversed phase HPLC method that calls for a C18
column and acidified water:acetonitrile as the
mobile phase to separate nordihydrocapsaicin, cap-
saicin, and dihydrocapsaicin. This separation can be
performed using an Ultra C18 column. Using a gra-
dient elution program, an efficient separation can
be performed in less than 10 minutes. The high per-
centage of organic in the mobile phase at the end of
the analysis helps elute any strongly retained species.

Flavor & Fragrance Volatiles
Flavor and fragrance analysts have compiled reten-
tion index libraries for thousands of compounds.
Unfortunately, even slight changes in column selec-
tivity can result in misidentification of compounds.
With this in mind, Restek developed the Rtx®-1
F&F column. This polymer matches the selectivity
required by the industry, while offering higher ther-
mal stability. Additionally, Rt-CW20M™ F&F
columns feature a non-bonded phase designed
specifically for flavor and fragrance compounds. Rt-
CW20M™ F&F columns exhibit better inertness
than other non-bonded Carbowax® columns.

CCoolluummnn::  UUllttrraa  CC1188
Cat. #: 9174565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: A: 1% acetic acid in water

B: acetonitrile
TTiimmee  ((mmiinn..)) %%  BB

0 50
2 50
9 80

12 80
13 50

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

PPeeaakk  LLiisstt::
1. nordihydrocapsaicin
2. capsaicin
3. dihydrocapsaicin

SSaammppllee::
Inj.: 10µL habanero 

nugget extract
Conc.: 0.8g sample in 200mL
Solvent: ethanol

LC_0156

0 2 4 6 8 10 min.

1

2

3

50m, 0.32mm ID, 0.33µm,  Carbowax®

20M or Rt-CW20M™ F&F (cat.# 12539) 
On-column injection of 5ng to 150ng each
compound in methylene chloride, split 10:1 

Carrier gas: hydrogen, 40cm/sec.
Inj. & det. temp.: 220°C
Oven temp.: 110°C

Rt-CW20M™ F&F column

Traditional Carbowax® column
9

min. 5 10 15 20

1 2 3

4

6

5

12

11

13

14

15

1 2 3

4

5

12

13

14

8

8

9 6 11

15

1. methyl heptanoate
2. hexanol
3. methyl octanoate
4. nonanal
5. menthone
6. citronellal
7. methyl nonanoate
8. 2,3-butanediol
9. linalool

10. linalyl acetate
11. methyl decanoate
12. menthol
13. α-terpineol
14. γ-terpineol
15. methyl undecanoate

better response for 
2,3-butanediol

min. 5 10 15 20 GC_FF00433

7 10

7 10

for more info
Request Application Note AAnnaallyyzziinngg  tthhee  HHeeaatt  LLeevveell  ooff  SSppiiccyy  FFooooddss
UUssiinngg  aann  UUllttrraa  CC1188  HHPPLLCC  ccoolluummnn  (cat. # 59199).



Rum PACKED GC
CarboBlack™ B

Rum GC
Rtx®-1301

F
O

O
D

S
, 

F
L

A
V

O
R

S
, 

&
 F

R
A

G
R

A
N

C
E

S
20 Flavors & Fragrances

Alcoholic Beverages
The chromatographic profile of alcoholic beverages
consists of a wide range of compounds, including
acids, alcohols, and aldehydes. GC can be used to
analyze these compounds without the need for pre-
liminary extractions.

An Rtx®-1301 or MXT®-1301 capillary column
provides efficient separation of the volatile organic
compounds in alcoholic beverages. Packed
columns, such as CarboBlack™ B with a 5%
Carbowax® 20M phase, are an excellent alterna-
tive for these compounds. CarboBlack™ columns
are made using SilcoSmooth™ stainless steel tub-
ing with a deactivated silica inner layer. This
improves inertness, durability, and flexibility over
traditional glass packed columns.

1. acetaldehyde
2. methanol
3. ethanol
4. acetone
5. ethyl formate
6. isopropanol
7. n-propanol
8. ethyl acetate
9. sec-butanol

10. isobutanol
11. isoamyl alcohol
12. active amyl alcohol
13. n-amyl alcohol

60m, 0.25mm ID, 1.4µm Rtx®-1301 (cat.# 16016)
1.0µL split injection using a Cyclosplitter® liner (cat.# 20706).
Conc.:  neat

Oven temp.: 35°C (hold 5 min.) to 100°C @ 1°C/min.
Inj./det. temp.: 150°C / 200°C
Carrier gas: hydrogen @ 40cm/sec.
Split ratio: 100:1

min. 5 10 15 20 25

1

2

4

5

6

7

8

3

9

10
11

12

13

GC_FF00110

5% Carbowax® 20M 80/120 CarboBlack™ B (cat.# 80105)
2m, 1/8" OD x 2mm ID SilcoSmooth™ tubing
0.5µL on-column injection 
Conc.: neat

Oven temp.: 65°C (hold 5 min.) to 150°C @
4°C/min.

Inj./det. temp.: 200°C / 250°C
Det.: FID
Carrier gas: nitrogen
Column flow rate: 20mL/min.
FID sensitivity: 1.28 x 10-10 AFS

1

2

3

4

5

6

7

8

9

12

11

10

min. 10 20
GC_FF00111

1. acetaldehyde
2. methanol
3. acetone
4. ethyl formate
5. ethanol
6. ethyl acetate
7. n-propanol
8. sec-butanol
9. isobutanol

10. active amyl alcohol
11. isoamyl alcohol
12. n-amyl alcohol

Phone: 800-356-1688 or 814-353-1300
www.restek.com

for more info
Request Technical Guide AAnnaallyyzziinngg  AAllccoohhoolliicc  BBeevveerraaggeess  bbyy
GGaass  CChhrroommaattooggrraapphhyy (cat.# 59462).



Scotch PACKED GC
CarboBlack™ B

Scotch GC
Rtx®-1301
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60m, 0.25mm ID, 1.4µm Rtx®-1301 (cat.# 16016)
1.0µL split injection using a Cyclosplitter® inlet liner (cat.# 20706).
Conc.:  neat

Oven temp.: 35°C (hold 5 min.) to 100°C @ 1°C/min.
Inj./det. temp.: 150°C / 200°C
Carrier gas: hydrogen @ 40cm/sec.
Split ratio: 100:1

1

2

3

4

6

7

5

min. 5 10 15 20 25

8

9

10 11

1. acetaldehyde
2. methanol
3. ethanol
4. acetone
5. isopropanol
6. n-propanol
7. ethyl acetate
8. isobutanol
9. acetic acid

10. isoamyl alcohol
11. active amyl alcohol

GC_FF00112

5% Carbowax® 20M 80/120 CarboBlack™ B (cat.# 80105)
2m, 1/8" OD x 2mm ID Silcosmooth™ tubing
0.5µL on-column injection
Conc.: neat

Oven temp.: 70°C to 150°C @ 4°C/min.
Inj./det. temp.: 200°C / 250°C
Det.:  FID
Carrier gas: nitrogen
Column flow rate: 20mL/min.
FID sensitivity: 1.28 x 10-10 AFS

1. acetaldehyde
2. methanol
3. ethanol
4. ethyl acetate
5. n-propanol
6. isobutanol
7. acetic acid
8. active amyl alcohol
9. isoamyl alcohol

1
2

4

5

6

9

8

7

min. 5 10 15

3

GC_FF00113

for more info
Request Technical Guide AAnnaallyyzziinngg  AAllccoohhoolliicc  BBeevveerraaggeess  bbyy  GGaass  CChhrroommaattooggrraapphhyy (cat.# 59462).



Spearmint Oil (Native) GC
Stabilwax®

Lemon Oil GC
Rtx®-5
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Flavors & Fragrances

Essential Oils 
Essential oil samples are very complex; hundreds of components can be present and some are present at ppm levels. Rtx®-1, Rtx®-5
and Stabilwax® capillary GC columns are very effective for these analyses. A comprehensive list of retention times for flavor & fra-
grance compounds on Rtx®-1 and Stabilwax® columns is on pages 28–29.

To determine the enantiomeric ratios of volatile components in essential oils, see Chiral Separations (pages 23–26).

2 3 5

19
GC_FF00138

min. 2 4 6 8 10 12 14 16 18 20 22 24 26 28

1

4

6

9

7,8

11
10

12

13

14
15

16

17

18

20
21 22

23
24

25

26

27,28

29

30
31

32

33

34

35

36

38

37

1. heptanol
2. α-thujene
3. α-pinene
4. camphene
5. sabinene
6. β-pinene
7. 6-methyl-5-hepten-2-one
8. myrcene
9. octanal

10. α-phellandrene
11. 3-carene
12. α-terpinene
13. p-cymene
14. limonene
15. γ-terpinene
16. octanol
17. terpinolene
18. linalool
19. nonanal
20. citronellal
21. terpinene-4-ol
22. α-terpineol
23. decanol
24. octyl acetate
25. nerol
26. neral
27. carvone
28. geraniol
29. geranial
30. nonyl acetate
31. citronellyl acetate
32. neryl acetate
33. geranyl acetate
34. dodecanal
35. β-caryophyllene
36. trans-α-bergamotene
37. α-humulene
38. β-bisabolene

30m, 0.32mm ID, 0.25µm Rtx®-5 (cat.# 10224)
Wet needle split injection of a neat lemon oil

Oven temp.: 75°C (hold 8 min.) to 250°C @ 4°C/min.
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. (flow rate: 3.2cc/min.) 
FID sensitivity: 2 x 10-11 AFS
Split ratio: 100:1

1 2

3

4

5

6 7

8

9
12

10
11

13

14

15

16

17

18

19

20

21

22

23

24

26 27

28

29

30

25

GC_FF00140

1. α-pinene
2. β-pinene
3. sabinene
4. myrcene
5. α-terpinene
6. l-limonene
7. 1,8-cineole
8. cis-ocimene
9. γ-terpinene

10. p-cymene
11. terpinolene
12. 3-octyl acetate
13. 3-octanol
14. l-menthone
15. trans-sabinenehydrate
16. β-bourbonene
17. linalool
18. terpinene-4-ol
19. β-caryophyllene
20. dihydrocarvone
21. trans-dihydrocarvyl acetate
22. trans-β-farnesene
23. α-terpineol
24. germacrene-∆
25. carvone
26. cis-carvyl acetate
27. trans-carveol
28. cis-carveol
29. cis-jasmone
30. viridiflorol

60m, 0.25mm ID, 0.25µm
Stabilwax® (cat.# 10626)
0.2µL split injection of a neat
spearmint oil

Oven temp.: 75°C 
(hold 4 min.) 
to 200°C 
@ 4°C/min. 
(hold 10 min.)

Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. 

set @ 160°C 
FID sensitivity: 4 x 10-11 AFS
Split ratio: 100:1

min. 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32



Synthetic Mushroom Aroma GC
Stabilwax®

Raspberry Flavor GC
Rt-βDEXsa™
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Chiral Separations
Chiral chromatography is the separation of enantiomeric compounds, which are mirror images of each other that are not superim-
posable. Common liquid stationary phases used in GC typically are not able to resolve enantiomeric compounds. However, the addi-
tion of derivatized cyclodextrin molecules to common stationary phases makes such separations possible. Restek’s five chiral capil-
lary columns incorporate various combinations of alkylated β-cyclodextrins into a cyanopropyl-dimethyl siloxane liquid stationary
phase. The unique combinations of cyclodextrins allow analysis of a wide range of enantiomeric compounds.

Chiral capillary chromatography is a relatively new technique for determining the enantiomeric ratios of volatile components in
essential oils. Enantiomeric ratios can be used for determining the authenticity of an essential oil or for characterizing regional dif-
ferences among oils. The separation of enantiomeric compounds in flavor and fragrance samples can be optimized through column
selection. Each of the five Restek chiral columns offers a different selectivity. The Rt-ββDEXsp™ column is optimized for menthol anal-
ysis, while the Rt-ββDEXsa™ column provides the best separation for 1-octen-3-ol, carvone, camphor, 1-phenylethanol, β-citronellol,
and rose oxides. Rt-ββDEXsm™ and Rt-ββDEXse™ columns, used in combination, provide the best resolution for cis- and trans-linalool
oxides, linalool, and linalyl acetate. The Rt-ββDEXcst™ column is ideal for semivolatile chiral compounds, including the irone isomers
and γ- and δ-lactones.

GC_FF00143

1

2

3

4
5

6

7 8

9

10

11

12

13

14

15

16

17

18
19

20

min. 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

1. acetone
2. ethyl acetate
3. methylene chloride (solvent)
4. hexanal
5. amyl acetate
6. 1-butanol
7. 3-methyl-1-butanol
8. 1-pentanol
9. 3-octanone

10. 3-octanol
11. nonanal
12. 1-octen-3-ol
13. furfural
14. benzaldehyde
15. octyl alcohol
16. phenylacetaldehyde
17. α-terpineol
18. 2,4-nonadienal
19. 2,4-decadienal
20. benzyl alcohol

30m, 0.32mm ID, 1.0µm
Stabilwax® (cat.# 10654)
1.0µL split injection of a 
synthetic mushroom aroma

Conc.: 10ng per 
component

Oven temp.: 40°C to 220°C 
@ 6°C/min.

Inj. & det. temp.: 260°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. 
FID sensitivity: 4 x 10-11 AFS
Split ratio: 100:1

30m, 0.32mm ID, 0.25µm Rt-βDEXsa (cat.# 13108) 
Oven temp.: 60°C (hold 2 min.) to 200°C @ 3°C/min. 
Carrier gas: helium; 60cm/sec. set @ 60°C
Det.: MS @ 220°C.

min. 10 20 30 40

1 2

1. (R)-α-ionone
2. (S)-α-ionone

GC_FF00161



Bergamot Flavor GC
Rt-βDEXse™

Peach/Vanilla Flavor GC
Rt-βDEXsa™
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Chiral Separations

Flavor chemists can use chiral chromatography to
monitor the ratios of various enantiomeric com-
pounds. γ-lactones, for example, can be monitored
to determine if a peach flavor has been adulterated.
Ethyl-2-methylbutyrate and 2-methylbutyrate are
important contributors to apple flavor, and both
are naturally present in predominantly the (S)
form in apple juices. The enantiomers of these two
compounds can be resolved on an Rt-ββDEXsm™
column. 30m, 0.32mm ID, 0.25µm Rt-βDEXsa™ (cat.# 13108)

Oven temp.: 60°C (hold 2 min.) to 100°C @ 15°C/min. 
to 220°C @ 3°C/min.

Carrier gas: helium, 60cm/sec. set @ 60°C
Det.: MS @ 220°C

0 9.5 19 28.5 38

1. (R)-γ-octalactone
2. (S)-γ-octalactone
3. (R)-γ-decalactone
4. (R)-γ-undecalactone
5. (S)-γ-undecalactone

1 2
3

4 5

min.

GC_FF00162

30m, 0.32mm ID, 0.25µm Rt-βDEXse™ (cat.# 13106) 
Oven temp.: 40°C (hold 1 min.) to 200°C @ 4°C/min. 
Carrier gas: helium, 60cm/sec. set @ 40°C
Det.: MS @ 220°C

1. (S)-limonene 
2. (R)-limonene 
3. (R)-linalool 
4. (S)-linalool 
5. (R)-linalyl acetate 
6. (S)-linalyl acetate

min. 8 13 18

1

2

3
4

5

6

GC_FF00163

for more info
Request CChhiirraall  CCoolluummnn  TTeecchhnniiccaall  GGuuiiddee  (cat.# 59889).

tech tip
TToo  ooppttiimmiizzee  cchhiirraall  sseeppaarraattiioonnss,,  uussee::

1) Faster linear velocities (80cm/sec.) with hydrogen carrier gas.

2) Slower temperature ramp rates (1–2°C/min.).

3) Appropriate minimum operating temperature (40 or 60°C).

4) On-column concentrations of 50ng or less.
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Menthol - Rt-βDEXsp™

30m, 0.32mm ID, 0.25µm
Rt-βDEXsp™ (cat.# 13110)
Oven temp.: 60°C (hold 1 min.) to 

200°C @ 2°C/min. 
Carrier gas: hydrogen
Linear velocity: 80cm/sec. set @ 40°C
Det.: FID @ 220°C

1

min. 30

2
1. (-)menthol
2. (+)menthol

GC_FF00149

Irone Isomers - Rt-βDEXcst™

1. (-)-(2R,6R)-trans-α-irone
2. (+)-(2S,6S)-trans-α-irone
3. (+)-(2R,6R)-trans-γ-irone
4. (-)-(2S,6S)-trans-γ-irone
5. (+)-(2R,6S)-cis-α-irone
6. (+)-(2R,6S)-cis-γ-irone
7. (-)-(2S,6R)-cis-γ-irone
8. (-)-(2S,6R)-cis-α-irone
9. (+)-(2R)-β-irone

10. (-)-(2R)-β-irone

30m, 0.32mm ID, 0.25µm 
Rt-βDEXcst™ (cat.# 13108)
Oven temp.: 40°C (hold 1 min.) to 

230°C @ 2°C/min. (hold 3 min.) 
Carrier gas: hydrogen
Linear velocity: 80cm/sec. set @ 40°C 
Det.: FID @ 220°C

1 2

3

4

5

6

7

8

9
10

min. 40
GC_FF00150

1-octen-3-ol and carvone - Rt-βDEXsa™

30m, 0.32mm ID, 0.25µm 
Rt-βDEXsa™ (cat.# 13108)
Oven temp.: 40°C (hold 1 min.) to 

230°C @ 2°C/min. (hold 3 min.) 
Carrier gas: hydrogen
Linear velocity: 80cm/sec. set @ 40°C 
Det.: FID @ 220°C

1

min. 20 30 40

2
1. (+/-)1-octen-3-ol
2. (-)carvone
3. (+)carvone

3

GC_FF00151

γ-lactones - Rt-βDEXcst™

1. (+/-)γ-heptalactone
2. (+/-)γ-octalactone
3. (+/-)γ-nonalactone
4. (+/-)γ-decalactone
5. (+/-)γ-dodecalactone

30m, 0.32mm ID, 0.25µm Rt-βDEXcst™

(cat.# 13102)
Oven temp.: 60°C (hold 1 min.) to 

200°C @ 1°C/min.
Carrier gas: hydrogen
Linear velocity: 40cm/sec. set @ 60°C 
Det.: FID @ 220°C

min. 100 120 140

1

2

3

4

5

GC_FF00152

β-citronellol - Rt-βDEXsa™

30m, 0.32mm ID, 0.25µm 
Rt-βDEXsa™ (cat.# 13108)
Oven temp.: 40°C (hold 1 min.) to 230°C 

@ 2°C/min. (hold 3 min.) 
Carrier gas: hydrogen
Linear velocity: 80cm/sec. set @ 40°C
Det.: FID @ 220°C

min. 51 52 53

1 2

1.(-)-(S)-β-citronellol
2.(+)-(R)-β-citronellol

GC_FF00153

δ-lactones - Rt-δDEXcst™

1. (+/-)δ-pentalactone
2. (+/-)δ-hexalactone
3. (+/-)δ-heptalactone
4. (+/-)δ-octalactone
5. (+/-)δ-nonalactone
6. (+/-)δ-decalactone
7. (+/-)δ-dodecalactone

30m, 0.32mm ID, 0.25µm 
Rt-βDEXcst™ (cat.# 13102)
Oven temp.: 60°C 

(hold 1 min.) 
to 200°C @
1°C/min.

Carrier gas: hydrogen
Linear velocity: 40cm/sec. 

set @ 60°C 
Det.: FID @ 220°C

1

2

3
4

5

6

7

min. 100 120 140
GC_FF00154
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Chiral Separations

Apple Juice with Added Standards 
Rt-ββDEXsm™

30m, 0.32mm ID, 0.25µm Rt-βDEXsm™ (cat.# 13104)
On-column conc. (standards): ~50ng

min. 4 6 8 10

1

2

4

3

GC_FF00155

1. (R)-ethyl 2-methylbutyrate
2. (S)-ethyl 2-methylbutyrate
3. (R)-2-methylbutyrate
4. (S)-2-methylbutyrate

Apple Juice
Rt-ββDEXsm™

2

3

30m, 0.32mm ID, 0.25µm Rt-βDEXsm™ (cat.# 13104)

min. 4 6 8 10
GC_FF00156

Apple Juice with Added Standards 
Rt-ββDEXse™

1

2

3

4

min. 8 10 12 14

30m, 0.32mm ID, 0.25µm Rt-βDEXse™ (cat.# 13106)
On-column conc. (standards): ~50ng

GC_FF00157

Apple Juice
Rt-ββDEXse™

2

3

30m, 0.32mm ID, 0.25µm Rt-βDEXse™ (cat.# 13106)

min. 8 10 12 14
GC_FF00158

1.0µL split injection.
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.
Inj. & det. temp.: 220°C
Carrier gas: hydrogen
Linear velocity: 80cm/sec.



Phenolics in Echinacea HPLC
Pinnacle II™ C18

Hyperforin in St. John’s Wort HPLC
Pinnacle II™ C18
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Dietary Supplements
Over the past decade, the nutraceutical industry
has seen rapid growth as more people add flow-
ers, leaves, roots, and fruits of botanicals to their
diets in hope of gaining health benefits.

Herbal products are very complex, often con-
taining hundreds of compounds, and it is not
always clear which compounds are responsible
for the beneficial properties. Marker com-
pounds—phytochemicals that have been identi-
fied and are known to have some relationship to
the reported health benefit—can be evaluated
qualitatively to identify a raw material or to ver-
ify purity. To determine the concentration or
strength of a material, quantitative analysis is
necessary.

Hyperforin in St. John’s Wort
According to the Institute for Nutraceutical
Advancement (INA), INA Method 112.001—the
HPLC analysis of hyperforin and adhyperforin
in St. John’s wort—the samples are extracted
with methanol in an ultrasonic bath.
Chromatographic separation is performed on a
C18 reversed phase column with acetonitrile
and phosphate buffer as the mobile phase.
Analysis of encapsulated St. John’s wort using a
Pinnacle II™ C18 column shows excellent peak
shapes for the active ingredients in this herbal
product.

Phenolics in Echinacea
The active compounds in echinacea are thought to
be caffeic acid derivatives such as caftaric acid,
cichoric acid, chlorogenic acid, and echinacoside.

Conclusion
Gas and liquid chromatography are powerful
tools for the analysis of foods, flavors, and fra-
grances. This technical guide describes columns
and analytical conditions that will help you
achieve more accurate identification and quanti-
tation of target analytes. However, if you have
questions, please don’t hesitate to contact
Restek’s technical service by e-mail
(support@restekcorp.com) or by phone (exten-
sion 4), or contact your Restek representative.
We will do everything we can to help you find a
solution.

PPeeaakk  LLiisstt::
1. hyperforin
2. adhyperforin

SSaammppllee:: St. John’s wort capsule
Inj.: 20µL
Conc.: 4.17mg/mL
Solvent: methanol
Autosampler: 15°C

CCoolluummnn::  PPiinnnnaaccllee  IIII™™ CC1188
Cat. #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

CCoonnddiittiioonnss::
Mobile phase: 0.01N phosphate buffer, pH 2.5:

acetonitrile (15:85, v/v)
Flow: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 270nm

LC_0175

LC_0195

CCoolluummnn:: PPiinnnnaaccllee  II™ CC1188
Cat. #: 9214565  
Dimensions:  150 x 4.6mm
Particle size: 5µm
Pore size:     110Å

CCoonnddiittiioonnss::
Mobile phase:  A = 0.1% phosphoric acid

B = acetonitrile
TTiimmee %%BB
0 10
13 22
14 40
14.5 40
15 10
20 10

Flow: 1.5mL/min.
Temp.: 35°C  
Det.: UV @ 330nm

PPeeaakk  LLiisstt::
1. caftaric acid
2. chlorogenic acid
3. echinacoside
4. cichoric acid

SSaammppllee:: Echinacea capsule 
Inj.:  10µL
Conc.:  6.7 mg/mL capsule 

contents in sample diluent
Solvent:  ethanol:water (70:30, v/v)
Sample temp.: 25°C

References
1. Fennema, O. R.  Food Chemistry (1996), 3rd edition.
2. Bensinger, M.  “How Hot is that ‘Devil’ Sauce?” in  Fiery Foods

Magazine (1997), Sept/Oct.
3. Brandt, Laura.  “The Creation and Use of Vanilla”, Food

Product Design (1996), editorial archives.
4. AOAC Official Methods of Analysis (2000), 17th edition, AOAC

International.
5. Official Methods and Recommended Practices (1998), 5th edi-

tion, American Oil Chemists’ Society.
6. AACC Approved Methods (2000), 10th edition, American

Association of Cereal Chemists.
References are not available from Restek.

for more info
Request Applications Note AAnnaallyyzziinngg  NNuuttrraacceeuuttiiccaall  PPrroodduuccttss  bbyy  LLiiqquuiidd  aanndd  GGaass  CChhrroommaattooggrraapphhyy
(cat.# 59364).
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Flavor and Fragrance Compounds Retention Time Index

Retention time data collected using 60m, 0.25mm ID, 0.25µm Rtx®-1 and Stabilwax® columns.
Oven temp.: 100°C to 260°C @ 4°C/min.; Carrier gas: helium; Linear velocity: 27.2cm/sec. @ 100°C; Dead time: 3.68 min. @ 100°C.

isopropyl alcohol 3.66 3.93

allyl alcohol 3.67 4.05

tert-butyl alcohol 3.68 3.89

1-propanol 3.70 4.13

3-buten-2-ol 3.71 4.12

ethyl formate 3.71 3.84

acetone 3.72 3.86

methyl acetate 3.75 3.86

2-butanol 3.76 4.03

propyn-1-ol 3.77 6.26

tert-amyl alcohol 3.79 4.14

isobutyraldehyde 3.79 3.84

2-methyl-3-buten-2-ol 3.82 4.12

methyl ethyl ketone 3.84 3.83

cis-2-buten-1-ol 3.84 5.01

ethyl acetate 3.86 3.90

propyl formate 3.87 3.83

2-methylfuran 3.88 3.87

isobutyl alcohol 3.89 4.72

methyl propanoate 3.89 4.03

3-buten-1-ol 3.91 4.76

3-methyl-2-butanol 3.92 4.25

2-butenal 3.94 4.26

2-pentanol 3.95 4.42

isopropyl acetate 3.96 4.03

1-butanol 3.96 4.57

neopentanol 3.99 4.60

methyl isobutyrate 4.03 4.08

2-pentanone 4.03 3.95

isoamyl alcohol 4.04 4.96

allyl acetate 4.05 4.14

ethyl acrylate 4.06 4.08

3-pentanone 4.07 4.08

pentanal 4.07 4.08

tert-butyl acetate 4.09 3.93

pinacolone 4.09 4.00

propyl acetate 4.10 4.04

2-ethylfuran 4.10 3.99

2,5-dimethylfuran 4.12 3.98

3-methyl-1-butanol 4.18 4.88

3-penten-2-one 4.18 4.45

2-methyl-1-butanol 4.20 4.88

pinacol alcohol 4.20 4.38

thiophene 4.21 4.16

methylisobutylketone (MIBK) 4.22 4.15

methyl butanoate 4.22 4.09

2-methyl-3-pentanone 4.27 4.15

ethyl isobutyrate 4.28 4.03

cis-2-penten-1-ol 4.29 5.85

3-methyl-3-pentanol 4.29 4.37

1-pentanol 4.30 5.24

3-hexanone 4.30 4.28

3-methyl-2-buten-1-ol 4.32 5.81

isobutyl acetate 4.34 4.13

butryolactone 4.34 7.07

2-methyl-3-pentanol 4.36 4.59

Retention Time (min.)
Component Rtx®-1 Stabilwax®

Retention Time (min.)
Component Rtx®-1 Stabilwax®

Retention Time (min.)
Component Rtx®-1 Stabilwax®

2-hexanone 4.41 4.11

ethyl butanoate 4.41 4.18

cyclopentanol 4.42 5.74

cyclopentanone 4.46 4.96

2,4-dimethyl-2-pentanol 4.47 4.45

3-hexanol 4.47 4.84

2-hexanol 4.48 5.01

4-methyl-3-penten-2-one 4.48 4.61

hexanal 4.48 4.41

2,4-dimethyl-3-pentanone 4.49 3.95

pyridine 4.50 4.91

propyl propanoate 4.51 4.22

a-angelicalactone 4.51 7.26

butyl acetate 4.54 4.29

methyl pentanoate 4.61 4.36

furfural 4.64 7.65

2,2-dimethyl-3-pentanol 4.65 4.63

2-methyl-1-pentanol 4.65 5.63

4-hexen-3-one 4.67 4.88

isopropyl butyrate 4.72 4.19

furfuryl alcohol 4.74 11.07

2,4-dimethyl-3-pentanol 4.75 4.76

trans-2-hexenal 4.78 5.08

pinacol 4.79 7.91

ethyl-2-methyl butanoate 4.80 4.26

2-ethyl-1-butanol 4.80 5.72

trans-2-hexenol 4.82 6.56

5-methyl-2-hexanone 4.84 4.54

1-hexanol 4.92 6.16

3-ethyl-3-pentanol 4.94 4.94

isoamyl acetate 4.98 4.49

cis-3-hexen-1-ol 4.98 6.58

4-heptanone 4.99 4.45

trans-2-hexen-1-ol 5.01 6.81

anisole 5.06 6.13

3-heptanone 5.08 4.62

1,3-xylene 5.09 4.67

1,4-xylene 5.09 4.64

2-heptanone 5.10 4.85

4-heptanol 5.14 5.45

propyl butyrate 5.16 4.49

ethyl pentanoate 5.17 4.54

cyclohexanone 5.19 5.85

2-heptanol 5.20 5.63

heptanal 5.21 4.35

butyl propionate 5.24 4.56

amyl acetate 5.29 4.73

1,2-xylene 5.30 4.93

nonane 5.32 3.80

isobutyl isobutyrate 5.34 4.39

methyl hexanoate 5.41 3.81

tetrahydro-2-fufanmethanol 5.50 8.53

d-valerolactone 5.51 9.57

cumene 5.62 4.84

5-methyl-3-heptanone 5.65 4.94

ethyl amyl ketone 5.65 4.94

5-methylfurfural 5.73 9.64

a-pinene 5.81 4.84

benzaldehyde 5.90 8.76

tricyclene 5.91 4.16

1-heptanol 5.95 7.54

camphene 6.02 4.24

2,6-dimethyl-4-heptanone 6.03 4.81

1-octen-3-ol 6.09 7.33

furfuryl acetate 6.09 8.77

3-octanone 6.16 5.35

2-octanone 6.20 6.35

sec-butylbenzene 6.28 5.37

tert-butylbenzene 6.32 5.15

myrcene 6.32 4.53

butyl butyrate 6.34 5.02

b-pinene 6.38 4.40

octanal 6.39 5.73

2-octanol 6.39 7.00

hexyl acetate 6.49 5.41

decane 6.58 4.08

2-methylanisole 6.60 6.97

a-phellandrene 6.69 6.13

3-methylanisole 6.74 7.39

4-methylanisole 6.78 7.42

2-ethyl-1-hexanol 6.85 8.10

benzyl alcohol 6.86 16.48

3-carene 6.89 4.67

p-cymene 6.91 5.38

a-terpinene 6.93 12.38

limonene 7.09 4.84

salicaldehyde 7.09 11.93

camphor 7.11 8.77

trans-ocimene 7.13 4.72

1,8-cineole 7.16 5.06

eucalyptol 7.16 5.06

cis-ocimene 7.21 5.06

a-methylbenzylalcohol 7.34 18.34

p-cresol 7.45 21.40

g-terpinene 7.54 5.26

1-octanol 7.55 9.37

2,6-dimethylanisole 7.55 7.16

5-nonanone 7.57 6.39

tetrahydrofurfuryl acetate 7.60 9.84

fenchone 7.68 7.08

linalool oxide 7.81 7.56

3-nonanone 7.82 6.38

2-nonanone 7.89 7.17

methyl benzoate 8.03 10.72

linalool 8.13 9.02

2-nonanol 8.15 8.65

nonanal 8.16 6.86

terpinyl acetate 8.18 12.51

maltol 8.23 18.48



Flavor and Fragrance Compounds Retention Time Index
F

O
O

D
S

, F
L

A
V

O
R

S
, &

 F
R

A
G

R
A

N
C

E
S

29

www.restek.com

trans-sabinene hydrate 8.37 9.06

2,4-dimethylanisole 8.39 8.45

2,5-dimethylanisole 8.39 8.42

undecane 8.41 4.38

a-thujone 8.46 15.01

methyl octanoate 8.57 6.69

b-thujone 8.68 7.63

2,3-dimethylanisole 8.87 9.30

citronellal 9.19 7.99

benzyl acetate 9.31 13.02

menthone 9.42 7.97

borneol 9.53 12.52

ethyl benzoate 9.62 11.74

1-nonanol 9.70 11.56

isoborneol 9.72 11.69

menthofuran 9.73 8.14

isomenthone 9.75 8.57

neomenthol 9.85 10.22

a-terpineol 9.91 5.58

menthol 9.95 11.16

dihydrocarveol 10.09 13.64

terpinen-4-ol 10.11 10.31

2-decanone 10.14 8.41

a-terpinolene 10.32 7.36

4-allylanisole 10.35 11.75

estragole 10.35 11.75

decanal 10.48 8.51

trans-dihydrocarvone 10.59 23.12

verbenone 10.67 12.88

dodecane 10.75 4.90

cis-dihydrocarvone 10.80 10.80

linalyl acetate 10.93 9.36

b-citronellol 11.06 13.93

cis-nerol 11.14 13.82

carveol 11.24 16.29

benzyl acetone 11.27 16.25

citral a 11.39 12.13

geranial 11.39 12.13

cuminaldehyde 11.43 14.40

pulegone 11.43 11.46

p-anisaldehyde 11.47 20.15

r-carvone 11.48 13.28

s-carvone 11.51 13.36

geraniol 11.74 15.84

trans-cinnamaldehyde 11.97 20.50

citral b 12.12 13.25

neral 12.12 13.25

propyl benzoate 12.16 13.82

1-decanol 12.36 13.99

perillaldehyde 12.37 14.52

citronellyl formate 12.38 10.69

trans-menthyl acetate 12.56 9.01

indole 12.57 29.33

trans-anethole 12.67 15.41

cumin alcohol 12.68 21.88

thymol 12.71 23.82

2-undecanone 12.81 10.45

carvacrol 12.87 24.56

bornyl acetate 12.88 10.09

trans-cinnamyl alcohol 12.94 26.11

cis-menthyl acetate 13.02 9.62

perillyl alcohol 13.02 19.36

tridecane 13.47 5.72

2-methylcinnamaldehyde 13.59 19.52

triacetin 13.67 21.33

methyl decanoate 13.69 10.26

cis-carvyl acetate 14.09 13.23

cumic acid 14.40 34.95

g-valerolactone 14.48 10.55

citronellyl acetate 14.49 11.81

eugenol 14.55 23.53

thiazole 14.67 5.23

neryl acetate 14.76 13.08

trans-carvyl acetate 14.88 14.05

dihydrocoumarin 14.91 26.02

geranyl acetate 15.26 13.08

dihydrojasmone 15.34 16.24

vanillin 15.34 32.21

ethyl decanoate 15.69 11.22

2-dodecanone 15.72 12.83

cis-jasmone 15.75 18.34

trans-cinnamyl acid 16.07 37.16

carvone hydrate 16.25 27.44

tetradecane 16.38 6.95

coumarin 16.54 29.90

cis-carvyl propionate 16.63 14.68

a-ionone 16.88 16.23

trans-cinnamyl acetate 16.88 23.12

ethyl vanillin 17.08 31.44

isoeugenol 17.09 27.57

3-methyl-p-anisaldehyde 17.23 20.08

b-caryophyllene 17.32 10.56

trans-carvyl propionate 17.65 15.76

a-methylcinnamic acid 18.15 4.64

a-humulene 18.29 12.05

2,3-dimethylanisaldehyde 18.46 25.74

b-ionone 18.57 18.37

vanillin acetate 18.93 30.85

pentadecane 19.34 8.60

valencene 19.40 13.15

2,5-dimethylanisaldehyde 19.50 21.72

6-methylcoumarin 20.22 32.66

carvone acetate 20.50 26.09

7-methylcoumarin 20.65 32.52

ethyl laurate 21.69 16.17

caryophyllene oxide 21.88 19.47

hexadecane 22.27 10.64

cinnamide 22.36 45.53

amyl cinnamaldehyde 23.08 25.95

cis-trans-farnesol 24.61 27.48

heptadecane 25.10 12.94

trans-trans-farnesol 25.28 28.09

guaiazulene 27.04 28.98

nootketone 27.69 31.89

octadecane 27.83 15.40

nonadecane 30.44 17.92

eicosane 32.94 20.44

heneicosane 35.32 22.91

docosane 37.62 25.35

tricosane 39.79 27.68

tetracosane 42.02 29.95

hexacosane 47.40 34.26

Retention Time (min.)
Component Rtx®-1 Stabilwax®

Retention Time (min.)
Component Rtx®-1 Stabilwax®

Retention Time (min.)
Component Rtx®-1 Stabilwax®

rtx®-1 F&F gc columns
ffoorr  ffllaavvoorr  aanndd  ffrraaggrraannccee  ccoommppoouunnddss

•Specifically tailored to meet the demanding selectivity criteria of the 
flavor and fragrance industry.

•Excellent thermal stability and column lifetimes. 

•Stringent QA ensures column-to-column reproducibility.

See ppaaggee  3300 for product listing.

Retention time data collected using 60m, 0.25mm ID, 0.25µm Rtx®-1 and Stabilwax® columns.
Oven temp.: 100°C to 260°C @ 4°C/min.; Carrier gas: helium; Linear velocity: 27.2cm/sec. @ 100°C; Dead time: 3.68 min. @ 100°C.
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GC Columns

Rtx®-1 (fused silica)
(Crossbond® 100% dimethyl polysiloxane)

Maximum temperatures listed are for 15- and 30-meter lengths. Longer lengths may have a slightly reduced maximum temperature.

Rtx®-1 (Crossbond® 100% dimethyl polysiloxane)
• General-purpose non-polar phase, ideal for flavor and fragrance compounds.
• Thermally stable to 350°C.
• Polarity similar to DB-1, SPB-1, HP-1, Ultra-1 phases.
• Equivalent to USP G1, G2, G38 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 7755--MMeetteerr 110055--MMeetteerr
0.25mm 0.10 -60 to 330/350°C 10105 $240 10108 $405 10111 $705 10114 $815

0.25 -60 to 330/350°C 10120 $235 10123 $395 10126 $705 10129 $815
0.50 -60 to 330/350°C 10135 $230 10138 $395 10141 $705 10144 $815
1.00 -60 to 320/340°C 10150 $230 10153 $395 10156 $705 10159 $815

0.32mm 0.10 -60 to 330/350°C 10106 $260 10109 $435 10112 $765 10115 $925
0.25 -60 to 330/350°C 10121 $250 10124 $425 10127 $765 10130 $925
0.50 -60 to 330/350°C 10136 $250 10139 $425 10142 $765 10145 $925
1.00 -60 to 320/340°C 10151 $250 10154 $425 10157 $765 10160 $925
1.50 -60 to 310/330°C 10166 $250 10169 $425 10172 $765 10175 $925
3.00 -60 to 280/300°C 10181 $250 10184 $425 10187 $765 10190 $925
4.00 -60 to 280/300°C 10198 $450
5.00 -60 to 260/280°C 10176 $265 10178 $425 10180 $765

0.45mm 2.55 -60 to 270/290°C 10992 $920
0.53mm 0.10 -60 to 320/340°C 10107 $275 10110 $485 10113 $790

0.25 -60 to 320/340°C 10122 $265 10125 $485 10128 $790
0.50 -60 to 310/330°C 10137 $265 10140 $485 10143 $790
1.00 -60 to 310/330°C 10152 $265 10155 $485 10158 $790
1.50 -60 to 310/330°C 10167 $265 10170 $485 10173 $790
3.00 -60 to 270/290°C 10182 $275 10185 $485 10188 $790 10189 $1020
5.00 -60 to 270/290°C 10177 $280 10179 $485 10183 $790 10194 $1020
7.00 -60 to 240/260°C 10191 $280 10192 $485 10193 $790

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr 4400--MMeetteerr
0.10mm 0.10 -60 to 330/350°C 41101 $270 41102 $440

0.40 -60 to 320/340°C 41103 $270 41104 $440
0.18mm 0.20 -60 to 330/350°C 40101 $220 40102 $345 40103 $630

0.40 -60 to 320/340°C 40110 $220 40111 $345 40112 $630

Rtx®-1 F&F (fused silica)
(Crossbond® 100% dimethyl polysiloxane)

Rtx®-1 F&F (Crossbond® 100% dimethyl polysiloxane)
• Application-specific non-polar phase for flavor and fragrance compounds.
• Thermally stable to 350°C.
• Polarity similar to HP-1 phase.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr 5500--MMeetteerr 6600--MMeetteerr
0.25mm 0.25 -60 to 330/350°C 18023 $395 18026 $705

0.50 -60 to 330/350°C 18038 $395 18041 $705
1.00 -60 to 320/340°C 18053 $395 18056 $705

0.32mm 0.25 -60 to 330/350°C 18024 $425 18027 $805
0.50 -60 to 330/350°C 18039 $425 18010 $705 18042 $805
1.00 -60 to 320/340°C 18054 $425 18057 $805

0.53mm 0.50 -60 to 310/330°C 18037 $265 18040 $485 18043 $790
1.00 -60 to 310/330°C 18052 $265 18055 $485 18058 $790

1.50 -60 to 310/330°C 18067 $265 18070 $485 18073 $790

for more info
For a complete
overview of Restek’s
AAnnaallyyttiiccaall  RReeffeerreennccee
PPrrooggrraamm request 
literature cat.# 59214.
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Rtx®-5 (fused silica)
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

*Maximum temperatures listed are for 15- and 30-meter lengths. Longer lengths may have a slightly reduced maximum temperature.

Rtx®-5 (Crossbond® 5% diphenyl / 95% dimethyl polysiloxane)
• General-purpose low polarity phase.
• Thermally stable to 350°C.
• Polarity similar to DB-5, SPB-5, HP-5, Ultra-2 phases.
• Equivalent to USP G27, G36 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 110055--MMeetteerr
0.25mm 0.10 -60 to 330/350°C 10205 $240 10208 $405 10211 $705 10214 $815

0.25 -60 to 330/350°C 10220 $230 10223 $395 10226 $705 10229 $815
0.50 -60 to 330/350°C 10235 $230 10238 $395 10241 $705 10244 $815
1.00 -60 to 320/340°C 10250 $230 10253 $395 10256 $705 10259 $815

0.32mm 0.10 -60 to 330/350°C 10206 $260 10209 $435 10212 $765 10215 $925
0.25 -60 to 330/350°C 10221 $250 10224 $425 10227 $765 10230 $925
0.50 -60 to 330/350°C 10236 $250 10239 $425 10242 $765 10245 $925
1.00 -60 to 330/350°C 10251 $250 10254 $425 10257 $765 10260 $925
1.50 -60 to 310/330°C 10266 $250 10269 $425 10272 $765 10275 $925
3.00 -60 to 280/300°C 10281 $250 10284 $425 10287 $765 10290 $925

0.53mm 0.10 -60 to 320/340°C 10207 $275 10210 $485 10213 $790
0.25 -60 to 320/340°C 10222 $265 10225 $485 10228 $790
0.50 -60 to 310/330°C 10237 $265 10240 $485 10243 $790
1.00 -60 to 310/330°C 10252 $265 10255 $485 10258 $790
1.50 -60 to 310/330°C 10267 $265 10270 $485 10273 $790
3.00 -60 to 270/290°C 10282 $265 10285 $485 10288 $790
5.00 -60 to 270/290°C 10277 $280 10279 $485 10283 $790

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr 4400--MMeetteerr
0.10mm 0.10 -60 to 330/350°C 41201 $270 41202 $440

0.40 -60 to 320/340°C 41203 $270 41204 $440
0.18mm 0.20 -60 to 325/340°C 40201 $220 40202 $345 40203 $630

0.40 -60 to 315/330°C 40210 $220 40211 $345 40212 $630

XTI®-5 (fused silica)
(Crossbond® 5% phenyl/95% dimethyl polysiloxane - extended temperature and inertness)

XTI®-5 (Crossbond® 5% diphenyl / 95% dimethyl polysiloxane)
• High temperature, ultra-low bleed, low polarity phase, ideal for sterols.
• Thermally stable to 360°C.
• Polarity similar to DB-5HT, DB-5XLT, PTE-5 phases.
• Equivalent to USP G27, G36 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.25 -60 to 360°C 12220 $265 12223 $445

0.50 -60 to 330/350°C 12235 $265 12238 $445
1.00 -60 to 325/350°C 12250 $265 12253 $445

0.32mm 0.25 -60 to 360°C 12221 $285 12224 $470
0.50 -60 to 330/350°C 12236 $285 12239 $470
1.00 -60 to 325/350°C 12251 $285 12254 $470

0.53mm 0.50 -60 to 330/360°C 12237 $290 12240 $525
1.00 -60 to 325/350°C 12252 $290 12255 $525

1.50 -60 to 310/330°C 12267 $290 12270 $525

a plus 1™ story

Going above and beyond her
normal job responsibilities,
Santina has helped collect pro-
duction data for new columns,
closely inspects columns dur-
ing various steps of production
and has developed a system of
identifying problems in “wax-
phase” columns. Because of
her keen attention to detail,
we have resolved several 
persistent problems with wax-
phase columns.

SSaannttiinnaa  NNeewwlleenn,, GC Column
Manufacturing Technician
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GC Columns

Rtx®-50 (fused silica)
(Crossbond® 50% methyl/50% phenyl polysiloxane)

Rtx®-50 (Crossbond® 50% methyl / 50% phenyl polysiloxane)
• General-purpose mid-polarity phase, ideal for antioxidants.
• Thermally stable to 320°C.
• Polarity similar to DB-17, DB-608, HP-17, SPB-50, SP-2250 phases.
• Equivalent to USP G3 phase.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.53mm 0.25 0 to 280/300°C 10522 $275

0.50 0 to 270/290°C 10537 $275 10540 $485 10543 $805
0.83 0 to 270/290°C 10569 $495
1.00 0 to 260/280°C 10552 $275 10555 $485 10558 $805

1.50 0 to 250/270°C 10567 $275 10570 $485 10573 $805

Rtx®-65TG (fused silica)
(Crossbond® 65% diphenyl/35% dimethyl polysiloxane)

Rtx®-65TG / MXT®-65TG (Crossbond® 65% diphenyl / 35% dimethyl polysiloxane)
• Application-specific column, designed for triglycerides.
• Specially tested with triglyceride mixture.
• Thermally stable to 370°C.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.10 40 to 370°C 17005 $285 17008 $450
0.32mm 0.10 40 to 370°C 17006 $305 17009 $480

0.53mm 0.10 40 to 360/370°C 17007 $330 17010 $530

MXT®-65TG (Silcosteel®-treated stainless steel)
(Crossbond® 65% diphenyl/35% dimethyl polysiloxane)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.10 20 to 370°C 77005 $285 77008 $450

0.53mm 0.10 20 to 370°C 77007 $330 77010 $530

Rtx®-20 (fused silica)
(Crossbond® 80% dimethyl/20% diphenyl polysiloxane)

*Maximum temperatures listed are for 15- and 30-meter lengths. Longer lengths may have a slightly reduced maximum temperature.

Rtx®-20 (Crossbond® 80% dimethyl / 20% diphenyl polysiloxane)
• General-purpose low to mid-polarity phase, ideal for flavor compounds, alcoholic beverage analysis.
• Thermally stable to 320°C.
• Polarity similar to SPB-20, VOCOL phases.
• Equivalent to USP G28, G32 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 110055--MMeetteerr
0.25mm 0.10 -20 to 300/320°C 10305 $250 10308 $405 10311 $705 10314 $815

0.25 -20 to 300/320°C 10320 $240 10323 $395 10326 $705 10329 $815
0.50 -20 to 290/310°C 10335 $240 10338 $395 10341 $705 10344 $815
1.00 -20 to 280/300°C 10350 $240 10353 $395 10356 $705 10359 $815

0.32mm 0.10 -20 to 300/320°C 10306 $270 10309 $435 10312 $765 10315 $925
0.25 -20 to 300/320°C 10321 $260 10324 $425 10327 $765 10330 $925
0.50 -20 to 290/310°C 10336 $260 10339 $425 10342 $765 10345 $925
1.00 -20 to 280/300°C 10351 $260 10354 $425 10357 $765 10360 $925
1.50 -20 to 270/290°C 10366 $260 10369 $425 10372 $765 10375 $925
3.00 -20 to 250/270°C 10381 $270 10384 $425 10387 $765 10390 $925

0.53mm 0.10 -20 to 260/280°C 10307 $285 10310 $485 10313 $790
0.25 -20 to 260/280°C 10322 $275 10325 $485 10328 $790
0.50 -20 to 260/280°C 10337 $275 10340 $485 10343 $790
1.00 -20 to 260/280°C 10352 $275 10355 $485 10358 $790
1.50 -20 to 250/270°C 10367 $275 10370 $485 10373 $790
3.00 -20 to 240/260°C 10382 $275 10385 $485 10388 $790

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr 4400--MMeetteerr
0.18mm 0.20 -20 to 300/320°C 40301 $220 40302 $345 40303 $630

0.40 -20 to 300/320°C 40310 $220 40311 $345 40312 $630

did you know?
Restek's MXT® columns—
rugged, flexible, inert
Silcosteel®-treated stainless
steel

also available
Other ID’s available—for
more information refer to our
general catalog.
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Rtx®-225 (fused silica)
(Crossbond® 50% cyanopropylmethyl/50% phenylmethyl polysiloxane)

Rtx®-225 (Crossbond® 50% cyanopropylmethyl / 50% phenylmethyl polysiloxane)
• General-purpose polar phase, ideal for FAMEs, carbohydrates, sterols, flavor compounds.
• Thermally stable to 240°C.
• Polarity similar to DB-225, HP-225 phases.
• Equivalent to USP G7, G19 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.10 40 to 220/240°C 14005 $240 14008 $405

0.25 40 to 220/240°C 14020 $230 14023 $395 14026 $705
0.50 40 to 220/240°C 14035 $230 14038 $395 14041 $705

0.32mm 0.10 40 to 220/240°C 14006 $260 14009 $435
0.25 40 to 220/240°C 14021 $250 14024 $425 14027 $765
0.50 40 to 220/240°C 14036 $250 14039 $425 14042 $765
1.00 40 to 200/220°C 14051 $250 14054 $425 14057 $765

0.53mm 0.10 40 to 200/220°C 14007 $275 14010 $485
0.25 40 to 200/220°C 14022 $275 14025 $485
0.50 40 to 200/220°C 14037 $275 14040 $485 14043 $830

1.00 40 to 200/220°C 14052 $275 14055 $485 14058 $830

FAMEWAX™ (fused silica)
(Crossbond® polyethylene glycol)

FAMEWAX™ (Crossbond® polyethylene glycol)
• Application-specific column, designed for FAMEs.
• Specially tested with FAME mixture.
• Thermally stable to 250°C.
• Polarity similar to Omegawax phase.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 20 to 250°C 12497 $405
0.32mm 0.25 20 to 250°C 12498 $445

0.53mm 0.50 20 to 250°C 12499 $495

Rtx®-Wax (fused silica)
(Crossbond® Carbowax® polyethylene glycol)

*Maximum temperatures listed are for 15- and 30-meter lengths. Longer lengths may have a slightly reduced maximum temperature.

Rtx®-Wax (Crossbond® Carbowax® polyethylene glycol)
• General-purpose polar phase, ideal for FAMEs, flavor compounds.
• 20°C minimum operating temperature.
• Thermally stable to 250°C.
• Polarity similar to DB-WAX, HP-Wax phases.
• Equivalent to USP G14, G15, G16, G20, G39 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.10 20 to 250°C 12405 $260 12408 $395

0.25 20 to 250°C 12420 $250 12423 $395 12426 $705
0.50 20 to 250°C 12435 $250 12438 $395 12441 $705

0.32mm 0.10 20 to 250°C 12406 $275 12409 $435
0.25 20 to 250°C 12421 $265 12424 $425 12427 $765
0.50 20 to 250°C 12436 $265 12439 $425 12442 $765
1.00 20 to 240/250°C 12451 $265 12454 $425 12457 $765

0.53mm 0.25 20 to 250°C 12422 $285 12425 $485
0.50 20 to 250°C 12437 $285 12440 $485 12443 $790
1.00 20 to 240/250°C 12452 $285 12455 $485 12458 $790

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr
0.10mm 0.10 20 to 250°C 41601 $270 41602 $440

0.20 20 to 240/250°C 41603 $270 41604 $440

did you know?

Siltek®/Sulfinert® and
Silcosteel® tubing & fittings
are ideal for transporting
active compounds such as
polar organics and sulfur 
compounds.
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GC Columns

Stabilwax® (fused silica)
(Crossbond® Carbowax® polyethylene glycol—provides oxidation resistance)

Stabilwax® / MXT®-WAX (Crossbond® Carbowax® polyethylene glycol)
• General-purpose polar phase, ideal for FAMEs, flavor compounds.
• Resistant to oxidative damage.
• Thermally stable to 250°C.
• Polarity similar to DB-WAXetr, HP-Innowax, Supelcowax 10 phases.
• Equivalent to USP G14, G15, G16, G20, G39 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr 3300--MMeetteerr  66//ppkk.. 6600--MMeetteerr
0.25mm 0.10 40 to 250°C 10605 $260 10608 $395 10611 $705

0.25 40 to 250°C 10620 $250 10623 $395 10626 $705
0.50 40 to 250°C 10635 $250 10638 $395 10641 $705

0.32mm 0.10 40 to 250°C 10606 $275 10609 $435 10612 $775
0.25 40 to 250°C 10621 $265 10624 $425 10627 $775
0.50 40 to 250°C 10636 $265 10639 $425 10642 $765
1.00 40 to 240/250°C 10651 $265 10654 $425 10654-600 $2125 10657 $765

0.53mm 0.10 40 to 250°C 10607 $285 10610 $485 10613 $790
0.25 40 to 250°C 10622 $285 10625 $485 10628 $790
0.50 40 to 250°C 10637 $285 10640 $485 10643 $790
1.00 40 to 240/250°C 10652 $285 10655 $485 10655-600 $2425 10658 $790
1.50 40 to 230/240°C 10666 $295 10669 $485 10672 $790

2.00 40 to 220/230°C 10667 $295 10670 $485

Rt-CW20M™ F&F (fused silica)
(nonbonded Carbowax® polyethylene glycol)

Rt-CW20M™ F&F (Carbowax® polyethylene glycol)
• Application-specific column, designed for flavor and fragrance compounds.
• True non-bonded Carbowax® 20M polarity.
• Thermally stable to 220°C.
• Polarity similar to HP-20M, Carbowax® 20M phases.

IIDD ddff  ((µm) tteemmpp..  lliimmiittss 3300--MMeetteerr  5500--MMeetteerr
0.25mm 0.25 60 to 220°C 12523 $395

0.32mm 0.33 60 to 220°C 12539 $730

Stabilwax®-DA (fused silica)
(Crossbond® Carbowax® polyethylene glycol for acidic compounds)

Stabilwax®-DA (Crossbond® acid-deactivated Carbowax® polyethylene glycol)
• Application-specific column, designed for underivatized free acids.
• No need for sample derivatization.
• Resistant to oxidative damage.
• Thermally stable to 250°C.
• Polarity similar to DB-FFAP, HP-FFAP, NUKOL, OV-351 phases.
• Equivalent to USP G25, G35 phases.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr
0.25mm 0.10 40 to 250°C 11005 $265 11008 $410 11011 $705

0.25 40 to 250°C 11020 $255 11023 $410 11026 $705
0.50 40 to 250°C 11035 $255 11038 $410 11041 $705

0.32mm 0.10 40 to 250°C 11006 $275 11009 $445 11012 $765
0.25 40 to 250°C 11021 $265 11024 $445 11027 $765
0.50 40 to 250°C 11036 $265 11039 $445 11042 $765
1.00 40 to 240/250°C 11051 $265 11054 $445 11057 $765

0.53mm 0.10 40 to 250°C 11007 $305 11010 $505 11013 $865
0.25 40 to 250°C 11022 $295 11025 $505 11028 $840
0.50 40 to 250°C 11037 $295 11040 $505 11043 $840
1.00 40 to 240/250°C 11052 $295 11055 $505 11058 $840
1.50 40 to 230/240°C 11062 $305 11065 $505 11068 $865

did you know?
We have over 2,000 pure, 
characterized, neat compounds
in our inventory! If you do not
see the EXACT mixture you
need listed on any of these
pages, call us.

See ppaaggee  4488 for our 
Custom Reference Materials
Request Form.
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Rtx®-200 (fused silica)
(Crossbond® trifluoropropylmethyl polysiloxane)

Rtx®-200 (Crossbond® trifluoropropylmethyl polysiloxane)
• General-purpose mid-polarity phase, ideal for alcohols, ketones, glycols.
• Thermally stable to 340°C.
• Polarity similar to DB-200, DB-210 phases.
• Equivalent to USP G6 phase.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 110055--MMeetteerr
0.25mm 0.10 -20 to 320/340°C 15005 $275 15008 $435 15011 $705

0.25 -20 to 320/340°C 15020 $265 15023 $425 15026 $705 15029 $835
0.50 -20 to 310/330°C 15035 $265 15038 $425 15041 $705 15044 $835
1.00 -20 to 290/310°C 15050 $265 15053 $425 15056 $705 15059 $835

0.32mm 0.10 -20 to 320/340°C 15006 $300 15009 $460 15012 $765
0.25 -20 to 320/340°C 15021 $290 15024 $450 15027 $765 15030 $975
0.50 -20 to 310/330°C 15036 $290 15039 $450 15042 $765 15045 $975
1.00 -20 to 290/310°C 15051 $290 15054 $450 15057 $765 15060 $975
1.50 -20 to 280/300°C 15066 $290 15069 $450 15072 $765 15075 $975

0.53mm 0.10 -20 to 310/330°C 15007 $325 15010 $515 15013 $825
0.25 -20 to 310/330°C 15022 $315 15025 $505 15028 $825
0.50 -20 to 300/320°C 15037 $315 15040 $505 15043 $825
1.00 -20 to 290/310°C 15052 $315 15055 $505 15058 $825
1.50 -20 to 280/300°C 15067 $315 15070 $505 15073 $825
3.00 -20 to 260/280°C 15082 $315 15085 $505 15088 $825 15091 $1020

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 1100--MMeetteerr 2200--MMeetteerr 4400--MMeetteerr
0.18mm 0.20 -20 to 310/330°C 45001 $240 45002 $370 45003 $645

0.40 -20 to 310/330°C 45010 $240 45011 $370 45012 $645

Rtx®-1301 (G43) (fused silica)
(Crossbond® 6% cyanopropylphenyl/94% dimethyl polysiloxane)

Rtx®-1301 (G43) (Crossbond® 6% cyanopropylphenyl / 94% dimethyl polysiloxane)
• General-purpose low to mid-polarity phase, ideal for alcohols, flavor compounds.
• Thermally stable to 280°C.
• Polarity similar to DB-1301, DB-624, SPB-1301, SPB-624 phases.
• Equivalent to USP G43 phase.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss** 1155--MMeetteerr 3300--MMeetteerr 6600--MMeetteerr 7755--MMeetteerr 110055--MMeetteerr
0.25mm 0.10 -20 to 280°C 16005 $250 16008 $405 16011 $705 16014 $815

0.25 -20 to 280°C 16020 $240 16023 $395 16026 $705 16029 $815
0.50 -20 to 270°C 16035 $240 16038 $395 16041 $705 16044 $815
1.00 -20 to 260°C 16050 $240 16053 $395 16056 $705 16059 $815
1.40 -20 to 240°C 16016 $705

0.32mm 0.10 -20 to 280°C 16006 $270 16009 $435 16012 $765 16015 $950
0.25 -20 to 280°C 16021 $270 16024 $425 16027 $765 16030 $950
0.50 -20 to 270°C 16036 $270 16039 $425 16042 $765 16045 $950
1.00 -20 to 260°C 16051 $270 16054 $425 16057 $765 16060 $950
1.50 -20 to 250°C 16066 $270 16069 $425 16072 $765 16075 $950

0.53mm 0.10 -20 to 280°C 16007 $285 16010 $485 16013 $790
0.25 -20 to 280°C 16022 $275 16025 $485 16028 $790
0.50 -20 to 270°C 16037 $275 16040 $485 16043 $790
1.00 -20 to 260°C 16052 $275 16055 $485 16058 $790
1.50 -20 to 250°C 16067 $275 16070 $485 16073 $790

3.00 -20 to 240°C 16082 $275 16085 $485 16088 $790 16076 $920 16091 $1225

*Maximum temperatures listed are for 15- and 30-meter lengths. Longer lengths may have a slightly reduced maximum temperature.

for more info
Request the Fast Facts for
RRttxx®®//MMXXTT®®--11330011  columns 
(lit. cat. #59317).
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GC Columns

Rt-2560
(biscyanopropyl polysiloxane)

Rt-2560 (biscyanopropyl polysiloxane)
• Application-specific column, designed for aseparating cis and trans FAMEs.
• Thermally stable to 250°C.
• Polarity similar to SP-2560 phase.

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 110000--MMeetteerr

0.25mm 0.20 20 to 250°C 13199 $1075

(2,3-di-O-ethyl-6-O-tert-butyl dimethylsilyl beta cyclodextrin doped into 14% cyanopropylphenyl/86% dimethyl polysiloxane)

Uses: Similar in performance to Rt-βDEXsm™ but provides better resolution for limonene, linalool, linalyl acetate,
ethyl-2-methylbutyrate, 2,3-butane diol.

Rt-ββDEXse™ (fused silica)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 40 to 230°C 13107 $610

0.32mm 0.25 40 to 230°C 13106 $640

(2,3-di-O-propyl-6-O-tert-butyl dimethylsilyl beta cyclodextrin doped into 14% cyanopropylphenyl/86% dimethyl polysiloxane)

Uses: Often useful in dual-column configurations, with the Rt-βDEXsm™ column, for complex enantiomeric separations.

Rt-ββDEXsp™ (fused silica)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 40 to 230°C 13111 $610

0.32mm 0.25 40 to 230°C 13110 $640

(2,3-di-acetoxy-6-O-tert-butyl dimethylsilyl beta cyclodextrin doped into 14% cyanopropylphenyl/86% dimethyl polysiloxane)

Uses: Unique selectivity for esters and lactones, and other fruit flavor components.

Rt-ββDEXsa™ (fused silica)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 40 to 230°C 13109 $610

0.32mm 0.25 40 to 230°C 13108 $640

(Proprietary cyclodextrin material doped into 14% cyanopropylphenyl/86% dimethyl polysiloxane)

Uses: This proprietary stationary phase was developed specifically for the fragrance industry, and also has been used for
pharmaceutical applications.

Rt-ββDEXcst™ (fused silica)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 40 to 230°C 13103 $610
0.32mm 0.25 40 to 230°C 13102 $640

(2,3-di-O-methyl-6-O-tert-butyl dimethylsilyl beta cyclodextrin doped into 14% cyanopropylphenyl/86% dimethyl polysiloxane)

Uses: Excellent column for most components of essential oils.

Rt-ββDEXsm™ (fused silica)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 40 to 230°C 13105 $610

0.32mm 0.25 40 to 230°C 13104 $640

free literature
FREE applications notes to
assist you with your analysis.
Request your copies today!

• GGrraappee  FFllaavvoorr  AAnnaallyyssiiss,,
UUssiinngg  aann  RRtt--γγDDEEXXssaa™™ GGCC
CCoolluummnn (lit. cat.# 59553)

• GGCC  AAnnaallyyssiiss  ooff  CChhiirraall  FFllaavvoorr
CCoommppoouunnddss  iinn  AAppppllee  JJuuiicceess,,
UUssiinngg  RRtt--ßßDDEEXXssmm™™ aanndd  
RRtt--ßßDDEEXXssee™™ CCoolluummnnss
(lit. cat.# 59546)
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Related Literature
All of the following publications are free on request.
All are Restek application notes, unless otherwise indicated.

Lit. cat.# Title
59128 Determination of Omega-3 (n-3) and Omega-6 (n-6) Fatty Acid Composition in Evening

Primrose Oil, Flax Seed Oil, Black Currant Oil, and Borage Oil
59136 The Institute for Nutraceutical Advancement (INA) Validates GC Methods for Saw

Palmetto, Using Rtx®-5 and Stabilwax® Columns
59155B GC Analysis of Volatile Free Fatty Acids on the Stabilwax®-DA Column
59177 Analyze Polar Compounds by Reversed Phase HPLC, Using Ultra Aqueous C18 Columns
59181 HPLC Analysis of Vitamins
59186 Analysis of Vanillin and Ethyl Vanillin in Vanilla Flavors, Using Ultra C8 Column
59199 Analyzing the Heat Level of Spicy Foods, Using an Ultra C18 HPLC Column
59348 Monitoring Volatile Compounds in Food Contact Packaging, Using Purge and Trap

GC/MS and an Rtx®-5MS Capillary Column
59364 Analyzing Nutraceutical Products by Liquid and Gas Chromatography
59398 Analysis of Preservatives, Using HPLC
59462 Analyzing Alcoholic Beverages by Gas Chromatography (technical guide)
59530 Single-Column Method for HPLC Analysis of Organic Acids in Fruit Juices, Using an

Allure™ Organic Acids Column
59546 GC Analysis of Chiral Flavor Compounds in Apple Juices, Using the Rt-βDEXsm™ and

Rt-βDEXse™ Columns
59553 Grape Flavor Analysis, Using an Rt-βDEXsa™ GC Column
59580A Fast, Selective Triglyceride Analysis
59581 Analysis of Cholesterol and Other Dietary Sterols
59584A High-Resolution Analyses of Fatty Acid Methyl Esters (FAMEs) by Gas Chromatography
59889 A Guide to the Analysis of Chiral Compounds by GC (technical guide)
59890 Selection Guide for Polar WAX GC Column Phases (technical guide)
59901 High Performance Silica Products

59012 Genuine Restek Replacement Parts for HPLC Systems (flyer)
59627E Genuine Restek Replacement Parts for Agilent GCs (brochure)
59241B HPLC Columns and Accessories (HPLC catalog)
59065 Restek Chromatography Supplies Catalog (current edition)

View these electronic publications on our website: www.restek.com
HPLC Analysis of Preservatives

Using Ultra Aqueous and Pinnacle II™ Columns
Restek Advantage 2002 vol. 2

High-Resolution Analysis of Fatty Acid Methyl Esters (FAMEs)
Using an Rt-2560 Capillary GC Column to Resolve cis and trans Isomers
Restek Advantage 2003 vol. 1

Analyzing Fatty Acid Methyl Esters (FAMEs) by GC
Using Restek Capillary Columns and Analytical Reference Materials
Restek Advantage 2002 vol. 4

tech tip
TToo  ooppttiimmiizzee  cchhiirraall  sseeppaarraattiioonnss,,  uussee::

1) Faster linear velocities (80cm/sec.) with hydrogen carrier gas.

2) Slower temperature ramp rates (1–2°C/min.).

3) Appropriate minimum operating temperature (40 or 60°C).

4) On-column concentrations of 50ng or less.

free literature
Many example chromatograms
in our 24-page chiral analysis
guide will help you find the
best chiral column, or
columns, for your application.

Request AA  GGuuiiddee  ttoo  tthhee
AAnnaallyyssiiss  ooff  CChhiirraall  CCoommppoouunnddss
bbyy  GGCC (lit. cat.# 59889) for
more information about chiral
separations.

Call Restek at 880000--335566--11668888  
oorr  881144--335533--11330000,,  eexxtt..  55, or
contact your Restek represen-
tative, to request your free
copy.
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Packed GC Columns

*Please add configuration suffix number to cat.# when ordering.
**Silcosteel®-deactivated stainless steel.

CarboBlack™ Solid Supports
Graphitized carbon black offers unique selectivity and very little adsorption for alcohol analyses. Two
types of CarboBlack™ supports are available, CarboBlack™ B and CarboBlack™ C. CarboBlack™ B support,
with its higher surface area, can hold up to a 10% loading of a non-silicone liquid phase. CarboBlack™ C
support can hold up to a 1% loading of a non-silicone liquid phase. Many Carbowax® 20M-loaded
CarboBlack™ packings are available. CarboBlack™ packings are treated with KOH or picric acid for basic
or acidic compounds, and special alcoholic beverage loadings are available. CarboBlack™ supports provide
resolution and retention similar to Carbopack™ and Carbograph™ supports.

Column
Configurations

General
Configuration
SSuuffffiixx  --880000

Agilent 
5880, 5890,
5987, 6890:
SSuuffffiixx  --881100

Varian 3700,
Vista Series,
FID:
SSuuffffiixx  --882200

PE 900-3920
Sigma 1,2,3:
SSuuffffiixx  --883300

83/4"

PE Auto System
8300, 8400,
8700 (Not On-
Column):
SSuuffffiixx  --884400

6 1/2"

See page 103 for custom 
configurations

NNoottee::  Initial 2" of column will
be empty, to accommodate a
needle. For a completely filled
column add suffix -901.

please note
All stock CarboBlack™ columns
are PRE-CONDITIONED

SSttaaiinnlleessss  SStteeeell  TTuubbiinngg SSiillccooSSmmooootthh™ TTuubbiinngg****
LL OODD IIDD LL OODD IIDD

OOnn  CCaarrbbooBBllaacckk™™ BB MMeesshh ((fftt..)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee ((mm)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee

5% Carbowax® 20M 80/120 — — — — — 2 1/8 2 80105- $110

5% Carbowax® 20M 60/80 6 1/8 2.1 88012- $95 1.8 1/8 2 80106- $110

6.6% Carbowax® 20M 80/120 6 1/8 2.1 80451- $95 2 1/8 2 80107- $110

4% Carbowax® 20M/ 0.8% KOH 60/80 — — — — — 2 1/8 2 80116- $110

1% Rt-1000 60/80 8 1/8 2.1 88013- $110 2.4 1/8 2 80206- $140

1% Rt-1000 60/80 6 1/8 2.1 80452- $95 2 1/8 2 80207- $110

3% Rt-1500 80/120 10 1/8 2.1 80453- $140 3.05 1/8 2 80211- $175

1% Rt-1510 60/80 10 1/8 2.1 80454- $140 3.05 1/8 2 80216- $175

1.5% XE-60/1% H3PO4 60/80 6 1/8 2.1 80455- $95 1.8 1/8 2 80305- $110

NNiicckkeell  220000  TTuubbiinngg

LL OODD IIDD
OOnn  CCaarrbbooBBllaacckk™ BB MMeesshh ((mm)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee

5% Krytox (Ni 200 tubing) 60/80 3.05 1/8 2.1 80127- $227

SSttaaiinnlleessss  SStteeeell  TTuubbiinngg SSiillccooSSmmooootthh™ TTuubbiinngg****
LL OODD IIDD LL OODD IIDD

OOnn  CCaarrbbooBBllaacckk™ CC  MMeesshh ((fftt..)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee ((mm)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee

0.2% Carbowax® 1500 60/80 6 1/8 2.1 80456- $95 2 1/8 2 80121- $110

0.2% Carbowax® 1500 80/100 6 1/8 2.1 80457- $95 2 1/8 2 80122- $110

0.1% Rt-1000 80/100 6 1/8 2.1 80458- $95 1.8 1/8 2 80205- $110

0.19% picric acid 80/100 6 1/8 2.1 80459- $95 2 1/8 2 80311- $110

0.3% Carbowax® 20M/0.1% H3PO4 60/80 2.5 3/16 3.2 80460- $70 0.75 3/16 3.2 80111- $86
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Chromosorb®-Based Packed Columns

*Please add configuration suffix number to cat.# when ordering. 
**Silcosteel®-deactivated stainless steel.
***Modified version of Chromosorb® W; highest inertness, most consistent performance.

Chromosorb® Diatomaceous Earth Supports
Restek offers the full line of Chromosorb® solid supports that are specially sieved to remove fines and
ensure tight particle distribution. Choosing the appropriate support will depend on your application.
Need assistance? Call Technical Service at 800-356-1688 or 814-353-1300, ext. 4, or contact your local
Restek representative for more information.

Chromosorb® P (used to prepare Silcoport™ P)
Chromosorb® P support is manufactured from hard firebrick, making it a rugged material. This support
is available acid washed (AW), non-acid washed (NAW), and traditional dimethyldichlorosilane
(DMDCS) treated. Chromosorb® P support can hold up to 30 weight% of liquid stationary phase, mak-
ing it the highest loading support available.

Chromosorb® W (used to prepare Silcoport™ W and Silcoport™ BW)
Chromosorb® W support is a flux-calcinated diatomite. This solid support is very fragile but offers the
highest inertness of all diatomaceous earth supports. It can be prepared with up to 25 weight% of liquid
stationary phase. Chromosorb® W support is available in AW, NAW, and DMDCS, or treated with Restek’s
proprietary (Silcoport™) deactivation. Chromosorb® W-HP is an acid washed, silanized version of
Chromosorb® W.

Chromosorb® G
Chromosorb® G support is the hardest support available and has the lowest surface area of all the diatoma-
ceous earth supports. Chromosorb® G support is available as AW, NAW, and DMDCS-treated. It can hold
up to 10 weight% of liquid stationary phase.

Chromosorb® T
Chromosorb® T support is made from Teflon® and is an extremely inert solid support.

Call Restek at 800-356-1688 or 814-353-1300, ext. 3, or contact your local Restek representative for quotes
on any Chromosorb® material. Some of the popular Chromosorb®-based stock columns and packings
available are:

Restek’s packed
columns deliver the 

1-2-3 PUNCH!
1. Bonded stationary phases
mean short conditioning times,
low bleed, and unsurpassed 
column lifetimes.

2. SilcoSmooth™ tubing provides
the inertness of glass and the
durability of stainless steel.

3. Silcoport™ diatomaceous
earth provides unsurpassed
inertness for trace analysis.

3% Rt-101 6 1/8 2.1 80461- $75 2 1/8 2 80400- $104

3% Rt-2100 6 1/8 2.1 80462- $75 2 1/8 2 80420- $104

5% Rt-1200/1.75% Bentone 34 6 1/8 2.1 80463- $75 2 1/8 2 80125- $104

5% Rt-1200/5% Bentone 34 6 1/8 2.1 80464- $75 2 1/8 2 80129- $104

10% TCEP 100/120 8 1/8 2.1 80465- $100 2.5 1/8 2 80126- $140

23% Rt-1700 80/100 30 1/8 2.1 80466- $225 9.2 1/8 2 80128- $305

SSttaaiinnlleessss  SStteeeell  TTuubbiinngg SSiillccooSSmmooootthh™ TTuubbiinngg****
LL OODD IIDD LL OODD IIDD

OOnn  110000//112200  SSiillccooppoorrtt™ WW****** ((fftt..)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee ((mm)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee

SSttaaiinnlleessss  SStteeeell  TTuubbiinngg SSiillccooSSmmooootthh™ TTuubbiinngg****
LL OODD IIDD LL OODD IIDD

OOnn  CChhrroommoossoorrbb® PPAAWW MMeesshh ((fftt..)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee ((mm)) ((iinn..)) ((mmmm)) ccaatt..##** pprriiccee
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GC Accessories

Leak Detector
• Affordable thermal conductivity leak detector - every analyst should have one.
• Compact, portable, ergonomic design is easy to hold and operate.
• Sensitive - detects helium, hydrogen*, or nitrogen at 1x10-4 cc/sec
• Fast results - responds to leaks in less than 2 seconds.
• Autozeroing with the touch of a button.
• Battery-operated, for portability.
• Built-in rechargeable battery—charging adaptor included.

In continuing our efforts to provide chromatographers with the best available columns, tools, and acces-
sories, we have enhanced our popular Restek Electronic Leak Detector. New features include internal bat-
tery charge capability, a low battery indicator, a battery charge indicator light, yellow lights to signal a
nitrogen leak, a repositioned on/off switch, to eliminate accidentally powering on the unit, and a new
probe tip design that prevents debris from entering the unit. The new leak detector maintains the
microchip technology that enables high sensitivity in a compact unit, the autozero feature that allows
instantaneous zeroing with the touch of a button, and the ergonomic design that puts all controls at your
fingertips, for maximum ease of use.

The new Restek Electronic Leak Detector is the affordable solution for GC leak detection. Leaks can cause
detector noise and baseline instability, waste carrier gas, and shorten column lifetimes. The leak detector
responds in less than 2 seconds to leaks of gases with thermal conductivities different from air, indicating
leaks with both an audible alarm and an LED readout. The leak detector detects minute gas leaks that can
go undetected by liquid leak detectors. And, remember - you should never use liquid leak detectors on a
capillary system, because liquids can be drawn into the column through the leaks.

*Caution: The Restek Electronic Leak Detector is NOT designed for determining leaks of combustible gases. A combustible gas detec-
tor should be used for determining combustible gas leaks in possible hazardous conditions.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Leak Detector with 110Volt Battery Charger ea. 22451 $765
Leak Detector with 220Volt European Battery Charger ea. 22451-EUR $765

Leak Detector with 220Volt UK Battery Charger ea. 22451-UK $765

Easy-to-clean probe
assembly.

FastPack™ Inlet Kits for Agilent GCs
• Convenient: the parts you use are all in one package—no hunting

for individual parts.
• Economical: costs less than the sum of the individual parts.
• Clean: Mylar® bag is factory sealed; no contamination of the

products from weeks in the lab.

FastPack™ Inlet Kits are a great way to make routine maintenance
easy. Each kit includes one:

• Inlet liner—choose from four popular styles.
• Viton® O-ring.
• 0.8mm ID gold-plated inlet seal.
• Inlet seal washer.
• 11mm Thermolite® septum.

*Liner dimensions: 4mm ID, 6.5mm OD, 78.5mm long.
**Liner dimensions: 4mm ID, 6.3mm OD, 78.5mm Long.

1 pack includes 5 maintenance kits
ppaacckk  ooff 55  oorr  mmoorree 2200  oorr  mmoorree

DDeeaaccttiivvaatteedd  LLiinneerr ccaatt..## 55  kkiittss ppaacckkss ppaacckkss
4mm Splitless* 21101 $190/pk. $180/pk. $170/pk.
4mm Splitless Gooseneck* 21102 $210/pk. $200/pk. $190/pk.
4mm Splitless Double Gooseneck* 21103 $250/pk. $238/pk. $225/pk.

4mm Split with Fused Silica Wool** 21104 $200/pk. $190/pk. $180/pk.

FastPack™ Inlet Kits make routine 
injection port maintenance easy!

Each kit is sealed in a 
factory-clean Mylar® bag.
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Thermolite® Septa
• Usable to 340°C inlet temperature.
• Each batch tested with FIDs, ECDs, and

MSDs to ensure lowest bleed.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.

SSeeppttuumm  DDiiaammeetteerr 2255--ppkk..//pprriiccee 5500--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
5mm (3/16") 20351 $41 20352 $61 20353 $101
6mm (1/4") 20355 $41 20356 $61 20357 $101
7mm 20381 $41 20382 $61 20383 $101
8mm 20370 $41 20371 $61 — —
9mm 20354 $41 20358 $61 20362 $101
9.5mm (3/8") 20359 $41 20360 $61 20361 $101
10mm 20378 $41 20379 $61 20380 $101
11mm (7/16") 20363 $41 20364 $61 20365 $101
11.5mm 22385 $41 22386 $61 22387 $101
12.5mm (1/2") 20367 $41 20368 $61 20369 $101
17mm 20384 $44 20385 $81 20386 $156

Shimadzu Plug 20372 $41 20373 $61 20374 $101

InfraRed™ Septa
• Usable to 325°C inlet temperature.
• Preconditioned and ready to use.
• Excellent puncturability.
• Do not adhere to hot metal surfaces.
• Low bleed.
• Packaged in non-contaminating glass jars.

SSeeppttuumm  DDiiaammeetteerr 2255--ppkk..//pprriiccee 5500--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
9mm 21417 $41 21418 $61 21419 $101
9.5mm (3/8") 21421 $41 21422 $61 21423 $101
10mm 21424 $41 21425 $61 21426 $101
11mm (7/16") 21427 $41 21428 $61 21429 $101
11.5mm 21430 $41 21431 $61 21432 $101
12.5mm (1/2") 21433 $41 21434 $61 21435 $101
17mm 21436 $44 21437 $81 21438 $156

Shimadzu Plug 21439 $41 21440 $61 21441 $101

septum sizes
RReeffeerreennccee  CChhaarrtt

5 7 9 9.5 10 11 11.5 12.5 17

Measure
your old

septum here
(size in mm)

Septum
Size

Instrument (mm)

AAggiilleenntt  ((HHPP))
5880A, 5890, 6890, 
6850, PTV 11
5700, 5880 9.5/10
On-Column Injection 5

CCEE IInnssttrruummeennttss  ((TTMMQQ))
TRACE™ GC 17

FFiinnnniiggaann  ((TTMMQQ))
GC 9001 9.5
GCQ 9.5
GCQ w/TRACE™, PTV 17
QCQ™ 9.5
TRACE™ 2000 9.5

FFiissoonnss//CCaarrlloo  EErrbbaa  ((TTMMQQ))
8000 series 17

GGooww--MMaacc  
6890 series 11
All other models 9.5

PPeerrkkiinnEEllmmeerr
Sigma series 11
900,990 11
8000 series 11
Auto SYS 11
Auto SYS XL 11

PPyyee//UUnniiccaamm
All models 7

SShhiimmaaddzzuu
All models Plug

SSRRII
All models Plug

TTrraaccoorr
540 11.5
550,560 9.5
220,222 12.5

VVaarriiaann
Injector type:
Packed column 9.5/10
Split/splitless
1078/1079 10/11
1177 9
1075/1077 11

IceBlue™ Septa
• Usable to 250°C inlet temperature.
• General-purpose septa.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.
• Ideal for SPME.

SSeeppttuumm  DDiiaammeetteerr 5500--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
9mm 22381 $36 22382 $66
9.5mm (3/8") 22388 $36 22389 $66
10mm 22390 $36 22391 $66
11mm (7/16") 22392 $36 22393 $66
11.5mm 22383 $36 22384 $66
12.5mm (1/2") 22394 $36 22395 $66
17mm 22396 $36 22397 $66

Shimadzu Plug 22398 $36 22399 $66



FFoorr  00..2255//00..3322//00..5533mmmm  IIDD  CCoolluummnnss BBeenneeffiittss//UUsseess
IIDD**//OODD  &&

LLeennggtthh  ((mmmm))
SSiimmiillaarr  ttoo

AAggiilleenntt  ppaarrtt  ## eeaa..
ccaatt..##//pprriiccee

55--ppkk.. 2255--ppkk..

Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

—
21054
$60

21055
$240

20998
$1025

Siltek® Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

—
21054-214.1

$65
21055-214.5

$260
20998-214.25

$1115

Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

G1544-80730
20756
$60

20771
$270

—

Double Gooseneck Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

—
20508
$60

20509
$240

—

Double Gooseneck Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

G1544-80700
20954
$60

20989
$270

—

Siltek® 1mm Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

1.0 ID
6.3 OD x 78.5

—
21390-214.1

$70
21391-214.5

$280
—

FFoorr  00..3322//00..5533mmmm  IIDD  CCoolluummnnss BBeenneeffiittss//UUsseess
IIDD**//OODD  &&

LLeennggtthh  ((mmmm))
SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ##

ccaatt..##//pprriiccee
eeaa..

ccaatt..##//pprriiccee
55--ppkk..

Auto SYS Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.2 OD x 92.1

—
20819
$60

20822
$240

Auto SYS Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.2 OD x 92.1

—
21293
$60

21294
$240

Auto SYS Gooseneck Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
5.0 OD x 92.1

—
21295
$74

21296
$296

Auto SYS Gooseneck Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.2 OD x 92.1

—
21297
$74

21298
$296
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GC Accessories

00..3322  &&  00..5533mmmm  IIDD  ccoolluummnnss BBeenneeffiittss//UUsseess
IIDD**//OODD  &&

LLeennggtthh  ((mmmm))
SSiimmiillaarr  ttoo
TTFF  ppaarrtt  ## eeaa..

ccaatt..##//pprriiccee
55--ppkk.. 2255--ppkk..

Drilled Uniliner® (hole on top)

trace, active samples, high
recovery, & linearity

5.0 ID
8.0 OD x 105

—
22411
$70

22412
$280

—

Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery, & linearity

5.0 ID
8.0 OD x 105

—
22413
$70

22414
$280

—

FFoorr  00..3322//00..5533mmmm  IIDD  CCoolluummnnss BBeenneeffiittss//UUsseess
IIDD**//OODD  &&

LLeennggtthh  ((mmmm))
SSiimmiillaarr  ttoo

SShhiimmaaddzzuu  ppaarrtt  ## eeaa..
ccaatt..##//pprriiccee

55--ppkk.. 2255--ppkk..

Open-top Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

—
21285
$65

21286
$260

—

Open-top Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

—
21287
$65

21288
$260

—

Gooseneck Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

—
21289
$72

21290
$288

—

Gooseneck Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

—
21291
$72

21292
$288

—

FFoorr  00..2255//00..3322//00..5533mmmm  IIDD  CCoolluummnnss BBeenneeffiittss//UUsseess
IIDD**//OODD  &&

LLeennggtthh  ((mmmm))
SSiimmiillaarr  ttoo

VVaarriiaann  ppaarrtt  ##
ccaatt..##//pprriiccee

eeaa..
ccaatt..##//pprriiccee

55--ppkk..

Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

—
21470
$60

21471
$270

Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

—
21468
$60

21469
$270

Hole in Drilled Uniliner® makes direct injection
possible with EPC-equipped 6890 GCs!

DI Liners for Agilent 5890 & 6890 GCs

DI Liners for Varian 1177 GCs

DI Liners for Shimadzu GCs

DI Liners for PerkinElmer GCs

Direct Injection Liners for Thermo Finnigan 8000 & TRACE™ Series GCs

All liners are 110000%%  ddeeaaccttiivvaatteedd. All liners are shipped intermediate polarity (IP) deactivated unless otherwise requested.
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Viton® O-Rings for Agilent GCs
• Fit split (6.3mm OD) or splitless (6.5mm OD) liners.

SSiimmiillaarr  ttoo
DDeessccrriippttiioonn MMaaxx..  tteemmpp.. AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Viton® O-Rings for Agilent GCs 250°C 5180-4182 25-pk. 20377 $19.80

Graphite O-Rings for Agilent and Varian 1177 GCs
• Excellent thermal stability at injection port temperatures up to 450°C!

MMaaxx..  SSiimmiillaarr  ttoo RReesstteekk  ccaatt..##//  pprriiccee
DDeessccrriippttiioonn tteemmpp.. AAggiilleenntt  ppaarrtt  ## 1100--ppkk.. 5500--ppkk..
Graphite O-rings for split liners (6.35mm ID) 450°C 5180-4168 20296 $30 20297 $135

Graphite O-rings for splitless liners (6.5mm ID) 450°C 5180-4173 20298 $30 20299 $135

Liner Seals for Varian 1078/1079

DDeessccrriippttiioonn MMaaxx..  tteemmpp..
SSiimmiillaarr  ttoo  

VVaarriiaann ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

5mm Graphite Liner Seals for Varian 1078/1079 GCs 450°C
392611919
392534201 10-pk. 22683 $33

Viton® O-Rings for PerkinElmer AutoSys GCs
DDeessccrriippttiioonn MMaaxx..  tteemmpp.. SSiimmiillaarr  ttoo  PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Viton® O-Rings for PerkinElmer AutoSys GCs 250°C N6101374 10-pk. 20262 $7

Graphite O-Rings for PerkinElmer AutoSys XL PSS
DDeessccrriippttiioonn MMaaxx..  tteemmpp.. SSiimmiillaarr  ttoo  PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Graphite O-Rings for PerkinElmer AutoSys XL PSS 450°C N610-1751 10-pk. 21475 $34

Graphite O-Rings for PerkinElmer AutoSys XL PSS 450°C N610-1751 25-pk. 21476 $75

Viton® O-Rings for PerkinElmer PSS
DDeessccrriippttiioonn MMaaxx..  tteemmpp.. SSiimmiillaarr  ttoo  PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Viton® O-Rings for PerkinElmer PSS 250°C N6101747 10-pk. 20366 $9

Graphite O-Rings for Shimadzu 17A and 2010 GCs

DDeessccrriippttiioonn MMaaxx..  tteemmpp..
SSiimmiillaarr  ttoo

SShhiimmaaddzzuu ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Graphite O-Rings for Split Liners 450°C 221-48393-91 5-pk. 20243 $45

Graphite O-Rings for Splitless Liners 450°C 221-47222-91 5-pk. 20244 $45

Viton® O-Rings for Shimadzu 17A and 2010 GCs

DDeessccrriippttiioonn MMaaxx..  tteemmpp..
SSiimmiillaarr  ttoo

SShhiimmaaddzzuu ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Viton® O-Rings for Shimadzu 17A and 2010 GCs 250°C 036-11203-84 10-pk. 21477 $14

Septum Puller
Remove septum, O-rings, stuck ferrule fragments; you’ll find many more uses.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Septum Puller ea. 20117 $13

Inlet Liner Removal Tool
• Easily remove liner from injector—

no more burned fingers.
• Made from high-temperature silicone.
• Won’t chip or crack the liner.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Inlet Liner Removal Tool 3-pk. 20181 $25
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GC Accessories

Dual Vespel® Ring Inlet Seals
Washerless, Leak-Tight Seals for Agilent GCs
• Vespel® ring embedded in bottom surface eliminates need for washer.
• Vespel® ring embedded in top surface reduces operator variability by requiring minimal torque to seal.
• Prevents oxygen from permeating the carrier gas, increasing column lifetime.

00..88mmmm  IIDD  DDuuaall  VVeessppeell® RRiinngg  IInnlleett  SSeeaall 22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee
Siltek® 21242 $60 21243 $270
Gold-Plated 21240 $60 21241 $270
Stainless Steel 21238 $47 21239 $207
11..22mmmm  IIDD  DDuuaall  VVeessppeell® RRiinngg  IInnlleett  SSeeaall 22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee
Siltek® 21248 $60 21249 $270
Gold-Plated 21246 $60 21247 $270

Stainless Steel 21244 $47 21245 $207

Replacement Inlet Seals with Washers
• Special grade of stainless steel that is softer and deforms more easily, creating a better seal.
• Increases column lifetime because oxygen cannot permeate into the carrier gas.
• Reduced noise benefits high-sensitivity detectors (e.g., ECDs, MSDs).
• Siltek® treatment provides the inertness similar to fused silica.
• Highly-polished stainless steel increases inertness to active compounds.
• All seals include washers.

*0.8mm ID stainless steel inlet seal is similar to Agilent part #18740-20880,
0.8mm ID gold-plated inlet seal is similar to Agilent part #18740-20885.

SSiinnggllee--CCoolluummnn  IInnssttaallllaattiioonn,,
00..88mmmm  OOppeenniinngg**

00..2255//00..3322mmmm  IIDD  DDuuaall--CCoolluummnn  IInnssttaallllaattiioonn,,
11..22mmmm  OOppeenniinngg

00..5533mmmm  IIDD  DDuuaall--CCoolluummnn  IInnssttaallllaattiioonn  
((11//1166--iinncchh  ooppeenniinngg))

22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee 22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee 22--ppkk..//pprriiccee 1100--ppkk..//pprriiccee

SSttaaiinnlleessss  SStteeeell  IInnlleett  SSeeaall
21315 $44.25 21316 $194.70 20390 $44.25 20391 $194.70 20392 $44.25 20393 $194.70

GGoolldd--PPllaatteedd  IInnlleett  SSeeaall
21317 $57.75 21318 $263.25 21305 $57.75 21306 $263.25 — —

SSiilltteekk® IInnlleett  SSeeaall

21319 $57.75 21320 $263.25 21307 $57.75 21308 $263.25 — —

Alumaseal™ Ferrules*
• Aluminum construction, will not crack or fragment.
• Eliminate out-gassing, make leak-tight seals, for less detector noise.
• No retightening required after temperature cycles—excellent for GC/MS.
• Unique two-piece design permanently locks on fused silica tubing without causing breakage.
• Will not stick in fittings, unlike Vespel® or graphite.
• Use with any 1/16" compression-type fitting.

*Patent pending.

FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD qqttyy.. ccaatt..## pprriiccee
0.4mm 0.25mm 10-pk. 21472 $38
0.5mm 0.32mm 10-pk. 21473 $38

0.8mm 0.53mm 10-pk. 21474 $38
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Vespel® Ferrules
• 100% high-temperature polyimide.
• Stable to 350°C.
• Durable, leak-tight.
Graphite Ferrules
• High-purity, high-density graphite.
• Smoother surface and cleaner edges than conventional graphite ferrules.
• Contain no binders that can off-gas or adsorb analytes.
• Stable to 450°C.
Vespel®/Graphite Ferrules
• 60%/40% Vespel®/graphite blend, offering the best combination of sealing and ease of workability.
• Seal with minimal torque, reusable, and preferred for vacuum and high-pressure uses.
• Stable to 400°C.
• Recommended for mass spec transfer lines.

*For micropacked columns.
**For 0.28mm MXT® columns.

save money! 
Buy ferrules in bulk 50-packs!

Capillary Ferrules—For 1/16-Inch Compression-Type Fittings
FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD qqttyy.. VVeessppeell® GGrraapphhiittee VVeessppeell®//GGrraapphhiittee

0.3mm ≤ 0.20mm 10-pk. 22213 $33 20233 $32.50 20275 $37.50
0.4mm 0.25/0.28mm 10-pk. 22214 $33 20200 $27.50 20211 $32.50
0.4mm 0.25/0.28mm 50-pk. — — 20227 $105 20229 $125
0.5mm 0.28/0.32mm 10-pk. 22215 $33 20201 $27.50 20212 $32.50
0.5mm 0.28/0.32mm 50-pk. — — 20228 $105 20231 $125
0.6mm 0.28mm** 10-pk. — — — — 20232 $42.50
0.8mm 0.45/0.53mm 10-pk. 22216 $33 20202 $27.50 20213 $32.50
0.8mm 0.45/0.53mm 50-pk. — — 20224 $105 20230 $125
1.0mm 0.75mm* 10-pk. 22217 $33 21058 $27.50 — —
1.2mm 0.75mm 10-pk. 22218 $33 — — — —

1.6mm 1.00mm* 10-pk. — — 21060 $27.50 — —

Compact Ferrules—For Agilent 5890/6890/6850 GCs
FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD qqttyy.. GGrraapphhiittee VVeessppeell®//GGrraapphhiittee

0.4mm 0.25/0.28mm 10-pk. 20250 $27.50 20238 $47
0.4mm 0.25/0.28mm 50-pk. 20251 $105 20239 $185
0.5mm 0.28/0.32mm 10-pk. 21007 $27.50 20248 $47
0.5mm 0.28/0.32mm 50-pk. 21008 $105 20249 $185
0.8mm 0.45/0.53mm 10-pk. 20252 $27.50 20263 $47
0.8mm 0.45/0.53mm 50-pk. 20253 $105 20264 $185
1.0mm 0.75mm* 10-pk. 21059 $27.50 21056 $47

1.6mm 1.00mm* 10-pk. 21061 $27.50 21057 $47

Encapsulated Ferrules—For 1/16-Inch Compression Fittings
• Reusable—will not deform and stick in fittings.
• Less torque needed to seal ferrule.
• Restek’s unique blend of graphite minimizes fragmentation and outgassing.

FFeerrrruullee  IIDD FFiittss  CCoolluummnn  IIDD qqttyy.. ccaatt..## pprriiccee
0.4mm 0.25mm 10-pk. 21036 $42.50
0.5mm 0.32mm 10-pk. 21037 $42.50

0.8mm 0.53mm 10-pk. 21038 $42.50
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Inlet and FID Maintenance Kits for Agilent GCs
• Include the most common consumable supplies.
• All parts meet or exceed performance by instrument manufacturer’s parts.
• Parts list makes reordering easy.

Inlet kit includes:
• 0.4, 0.5, and 0.8mm IDgraphite ferrules.
• Viton® O-rings.
• Capillary nuts.
• Inlet seals.
• Reducing nut.
• Scoring wafer.
• 11mm Thermolite® septa.
• 4.0mm single gooseneck liner.
• 4.0mm split liner with wool.
• Capillary column caps.
• 1/4- x 5/16-inch wrench.
• Septum puller.
• Installation gauge.
• Wire cleaning brush.
• Jet reamers/ferrule removers.
• Inlet liner removal tool.

FID kits include:
• 1/4-inch, 0.4, 0.5, and 0.8mm ID graphite ferrules.
• FID/NPD capillary adaptor.
• Capillary nuts.
• Jet reamers/ferrule removers.
• 1/4-inch nut.
• Scoring wafer.
• Capillary column caps.
• Ignitor for either Agilent 5890 or 6890/6850 GCs.
• FID flow measuring adaptor.
• 1/4- x 5/16-inch wrench.
• Installation gauge.
• Wire cleaning brush.
• High-performance Siltek®-treated FID jet for

either Agilent 5890 (adaptable jet) or 6890/6850
(dedicated jet) GCs.

• 1/4-inch nut driver for jet removal.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Inlet Maintenance Kit for Agilent 5890/6890/6850 GCs kit 21069 $325
FID Maintenance Kit for Agilent 5890 GCs kit 21070 $455

FID Maintenance Kit for Agilent 6890/6850 GCs kit 21071 $455

FID Maintenance Kit

Inlet Maintenance Kit



11mm Aluminum Crimp
Seals with Septa
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Crimp-Top Vials, 2.0mL, 12 x 32mm, 11mm Crimp Finish
White graduated marking spots are a standard feature unless otherwise noted.

*Colored marking spots avail-
able on request in blue,
green, rust, or yellow (1000
packs only).

**PTFE/Silicone/PTFE avail-
able on request (1000 packs
only).

***Individual colored seals
available on request.

†Silcote™ CL7 deactivation.

‡Not to be used with 9mmn
screw-thread vials.

2.0mL,
11mm,

Crimp-Top
Vial

Crimp-Top Vial, Snap Seal™ Style (12 x 32mm, 11mm Crimp)
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
2.0mL Clear Glass Vial w/White Graduated Marking Spot* 24383 $15 24384 $121
2.0mL Amber Glass Vial w/White Graduated Marking Spot* 24385 $16 24386 $135

2.0mL Clear Glass Vial without Graduated Marking Spot 21152 $14 21153 $115

11mm Aluminum Crimp Seals w/Septa
DDeessccrriippttiioonn 110000--ppkk.. 550000--ppkk.. 11000000--ppkk..
Silver Seal, PTFE/Natural Rubber Septa 21174 $10 — — 21175 $79
Mixed Colors, PTFE/Natural Rubber Septa*** — — 21724 $44 — —
Silver Seal, PTFE/Silicone Septa** 24359 $21 — — 24360 $179

Mixed Colors, PTFE/Silicone Septa*** — — 21725 $103 — —

Convenience Kits: Vials, Caps, & Septa
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
2.0mL Clear Vial, deactivated, PTFE/Natural Rubber Seal† 24671 $38 24672 $360
2.0mL Amber Vial, deactivated, PTFE/Natural Rubber Seal† 24673 $38 24674 $360
2.0mL Clear Vial, untreated, PTFE/Natural Rubber Seal 21196 $28 21197 $240
2.0mL Amber Vial, untreated, PTFE/Natural Rubber Seal 21198 $28 21199 $240
2.0mL Clear Vial, untreated, PTFE/Silicone Seal 24646 $34 24647 $313

2.0mL Amber Vial, untreated, PTFE/Silicone Seal 24648 $34 24649 $313

Glass, Limited
Volume Insert with

Bottom Spring

Limited Volume Inserts for 2mL Crimp-Top & Short-Cap, Screw-Thread Vials
DDeessccrriippttiioonn 110000--ppkk.. 11000000--ppkk..
50µL Glass, Polypropylene, Bottom Spring 24513 $42 21782 $378
250µL Glass, Big Mouth Insert w/ Bottom Spring 21776 $72 21777 $660
250µL Glass, Big Mouth Insert w/ Glass Flange (Step™ Design)‡ 24516 $63 21779 $514
350µL Glass, Flat Bottom Insert 21780 $17 24517 $105
350µL Glass, Flat Bottom Insert w/ ID Ring 24692 $19 24693 $115
250µL Polypropylene, Bottom Spring 24518 $15 — —
250µL Polypropylene, Top Flange 24519 $8.50 — —

250µL Polypropylene, No Spring 24520 $8.50 — —

Standard Micro-Liter Syringes for Agilent 7673, 7683, and 6850 Autosamplers
• Hamilton and SGE syringes are designed and tested to meet critical autosampler performance.
• SGE manufactures autosampler syringes for every major GC instrument company.
• Needle point styles are designed to withstand multiple, fast injections through a septum.

*Designated by Agilent as #80397.

Hamilton Syringes
VVoolluummee NNeeeeddllee NNeeeeddllee NNeeeeddllee PPooiinntt HHaammiillttoonn RReesstteekk

TTeerrmm.. GGaauuggee LLeennggtthh SSttyyllee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee
5µL ASN 23s 1.71" Agilent 75 87990 6-pk. 20170 $289.50
5µL ASN 26s 1.71" Agilent 75 87989 6-pk. 21230 $317.10
5µL ASN 23s–26s 1.71" Agilent 75 87994 6-pk. 24594 $303.90

10µL ASN 23s 1.71" Agilent 701 80390* 6-pk. 20169 $201.80
10µL ASN 26s 1.71" Agilent 701 80389 6-pk. 24599 $201.80

10µL ASN 23s–26s 1.71" Agilent 701 80391 6-pk. 24600 $201.80

SGE Syringes

VVoolluummee NNeeeeddllee NNeeeeddllee NNeeeeddllee PPooiinntt SSGGEE RReesstteekk
TTeerrmm.. GGaauuggee LLeennggtthh SSttyyllee MMooddeell ccaatt..##  qqttyy.. ccaatt..## pprriiccee

5µL F 23 42mm Cone SK-5F-HP-0.63 001814 6-pk. 24783 $270.25
5µL F 26 42mm Cone SK-5F-HP-0.47 001804 6-pk. 24782 $295
5µL F 23-26s 42mm Cone SK-5F-HP-0.63/0.47 001822 6-pk. 21214 $273.50

10µL F 23 42mm Cone SK-10F-HP-0.63 002814 6-pk. 24787 $185
10µL F 26 42mm Cone SK-10F-HP-0.47 002804 6-pk. 24786 $177.50

10µL F 23–26s 42mm Cone SK-10F-HP-0.63/0.47 002822 6-pk. 21215 $185

2233ss——SSiinnggllee  GGaauuggee  NNeeeeddllee
•The most popular gauge for

Agilent 7673.
•Stocked for same-day 

shipment.
•Best for Merlin Microseal®

septum and standard sep-
tum-equipped GCs.

•Packed column injection
ports.

•Split/splitless injection ports.

2266ss——SSiinnggllee  GGaauuggee  NNeeeeddllee
•On-column injection ports.
•Split/splitless injection ports.

2233ss--2266ss——DDuuaall  GGaauuggee
((ttaappeerreedd))
•Durability of a 23s gauge

needle.
•Ability of a 26s gauge needle

to perform split/splitless and
on-column injections.

NNeeeeddllee  TTeerrmmiinnaattiioonn  CCooddeess

HHaammiillttoonn::  (ASN) Autosampler
Cemented Needle

SSGGEE::  (F) Fixed Needle
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HPLC Columns

Allure™ Organic Acids
Physical Characteristics:

particle size: 5µm, spherical non-endcapped
pore size: 60Å pH range: 2.5 to 7.5

temperature limit: 80°C
Chromatographic Properties:

Allure™ Organic Acids columns provide enhanced retention and selectivity for polar organic acids, allowing separa-
tions to be performed on a single 30cm column. An Allure™ Organic Acids column effectively resolves key organic
acids such as tartaric and quinic acids, using the chromatographic conditions specified in AOAC method 986.13.
Retention is stable and reproducible, even with the 100% aqueous mobile phase specified in the AOAC method.

To order a 2.1mm, 3.2mm, or 4.6mm ID column with a Trident™ Integral Inlet Fitting,
add “-700” to the catalog number for the column.
Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge  $15.00

For guard cartridges for these columns, see page 44.

33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee

55µmm  CCoolluummnn
150mm 9165563 $505 9165565 $505
250mm 9165575 $535

300mm 9165585 $550

Ultra 100Å pore size 
provides moderate 

retention.

Allure™ 60Å pore size 
provides maximum 

retention.

5µm particles are ideal for
general screening and 

initial method 
development.

3µm particles provide fast
separations.

Choose the best stationary phase for your application based on analyte functionality. 

NeutralBaseAcid
Acids, Bases, & Neutrals

Mixed

Analyte Functional Group

Ultra IBD
Ultra Aqueous C18
Allure™ Aqueous C18
Allure™ Organic Acids

Allure™ Basix
Allure™ PFP Propyl
Ultra IBD
Ultra PFP
Pinnacle™ DB Cyano
Ultra Cyano
Ultra Amino
Pinnacle II™ Amino

Pinnacle™ DB C18
Ultra C18
Pinnacle II™ C18
Allure™ C18
Ultra C8
Pinnacle II™ C8
Pinnacle II™ Phenyl

Ultra IBD
Ultra  Aqueous C18
Allure™ Aqueous C18
Allure™ Organic Acids

Ultra IBD
Allure™ Basix

Hydrophobic Hydrophilic
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Ultra C8 (USP L7)
Excellent All-Purpose Reversed Phase Columns
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 12% temperature limit: 80°C

Chromatographic Properties:
A very retentive, high-purity, base-deactivated reversed phase packing that exhibits excellent peak shape for a wide
range of compounds.

To order a 2.1mm, 3.2mm, or 4.6mm ID column with a Trident™ Integral Inlet Fitting,
add “-700” to the catalog number for the column.
Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge  $15.00

For guard cartridges for these columns, see page 44.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

33µµmm  CCoolluummnnss
30mm 9103331 $350 9103332 $330 9103333 $330 — — 9103335 $330
50mm 9103351 $350 9103352 $330 9103353 $330 — — 9103355 $330

100mm 9103311 $376 9103312 $356 9103313 $356 — — 9103315 $356
55µµmm  CCoolluummnnss

30mm 9103531 $324 9103532 $304 9103533 $304 — — 9103535 $304
50mm 9103551 $324 9103552 $304 9103553 $304 — — 9103555 $304

100mm 9103511 $350 9103512 $330 9103513 $330 9103514 $330 9103515 $330
150mm 9103561 $376 9103562 $356 9103563 $356 9103564 $356 9103565 $356
200mm 9103521 $402 9103522 $382 9103523 $382 — — 9103525 $382

250mm 9103571 $427 9103572 $407 9103573 $407 — — 9103575 $407

Ultra C18 (USP L1)
Excellent All-Purpose Reversed Phase Columns
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 20% temperature limit: 80°C

Chromatographic Properties:
A very retentive, high-purity packing that exhibits excellent peak shape for a wide range of compounds. Excellent
general-purpose reversed phase column.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

33µµmm  CCoolluummnnss
30mm 9174331 $350 9174332 $330 9174333 $330 — — 9174335 $330
50mm 9174351 $350 9174352 $330 9174353 $330 — — 9174355 $330

100mm 9174311 $376 9174312 $356 9174313 $356 — — 9174315 $356
55µµmm  CCoolluummnnss

30mm 9174531 $324 9174532 $304 9174533 $304 — — 9174535 $304
50mm 9174551 $324 9174552 $304 9174553 $304 — — 9174555 $304

100mm 9174511 $350 9174512 $330 9174513 $330 9174514 $330 9174515 $330
150mm 9174561 $376 9174562 $356 9174563 $356 9174564 $356 9174565 $356
200mm 9174521 $402 9174522 $382 9174523 $382 — — 9174525 $382

250mm 9174571 $427 9174572 $407 9174573 $407 — — 9174575 $407
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HPLC Columns

Ultra Amino
Physical Characteristics:

particle size: 3µm or 5µm, spherical
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 2% temperature limit: 80°C

Chromatographic Properties:
Recommended for normal phase analyses of mono- and disaccharides, or similar compounds. Also can serve as a
weak anion exchanger, with aqueous buffers.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

33µµmm  CCoolluummnnss
30mm 9107331 $350 9107332 $330 9107333 $330 9107335 $330
50mm 9107351 $350 9107352 $330 9107353 $330 9107355 $330

100mm 9107311 $376 9107312 $356 9107313 $356 9107315 $356
55µµmm  CCoolluummnnss

30mm 9107531 $324 9107532 $304 9107533 $304 9107535 $304
50mm 9107551 $324 9107552 $304 9107553 $304 9107555 $304

100mm 9107511 $350 9107512 $330 9107513 $330 9107515 $330
150mm 9107561 $376 9107562 $356 9107563 $356 9107565 $356
200mm 9107521 $402 9107522 $382 9107523 $382 9107525 $382

250mm 9107571 $427 9107572 $407 9107573 $407 9107575 $407

Pinnacle II™ Amino
Physical Characteristics:

particle size: 3µm or 5µm, spherical
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 2% temperature limit: 80°C

Chromatographic Properties:
HPLC analysis using an amino-based stationary phase is the most popular technique for routine analyses of simple
sugars, using isocratic elution (e.g., acetonitrile:water, 75:25) and a refractive index detector (RID). The Pinnacle
II™ Amino column is ideal for the purpose.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9217331 $257 9217332 $237 9217333 $237 9217335 $237
50mm 9217351 $273 9217352 $253 9217353 $253 9217355 $253

100mm 9217311 $288 9217312 $268 9217313 $268 9217315 $268
55µmm  CCoolluummnnss

30mm 9217531 $247 9217532 $227 9217533 $227 9217535 $227
50mm 9217551 $263 9217552 $243 9217553 $243 9217555 $243

100mm 9217511 $278 9217512 $258 9217513 $258 9217515 $258
150mm 9217561 $293 9217562 $273 9217563 $273 9217565 $273
200mm 9217521 $309 9217522 $289 9217523 $289 9217525 $289

250mm 9217571 $324 9217572 $304 9217573 $304 9217575 $304

for more info
Restek offers an extensive array of HPLC columns, accessories, and instrument parts. Call to request
our HPLC catalog (cat. # 59241B) or visit us on the web at www.restek.com
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Ultra Aqueous C18 (USP L1)
Physical Characteristics:

particle size: 3µm or 5µm, spherical not end-capped
pore size: 100Å pH range: 2.5 to 7.5

temperature limit: 80°C
Chromatographic Properties:

Highly retentive and selective for reversed phase separations of polar analytes. Highly base deactivated. Compatible
with highly aqueous (up to 100%) mobile phases.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh  ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

33µµmm  CCoolluummnnss
30mm 9178331 $360 9178332 $340 9178333 $340 9178335 $340
50mm 9178351 $360 9178352 $340 9178353 $340 9178355 $340

100mm 9178311 $386 9178312 $366 9178313 $366 9178315 $366
55µµmm  CCoolluummnnss

30mm 9178531 $335 9178532 $315 9178533 $315 9178535 $315
50mm 9178551 $335 9178552 $315 9178553 $315 9178555 $315

100mm 9178511 $360 9178512 $340 9178513 $340 9178515 $340
150mm 9178561 $386 9178562 $366 9178563 $366 9178565 $366
200mm 9178521 $412 9178522 $392 9178523 $392 9178525 $392

250mm 9178571 $438 9178572 $418 9178573 $418 9178575 $418

Ultra Phenyl (USP L11)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 100Å pH range: 2.5 to 7.5
carbon load: 10% temperature limit: 80°C

Chromatographic Properties:
High-purity, highly retentive, base-deactivated phase with alternative selectivity to straight chain hydrocarbon
phases, especially for aromatic analytes.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh  ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

33µmm  CCoolluummnnss
30mm 9105331 $350 9105332 $330 9105333 $330 9105335 $330
50mm 9105351 $350 9105352 $330 9105353 $330 9105355 $330

100mm 9105311 $376 9105312 $356 9105313 $356 9105315 $356
55µmm  CCoolluummnnss

30mm 9105531 $324 9105532 $304 9105533 $304 9105535 $304
50mm 9105551 $324 9105552 $304 9105553 $304 9105555 $304

100mm 9105511 $350 9105512 $330 9105513 $330 9105515 $330
150mm 9105561 $376 9105562 $356 9105563 $356 9105565 $356
200mm 9105521 $402 9105522 $382 9105523 $382 9105525 $382

250mm 9105571 $427 9105572 $407 9105573 $407 9105575 $407

To order a 2.1mm, 3.2mm, or 4.6mm ID column with a Trident™ Integral Inlet Fitting,
add “-700” to the catalog number for the column.
Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge  $15.00

For guard cartridges for these columns, see page 44.

did you know?
Ultra Aqueous C18 is the ideal
column for high water 
solubility or low organic 
solubility compounds that
require >90% water in the
mobile phase. Excellent for
water soluble vitamins and 
organic acids.
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HPLC Columns, Syringe Filters,  Guard Cartridges

Pinnacle II™ C18 (USP L1)
Physical Characteristics:

particle size: 3µm or 5µm, spherical fully end-capped
pore size: 110Å pH range: 2.5 to 7.5
carbon load: 13% temperature limit: 80°C

Chromatographic Properties:
Excellent choice as a general purpose C18 column. Intermediate carbon loading and surface area, suitable for a
wide range of neutral hydrophobic compounds. Replaces Hypersil® ODS and Pinnacle™ C18.

To order a 2.1mm, 3.2mm, or 4.6mm ID column with a Trident™ Integral Inlet Fitting,
add “-700” to the catalog number for the column.
Example: 100mm x 4.6mm ID Ultra C18 column with Trident™ Integral Inlet Fitting: 9174315-700

Nominal additional charge  $15.00

For guard cartridges for these columns, see below.

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..00mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee ccaatt..## pprriiccee

33µmm  CCoolluummnnss
30mm 9214331 $257 9214332 $237 9214333 $237 — — 9214335 $237
50mm 9214351 $273 9214352 $253 9214353 $253 — — 9214355 $253

100mm 9214311 $288 9214312 $268 9214313 $268 — — 9214315 $268
55µmm  CCoolluummnnss

30mm 9214531 $247 9214532 $227 9214533 $227 — — 9214535 $227
50mm 9214551 $263 9214552 $243 9214553 $243 — — 9214555 $243

100mm 9214511 $278 9214512 $258 9214513 $258 9214514 $258 9214515 $258
150mm 9214561 $293 9214562 $273 9214563 $273 9214564 $273 9214565 $273
200mm 9214521 $309 9214522 $289 9214523 $289 — — 9214525 $289

250mm 9214571 $324 9214572 $304 9214573 $304 — — 9214575 $304

10 & 20mm Guard
Cartridges

Trident™ HPLC Guard Column Cartridges

GGuuaarrdd  CCoolluummnn
CCaarrttrriiddggeess

33--ppkk..
((1100  xx  22..11mmmm))

33--ppkk..
((1100  xx  44..00mmmm))

22--ppkk..
((2200  xx  22..11mmmm))

22--ppkk..
((2200  xx  44..00mmmm)) pprriiccee

Allure™ Organic Acids 916550212 916550210 916550222 916550220 $129
Pinnacle II™ Amino 921750212 921750210 921750222 921750220 $129
Pinnacle II™ C18 921450212 921450210 921450222 921450220 $129
Ultra Amino 910750212 910750210 910750222 910750220 $129
Ultra Aqueous C18 917850212 917850210 917850222 917850220 $129
Ultra C8 910350212 910350210 910350222 910350220 $129
Ultra C18 917450212 917450210 917450222 917450220 $129

Ultra Phenyl 910550212 910550210 910550222 910550220 $129

please note
For additional sample 
preparation products, request
our chromatography products 
catalog.

Resprep™ Syringe Filters
• Solvent-resistant polypropylene housing.
• Glass fiber prefilter ensures better flow characteristics.
• Most popular filter sizes and membrane porosities.
• Non-leaching nylon or PTFE.

FFiilltteerr  DDiiaammeetteerr PPoorroossiittyy qqttyy.. NNyylloonn PPTTFFEE
13mm 0.20µm 100-pk. 26066 $145 26068 $160
13mm 0.45µm 100-pk. 26067 $145 26069 $160
25mm 0.20µm 50-pk. 26070 $110 26072 $120
25mm 0.45µm 50-pk. 26071 $110 26073 $120

25mm 1.00µm 50-pk. — — 26074 $120
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Trident™ Direct Guard Column System
Easy to Use, Low Dead Volume—The Ultimate Combination of Convenience and Column Protection
Unlike “one size fits all” guard systems, the Trident™ Direct system gives you the power to select the right
level of protection for your analysis. The system offers three levels of protection and guard cartridges in
four dimensions, with a variety of bonded phases to match your analytical column. The economical, leak-
free cartridge design provides an unprecedented combination of convenience, economy, and reliability.
The foundation of the Trident™ Direct system is a reusable direct connect holder that easily attaches to any
HPLC column using CPI- or Waters®-style end fittings.* The system is available in configurations to
match different protection level needs: in-line filter, in-line filter with holder for 10mm guard cartridge,
and in-line filter with holder for 20mm guard cartridge. The guard cartridges are available in 2.1 and
4.0mm ID and are interchangeable within the appropriate length holder.

*The standard PEEK® tip in Trident™ Direct systems is compatible with Parker®, Upchurch®, Valco®, and other CPI-style fittings. To use
Trident™ Direct systems with Waters®-style end fittings, replace the tip with cat.# 25088.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
High-pressure filter ea. 25082 $78
10mm guard cartridge holder without filter ea. 25083 $78
10mm guard cartridge holder with filter ea. 25084 $98
20mm guard cartridge holder without filter ea. 25085 $78
20mm guard cartridge holder with filter ea. 25086 $98
Connection tip for Waters®-style end fittings ea. 25088 $11
PEEK® tip standard fittings ea. 25087 $11
Replacement cap frits: 4mm, 2.0µm 5-pk. 25022 $26
Replacement cap frits: 4mm, 0.5µm 5-pk. 25023 $31

Replacement cap frits: 2mm, 2.0µm 5-pk. 25057 $31

Trident™ Direct 
provides three levels 

of protection

Trident™ Direct 
high-pressure filter

Protection against 
particulate matter.

Trident™ Direct 10mm
guard cartridge holder

with filter
Protection against 

particulate matter and
moderate protection
against irreversibly

adsorbed compounds.

Trident™ Direct 20mm 
guard cartridge holder 

with filter
Protection against 

particulate matter and
maximum protection

against irreversibly
adsorbed compounds.

Restek’s Trident™ Integral System
• Convenient and economical leak-free guard column system, extremely easy to install.
• Versatile configuration protects against all levels of contamination.
• Integral design eliminates troublesome tubing connections.

The system’s foundation consists of the analytical column configured with our exclusive Trident™ end fit-
ting and XF fitting. This configuration contains the standard internal frit as well as a replaceable cap frit,
which can easily be changed without disturbing the packed bed. Changing the external frit can reverse the
effects of accumulated particles, such as high backpressure or peak distortion. To obtain this basic con-
figuration, simply order any Restek HPLC column, and add the suffix -700 to the catalog number for the
column. Nominal additional charge. $15

For maximum protection against contaminants and particulate matter, the system can be configured with
an integral guard cartridge holder (XG-XF), a guard cartridge, and a replaceable external frit. To obtain
this configuration, simply order any Restek HPLC column, add the suffix -700 to the catalog number for
the column, and order the appropriate XG-XF male fitting (cat.# 25026 or 25062) and Trident™ guard 
cartridges.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
XG-XF Fitting for 10mm Guard Cartridge ea. 25026 $21
XG-XF Fitting for 20mm Guard Cartridge ea. 25062 $21
Replacement XF Filter Fitting ea. 25024 $21
Replacement cap frits:  4mm, 2.0µm 5-pk. 25022 $26
Replacement cap frits:  4mm, 0.5µm 5-pk. 25023 $31

Replacement cap frits:  2mm, 2.0µm 5-pk. 25057 $31

HPLC column (with -700 extension) with guard cartridge, XG-XF fitting, cap frit, and XF end fitting.

XF
Fitting

Cap
Frit

XG-XF
Fitting

Guard
Cartridge

End
Fitting
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HPLC Accessories

Mobile Phase Degasser
cat.# 25189

Solvent
Debubbler
cat.# 25014

PEEK® Tubing Elbow
cat.# 25309

Teflon® Tubing
cat.# 25306

Opti-Cap™ Kit
with Bottle
cat.# 25302

LO-Pulse® 
Pulse Damper

cat.# 25012

Last Drop Filter
cat.# 25314

Helium Sparger
cat.# 25311

In-Line
Filter

cat.# 25041

Economical
Microliter Syringe

cat. # 21250

Trident Direct
Guard Column

System
cat.# 25086

PEEK® Fingertight
Fitting

cat.# 25324

PEEK® Tubing
cat.# 25065

Adjustable Flow
Splitter

cat.# 25336

Tubing Clip
cat.# 25310Backpressure 

Regulator
cat.# 25020

Pinnacle™ DB,
Allure™, Ultra, 
or Pinnacle II™ 
HPLC Column

Detector Lamps
(UV/Vis)

Piston Seal
cat.# 25175

Sidewinder™ Column
Heater

cat.# 25090 or 25091

Stainless Steel
Tubing

cat.# 25243

Screw-Thread Vial
cat.# 24619

Restek has the HPLC Columns and Accessories You Need.
We offer a wide selection of HPLC replacement parts and accessories, such as mobile phase degassers,
tubing, flow splitters, syringes, vials, and column protection products. Use the page numbers shown
here to locate specific categories of products.
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High-Pressure Frit-Type In-Line Filters
Restek’s high-pressure in-line filter is a stand-alone version of the Trident™ column protection system. The
filter is specifically designed for ease of use, low dead-volume, and flexibility. The filter has a replaceable,
PEEK® encapsulated 316 stainless steel frit with a surface area of 12mm2. The standard frit shipped with
the filter has a 2.0µm porosity; however, it may be replaced with an optional 0.5µm porosity frit. Use of
this filter can greatly extend column life, thereby reducing costs and saving maintenance time. Tubing OD
1/16"; Connectors–CPI

DDeessccrriippttiioonn PPoorroossiittyy qqttyy.. ccaatt..## pprriiccee
Frit-Type In-Line Filter 2.0µm ea. 25041 $52
Replacement cap frits:  4mm 0.5µm 5-pk. 25023 $31

Replacement cap frits:  4mm 2.0µm 5-pk. 25022 $26

High-Pressure Cup-Type In-Line Filters
High-pressure cup-type filters can be used in fluid streams operating to 15,000psi. The cup-shaped filter
elements have a large (2.5 cm2) surface area to give long operating lifetime. Mounted in screw-type
adapters, they are easily removed for cleaning. Normally, backflushing and cleaning in an ultrasonic bath
with an appropriate solvent will restore them. If they become permanently clogged, replacement elements
are available.

Housings and all wetted parts are type 316 stainless steel. Filters are packaged with appropriate gland nuts
and ferrules. A bulkhead type is available for thru-panel mounting. Tubing OD 1/16"; Connectors–CPI

DDeessccrriippttiioonn PPoorroossiittyy qqttyy.. ccaatt..## pprriiccee
Cup-Type In-Line Filter 0.5µm ea. 25000 $78
Cup-Type In-Line Filter 2.0µm ea. 25001 $83
Replacement Filter Elements & Seals 0.5µm 2-pk. 25002 $37

Replacement Filter Elements & Seals 2.0µm 2-pk. 25003 $37

Low-Pressure Slip-On Inlet Filter for Mobile Phase Reservoir
A type 316 stainless steel tip with a Tefzel® collar seals to a corrosion-resistant type 316 stainless steel fil-
ter element. The slip-on filter easily attaches to the pump inlet line, without the use of wrenches. The uni-
versal tip accommodates standard Teflon® tubing inner diameters. The cylindrical filter is standard 10µm
porosity. 1/8" OD (fits Altex, ISCO, LDC, Varian, Waters, PerkinElmer, and other pumps)

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Slip-on Inlet Filter ea. 25008 $21

Low-Pressure CPI Inlet Filter for Mobile Phase Reservoir
A type 316 stainless steel knurled cap and Tefzel® CPI ferrule seals to 1/8" OD Teflon® tubing when finger-
tightened onto the precision-machined filter holder. The filter element is replaceable. Standard 10µm
porosity protects delicate pump components from particles but introduces very little pressure drop. 1/8"
OD. May be used as a helium sparging diffuser.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
CPI Inlet Filter ea. 25009 $47

Replacement Elements: 10µm filter 2-pk. 25010 $42

Mobile Phase Spargers and Filters
These helium spargers offer an inexpensive way to prepare and maintain mobile phases free of dissolved
gas. They are made from 316 stainless steel and PEEK® and are compatible with most solvents.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sparge Filter: 2µm ea. 25311 $26
Inlet Filter: 10µm ea. 25312 $26

Inlet Filter: 20µm ea. 25313 $26
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HPLC Accessories

Last Drop Filter
The flat filter element sits parallel to the bottom of the mobile phase reservoir, allowing the filter to draw
98% of the mobile phase without drawing air into the system. Conventional cylindrical mobile phase fil-
ters begin to draw air into the system when approximately 10% of the solvent remains in the reservoir.
The Last Drop Filter allows more analyses per batch of mobile phase and helps reduce hazardous waste.
22.1mm OD.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Last Drop Filter: 2µm ea. 25314 $62

Last Drop Filter: 10µm ea. 25315 $62

Kontes All-Glass Microfiltration Apparatus
47mm filtration apparatus with fritted glass support is recommended for routine filtration of corrosive
liquids and removal of particles from HPLC solvents. The ground joint connection eliminates phthalate
contamination that can occur when using silicone or neoprene stoppers. The support base has a coarse
porosity glass frit and an integral vacuum connection, located above the drip tip to prevent contamina-
tion of the vacuum line with filtrate droplets. Each apparatus includes a funnel, an anodized aluminum
clamp, a 47mm fritted glass support base, and a filtration flask.

DDeessccrriippttiioonn qqttyy.. ccaatt..##        pprriiccee
300mL Funnel, 1000mL Flask ea. KT953825-0000 $273
500mL Funnel, 2000mL Flask ea. KT953835-0000 $340

1000mL Funnel, 4000mL Flask ea. KT953845-0000 $380

Mobile Phase Degasser
Dissolved oxygen can cause flow rate instability and increased baseline noise.
Also, it has a quenching effect on fluorescence detection and increases the back-
ground of UV detectors. Dissolved gases can out-gas in the HPLC system, form-
ing bubbles in check valves, at connections, or in detector flow cells.

In-line vacuum degassing is more effective at removing dissolved gas from
mobile phases than sonication or helium sparging. In-line degassers work by withdrawing gas across a
gas-permeable membrane encased in a sealed chamber. Traditionally, the membrane has been made of
PTFE tubing, but the Degasys Ultimate Degasser uses tubing composed of an amorphous fluoropolymer
that is 200 to 300 times more gas permeable than PTFE. This translates into the ability to use shorter tub-
ing for removing dissolved gas. This new material also has better tubular burst strength than PTFE. To
prevent cross contamination, each channel on this Degasys unit is individually encased within its own
vacuum chamber.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
110V Mobile Phase Degasser (4 Channel, 7mL/min./channel) ea. 25189 $2645

220V Mobile Phase Degasser (4 Channel, 7mL/min./channel) ea. 25194 $2645

Solvent Debubbler
Bubbles in an HPLC system can cause check valve malfunctions and pump cavitation, seriously affecting
pump performance. The debubbler removes bubbles from the fluid stream before it enters the pump.

Special geometry at the base of the housing allows bubbles entrained in the inlet fluid stream to rise and
be trapped in the reservoir. The gas/liquid interface is easily visible through the translucent wall of the
device. Loosening the airtight cap releases the trapped gas. The debubbler is fitted with a bracket and uni-
versal connecting tips.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Solvent Debubbler with Bracket ea. 25014 $57

Specifications:
RReessiidduuaall  OOxxyyggeenn1 PPrreessssuurree  LLoossss1 IInntteerrnnaall  VVoolluummee WWeetttteedd  PPaarrttss MMaaxx  FFllooww  RRaattee
0.9ppm 0.24psi 500µL Teflon® AF 7mL/min./channel

PTFE
ETFE
PPS

1 At a flow rate of 1mL/min.
Mobile Phase: water:methanol 

50:50
Flow: 1.0 mL/min.  
Det.: UV @ 210nm

Degasys Ultimate
Degasser provides
highly stable 
baselines

LC_0196

Ultimate
Degasser

Off

Ultimate
Degasser

On
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Sonic Debubbler
• Fast.
• Easy to use.
• Less solvent waste; less clean-up.

Just touch the Sonic Debubbler to the inlet line or check valve — sonic vibrations will quickly dislodge or
redissolve trapped air bubbles. Reduces downtime or conversion time from one mobile phase to another.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sonic Debubbler (110V) ea. 20444 $237

Sonic Debubbler (220V) ea. 25098 $255

Sidewinder™ Column Heater
• Easy to set up!
• Controls temperature from 5°C above ambient to 85°C.
• Lightweight, compact design fits in small spaces.
• Column holder can be placed in any orientation.
• Automatically shuts down when samples are finished.
• Power requirements of 100-240VAC.

This unique design completely encloses any HPLC analytical column up to 25cm in length. Two lengths
of heater jackets are available: the smaller jacket accommodates columns up to 10cm in length, while the
longer one holds columns up to 25cm in length. The control module provides optimum heating per-
formance, accuracy to within 1°C, and stability to within 0.1°C.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Temperature Control Module and Long Column Holder ea. 25090 $1075

Temperature Control Module and Short Column Holder ea. 25091 $1075

Mobile Phase Pre-heater
• Minimizes temperature changes, to help keep analyte peaks sharp.
• Heats mobile phase before entering heated column.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Mobile Phase Pre-heater ea. 25099 $86

Survival Kits for HPLC
For start-up and standard use in all HPLC systems.
The Restek Survival Kit is an invaluable spare parts kit that contains the tools and supplies essential for
setting up and maintaining your HPLC system.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Restek Survival Kit for HPLC kit 25322 $258

Stainless Steel Survival Kit for HPLC kit 25097 $295

Restek Survival Kit includes:
• PEEK® Column Connector (beige, round body), 10-pk.
• PEEK® Tubing, 1/16" OD x 0.005" ID x 3m (red stripe), ea.
• PEEK® Tubing, 1/16" OD x 0.007" ID x 3m (yellow stripe), ea.
• PEEK® Tubing, 1/16" OD x 0.010" ID x 3m (blue stripe), ea.
• PEEK® Tubing Elbow 90°, 5-pk.
• PEEK® Tubing Elbow 180°, 5-pk.
• Teflon® Tubing, 1/8" OD x 0.063" ID x 3m (1.6mm ID), ea.
• Teflon® Tubing, 1/8" OD x 0.094" ID x 3m (2.4mm ID), ea.
• Tubing Clip, 5-pk.
• ValvTool Wrench, ea.
• Open-End Wrenches (1/4" x 5/16"), 2-pk.
• Clean-Cut™ Tubing Cutter, ea.
• Replacement Blade for Clean-Cut™ Cutter, ea.
• PEEK® Union Connector 1/16", 2-pk.
• Sparge Filter: 2µm, ea.
• Inlet Filter: 10µm, ea.

Stainless Steel Survival Kit includes:
• HPLC Capillary Tubing, SS 1/16" x 0.005" x 5cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.005" x 10cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.005" x 20cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.005" x 30cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.007" x 5cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.007" x 10cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.007" x 20cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.007" x 30cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.010" x 5cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.010" x 10cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.010" x 20cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.010" x 30cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.020" x 5cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.020" x 10cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.020" x 20cm, 3-pk.
• HPLC Capillary Tubing, SS, 1/16" x 0.020" x 30cm, 3-pk.
• 1/16" Rheodyne® Style Nut, 10-pk.
• 1/16" Rheodyne® Style Ferrule, 10-pk.
• ValvTool Wrench, ea.
• 1/16" Stainless Steel Ferrules, 10-pk.
• 1/16" Stainless Steel Nuts, 10-pk.
• Zero-Dead-Volume Internal Union, ea.

Restek Survival Kit

Stainless Steel Survival Kit
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HPLC Accessories

PEEK® Fitting Extractor
Drill into the broken fitting, then screw the extractor into the fitting and remove it easily.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

PEEK® Fitting Extractor ea. 25325 $37

Zero-Dead-Volume Internal Union
Ends of tubing seat squarely at bottoms of fitting details. 300 series stainless steel. For 1/16-inch OD tubing.
Stainless steel ferrules included.

DDeessccrriippttiioonn UUnniioonn  BBoorree VVaallccoo® ## qqttyy.. ccaatt..## pprriiccee
Internal Union 0.15mm ZU1XC ea. 20147 $28
Internal Union 0.25mm ZU1C ea. 20148 $18
Internal Union 0.75mm ZU1 ea. 20149 $15

Internal Union 1/16" ZU1T ea. 20150 $15

PEEK® Union Connector
Allows you to quickly and reliably connect two pieces of 1/16-inch tubing. End fittings included.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

PEEK® Union Connector 1/16" 2-pk. 25323 $32

Improving Column Connections
A good connection is necessary for trouble-free chromatography. Connecting incompatible fittings from
different manufacturers can result in leaks, poor peak shape, and increased void volume (Figure 1). Each
type of end-fitting has a unique seat depth or style. Generally, Restek, Valco®, Parker, and Upchurch
Scientific fittings are interchangeable; whereas Waters™, SSI, Rheodyne®, and Gasukura fittings are not
(Figure 2).

Our wrenchless universal 10-32 PEEK® column connector (cat.# 25015) can be used with any style of end
fitting, and all 1/16-inch tubing. It is reusable and will adjust to any seat, depth, or style.

Ferrule can’t seal

Tubing not seated, 
causing dead volume

Tubing and ferrule 
seated correctly

Figure 1  Problems
arise from 

incompatible fittings.

Figure 2 Fitting styles differ among various manufacturers.

Swagelok® Parker A-LokParker
Valco®

Waters™

Rheodyne®
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HPLC Piston Seal Insertion Tool
• Simplify pump maintenance.
• One end removes old piston seal, other end easily and securely installs new seal.

Do you have to search for a paper clip or screw to remove worn seals from your HPLC pump? Then, once
you get the old seal out, do you struggle to correctly seat the new seal? Now Restek has a tool that can help.
Use one end to remove your old seal, then simply slip your new seal on the other end and push it flush
into position. The tool cannot mar the surrounding metal surface of the pump housing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

HPLC Piston Seal Insertion Tool ea. 21356 $42

SSttaaiinnlleessss  SStteeeell  SSeeccuurree--FFiitt  FFiittttiinnggss——SSiinnggllee  EEnnddeedd

Secure-Fit Fittings
A good connection between HPLC components is necessary for trouble-free chromatography. Secure-Fit
connectors from Restek and Selerity Technologies ensure a consistent, leak-free seal—and they eliminate
excess dead volume! An internal spring mechanism holds the capillary tubing at the proper depth in the
female fitting. This seal is maintained while you finger-tighten the nut. These fittings are available in stain-
less steel or PEEK®, and in a variety of tubing lengths and internal diameters.

LLeennggtthh 00..000055"" IIDD 00..000077"" IIDD 00..001100"" IIDD pprriiccee

6cm 25181 25185 25190 $39
10cm 25182 25186 25191 $39
20cm 25183 25187 25192 $39

30cm 25184 25188 25193 $39
SSttaaiinnlleessss  SStteeeell  SSeeccuurree--FFiitt  FFiittttiinnggss——DDoouubbllee  EEnnddeedd
10cm 25208 25211 25214 $68
20cm 25209 25212 25215 $68

30cm 25210 25213 25216 $68
PPEEEEKK®® SSeeccuurree--FFiitt  FFiittttiinnggss——SSiinnggllee  EEnnddeedd
6cm 25230 25234 25217 $39
10cm 25231 25235 25218 $39
20cm 25232 25236 25219 $39
30cm 25233 25237 25220 $39
PPEEEEKK®® SSeeccuurree--FFiitt  FFiittttiinnggss——DDoouubbllee  EEnnddeedd
10cm 25221 25224 25227 $68
20cm 25222 25225 25228 $68

30cm 25223 25226 25229 $68

Use the flat side of the
Piston Seal Insertion

Tool to seat a Waters™
face seal.

Remove
a seal

Seat
a seal
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HPLC Accessories

Clean-Cut™ Tubing Cutter
• Burr-free, perpendicular cuts that will not distort the tubing OD or close the ID.
• Use on PEEK®, Teflon®, Tefzel®, other polymeric tubing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Clean-Cut™ Tubing Cutter ea. 25069 $38

Replacement Blade for Clean-Cut™ Cutter ea. 25070 $6

Universal 10-32 PEEK® Column Connectors and Plugs
Universal PEEK® Connectors allow easy installation of all 1/16-inch tubing, including stainless steel. See
“Improving Column Connections” data on page 254.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Column Connector (beige, round body) 10-pk. 25015 $32
PEEK® Column Plug (black) 10-pk. 25016 $32

PEEK® Fingertight Fittings (blue, flat-sided) 10-pk. 25324 $32

Rheodyne® Style Nut and Ferrule
Replacement long nut for connecting stainless steel tubing to a Rheodyne® 6-port valve or other
Rheodyne® part.

DDeessccrriippttiioonn qqttyy.. ccaatt..##      pprriiccee
1/16" Rheodyne® Style Nut 10-pk. 25095 $33
1/16" Rheodyne® Style Ferrule 10-pk. 25096 $25

ValvTool Wrench
The ValvTool is a time-saving device that provides easy access to many hard-to-reach Rheodyne® or Valco®

valves. For 1/4-inch nuts.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

ValvTool Wrench ea. 25321 $31

Inert PEEK® Tubing
• Replaces stainless steel, titanium, Teflon® and Tefzel® tubing.
• Less oxygen permeable and more temperature resistant (to 350°C) than Teflon® or Tefzel® tubing.
• Use with PEEK® fingertight or flangeless fittings.
• Use to 7,000psi.

DDeessccrriippttiioonn CCoolloorr  CCooddee qqttyy.. ccaatt..## pprriiccee
PEEK® Tubing, 1/16" OD x 0.0025" ID x 1m (natural) natural 3-pk. 25320 $57
PEEK® Tubing, 1/16" OD x 0.005" ID x 3m (red stripe) red stripe ea. 25065 $30
PEEK® Tubing, 1/16" OD x 0.007" ID x 3m (yellow stripe) yellow stripe ea. 25066 $31
PEEK® Tubing, 1/16" OD x 0.010" ID x 3m (blue stripe) blue stripe ea. 25067 $31

PEEK® Tubing, 1/16" OD x 0.020" ID x 3m (orange stripe) orange stripe ea. 25068 $31

Tubing Dressing Tool
Opens stainless steel tubing bore and removes burrs. For 1/16-inch OD tubing or 1/8-inch OD tubing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/16" Tubing Dressing Tool ea. 20188 $61
Replacement Insert for 1/16" Tubing Dressing Tool ea. 20189 $17
1/8" Tubing Dressing Tool ea. 20190 $91

Replacement Insert for 1/8" Tubing Dressing Tool ea. 20191 $23

PEEK® Tubing Elbows
Tubing Elbows (90° and 180°) are ideal for routing 1/16-inch PEEK® tubing through your system. Simply
snap the tubing into the elbow. Prevent pinching of PEEK® tubing which can cause high pressure.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Tubing Elbow 90° 5-pk. 25308 $16

PEEK® Tubing Elbow 180° 5-pk. 25309 $16
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Teflon® Tubing
• Ideal for mobile phase inlet lines.
• Chemically inert.
• Use to 500psi and 80°C.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Teflon® Tubing, 1/8" OD x 0.063" ID x 3m (1.6mm ID) ea. 25306 $21

Teflon® Tubing, 1/8" OD x 0.094" ID x 3m (2.4mm ID) ea. 25307 $21

Tubing Clip
Securely holds 1/16-inch or 1/8-inch tubing in beaker, flask, or bottle up to 4mm thick.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee

Tubing Clip 5-pk. 25310 $21

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..## pprriiccee

LCLocker™ HPLC Organizer 24 x 12 x 6" ea. 25149 $129

Deluxe BenchBooster™ Organizer 24 x 7 x 12" ea. 25150 $185

Mini pHPerch™ Storage Unit 13 x 12 x 6" ea. 25147 $83

TopLoader™ BalanceBank™ Storage Unit 12 x 12 x 7" ea. 25148 $93

HPLC 30-Column Storage Cabinet 173/8 x 15 x 27/8" ea. 25159 $119
Book Holder, Small 0.75" ID ea. 25151 $10

Book Holder, Large 1.5" ID ea. 25152 $11
Open Supply Bin, 4-bin Unit 24 x 12 x 10" ea. 25153 $109
Open Supply Bin, 5-bin Unit 12 x 16 x 10.5" ea. 25154 $109

Open Supply Bin, 13-bin Unit 12 x 7.5 x 12" ea. 25155 $104
Glove Box Dispenser, Single 53/8 x 111/2 x 41/2" ea. 25156 $37
Glove Box Dispenser, Double 103/8 x 111/2 x 41/2" ea. 25157 $42

Glove Box Dispenser, Triple 153/8 x 111/2 x 41/2" ea. 25158 $47

Open Supply Bins,
13-bin unit

LCLocker™ HPLC
Organizer

Deluxe BenchBooster™
Organizer

Mini pHPerch™ 
Storage Unit

TopLoader™ BalanceBank™
Storage Unit

HPLC 30-Column 
Storage Cabinet

Book Holders Glove Box Dispensers

HPLC Stainless Steel Capillary Tubing
• 316 grade stainless steel.
• Precise pre-cut lengths.
• Smooth surface finish.
• Ultra clean.

Whether you need to replace system tubing as part of your troubleshooting or are looking to reduce the
dwell volume of your system as you move to narrower columns, Restek has the quality tubing in the
lengths and IDs you need. Each ID is color-coded so it is easy to identify and replace correctly.

LLeennggtthh IIDD OODD qqttyy.. ccaatt..## pprriiccee
5cm 0.005" 1/16" 3-pk. 25240 $11

10cm 0.005" 1/16" 3-pk. 25241 $13
20cm 0.005" 1/16" 3-pk. 25242 $15

30cm 0.005" 1/16" 3-pk. 25243 $17



F
O

O
D

S
, 

F
L

A
V

O
R

S
, 

&
 F

R
A

G
R

A
N

C
E

S
62

Phone: 800-356-1688 or 814-353-1300
www.restek.com

Analytical Reference Materials

CChhaaiinn DDeessccrriippttiioonn %%  bbyy  WWeeiigghhtt
C14:0 methyl myristate 6.0
C14:1 methyl myristoleate 1.0
C16:0 methyl palmitate 16.0
C16:1 methyl palmitoleate 5.0
C18:0 methyl stearate 8.0
C18:1 methyl oleate 13.0
C18:1 methyl vaccenate 4.0
C18:2 methyl linoleate 2.0
C18:3 methyl linolenate 2.0
C20:0 methyl arachidate 1.0
C20:1 methyl 11-eicosenoate 9.0
C20:2 methyl 11-14-eicosadienoate 1.0
C20:4 methyl arachidonate 3.0
C20:3 methyl 11-14-17-eicosatrienoate 1.0
C20:5 methyl eicosapentaenoate 10.0
C22:0 methyl behenate 1.0
C22:1 methyl erucate 3.0
C22:6 methyl docosahexaenoate 12.0
C24:0 methyl lingnocerate 1.0
C24:1 methyl nervonate 1.0

Marine Oil FAME Mix (20 components)
CChhaaiinn %%  bbyy  WWeeiigghhtt
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9,12) 2.0

CChhaaiinn %%  bbyy  WWeeiigghhtt
C18:2(all-cis-9,12) 2.0
C18:3(all-cis-6,9,12) 2.0
C18:3(all-cis-9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis-11,14,) 2.0
C20:3(all-cis-8,11,14) 2.0
C20:3(all-cis-11,14,17) 2.0
C20:4(all-cis-5,8,11,14) 2.0
C20:5(all-cis-5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis-13) 2.0
C22:2(all-cis-13,16) 2.0
22:6

(all-cis-4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0

Food Industry FAME Mix (37 components)

CChhaaiinn %%  bbyy  WWeeiigghhtt
C4:0 1.5
C6:0 1.5
C8:0 2.0
C10:0 2.5
C11:0 2.5
C12:0 5.0
C13: 2.5
C14:0 2.5
C14:1(cis-9) 1.5
C15:0 1.5
C16:0 10.0
C16:1(cis-9) 5.0
C17:0 2.5
C18:0 5.0

C18:1(trans-9) 2.5
C18:1(cis-9) 15.0
C18:2(all-trans-9,12) 2.5
C18:2(all-cis-9,12) 10.0
C18:3(all-cis-9,12,15) 5.0
C20:0 2.5
C20:1(cis-11) 1.5
C20:5(all-cis-5,8,11,14,17) 2.5
C22:0 2.5
C22:1(cis-13) 1.5
C22:6

(all-cis-4,7,10,13,16,19) 2.5
C23:0 1.5
C24:0 2.5
C24:1(cis-15) 2.5

NLEA FAME Mix (28 components)

DDeessccrriippttiioonn %%  bbyy  WWeeiigghhtt
methyl elaidate (C18:1 trans-9) 10.0
methyl linoleate (C18:2 cis-9,12) 20.0
methyl oleate (C18:1 cis-9) 10.0
methyl petroselinate (C18:1 cis-6) 8.0
methyl petroselaidate (C18:1 trans-6) 8.0
methyl stearate (C18:0) 20.0
methyl transvaccenate (C18:1 trans-11) 12.0
methyl vaccenate (C18:1 cis-11) 12.0

cis/trans FAME Mix (8 components)

cat. # 35066 (100mg)  $80

30mg/mL total in methylene chloride, 1mL/ampul
cat. # 35077 (ea.)  $65

30mg/mL total in methylene chloride, 1mL/ampul
cat. # 35078 (ea.)  $100

10mg/mL total in methylene chloride, 1mL/ampul
cat. # 35079 (ea.)  $40

citric acid 2000µg/ml
fumaric acid 10*
malic acid 2000

quinic acid 2000
tartaric acid 2000

*Fumaric acid is a trace impurity in malic acid, as well as an
added component of the mix. The amount of fumaric acid in
malic acid will not affect the stated concentration of malic acid,
but can represent a significant and variable deviation from the
low concentration of fumaric acid stated to be in the mix. All
other components of the mix are at the specified concentration.

Fruit Juice Organic Acid Standard

In water, 1mL/ampul
cat. # 35080 (ea.)  $24

In water, 5mL/ampul
cat. # 35081 (ea.)  $38

free
data packs 
Restek now offers free 
downloadable data packs 
for analytical reference 
material products. 
Just visit our website at
wwwwww..rreesstteekk..ccoomm//ddaattaappaacckkss.
Enter the catalog number and
serial number for the product
you ordered and obtain a
printable PDF file.
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glucose 2.0µg/mL*
fructose 2.1
lactose 4.4
maltose 4.5
sucrose 4.0

*Final concentration when 1mL solvent added. 

Carbohydrate HPLC Performance Check Mix
Performance qualification (PQ) determines the
precision of the HPLC system. Our performance
check mix for HPLC / RI consists of five simple
sugars in varied concentrations. We prepare the
reference material in water, lyophilize it, and pack
it dry for enhanced stability.

benzene 3.00mg/mL
uracil 0.02
naphthalene 0.50
biphenyl 0.06

HPLC Reversed Phase Test Mix #1
Routine analysis using this product can assist in
determining the need to perform column and/or
system maintenance.

benzene 1.00mg/mL
benzaldehyde 0.04
benzyl alcohol 3.00
4-methoxybenzyl alcohol 2.00

HPLC Normal Phase Test Mix #1
Routine analysis using this product can assist in
determining the need to perform column and/or
system maintenance.

n C10-FAME 0.42mg/mL
n C11-FAME 0.42
n C12-FAME 0.41
2,3-butanediol 0.53
dicyclohexylamine 0.31
2,6-dimethylaniline 0.32
2,6-dimethylphenol 0.32
2-ethylhexanoic acid 0.38
nonanal 0.40
1-octanol 0.36
undecane 0.29
decane 0.28

Grob Test Mix (Capillary GC)

searching for the perfect solution?
Restek, “the company chromatographers trust”, should be your first 
choice for custom-made reference materials. Maximum convenience, 
maximum value, minimum time spent blending calibration 
mixtures in your laboratory.

●● Quotations supplied quickly.

●● Mixtures made to your EXACT specifications.

●● Most reference materials shipped within 5-10 working days 
after receipt of your order*

We have over 2,000 pure, characterized, 
neat compounds in our inventory! 

For our Custom Reference Materials Request Form, see page 48.

* Availability of raw materials and final product testing requested may affect 
delivery of some mixtures.

quantity 
discounts
Order 3 or 4 of any one 
analytical reference material
product and receive a 
1100%%  ddiissccoouunntt!!

Order 5 or more of any one
analytical reference material
product and receive a 
2200%%  ddiissccoouunntt!!

Dry components in 4mL screw-cap vial.
Reconstitute in 1mL acetonitrile:water (75:25) to 2.0, 2.1, 4.4, 4.5,
4.0 mg/mL, respectively.

cat. # 31809 (ea.)  $30

benzyl salicylate 362 parts
cinnamic aldehyde 5 parts
cinnamic alcohol 3 parts
cinnamyl acetate 3 parts
ethyl butyrate 362 parts
eucalyptol 5 parts

geraniol 6 parts
hydroxycitronellal 50 parts
d-limonene 200 parts
thymol crystal 3 parts
vanillin 1 part
benzoic acid 1% of mix

No data pack available.

Fragrance Materials Test Mix
The Fragrance Materials Association (FMA) has
proposed a method for analyzing essential oils on
polar and non-polar capillary GC columns. A per-
formance evaluation mixture should be used to aid
in detecting inlet problems, stationary phase
degradation, loss of resolution, changes in sensitiv-
ity, and the presence of reactive sites in the sample
pathway. Our test mix is consistent with the mix-
ture proposed by the FMA. The required 5% test
solution is made by diluting the 0.5mL of neat
mixture to 10mL with acetone. The working solu-
tion will be stable for up to one week if transferred
to a dark container and stored refrigerated.

Neat, 0.5mL in an amber ampul
cat. # 31807 (ea.)  $45

In methanol:water (75:25), 1mL/ampul
cat. # 35005 (ea.)  $30

In hexane, 1mL/ampul
cat. # 35004 (ea.)  $30

In methylene chloride, 1mL/ampul
cat. # 35000 (ea.)  $30
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Custom Reference Materials Request Form

Take these eight steps to create the right solution:
1. Mixture Description: ____________________________________________________________________________________

2. Solvent: ______________________________________________________________________________________________

3. Number of Components: ________

4. Volume per ampul (select):  1mL, 2mL, 5mL, 10mL or other  ______mL

5. Quantity of ampuls: ________

6. Testing and documentation that best meets your requirements:

❍ Gravimetric Documentation:  Lot Sheet with balance printout attached.

❍ Qualitative Documentation:  Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation:  Certificate of Analysis and Data Pack.

7. Compound(s): (list or attach sheet; include CAS number)

Compound 01: ______________________________________________________________ Concentration: ________________________

Compound 02: ______________________________________________________________ Concentration: ________________________

Compound 03: ______________________________________________________________ Concentration: ________________________

Compound 04: ______________________________________________________________ Concentration: ________________________

Compound 05: ______________________________________________________________ Concentration: ________________________

Compound 06: ______________________________________________________________ Concentration: ________________________

Compound 07: ______________________________________________________________ Concentration: ________________________

Compound 08: ______________________________________________________________ Concentration: ________________________

Compound 09: ______________________________________________________________ Concentration: ________________________

Compound 10: ______________________________________________________________ Concentration: ________________________

Compound 11: ______________________________________________________________ Concentration: ________________________

Compound 12: ______________________________________________________________ Concentration: ________________________

Compound 13: ______________________________________________________________ Concentration: ________________________

Compound 14: ______________________________________________________________ Concentration: ________________________

Compound 15: ______________________________________________________________ Concentration: ________________________

Compound 16: ______________________________________________________________ Concentration: ________________________

Compound 17: ______________________________________________________________ Concentration: ________________________

Compound 18: ______________________________________________________________ Concentration: ________________________

Compound 19: ______________________________________________________________ Concentration: ________________________

Compound 20: ______________________________________________________________ Concentration: ________________________

8. Concentration Units

❍ mg/mL ❍ µg/mL ❍ ng/mL ❍ vol./wt. % ❍ wt./wt. % ❍ other__________________________

Contact Information:
Name:   ____________________________________________________________ Date: __________________________

Company/Location: ______________________________________________________________________________________

______________________________________________________________________________________________________

Phone #:__________________________________________ FAX #: ____________________________________________

E-mail: ________________________________________________________________________________________________

U.S. Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

online form: www.restek.com

ALL mixtures are produced in accordance with our ISO 9001:2000 registration.
Analytical balances are calibrated daily at seven mass levels using NIST traceable weights.

ALL raw materials used are a minimum of 97% pure unless otherwise specified.

International Customers
Contact Your 

Restek Representative.



Three simple words...

Plus 1™

Exceeding your expectations in everything we do.

Innovation
Turning visions into reality™.

Execution
On-time delivery of products and services.

Restek’s vision is to be the company that 
chromatographers trust by providing the highest
quality, most innovative products and services
throughout the world.

We will soon reach our goal of 100% employee
ownership. As owners, our success depends on 
your success.
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did you know?
Spectra Gases manufactures
our high-quality air monitoring
gas mixes.

Restek is proud to offer Spectra Gases gas mixes to meet your environmental air sampling requirements.
Rigorous quality control guarantees the reproducibility and stability of every mix.

Spectra Gases production and analytical procedures ensure that each calibration mix is of the highest
accuracy. Calibration mixes are produced individually and gravimetrically, using NIST (National
Institute of Science and Technology) traceable weights. All calibration mixes are individually analyzed
against Spectra Gases master standards, directly traceable to NIST (TO-14 component) Primary Gas
Standards and NIST traceable weights.

Spectra Gases uses a proprietary cylinder passivation process that ensures proven stability and lifetime,
even for complex mixes. They are the only vendor capable of delivering a stable 62-component TO-15
gas mix. Restek and Spectra Gases offer many stock mixes for environmental air analysis. Mixes not
already in stock are blended in master cylinders and are ready for final product packaging, so delivery of
most products requires only a minimum leadtime.

CCyylliinnddeerr  DDeessiiggnn::
AAlluummiinnuumm  ccoonnssttrruuccttiioonn..
SSiizzee::  8 x 24 cm.
VVoolluummee//PPrreessssuurree::
104 liters @ 1800psig.
CCGGAA--118800 outlet fitting.
WWeeiigghhtt::  1.5 lbs.

benzene 
bromomethane 
carbon tetrachloride
chlorobenzene
chloroform
chloromethane
1,2-dibromoethane
m-dichlorobenzene 
o-dichlorobenzene
p-dichlorobenzene
dichlorodifluoromethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene 
dichlorotetrafluoroethane
ethyl benzene

ethyl chloride 
hexachloro-1,3-butadiene
methylene chloride
styrene
1,1,2,2-tetrachloroethane
tetrachloroethylene
toluene 
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
trichlorofluoromethane
1,1,2-trichlorotrifluoroethane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
vinyl chloride
m-xylene
o-xylene
p-xylene 

TO-14A Calibration Mix (39 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34400 (ea.)
110000ppppbb cat. # 34421 (ea.)

acrylonitrile
benzene
bromomethane
1,3-butadiene
carbon tetrachloride
chlorobenzene
chloroform
chloromethane
1,2-dibromoethane
m-dichlorobenzene
o-dichlorobenzene 
p-dichlorobenzene
dichlorodifluoromethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
dichlorotetrafluoroethane 

ethyl benzene
ethyl chloride
hexachloro-1,3-butadiene 
methylene chloride 
styrene 
1,1,2,2-tetrachloroethane
tetrachloroethylene
toluene 
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
trichlorofluoromethane
1,1,2-trichlorotrifluoroethane 
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
vinyl chloride
m-xylene
o-xylene 
p-xylene

TO-14A 41 Component Mix (41 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34430 (ea.)
110000ppppbb cat. # 34431 (ea.)

benzene 
chlorobenzene 
m-dichlorobenzene
o-dichlorobenzene
p-dichlorobenzene
ethyl benzene
styrene

toluene 
1,2,4-trichlorobenzene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene 
o-xylene
p-xylene

TO-14A Aromatics Mix (14 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34404 (ea.)
110000ppppbb cat. # 34423 (ea.)

carbon tetrachloride 
chloroform 
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethylene
1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
ethyl chloride

hexachloro-1,3-butadiene
methyl chloride
methylene chloride
1,1,2,2-tetrachloroethane
tetrachloroethylene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
vinyl chloride

TO-14A Chlorinated Hydrocarbon Mix
(19 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34402 (ea.)
110000ppppbb cat. # 34422 (ea.)

• ISO 9001:2000-approved
gas manufacturer.

• Official EPA supplier of
PAMS (ozone precursor)
calibration gas.

• Only vendor of stable 62-
component TO-15 gas mix.

Gas Mixes for Air Sampling
Analytical Reference Materials for 

Environmental Air Sampling Methods

FAST FACTS

Turning Visions into Reality™

www.restek.com 800-356-1688 •  814-353-1300 
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RReesstteekk  TTrraaddeemmaarrkkss::
SilcoCan, Silcosteel, TO-Can,
Turning Visions into Reality,
Restek logo
OOtthheerr  TTrraaddeemmaarrkkss::
Freon (E.I. duPont de
Nemours & Co., Inc.)
Kel-F (3M Co.)



trichlorofluoromethane (Freon® 11)
dichlorodifluoromethane (Freon® 12)
1,1,2-trichloro-1,2,2-trifluoroethane (Freon® 113)
1,2-dichlorotetrafluoroethane (Freon® 114)

TO-14A CFC/HCFC Mix

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34410 (ea.)
110000ppppbb cat. # 34426 (ea.)

bromochloromethane
chlorobenzene-d5

1,4-difluorobenzene
TO-14A Internal Standard Mix

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34412 (ea.)
110000ppppbb cat. # 34427 (ea.)

4-bromofluorobenzene
TO-14A GC/MS Tuning Mix

In nitrogen, 104 liters @ 1800psig
110000ppppbb cat. # 34424 (ea.)
22ppppmm cat. # 34406 (ea.)

bromochloromethane
1-bromo-4-fluorobenzene (4-bromofluorobenzene) 
chlorobenzene-d5
1,4-difluorobenzene

TO-14A Internal Standard/Tuning Mix

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34408 (ea.)
110000ppppbb cat. # 34425 (ea.)

acetylene 
benzene
n-butane
1-butene
cis-2-butene
trans-2-butene
cyclohexane
cyclopentane
n-decane
m-diethylbenzene
p-diethylbenzene
2,2-dimethylbutane
2,3-dimethylbutane
2,3-dimethylpentane
2,4-dimethylpentane
n-dodecane
ethane
ethylbenzene 
ethylene
m-ethyltoluene
o-ethyltoluene
p-ethyltoluene
n-heptane
n-hexane 
1-hexene
isobutane
isopentane 
isoprene

isopropylbenzene
methylcyclohexane
methylcyclopentane
2-methylheptane
3-methylheptane
2-methylhexane
3-methylhexane
2-methylpentane
3-methylpentane
n-nonane
n-octane
n-pentane
1-pentene 
cis-2-pentene
trans-2-pentene
propane
n-propylbenzene
propylene
styrene 
toluene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
2,2,4-trimethylpentane
2,3,4-trimethylpentane
n-undecane
o-xylene
m/p-xylene (combined)

Ozone Precursor Mixture/PAMS (57 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34420 (ea.)
110000ppppbb cat. # 34429 (ea.)

acetylene 40 
benzene 30
n-butane 40
1-butene 30
cis-2-butene 35
trans-2-butene 25
cyclohexane 40
cyclopentane 20
n-decane 30
m-diethylbenzene 40
p-diethylbenzene 25
2,2-dimethylbutane 40
2,3-dimethylbutane 50
2,3-dimethylpentane 50
2,4-dimethylpentane 40
n-dodecane 40
ethane 25
ethylbenzene 25
ethylene 20
m-ethyltoluene 25
o-ethyltoluene 30
p-ethyltoluene 40
n-heptane 25
n-hexane 30
1-hexene 60
isobutane 25
isopentane 40
isoprene 40
isopropylbenzene 40

methylcyclohexane 30
methylcyclopentane 25
2-methylheptane 25
3-methylheptane 25
2-methylhexane 25
3-methylhexane 25
2-methylpentane 20
3-methylpentane 40
n-nonane 25
n-octane 30
n-pentane 25
1-pentene 25
cis-2-pentene 35
trans-2-pentene 25
propane 40
n-propylbenzene 30
propylene 25
styrene 40
toluene 40
1,2,3-trimethylbenzene 25
1,2,4-trimethylbenzene 40
1,3,5-trimethylbenzene 25
2,2,4-trimethylpentane 30
2,3,4-trimethylpentane 25
n-undecane 30
o-xylene 25
m/p-xylene 

(combined) 40

Ozone Precursor/PAMS Mix
(57 components at EPA concentrations: ppb C)

In nitrogen, 104 liters @ 1800psig
cat. # 34445 (ea.)

TO-14A 43 Component Mix (43 components)

acrylonitrile
benzene
bromomethane
1,3-butadiene
carbon tetrachloride
chlorobenzene
chloroform 
chloromethane 
3-chloropropene
1,2-dibromoethane
m-dichlorobenzene
o-dichlorobenzene
p-dichlorobenzene
dichlorodifluoromethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene 
1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
dichlorotetrafluoroethane 

ethyl benzene
ethyl chloride
4-ethyltoluene
hexachloro-1,3-butadiene
methylene chloride
styrene
1,1,2,2-tetrachloroethane
tetrachloroethylene
toluene 
1,2,4-trichlorobenzene 
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
trichlorofluoromethane
1,1,2-trichlorotrifluoroethane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
vinyl chloride 
m-xylene
o-xylene
p-xylene

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34432 (ea.)
110000ppppbb cat. # 34433 (ea.)

Spectra Gas 7621 High-Purity VOC Regulator
• Single-stage, stainless steel.
• Two pressure gauges and CGA-180 fitting.
• 3000psig maximum inlet pressure.
• Stainless steel diaphragm and Kel-F® seat.
• 1/8-inch tube compression outlet.
• Small internal volume: 3.03cc.
• Accurate pressure control even at low flow rates.
• Individually tested for leaks and impurities.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
0–30psig outlet pressure gauge ea. 21572
0–100psig outlet pressure gauge ea. 21572-R100



acetone
allyl chloride
benzyl chloride*
bromodichloromethane
bromoform
1,3-butadiene
2-butanone (MEK)
carbon disulfide*
cyclohexane
dibromochloromethane
trans-1,2-dichloroethene
1,4-dioxane
ethyl acetate

4-ethyltoluene 
heptane
hexane
2-hexanone (MBK)
4-methyl-2-pentanone (MIBK)
methyl tert-butyl ether (MTBE) 
2-propanol
propylene
tetrahydrofuran
2,2,4-trimethylpentane
vinyl acetate
vinyl bromide

*Stability of this compound cannot be guaranteed.

*Stability of this compound cannot be guaranteed.

TO-15 Subset 25 Component Mix (25 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34434 (ea.)
110000ppppbb cat. # 34435 (ea.)

acetone
benzene
benzyl chloride*
bromodichloromethane
bromoform
bromomethane
1,3-butadiene
2-butanone (MEK)
carbon disulfide*
carbon tetrachloride
chlorobenzene
chloroethane
chloroform
chloromethane
cyclohexane
dibromochloromethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
1,4-dioxane
ethanol* 
ethyl acetate
ethyl benzene
ethyl dibromide 

(1,1-dibromoethane)
4-ethyltoluene

trichlorofluoromethane 
(Freon® 11) 

dichlorodifluoromethane 
(Freon® 12 )

1,1,2-trichloro-1,2,2-trifluoro
ethane (Freon® 113)

1,2-dichlorotetrafluoroethane 
(Freon® 114)

heptane
hexachloro-1,3-butadiene
hexane 
2-hexanone (MBK) 
4-methyl-2-pentanone (MIBK)
methylene chloride
methyl tert-butyl ether 

(MTBE)
2-propanol 
propylene
styrene 
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
toluene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
vinyl acetate
vinyl chloride 
m-xylene
o-xylene
p-xylene 

TO-15 62 Component Mix (62 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34436 (ea.)
110000ppppbb cat. # 34437 (ea.)

benzene
ethylbenzene
toluene

m-xylene
o-xylene
p-xylene

BTEX Gas Mix

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34414 (ea.)
110000ppppbb cat. # 34428 (ea.) 

benzene
1,3-butadiene
butylcyclohexane
cyclohexane
n-decane
2,3-dimethylheptane
2,3-dimethylpentane
n-dodecane
ethylbenzene
n-heptane
n-hexane
isopentane
isopropylbenzene

p-isopropyltoluene
methyl tert-butyl ether
1-methyl-3-ethylbenzene
n-nonane
n-octane
toluene
toluene-d8 (IS)
1,2,3-trimethylbenzene
1,3,5-trimethylbenzene
n-undecane
m- & p- xylene
o-xylene

Massachusetts APH Mix (26 components)

In nitrogen, 104 liters @ 1800psig
cat. # 34540 (ea.)

acrylonitrile 
benzene 
1,3-butadiene
chloroform
1,2-dichloroethane

dichloromethane
tetrachloroethylene
trichloroethylene
vinyl chloride

Japan Calibration Mix (9 components)

In nitrogen, 104 liters @ 1800psig
11ppppmm cat. # 34418 (ea.)

for more info
AAiirr  SSaammpplliinngg  &&  AAnnaallyyssiiss
Our SilcoCan™ (Siltek®-treated) and TO-Can™ (electro polished) can-
isters are your best choice for collecting ambient air samples as
specified in EPA TO-14/TO-15. In addition to the TO-listed com-
pounds, inert SilcoCan™ canisters offer excellent stability for low
ppb levels of sulfur compounds. Used in conjunction with a
SilcoCan™ or TO-Can™ canister, our Passive Air Sampling Kit incor-
porates all of the hardware you’ll need for air sample collection.
Our miniature air sampling canisters are ideal for indoor air, per-
sonal, and emergency response sampling.

We also offer ultra-clean resin, fiber filters, sampling bags, ther-
mal desorption tubes, and a range of gas reference standards to
meet your environmental air sampling requirements.

To view our complete line of air sampling products, visit our 
website at wwwwww..rreesstteekk..ccoomm//aaiirr.

please note
Don’t see the gas mixture you need? Contact Restek for a custom
gas mixture that meets your requirements
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SilcoCan™ Air Monitoring Canisters
Siltek® treated - ideal for low-level reactive sulfur compounds (1-20ppb)
• Unsurpassed inertness, even for sulfur-containing or brominated compounds.
• Sizes from 1 to 15 liters support a wide range of sampling needs.
• Optional vacuum/pressure gauge (other gauges available).
• For critical applications, order a Siltek® treated valve - add suffix “-650” to the catalog number of the

canister.

For ultimate inertness, we treat SilcoCan™ air monitoring canisters with our unique Siltek® passivation
technology. Even highly active components, at low parts-per-billion concentrations, can be readily sam-
pled and stored without loss. The valve is a high quality, metal-to-metal seal, 2/3-turn valve with metal
diaphragms. Both stainless steel and Siltek®-treated valves are available, in both the 2-port and 3-port con-
figurations.

did you know?
All Restek canisters are
equipped with high-quality
Parker Hannifin diaphragm
valves. Each valve is helium
leak-tested to 4 x 10-9cc/sec.
The all-stainless steel con-
struction eliminates contami-
nation and the valve operates
at temperatures from -100°C
to 250°C. Compression outlet
fitting, indicator plate to dis-
play open or closed position,
1/4" inlet and outlet.

We also ship our canisters
cleaned, batch-tested per
USEPA TO-14, and under
30psig pressure with dry
nitrogen.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
11LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24180
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24180-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24140
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24140-650
33LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24181
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24181-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24141
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24141-650
66LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24182
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24182-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24142
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24142-650
1155LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24183
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24183-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24143
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24143-650

TO-Can™ Air Monitoring Canisters
Optimized for US EPA Methods TO-14 and TO-15
• High quality, metal-to-metal seal, 2/3-turn valve with metal diaphragms.
• Sizes from 1 to 15 liters.
• Optional 30" Hg/60psig vacuum/pressure gauge (other gauges available).

DDeessccrriippttiioonn qqttyy.. ccaatt..##
11LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24172
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24176
33LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24173
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24177
66LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24174
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24178
1155LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24175
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24179

AAlltteerrnnaattiivvee
VVaaccuuuumm//PPrreessssuurree  GGaauuggeess
The standard vacuum/pres-
sure range on a SilcoCan™ or
TO-Can™ canister fitted with a
gauge is 30" Hg to 60psig. To
order a different gauge for the
canister, add the appropriate
suffix number to the canister
catalog number. There is no
price difference for these
substituted gauges.

GGaauuggee SSuuffffiixx
30" Hg/15psi -651
30" Hg/30psi -652
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✔ GC Racer GC Temperature Programmer
Description qty. cat.# price

For Agilent 5890 Series II (only) GC ea. 23024 $3,800
For Agilent 5890A (only) GC ea. 23025 $3,800

Product Listing

• Call 800-356-1688, ext. 5
• Fax 814-353-1309
• Online at www.restekcorp.com

Restek is developing columns that will further speed up
applications including simulated distillation,

Aroclors ®, PCBs, PAHs,
semivolatiles, pesticides, and more.

from

Fast GC Temperature Programming—GC Racer

The Zip Scientific GC Racer provides affordable, fast temperature program-
ming for GC applications. Routine testing labs, process control stations,
GC/MS users, and anyone recognizing that “time is money” can profit from
higher sample throughput and faster turnaround times with this exciting new
approach for fast GC.

Best of all, the GC Racer is so simple that it easily installs in minutes and requires
no operator training. The GC Racer provides heating rates between 0°C and
70°C/min. up to 350°C for the best combination of fast heating rates, reliable per-
formance, versatility, and robustness for everyday use. The GC Racerworks with
any injector/detector combination on Agilent 5890 GCs.

• Increase sample throughput.
• Makes reproducible, fast GC possible.
• Easy to operate and install—truly a “Plug and Play” accessory.

& Zip Scientific 

GC RacerGC Racer(Patent Pending)

introducingintroducing

fast oven programming



GC Racer

GC
 R

ac
er

w
w

w
.r

e
st

e
k
c
o
rp

.c
o
m

GCRacer
fast oven programming

Fast temperature programs are commonly used in gas chromato-
graphic (GC) applications to speed up elution of high boiling
point compounds and late eluters. The most common GC, the
Agilent 5890, has a maximum temperature program rate of
70°C/min. The factory heating elements in the 5890 only allow
for this maximum temperature program rate to be maintained up
to a temperature of 100°C. For analysts trying to push tempera-
ture ramps as fast as possible, this inhibited program rate leads to
longer analysis time and broader peaks. Now, using the GC Racer
auxiliary heating unit, temperature program rates of 70°C/min.
can be maintained up to 350°C (Figure 1).

Restek and Zip Scientific have teamed up to bring you the GC
Racer temperature programmer, which consists of a resistive
heating element placed on the floor of the GC oven. The heating
element is connected to a controller that is plugged into the main
PC board of the GC. When the GC Racer programmer detects that
the factory heating elements are not keeping up with the pro-
grammed heating rate, the heater is brought into the circuit to
augment the heat being supplied to the oven. The GC Racer sys-
tem will maintain temperature program rates of 70°C/min. up to
350°C and 60°C/min. to temperatures as high as 450°C.

The simplicity of its components and installation makes the GC
Racer system a “must have” add-on accessory for every 5890 GC. 

The auxiliary heater design is similar to that of the original GC
heater. The heater plugs into the GC Racer controller, which plugs
into the main PC board on the GC. The only other connection
needed is plugging the GC Racer controller into a 115V electri-
cal service. At no time during the installation of the GC Racer
system does the column need to be removed from the oven, or dis-
connected from the detector or injection port.

As part of cost reduction efforts, many laboratories try to reduce
individual sample analysis times in the interest of increasing over-
all throughput. High-temperature simulated distillation analyses
can take as long as an hour, especially when samples contain
hydrocarbons up to C110. An effective technique to reduce analy-
sis time is to use rapid temperature programming. By attaching the
GC Racer to your Agilent 5890 GC, the analysis of a Polywax®

1000 reference material can be reduced from over 50 minutes to
less than 15 minutes by temperature programming at 60°C/min.
(Figure 2)! Notice you also can analyze Aroclor® standards in less
than 6 minutes (Figure 3).

The GC Racer system is a new tool in the quest for high-speed
GC. The speed of analysis that now can be achieved and the ease
of installation will lead to direct savings of time and money by
decreasing run time and increasing sample throughput.            ■

Operate your Agilent 5890 as fast as a 6890!

Faster analysis provides
increased sample throughput.

Easy to operate and install.

Reproducible results.

Control Box

Heating Element

Increases Agilent 5890
heating rates to
70°C/min. up to 350°C.

“Plug and Play”
installation takes just
minutes and requires
no operator training.

Reliable performance.

Feature Benefit

www.restekcorp.com
v i s i t  u s  o n l i n e  a t

GC Racer

Figure 1.

the 

advantage

PCBs
Aroclor® 1242
Rtx®-5 using GC Racer

GC_EV00581

PCBs
Aroclor® 1248
Rtx®-5 using GC Racer

Column: Rtx®-5 15m, 0.32mm ID, 0.50µm (cat.# 10236)  Inj.: 1µL splitless (hold 0.5 min.), Siltek™ Drilled Uniliner® Liner (cat.# 21054-214.1)  Conc.: 400 ppb
Inj. temp.: 250°C  Carrier gas: hydrogen  Linear velocity: head pressure at 5 psi  Oven temp.: 110°C (hold 1 min.) to 300°C, @ 60°C/min. (hold 5 min.)  Det. temp.: 310°C

GC_EV00582

PCBs
Aroclor® 1254
Rtx®-5 using GC Racer

GC_EV00583

PCBs
Aroclor® 1260
Rtx®-5 using GC Racer

GC_EV00584
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The GC Racer allows fast temperature
program rates of 70°C/min. to be
maintained up to 350°C!

Figure 3. Analyze Aroclor® standards in less than 6 minutes using a GC Racer system.

Figure 2.
Achieve the separation of C40–C130 hydrocarbons
in 15 minutes by using a GC Racer and a
60°C/min. temperature program rate. 
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Column: 5m, 0.53mm ID, 0.10µm MXT®-1HT Sim Dist (cat.# 70100)
Sample: Polywax® 1000 (cat.# 36227) in carbon disulfide
Inj.: 0.2µL, on-column (track oven)
GC: Agilent 5890 GC w/ GC Racer system
Carrier gas: hydrogen, constant pressure @ 1.0 psi
Detector: FID @ 430°C
Oven Temp.: 40°C to 430° C @ 60°C/min.
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GCRacer
fast oven programming

Fast temperature programs are commonly used in gas chromato-
graphic (GC) applications to speed up elution of high boiling
point compounds and late eluters. The most common GC, the
Agilent 5890, has a maximum temperature program rate of
70°C/min. The factory heating elements in the 5890 only allow
for this maximum temperature program rate to be maintained up
to a temperature of 100°C. For analysts trying to push tempera-
ture ramps as fast as possible, this inhibited program rate leads to
longer analysis time and broader peaks. Now, using the GC Racer
auxiliary heating unit, temperature program rates of 70°C/min.
can be maintained up to 350°C (Figure 1).

Restek and Zip Scientific have teamed up to bring you the GC
Racer temperature programmer, which consists of a resistive
heating element placed on the floor of the GC oven. The heating
element is connected to a controller that is plugged into the main
PC board of the GC. When the GC Racer programmer detects that
the factory heating elements are not keeping up with the pro-
grammed heating rate, the heater is brought into the circuit to
augment the heat being supplied to the oven. The GC Racer sys-
tem will maintain temperature program rates of 70°C/min. up to
350°C and 60°C/min. to temperatures as high as 450°C.

The simplicity of its components and installation makes the GC
Racer system a “must have” add-on accessory for every 5890 GC. 

The auxiliary heater design is similar to that of the original GC
heater. The heater plugs into the GC Racer controller, which plugs
into the main PC board on the GC. The only other connection
needed is plugging the GC Racer controller into a 115V electri-
cal service. At no time during the installation of the GC Racer
system does the column need to be removed from the oven, or dis-
connected from the detector or injection port.

As part of cost reduction efforts, many laboratories try to reduce
individual sample analysis times in the interest of increasing over-
all throughput. High-temperature simulated distillation analyses
can take as long as an hour, especially when samples contain
hydrocarbons up to C110. An effective technique to reduce analy-
sis time is to use rapid temperature programming. By attaching the
GC Racer to your Agilent 5890 GC, the analysis of a Polywax®

1000 reference material can be reduced from over 50 minutes to
less than 15 minutes by temperature programming at 60°C/min.
(Figure 2)! Notice you also can analyze Aroclor® standards in less
than 6 minutes (Figure 3).

The GC Racer system is a new tool in the quest for high-speed
GC. The speed of analysis that now can be achieved and the ease
of installation will lead to direct savings of time and money by
decreasing run time and increasing sample throughput.            ■

Operate your Agilent 5890 as fast as a 6890!

Faster analysis provides
increased sample throughput.

Easy to operate and install.

Reproducible results.

Control Box

Heating Element

Increases Agilent 5890
heating rates to
70°C/min. up to 350°C.

“Plug and Play”
installation takes just
minutes and requires
no operator training.

Reliable performance.

Feature Benefit

www.restekcorp.com
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Rtx®-5 using GC Racer

Column: Rtx®-5 15m, 0.32mm ID, 0.50µm (cat.# 10236)  Inj.: 1µL splitless (hold 0.5 min.), Siltek™ Drilled Uniliner® Liner (cat.# 21054-214.1)  Conc.: 400 ppb
Inj. temp.: 250°C  Carrier gas: hydrogen  Linear velocity: head pressure at 5 psi  Oven temp.: 110°C (hold 1 min.) to 300°C, @ 60°C/min. (hold 5 min.)  Det. temp.: 310°C
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The GC Racer allows fast temperature
program rates of 70°C/min. to be
maintained up to 350°C!

Figure 3. Analyze Aroclor® standards in less than 6 minutes using a GC Racer system.

Figure 2.
Achieve the separation of C40–C130 hydrocarbons
in 15 minutes by using a GC Racer and a
60°C/min. temperature program rate. 
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Column: 5m, 0.53mm ID, 0.10µm MXT®-1HT Sim Dist (cat.# 70100)
Sample: Polywax® 1000 (cat.# 36227) in carbon disulfide
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GC: Agilent 5890 GC w/ GC Racer system
Carrier gas: hydrogen, constant pressure @ 1.0 psi
Detector: FID @ 430°C
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✔ GC Racer GC Temperature Programmer
Description qty. cat.#

For Agilent 5890 Series II (only) GC ea. 23024
For Agilent 5890A (only) GC ea. 23025

Product Listing

• Call 800-356-1688, ext. 5
• Fax 814-353-1309
• Online at www.restekcorp.com

Restek is developing columns that will further speed up
applications including simulated distillation,

Aroclors ®, PCBs, PAHs,
semivolatiles, pesticides, and more.

from

Fast GC Temperature Programming—GC Racer

The Zip Scientific GC Racer provides affordable, fast temperature program-
ming for GC applications. Routine testing labs, process control stations,
GC/MS users, and anyone recognizing that “time is money” can profit from
higher sample throughput and faster turnaround times with this exciting new
approach for fast GC.

Best of all, the GC Racer is so simple that it easily installs in minutes and requires
no operator training. The GC Racer provides heating rates between 0°C and
70°C/min. up to 350°C for the best combination of fast heating rates, reliable per-
formance, versatility, and robustness for everyday use. The GC Racerworks with
any injector/detector combination on Agilent 5890 GCs.

• Increase sample throughput.
• Makes reproducible, fast GC possible.
• Easy to operate and install—truly a “Plug and Play” accessory.

& Zip Scientific 

GC RacerGC Racer(Patent Pending)

introducingintroducing

fast oven programming



Feature Benefit

SV Calibration Mixtures—Restek calibration
mixtures are subdivided into two separate
solutions. These are:

14 phenols @ 2,000ppm in CH2C12

CLP 04.1 Phenols Calibration Mix
(cat.# 31494)

51 compounds @ 1,000ppm in CH2C12

CLP 04.1 B/N MegaMix™

(cat.# 31495)

18 chlorinated pesticides @ 2,000ppm
in hexane/toluene
(cat.# 31012)

Data packs available for all listed
quantitative environmental stock standards

Maximum shelf life and no chemical
interactions combined with the fewest number
of solutions possible.

Contains all acidic target compounds
required by method.
Maximum shelf life*=36 months.

Contains all base/neutral compounds
required by method.
Maximum shelf life*=24 months.

Add pesticides to working solutions for
confirmation only as needed.

Complies with stringent audits.

At-a-Glance
Product
Information
from Restek

800-356-1688

814-353-1300

www.restekcorp.com

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

CLP Semivolatile Target Compounds

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

Save money—built-in discounts!

5-packs, 10-packs and data packs
are available.

Dear Customers:

The US Environmental Protection Agency
(EPA) has recently awarded contracts for
organic low medium (OLM) concentration
samples within the Superfund program
under the 04.2 revision Statement of Work.
Restek has prepared calibration, internal
standard, and surrogate solutions to meet
these requirements.

During development of these products, one
basic premise was understood—we would
produce the fewest number of solutions
possible while maintaining stability and
maximum shelf life by avoiding chemical
interactions. We carefully reviewed the 04.2
Statement of Work and determined that the
identical products specified in 04.1 will also
be required for the 04.2 revision. The
products listed here are a result of this work.

To order, call our customer service team at
800-356-1688 or 814-353-1300, ext. 3, or
your local Restek representative.

Sincerely,

Eric A. Steindl
Analytical Reference Materials
Product Line Manager
esteindl@restekcorp.com

Feature Benefit

Internal Standard Mixtures—two concentra-
tions are available:

SV Internal Standard Mix
4,000µg/mL in CH2C12

(cat.# 31006)

SV Internal Standard Mix
2,000µg/mL in CH2C12

(cat.# 31206)

Data packs available for all listed
quantitative environmental stock standards

Provides greatest versatility in preparing
working solutions.

Highest concentration possible—always
requires sonication before use.

Lower concentration—easier to handle, may
require sonication before use.

Complies with stringent audits.

CLP Semivolatile Internal Standard Mixes
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(standing left to right) Joe Moodler, Rick Parmely, Mary Ellen Wood, John Lidgett, Chris
Cox, Diane Shaffer, Eric Steindl, Andrea Gill, Jason Martin, Scott Strohm, (seated at
table) Denise Witherite, and Joe Tallon.

Sales & Service
Our highly trained customer service team looks forward to working with you. We are here
when you need to place an order, track a package, check the status of an open order, or
request a price quote. We will suggest time- and money-saving options and are dedicated
to getting your products to you fast. Because we know how busy you are, we will do
whatever it takes to simplify your work. That’s what having the best customer service in
the business is all about!

Shipping
Same day shipments are the standard at Restek! Our shipping team is completely
dedicated to getting your products from our warehouse to your lab as quickly as you need
them. We’ll do whatever it takes to make sure you are satisfied. Trips to the airport to get
products to a customer are not unheard of at Restek. We truly mean...whatever it takes.

Restek’s Customer Support—at your service!

Restek’s Analytical Reference Materials TeamCLP OLM 04.1 (04.2) Semivolatiles

At-a-Glance
Product
Information
from Restek

Feature Benefit

CLP Semivolatile Surrogate Mixes

Provides greatest versatility and maximum
value in preparing working solutions.

Can prepare 10mL, 50mL, or 250mL of
working solution from one ampul.

Can prepare 10mL, 50mL, or 250mL of
working solution from one ampul.

Can prepare 10mL combined working
solution from one ampul.

Complies with stringent audits.

Surrogate Mixtures—two concentrations are
available: 1mL or 5mL ampuls,
BNA combined or separate Acid/BN mixes.

Acid Surrogate Mix
1,500µg/mL or 7,500µg/mL
1mL or 5mL ampuls

B/N Surrogate Mix
1,000µg/mL or 5,000µg/mL
1mL or 5mL ampuls

BNA Surrogate Mix
1,000µg/mL (B/N) and 1,500µg/mL (acids)
1mL ampuls

Data packs available for all listed
quantitative environmental stock standards

*Maximum shelf life based on unopened ampul.

Can’t locate the exact mixture you need?

With over 3000 compounds in our inventory,
we can make any mixture to your specifications.

www.restekcorp.com

the Analytical Reference Materials Department at 814-353-1309.

Name: Date:

Company:

Address:

Phone #:   Fax #: E-mail:

Solvent: Volume per ampul: # of ampuls:

Comments:

Gravimetric records

Full data pack

Other:

Compound(s): Concentration: Documentation Required:

110 Benner Circle, Bellefonte, PA  16823-8812
Phone: 814-353-1300 or 800-356-1688 •  Fax: 814-353-1309

Copy, Complete, and Fax Back to:
Custom Reference Material Request Form
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Acid Surrogate Standard Mix (3/90 SOW)

2-chlorophenol-d4 phenol-d6
2-fluorophenol 2,4,6-tribromophenol

1,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31003 31003-510

w/data pack 31003-500 31003-520 31103

7,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31073 31073-510

w/data pack 31073-500 31073-520 31173

7,500µg/mL ea. in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31083 31083-510

w/data pack 31083-500 31083-520 31183

Semivolatiles—Combined BNA Surrogates
(04.1 and 04.2 SOW)

Semivolatiles—Acid Surrogates (04.1, 04.2 and
3/90 SOW)

CLP 04.1 BNA Surrogate Mix (04.1 and 04.2 SOW)

2-chlorophenol-d4 1,500µg/mL
1,2-dichlorobenzene-d4 1,000
2-fluorobiphenyl 1,000
2-fluorophenol 1,500
nitrobenzene-d5 1,000
phenol-d6 1,500
p-terphenyl-d14 1,000
2,4,6-tribromophenol 1,500

In methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31493 31493-510

w/data pack 31493-500 31493-520 31593

B/N Surrogate Standard Mix (3/90 SOW)

1,2-dichlorobenzene-d4 nitrobenzene-d5
2-fluorobiphenyl p-terphenyl-d14

1,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31002 31002-510

w/data pack 31002-500 31002-520 31102

5,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31072 31072-510

w/data pack 31072-500 31072-520 31172

5,000µg/mL ea. in CH
2
Cl

2
, 5mL/ampul

Each 5-pk. 10-pk.
31082 31082-510

w/data pack 31082-500 31082-520 31182

Semivolatiles—B/N Surrogates (04.1, 04.2 and
3/90 SOW)

Call 800-356-1688 or
814-353-1300, ext. 3,

to order.

Feature Benefit

CLP SV Kits

Data packs available for all listed
quantitative environmental standards

Built-in discounts and convenient mixture
groups frequently required.

Complies with stringent audits.

CLP Semivolatile Kits

Acid Matrix Spike Mix

4-chloro-3-methylphenol pentachlorophenol
2-chlorophenol phenol
4-nitrophenol

1,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31005 31005-510

w/data pack 31005-500 31005-520 31105

7,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31075 31075-510

w/data pack 31075-500 31075-520 31175

7,500µg/mL ea. in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31085 31085-510

w/data pack 31085-500 31085-520 31185

Semivolatiles—Matrix Spike Mixes (04.1 and
04.2 SOW)

SV Internal Standard Mix*

acenaphthene-d10 naphthalene-d8
chrysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

4,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31006 31006-510

w/data pack 31006-500 31006-520 31106

*Requires special handling (warming and sonication) before use.

SV Internal Standard Mix**

acenaphthene-d10 naphthalene-d8
chrysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

2,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31206 31206-510

w/data pack 31206-500 31206-520 31306

**Easier to handle than 31006. May require sonication before use.

Semivolatiles—Internal Standards (04.1, 04.2,
4/89 and 3/90 SOW)

CLP 04.1 and 04.2 B/N Matrix Spike Mix

acenaphthene N-nitroso-di-n-propylamine
2,4-dintrotoluene pyrene

1,000µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31492 31492-510

w/data pack 31492-500 31492-520 31592

Semivolatiles—Matrix Spike Mixes (04.1 and
04.2 SOW)

SV Tuning Compound

decafluorotriphenylphosphine

2,500µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31001 31001-510

w/data pack 31001-500 31001-520 31101

Tuning Mix

SV Screening Mix

di-n-octyl phthalate
phenanthrene
phenol

2,500µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31000 31000-510

w/data pack 31000-500 31000-520 31100

Screening Mix

CLP OLM 04.1 (04.2) Semivolatiles

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 (04.2) Semivolatiles

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 (04.2) Semivolatiles

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 and 04.2 SV Kit #1

31000: SV Screening Mix

31001: SV Tuning Mix

31493: CLP 04.1 and 04.2 BNA Surrogate Mix

31492: CLP 04.1 and 04.2 B/N Matrix Spike Mix

31005: Acid Matrix Spike Mix

31006: SV Internal Standard Mix

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

31012: SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31603 31603-500

CLP OLM 04.1 and 04.2 SV Kit #2

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

31012: SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31604 31604-500

CLP OLM 04.1 and 04.2 SV Kit #3

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31605 31605-500

CLP 04.1 and 04.2 Phenols Calibration Mix

4-chloro-3-methylphenol 4-methylphenol
2-chlorophenol 2-nitrophenol
2,4-dichlorophenol 4-nitrophenol
2,4-dimethylphenol pentachlorophenol
2,4-dinitrophenol phenol
2-methyl-4,6-dinitrophenol 2,4,5-trichlorophenol
2-methylphenol 2,4,6-trichlorophenol

2,000µg/mL ea. in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31494 31494-510

w/data pack 31494-500 31494-520 31594

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

CLP 04.1 and 04.2 B/N MegaMix™

acenaphthene 3,3'dichlorobenzidine
acenaphthylene diethyl phthalate
acetophenone dimethyl phthalate
anthracene di-n-butyl phthalate
atrazine 2,4-dinitrotoluene
benzaldehyde 2,6-dinitrotoluene
benzo(a)anthracene di-n-octyl phthalate
benzo(a)pyrene fluoranthene
benzo(b)fluoranthene fluorene
benzo(ghi)perylene hexachlorobenzene
benzo(k)fluoranthene hexachlorobutadiene
biphenyl hexachlorocyclopentadiene
bis(2-chloroethoxy)methane hexachloroethane
bis(2-chloroethyl)ether indeno(1,2,3-cd)pyrene
bis-(2-chloroisopropyl) ether isophorone
bis(2-ethylhexyl)phthalate 2-methylnaphthalene
butyl benzyl phthalate naphthalene
4-bromophenyl phenyl ether 2-nitroaniline
caprolactam 3-nitroaniline
carbazole 4-nitroaniline
4-chloroaniline nitrobenzene
2-chloronaphthalene N-nitroso-di-n-propylamine
4-chlorophenyl phenyl ether N-nitrosodiphenylamine
chrysene phenanthrene
dibenz(a,h)anthracene pyrene
dibenzofuran

1,000µg/mL ea. in methylene chloride/benzene (3:1), 1mL/ampul

Each 5-pk. 10-pk.
31495 31495-510

w/data pack 31495-500 31495-520 31595

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

SV Calibration Mix #6

aldrin endosulfan I
α-BHC endosulfan II
β-BHC endosulfan sulfate
δ-BHC endrin
γ-BHC (lindane) endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE heptachlor
4,4'-DDT heptachlor epoxide (B)
dieldrin methoxychlor

2,000µg/mL ea. in toluene/hexane (1:1), 1mL/ampul

Each 5-pk. 10-pk.
31012 31012-510

w/data pack 31012-500 31012-520 31112

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

Semivolatiles Kits (04.1 and 04.2 SOW)
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To add chlorinated
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Calibration Mix #6.
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Acid Surrogate Standard Mix (3/90 SOW)

2-chlorophenol-d4 phenol-d6
2-fluorophenol 2,4,6-tribromophenol

1,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31003 31003-510

w/data pack 31003-500 31003-520 31103

7,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31073 31073-510

w/data pack 31073-500 31073-520 31173

7,500µg/mL ea. in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31083 31083-510

w/data pack 31083-500 31083-520 31183

Semivolatiles—Combined BNA Surrogates
(04.1 and 04.2 SOW)

Semivolatiles—Acid Surrogates (04.1, 04.2 and
3/90 SOW)

CLP 04.1 BNA Surrogate Mix (04.1 and 04.2 SOW)

2-chlorophenol-d4 1,500µg/mL
1,2-dichlorobenzene-d4 1,000
2-fluorobiphenyl 1,000
2-fluorophenol 1,500
nitrobenzene-d5 1,000
phenol-d6 1,500
p-terphenyl-d14 1,000
2,4,6-tribromophenol 1,500

In methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31493 31493-510

w/data pack 31493-500 31493-520 31593

B/N Surrogate Standard Mix (3/90 SOW)

1,2-dichlorobenzene-d4 nitrobenzene-d5
2-fluorobiphenyl p-terphenyl-d14

1,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31002 31002-510

w/data pack 31002-500 31002-520 31102

5,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31072 31072-510

w/data pack 31072-500 31072-520 31172

5,000µg/mL ea. in CH
2
Cl

2
, 5mL/ampul

Each 5-pk. 10-pk.
31082 31082-510

w/data pack 31082-500 31082-520 31182

Semivolatiles—B/N Surrogates (04.1, 04.2 and
3/90 SOW)

Call 800-356-1688 or
814-353-1300, ext. 3,

to order.

Feature Benefit

CLP SV Kits

Data packs available for all listed
quantitative environmental standards

Built-in discounts and convenient mixture
groups frequently required.

Complies with stringent audits.

CLP Semivolatile Kits

Acid Matrix Spike Mix

4-chloro-3-methylphenol pentachlorophenol
2-chlorophenol phenol
4-nitrophenol

1,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31005 31005-510

w/data pack 31005-500 31005-520 31105

7,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31075 31075-510

w/data pack 31075-500 31075-520 31175

7,500µg/mL ea. in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31085 31085-510

w/data pack 31085-500 31085-520 31185

Semivolatiles—Matrix Spike Mixes (04.1 and
04.2 SOW)

SV Internal Standard Mix*

acenaphthene-d10 naphthalene-d8
chrysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

4,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31006 31006-510

w/data pack 31006-500 31006-520 31106

*Requires special handling (warming and sonication) before use.

SV Internal Standard Mix**

acenaphthene-d10 naphthalene-d8
chrysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

2,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31206 31206-510

w/data pack 31206-500 31206-520 31306

**Easier to handle than 31006. May require sonication before use.

Semivolatiles—Internal Standards (04.1, 04.2,
4/89 and 3/90 SOW)

CLP 04.1 and 04.2 B/N Matrix Spike Mix

acenaphthene N-nitroso-di-n-propylamine
2,4-dintrotoluene pyrene

1,000µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31492 31492-510

w/data pack 31492-500 31492-520 31592

Semivolatiles—Matrix Spike Mixes (04.1 and
04.2 SOW)

SV Tuning Compound

decafluorotriphenylphosphine

2,500µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31001 31001-510

w/data pack 31001-500 31001-520 31101

Tuning Mix

SV Screening Mix

di-n-octyl phthalate
phenanthrene
phenol

2,500µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31000 31000-510

w/data pack 31000-500 31000-520 31100

Screening Mix

CLP OLM 04.1 (04.2) Semivolatiles

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 (04.2) Semivolatiles

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 (04.2) Semivolatiles

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 and 04.2 SV Kit #1

31000: SV Screening Mix

31001: SV Tuning Mix

31493: CLP 04.1 and 04.2 BNA Surrogate Mix

31492: CLP 04.1 and 04.2 B/N Matrix Spike Mix

31005: Acid Matrix Spike Mix

31006: SV Internal Standard Mix

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

31012: SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31603 31603-500

CLP OLM 04.1 and 04.2 SV Kit #2

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

31012: SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31604 31604-500

CLP OLM 04.1 and 04.2 SV Kit #3

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31605 31605-500

CLP 04.1 and 04.2 Phenols Calibration Mix

4-chloro-3-methylphenol 4-methylphenol
2-chlorophenol 2-nitrophenol
2,4-dichlorophenol 4-nitrophenol
2,4-dimethylphenol pentachlorophenol
2,4-dinitrophenol phenol
2-methyl-4,6-dinitrophenol 2,4,5-trichlorophenol
2-methylphenol 2,4,6-trichlorophenol

2,000µg/mL ea. in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31494 31494-510

w/data pack 31494-500 31494-520 31594

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

CLP 04.1 and 04.2 B/N MegaMix™

acenaphthene 3,3'dichlorobenzidine
acenaphthylene diethyl phthalate
acetophenone dimethyl phthalate
anthracene di-n-butyl phthalate
atrazine 2,4-dinitrotoluene
benzaldehyde 2,6-dinitrotoluene
benzo(a)anthracene di-n-octyl phthalate
benzo(a)pyrene fluoranthene
benzo(b)fluoranthene fluorene
benzo(ghi)perylene hexachlorobenzene
benzo(k)fluoranthene hexachlorobutadiene
biphenyl hexachlorocyclopentadiene
bis(2-chloroethoxy)methane hexachloroethane
bis(2-chloroethyl)ether indeno(1,2,3-cd)pyrene
bis-(2-chloroisopropyl) ether isophorone
bis(2-ethylhexyl)phthalate 2-methylnaphthalene
butyl benzyl phthalate naphthalene
4-bromophenyl phenyl ether 2-nitroaniline
caprolactam 3-nitroaniline
carbazole 4-nitroaniline
4-chloroaniline nitrobenzene
2-chloronaphthalene N-nitroso-di-n-propylamine
4-chlorophenyl phenyl ether N-nitrosodiphenylamine
chrysene phenanthrene
dibenz(a,h)anthracene pyrene
dibenzofuran

1,000µg/mL ea. in methylene chloride/benzene (3:1), 1mL/ampul

Each 5-pk. 10-pk.
31495 31495-510

w/data pack 31495-500 31495-520 31595

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

SV Calibration Mix #6

aldrin endosulfan I
α-BHC endosulfan II
β-BHC endosulfan sulfate
δ-BHC endrin
γ-BHC (lindane) endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE heptachlor
4,4'-DDT heptachlor epoxide (B)
dieldrin methoxychlor

2,000µg/mL ea. in toluene/hexane (1:1), 1mL/ampul

Each 5-pk. 10-pk.
31012 31012-510

w/data pack 31012-500 31012-520 31112

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

Semivolatiles Kits (04.1 and 04.2 SOW)
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Acid Surrogate Standard Mix (3/90 SOW)

2-chlorophenol-d4 phenol-d6
2-fluorophenol 2,4,6-tribromophenol

1,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31003 31003-510

w/data pack 31003-500 31003-520 31103

7,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31073 31073-510

w/data pack 31073-500 31073-520 31173

7,500µg/mL ea. in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31083 31083-510

w/data pack 31083-500 31083-520 31183

Semivolatiles—Combined BNA Surrogates
(04.1 and 04.2 SOW)

Semivolatiles—Acid Surrogates (04.1, 04.2 and
3/90 SOW)

CLP 04.1 BNA Surrogate Mix (04.1 and 04.2 SOW)

2-chlorophenol-d4 1,500µg/mL
1,2-dichlorobenzene-d4 1,000
2-fluorobiphenyl 1,000
2-fluorophenol 1,500
nitrobenzene-d5 1,000
phenol-d6 1,500
p-terphenyl-d14 1,000
2,4,6-tribromophenol 1,500

In methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31493 31493-510

w/data pack 31493-500 31493-520 31593

B/N Surrogate Standard Mix (3/90 SOW)

1,2-dichlorobenzene-d4 nitrobenzene-d5
2-fluorobiphenyl p-terphenyl-d14

1,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31002 31002-510

w/data pack 31002-500 31002-520 31102

5,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31072 31072-510

w/data pack 31072-500 31072-520 31172

5,000µg/mL ea. in CH
2
Cl

2
, 5mL/ampul

Each 5-pk. 10-pk.
31082 31082-510

w/data pack 31082-500 31082-520 31182

Semivolatiles—B/N Surrogates (04.1, 04.2 and
3/90 SOW)

Call 800-356-1688 or
814-353-1300, ext. 3,

to order.

Feature Benefit

CLP SV Kits

Data packs available for all listed
quantitative environmental standards

Built-in discounts and convenient mixture
groups frequently required.

Complies with stringent audits.

CLP Semivolatile Kits

Acid Matrix Spike Mix

4-chloro-3-methylphenol pentachlorophenol
2-chlorophenol phenol
4-nitrophenol

1,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31005 31005-510

w/data pack 31005-500 31005-520 31105

7,500µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31075 31075-510

w/data pack 31075-500 31075-520 31175

7,500µg/mL ea. in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31085 31085-510

w/data pack 31085-500 31085-520 31185

Semivolatiles—Matrix Spike Mixes (04.1 and
04.2 SOW)

SV Internal Standard Mix*

acenaphthene-d10 naphthalene-d8
chrysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

4,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31006 31006-510

w/data pack 31006-500 31006-520 31106

*Requires special handling (warming and sonication) before use.

SV Internal Standard Mix**

acenaphthene-d10 naphthalene-d8
chrysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

2,000µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31206 31206-510

w/data pack 31206-500 31206-520 31306

**Easier to handle than 31006. May require sonication before use.

Semivolatiles—Internal Standards (04.1, 04.2,
4/89 and 3/90 SOW)

CLP 04.1 and 04.2 B/N Matrix Spike Mix

acenaphthene N-nitroso-di-n-propylamine
2,4-dintrotoluene pyrene

1,000µg/mL ea. in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31492 31492-510

w/data pack 31492-500 31492-520 31592

Semivolatiles—Matrix Spike Mixes (04.1 and
04.2 SOW)

SV Tuning Compound

decafluorotriphenylphosphine

2,500µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31001 31001-510

w/data pack 31001-500 31001-520 31101

Tuning Mix

SV Screening Mix

di-n-octyl phthalate
phenanthrene
phenol

2,500µg/mL ea. in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31000 31000-510

w/data pack 31000-500 31000-520 31100

Screening Mix
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CLP OLM 04.1 and 04.2 SV Kit #1

31000: SV Screening Mix

31001: SV Tuning Mix

31493: CLP 04.1 and 04.2 BNA Surrogate Mix

31492: CLP 04.1 and 04.2 B/N Matrix Spike Mix

31005: Acid Matrix Spike Mix

31006: SV Internal Standard Mix

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

31012: SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31603 31603-500

CLP OLM 04.1 and 04.2 SV Kit #2

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

31012: SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31604 31604-500

CLP OLM 04.1 and 04.2 SV Kit #3

31494: CLP 04.1 and 04.2 Phenols Calibration Mix

31495: CLP 04.1 and 04.2 B/N MegaMix™

Contains 1mL each of these mixtures

Kit Kit w/Data Pack
31605 31605-500

CLP 04.1 and 04.2 Phenols Calibration Mix

4-chloro-3-methylphenol 4-methylphenol
2-chlorophenol 2-nitrophenol
2,4-dichlorophenol 4-nitrophenol
2,4-dimethylphenol pentachlorophenol
2,4-dinitrophenol phenol
2-methyl-4,6-dinitrophenol 2,4,5-trichlorophenol
2-methylphenol 2,4,6-trichlorophenol

2,000µg/mL ea. in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31494 31494-510

w/data pack 31494-500 31494-520 31594

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

CLP 04.1 and 04.2 B/N MegaMix™

acenaphthene 3,3'dichlorobenzidine
acenaphthylene diethyl phthalate
acetophenone dimethyl phthalate
anthracene di-n-butyl phthalate
atrazine 2,4-dinitrotoluene
benzaldehyde 2,6-dinitrotoluene
benzo(a)anthracene di-n-octyl phthalate
benzo(a)pyrene fluoranthene
benzo(b)fluoranthene fluorene
benzo(ghi)perylene hexachlorobenzene
benzo(k)fluoranthene hexachlorobutadiene
biphenyl hexachlorocyclopentadiene
bis(2-chloroethoxy)methane hexachloroethane
bis(2-chloroethyl)ether indeno(1,2,3-cd)pyrene
bis-(2-chloroisopropyl) ether isophorone
bis(2-ethylhexyl)phthalate 2-methylnaphthalene
butyl benzyl phthalate naphthalene
4-bromophenyl phenyl ether 2-nitroaniline
caprolactam 3-nitroaniline
carbazole 4-nitroaniline
4-chloroaniline nitrobenzene
2-chloronaphthalene N-nitroso-di-n-propylamine
4-chlorophenyl phenyl ether N-nitrosodiphenylamine
chrysene phenanthrene
dibenz(a,h)anthracene pyrene
dibenzofuran

1,000µg/mL ea. in methylene chloride/benzene (3:1), 1mL/ampul

Each 5-pk. 10-pk.
31495 31495-510

w/data pack 31495-500 31495-520 31595

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

SV Calibration Mix #6

aldrin endosulfan I
α-BHC endosulfan II
β-BHC endosulfan sulfate
δ-BHC endrin
γ-BHC (lindane) endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE heptachlor
4,4'-DDT heptachlor epoxide (B)
dieldrin methoxychlor

2,000µg/mL ea. in toluene/hexane (1:1), 1mL/ampul

Each 5-pk. 10-pk.
31012 31012-510

w/data pack 31012-500 31012-520 31112

Semivolatiles—Calibration Mixtures (04.1 and
04.2 SOW)

Semivolatiles Kits (04.1 and 04.2 SOW)
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NEW

NEW

NEW NEW

NEW

NEW

We can custom-prepare
ANY solutions to meet your

specific needs.

To add chlorinated
pesticides, use SV
Calibration Mix #6.

KIT



Feature Benefit

SV Calibration Mixtures—Restek calibration
mixtures are subdivided into two separate
solutions. These are:

14 phenols @ 2,000ppm in CH2C12

CLP 04.1 Phenols Calibration Mix
(cat.# 31494)

51 compounds @ 1,000ppm in CH2C12

CLP 04.1 B/N MegaMix™

(cat.# 31495)

18 chlorinated pesticides @ 2,000ppm
in hexane/toluene
(cat.# 31012)

Data packs available for all listed
quantitative environmental stock standards

Maximum shelf life and no chemical
interactions combined with the fewest number
of solutions possible.

Contains all acidic target compounds
required by method.
Maximum shelf life*=36 months.

Contains all base/neutral compounds
required by method.
Maximum shelf life*=24 months.

Add pesticides to working solutions for
confirmation only as needed.

Complies with stringent audits.

At-a-Glance
Product
Information
from Restek

800-356-1688

814-353-1300

www.restekcorp.com
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CLP Semivolatile Target Compounds

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

Save money—built-in discounts!

5-packs, 10-packs and data packs
are available.

Dear Customers:

The US Environmental Protection Agency
(EPA) has recently awarded contracts for
organic low medium (OLM) concentration
samples within the Superfund program
under the 04.2 revision Statement of Work.
Restek has prepared calibration, internal
standard, and surrogate solutions to meet
these requirements.

During development of these products, one
basic premise was understood—we would
produce the fewest number of solutions
possible while maintaining stability and
maximum shelf life by avoiding chemical
interactions. We carefully reviewed the 04.2
Statement of Work and determined that the
identical products specified in 04.1 will also
be required for the 04.2 revision. The
products listed here are a result of this work.

To order, call our customer service team at
800-356-1688 or 814-353-1300, ext. 3, or
your local Restek representative.

Sincerely,

Eric A. Steindl
Analytical Reference Materials
Product Line Manager
esteindl@restekcorp.com

Feature Benefit

Internal Standard Mixtures—two concentra-
tions are available:

SV Internal Standard Mix
4,000µg/mL in CH2C12

(cat.# 31006)

SV Internal Standard Mix
2,000µg/mL in CH2C12

(cat.# 31206)

Data packs available for all listed
quantitative environmental stock standards

Provides greatest versatility in preparing
working solutions.

Highest concentration possible—always
requires sonication before use.

Lower concentration—easier to handle, may
require sonication before use.

Complies with stringent audits.

CLP Semivolatile Internal Standard Mixes
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(standing left to right) Joe Moodler, Rick Parmely, Mary Ellen Wood, John Lidgett, Chris
Cox, Diane Shaffer, Eric Steindl, Andrea Gill, Jason Martin, Scott Strohm, (seated at
table) Denise Witherite, and Joe Tallon.

Sales & Service
Our highly trained customer service team looks forward to working with you. We are here
when you need to place an order, track a package, check the status of an open order, or
request a price quote. We will suggest time- and money-saving options and are dedicated
to getting your products to you fast. Because we know how busy you are, we will do
whatever it takes to simplify your work. That’s what having the best customer service in
the business is all about!

Shipping
Same day shipments are the standard at Restek! Our shipping team is completely
dedicated to getting your products from our warehouse to your lab as quickly as you need
them. We’ll do whatever it takes to make sure you are satisfied. Trips to the airport to get
products to a customer are not unheard of at Restek. We truly mean...whatever it takes.

Restek’s Customer Support—at your service!

Restek’s Analytical Reference Materials TeamCLP OLM 04.1 (04.2) Semivolatiles

At-a-Glance
Product
Information
from Restek

Feature Benefit

CLP Semivolatile Surrogate Mixes

Provides greatest versatility and maximum
value in preparing working solutions.

Can prepare 10mL, 50mL, or 250mL of
working solution from one ampul.

Can prepare 10mL, 50mL, or 250mL of
working solution from one ampul.

Can prepare 10mL combined working
solution from one ampul.

Complies with stringent audits.

Surrogate Mixtures—two concentrations are
available: 1mL or 5mL ampuls,
BNA combined or separate Acid/BN mixes.

Acid Surrogate Mix
1,500µg/mL or 7,500µg/mL
1mL or 5mL ampuls

B/N Surrogate Mix
1,000µg/mL or 5,000µg/mL
1mL or 5mL ampuls

BNA Surrogate Mix
1,000µg/mL (B/N) and 1,500µg/mL (acids)
1mL ampuls

Data packs available for all listed
quantitative environmental stock standards

*Maximum shelf life based on unopened ampul.

Can’t locate the exact mixture you need?

With over 3000 compounds in our inventory,
we can make any mixture to your specifications.

www.restekcorp.com

the Analytical Reference Materials Department at 814-353-1309.

Name: Date:

Company:

Address:

Phone #:   Fax #: E-mail:

Solvent: Volume per ampul: # of ampuls:

Comments:

Gravimetric records

Full data pack

Other:

Compound(s): Concentration: Documentation Required:

110 Benner Circle, Bellefonte, PA  16823-8812
Phone: 814-353-1300 or 800-356-1688 •  Fax: 814-353-1309

Copy, Complete, and Fax Back to:
Custom Reference Material Request Form



Feature Benefit

SV Calibration Mixtures—Restek calibration
mixtures are subdivided into two separate
solutions. These are:

14 phenols @ 2,000ppm in CH2C12

CLP 04.1 Phenols Calibration Mix
(cat.# 31494)

51 compounds @ 1,000ppm in CH2C12

CLP 04.1 B/N MegaMix™

(cat.# 31495)

18 chlorinated pesticides @ 2,000ppm
in hexane/toluene
(cat.# 31012)

Data packs available for all listed
quantitative environmental stock standards

Maximum shelf life and no chemical
interactions combined with the fewest number
of solutions possible.

Contains all acidic target compounds
required by method.
Maximum shelf life*=36 months.

Contains all base/neutral compounds
required by method.
Maximum shelf life*=24 months.

Add pesticides to working solutions for
confirmation only as needed.

Complies with stringent audits.
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CLP Semivolatile Target Compounds

CLP OLM 04.1 (04.2)
Semivolatiles Reference Materials

Save money—built-in discounts!

5-packs, 10-packs and data packs
are available.

Dear Customers:

The US Environmental Protection Agency
(EPA) has recently awarded contracts for
organic low medium (OLM) concentration
samples within the Superfund program
under the 04.2 revision Statement of Work.
Restek has prepared calibration, internal
standard, and surrogate solutions to meet
these requirements.

During development of these products, one
basic premise was understood—we would
produce the fewest number of solutions
possible while maintaining stability and
maximum shelf life by avoiding chemical
interactions. We carefully reviewed the 04.2
Statement of Work and determined that the
identical products specified in 04.1 will also
be required for the 04.2 revision. The
products listed here are a result of this work.

To order, call our customer service team at
800-356-1688 or 814-353-1300, ext. 3, or
your local Restek representative.

Sincerely,

Eric A. Steindl
Analytical Reference Materials
Product Line Manager
esteindl@restekcorp.com

Feature Benefit

Internal Standard Mixtures—two concentra-
tions are available:

SV Internal Standard Mix
4,000µg/mL in CH2C12

(cat.# 31006)

SV Internal Standard Mix
2,000µg/mL in CH2C12

(cat.# 31206)

Data packs available for all listed
quantitative environmental stock standards

Provides greatest versatility in preparing
working solutions.

Highest concentration possible—always
requires sonication before use.

Lower concentration—easier to handle, may
require sonication before use.

Complies with stringent audits.

CLP Semivolatile Internal Standard Mixes
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table) Denise Witherite, and Joe Tallon.

Sales & Service
Our highly trained customer service team looks forward to working with you. We are here
when you need to place an order, track a package, check the status of an open order, or
request a price quote. We will suggest time- and money-saving options and are dedicated
to getting your products to you fast. Because we know how busy you are, we will do
whatever it takes to simplify your work. That’s what having the best customer service in
the business is all about!

Shipping
Same day shipments are the standard at Restek! Our shipping team is completely
dedicated to getting your products from our warehouse to your lab as quickly as you need
them. We’ll do whatever it takes to make sure you are satisfied. Trips to the airport to get
products to a customer are not unheard of at Restek. We truly mean...whatever it takes.

Restek’s Customer Support—at your service!
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Feature Benefit

CLP Semivolatile Surrogate Mixes

Provides greatest versatility and maximum
value in preparing working solutions.

Can prepare 10mL, 50mL, or 250mL of
working solution from one ampul.

Can prepare 10mL, 50mL, or 250mL of
working solution from one ampul.

Can prepare 10mL combined working
solution from one ampul.

Complies with stringent audits.

Surrogate Mixtures—two concentrations are
available: 1mL or 5mL ampuls,
BNA combined or separate Acid/BN mixes.

Acid Surrogate Mix
1,500µg/mL or 7,500µg/mL
1mL or 5mL ampuls

B/N Surrogate Mix
1,000µg/mL or 5,000µg/mL
1mL or 5mL ampuls

BNA Surrogate Mix
1,000µg/mL (B/N) and 1,500µg/mL (acids)
1mL ampuls

Data packs available for all listed
quantitative environmental stock standards

*Maximum shelf life based on unopened ampul.

Can’t locate the exact mixture you need?

With over 3000 compounds in our inventory,
we can make any mixture to your specifications.

www.restekcorp.com

the Analytical Reference Materials Department at 814-353-1309.

Name: Date:

Company:

Address:

Phone #:   Fax #: E-mail:

Solvent: Volume per ampul: # of ampuls:

Comments:

Gravimetric records

Full data pack

Other:

Compound(s): Concentration: Documentation Required:

110 Benner Circle, Bellefonte, PA  16823-8812
Phone: 814-353-1300 or 800-356-1688 •  Fax: 814-353-1309

Copy, Complete, and Fax Back to:
Custom Reference Material Request Form



Feature Benefit

Feature Benefit

Pesticide Calibration Mixtures—Restek
calibration mixtures are offered in two
different concentrations:

Pesticide Mix A (cat.# 32003)
Pesticide Mix B (cat.# 32004)
8–16µg/mL

Pesticide Mix A (cat.# 32297)
Pesticide Mix B (cat.# 32298)
5–10µg/mL

Pesticide Mix AB #2 (cat.# 32292)
8 and 16µg/mL

Maximum value and ease of dilution.

Used to prepare working solutions at
16 x CRQL, 4 x CRQL, and CRQL by
serial dilution.

Used to prepare working solutions at
20 x CRQL, 4 x CRQL, and CRQL by direct
dilution.

Used to prepare single working solution
containing all pesticides at 16 x CRQL,
4 x CRQL, and CRQL by serial dilution from
a single ampul.

At-a-Glance
Product
Information
from Restek

800-356-1688
814-353-1300

www.restekcorp.com
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Pesticide Target Compounds

The US Environmental Protection Agency
(EPA) recently has awarded contracts for
organic low medium (OLM) concentration
samples within the Superfund program under
the 04.2 Statement of Work. Restek has
prepared calibration and surrogate solutions
to meet these requirements.

During development of these products, one
basic premise was understood—we would
produce the fewest number of solutions
possible while maintaining stability and
maximum shelf life by avoiding chemical
interactions. We carefully reviewed the 04.2
Statement of Work and determined that the
identical products specified in 04.1 also will
be required for the 04.2 revision. The
products listed here are a result of this work.
Call 800-356-1688 or 814-353-1300, ext. 3,
to order your CLP OLM 04.1 (04.2)
pesticides reference materials today.

Combined surrogate and individual surrogate
mixtures available.

Pesticide Surrogate Mix
DCB and TCMX at 200ppm
(cat.# 32000)

Individual surrogates at 200µg/mL
1mL and 5mL ampuls

Provides greatest versatility in preparing
working solutions.

Highest concentration possible in acetone.
Requires sonication before use.

DCB and TCMX available as individual
solutions to customize working solutions.

CLP Pesticide Surrogate Mixes

CLP Pesticides and PCB kits Built-in discounts and convenient mixture
groups that are frequently required—in one
handy kit.

Pesticide and PCB Kits

CLP OLM 04.1 (04.2)
Pesticides Reference Materials

Feature Benefit

Feature Benefit

Two concentrations available: 1000ppm in
hexane or 200ppm in isooctane

Aroclor® 1016/1260
1000ppm ea. (cat.# 32039)

All other Aroclor® mixes

Toxaphene:
1000ppm and 5000ppm

Chlordane (technical):
1000ppm and 5000ppm

High concentrations for maximum value and
versatility.

One mixture containing both materials—
fewer ampules required.

Individual mixtures for correct identification
and quantitation.

Easily prepare high-concentration working
solutions.

Easily prepare high-concentration working
solutions.

CLP Aroclor®, Chlordane, and Toxaphene Mixes

5-packs, 10-packs, and data
packs available on ALL products.

Complies with stringent audits and
saves money—built-in discounts.



CLP OLM 04.1 (04.2) Pesticides
Reference Materials

CLP GPC Calibration Mix

bis(2-ethylhexyl)phthalate 10mg/mL
corn oil 250
methoxychlor 2.0
perylene 0.2
sulfur 0.8

In methylene chloride

1mL/ampul Each 5-pk. 10-pk.
32019 32019-510 32119

5mL/ampul Each 5-pk. 10-pk.
32023 32023-510 32123

CLP Pesticide Mixtures—Individual Surrogates

04.1, 3/90, 4/89, and 2/88 SOW Technical tips for working with solutions
containing decachlorobiphenyl:

Decachlorobiphenyl has poor solubility in most organic
solvents. The maximum concentration that can be prepared in
acetone, hexane, or isooctane is 200µg/mL. Temperature will
affect the solubility as well. Storing solutions at reduced
temperatures will cause the decachlorobiphenyl to precipitate.

It’s crucial that these products be sonicated for a minimum of
15 minutes prior to opening the ampul. Because each ultra-
sonic bath operates at different energy levels, the 15 minutes
must be used as a guideline only. Longer sonication time will
not affect the product quality.

It is important to remember this applies to working solutions
prepared in your laboratory as well. The amount of compound
that precipitates is dependent upon concentration AND
temperature. If you store your standards at a temperature lower
than 4°C (even dilute solutions), allow extra sonication time.

For best results, sonicate the ampul before each use.

CLP GPC Calibration Mix

Qualitative mixture useful for determining GPC dump/collect times. Data packs are not available. The compounds are dissolved in methylene
chloride at the concentrations listed.

Revised GPC Calibration Mix

bis(2-ethylhexyl)phthalate 5mg/mL
corn oil 250
methoxychlor 1.0
perylene 0.2
sulfur 0.8

In methylene chloride

1mL/ampul Each 5-pk. 10-pk.
32041 32041-510 32141

5mL/ampul Each 5-pk. 10-pk.
32042 32042-510 32142

At-a-Glance
Product
Information
from Restek

CLP OLM 04.1 (04.2) Pesticides

2,4,5,6-Tetrachloro-m-xylene Mix

200µg/mL in acetone

1mL/ampul Each 5-pk. 10-pk.
32027 32027-510

w/data pack 32027-500 32027-520 32127

5mL/ampul Each 5-pk. 10-pk.
32028 32028-510

w/data pack 32028-500 32028-520 32128

Decachlorobiphenyl Mix

200µg/mL in acetone

1mL/ampul Each 5-pk. 10-pk.
32029 32029-510

w/data pack 32029-500 32029-520 32129

5mL/ampul Each 5-pk. 10-pk.
32030 32030-510

w/data pack 32030-500 32030-520 32130



CLP Pesticide Mixtures

04.1 and 3/90 SOW

Pesticide Surrogate Mix

decachlorobiphenyl 2,4,5,6-tetrachloro-m-xylene

200µg/mL ea. in acetone, 1mL/ampul

Each 5-pk. 10-pk.
32000 32000-510

w/data pack 32000-500 32000-520 32100

Florisil® Cartridge Check Mix

2,4,5-trichlorophenol

1,000µg/mL in acetone, 1mL/ampul

Each 5-pk. 10-pk.
32017 32017-510

w/data pack 32017-500 32017-520 32117

Pesticide Resolution Check Mix

�-chlordane 1µg/mL endosulfan sulfate 2µg/mL
4,4'-DDE 2 endrin ketone 2
dieldrin 2 methoxychlor 10
endosulfan I 1

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32001 32001-510

w/data pack 32001-500 32001-520 32101

Pesticide Resolution Check Mix w/Surrogates

�-chlordane 1µg/mL endosulfan sulfate 2µg/mL
4,4'-DDE 2 endrin ketone 2
decachlorobiphenyl 2 methoxychlor 10
dieldrin 2 2,4,5,6-tetrachloro-m-xylene 2
endosulfan I 1

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32073 32073-510

w/data pack 32073-500 32073-520 32173

Pesticide Performance Evaluation Mix

�-BHC 1µg/mL 4,4'-DDT 10µg/mL
�-BHC 1 endrin 5
�-BHC (lindane) 1 methoxychlor 25

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32002 32002-510

w/data pack 32002-500 32002-520 32102

Pesticide Calibration Mixtures

These products can be used to prepare calibration mixes at the
Contract Required Quantitation Level (CRQL), 4 x CRQL,
16 x CRQL by serial dilution (includes surrogates).

Pesticide Standard Mix A

�-BHC 8µg/mL endosulfan I 8µg/mL
�-BHC (lindane) 8 endrin 16
4,4'-DDD 16 heptachlor 8
4,4'-DDT 16 methoxychlor 80
decachlorobiphenyl 16 2,4,5,6-tetrachloro-m-xylene 8
dieldrin 16

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32003 32003-510

w/data pack 32003-500 32003-520 32103

Pesticide Standard Mix B

aldrin 8µg/mL endosulfan II 16µg/mL
�-BHC 8 endosulfan sulfate 16
�-BHC 8 endrin aldehyde 16
�-chlordane 8 endrin ketone 16
�-chlordane 8 heptachlor epoxide (B) 8
4,4'-DDE 16 2,4,5,6-tetrachloro-m-xylene 8
decachlorobiphenyl 16

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32004 32004-510

w/data pack 32004-500 32004-520 32104

Pesticide Performance Evaluation Mix w/Surrogates

�-BHC 1µg/mL decachlorobiphenyl 2µg/mL
�-BHC 1 endrin 5
�-BHC (lindane) 1 methoxychlor 25
4,4'-DDT 10 2,4,5,6-tetrachloro-m-xylene 2

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32074 32074-510

w/data pack 32074-500 32074-520 32174

Pesticide Matrix Spike Mix

aldrin 25µg/mL dieldrin 50µg/mL
�-BHC (lindane) 25 endrin 50
4,4'-DDT 50 heptachlor 25

In acetone, 1mL/ampul

Each 5-pk. 10-pk.
32018 32018-510

w/data pack 32018-500 32018-520 32118

CLP OLM 04.1 (04.2) Pesticides
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Individual 5-pk. 10-pk.
Compound (1mL/ampul) Solvent µg/mL Individual w/data pack 5-pk. w/data pack w/data pack

These products can be used to prepare calibration mixes at the Contract Required Quantitation Level (CRQL), 4 x CRQL,
20 x CRQL by direct dilution (surrogates NOT included).

Pesticide Standard Mix A

�-BHC 5µg/mL endosulfan I 5µg/mL
�-BHC (lindane) 5 endrin 10
4,4'-DDD 10 heptachlor 5
4,4'-DDT 10 methoxychlor 50
dieldrin 10

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32297 32297-510

w/data pack 32297-500 32297-520 32397

CLP Pesticide Mixtures (04.1 and 3/90 SOW)

Restek’s Rtx®-CLPesticides fused silica capillary column enables the analysis of all twenty organochlorine pesticides and their surrogates
simultaneously. No longer are laboratories required to analyze these pesticides in two separate solutions. Call 800-356-1688 or 814-353-1300,
ext. 4, for more information on column specifications and run conditions.

Organochlorine Pesticide Mix AB #1

aldrin dieldrin
�-BHC endosulfan I
�-BHC endosulfan II
�-BHC endosulfan sulfate
�-BHC (lindane) endrin
�-chlordane endrin aldehyde
�-chlordane endrin ketone
4,4'-DDD heptachlor
4,4'-DDE heptachlor epoxide (B)
4,4'-DDT methoxychlor

200µg/mL ea. in hexane/toluene (1:1), 1mL/ampul

Each 5-pk. 10-pk.
32291 32291-510

w/data pack 32291-500 32291-520 32391

Technical Chlordane, Toxaphene Solutions

chlordane (technical) Hexane 1,000 32021 32021-500 32021-510 32021-520 32121

chlordane (technical) Isooctane 5,000 32072 32072-500 32072-510 32072-520 32172

toxaphene Hexane 1,000 32005 32005-500 32005-510 32005-520 32105

toxaphene Isooctane 5,000 32071 32071-500 32071-510 32071-520 32171

CLP OLM 04.1 (04.2) Pesticides
Reference Materials
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Pesticide Standard Mix B

aldrin 5µg/mL endosulfan II 10µg/mL
�-BHC 5 endosulfan sulfate 10
�-BHC 5 endrin aldehyde 10
�-chlordane 5 endrin ketone 10
�-chlordane 5 heptachlor epoxide (B) 5
4,4'-DDE 10

In hexane, 1mL/ampul

Each 5-pk. 10-pk.
32298 32298-510

w/data pack 32298-500 32298-520 32398

Organochlorine Pesticide Mix AB #2

aldrin 8µg/mL dieldrin 16µg/mL
�-BHC 8 endosulfan I 8
�-BHC 8 endosulfan II 16
�-BHC 8 endosulfan sulfate 16
�-BHC (lindane) 8 endrin 16
�-chlordane 8 endrin aldehyde 16
�-chlordane 8 endrin ketone 16
4,4'-DDD 16 heptachlor 8
4,4'-DDE 16 heptachlor epoxide (B) 8
4,4'-DDT 16 methoxychlor 80

In hexane/toluene (1:1), 1mL/ampul

Each 5-pk. 10-pk.
32292 32292-510

w/data pack 32292-500 32292-520 32392



Pesticide Kit #2

Complete for CLP 04.1 using Standard Mix A & B at 20 x CRQL without
surrogates, Resolution Check Mix, & Performance Evaluation Mix without
surrogates.

32000: Pesticide Surrogate Mix
32001: Resolution Check Mix
32002: Performance Evaluation Mix
32297: Pesticide Standard Mix A (20 x CRQL)
32298: Pesticide Standard Mix B (20 x CRQL)
32005: Toxaphene
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32039: Aroclor® 1016/1260
32017: Florisil® Cartridge Check Mix
32018: Pesticide Matrix Spike Mix

Kit Kit w/Data Pack
32403 32403-500

Pesticide Kit #4

Calibration mixes only for CLP 04.1 using Standard Mix A & B at 20 x CRQL
without surrogates.

32297: Pesticide Standard Mix A (20 x CRQL)
32298: Pesticide Standard Mix B (20 x CRQL)
32005: Toxaphene
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32039: Aroclor® 1016/1260

Kit Kit w/Data Pack
32405 32405-500

NEW

NEW

NEW

KIT

KIT

CLP Pesticides—Kits

Pesticide Kit #1

Complete for CLP 04.1 using Standard Mix A & B at 16 x CRQL with surrogates,
Resolution Check Mix, & Performance Evaluation Mix with surrogates.

32000: Pesticide Surrogate Mix
32073: Resolution Check Mix w/surrogates
32074: Performance Evaluation Mix w/surrogates
32003: Pesticide Standard Mix A w/surrogates (16 x CRQL)
32004: Pesticide Standard Mix B w/surrogates (16 x CRQL)
32005: Toxaphene
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32039: Aroclor® 1016/1260
32017: Florisil® Cartridge Check Mix
32018: Pesticide Matrix Spike Mix

Kit Kit w/Data Pack
32402 32402-500

Pesticide Kit #3

Calibration mixes only for CLP 04.1 using Standard Mix A & B at 16 x CRQL with
surrogates.

32003: Pesticide Standard Mix A w/surrogates (16 x CRQL)
32004: Pesticide Standard Mix B w/surrogates (16 x CRQL)
32005: Toxaphene
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32039: Aroclor® 1016/1260

Kit Kit w/Data Pack
32404 32404-500

CLP OLM 04.1 (04.2) Pesticides
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PCBs Kit #2

200µg/mL in isooctane, 1mL/ampul. Includes one each of:

32064: Aroclor® 1016
32065: Aroclor® 1221
32066: Aroclor® 1232
32067: Aroclor® 1242
32068: Aroclor® 1248
32069: Aroclor® 1254
32070: Aroclor® 1260

Kit Kit w/Data Pack
32090 32090-500

Individual 5-pk. 10-pk.
Compound (1mL/ampul) Solvent µg/mL Individual w/data pack 5-pk. w/data pack w/data pack

Aroclor® Solutions

Aroclor® 1016 Hexane 1,000 32006 32006-500 32006-510 32006-520 32106

Aroclor® 1221 Hexane 1,000 32007 32007-500 32007-510 32007-520 32107

Aroclor® 1232 Hexane 1,000 32008 32008-500 32008-510 32008-520 32108

Aroclor® 1242 Hexane 1,000 32009 32009-500 32009-510 32009-520 32109

Aroclor® 1248 Hexane 1,000 32010 32010-500 32010-510 32010-520 32110

Aroclor® 1254 Hexane 1,000 32011 32011-500 32011-510 32011-520 32111

Aroclor® 1260 Hexane 1,000 32012 32012-500 32012-510 32012-520 32112

Aroclor® 1016/1260 Hexane 1,000 32039 32039-500 32039-510 32039-520 32139

Aroclor® 1016 Isooctane 200 32064 32064-500 32064-510 32064-520 32164

Aroclor® 1221 Isooctane 200 32065 32065-500 32065-510 32065-520 32165

Aroclor® 1232 Isooctane 200 32066 32066-500 32066-510 32066-520 32166

Aroclor® 1242 Isooctane 200 32067 32067-500 32067-510 32067-520 32167

Aroclor® 1248 Isooctane 200 32068 32068-500 32068-510 32068-520 32168

Aroclor® 1254 Isooctane 200 32069 32069-500 32069-510 32069-520 32169

Aroclor® 1260 Isooctane 200 32070 32070-500 32070-510 32070-520 32170

Aroclor® 1016/1260 Isooctane 200 32299 32299-500 32299-510 32299-520 32399

CLP OLM 04.1 (04.2) Pesticides
Reference Materials
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PCBs Kit #1

1,000µg/mL in hexane, 1mL/ampul. Includes one each of:

32006: Aroclor® 1016
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32012: Aroclor® 1260

Kit Kit w/Data Pack
32089 32089-500

KIT

NEW

NEW

KIT PCBs Kit #4

200µg/mL in isooctane, 1mL/ampul. Includes one each of:

32065: Aroclor® 1221
32066: Aroclor® 1232
32067: Aroclor® 1242
32068: Aroclor® 1248
32069: Aroclor® 1254
32299: Aroclor® 1016/1260

Kit Kit w/Data Pack
32401 32401-500

PCBs Kit #3

1,000µg/mL in hexane, 1mL/ampul. Includes one each of:

32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32039: Aroclor® 1016/1260

Kit Kit w/Data Pack
32400 32400-500

KIT

KIT



Can’t locate the exact mixture you need?

With over 3000 compounds in our inventory,
we can make any mixture to your specifications.

www.restekcorp.com

the Analytical Reference Materials Department at 814-353-1309.

Name: Date:

Company:

Address:

Phone #:   Fax #: E-mail:

Solvent: Volume per ampul: # of ampuls:

Comments:

Gravimetric records

Full data pack

Other:

Compound(s): Concentration: Documentation Required:

110 Benner Circle, Bellefonte, PA  16823-8812
Phone: 814-353-1300 or 800-356-1688 •  Fax: 814-353-1309

Copy, Complete, and Fax Back to:
Custom Reference Material Request Form
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table) Denise Witherite, and Joe Tallon.

Sales & Service
Our highly trained customer service team looks forward to working with you. We are here
when you need to place an order, track a package, check the status of an open order, or
request a price quote. We will suggest time- and money-saving options and are dedicated
to getting your products to you fast. Because we know how busy you are, we will do
whatever it takes to simplify your work. That’s what having the best customer service in
the business is all about!

Shipping
Same-day shipments are the standard at Restek! Our shipping team is completely
dedicated to getting your products from our warehouse to your lab as quickly as you need
them. We’ll do whatever it takes to make sure you are satisfied. Trips to the airport to get
products to a customer are not unheard of at Restek. We truly mean...whatever it takes.

Restek’s Customer Support—at your service!

Restek’s Analytical Reference Materials Team
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Photoionization
Detector (PID) Lamps
From the “Pioneers of PID”™
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www.restekcorp.com

Feature

Longer life.

More powerful 108-BTEX lamp.

Lamps individually tested.

Variety of models available.

Benefit

Get more for your money with each lamp.

Model 108-BTEX has 33% more output
than older models.

Confidence that your lamp will work, right
out of the box.

Best lamps available for most
instrumentation.

Features & Benefits

800-356-1688

814-353-1300

Restek offers Photoionization Lamps from the “Pioneers of PID,”™ Robert Gauthier
and Scientific Services Co. The quality of these lamps are assured through testing of
each lamp component during manufacturing, as well as testing of each assembled
lamp’s performance prior to being shipped. In fact, these lamps are so good that the
manufacturer supports their products with a “Guarantee of Three Months of Useful
Life.”

Scientific Services Co. innovation continues with the introduction of the Model
108-BTEX lamp—the first new design since the introduction of the Model 108-
10.0/10.6 in 1979. The BTEX lamp produces on average 33% more output than the
workhorse Model 108-10.0/10.6.

Commonly Asked Questions
Will the new Model 108-BTEX fit as a replacement to my old Model 108-10.0/10.6?

Yes. The lamps are fully interchangeable. The Model 108-BTEX has identical
dimensions as the Model 108-10.0/10.6.

What instruments can use PID lamps as general replacements?

For Tracor, OI, and Baseline instruments, a lamp with a 0.781" diameter base must
be used, such as Model 108-10.0/10.6 and Model 108-BTEX. For HNU and SRI
detectors, a lamp with a 1.375" diameter base must be used, such as Model 103 C.
Other PID lamps are available that offer different ionization potentials.

Should I clean my PID lamp?

Yes, cleaning the lamp is necessary because the window may become contaminated
from stationary phase bleed and non-volatile residues. Cleaning the PID window
enhances sensitivity by increasing the amount of ionization energy passing through
the window to the sample. PID lamp windows must be cleaned by polishing with an
aluminum oxide slurry.

Description Cat. #
PID Lamp, Model 103 C (1.375" base) 20676
PID Lamp, Model 108-10.0/10.6 (0.781" base) 20675
PID Lamp, Model 108-BTEX (0.781" base) 23020
PID Lamp, Model 108-9.6 (0.781" base) 23021
PID Lamp, Model 107-8.4 (0.781" base) 23022
PID Lamp, Model 109-11.8 (0.781" base) 23023
PID Lamp Polishing Kit 20674

Restek (U.S.):
110 Benner Circle• Bellefonte, PA 16823

800-356-1688 • 814-353-1300
fax: 814-353-1309

Restek France:
(33) 01-60-78-32-10 • restekfr@club-internet.fr

Restek GmbH:
(49) 06172-2797-0 • Restekgmbh@aol.com

Thames Restek U.K., Ltd.:
(44) 01753-624111 • SALESTHRES@aol.com

Lit. Cat. # 59309
Restek trademarks: the Restek logo. Other trademarks: “Pioneers of PID” is a trademark of Scientific Services Co., Inc.©  Copyright 2000, Restek Corporation

Model 103C

Model 108-10.0/10.6

Model 108-BTEX
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Rtx®-5/MXT®-5
Capillary Columns
5% diphenyl/95% dimethyl polysiloxane
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What is the Rtx®/MXT®-5?
The nonpolar Rtx® and MXT®-5 columns are
fused silica and Silcosteel®-lined stainless
steel (respectively) capillary columns coated
with a 5% diphenyl/95% dimethyl polysi-
loxane stationary phase.

Why use a 5% diphenyl/95% dimethyl
polysiloxane phase?
The Rtx®/MXT®-5 column is the most popu-
lar and versatile capillary stationary phase
available. The diphenyl groups impart a se-
lectivity towards aromatic compounds. Rtx®/
MXT®-5 columns are extremely rugged, ex-
hibiting long column lifetime, low bleed, and
high maximum operating temperatures.

Which applications work well using an
Rtx®/MXT®-5 column?
A 5% diphenyl phase is extremely versatile,
permitting the analysis of nonpolar to polar
compounds, and acidic to basic species, all in
a single analysis. An Rtx®/MXT®-5 column
is ideal for environmental analyses, such as
semivolatile pollutants, phenols, polynuclear
aromatic hydrocarbons, pesticides, herbicides,
and diesel range organics (DRO). The Rtx®/
MXT®-5 column exhibits excellent inertness
towards highly reactive, trace environmental
compounds and has low column bleed to im-
prove detection limits and instrument sensi-
tivity. The phase also is ideal for drugs of
abuse and flavor analyses.

30m, 0.53mm ID, 5.0µm Rtx®-5 (cat.# 10279). 1mL headspace injection of 24 common residual solvents
for pharmaceutical processing. Prepared to equal about 500ppm in the bulk pharmaceutical. Samples

shaken and heated at 90°C for 15 minutes. Oven temp.: 35°C (hold 10 min.) to 100°C @ 5°C/min., to
240°C @ 25°C/min. (hold 5 min.); Inj./det. temp.: 220°C/240°C; FID sensitivity: 1.05 x 10-11 AFS;

Carrier gas: helium, 35cm/sec. set @ 35°C; Split ratio: 2:1.

Vacuum Vu-Union®

1. methanol
2. ethylene oxide
3. ethanol
4. acetonitrile
5. acetone
6. isopropanol

7. diethyl ether
8. 1,1-dichloroethene
9. methylene chloride

10. n-propanol
11. methyl ethyl ketone
12. n-hexane

The Rtx®-5 phase is extremely versatile and can be used for a wide
range of applications, such as organic volatile impurities in
residual solvents.

See our Chromatography Products catalog or visit www.restekcorp.com to
see additional application chromatograms on the Rtx®/MXT®-5 columns!

13. ethyl acetate
14. chloroform
15. tetrahydrofuran
16. 1,1,1-trichloroethane
17. 1,2-dichloroethane
18. benzene

19. carbon tetrachloride
20. n-butanol
21. heptane
22. trichloroethylene
23. 1,4-dioxane
24. pyridine
25. toluene

1 2
3

4,5,6

22

24

7
8

9

10
23

13

14

11,12

16
15

17

19,20

21

25

Feature Benefit

Fused silica & MXT® tubing

Low-bleed

Application Specific Columns
Rtx®-5MS

Rtx®-5Sil MS

Rtx®-5 Amine

Integra-Guard™ columns

Tubing material versatility—same price
regardless of tubing.

Increased detector sensitivity, reduced
system maintenance.

Low-bleed to improve GC/MS detection
limits and reduce interference with trace
analyte identification and detection.
Optimized low-bleed GC/MS column for
semivolatile pollutants.
Basic deactivation layer provides highest
degree of inertness for primary amines and
basic compounds.

Leak-free connection, protects column from
non-volatile sample residue, longer column
lifetime.

Features & Benefits



Retention indices (RI) are used to measure the overall stationary phase polarity. (Reten-
tion indices on Rtx®/MXT®-5 columns are listed in Table II.) They are mathematical
calculations used to indicate the elution point of a probe with respect to two hydrocar-
bons. The probes used to measure RI are of different functionalities, each one desig-
nated to measure a specific solute-stationary phase interaction. As the difference in RI
for a probe on a given phase increases, the degree of specific interaction increases.

Table I: Selective Solute-Stationary Phase Interactions

Dispersion forces arise from electric intermolecular fields, which result in the
induction of in-phase dipoles. They are present in all phases.

Orientation interactions occur between a stationary phase and a compound,
both of which possess a permanent dipole.

Induction interactions occur between a stationary phase with a permanent
dipole and a compound, which forms a dipole as a result of the interaction
with the stationary phase.

Hydrogen bonding occurs between hydrogen contained in a compound and a
stationary phase with a strong electronegative center (F, O, N).

When choosing a stationary phase for capillary GC separations, remember the saying
“like dissolves like.” The stationary phase is a nonvolatile liquid coated on the inside
walls of the column and acts as a solvent for the sample. The more soluble the solute or
your analyte is in the stationary phase, the more retention it has in the column.

Separations in GC are the result of the relative solubility and selective interactions of
the sample solute and column stationary phase. Table I shows the four main forces
responsible for solute-stationary phase interactions. The sum of all four forces serves as
a measure of the polarity of the stationary phase. Selectivity is the ability of a phase to
preferentially retain one compound over another based on specific solute-stationary phase
interactions and is determined by the type and amount of substituted functional groups
in the stationary phase.

Choosing the Best Phase for Your Sample

Rtx®/MXT®-5 columns are nonpolar and coated with a 5% diphenyl/95% dimethyl
polysiloxane stationary phase. The small percentage of phenyl groups impart an aro-
matic nature to this phase. Solute-stationary phase interactions occuring within the Rtx®/
MXT®-5 column includes a strong dispersion interaction, plus a selectivity towards aro-
matic compounds. The Rtx®/MXT®-5 column can provide separations of aromatic com-
pounds, such aromatic hydrocarbons, flavor volatiles, and benzene/toluene/o-, m-, p-
xylenes, that a 100% dimethyl polysiloxane stationary phase cannot.

In summary, when selecting a stationary phase, choose a phase with similar functional
groups as those present in your analyte. For the most versatile, chemically inert, ther-
mally stable stationary phase, select an Rtx®/MXT®-5 column. An Rtx®/MXT®-5 col-
umn is the column of choice for environmental, drugs of abuse and fragrance analyses.
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Rtx®-5/MXT®-5 Columns

5%

Rtx®-5/MXT®-5
5% diphenyl/95% dimethyl

polysiloxane

Similar Phases
J&W:

DB-5, DB-5.625, DB-5ht,
DB-5ms, SE-54

Supelco:
SPB-5, SAC-5, PTE-5
PTE-5 QTM, SE-54

Hewlett-Packard:
HP-5, PAS-5, HP-5ms

Alltech:
AT-5, SE-54

SGE: BP-5, BPX-5

Chrompack:
CP-Sil8CB, CP-Sil8CB MS

Quadrex: 007-2

Ohio Valley: OV-5

Perkin-Elmer: PE-2

USP Nomenclature: G27, G36

95%

Table II: 5% Diphenyl/95% Dimethyl Polysiloxane
Stationary Phase Retention Indices

RI probe RI Measured interaction
benzene 667 Electron density for aromatic & olefinic

hydrocarbons
n-butanol 667 Proton donor & acceptor capabilities

(alcohols and nitriles)
2-pentanone 689 Proton acceptor interaction (ketones,

ethers, esters, aldehydes)
nitropropane 743 Dipole interactions



How do I know that an Rtx®-5/MXT®-5 phase will resolve my compounds of interest?
A 5% diphenyl/ 95% dimethyl polysiloxane stationary phase possesses a stronger dis-
persion interaction between the solute and stationary phase than a 100% dimethyl
polysiloxane phase. Additionally, the 5% diphenyl substitution increases the selectivity
towards aromatic compounds. If you cannot separate your compounds of interest on a
methyl silicone column and they differ in functionality or boiling point by 5°C, the
Rtx®/MXT®-5 column should provide separation.

What is the difference between an Rtx®-5 and an MXT®-5 column?
Rtx®-5 columns are made with polyimide-coated, fused silica tubing and deactivated
with a nonpolar deactivation layer, resulting in the highest degree of tubing inertness.
These columns possess a maximum operating temperature of 350°C. MXT®-5 columns
are made from unbreakable Silcosteel®-treated stainless steel. The Silcosteel® process
bonds a thin, flexible layer to the stainless steel surface, which offers comparable effi-
ciency and inertness to fused silica tubing, with increased durability. MXT® columns
are caged in 4-inch diameter coils or smaller, and are ideal for compact, portable, or
process GCs.

Which type of Rtx®-5 column should I use for my analysis?
The Rtx®-5 is an all-purpose column for use with non-trace-level analyses (ppm levels
and above) on FIDs, PIDs, ELCDs, and TCDs. It is recommended to use the Rtx®-5 for
FID environmental work (TPH, DRO, screening column, etc.), for solvent and chemi-
cal analysis, flavor and fragrance analysis, and residual solvents in pharmaceutical prod-
ucts (USP <467>). Every Rtx®-5 column is tested with the temperature-programmed
Grob test mixture to guarantee low bleed and a high degree of inertness, efficiency, and
versatility.
The Rtx®-5MS is an all-purpose column designed for trace-level analyses (ppb to ppt
concentrations) on sensitive GC detectors such as MSDs, ECDs, NPDs, SCDs, and
FPDs, where it is important to maximize detector sensitivity. When a capillary column
is connected to a sensitive detector, column bleed can cause a number of problems, such
as misidentification of analytes, loss of detector sensitivity, and inaccurate quantitation.
The combination of our MS column chemistry and rigorous QA testing ensures that
each MS column exceeds the requirements of the most sensitive GC detectors. The
Rtx®-5MS column is ideal for the analysis of drugs of abuse, clinical and forensic samples,
arson analysis, and low-level purity analysis.
The XTI®-5 is an all-purpose 5% diphenyl/ 95% dimethyl polysiloxane environmental
capillary column. It is tested for special bleed specifications at high temperature to
ensure good environmental analyses of active components. It can be used with all com-
mon GC detectors.
The Rtx®-5Sil MS column is ideal for semivolatile pollutant analysis for EPA Methods
8270, 1625, 625, and 525. It offers superior inertness towards reactive phenols, such as
pentachloro- and dinitrophenols, providing more accurate quantitation at low concen-
tration levels. It also provides low GC/MS bleed and improved resolution of semivolatile
pollutants.
The Rtx®-5Amine column is a nonpolar 5% diphenyl polysiloxane with a basic deacti-
vation layer that reduces adsorption and improves response of basic compounds. Analy-
ses of active basic compounds that previously required derivatization or another ana-
lytical technique can be performed on the Rtx®-5Amine. This column is ideal for ana-
lyzing a wide variety of basic compounds such as alkylamines, diamines, triamines,
ethanolamines, and nitrogen containing heterocycles.

What is an Integra-Guard™ column?
An Integra-Guard™ column is a continuous length of fused silica tubing, containing
both the guard column and the analytical column. No guard tubing is more leak-free
than an Integra-Guard™ column! The guard column is tied separately from the analyti-
cal column using high-temperature string. The transition area between the columns is
the point where the guard column ends and the analytical column begins. Just imagine,
guard columns WITHOUT press-tight connections. Protecting your capillary column
has never been easier!

?
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Rtx®-5/MXT®-5 Columns

Column Selection
Made Easy

3 ezGC™ software: Restek has
Retention Index Libraries that
contain more than 3000 com-
pounds analyzed on the most
commonly used stationary
phases, in 10 different applica-
tion areas including: petroleum
hydrocarbons, solvents &
chemicals, flavors & fra-
grances, FAMEs, pesticides,
PCBs, dioxins/ furans,
semivolatile, volatile, and drugs
of abuse.

2 Consult the applications section
(over 135 pages of applications
chromatograms) in Restek’s
Chromatography Products
Catalog.

1 Contact Restek’s Technical
Service at 800-356-1688 or
814-353-1300, ext. 4. We have
over 25 trained chemists with
direct laboratory and applica-
tions experience, ready to assist
you in choosing the best column.

Commonly Asked Questions

Rtx®-5Sil MS
phase structure
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!Rtx®-5 Columns
are available with

Integra-Guard™

built-in guard
columns.
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Product Listing

Rtx®-5 (fused silica) Crossbond® 5% diphenyl/95% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter 105-Meter

0.25mm 0.10 -60 to 330/350°C 10205 10208 10211 10214

0.25 -60 to 330/350°C 10220 10223 10226 10229

0.50 -60 to 330/350°C 10235 10238 10241 10244

1.00 -60 to 320/340°C 10250 10253 10256 10259

0.32mm 0.10 -60 to 330/350°C 10206 10209 10212 10215

0.25 -60 to 330/350°C 10221 10224 10227 10230

0.50 -60 to 330/350°C 10236 10239 10242 10245

1.00 -60 to 330/350°C 10251 10254 10257 10260

1.50 -60 to 310/330°C 10266 10269 10272 10275

3.00 -60 to 280/300°C 10281 10284 10287 10290

0.53mm 0.10 -60 to 320/340°C 10207 10210 10213

0.25 -60 to 320/340°C 10222 10225 10228

0.50 -60 to 310/330°C 10237 10240 10243

1.00 -60 to 310/330°C 10252 10255 10258

1.50 -60 to 310/330°C 10267 10270 10273

3.00 -60 to 270/290°C 10282 10285 10288

5.00 -60 to 270/290°C 10277 10279 10283

ID df (µm) temp. limits 10-Meter 20-Meter 40-Meter
0.10mm 0.10 -60 to 330/350°C 41201 41202

0.40 -60 to 320/340°C 41203 41204

0.18mm 0.20 -60 to 325/340°C 40201 40202 40203

0.40 -60 to 315/330°C 40210 40211 40212

MXT®-5 (Silcosteel®) Crossbond® 5% diphenyl/95% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter

0.25mm 0.10 -60 to 360°C 70205 70208 70211

0.25 -60 to 360°C 70220 70223 70226

0.50 -60 to 350°C 70235 70238 70241

1.00 -60 to 340°C 70250 70253 70256

0.28mm 0.25 -60 to 360°C 70221 70224 70227

0.50 -60 to 330°C 70236 70239 70242

1.00 -60 to 325°C 70251 70254 70257

3.00 -60 to 290°C 70281 70284 70287

0.53mm 0.25 -60 to 360°C 70222 70225 70228

0.50 -60 to 330°C 70237 70240 70243

1.00 -60 to 325°C 70252 70255 70258

1.50 -60 to 300°C 70267 70270 70273

3.00 -60 to 290°C 70282 70285 70288

5.00 -60 to 270°C 70277 70279 70283

Fused Silica Guard Columns & Transfer Lines (IP deactivated)
Nominal ID Nominal OD 5-Meter (ea.) 5-Meter (6-pk.)

0.10mm 0.363 + 0.012mm 10041 ——

0.18mm 0.34 + 0.01mm 10046 ——

0.25mm 0.37 + 0.04mm 10043 10043-600

0.32mm 0.45 + 0.04mm 10044 10044-600

0.53mm 0.69 + 0.05mm 10045 10045-600

MXT® Guard Columns & Transfer Lines (IP deactivated)
Nominal ID Nominal OD 5-Meter (ea.) 5-Meter (6-pk.)

0.28mm 0.53 + 0.025mm 70044 70044-600

0.53mm 0.74 + 0.025mm 70045 70045-600

At-a-Glance
Product
Information
from Restek

Rtx®-5/MXT®-5 Columns

See Restek’s Chromatography
Products catalog for additional

product information, or visit
www.restekcorp.com.

Integra-Guard™ Columns
ID (mm) Length (m) Suffix #

0.25 5 -124

0.25 10 -127

0.32 5 -125

0.32 10 -128

0.53 5 -126

0.53 10 -129

See Restek’s Chromatography Products catalog for XTI®-5, Rtx®-5MS,
Rtx®-5Sil MS, and Rtx®-5 Amine product listings.
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Compounds with low stability in the SilcoCan™

canister are bromoform and select brominated
compounds. We recommend using our TO-Can™

air sampling canisters for these compounds.
Request lit. cat. #59312 for more information
on TO-Can™ canisters.
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The SilcoCan™ air sampling canister is Restek’s premier sampling container
for the air sampling of sulfur-containing compounds. The SilcoCan™

canister has been optimized for holding samples with low ppb-levels of
organo-sulfur species (Figure 1).

Increases accurate sampling and analysis
for low-level sulfur compounds!

800-356-1688

814-353-1300
www.restekcorp.com

Figure 1—The SilcoCan™ canister demonstrates
amazing stability for 10ppbv sulfur mix.

Peak List

 1. hydrogen sulfide (H2S)
 2. carbonyl sulfide (COS)
 3. methyl mercaptan
 4. ethyl mercaptan
 5. dimethylsulfide
 6. dimethyldisulfide

Rtx-1, 60m x 0.53mm ID x 7.0µm
30°C (hold 1 min.) to 180°C
@ 10°C/min. (hold 5 min.)
Carrier gas: helium @ 8.5mL/min.

0                                                        5
time (min.)

1

2

3

4

5
6

Commonly Asked Questions
• Can I reuse the canister?

Yes. The high temperature limit of the SilcoCan™ canister and high-
purity valve ensures that even heavily contaminated samples can be
removed from your canister, leaving you ready for the next sample.

• Can the canister be reconditioned?
Yes. Call our customer service department at 814-353-1300 or 800-356-
1688, ext. 3, or your local Restek representative to get approval and a
return authorization number. Our qualified technicians will then
thoroughly inspect your canister before quoting, and assess what level of
service is needed to get your canister back into the field and performing at
an optimum level.

(cont.)

SULFURS
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Restek trademarks:
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SilcoCan™ Canisters

Product Listing

SilcoCan™ Air Sampling Canisters

Description Cat.#

1-liter 24112

3-liter 24113

6-liter 24114

15-liter 24115

1-liter, with gauge 24116

3-liter, with gauge 24117

6-liter, with gauge 24118

15-liter, with gauge 24119

• What is the full temperature range of the canister?
The SilcCan™ air sampling canister can be used or cleaned in a temperature
range of -100°C to 250°C.

• Where can I find Silcosteel®-coated air sampling kits for use with the
SilcoCan™ canister?
Ask for information about our complete list of air sampling kits and their
accessories including flow controllers, in-line filters, and passive tubing. See
the Air Monitoring section of Restek’s Product Guide.

Silcosteel®-coated valve available A complete, passive sample pathway
ensures sample stability.

Features & Benefits

For More Information
•  TO-Can™ Canisters Fast Facts

(lit. cat.# 59312)
•  Silcosteel® Technology

Applications (lit. cat. #59654)
•  Silcosteel® Information and

Applications packet
(lit. cat. #59616)

•  Silcosteel®-Treated Tubing &
Fittings Fast Facts

(lit. cat. #59725)
•  Silcosteel® Treatment for Sulfur

Analysis Fast Facts
(lit. cat. #59719)

•  Sulfinert™ Coatings brochure
(lit. cat.# 59203

Restek is your free technical
literature source!

•  Call 800-356-1688, ext. 5
•  Fax 800-353-1309

•  Online at www.restekcorp.com

Feature Benefit

High purity, 2/3-turn valve with stainless
steel valve diaphragms

No sample adsorption for more accurate
results, easy to use.

Silcosteel®-coated canisters Inert surface is ideal for low-level
sulfur sampling.

Readily indicates internal conditions.

Meet a variety of sampling needs.

Can be cleaned at higher temperature,
producing a cleaner can.

Vacuum/pressure gauge optional

Variety of sizes available

Temperature stability to 250°C



Trident ™ Direct high-pressure filter
cat. #25082

Protection against particulate matter.

Trident ™ Direct 1cm guard
cartridge holder with filter

cat.#25084
Protection against particulate matter

and sample impurities.

Trident ™ Direct 2cm
guard cartridge holder with filter

cat.#25086
Protection against particulate matter
and heavily contaminated samples.

Trident™ Direct Guard
Column System
Easy to Use, Low Dead Volume—
The Ultimate Combination of
Convenience and Column Protection
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Unlike other “one size fits all” guard systems the Trident ™ Direct system
gives you the power to select the right level of protection for your analysis.
The system  offers three levels of protection and guard cartridges that are
available in four dimensions with a variety of bonded phases to match your
analytical column. The economical leak-free cartridge design provides an
unprecedented combination of convenience, economy, and reliability.

Feature

Direct connection

Three levels of protection

Leak-free design

Cartridge column design

Benefit

Easy installation that eliminates
connection tubing and extra
dead volume.

Provides the right protection
for your needs.

Smooth, reliable operation
saves lab time.

Eliminates waste and saves
money.

Features & Benefits

Commonly Asked Questions
• What level of protection do I need for my application?
For protection against particulate matter only, use the Trident™ Direct in-
line filter. For protection against particulate matter and sample impurities,
use the Trident Direct 1cm holder and 1cm guard cartridges. This is the most
popular configuration and is well suited for most applications. For protec-
tion against particulate matter and heavily contaminated samples, use the
Trident Direct 2cm holder and 2cm guard cartridges.

Trident™ Direct
provides three levels

of protection

800-356-1688

814-353-1300

The foundation of the Trident ™ Direct system is a reusable direct connect
holder that easily attaches to any HPLC column using CPI- or Waters®-
style end fittings.* The system is available in the following configurations
to match different protection level needs: in-line filter, in-line filter with
holder for 1cm guard cartridge, and in-line filter with holder for 2cm guard
cartridge. The guard cartridges are available in both 2.1 and 4.0mm ID’s
and are interchangeable with the appropriate length holder.

*The standard PEEK® tip that comes with the Trident ™ Direct systems is compatible
with Parker®, Swagelok®, Upchurch®, Valco®, and other CPI-style fittings.  To use the
Trident ™ Direct systems with Waters®-style end fittings, the tip must be replaced with
cat.# 25088.



Restek (U.S.):
110 Benner Circle

Bellefonte, PA 16823
800-356-1688• 814-353-1300

fax: 814-353-1309

Restek France:
(33) 01-60-78-32-10

fax: (33) 01 6078 70 90
restekfr@club-internet.fr

Restek GmbH:
(49) 06172-2797-0

fax: (49) 06172-2797-77
Restekgmbh@aol.com

Thames Restek U.K., Ltd.:
(44) 01753-624111

fax: (44) 01753-624666
SALESTHRES@aol.com

©  Copyright 2000, Restek Corporation

Lit. Cat. # 59314

www.restekcorp.com

At-a-Glance
Product
Information
from Restek

Restek trademarks: Allure, Peek, Pinnacle,
Trident, and the Restek logo.

Other trademarks: HP (Hewlett-Packard Corp.)

Trident™ Direct

Restek is your free technical
literature source!

Application notes:

 (#59511) Improved HPLC
Analysis of Analgesics

(#59512) The Ultra IBD Column Allows
HPLC Separation of Polar and Non-Polar

Analytes from the Same Sample

 (#59510) HPLC Stationary Phase
Selection for the Analysis of Steroids

(#59118) Allure™ PFP Propyl HPLC
Column Provides Improved LC/MS

Analyses of Basic Compounds

•  Call 814-353-1300 or
800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com

• What internal diameter guard cartridge should I use?
If the ID  of your analytical column is greater than 3.2 and less than 6mm, use a
4.0mm ID guard cartridge. If the ID  of your analytical column is between 2.0 and
3.2mm, use a 2.1mm ID guard cartridge.

• Do I need a different size holder depending on the guard cartridge ID?
No, because all Trident™ guard cartridges have the same outer diameter, the
holders will function with either 2.1 or 4.0 mm ID guard cartridges. The holder
needed is dependent only on the length of the guard cartridge.

• Which guard cartridge should I use?
After you decide what level of protection and diameter guard cartridge is right
for your application, you should choose the cartridge with a bonded phase that
is the same or similar to your analytical column. The Allure™ and Ultra bonded
phases are base-deactivated and compatible with virtually all silica-based
analytical columns.

Trident ™ Direct cat.#

High-pressure filter 25082

1cm guard cartridge holder with filter 25084

2cm guard cartridge holder with filter 25086

Connection tip for Waters®-style end fittings 25088

Guard Column (10 x 2.1mm) (10 x 4.0mm) (20 x 2.1mm) (20 x 4.0mm)
Cartridges 3-pack 3-pack 2-pack 2-pack

Allure ™ Acidix 916250212 916250210 916250222 916250220

Allure ™ Basix 916150212 916150210 916150222 916150220

Allure ™ C18 916450212 916450210 916450222 916450220

Allure ™ PFP Propyl 916950212 916950210 916950222 916950220

Allure ™ Silica 916050212 916050210 916050222 916050220

Ultra Amino 910750212 910750210 910750222 910750220

Ultra Aqueous C18 917850212 917850210 917850222 917850220

Ultra C1 910150212 910150210 910150222 910150220

Ultra C4 910250212 910250210 910250222 910250220

Ultra C8 910350212 910350210 910350222 910350220

Ultra C18 917450212 917450210 917450222 917450220

Ultra Cyano 910650212 910650210 910650222 910650220

Ultra IBD 917550212 917550210 917550222 917550220

Ultra PFP 917650212 917650210 917650222 917650220

Ultra Phenyl 910550212 910550210 910550222 910550220

Ultra Silica 910050212 910050210 910050222 910050220

Replacement Frits for the Trident™ Filter qty. cat.#

Cap Frits 4mm, 2.0µm: 5pk. 25022

Cap Frits 2mm, 2.0µm: 5pk. 25057



Sulfinert  Coatings
For Sampling, Transfer, and Analysis of
Sulfur Compounds to less than 20ppb
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Features & Benefits

800-356-1688

814-353-1300

Restek is proud to offer Sulfinert™ coatings—the next generation of metal passiva-
tion coatings for low-level sulfur storage and transfer.  Restek has been a pioneer in
the development and the application of passive coatings since 1987, beginning with
the introduction of our Silcosteel® treatment.  Recently, new sulfur regulations and
low detection limits have created a demand for an even more inert surface, so we
created Sulfinert™ coatings.

Commonly Asked Questions
How is Sulfinert™ coating different from Silcosteel® coating?
Sulfinert™ coating has been proven to hold organo-sulfur compounds at lower con-
centrations than Silcosteel® coating under static sampling conditions. Sulfinert™

coating was developed specifically to sample or transfer organo-sulfur compounds
at concentrations to less than 20ppb.

Why does Sulfinert™ coating work so well for sulfur compounds?
The Sulfinert™ layer is applied to the stainless steel surface and is completely inert to
organo-sulfur compounds. Typically stainless steel will adsorb or react with sulfur
compounds such as hydrogen sulfide and mercaptans. The Sulfinert™ layer will pre-
vent sulfur compounds from contacting the reactive stainless surface.

Why use Sulfinert™ coatings instead of fused silica linings?
The Sulfinert™ coating can be used in a wide variety of pH ranges. Fused silica linings
will become active when amines or other basic compounds are sampled because of a
chemical reaction with the Si-O bond.

Is custom coating service available?
Restek offers custom service for parts in your sulfur analysis systems such as man-
ifolds and valves. Combining this service with the stock Sulfinert™-treated parts
offered by Restek will permit your entire sulfur system to be inert. Contact our
technical service department at 800-356-1688 or 814-353-1300, ext. 4, to inquire
about our custom Sulfinert™ service.Lit. Cat. # 59318A

©  Copyright 2002, Restek Corporation

What is Sulfinert™ Treatment?

The Sulfinert™ coating is the leading
passivation technique for the storage and
transfer of low-level, organo-sulfur-
containing samples.

The Sulfinert™ coating is ideal for use in
environmental, petrochemical, polymeric,
high- and low-pressure environments.
The Sulfinert™ layer is stable in a wide
variety of pH ranges. Unlike fused silica
coatings which can dissolve in a caustic
environment, the Sulfinert™ coating is
stable when sampling caustic amines as
well as acidic sulfur compounds.

Feature

Inert

Durable and flexible

Stable in a wide pH range

Thermally stable

Non-polymeric

Readily available

Benefit

No adsorption of sulfur compounds.

Will not crack or flake.

Sample amines and sulfur compounds
without compromising compound stability.

Usable to 600°C.

No memory effects as seen with
Teflon®-coated parts.

Treated tubing and fittings are in stock for
immediate delivery.

™

Always use Sulfinert™-coated components
when peak performance is required for

your sulfur analyses.



ID OD cat.#
0.055" (5.33mm) 1/8" (3.18mm)** 22508
0.180" (4.57mm) 1/4" (6.35mm)** 22509

ID OD cat.#
0.011" (0.28mm) 0.022" (0.56mm) 22500
0.021" (0.53mm) 0.029" (0.74mm) 22501
0.010" (0.25mm) 1/16" (1.59mm) 22502
0.020" (0.51mm) 1/16" (1.59mm) 22503
0.030" (0.76mm) 1/16" (1.59mm) 22504
0.040" (1.02mm) 1/16" (1.59mm) 22505
0.085" (2.16mm) 1/8" (3.18mm)* 22506
0.210" (5.33mm) 1/4" (6.35mm)* 22507

Sizes qty. cat.#
5µL ea. 22840
10µL ea. 22841
20µL ea. 22842
25µL ea. 22843
50µL ea. 22844
100µL ea. 22845
250µL ea. 22846
500µL ea. 22847

1cc ea. 22848
2cc ea. 22849
5cc ea. 22850

Restek (U.S.):
110 Benner Circle

Bellefonte, PA 16823
800-356-1688 • 814-353-1300

fax: 814-353-1309

Restek France:
01 60 78 32 10

restekfr@club-internet.fr

Restek GmbH:
49 06172 2797 0

Restek-GMBH@t-online.de

Restek Ireland:
44 28 9081 4576

restekeurope@cs.com

Thames Restek U.K., Ltd.:
01753 624111

Sales@Thamesrestek.co.uk

Restek trademarks: the Restek logo, Sulfinert, Silcosteel
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For more information on Sulfinert™ coating,
request the following literature:

· Sulfinert™ brochure (lit. cat.# 59203)

Restek is your free
technical literature source!

Call 800-356-1688 or 814-353-1300, ext. 5,
Fax 814-353-1309

Online at www.restekcorp.com

for more
Information...

www.restekcorp.com
v i s i t  u s  o n l i n e  a t

Sulfinert™ Sample Cylinders, Valves, and Rupture Discs

Sulfinert™ Sample Cylinder Valves

Sulfinert™ Gas Sampling Valves and Sample Loops
Sulfinert™ Gas Sampling Valves, 1/16" fittings, 0.40mm port diameter; “W Type” valve

Sulfinert™ Gas Sample Loops, 1/16" fittings, for “W Type” valves

Size qty. cat.#
75cc ea. 24130
150cc ea. 24131
300cc ea. 24132
500cc ea. 24133
1000cc ea. 24134
2250cc ea. 21394

Sulfinert™ Sample Cylinders

Sulfinert™ Rupture Disc Tee

Coiled Sulfinert™ Tubing
Sulfinert™ Welded 304 Grade Stainless Steel Tubing

Sulfinert™ Seamless 316 Grade Stainless Steel Tubing

Price-per-foot by length For a complete
Sulfinert™ and
air monitoring
product listing,
call and request a
copy of the Restek
chromatography
products catalog.

*0.020" Wall Thickness*       **0.035" Wall Thickness

Description qty. cat.#
Sulfinert™ Gas Sampling Valve; 4-Port ea. 20584
Sulfinert™ Gas Sampling Valve; 6-Port ea. 20585
Sulfinert™ Gas Sampling Valve; 10-Port ea. 20586

Replacement Rotors
Description qty. cat.#

For 4-Port Sulfinert™ Gas Sampling Valve ea. 20587
For 6-Port Sulfinert™ Gas Sampling Valve ea. 20588
For 10-Port Sulfinert™ Gas Sampling Valve ea. 20589

Description  (1/4" NPT connections) qty. cat.#
Sulfinert™ Rupture Disc Tee ea. 21396
Replacement Rupture Disc (not coated) ea. 24298

Description qty. cat.#
1/4" NPT Exit, Kel-F Stem Tip ea. 24127
1/4" Compression Exit, Kel-F Stem Tip ea. 24128
1/4" Female NPT Outlet (built-in rupture disc) ea. 21395



Rtx®-CLPesticides
Capillary Columns
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What are the Rtx®-CLPesticides/Rtx®-CLPesticides2 columns?
The Rtx®-CLPesticides/Rtx®-CLPesticides2 columns are fused silica capillary
columns coated with a unique stationary phase specifically designed to provide
the best separation of chlorinated pesticides. The Rtx®-CLPesticides/Rtx®-
CLPesticides2 columns are used in parallel for simultaneous quantitation and
confirmation by gas chromatography/electron capture detection (GC/ECD). The
Rtx®-CLPesticides/Rtx®-CLPesticides2 columns are intermediate polarity columns.

Feature Benefit

Unique phase

Exceptional inertness

High thermal stability

Baseline resolution of pesticides in fast
analysis time; better resolution than other
available phases; improved qualitative and
quantitative reliability.

No on-column breakdown of sensitive
pesticides; reduces GC and column
maintenance.

Permits column bake-out to remove high-
boiling contaminants; reduces contaminant
interferences with target analytes; decreases
ECD bleed; reduces system maintenance.

Features & Benefits

Optimizing the analysis of pesticides using the
Rtx®-CLPesticides column pair
In the environmental industry, analytical methods for chlorinated pesticides often
are the most challenging to perform. Analysts struggle with linearity, breakdown,
and lengthy calibrations; as well as column bleed, column reactivity, and poor
separation. Not only do the labs keep track of resolution requirements and break-
down performance criteria, but they also analyze extracts that usually contain
high-boiling contaminants. While these contaminants do not always appear in the
GC/ECD chromatogram, they can cause shifts in retention time, elevated baselines,
and target compound breakdown.

Pesticide methods generally are analyzed using two columns of different polarity
to provide confirmation and increase confidence in reporting the presence of tar-
get analytes. To reduce analysis times, many labs prefer to run both columns
simultaneously using the same run conditions. However, this can be difficult be-
cause the run conditions for one column may not be optimum for the second,
confirmation column.

Although dual-column analyses can be set up several different ways, Restek rec-
ommends a dual-column system where the sample is injected into a single injec-
tion port via direct injection, vaporized in a hot injection port liner, transferred
onto a 5m Siltek™ guard column, and split onto the two columns using a glass “Y”
splitter. Siltek™ deactivation provides the best inertness for chlorinated pesticide
analysis, minimizes endrin breakdown, and the 5m length allows enough of a
retention gap so that the sample is split evenly between the two columns. In a
conventional direct injection port using a Uniliner® glass sleeve, the guard col-
umn is connected with a press-tight seal at the bottom of the liner. This type of
injection port set-up eliminates contact of the analytes with the active metal sur-

Why use an Rtx®-CLPesticides column?
The Rtx®-CLPesticides columns overcome
the coleution and component breakdown
problems that commonly occur in chlorinated
pesticide analysis. These columns provide
baseline resolution of target analytes, yield-
ing more accurate qualitative data without
GC/MS detection. An analysis time of under
25 minutes can increase sample throughput
by 15% compared to other columns. The
Rtx®-CLPesticides columns do not have the
problems associated with cyanopropyl
phases, such as on-column breakdown of
methoxychlor and DDT, and low maximum
operating temperatures. They have a high
maximum operating temperature (330°C),
which allows bake-out of high-boiling con-
taminants, and extends column lifetime, mini-
mizes baseline instability, and reduces instru-
ment maintenance.

Which applications work well using
Rtx®-CLPesticides columns?
These stationary phases are highly selective
for compounds that contain electronegative
substituents (halogenated compounds). The
Rtx®-CLPesticides columns not only work
well for chlorinated pesticides, but also for
chlorophenoxy herbicides, triazine herbicides,
haloacetic acids, and Aroclor® mixtures.
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Rtx®-CLPesticides Columns faces below the bottom of the liner. Although a splitless injection also can be made, the
direct injection method provides the best reproducibility, while achieving the required
detection limits and minimizing instrument maintenance.

The most common phases used for dual-column pesticide analysis are cyanopropyl sta-
tionary phases (1701 columns) and phenyl/methyl phases (5, 35, 50 columns). 1701
columns resolve the pesticides well, but have several limitations: they are prone to on-
column breakdown of DDT and methoxychlor as a result of degradation of the station-
ary phase, and have relatively low maximum operating temperatures (275°C).

Various phenyl/methyl phases also can be used for dual-column pesticide analysis, such
as a 5% phenyl/phenyl primary column and a 35% or a 50% phenyl/methyl confirmational
column. While each of these phases has a higher maximum operating temperature and
is less reactive than the cyano phases, they all have target compounds that coelute to
some extent.

Compound Retention Time
(min.)

1. 2,4,5,6-tetrachloro-
m-xylene 9.34

2. a -BHC 10.93
3. g -BHC 11.78
4. b -BHC 12.02
5. d -BHC 12.47
6. heptachlor 13.01
7. aldrin 13.74
8. heptachlor epoxide 15.16
9. g -chlordane 15.45

10. a -chlordane 15.75
11. 4,4'-DDE 15.92
12. endosulfan I 16.05
13. dieldrin 16.59
14. endrin 17.09
15. 4,4'-DDD 17.22
16. endosulfan II 17.59
17. 4,4'-DDT 17.83
18. endrin aldehyde 18.48
19. methoxychlor 18.87
20. endosulfan sulfate 19.42
21. endrin ketone 20.03
22. decachlorobiphenyl 22.19

On-column concentration:  16-160pg
Organochlorine Pesticide Mix AB#2 (cat.# 32292)
Oven program:  120°C (hold 1 min.) to 300°C
@ 9°C/min. (hold 10 min.)
Inj. port:   Direct injection using a Uniliner®

sleeve (cat.# 20335) at 200°C
Detector:  ECD at 300°C with Anode Purge
Dead time:  1.9 minutes
Head pressure:  8.7psi (constant)
Flow rate:  He @ 1.3mL/min. @ 120°C

Compound Retention Time
(min.)

1. 2,4,5,6-tetrachloro-
m-xylene 9.75

2. a -BHC 11.53
3. g -BHC 12.48
4. b -BHC 12.70
5. d -BHC 13.44
6. heptachlor 13.59
7. aldrin 14.37
8. heptachlor epoxide 15.72
9. g -chlordane 16.15

10. a -chlordane 16.48
11. 4,4'-DDE 16.85
12. endosulfan I 16.61
13. dieldrin 17.22
14. endrin 17.90
15. 4,4'-DDD 18.11
16. endosulfan II 18.36
17. 4,4'-DDT 18.79
18. endrin aldehyde 19.09
19. methoxychlor 20.25
20. endosulfan sulfate 19.69
21. endrin ketone 20.87
22. decachlorobiphenyl 23.84

On-column concentration:  16-160pg
Organochlorine Pesticide Mix AB#2 (cat.# 32292)
Oven program:  120°C (hold 1 min.) to 300°C
@ 9°C/min. (hold 10 min.)
Inj. port:   Direct injection using a Uniliner®

sleeve (cat.# 20335) at 200°C
Detector:  ECD at 300°C with Anode Purge
Dead time:  1.9 minutes
Head pressure:  8.7psi (constant)
Flow rate:  He @ 1.3mL/min. @ 120°C
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Figure 1: The Rtx®-CLPesticides column (30m, 0.32mm ID, 0.50µm) provides
baseline resolution of 22 chlorinated pesticides in EPA Method 8081 in less

than 23 minutes.
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Figure 2: The Rtx®-CLPesticides2 column offers 4 elution order changes,
making it the ideal confirmational column.
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How can I minimize endrin and DDT breakdown on my pesticides system?
The major source of analytical problems in pesticide analyses occur in the injection
port—it is important to maintain the cleanliness and inertness of this area. Two com-
pounds used to check injection port inertness are 4,4'-DDT and endrin. 4,4'-DDT break-
down is generally indicative of an injection port contaminated by oily or dirty sample
extracts. Replacing the liner and cutting off 6 to 12 inches of the guard column usually
is required to restore system inertness. Use GPC or carbon column cleanup to remove
hydrocarbon contamination. Endrin breakdown is indicative of a chemical reaction tak-
ing place in the injection port. Endrin breakdown can be caused by impurities in the
carrier gas, active metal surfaces, an improperly deactivated inlet liner, or septum par-
ticles. Proper and frequent injection port maintenance will help keep endrin breakdown
to a minimum. Endrin breakdown also can be significantly reduced by using Siltek™

guard tubing and inlet liners in the injection port. Siltek™ deactivation provides the
highest degree of inertness towards pesticides and typically shows a <1% breakdown of
endrin.

What other analyses can I run on the Rtx®-CLPesticides and Rtx®-CLPesticides2
columns?
The Rtx®-CLPesticides columns also can be used for US EPA Method 508 pesticides,
8151 chlorophenoxy herbicides, 619 triazine herbicides, 552 haloacetic acids, and PCBs
(Aroclors or congeners) which typically are analyzed using the same instrument as that
used for chlorinated pesticides. The optimized phases of the Rtx®-CLPesticides and
Rtx®-CLPesticides2 columns allow one column pair and the same instrument for sev-
eral different environmental analyses, thereby increasing the versatility and usability of
your pesticide GC.

What is the proper way to condition the Rtx®-CLPesticides column pair for the lowest
ECD bleed?
Although the Rtx®-CLPesticides columns are pre-conditioned at Restek, we recommend
re-conditioning the columns before analyzing samples. To properly condition a new Rtx®-
CLPesticides or Rtx®-CLPesticides2 column, install the column into the injection port, cap
off the ECD, set the appropriate column flow rate (1.3mL/min. for helium carrier gas),
temperature program the GC from 40°C to 330°C @ 15°C/min., and condition the col-
umns out of the detector overnight. After conditioning, cool the oven, install the columns
into the ECDs and re-condition in the detectors at 310°C for one hour.

?
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Rtx®-CLPesticides Columns

Column Selection
Made Easy

3 ezGC™ software: Restek has
Retention Index Libraries that
contain more than 3000 com-
pounds analyzed on the most
commonly used stationary
phases, in ten different applica-
tion areas including:

• Petroleum hydrocarbons
• Solvents and chemicals
• Flavors and fragrances
• FAMEs
• Pesticides
• PCBs
• Dioxins/Furans
• Semivolatile
• Volatile
• Drugs of abuse

2 Consult the applications section
(over 135 pages of applications
chromatograms) in Restek’s
Chromatography Products
Catalog.

1 Contact Restek’s Technical
Service at 800-356-1688 or
814-353-1300, ext. 4, or contact
your local Restek representa-
tive. We have over 25 trained
chemists with direct laboratory
and applications experience,
ready to assist you in choosing
the best column.

Commonly Asked Questions

Rtx®-CLPesticides columns simplify pesticide analyses
The introduction of the Rtx®-CLPesticides and the Rtx®-CLPesticides2 columns has
simplified the choice of phase for pesticide analysis. Both columns achieve baseline
resolution under identical run conditions for the 22 common chlorinated pesticides as
listed in US Environmental Protection Agency (EPA) Methods 8081, CLP, and 608,
thus permitting simultaneous dual-column confirmation (Figures 1 and 2). In addition
to their separating ability, the Rtx®-CLPesticides columns have a maximum operating
temperature of 330°C and feature low column bleed after conditioning. Also, when
using cyanopropyl-phase or phenyl-phase columns, laboratories typically must cali-
brate using 5-point curves, injecting mix A and mix B compounds separately because
the target compounds coelute. Because no coelution problems occur with the Rtx®-
CLPesticides column pair, the mixes can be combined. This eliminates the need for at
least five injections during the calibration of the instrument, which may free a mini-
mum of 2.5 hours a day to analyze more samples.

Although the Rtx®-CLPesticides columns are available in all three common ID dimen-
sions, Restek recommends the 0.32mm ID column. This column ID provides the best
combination of sample capacity and efficiency. If your sample extracts are particularly
contaminated, you may find that the 0.53mm ID columns allow for longer duration of
calibration because of the higher capacity. Columns of 0.25mm ID provide better reso-
lution, but have less capacity for contaminated or large samples.

See Restek’s Chromatography
Products catalog for additional

product information, or visit
www.restekcorp.com.
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Rtx®-CLPesticides Columns

Rtx®-CLPesticides (fused silica)

ID df (µm) Temp. Limits 10-Meter 15-Meter 20-Meter 30-Meter
0.18mm 0.18 -60 to 310/330°C 42101 — 42102 —

0.25mm 0.25 -60 to 310/330°C — 11120 — 11123

0.32mm 0.50 -60 to 310/330°C — 11136 — 11139

0.53mm 0.50 -60 to 310/330°C — 11137 — 11140

Rtx®-CLPesticides2 (fused silica)

ID df (µm) Temp. Limits 10-Meter 15-Meter 20-Meter 30-Meter
0.18mm 0.14 -60 to 310/330°C 42301 — 42302 —

0.25mm 0.20 -60 to 310/330°C — 11320 — 11323

0.32mm 0.25 -60 to 310/330°C — 11321 — 11324

0.53mm 0.42 -60 to 310/330°C — 11337 — 11340

Rtx®-CLPesticides Kits (Note: columns are not preconnected in these kits)

0.53mm ID Rtx®-CLPesticides Kit cat.# 11197
Includes:
30m, 0.53mm ID, 0.50µm Rtx®-CLPesticides Column cat.# 11140
30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 Column cat.# 11340
Siltek™ Universal Angled ‘Y’ Press-Tight® Connector cat.# 20487
5m, 0.53mm ID Siltek™ Guard Column cat.# 10028

0.32mm ID Rtx®-CLPesticides Kit cat.# 11198
Includes:
30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides Column cat.# 11139
30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 Column cat.# 11324
Siltek™ Universal Angled ‘Y’ Press-Tight® Connector cat.# 20487
5m, 0.32mm ID Siltek™ Guard Column cat.# 10027

0.25mm ID Rtx®-CLPesticides Kit cat.# 11199
Includes:
30m, 0.25mm ID, 0.25µm Rtx®-CLPesticides Column cat.# 11123
30m, 0.25mm ID, 0.20µm Rtx®-CLPesticides2 Column cat.# 11323
Siltek™ Universal Angled ‘Y’ Press-Tight® Connector cat.# 20487
5m, 0.25mm ID Siltek™ Guard Column cat.# 10026

I have been using one of the traditional phases for my pesticide analysis. What are
some of the troublesome pesticide separations on these phases and how does the Rtx®-
CLPesticides column pair overcome these?

Rtx®-CLPesticides and Rtx®-CLPesticides2 columns: Both columns provide baseline
separation of the 22 chlorinated pesticides listed in EPA Method 8081 within 24 min-
utes. Maximum operating temperature is 330°C.

5% phenyl phase: Difficult separation of b -BHC/g -BHC, endosulfan I/a -chlordane,
and 4,4'-DDE/dieldrin. Analysis time is 32 minutes. Maximum operating temperature
is 330°C.

35% phenyl phase: Difficult separation of g -BHC/aldrin and a -chlordane/endosulfan I.
Analysis time is 26 minutes. Maximum operating temperature is 310°C.

1701 cyanopropyl phase: Baseline resolution of 22 pesticides in US EPA Method 8081.
Analysis time is 28 minutes. Maximum operating temperature is 280°C. May see on-
column breakdown of DDT and methoxychlor as a result of degradation of the station-
ary phase.

50% phenyl phase: Difficult separation of a -chlordane/endosulfan I. Analysis time is
25 minutes. Maximum operating temperature is 310°C.

For more detailed information
on pesticide analysis,

Request this Restek literature:
• Guide to Preparing and Analyzing

Chlorinated Pesticides (#59892)

• GC Analysis of US EPA Method 619
Triazine Herbicides Using the Rtx®-CLP

Columns (#59101)

• Rtx®-CLPesticides Columns:
The Ideal Confirmational Pair
for Analyzing Polychlorinated
Biphenyls (PCBs) (#59120)

• Environmental SPE Graphitized
Carbon Using Black
SPE Tubes (#59543)

• CarboPrep™ SPE Cleanup of Method
8081A Chlorinated Pesticides (#59110)

• CarboPrep™ Cleanup of Chlorinated
Pesticides in Hazardous Wastes

(#59103)

• Siltek™ Brochure (#59803)

Restek (U.S.):
110 Benner Circle, Bellefonte, PA 16823

800-356-1688 • 814-353-1300
fax: 814-353-1309

Restek France:
(33) 01 60 78 32 10

restekfr@club-internet.fr

Restek GmbH:
(49) 06172 2797 0

RESTEK-GMBH@t-online.de

Thames Restek U.K., Ltd.:
(44) 01753 624111

sales@thamesrestek.co.uk

Restek Ireland:
(44) 2890 814576

dmannusrestek@compuserve.com

Thames Restek Scotland, Ltd.:
870 241 1247

sales@thamesrestek.co.uk



The Vu-Union® connector uses a glass taper seal identical to that of the
Press-Tight® connector, thus achieving a leak-free seal without dead volume.
It also provides a mechanical seal that prevents the column from moving or
separating, thus giving extra reliability for critical applications such as MS.

The Vu-Union® connector is available in two configurations:
• Standard—joins tubing using graphite ferrules.
• Vacuum—for applications like MS; uses a Vespel®/graphite ferrule.

There is a standard, straight Vu-Union® connector for joining a guard column
to an analytical column, and a ‘Y’ Vu-Union® connector for joining a guard
column to two analytical columns.

0.33/0.74mm Vu-Union® Connector:
cat.# 20418 (ea.)

Replacement Inserts:
cat.# 20419 (3-pk.)

GC Column Connectors

800-356-1688
814-353-1300

www.restekcorp.com

Vacuum Vu-Union®
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Leak-free seals for reliable connections

*Press-Tight® Connectors are available with
Siltek™ deactivation, which features high
temperature stability, extreme durability, and
low bleed. Ask us about Siltek™ deactivation
when you order.

Vu-Union®

Helping Hand
The Helping Hand
is included with
all Vu-Union®

connectors and
makes assembly
very easy!

‘Y’ Vu-Union ® Connector:
cat.# 20432 (ea.)

Replacement Inserts:
cat.# 20433 (ea.); cat.# 20434 (3-pk.)

Connecting two pieces of fused silica tubing is a necessary task for gas
chromatographers. This includes connecting a guard column to an analytical
column, or connecting a column to a mass spectrometer (MS) transfer line.
No matter what the connection, the ultimate goal is to ensure a leak-free seal
without causing dead volume. Restek connectors can help accomplish this
goal easily.

Press-Tight® Connectors*
• One connector fits all standard Restek tubing outer diameters.

• Taper sealing mechanism means no dead volume, leak-free seal.

• Quick to install; saves time.

• Many configurations available.

• Stable to 325°C.

The Press-Tight® connector is one of the most commonly used products for
joining two pieces of fused silica tubing. When used correctly, the Press-
Tight® connector creates a leak-free seal between fused silica tubing
without dead volume. Press-Tight® connectors are available in a straight
configuration, which traditionally is used for connecting a guard column to
an analytical column; a ‘Y’ configuration for connecting a guard column to
two analytical columns; and an ‘X’ configuration for special connection
needs. The straight connector and ‘Y’ connector also are available in an
angled configuration to lessen the strain on the fused silica tubing.

Vu-Union® Connectors
• Taper sealing mechanism means no dead

volume, leak-free seal.

• Added benefit of a mechanical seal so the
connection won’t separate.

• Vacuum model available for MS applications.

• ‘Y’ configuration also available.

To order, call 800-356-1688 or
814-353-1300, ext. 3, or your local
Restek representative.
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GC Column Connectors

Restek is your free technical
literature source!

•  Call 800-356-1688, ext. 5
•  Fax 800-353-1309

•  Online at www.restekcorp.com

GRAPHPACK® 3D/2 Connector**
(0.25mm to 0.32mm):
cat.# 20272 (ea.)
**Use only with GRAPHPACK® 3D/2 ferrules.

GRAPHPACK® 3D/2 Connector**
(0.7mm to 0.45mm):
cat.# 20273 (ea.)

MXT® Low Dead Volume Connectors
• Stainless steel construction means no more breakage.

• Silcosteel®-treated for inertness, causes no peak tailing.

• Low dead volume minimizes peak tailing.

• Connects metal capillary tubing or fused silica capillary tubing.

Restek has applied the Silcosteel® metals
passivation coating to the surface of a low
dead volume connector to provide an inert,
durable connection for metal and fused
silica tubing. The MXT® low dead volume
connector features a 1/32" union that uses

metal ferrules for metal tubing and Valcon® polyimide ferrules for fused silica
tubing. The MXT® low dead volume connector is also available from Restek in a
‘Y’ configuration.

MXT® Low Dead Volume Connector:
for 0.28mm ID MXT ® columns: cat.# 20397 (ea.)

for 0.53mm ID MXT ® columns: cat.# 20394 (ea.)

MXT® Low Dead Volume ‘Y’ Connector:
for 0.28mm ID MXT ® columns: cat.# 20396 (ea.)

for 0.53mm ID MXT ® columns: cat.# 20395 (ea.)

Ferrules for Connecting Fused Silica Capillaries:
1/32" Adaptor, 5-pk.

Tubing OD (mm) Tubing ID (mm) Valco® # Valcon® Polyimide

0.25–0.4 0.25 FS.4-5 20137, (5-pk.)

0.4–0.5 0.32 FS.5-5 20140, (5-pk.)

0.5–0.8m 0.53 FS.5V-5 20141, (5-pk.)

The Gerstel GRAPHPACK® Connectors
• Metal jacket graphite ferrule is ideal for connecting metal or fused silica tubing.

• Advanced technology creates a leak-free, low dead volume connection.

• Quick and reliable connections decrease down-time.

The central component of this connector is
a metal-jacketed graphite ferrule. The
Gerstel GRAPHPACK® connector can be
used for connecting metal capillary
columns to fused silica capillary columns.

1/32"  Stainless Steel Replacement Ferrules for MXT® Connectors

Ferrule ID (mm) Fits Column ID (mm) cat.#

0.59 0.28 20398, (10-pk.)

0.79 0.53 20399, (10-pk.)
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Semivolatile Organic Reference
Materials
US EPA Methods 8270D/Appendix IX Target Compounds

US Environmental Protection Agency (EPA)
Method 8270D outlines the analysis of semi-
volatile organic pollutants in solid waste, soil,
water, and air matrices using gas chromatog-
raphy/mass spectrometry (GC/MS). Update
IVA of the third edition of SW-846—Test
Methods for Evaluating Solid Waste,
Physical/Chemical Methods—includes EPA
Method 8270D, in which there were no major
revisions from EPA Method 8270C.

Restek chemists have carefully reviewed EPA
methods 8270C and 8270D, and prepare ana-
lytical reference materials to include all of
the most commonly calibrated compounds.
The compounds have been grouped to pro-
vide flexibility, convenience, and maximum
stability. Restek also offers all the required
surrogate, internal standard, calibration
check, matrix spike, and tuning mixtures
required for these methods.

Feature Benefit

*Shelf life is based on an unopened ampul stored at the recommended temperature.

• Carefully researched formulations. • Fewest solutions compatible with maximum 
shelf life and no chemical interactions.

• Data packs available. • Complies with stringent audits.
• Calibration mixes available in two independent lots. • Assured agreement, ordering convenience.

8270C calibration mixtures are subdivided into separate solutions. These are:
8270 MegaMix™ NNEEWW
76 components @ 1000µg/mL Calibrate for all components in one analysis – 3-
in methylene chloride:benzene (75:25), & 4-methylphenol included at 1/2 concentration of 
3- & 4-methylphenol @ 500µg/mL, 1mL/ampul other components.
cat.# 31686 18-month shelf life.*

8270 Matrix Spike Mix
76 components @ 200µg/mL Calibrate for all components in one analysis – 3-
in methanol:methylene chloride:benzene (80:15:5), & 4-methylphenol included at 1/2 concentration of 
3- & 4-methylphenol @ 100µg/mL, 5mL/ampul other components.
cat.# 31687 18-month shelf life.*

8270 Benzidines Mix
3 components @ 2000µg/mL Contains commonly analyzed 8270C
in methanol, 1mL/ampul benzidine compounds.
cat.# 31688 37-month shelf life.*

605 Benzidines Calibration Mix
2 components @ 2000µg/mL Contains commonly analyzed 8270C
in methanol, 1mL/ampul benzidine compounds.
cat.# 31030 36-month shelf life.*

Appendix IX Mix #1
18 basic compounds @ 2000µg/mL Most commonly analyzed Appendix IX
in methylene chloride, 1mL/ampul basic compounds; add only as needed.
cat.# 31625 24-month shelf life.*

Appendix IX Mix #2 NEW
32 components @ 2000µg/mL Most commonly analyzed Appendix IX
in benzene:methylene chloride (75:25), 1mL/ampul compounds; add only as needed.
cat.# 31806 12-month shelf life.*

Organophosphorous Pesticide Mix, 8270/Appendix IX
9 organophosphorous pesticides @ 2000µg/mL Most commonly analyzed 8270C/Appendix IX
in methylene chloride, 1mL/ampul organophosphorous compounds; add only as 
cat.# 32419 needed.

36-month shelf life.*

Organochlorine Pesticide Mix AB #3 NEW
20 organochlorine pesticides @ 2000µg/mL Most commonly analyzed 8270C/Appendix IX
in hexane:toluene (1:1), 1mL/ampul organochlorine pesticides; add only as needed.
cat.# 32415 37-month shelf life.*

Organochlorine Pesticide Mix AB #1
20 organochlorine pesticides @ 200µg/mL Most commonly analyzed 8270C/Appendix IX
in hexane:toluene (1:1), 1mL/ampul organochlorine pesticides; add only as needed.
cat.# 32291 37-month shelf life.*

Organochlorine Pesticide Mix AB #2
20 organochlorine pesticides @ 8-80µg/mL Most commonly analyzed 8270C/Appendix IX
in hexane:toluene (1:1), 1mL/ampul organochlorine pesticides; add only as needed.
cat.# 32292 37-month shelf life.*

Restek (U.S.)
110 Benner Circle

Bellefonte, PA 16823
800-356-1688 • 814-353-1300

Fax: 814-353-1309
www.restekcorp.com

Restek France
Phone: 01 60 78 32 10

Fax: 01 60 78 70 90

Restek GmbH
Phone: 49 06172 2797 0

Fax: 49 06172 2797 77

Thames Restek U.K. LTD
Phone: 01494 563377

Fax: 01494 564990

Restek Ireland
Phone: 44 28 9081 4576

Fax: 44 28 9081 4576

www.restekcorp.com

For more information,
Call 800-356-1688 or 814-353-1300, ext. 4,

or
Contact Your Local Restek

Representative.



acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoroanthene
benzo(ghi)perylene
benzo(k)fluoroanthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenz(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine2

fluorene
fluoroanthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

*Concentration is 500µg/mL.

8270 MegaMix™
(76 components)

1,000µg/mL each (except where noted) in methylene chlo-
ride:benzene (75:25), 1mL/ampul

Each 5-pk. 10-pk.
31686 31686-510 —

w/data pack
31686-500 31686-520 31786

**3-methylphenol and 4-methylphenol concentration is
100µg/mL.

8270 Matrix Spike Mix (76 components)

11,2-diphenylhydrazine (8270-listed analyte) decom-
poses to azobenzene (mix component).
2N-nitrosodiphenylamine (8270-listed analyte)
decomposes to diphenylamine (mix component).

200µg/mL each in methanol:methylene chloride:benzene
(80:15:5), 5mL/ampul**

Each 5-pk. 10-pk.
31687 31687-510 —

w/data pack
31687-500 31687-520 31787

Same 76 components as listed above in the 8270 MegaMix™.

benzidine
3,3'-dichlorobenzidine
3,3'-dimethylbenzidine

8270 Benzidines Mix

2,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31688 31688-510 —

w/data pack
31688-500 31688-520 31788

benzidine
3,3'-dichlorobenzidine

605 Benzidines Calibration Mix

2,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31030 31030-510 —

w/data pack
31030-500 31030-520 31130

aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
α-chlordane
γ-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (isomer B)
methoxychlor

Organochlorine Pesticide 
Mix AB # 3 (20 components)

2,000µg/mL each in hexane:toluene (1:1), 1mL/ampul

Each 5-pk. 10-pk.
32415 32415-510 —

w/data pack
32415-500 32415-520 32515

2-acetylaminofluorene
4-aminobiphenyl
p-dimethylaminoazobenzene
3,3'-dimethylbenzidine
α,α,-dimethylphenethylamine

(free base)
methapyrilene (free base)
1-naphthylamine
2-naphthylamine
5-nitro-o-toluidine

N-nitrosodibutylamine
N-nitrosodiethylamine
N-nitrosomethylethylamine
N-nitrosomorpholine
N-nitrosopiperidine
N-nitrosopyrrolidine
1,4-phenylenediamine
2-picoline
o-toluidine

Appendix IX Mix #1 (18 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31625 31625-510 —

w/data pack
31625-500 31625-520 31725

acetophenone
aramite
atrazine
benzaldehyde
biphenyl
caprolactam (epsilon)
chlorobenzilate
1-chloronaphthalene
diallate
dibenz(a,j)acridine
2,6-dichlorophenol
7,12-dimethylbenz 

(a)anthracene
1,4-dioxane
diphenyl ether
ethyl methacrylate
ethyl methanesulfonate

hexachloropropene
isodrin
isosafrole (cis & trans)
kepone
3-methylcholanthrene
methyl methanesulfonate
1,4-naphthoquinone
4-nitroquinoline-N-oxide
pentachlorobenzene
pentachloroethane
pentachloronitrobenzene
phenacetin
pronamide
safrole
1,2,4,5-tetrachlorobenzene
1,3,5-trinitrobenzene

Appendix IX Mix #2 (32 components)

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31806 31806-510 —

w/data pack
31806-500 31806-520 31906

200µg/mL each in hexane:toluene (1:1), 1mL/ampul

Each 5-pk. 10-pk.
32291 32291-510 —

w/data pack
32291-500 32291-520 32391

Restek is your #1 source for 
custom analytical reference materials!

Contact our reference materials
department (see form enclosed) or your local
Restek representative for more information.

•Made to your exact specifications.
•Quotations supplied free of charge.
•Most orders shipped within 5–7 working days.

Semivolatile Organic Reference Materials

800-356-1688
814-353-1300

www.restekcorp.com

dimethoate
disulfoton
famphur
methyl parathion
O,O,O-triethylphosphorothioate

parathion (ethyl parathion)
phorate
sulfotepp
zinophos (thionazine)

2,000µg/mL in methylene chloride, 1mL/ampul

Organophosphorous Pesticide
Mix, 8270/Appendix IX (9 components)

Each 5-pk. 10-pk.
32419 32419-510 —

w/data pack
32419-500 32419-520 32519

aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
α-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (B) 8
methoxychlor 80

In hexane:toluene (1:1), 1mL/ampul

Organochlorine
Pesticide Mix AB #2 (20 components)

Each 5-pk. 10-pk.
32292 32292-510 —

w/data pack
32292-500 32292-520 32392



acenaphthene-d10
chrysene-d12
1,4-dichlorobenzene-d4

naphthalene-d8
perylene-d12
phenanthrene-d10

SV Internal Standard Mix

4,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31006 31006-510 —

w/data pack
31006-500 31006-520 31106

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31206 31206-510 —

w/data pack
31206-500 31206-520 31306

2-fluorobiphenyl
nitrobenzene-d5

p-terphenyl-d14
B/N Surrogate Mix (4/89 SOW)

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31024 31024-510 —

w/data pack
31024-500 31024-520 31124

5,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31062 31062-510 —

w/data pack
31062-500 31062-520 31162

5,000µg/mL each in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31086 31086-510 —

w/data pack
31086-500 31086-520 31186

2-fluorophenol
phenol-d6

2,4,6-tribromophenol
Acid Surrogate Mix (4/89 SOW)

2,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31025 31025-510 —

w/data pack
31025-500 31025-520 31125

10,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31063 31063-510 —

w/data pack
31063-500 31063-520 31163

10,000µg/mL each in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31087 31087-510 —

w/data pack
31087-500 31087-520 31187

acenaphthene
1,4-dichlorobenzene
2,4-dinitrotoluene

N-nitroso-di-n-propylamine
pyrene
1,2,4-trichlorobenzene

B/N Matrix Spike Mix

1,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31004 31004-510 —

w/data pack
31004-500 31004-520 31104

5,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31074 31074-510 —

w/data pack
31074-500 31074-520 31174

5,000µg/mL each in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31084 31084-510 —

w/data pack
31084-500 31084-520 31184

4-chloro-3-methylphenol
2-chlorophenol
4-nitrophenol

pentachlorophenol
phenol

Acid Matrix Spike Mix

2,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31014 31014-510 —

w/data pack
31014-500 31014-520 31114

10,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31061 31061-510 —

w/data pack
31061-500 31061-520 31161

10,000µg/mL each in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31071 31071-510 —

w/data pack
31071-500 31071-520 31171

2,4-dinitrophenol
hexachlorocyclopentadiene

4-nitrophenol
N-nitroso-di-n-propylamine

SV System Performance Check Mix
(SPCC) (4 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31689 31689-510 —

w/data pack
31689-500 31689-520 31789

acenaphthene
benzo(a)pyrene
1,4-dichlorobenzene
di-n-octyl phthalate

diphenylamine
fluoranthene
hexachlorobutadiene

8270 B/N Calibration Check Mix
(7 components)

2,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31616 31616-510 —

w/data pack
31616-500 31616-520 31716

4-chloro-3-methylphenol
2,4-dichlorophenol
2-nitrophenol

pentachlorophenol
phenol
2,4,6-trichlorophenol

8270 Acid Calibration Check Mix

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31617 31617-510 —

w/data pack
31617-500 31617-520 31717

decafluorotriphenylphosphine (DFTPP)
SV Tuning Compound

2,500µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31001 31001-510 —

w/data pack
31001-500 31001-520 31101

benzidine
4,4'-DDT

DFTPP
pentachlorophenol

GC/MS Tuning Mixture

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31615 31615-510 —

w/data pack
31615-500 31615-520 31715

perfluorotributylamine (PFTBA)
PFTBA (MS Tuning Compound)

1mL/ampul, neat

Each
30482

Semivolatile Organic Reference Materials

800-356-1688
814-353-1300

www.restekcorp.com

8270/Appendix IX
MegaMix™ Kit

• 128 compounds in 4 stable mixes.
• Includes Benzidines Calibration Mix
• Includes all commonly analyzed Appendix

IX compounds.



benzoic acid
4-chloro-3-methylphenol
2-chlorophenol
2,4-dichlorophenol
2,6-dichlorophenol
2,4-dimethylphenol
4,6-dinitro-2-methylphenol
2,4-dinitrophenol
dinoseb
2-methylphenol

3-methylphenol
4-methylphenol
2-nitrophenol
4-nitrophenol
pentachlorophenol
phenol
2,3,4,6-tetrachlorophenol
2,4,5-trichlorophenol
2,4,6-trichlorophenol

8270 Calibration Mix #1 (19 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31618 31618-510 —

w/data pack
31618-500 31618-520 31718

aniline
benzidine
4-chloroaniline
3,3'-dichlorobenzidine
diphenylamine*
2-nitroaniline

3-nitroaniline
4-nitroaniline
N-nitrosodimethylamine
N-nitrosodi-n-propylamine
pyridine

*N-nitrosodiphenylamine (listed compound) decomposes
to diphenylamine (mix component) in the injector.

8270 Calibration Mix #2 (11 components)

2,000µg/mL each in methylene chloride:methanol
(85:15), 1mL/ampul

Each 5-pk. 10-pk.
31619 31619-510 —

w/data pack
31619-500 31619-520 31719

aramite
bis(2-chloroethyl)ether
bis(2-chloroethoxy)methane
bis(2-chloroisopropyl)ether
4-bromophenyl phenyl ether
chlorobenzilate
2-chloronaphthalene
4-chlorophenyl phenyl ether
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,3-dinitrobenzene

hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
hexachloropropene
isodrin
kepone
pentachlorobenzene
pentachloronitrobenzene
1,2,4,5-tetrachlorobenzene
1,2,4-trichlorobenzene

8270 Calibration Mix #3 (23 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31620 31620-510 —

w/data pack
31620-500 31620-520 31720

acetophenone
azobenzene*
benzyl alcohol
bis(2-ethylhexyl)phthalate
butyl benzyl phthalate
dibenzofuran
diethyl phthalate
dimethyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
2,4-dinitrotoluene

2,6-dinitrotoluene
ethyl methanesulfonate
isophorone
isosafrole (cis & trans)
methyl methanesulfonate
1,4-naphthoquinone
nitrobenzene
4-nitroquinoline-1-oxide
phenacetin
safrole
1,3,5-trinitrobenzene

*1,2-diphenylhydrazine (listed compound) decomposes to
azobenzene (mix component) in the injector.

8270 Calibration Mix #4 (23 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31621 31621-510 —

w/data pack
31621-500 31621-520 31721

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
chrysene
dibenz(a,h)anthracene

fluoranthene
fluorene
ideno(1,2,3-cd)pyrene
3-methylcholanthrene
1-methylnaphthalene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

8270 Calibration Mix #5 (19 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31622 31622-510 —

w/data pack
31622-500 31622-520 31722

Aramite
Aramite Mix

2,000µg/mL in hexane, 1mL/ampul

Each 5-pk. 10-pk.
31624 31624-510 —

w/data pack
31624-500 31624-520 31724

31618: 8270 Calibration Mix #1
31619: 8270 Calibration Mix #2
31620: 8270 Calibration Mix #3
31621: 8270 Calibration Mix #4
31622: 8270 Calibration Mix #5

8270 Calibration Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31626 31626-500

(Similar selectivity to Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

Rtx®-5Sil MS Columns
for Semivolatiles Analyses

• Silarylene stationary phase designed to provide low GC/MS bleed.
• Optimized for US EPA Method 8270 semivolatiles.
• Improved separation of benzo(b)- and benzo(k)fluoranthene.
• Available in 0.28mm ID for optimal semivolatiles analysis.
• Similar to DB-5MS, HP-5TH, BPX-5, MDN-5S columns.
• Available with Integra-Guard™ built-in guard column.

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

Semivolatile Organic Reference Materials

Kits

800-356-1688
814-353-1300

www.restekcorp.com

31686: 8270 MegaMix™

31030: Benzidine Mix, EPA 605
31625: Appendix IX Mix #1
31806: Appendix IX Mix #2
Contains 1mL each of these mixtures.

8270/Appendix IX Kit

Kit Kit w/Data Pack
31815 31815-500



International Customers
Contact Your Local

Restek Representative.

ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances are calibrated daily at
seven mass levels using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified.

on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet detailing exact amount of each raw material used, purity of each material used, total volume

prepared, calculated concentration and a unique lot number. Balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram elution order, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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Can’t locate the exact mixture you need?

With thousands of compounds in our inventory, 
we can make any mixture 

to your specifications.

To order, use the convenient custom 
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At-a-Glance
Product
Information
from Restek

US EPA Method 8260B

Feature Benefit

8260B Calibration Mixtures

•Also available in water (cat# 30478).
*Shelf life is based on an unopened ampul stored at the recommended temperature.

✔ Fewest mixtures needed for calibration
✔ Mixtures formulated for maximum stability
✔ Contains the most commonly run compounds

Maximum shelf life and no chemical
interactions, with the smallest number
of solutions possible.

Contains most commonly analyzed 8260B tar-
get compounds. Maximum shelf life* =
24 months. 2-chloroethyl vinyl ether is
provided in a separate ampul.

Contains six room-temperature gases
in a separate ampul for ease in
preparing working standards.
Maximum shelf life* = 36 months.

Contains four ketones in a separate
ampul for maximum shelf life. 
Maximum shelf life* = 36 months.

Contains five acetates in a separate
ampul for maximum shelf life.
Maximum shelf life* = 24 months.

Contains five of the most commonly analyzed
oxygenated compounds in a separate ampul
for maximum calibration flexibility. 
Maximum shelf life* = 36 months.

A high-concentration ethanol mix
suitable for direct injection or P&T.
Maximum shelf life* = 36 months.

An individual, high-concentration
acrolein standard for maximum stability
and calibration flexibility.
Maximum shelf life* = 6 months.

An individual Freon® 114 mixture
for calibration flexibility.
Maximum shelf life* = 36 months.

These eight 8260B calibration mixtures
include the most commonly calibrated
8260B target compounds

76+1-Component mixture @ 2000µg/mL
each in P&T methanol.
8260B MegaMixTM Calibration Mix
cat.# 30475

6-Component gas mixture @ 2000µg/mL
each in P&T methanol.
502.2 Calibration Mix #1
cat.# 30042

4-Component ketone mix @ 5000µg/mL
each in P&T methanol water (90:10).
VOA Calibration Mix #1
cat.# 30006

5-Component acetate mix @ 2000µg/mL
each in P&T methanol.
8260B Acetate Mix
cat.# 30477

1,2-Dichlorotetrafluoroethane @ 2000µg/mL
in P&T methanol
1,2-Dichlorotetrafluoroethane
cat.# 30476

Acrolein at 10,000µg/mL in P&T methanol.•
Acrolein
cat.# 30499

Ethanol at 10,000µg/mL in water.
Ethanol
cat.# 30466

5 Oxygenated compounds in P&T methanol.
California Oxygenates Mix
cat.# 30465

v i s i t  u s  o n l i n e  a t

www.restekcorp.com

EPA Method 8260B
US Environmental Protection Agency (EPA)
Method 8260B outlines the analysis of
volatile organic pollutants in solid waste
and water samples using purge and trap con-
centration or direct injection with high reso-
lution capillary gas chromatography/mass
spectrometry detection (GC/MS). Method
8260B supersedes EPA Methods 8240 and
8260A. The compound lists are similar,
however, this new method introduces sever-
al compounds that we have included in the
8260B mix.

Restek has carefully reviewed Method
8260B and has prepared a comprehensive
product listing to meet most laboratories’
needs. Our new standards for Method 8260B
include the most commonly analyzed com-
pounds. If your list contains any compounds
not in our comprehensive listing, we would
be happy to provide custom mixtures to meet
your specific compound list. 

We continue to offer our original 8260 and
8240 calibration mixtures to laboratories cal-
ibrating for the 8260B short lists. Restek also
offers all the required surrogate, internal
standard, calibration check, matrix spike, and
tuning mixtures required for this method; and
can provide custom mixtures for specific
needs.

Reference Materials for
Volatile Organic
Compounds



502.2 Calibration Mix # 1 (gases)
bromomethane             chloromethane trichlorofluoromethane
chloroethane dichlorodifluoromethane vinyl chloride
2000µg/mL each in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30042 30042-510 —

with data pack
30042-500 30042-520 30142

VOA Calibration Mix # 1 (ketones)
acetone  2-hexanone
2-butanone            4-methyl-2-pentanone
5,000µg/mL each in P&T methanol/water (90:10), 1mL per ampul

Ea. 5-pk. 10-pk.
30006 30006-510 —

with data pack
30006-500 30006-520 30106

California Oxygenates Mix
tert-amyl methyl ether    2,000µg/mL ethyl-tert-butyl ether 2,000µg/mL  
tert-butyl alcohol         10,000µg/mL      methyl-tert-butyl ether      2,000µg/mL
diisopropyl ether           2,000µg/mL          
in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30465 30465-510 —

with data pack
30465-500 30465-520 30565

1,2-Dichlorotetrafluoroethane (Freon® 114)
2000ppm in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30476 30476-510 —

with data pack
30476-500 30476-520 30576

Ethanol
10,000µg/mL in deionized water, 1mL per ampul

Ea. 5-pk. 10-pk.
30466 30466-510 —

with data pack
30466-500 30466-520 30566

Methanol
10,000µg/mL in deionized water, 1mL per ampul

Ea. 5-pk. 10-pk.
30467 30467-510 —

with data pack
30467-500 30467-520 30567

8260B Acetate Mix
n-butyl acetate n-propyl acetate
ethyl acetate vinyl acetate            
isopropyl acetate
2000µg/mL each in P&T methanol,1mL per ampul

Ea. 5-pk. 10-pk.
30477 30477-510 —

with data pack
30477-500 30477-520 30577

Acrolein
10,000µg/mL in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30499 30499-510 —

with data pack
30499-500 30499-520 30599

Acrolein
10,000µg/mL in deionized water, 1mL per ampul

Ea. 5-pk. 10-pk.
30478 30478-510 —

with data pack
30478-500 30478-520 30578

8260B Calibration Mixes

acetonitrile
acrylonitrile
allyl chloride
benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon disulfide
carbon tetrachloride
chlorobenzene
2-chloroethanol
chloroform
chloroprene
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-

3-chloropropane
1,2-dibromoethane
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene

1,4-dichlorobenzene
cis-1,4-dichloro-2-butene
trans-1,4-dichloro-2-butene
1,1-dichloroethane
1,2-dichloroethane 
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
diethyl ether
1,4-dioxane
ethyl methacrylate
ethylbenzene
hexachlorobutadiene
iodomethane
isobutyl alcohol
isopropylbenzene
p-isopropyltoluene
methacrylonitrile
methyl acrylate
methyl methacrylate

methylene chloride
naphthalene
nitrobenzene
2-nitropropane
pentachloroethane
propionitrile
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,1,2-trichlorotrifluoror-

ethane (Freon® 113)
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
p-xylene
o-xylene

Ea. 5-pk. 10-pk.
30475 30475-510 —

with data pack
30475-500 30475-520 30575

76+1-Component 8260B MegaMix™ Calibration Mix

2000µg/mL in P&T methanol 1mL per ampul

2000µg/mL each in P&T methanol 1mL per ampul

benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon tetrachloride
chlorobenzene
chloroform
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-

3-chloropropane
1,2-dibromoethane
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene

1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene
trans-1,3-

dichloropropene
ethylbenzene
hexachlorobutadiene
isopropylbenzene
p-isopropyltoluene
methylene chloride
naphthalene
n-propylbenzene

styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul

54-Component 502.2 MegaMix™ Mixtures

Ea. 5-pk. 10-pk.
30431 30431-510 —

with data pack
30431-500 30431-520 30531

200µg/mL in P&T methanol, 1mL per ampul
Ea. 5-pk. 10-pk.

30432 30432-510 —
with data pack

30432-500 30432-520 30532
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2-chloroethyl vinyl ether

n-amyl acetate
butyl acetate
ethyl acetate

isopropyl acetate
methyl acetate
propyl acetate

vinyl acetate

2,000µg/mL each in P&T methanol, 1mL/ampul

8260B Acetate Mix (Revised)

Ea. 5-pk. 10-pk.
30489 30489-510 —

with data pack
30489-500 30489-520 30589



8260A/B Internal Standard Mix
chlorobenzene-d5
1,4-dichlorobenzene-d4
fluorobenzene
2500µg/mL each in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30241 30241-510 —

with data pack
30241-500 30241-520 30341

8260A/B Surrogate Mix
4-bromofluorobenzene                   1,2-dichloroethane-d4
dibromofluoromethane                   toluene-d8
2500µg/mL each in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30240 30240-510 —

with data pack
30240-500 30240-520 30340

4-Bromofluorobenzene
(Tuning Mix)
2500µg/mL in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30067 30067-510 —

with data pack
30067-500 30067-520 30167

8260B Matrix Spike Mix
benzene trichloroethylene
chlorobenzene toluene
1,1-dichloroethene                   
2500µg/mL each in P&T methanol, 1mL per ampul

Ea. 5-pk. 10-pk.
30479 30479-510 —

with data pack
30479-500 30479-520 30579

www.restekcorp.com

formoreinfo

8260 Surrogate Mix
4-bromofluorobenzenetoluene-d8 toluene-d8
dibromofluoromethane
2,500µg/mL each in P&T methanol, 1mL/ampul

Ea. 5-pk. 10-pk.
30073 30073-510 —

w/data pack
30073-500 30073-520 30173

8260 Internal Standard Mix
chlorobenzene-d5 1,4-difluorobenzene
1,4-dichlorobenzene-d4 pentafluorobenzene
2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30074 30074-510 —

w/data pack
30074-500 30074-520 30174

Xylene-Free,
Highly-Purified Chloroprene Standard
The R&D chemists at Restek developed a novel procedure that
produces a pure, quantitative chloroprene solution specially
stabilized in purge & trap-grade methanol. The entire procedure
is performed under carefully monitored conditions to prevent
any contamination or polymerization of the highly reactive,
neat chloroprene. The final solution is specially stabilized,
allowing analysts to make dilutions for working standards in
unmodified purge & trap-grade methanol.

The working level dilution of this product, combined with all
other 8240 compounds (8240 VOA Kit, cat.# 30232), has been
tested using purge & trap GC/MS. Thorough evaluation of the
resultant data indicates that working level solutions may be
prepared weekly, by mixing all of the 8240 calibration mix-
tures with the chloroprene mixture, and diluting to volume
with purge & trap-grade methanol. No special care, other than
the use of clean glassware and pure purge & trap-grade
methanol, is required for the preparation of stable solutions. A
detailed instruction sheet is included for persons analyzing
modified 8240 target compound lists.

8000 Series—
Solid Waste—Volatiles

Chloroprene
5,000µg/mL in P&T methanol, 1mL/ampul

Ea. 5-pk. 10-pk.
30238 30238-510 —

w/data pack
30238-500 30238-520 30338

Alternative 8260B
Optional Internal Standard Mixtures

Note: Because chloroprene is
analyzed by few laboratories,

it is not included in our 8240 VOA Kits.
Purchase this product separately if needed.

8240/8260 System Performance Check Mix
bromoform 1,1-dichloroethane
chlorobenzene 1,1,2,2-tetrachloroethane
chloromethane
2,000µg/mL each in P&T methanol, 1mL/ampul

Ea. 5-pk. 10-pk.
30075 30075-510 —

w/data pack
30075-500 30075-520 30175

8240/8260 Calibration Check Mix
chloroform ethylbenzene
1,1-dichloroethene toluene
1,2-dichloropropane vinyl chloride
2,000µg/mL each in P&T methanol, 1mL/ampul

Ea. 5-pk. 10-pk.
30427 30427-510 —

w/data pack
30427-500 30427-520 30527

See the Custom Reference Materials Request Form inside.

8260B Recommended
Internal Standards and Surrogates

Antifoam Agent for Purge & Trap Samples
Foam generated as purge gas passes through a sample can enter the analytical trap,
and possibly into the GC column. Our silica-containing antifoam agent will be of great
help to analysts performing VOC analysis. It’s effective over a wide pH range, and will
not conflict with chromatography of target analytes.
Neat, 1mL/ampul

EEaacchh 55--ppkk..
31822 31822-510
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Rtx®-502.2 (Fused Silica)
(EPA Volatiles in Methods 502.2, 524.2) Stable to 270°C

8240 Nitriles Mix
acrylonitrile methyl methacrylate
ethyl methacrylate propionitrile
malononitrile styrene
methacrylonitrile
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30215 30215-510 —

w/data pack
30215-500 30215-520 30315

VOA Purgeable Halocarbon Mix #1
bromodichloromethane 1,1-dichloroethene
bromoform trans-1,2-dichloroethene
carbon tetrachloride 1,2-dichloropropane
chlorobenzene cis-1,3-dichloropropene
2-chloroethyl vinyl ether trans-1,3-dichloropropene
chloroform methylene chloride
dibromochloromethane 1,1,2,2-tetrachloroethane
1,2-dichlorobenzene tetrachloroethene
1,3-dichlorobenzene 1,1,1-trichloroethane
1,4-dichlorobenzene  1,1,2-trichloroethane
1,1-dichloroethane trichloroethene
1,2-dichloroethane
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30212 30212-510 —

w/data pack
30212-500 30212-520 30312

8240 Alcohols Mix
allyl alcohol isobutyl alcohol
2-chloroethanol propargyl alcohol
ethanol
2,000µg/mL each in P&T methanol, 1mL/ampul

Ea. 5-pk. 10-pk.
30214 30214-510 —

w/data pack
30214-500 30214-520 30314

Vinyl Acetate
2,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30216 30216-510 —

w/data pack
30216-500 30216-520 30316

VOA Calibration Mix #1 (ketones)
acetone 2-hexanone
2-butanone 4-methyl-2-pentanone
5,000µg/mL each in P&T methanol water (90:10), 1mL/ampul

Each 5-pk. 10-pk.
30006 30006-510 —

w/data pack
30006-500 30006-520 30106

8260B Short list Calibration Mixtures

8240 Volatiles Mix #1A
allyl chloride trans-1,4-dichloro-2-butene
benzyl chloride 1,4-dioxane
1,2-dibromo-3-chloropropane iodomethane
1,2-dibromoethane pentachloroethane
dibromomethane 1,1,1,2-tetrachloroethane
cis-1,4-dichloro-2-butene 1,2,3-trichloropropane
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30217 30217-510 —

w/data pack
30217-500 30217-520 30317

8240 Volatiles Mix #2A
carbon disulfide 2-picoline pyridine

2,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30218 30218-510 —

w/data pack
30218-500 30218-520 30318

BTEX Standard
benzene m-xylene
ethylbenzene                                   o-xylene
toluene p-xylene
2,000µg/mL each in P&T methanol, 1mL/ampul

Ea. 5-pk. 10-pk.
30213 30213-510 —

with data pack
30213-500 30213-520 30313

502.2 Calibration Mix #1 (gases)
bromomethane dichlorodifluoromethane
chloroethane trichlorofluoromethane
chloromethane vinyl chloride
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30042 30042-510 —

w/data pack
30042-500 30042-520 30142

ID (mm) df (µm) temp. limits (°C) 20-Meter 40-Meter 30-Meter 60-Meter 75-Meter 105-Meter
0.18 1.00 -20 to 250/270 40914 40915
0.25 1.40 -20 to 250/270 10915 10916
0.32 1.80 -20 to 250/270 10919 10920 10921
0.45 2.55 -20 to 250/270 10986
0.53 3.00 -20 to 250/270 10908 10909 10910

Rtx®-VMS (Fused Silica)
Stable to 260°C

ID (mm) df (µm) temp. limits (°C) 20-Meter 40-Meter 30-Meter 60-Meter 75-Meter 105-Meter
0.18 1.00 -40 to 240/260 49914 49915
0.25 1.40 -40 to 240/260 19915 19916
0.32 1.80 -40 to 240/260 19919 19920
0.45 2.55 -40 to 240/260 19908 19909
0.53 3.00 -40 to 240/260 19985 19988 19974

gc columns



Phone: 800-356-1688 or 814-353-1300
www.restekcorp.com

Custom Reference Materials Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

ALL mixtures are produced in accordance with our ISO 9001 registration.
Analytical balances are calibrated daily at seven mass levels using NIST traceable weights.

ALL raw materials used are a minimum of 97% pure unless otherwise specified.

International Customers
Contact Your Local

Restek Representative.

Take these eight steps to create the right solution:
1. Mixture Description: ____________________________________________________________________________________

2. Solvent: ______________________________________________________________________________________________

3. Number of Components: ________

4. Volume per ampul (select):  1mL, 2mL, 5mL, 10mL or other  ______mL

5. Quantity of ampuls: ________

6. Testing and documentation that best meets your requirements:

❍ Gravimetric Documentation:  Lot Sheet with balance printout attached.

❍ Qualitative Documentation:  Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation:  Certificate of Analysis and Data Pack.

7. Compound(s): (list or attach sheet; include CAS number)

Compound 01: ______________________________________________________________ Concentration: ________________________________

Compound 02: ______________________________________________________________ Concentration: ________________________________

Compound 03: ______________________________________________________________ Concentration: ________________________________

Compound 04: ______________________________________________________________ Concentration: ________________________________

Compound 05: ______________________________________________________________ Concentration: ________________________________

Compound 06: ______________________________________________________________ Concentration: ________________________________

Compound 07: ______________________________________________________________ Concentration: ________________________________

Compound 08: ______________________________________________________________ Concentration: ________________________________

Compound 09: ______________________________________________________________ Concentration: ________________________________

Compound 10: ______________________________________________________________ Concentration: ________________________________

Compound 11: ______________________________________________________________ Concentration: ________________________________

Compound 12: ______________________________________________________________ Concentration: ________________________________

Compound 13: ______________________________________________________________ Concentration: ________________________________

Compound 14: ______________________________________________________________ Concentration: ________________________________

Compound 15: ______________________________________________________________ Concentration: ________________________________

Compound 16: ______________________________________________________________ Concentration: ________________________________

Compound 17: ______________________________________________________________ Concentration: ________________________________

Compound 18: ______________________________________________________________ Concentration: ________________________________

Compound 19: ______________________________________________________________ Concentration: ________________________________

Compound 20: ______________________________________________________________ Concentration: ________________________________

8. Concentration Units

❍ mg/mL ❍ µg/mL ______________________________________________❍ ng/mL ❍ vol./wt. % ________________❍ wt./wt. % ❍ other

Contact Information:
Name:   ____________________________________________________________ Date: __________________________

Company/Location: ______________________________________________________________________________________

______________________________________________________________________________________________________

Phone #:__________________________________________ FAX #: ____________________________________________

E-mail: ________________________________________________________________________________________________

Order custom reference materials quickly and easily online at wwwwww..rreesstteekkccoorrpp..ccoomm
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Glucosinolates are a naturally occurring set of compounds
found in a variety of edible plants, most notably in broccoli,
radish, and cabbage. Agriculturally, the degradation compounds
of glucosin-olates have been shown to act as natural pesticides
and fungicides (this breakdown occurs in the soil). These toxic
compounds then further degrade into harmless compounds.
Research on glucosinolates is continuing in hopes of bringing a
more environmentally friendly approach to pest control.

Nutritionally, human consumption of these compounds is associ-
ated with a significantly reduced risk for a variety of malignant
cancers along the alimentary canal. They also have been shown
to suppress existing tumor growth. Glucosinolates are precursors
to isothiocyanates, such as sulforaphane (4-methylsulfinylbutyl
isothiocyanate), which regulates mammalian enzymes of xeno-
biotic metabolism.

Phenethyl glucosinolate (gluconasturtiin) is one of the glucosino-
lates widely found in cruciferous vegetables. It is one of the least
polar glucosinolates, making it relatively easy to retain by reverse
phase high performance liquid chromatography (HPLC).
However, there are a number of glucosinolates with hydrophilic
"R-" groups, such as 3-methylsulfinylpropyl glucosinolate, that
are very difficult to retain by conventional reverse phase HPLC.
Additionally, the "R-" group of glucosinolates can vary greatly,
resulting in a large number of glucosinolates with widely differing
polarities (Figure 1). Thus many analysts resort to reverse phase
ion-pairing methods to analyze glucosinolates. The addition of
ion-pairing reagents is less convenient, and makes the analyses
inherently less reproducible. Ion-pairing reagents also make gradi-
ent elution very impractical, due to long equilibration times. 

HPLC
Applicationsnote

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

#59335
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HPLC Analysis of Glucosinolates in Vegetable Extracts without Ion Pairing
Using an Ultra Aqueous C18 Column.

Figure 1

R—C=N—O—SO3

O

OH     OH

The analysis of a phenethyl glucosinolate standard using an Ultra
Aqueous C18 column shows good peak shape without the use of
ion-pairing reagents (Figure 2). Extracts of cabbage and water-
cress were analyzed using the same conditions (Figures 3 and 4).
Gradient elution from 0 to 75% acetonitrile was used to retain
and elute analytes having a wide range of polarities. The Ultra
Aqueous C18 column allows the use of simple reverse phase con-
ditions for the analyses of glucosinolates, saving time as com-
pared to reverse phase ion-pairing methods.

Figure 2: Phenethyl Glucosinolate on Ultra Aqueous C18

Glucosinolates: 
ß-thioglucoside 
N-hydroxysulfates Figure 4: Watercress Extract on Ultra Aqueous C18

Figure 3: Cabbage Extract on Ultra Aqueous C18

Peak List:
1. phenethyl glucosinolate

Sample: potassium phenethyl 
glucosinolate standard

Inj.: 10µL
Conc.: 1000µg/mL
Solvent: water

Column: Ultra Aqueous C18
Catalog#: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: 50mM potassium 

phosphate, pH 2.5
B: acetonitrile
Time (min.) %B

0.0    0
10     75
11    0
16   0

Flow: 1.0mL/min.
Temp.: ambient
Detector: UV @ 210nm

0        2        4        6        8      10      12     14 min.

1

0       2       4       6       8       10     12     14 min.

0       2        4       6      8       10     12     14 min.

1

1

Peak List:
1. phenethyl glucosinolate

Sample: cabbage extract
Inj.: 20µL
Solvent: water

LC_0165

Peak List:
1. phenethyl glucosinolate

Sample: watercress extract
Inj.: 100µL
Solvent: water

LC_0166

LC_0167

Column: Ultra Aqueous C18
Catalog#: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: 50mM potassium 

phosphate, pH 2.5
B: acetonitrile
Time (min.) %B

0.0    0
10     75
11    0
16   0

Flow: 1.0mL/min.
Temp.: ambient
Detector: UV @ 210nm

Column: Ultra Aqueous C18
Catalog#: 9178565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: 50mM potassium 

phosphate, pH 2.5
B: acetonitrile
Time (min.) %B

0.0    0
10     75
11    0
16   0

Flow: 1.0mL/min.
Temp.: ambient
Detector: UV @ 210nm
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Ultra Aqueous C18, 3µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9178331 9178332 9178333 9178335
50mm 9178351 9178352 9178353 9178355

100mm 9178311 9178312 9178313 9178315

Ultra Aqueous C18, 3µm Columns with Trident™ Inlet Fitting
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.#
30mm — 9178332-700 9178333-700 9178335-700
50mm — 9178352-700 9178353-700 9178355-700

100mm — 9178312-700 9178313-700 9178315-700

Ultra Aqueous C18, 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Ultra Aqueous C18, 5µm Columns with Trident™ Inlet Fitting
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length: cat.# cat.# cat.# cat.#
30mm — 9178532-700 9178533-700 9178535-700
50mm — 9178552-700 9178553-700 9178555-700

100mm — 9178512-700 9178513-700 9178515-700
150mm — 9178562-700 9178563-700 9178565-700
200mm — 9178522-700 9178523-700 9178525-700
250mm — 9178572-700 9178573-700 9178575-700

Ultra Aqueous C18, Guard Cartridges
Dimensions cat.# Qty. 
10 x 2.1mm 917850212 3
10 x 4.0mm 917850210 3
20 x 4.0mm 917850220 2

© Copyright 2001, Restek Corporation

Acknowledgement: The phenyl glucosinolate standard and extracts of cabbage and watercress were generously provided by Dr. Gerard Engelen-Eigles,
University of Minnesota, Horticulture Department.

Trademarks: Trident (Restek). 

59335.qxd  1/2/02  10:38 AM  Page 2



clinical/forensic
Applicationsnote

Restek Corporation • (800) 356-1688 • (814) 353-1300 • www.restekcorp.com

#59339

c
li
n

ic
a
l/
fo

re
n

s
ic

GC Analysis of Phenylpropanolamine in Cold Medications Using an 
Rtx®-5Amine Column

Figure 1: The Rtx®-5Amine column provides excellent resolution of compounds in cold medications.

Peak List:
1. phenylpropanolamine
2. phenylephrine
3. guaifenesin
4. pheniramine
5. phenyltoloxamine
6. chlorpheniramine
7. brompheniramine
8. dextromethorphan
9. pyrilamine

10. codeine
11. hydrocodone

Rtx®-5Amine Column
30m, 0.53mm ID, 1.00µm df 
(cat.# 12355)

Oven temp.: 175°C to 280°C @ 
10°/min. (hold 5.5 min.)

Inj./det. temp.: 250°C/280°C
Carrier gas: helium
Linear velocity: 40cm/second
Sample size: 1uL
Split vent flow: 88mL/min.
Split ratio: 20:1

Until recently, phenylpropanolamine was an ingredient in pre-
scription and over-the-counter medications. It primarily was used
as a nasal decongestant, but also was used in over-the-counter
appetite suppression preparations for weight control. However, a
study by researchers at the Yale University School of Medicine1

reported that phenylpropanolamine could increase the risk of
hemorrhagic stroke in women. In November 2000, the Food and
Drug Administration (FDA) issued a public health advisory
requesting that all manufacturers of products containing phenyl-
propanolamine voluntarily discontinue manufacturing and mar-
keting them. Although the risk of stroke is very low, the FDA
determined that the serious medical effects associated with stroke
outweighed the benefits derived from phenylpropanolamine. In
addition, its use is not so important because a number of other
medications can be substituted for phenylpropanolamine, espe-
cially for treating colds and sinus congestion.

Cold and sinus medication can be analyzed for the presence of
phenylpropanolamine using a simple extraction procedure fol-
lowed by analysis using capillary gas chromatography (GC). We
surveyed the most commonly available cold medications, and
chose two for testing. Brand A contained phenylpropanolamine at
a concentration of 1.25mg/mL and guaifenesin at a concentration
of 10mg/mL. Brand B contained only guaifenesin at a concentra-
tion of 20mg/mL. Each medication was supplied as a syrup.
Extraction was performed by adding 100uL of syrup to a screw-
cap culture tube and making it basic by adding 1.4mL of 2.5%
ammonium hydroxide. The sample was mixed thoroughly before
adding 3mL of extraction solvent (methylene chloride:iso-

propanol, 90:10). Each sample was mixed by gently rocking the
tube for 5 minutes. The layers were allowed to separate and the
top aqueous layer was aspirated to waste. The bottom organic
layer was transferred to a clean glass culture tube and evaporated
to dryness under a stream of dry nitrogen at room temperature.
The extracts were reconstituted for analysis with 100µL of
methanol.

Most of the compounds in the target list, including phenyl-
propanolamine, are basic compounds that have a pKa greater
than 8.0. After passing through the extraction protocol described
above, these compounds are in the free base form in the reconsti-
tuted extract. Free bases can exhibit tailing peak shapes and
reduced response on columns that are poorly deactivated or not
designed specifically for use with basic compounds. Because of
its superior performance analyzing free bases, an Rtx®-5 Amine
column was chosen for this separation. A wide bore, thick-film
column was needed for increased sample capacity because most
of the cold medications had analyte concentrations well above
1mg/mL.

The Rtx®-5 Amine column provides excellent resolution of all the
compounds commonly found in most cold medications (see
Figure 1). Phenylpropanolamine (peak 1) is separated easily
from the rest of the compounds. All of the target analytes exhibit
good peak shape, even when in the free base form. Additionally,
the analysis is complete in less than 15 minutes, which allows for
quick turn-around of multiple samples.
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Rtx-5Amine (Fused Silica) (Crossbond® 5% diphenyl/95% dimethylpolysiloxane) Stable to 340°C

ID: df (µm) temp. limits 15-meter 30-meter

0.25mm 0.50 -60 to 300/315°C 12335 12338
1.00 -60 to 300/315°C 12350 12353

0.32mm 1.00 -60 to 300/315°C 12351 12354
1.50 -60 to290/305°C 12366 12369

0.53mm 1.00 -60 to 290/305°C 12352 12355
3.00 -60 to 280/295°C 12382 12385

© Copyright 2001, Restek Corporation

Figure 2 shows the analysis of Brand A and Brand B medica-
tions, respectively, using an Rtx®-5Amine column.
Phenylpropanolamine and guaifenesin are well resolved from
each other with no apparent interferences from the sample
matrix. Based on the response of phenylpropanolamine in Brand
A, concentrations as low as 10µg/mL can be detected by adjust-
ing the sample size in the extraction procedure.

Cold and sinus medications can be checked quickly and easily for
the presence of phenylpropanolamine using the procedure
described above. Complete resolution of all analytes, and opti-
mized peak shape and response can be achieved by selecting the
appropriate column phase and dimensions.

Figure 2: The analysis of Brand A and Brand B medications using an Rtx®-5Amine column.
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1. R. Horwitz, MD, L. Brass, MD, W. Kernan, MD, C. Viscoli, PhD, “Phenylpropanolamine and Risk of Hemorrhagic Stroke: Final Report of The Hemorrhagic Stroke
Project”, May 10, 2000.

1

3

3

Brand A
The Rtx®-5Amine column resolves 

phenylpropanolamine and 
guaifenesin with no other apparent 

interferences from the sample matrix.

Brand B
No phenylpropanolamine is detected 

using the Rtx®-5Amine columns.

Brand A and Brand B:
Rtx®-5Amine Column
30m, 0.53mm ID, 1.00µm df (cat.# 12355)

Oven temp.: 175°C to 280°C @ 
10°/min. (hold 5.5 min.)

Inj./det. temp.: 250°C/280°C
Carrier gas: helium

Brand A and Brand B:
Peak List:
1. phenylpropanolamine
2. phenylephrine
3. guaifenesin
4. pheniramine
5. phenyltoloxamine
6. chlorpheniramine

Linear velocity: 40cm/second
Sample size: 1uL
Split vent flow: 88mL/min.
Split ratio: 20:1

7. brompheniramine
8. dextromethorphan
9. pyrilamine

10. codeine
11. hydrocodone

Refer to Restek’s Product Guide for
Base-Deactivated Guard Columns

and Inlet Liners!
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Fast Analysis of Dioxin and Related Compounds Using an Rtx®-5MS Column

Dioxin and furan testing can be very time consuming and cost-
ly. Total analyses times can easily exceed one hour per sample,
and instrument time on high-resolution mass spectrometers
(MS) is quite valuable. In addition, many samples analyzed for
dioxins and furans require analysis for polychlorinated
biphenyls (PCBs) as well. Researchers at the Ontario Ministry
of the Environment (MOE) and Restek have recently developed
a method for more rapid dioxin, furan, and PCB analysis.

Historically, chlorinated dioxins and furans have been analyzed
by gas chromatography (GC) separately from PCBs. In 1998,
the World Health Organization (WHO) reported toxic equiva-
lent factors (TEFs) for the 12 dioxin-like PCB congeners.1 This
enabled concentrations of PCBs to be expressed in terms of
2,3,7,8-TCDD, the most toxic form of dioxin. Using similar
methods to analyze dioxins and PCBs allows detection limits
up to three orders of magnitude lower than that of conventional
PCB congener methods. The toxicity of a single sample now

can be reported in toxic equivalents of 2,3,7,8,-TCDD (i.e.,
toxic equivalent quantities [TEQ]) by summing the toxic equiv-
alents of each of the 17 toxic dioxin congeners and 12 dioxin-
like PCB congeners.

Extracts were prepared according to Canada’s MOE Method
3418, which is similar to the combination of US Environmental
Protection Agency (EPA) Methods 1613 and 1668. The extracts
are further cleaned using activated carbon.2 This allows for the
collection of two sample extract fractions: one containing the
dioxins, furans, and coplanar PCBs; and the other containing the
remaining PCBs, chlorinated and brominated diphenyl ethers,
and other non-planar organic compounds. The chlorinated
diphenyl ethers interfere with the furans and, therefore, they
need to be analyzed separately. Normally, dioxins and furans,
and PCBs (congeners) are analyzed separately on a 60m analyti-
cal column using GC/high resolution mass spectrometry
(GC/HRMS) with analysis times of 50 to 90 minutes each.

Figure 1

The Rtxfi -5MS column and a combined system can separate dioxin-like PCBs and dioxins/furans within 30 minutes.

Inj. temp.: 280°C; Carrier gas: helium; Det.: Agilent
6890 GC coupled to a Micromass Ultima HRMS

@10,000RP. 

20m, 0.1mm ID, 0.1µm Rtx®-5MS (custom cat.#
58136). Column head pressure: 100psi; Oven 

program: 100°C (hold 1 min.) to 200°C @ 100°C/min, 
to 235°C @ 13°C/min., to 300°C @ 27°C/min. (hold 4

min.); Inj. volume: 0.2mL

40m, 0.18mm ID, 0.18µm Rtx®-5MS (custom cat.#
550590). Column head pressure: 61psi; Oven 
program: 100°C (hold 0.62 min.) to 200°C @ 

64.5°C/min, to 235°C @ 4.8°C/min. (hold 6.2 min.),
to 300°C @ 9.7°C/min.( hold 5.6 min.); 

Inj. volume: 1.0mL

GC_EV00392



Mass Group M/Z Species Fraction Column (m)

1 289.9225,291.9195* Cl4CB PCDD/F/COP 40 
301.9626,303.9598* 13C12- Cl 4CB PCDD/F/COP 40 
323.8834,325.8805* Cl 5CB MONO-ORTHO 20
330.9792,330.9792 PFK Lock Mass, Lockmass Check
335.9236,337.9207* 13C12- Cl 5CB MONO-ORTHO 20
357.8444,359.8415* Cl 6CB MONO-ORTHO 20
371.8817*,373.8788 13C12- Cl 6CB MONO-ORTHO 20
393.8025*,395.7996 Cl 7CB MONO-ORTHO 20

2 303.9016,305.8987* Cl 4CDF PCDD/F/COP 40
315.9419,317.9389* 13C12- Cl 4CDF PCDD/F/COP 40
318.9792,318.9792 PFK Lock Mass, Lockmass Check
319.8965,321.8936* Cl 4CDD PCDD/F/COP 40
327.8847 37 Cl 4CDD PCDD/F/COP 40
331.9368,333.9339* 13C12- Cl 4CDD PCDD/F/COP 40
323.8834,325.8805* Cl 5CB PCDD/F/COP 40
335.9236,337.9207* 13C12- Cl 5CB PCDD/F/COP 40
357.8444*,359.8415 Cl 6CB PCDD/F/COP 40
371.8817*,373.8788 13C12- Cl 6CB PCDD/F/COP 40
393.8025*,395.7996 Cl 7CB MONO-ORTHO 20
375.8364 Cl 6DPE MONO-ORTHO 20
405.8428*,407.8398 13C12- Cl 7CB MONO-ORTHO 20

3 339.8597*,341.8567 Cl 5CDF PCDD/F/COP 40
351.9000*,353.8970 13C12- Cl 5CDF PCDD/F/COP 40
366.9792,366.9792 PFK Lock Mass, Lockmass Check
353.8576,355.8546*,357.8517 Cl 5CDD PCDD/F/COP 40
357.8444,359.8415*,361.8385 Cl 6CB PCDD/F/COP 40
367.8949*,369.8919 13C12- Cl 5CDD PCDD/F/COP 40
371.881*,373.8788 13C12- Cl 6CB PCDD/F/COP 40
405.8428*,407.8398 13C12- Cl 7CB PCDD/F/COP 40
409.7974 Cl 7DPE PCDD/F/COP 40
427.7635 Cl 8CB PCDD/F/COP 40

4 373.8208*,375.8178 Cl 6CDF PCDD/F/COP 40
383.8639,385.8610* 13C12- Cl 6CDF PCDD/F/COP 40
389.8157*,391.8127 Cl 6CDD PCDD/F/COP 40
380.976,380.976 PFK Lock Mass, Lockmass Check
401.8559*,403.8829 13C12- Cl 6CDD PCDD/F/COP 40
445.7555 Cl 8DPE PCDD/F/COP 40

5 407.7818*,409.7789 Cl 7CDF PCDD/F/COP 40
417.8250,419.8220* 13C12- Cl 7CDF PCDD/F/COP 40
423.7766*,425.7737 Cl 7CDD PCDD/F/COP 40
435.8169*,437.8140 13C12- Cl 7CDD PCDD/F/COP 40
430.9728,430.9728 PFK Lock Mass, Lockmass Check
479.7165 Cl 9DPE PCDD/F/COP 40

6 441.7428,443.7400* Cl 8CDF PCDD/F/COP 40
457.7377,459.7348* Cl 8CDD PCDD/F/COP 40
469.7779,471.7750* 13C12-O8CDD PCDD/F/COP 40
454.9728,454.9728 PFK Lock Mass, Lockmass Check

* - ion occurs at 100% intensity in molecular ion cluster. All ions (m/z) monitored for detection of native species had a dwell time of 50ms. Detection of 

corresponding 13C12-labelled specie ions had dwell times of 25ms. Delay times were set at 10ms. 

Table I

Mass windows used for parallel column system.
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Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

For permission to reproduce any portion of this application note, please contact Restek s publications/graphics department by phone (ext. 2128) or FAX.

USA: 110 Benner Circle, Bellefonte, PA 16823  phone: (800) 356-1688  fax: (814) 353-1309
Germany: Schaberweg 23, 61348 Bad Homburg  phone: (49) 06172 2797 0  fax: (49) 06172 2797 77
France: 1, rue Montespan, 91024 Evry, France  phone: 01 60 78 32 10  fax: 01 60 78 70 90
Thames Restek UK Ltd.: Fairacres Industrial Centre, Dedworth Road, Windsor, England, Berkshire, SL4 4LE 
phone: (44) 01753 624111  fax: (44) 01753 624666
Restek Ireland: 8 Baronscourt Lane, Belfast, BT8 8RR Northern Ireland  phone/fax: (44) 28 9081 4576 

' Copyright 2002, Restek Corporation

Restek Trademarks: Crossbond, Rtx, and the Restek logo.

Product Listing
Rtxfi -5MS Columns

ID df ( m) temp. limits 20-Meter 40-Meter

0.10mm 0.10 -60 to 330/350 C 58136

0.18mm 0.18 -60 to 330/350 C 550590

Because an MS is used for detection, many analysts want a col-
umn with the lowest bleed possible. Some laboratories may use
silarylene columns (e.g., Rtxfi -5Sil MS or DB-5MSfi columns)
due to their low bleed feature. However, these columns yield a
coelution between 2,3,7,8-TCDD and 1,2,3,9-TCDD; and their
elution orders and retention times will differ from the phase for
which the window performance mixtures were designed. The
Rtxfi -5MS (5% diphenyl/95% dimethyl polysiloxane) column is
better suited to meet the performance standards for this analysis.
It separates all of the important compounds within 30 minutes,
and each one is individually tested to provide low bleed levels
for MS detection.

Chromatographic resolution and analysis time also are dependent
on column dimensions (i.e., length, ID, phase thickness).
Experimentally, we have found 175,000 plates are required to
obtain separation of 2,3,7,8-TCDD from its nearest neighbors
(1,2,3,7- and 1,2,3,8-TCDD the unresolved pair eluting before;
and 1,2,3,9-TCDD the compound eluting after).3 A 40m, 0.18mm
ID, 0.18 m Rtxfi-5MS column meets this criteria, and can com-
plete the analysis in approximately half as much time as a 60m
column. A 20m, 0.10mm ID, 0.10 m Rtxfi-5MS column is capable
of meeting these requirements in about one-quarter the time of a
60m column; however, there is little tubing length available for
trimming to maintain column performance. Therefore, we suggest
using a 40m column.

To minimize the number of ions that must be monitored simulta-
neously, elute the bulk of PCB compounds prior to eluting dioxin
and furan compounds. Accomplish this by injecting the non-
coplanar PCB fraction into a 20m Rtxfi -5MS column that is set
up parallel (i.e., two separate injectors) to a 40m Rtxfi -5MS col-
umn, which is used for the separation of the dioxin/furan/copla-
nar PCB fraction. Both fractions are injected simultaneously. The

*Karen MacPherson and Dr. Eric Reiner, Ontario Ministry of the Environment..
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columns are installed into the MS ion source in parallel. The
resulting analysis time is less than that for a single fraction on a
conventional 60m column (Figure 1). Table I summarizes the
high resolution MS conditions and which masses are monitored
for which compound.

For the analysis of dioxin-like PCBs and dioxins/furans, method
consolidation and throughput increase is possible when using a
parallel, dual-column system with GC/HRMS. This method
allows the combination of several different analytical methods to
a single system, and results in a total analysis time of less than 30
minutes for elution of octachlorodibenzodioxin.
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Resolving Oxygenates from Gasoline Additives Using an Rtx®-VGC GC Column
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Figure 1–Using purge and trap concentration, the Rtx®-VGC column resolves oxygenates and other
target gasoline compounds better than other columns specifically designed to resolve MTBE.
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30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408); each component 100ppb in 5mL of RO water, except tert-butanol 5000ppb; 2/1-methynapthalene 150ppb;
ethyl methyl benzene 50ppb. GC: Finnigan 9001; Oven program: 40°C (hold 2 min.) to 130°C @ 6°C/min. (hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.). 

Carrier gas: helium @ ~8mL/min.; Detector: Finnigan PID, make up 7mL min., purge 7mL/min., set @ 0.35mV, base temperature 200°C.

1. 2-methylpentane
2. 3-methylpentane
3. methyl-tert-buyl ether
4. tert-butanol
5. diisopropyl ether
6. ethyl-tert-butyl ether
7. isooctane
8. n-heptane
9. benzene

10. tert-amyl-methyl ether
11. a,a,a-trifluorotoluene
12. toluene
13. 1-chloro-3-fluorobenzene
14. ethylbenzene
15. m-xylene
16. p-xylene
17. o-xylene
18. isopropylbenzene
19. ethyl-methylbenzene
20. 1,3,5-trimethylbenzene
21. 1,2,4-trimethylbenzene
22. 4-bromochlorobenzene
23. naphthalene
24. 2-methylnaphthalene
25. 1-methylnaphthalene

GC_EV00465

19

itive results for MTBE, it is important to separate it from 2-
methylpentane and 3-methylpentane. Nonpolar phases (e.g., Rtx®-1
and DB-MTBE columns) have been recommended for separating
these compounds. However, these phases are incompatible with polar
compounds, which can result in broader peaks and lower capacity for
the alcohols. Another potential interference for MTBE is tert-butyl
alcohol (TBA). The EPA recommends adding TBA to the target list
for contaminated sites known to contain MTBE because it is a break-
down product of MTBE and an additive in gasoline. Both of these
compounds respond on the photoionization detector (PID) and they
share ions using mass spectrometry (MS) detection, so MTBE and
TBA must be resolved regardless of which detector is used.

The Restek Rtx®-VGC column is coated with a medium polarity
phase, which makes it ideal for the analysis of both hydrocarbons
and oxygenates. The unique polarity of this column improves the
separation of oxygenates, which results in more accurate detection
when using PID or FID. A 30m, 0.45mm ID, 2.55µm Rtx®-VGC
column helps determine low concentrations of oxygenates in
the presence of aliphatic compounds, resolving MTBE from
2-methylpentane, 3-methyl pentane, and TBA (Figure 1, peaks 1 to
4). These column dimensions allow for correct desorb flow rates from

With over one million underground fuel tanks in the United States,
contamination of ground and surface waters by gasoline in leaking
tanks has been an environmental problem for years. Recent events
have focused attention on a new class of compounds associated with
gasoline leaks. These compounds, known as oxygenates—the most
common of which is methyl-tert-butyl ether (MTBE), are added to
gasoline to reduce overall emissions. Because oxygenates are polar
compounds and are soluble in water, they move through aquifers
easily. This poses a risk to drinking water supplies.

A variety of methods have been used by environmental laboratories
to report oxygenates in gasoline, such as EPA Methods 8015, 8260,
8240, and 8020. Some of these methods recommend flame ionization
(FID) or photoionization (PID) detection, while others recommend
gas chromatography/mass spectrometry (GC/MS). Environmental
samples contaminated with gasoline can contain both hydrocarbons
and oxygenates, and to identify oxygenates it is necessary to chro-
matographically separate them from the hydrocarbons.

The success of these methods is based on the ability of the analyti-
cal column to resolve oxygenates from the early-eluting alkanes,
alkenes, and, to a lesser extent, the alkynes. To minimize false pos-



Figure 2–Optimized Rtx®-VGC column dimensions (30m x 0.45mm ID) allow for correct
desorb flow rates from the purge and trap, faster analyses times, and better resolution of

closely eluting peaks compared to traditional 0.53mm ID columns.

30m, 0.25mm, 1.40µm Rtx®-VGC (cat.# 19415); 1:10 split at injection port; 1mm ID liner; Compounds at 100ppb in 5mL of RO water (unless otherwise noted);
Oven program: 35°C (hold 14 min.) to 220°C @ 24°C/min. (hold 6 min.); Carrier gas: He @ ~1mL/min. constant; Concentrator: Tekmar LSC-3100 Purge and Trap; Trap:

Vocarb™ 3000; Purge: 11 min. @ 40mL/min. @ ambient temperature; Dry Purge: 1 min. @ 40mL/min.  (MCS bypassed using Silcosteel® tubing); Desorb Preheat: 245°C;
Desorb: 250°C for 2 min., Flow 10mL/min.; Bake: 260°C for 8 min.;Interface: transfer line 0.32mm ID Siltek™ fused silica; Detector: HP 5973 MS; Scan range: 25 to 300 AMU.
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1. methanol 100,000ppb
2. ethanol 10,000ppb
3. 2-methylpentane
4. 2-propanol 500ppb
5. 3-methylpentane
6. hexane
7. methyl tert-buyl ether
8. tert-butanol 500ppb
9. diisopropyl ether

10. ethyl-tert-butyl ether
11. isooctane
12. benzene
13. n-heptane
14. tert-amyl methyl ether
15. 1-butanol 500ppb

16. a,a,a-trifluorotoluene
17. toluene
18. 1-chloro-3-fluorobenzene
19. ethylbenzene
20. m-xylene
21. p-xylene
22. o-xylene
23. isopropylbenzene
24. decane
25. 1,3,5-trimethylbenzene
26. 1,2,4-trimethylbenzene
27. 4-bromochlorobenzene
28. naphthalene
29. 2-methylnaphthalene 150ppb
30. 1-methylnaphthalene 150ppb

GC_EV00401

the purge and trap, faster analyses times, and better resolution of
closely eluting peaks compared to traditional 0.53mm ID columns
(Figure 2).

Oxygenates also can be analyzed by GC/MS following the protocol
defined in US EPA Method 8260B. GC/MS is a common way to
increase the level of confidence in chromatographic data over the GC
methods. Using a 30m, 0.25mm ID, 1.4µm Rtx®-VGC column with
a quadrapole MS can identify oxygenates and alcohols with a high
degree of certainty because the compounds that share ions are well
resolved using this column (Figure 2). The MS was used to positive-
ly identify oxygenates and pentanes from their spectra (Figure 3).
Peak shapes are symmetrical for all these compounds using the Rtx®-
VGC column, regardless of detector.

Purge and trap conditions such as purge time and temperature must be
optimized to achieve good purging efficiency of oxygenates and
hydrocarbons. You can review optimized conditions in the figures
shown in this Applications Note. The selection of the trap adsorbent
material also is critical to achieving accurate quantitative results. The
most demanding compounds to analyze are the alcohols because they
purge poorly and can interfere with other target analytes. A ‘J’ trap
(e.g., BTEXTRAP™ trap) can handle a heavy sample load with per-
cent levels of methanol, but has a lowered ability to retain the more
polar analytes like ethers and alcohols. So, if the majority of your
samples are highly contaminated soils requiring methanol extract
and you are analyzing for MTBE, it is best to use a ‘J’ trap. For
cleaner samples where sensitivity is an issue, then you will achieve

better results with a ‘K’ trap (e.g., VOCARB 3000™ trap).
Additionally, GC analysis conditions such as temperature program
rate and flow rate are critical for achieving good separation of oxy-
genates from hydrocarbons. 

To confirm the ability of the Rtx®-VGC to provide accurate quan-
titative results, a composite gasoline standard was analyzed using
both PID and GC/MS. The GC/MS analysis was used to confirm
the identity of the analytes that matched target compound retention
times on the PID. Any compound that was found within 0.10
minute of a target compound could be identified as a possible oxy-
genate. The GC/MS confirmed that only one target compound,
diisopropyl ether, gave a false positive retention time match with 2-
methyl-1-pentene. Although 2-methyl-1-pentene is found at low
concentrations relative to the methylpentanes, it responds well on
the PID. Using the composite gasoline standard, no other oxy-
genates matched within the 0.10 minute retention time window,
thereby making positive identification for most of the oxygenates
possible using the PID (Figure 4). Because gasoline composition
can vary from state to state, the use of a confirmation column or
MS detection is strongly recommended because alkenes such as 2-
methyl-1-pentene can interfere with positive identification of oxy-
gen-containing compounds.

Chlorobenzene also is a common contaminant in drinking water
and is commonly analyzed in addition to gasoline using purge and
trap with PID detection. Because the boiling point and retention
time of chlorobenzene are similar to ethylbenzene, m-xylene, and



Figure 3–MS detection of a flash splitless 2µL injection positively
identifies the oxygenates and pentanes.
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30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408);
splitless injection w/ 0.5 min. purge off;

Compounds in at 100ppm
Oven program: 35°C (hold 5 min.);
Carrier gas: helium @ ~8mL/min.;

Detector: Agilent 5971A;
Scan range: 35 to 200 AMU.

1. pentane
2. ethanol
3. 2-methylpentane
4. 3-methylpentane
5. MTBE
6. tert-butylalcohol
7. DIPE
8. ETBE

Figure 4–Using the Rtx-VGC column and a PID makes possible the identification of
most oxygenates in a gasoline standard.
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30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408); 500ppb in 5mL of RO
water; GC: Finnigan 9001; Oven program: 40°C (hold 2 min.) to 130°C
@ 6°C/min. (hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.); Carrier
gas: helium @ ~8mL/min.; Detector: Finnigan PID, make up 7mL min.,

purge 7mL/min., set @ 0.35mV, base temperature 200°C.

1. benzene
2. toluene
3. ethylbenzene
4. m/p-xylene
5. o-xylene
6. isopropylbenzene
7. ethylmethylbenzene
8. 1,2,3-trimethylbenzene
9. 1,2,4-trimethylbenzene

10. napthalene
11. 2-methylnapthalene
12. 1-methylnapthalene
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p-xylene on many capillary columns, it is difficult to separate from
the aromatic compounds found in gasoline. The Rtx®-VGC column
resolves chlorobenzene from the other aromatic compounds, allow-
ing quantitation by PID (Figure 5).  

The excellent resolution achieved by the Rtx®-VGC column pre-
vents misidentifications common with PID and FID. GC/MS meth-

ods provide positive identification of coeluting analytes, but
the right column can avoid coelutions of compounds that
share quantitation ions. The Rtx®-VGC column is selective,
has a programmable temperature limit of 260°C, and
exhibits exceptional low bleed at common operating temper-
atures of 230°C. It is an ideal choice for analyzing gasoline
additives in GRO samples.

visit  us onl ine at
www.restekcorp.com

.20              .60             1.00           1.40             1.80            2.20           2.60            3.00            3.40            3.80            4.20           4.60min.  



Rtx®-VGC Columns
(-40 to 240/260°C)

ID df (µm) 30-Meter 60-Meter 75-Meter 105-Meter
0.25mm 1.40 19415 19416 — —

0.32mm 1.80 19419 19420 — —

0.45mm 2.55 19408 — 19409 —

0.53mm 3.00 19485 19488 19474 19489

ID df (µm) 20-Meter 40-Meter
0.18 1.00 49414 49415

California Oxygenates Mix in P&T Methanol
diisopropyl ether 2,000µg/mL tert-butyl alcohol 10,000µg/mL
ethyl-tert-butyl ether 2,000 methyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000
1mL/ampul

Each 5-pk. 10-pk.
30465 30465-510 —

w/data pack 30465-500 30465-520 30565

Inlet Liners

For Agilent GCs
1mm Split Liner (1.0mm ID, 6.3mm OD, 78.5mm length)

20972 (ea.) 20973 (5-pk.)

Siltek™ 1mm Uniliner® (1.0mm ID, 6.3mm OD, 78.5mm length)

21052-214.1 (ea.) 21053-214.5 (5-pk.)

USA: 110 Benner Circle, Bellefonte, PA 16823 • phone: (800) 356-1688 • fax: (814) 353-1309
Germany: phone: (49) 06172 2797 0 • fax: (49) 06172 2797 77
France: phone: (33) 01 60 78 32 10 • fax: (33) 01 60 78 70 90
Thames Restek UK Ltd.: phone: (44) 01753 624111 • fax: (44) 01753 624666
Thames Restek Scotland Ltd.: phone: (44) 870 241 1247 • fax: (44) 870 241 0781
Restek Ireland: phone: (44) 2890 814576 • fax: (44) 2890 814576
© Copyright 2001, Restek Corporation

www.restekcorp.com

Figure 5–The Rtx®-VGC column successfully resolves chlorobenzene, allowing quantitation by PID.
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30m, 0.45mm, 2.55µm Rtx®-VGC (cat.# 19408); 100ppb
in 5mL of RO water; GC: Finnigan 9001; Oven program:

40°C (hold 2 min.) to 130°C @ 6°C/min. (hold 0 min.) to
230°C @ 30°C/min. (hold 2 min.); Carrier gas: helium @
~8mL/min.; Detector: Finnigan PID, make up 7mL min.,
purge 7mL/min., set @ 0.35mV, base temperature 200°C

1. benzene
2. a,a,a-trifluorotoluene
3. toluene
4. ethylbenzene
5. chlorobenzene
6. m/p-xylene
7. o-xylene
8. 4-bromo-1-chlorobenzene

Exclusive!

GC_EV00468

Methanol Mix in DI Water
10,000µg/mL, 1mL/ampul

Each 5-pk. 10-pk.
30467 30467-510 —

w/data pack 30467-500 30467-520 30567

Ethanol Mix
10,000µg/mL in DI water, 1mL/ampul

Each 5-pk. 10-pk.
30466 30466-510 —

w/data pack 30466-500 30466-520 30566

Unleaded Gasoline Component Standard
2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30081 30081-510 —

w/data pack 30081-500 30081-520 30181

US EPA Method 8020A Calibration Mix
benzene ethylbenzene
chlorobenzene toluene
1,2-dichlorobenzene m-xylene
1,3-dichlorobenzene o-xylene
1,4-dichlorobenzene p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30222 30222-510 —

w/data pack 30222-500 30222-520 30322

aaaaaa-trifluorotoluene
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30048 30048-510 —

w/data pack 30048-500 30048-520 30148

1-methylnapthalene
1,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31283 31283-510 —

w/data pack 31283-500 31283-520 31383

PID Lamps
From Scientific Services Co.—“The Pioneers of the PID Lamp”

PID lamp model number cat.# PID lamp model number cat.#

103C 20676 107-8.4 23022

108-10.0/10.6 20675 109-11.8 23023

108BTEX 23020 polishing kit 20674

108-9.6 23021

Trademarks: BTEXTRAP, VOCARB (Sigma-Aldrich)
Rtx, Silcosteel, Siltek (Restek)



Sulfurs in SilcoCan™ Canisters
Long-Term Stability of Very Low-Level

(1-20ppbv) Reactive Sulfurs

APPLICATIONS NOTE

Introduction
Collection and measurement of sulfur-containing volatile organic compounds (VOCs), such as hydro-
gen sulfide, methyl mercaptan, ethyl mercaptan, and dimethyl disulfide in the atmosphere is very diffi-
cult because of their low concentrations and high reactivity. Sulfur VOCs can react not only with each
other, but also with the vessels in which they are collected. This causes low recoveries. In Tedlar® bags,
the stability of low-level (100ppbv) sulfur VOCs is poor, even within 24 hours of sampling.1 Sulfur
compounds react with the metal surface in electropolished canisters, so these canisters are unsuitable
for collecting and storing low-level sulfur VOCs.2

When you need to perform sensitive air monitoring analyses, use SilcoCan™ canisters to collect and
store samples. SilcoCan™ canisters, which feature a Siltek®-treated surface, offer superior storage stability.
We evaluated the stability of sulfur VOCs in SilcoCan™ canisters at very low levels (1–20ppbv) for six
days, under dry or humid conditions, to demonstrate the excellent ability of SilcoCan™ canisters to store
low-level sulfur VOCs (Figure 1). Hydrogen sulfide, methyl mercaptan, and ethyl mercaptan rapidly
degraded in electropolished canisters.

Analytical System
High resolution capillary gas chromatography (GC) in conjunction with sensitive, selective detectors
such as sulfur chemiluminescence detectors (SCD) or flame photometric detectors (FPD) offers many
advantages for trace analysis of sulfur VOCs. For this study, we used an Rtx®-1 capillary column, a
Siltek® treated six-port Valco® valve, and a Siltek® treated 1mL sample loop and 1/16" sample pathway. A
representative chromatogram for the sulfur compounds is shown in Figure 2.

Figure 1 Stability data demonstrate ability of SilcoCan™ canisters to store low-level
organic sulfur compounds in real-world conditions.

Rtx®-1, 60m, 0.53mm ID, 7.0µm (cat.# 10193) 

GC: Agilent 5890GC
Det.: Sievers Model 355 SCD
Oven temp.: 30°C (hold 1.0 min.) to 

180°C @ 10°C/min. (hold 5 min.)
Flow rate: 8.5mL/min.
Sample: 11ppbv in 1mL sample loop

 

 

  

 

  

SSttaannddaarrddss:: Dry standards were made by adding 2mL of a 100ppm stock sulfur standard to each precleaned and evacuated canister, then 
pressurizing to 30psig with ultra-pure nitrogen. The resultant concentrations are listed in Table 1. Humidified standards were made by injecting
100µL deionized water into the evacuated canisters prior to adding 2mL of stock standard. This produced 50% RH.

Dry SilcoCan™ (n=18)
Humidified SilcoCan™ (n=5)
Electropolished (n=2)
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Exceeding your expectations 
in everything we do.

IInnnnoovvaattiioonn
Turning visions into reality™.

EExxeeccuuttiioonn
On-time delivery of products
and services.

Restek’s vision is to be the
company that chromatogra-
phers trust by providing the
highest quality, most innova-
tive products and services
throughout the world. 

We will soon reach our goal of
100% employee ownership. 
As owners, our success
depends on your success.

10 ppbv COS11 ppbv H2S 11 ppbv Methyl Mercaptan

11 ppbv Dimethyl Disulfide11 ppbv Ethyl Mercaptan
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Trace level sulfur compounds
also can be analyzed using
Restek’s Rt-XLSulfur™ packed 
or micropacked columns. The
specially designed packing
material is optimized for low
ppbv sulfur compound analysis.

For an example chromatogram,
visit our website and enter
GC_PC00436 in the search
function.



Stability
A 55ppbv reference standard (11ppbv each sulfur compound, dry standard)
was analyzed three times each day for six days. Eighteen SilcoCan™ canisters
and two electropolished canisters were used. The sulfur VOCs showed excel-
lent stability in the SilcoCan™ canisters. The electropolished canisters allowed
rapid degradation of hydrogen sulfide, methyl mercaptan, and ethyl mercap-
tan (Figure 1).

Humidity Effects
Five SilcoCan™ canisters that were used in the stability test were cleaned
according to US Environmental Protection Agency (EPA) Compendium of
Toxic Organic Method TO-14 and reused for the humidity study.3 After
adding 100µL of deionized H2O to each canister, the relative humidity was
50%. Two mL of the stock sulfur standard was added to each canister and
aliquots were analyzed over six days (Figure 1). The results show no difference
in the performance by the SilcoCan™ canisters for storing humidified sulfur
VOCs as compared to dry standards.

Conclusion
This study confirmed the stability of very low-level sulfur VOCs (1-20ppbv)
in SilcoCan™ canisters. Using dry or humidified conditions, sulfur compounds
exhibited virtually no loss in SilcoCan™ canisters after six days. Sampling with
electropolished canisters leads to degradation of hydrogen disulfide, methyl
mercaptan, and ethyl mercaptan.

RReeffeerreenncceess
1. Quang Tran, You-Zhi Tang; Stability of Reduced Sulfur Compounds in Whole Air Samplers, 1994
AWMA/EPA International Symposium of Measurement of Toxic and Related Air Pollutants.

2. Hoyt, Steven; Longacre, Vivian; and Stroupe, Michale; Measurement of Oxygenated Hydrocarbons
and Reduced Sulfur Gases by Full Scan GC/MS: EPA TO-14 in: Sampling and Analysis of Airborne
Pollutants, Eric Winegar, and Lawrence Keith, editors. CRC Press, 1993 384pp (Restek cat. #20468).

3. Method TO-14A, Determination of Volatile Organic Compounds (VOCs) in Ambient Air Using
Specially Prepared Canisters with Subsequent Analysis by Gas Chromatography in: Compendium of
Methods for the Determination of Toxic Organic Compounds in Ambient Air. US EPA, Jan 1997.

References 1 and 3 not available from Restek. 

Table 1 Concentrations of sulfur compounds used in stability study.

SSttoocckk  CCoonncc..  SSttaannddaarrdd  CCoonncc.. SSttaannddaarrdd  CCoonncc..
CCoommppoouunndd ((ppppmmvv)) ((ppppbbvv)) aass  SSuullffuurr  ((ppppbbvv))  

hydrogen sulfide (H2S) 105 11.51 10.83
carbonyl sulfide (COS) 98 10.74 5.73
methyl mercaptan (CH3SH) 101 11.07 7.38
ethyl mercaptan (CH3CH2SH) 101 11.07 5.71
dimethylsulfide (CH3SCH3)● 99 10.85 6.81
dimethyldisulfide (CH3SSCH3) 100 10.96 7.46

● Internal standard

Figure 2 Rtx®-1 column is ideal for trace-level sulfur analysis.

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

Rtx®-1 60m, 0.53mm ID, 7.0µm (cat.# 10193)
Oven temp.: 30°C (hold 1 min.) to

180°C @ 10°C/min. (hold 5 min.) 
Carrier gas: helium
Flow rate: 8.5mL/min.
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For other Rtx®-1 column dimensions, please request our general
catalog or visit our website.

Rtx®-1 Column (fused silica)
(Crossbond® 100% dimethyl polysiloxane)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.32mm 4.00 -60 to 280/300°C 30-Meter 10198
0.53mm 7.00 -60 to 240/260°C 60-Meter 10193

Rt-XLSulfur™ Packed Columns
Purchase installation kit separately. Please see our catalog.

*Please add configuration suffix number to cat.# when ordering.
Please see our catalog.

OODD IIDD  ((mmmm)) 11--MMeetteerr** 22--MMeetteerr**
1/8" 2.0mm 80484- 80485-
3/16"* 3.2mm 80482- 80483-

Rt-XLSulfur™ Micropacked Columns
Purchase installation kit separately. Please see our catalog.

OODD IIDD  ((mmmm)) 11--MMeetteerr 22--MMeetteerr
1/16" 1.0mm 19804 19805
0.95mm 0.75mm 19806 19807

Rt-XLSulfur™ Packed/Micropacked
Columns
• Optimized for low pbbv sulfur analyses.
• Eliminate the need for Teflon® tubing.
• Column and end-fittings are Sulfinert®-treated

for maximum inertness.



Miniature Air Sampling Canisters
These 1000cc canisters are suitable for sampling volatile organic compounds in
air according to US EPA Methods TO-14 and TO-15.

DDeessccrriippttiioonn VVoolluummee qqttyy.. ccaatt..##
Sulfinert®-Treated Miniature Canister with
Quick-Connect Stem Fitting 1000cc ea. 24195

1000cc ea. 24196
Sulfinert®-Treated Miniature Canister with
Sulfinert®-Treated Quick-Connect Stem Fitting
Sulfinert®-Treated Miniature Canister with
Metal-Seated Diaphragm Valve 1000cc ea. 24198
Sulfinert®-Treated Miniature Canister with
Sulfinert®-Treated Diaphragm Valve 1000cc ea. 24199

Also available: 400cc canisters. See our catalog or website.

Sulfinert®-Treated Miniature Canister with 
Nut & Ferrule 1000cc ea. 24208

SilcoCan™ Air Monitoring Canisters
Siltek® treated - ideal for low-level reactive 
sulfur compounds (1-20ppb)
• Unsurpassed inertness, even for sulfur-containing or 

brominated compounds.
• Sizes from 1 to 15 liters support a wide range of

sampling needs.
• Optional vacuum/pressure gauge for monitoring 

canister pressure.
• For critical applications, order a Siltek® treated valve - 

add suffix “-650” to the catalog number of the canister.

For ultimate inertness, we treat SilcoCan™ air monitoring canisters with our
unique Siltek® passivation technology. Even highly active components, at low
parts-per-billion concentrations, can be stored without loss. The valve is a high
quality, metal-to-metal seal, 2/3-turn valve with metal diaphragms. Both stain-
less steel and Siltek®-treated valves are available, in both the 2-port and 3-port
configurations.

All Restek canisters are originally equipped with high-quality Parker Hannifin diaphragm valves.
Each valve is helium leak-tested to 4 x 10-9cc/sec. The all-stainless steel construction eliminates
contamination and the valve operates at temperatures from -100°C to 250°C. Compression outlet
fitting, indicator plate to display open or closed position, 1/4" inlet and outlet.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
11LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24180
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24180-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24140
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24140-650
33LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24181
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24181-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24141
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24141-650
66LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24182
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24182-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24142
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24142-650
1155LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24183
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24183-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24143
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24143-650

Air Canister Heating Jacket
• Heats entire canister, and valve.
• Two temperature settings, 75°C and 150°C.*
• Prevents sample condensation, for accurate sub-

sampling.
• Easily fits canister up to 6 liters.
• Lightweight; comfortable to the touch when

heated.
• Connect up to five Canister Heating Jackets to

one 15 amp circuit.

*Not CE certified.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Air Canister Heating Jacket (110 volt) ea. 24123

The ultimate in controlled heating, 
for reliably cleaning your air canisters!

Dimensions:  2.75" diameter, 11.92" long (7 x 30.3cm)



Restek Trademarks:
SilcoCan, TO-Can, Siltek,
Sulfinert, Rtx, Turning Visions
into Reality, Restek logo.

Other Trademarks: 
Tedlar (DuPont), Valco (Valco
Instruments Co, Inc.), Veriflo
(Veriflo Corp)

Passive Air Sampling Kits
• Improved design eliminates leaks at the filter.
• Excellent for sampling times from 1 hour to 125 hours, or grab sampling.

Available in six sampling flow ranges, Restek’s passive air sampling kit incorporates all hardware necessary
to collect air samples, and is easy to assemble for field sampling.* The stainless steel kit is ideal to partner
with the Restek TO-Can™ air sampling canister for TO-14A and TO-15 methods. Use the Siltek®-treated
version with the Restek SilcoCan™ air sampling canister when collecting low-level volatile sulfur com-
pounds, or other active compounds.

*Air sampling canisters sold separately.

free literature
For detailed information about
using, cleaning, and certifying
passive sampling trains in air
sampling applications, request
our technical guide A Guide to
Passive Air Sampling.

Call Restek at 800-356-1688 or
814-353-1300, ext. 5, or con-
tact your Restek representa-
tive, to request your free copy!

lliitt..  ccaatt..##  5599997777BB

Restek U.S. • 110 Benner Circle • Bellefonte, PA  16823 • 814-353-1300 • 800-356-1688 • fax: 814-353-1309 • www.restek.com
Restek France • phone: 33 (0)1 60 78 32 10 • fax: 33 (0)1 60 78 70 90 • e-mail: restekfr@club-internet.fr
Restek Ireland • phone: 44 2890 814576 • fax: 44 2890 814576 • e-mail: restekeurope@aol.com
Thames Restek U.K. LTD • phone: 44 1494 563377 • fax: 44 1494 564990 • e-mail: sales@thamesrestek.co.uk
Restek GmBH • phone: +49 (0) 6172 2797 0 • fax: +49 (0) 6172 2797 77 • e-mail: info@restekgmbh.de
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All fitting connections are 1/4" tube,
except where noted.

1. Veriflo™ SC423XL
flow controller
Designed to maintain a con-
stant mass flow as the pres-
sure changes from 30" Hg to
5" Hg. All wetted parts of the
flow controller can be Siltek®-
treated.

2. Stainless steel 
vacuum gauge
Monitors canister pressure
change during sampling.

3. 1/4-inch Siltek® 
sample inlet
Stainless steel nut prevents
water droplets from accumu-
lating at the edge of the tub-
ing, where they could be
pulled into the sampling train.

4. 2-micron frit 
filter and washer
Replaceable. Available in stain-
less steel, or Siltek®-treated
for optimum inertness.

5. Interchangeable 
critical orifice
Sapphire critical orifice con-
trols the flow with very high
precision. Available in stainless
steel, or Siltek®-treated for
optimum inertness.

4

5

1/4" NPT

1

CCaanniisstteerr  VVoolluummee FFllooww OOrriiffiiccee SSiilltteekk®--TTrreeaatteedd SSttaaiinnlleessss  SStteeeell
440000cccc 11  LLiitteerr 33  LLiitteerr 66  LLiitteerr 1155  LLiitteerr ((ssccccmm)) ssiizzee CCoommpplleettee  SSaammpplliinngg  KKiittss CCoommpplleettee  SSaammpplliinngg  KKiittss
8 hour 24 hour 48 hour 125 hour — 0.5–2 0.0008" 24217 24216
2 hour 4 hour 12 hour 24 hour 60 hour 2–4 0.0012" 24160 24165
1 hour 2 hour 6 hour 12 hour 30 hour 4–8 0.0016" 24161 24166

— 1 hour 4 hour 8 hour 20 hour 8–20 0.0020" 24162 24167
— — 2 hour 3 hour 8 hour 20–40 0.0030" 24163 24168
— — — 1 hour 3 hour 40–80 0.0060" 24164 24169

For individual components, see our catalog or website.
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Monitoring Volatile Compounds in Food Contact Packaging Using Purge and
Trap GC/MS and an Rtx®-5MS Capillary Column

Introduction

Food packaging can be designed from a wide variety of materi-
als, in a range of sizes, shapes, and colors. With the increasing
popularity of convenience foods, meals often are prepared with-
in the packaging materials. Packages might be placed in an
oven, a microwave, or within a pot of boiling water. For
microwavable packaging, food manufacturers prefer to use
cheap, safe, and, to some extent, recyclable materials.1

Microwave susceptor systems can be used to heat foods more
rapidly, as well as to crisp and brown the foods they contact.
Susceptors are made by laminating metallized polyester to paper-
board. For dual-ovenable applications, ovenable paperboard and
CPET (crystalline polyethylene terephthalate) can be used. 

For all packaging materials, there is the potential to generate
undesirable volatile compounds when used at elevated tempera-
tures. In many instances, these compounds can migrate into or
out of packaging materials. When flavor compounds migrate
out of a food or beverage into the packaging, scalping occurs.
This can result in a loss of flavor or a change to the flavor pro-
file. Of more concern from a food safety perspective are com-
pounds that have the potential to migrate out of the packaging
material into the food product.  

The US Food & Drug Administration (FDA) has stated,
“Anyone manufacturing food contact articles for use in the
home or in food service establishments should make sure that
nothing from the articles imparts flavor, color, odor, toxicity, or
other undesirable characteristics to food, thereby rendering the
food adulterated.”2 In order to test the safety of food contact
materials, packaging should be tested under simulated use con-
ditions. Purge and trap gas chromatography/mass spectrometry
(GC/MS) is a powerful tool for monitoring the volatile com-
pounds that are generated during heating of packaging materi-
als. This analysis technique can be applied to a wide range of
packaging materials that are heated during food preparation.  

Indirect food additives are defined as substances that are used
in the processing, packaging, holding, and/or transporting of
food, have no functional effect on the food, but which might
become a component of the food.1 Plastic packaging in general
is made of non-volatile, high molecular weight polymers, but
volatile compounds often are added to improve the functional
properties of the polymers. Such volatile compounds include
plasticizers, antioxidants, UV blockers, and lubricants. The
packaging inks and dyes used to create the label graphics can
contain residual solvents, which may be toxic at certain concen-
trations. In addition, thermal breakdown of a polymer might
occur in the inner ply of a boil-in bag or oven bag, thereby
forming volatile species. Compounds such as benzene, styrene,
and tetrahydrofuran (THF) have been shown to cause adverse
affects on humans, and food contact materials need to be tested
to ensure these volatiles are not present at significant levels. 

In addition to the safety concerns, volatile compounds migrat-
ing into food materials can change the flavor profile of the food
product. For example, polystyrene is used to package many
aqueous-based, fatty or dry foods. Trace levels of styrene pres-
ent in the polystyrene can impart a “plastic” taste to the food
product. 

In 21 CFR 170.39, the US FDA outlines the data needed to
request an exemption from regulation as a food additive.
Information needed includes the use conditions, time/tempera-
ture, food type, and whether the material is used once or multi-
ple times. Other required information includes a detailed
description of the analytical method and the method validation
data, including the detection limit. 

Figure 1

1. isopropanol
2. methylene chloride
3. 2-methyl-1-propanol
4. tetrahydrofuran
5. benzene
6. toluene
7. hexanal
8. furfural
9. 4-heptanone (IS)

10. butyl ether
11. styrene
12. dodecane

The Rtx®-5MS column exhibits good peak shape and high 
sensitivity for 12 volatile compounds that may 

be present in food packaging.
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See Table I, back page,
for analysis conditions.
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The FDA has defined two approaches to testing food contact
materials: migration studies versus residual studies. In migra-
tion studies, food-simulating solvents are used to model the
amount of material that migrates into the product. This is per-
formed under worst-case, intended-use conditions. Changes in
the food or ingredients used, such as a change in the fat content,
can affect the migration of compounds out of the packaging
material. For this reason, it is important to test the packaging
under simulated use conditions to determine real-life effects on
the food product.3

Residual studies estimate a worst-case dietary concentration
level, assuming 100% migration of any volatiles generated into
the food product. In residual studies, the level of each substance
is measured in the finished food-contact article. If nothing is
detected in the sample, then the validated detection limit can be
used to estimate the dietary concentration.

While there are specific methods available for monitoring
volatile compounds in defined systems, method development
and validation often is the responsibility of the analyst.
American Society for Testing and Materials (ASTM) Methods4

F1308-98 and F1519-98 are qualitative and quantitative proce-
dures (respectively) for monitoring the volatiles generated by
microwave susceptor systems. Volatile extractables are defined
as substances released from the susceptor and detected in the
headspace. It is important to note that extractability does not
necessarily mean migration to the food. ASTM F1308-98 is a
quantitative procedure in which the packaging materials are
heated in a sealed system within a microwave prior to drawing
a headspace sample and injecting it into a GC/MS system.
ASTM F1519-98 is a qualitative procedure for identifying the
volatiles generated during simulated use conditions. This proce-
dure uses a purge and trap apparatus to collect and concentrate
the volatile compounds. These methods were used to develop
the general procedure for testing volatiles in food contact pack-
aging as described in this application note.

Experimental Conditions

To develop a general method for monitoring volatiles in food
contact packaging, we created a target list based on compounds
that have been detected in processed packaging materials. The
use of a mass spectral detector will enable the identification of
other volatiles generated. We selected a low-bleed, Rtx®-5MS
capillary column to allow analysis of the widest range of com-
pounds. Initial separation parameters were entered into a com-
puter modeling program, which optimizes the separation based
on the column geometry, the oven temperature program, and the
linear velocity (Table I, on the back page). 

An internal standard (IS) solution of 4-butanone was prepared
by diluting 300mL of 4-heptanone to 1 liter with purified water.
The final concentration of the IS solution was 245mg/mL. The
high standard solution was made by adding 50mL of each com-
ponent to 475mL of the IS solution, and diluting to 500mL
using the IS solution. Medium and low standard solutions were
prepared using 25mL and 10mL of each component, respective-
ly, and diluting each to 500mL using the IS solution. The chro-
matogram of a 12-component high standard solution is shown
in Figure 1. Blank runs were performed before each standard
and sample by analyzing a 100mL aliquot of the IS solution. 

In order to determine the linearity of three packaging volatiles
using this procedure, a series of standard solutions containing

Figure 2

The Rtx®-5MS column exhibits good linearity for 3 volatile com-
pounds that may be present in food packaging.

Tested over an approximate concentration range of 0–10 µg/in2

for each component. R2 = 0.992 (THF), 0.985 (benzene), 
and 0.994 (styrene).

THF, benzene, styrene, and 4-heptanone (IS) were prepared and
analyzed under the optimized parameters given in Table I. The
standard preparation procedure described above also was used
to prepare the linearity solutions. The approximate concentra-
tion range for each compound was 0-10µg/in2. The linearity
plots for three of the components are shown in Figure 2, with
the relative peak area (peak area for the volatile/peak area for
the IS) plotted vs. the concentration in µg/in2. To further increase
the sensitivity of this analysis, the MS can be operated in select-
ed ion mode. 
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selected based on the approximate temperature experienced by
the packaging material when heated according to label direc-
tions. 

Based on this study, the highest level of volatile compounds
was observed at the label seam. Residual styrene, ethyl ben-
zene, and trace levels of solvents such as THF and toluene were
detected. The label sampled away from the seam showed much
lower levels of all of these components, except the styrene. The
lid sample showed trace levels of ethylbenzene and styrene,
while the inner bowl sample showed no significant levels of
any volatile compounds. This procedure has proven to be an
effective way to screen packaging materials for the presence of
volatile compounds (Figure 3).

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

Case Study of a Microwavable Bowl

A single-serving microwavable bowl was analyzed using the
protocol outlined in the experimental conditions. The goal was
to determine which volatiles the packaging material generates
during microwave heating of this product. Testing was per-
formed by sampling each of the discrete materials used in the
package. In this study, this resulted in four samples: an inner
bowl that contains the food; a plastic lid; a printed shrink-
wrapped label sampled both at the seam and away from the
seam. The materials were sampled by cutting a 10mm by 65mm
piece into thin strips. Each sample was placed in a Tekmar
purge and trap tube, along with 100mL of IS solution. Blanks
(i.e., 100mL of IS solution) were analyzed prior to each sample.
The samples were preheated to 60°C and held at this tempera-
ture for 10 minutes during purging. This temperature was

Figure 3

Screening microwave bowl materials for volatile compounds can be accomplished 
using the Rtx®-5MS column and the method outlined here.
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Label overwrap sampled at the seam Label overwrap sampled away from the seam

Inner bowl sample Lid sample

1. tetrahydrofuran
2. ethylbenzene
3. 4-heptanone
4. styrene
5. benzaldehyde

1. tetrahydrofuran
2. 1-butanol
3. toluene
4. hexanal
5. ethylbenzene
6. 4-heptanone
7. butyl ether
8. styrene
9. 1-methylethylbenzene
10.propylbenzene
11.benzaldehyde
12.benzeneacetaldehyde
13.acetophenone
14.benzoic acid, methyl ester
15.decanal

1. ethyl acetate
2. toluene
3. 4-heptanone
4. n-butyl ether
5. styrene
6. alkanes

1. tetrahydrofuran
2. ethylbenzene
3. 4-heptanone
4. styrene
5. benzaldehyde
6. nonanal
7. decanal
8. cinnamaldehyde

See Table I, back page, 
for analysis conditions.
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Product Listing
Rtx®-5MS Fused Silica Capillary Columns

ID df temp. 15-Meter 30-Meter 60-Meter
(mm) µm limits
0.25 0.10 -60 to 330/350°C 12605 12608 12611

0.25 -60 to 330/350°C 12620 12623 12626
0.50 -60 to 330/350°C 12635 12638 12641
1.00 -60 to 325/350°C 12650 12653

0.32 0.10 -60 to 330/350°C 12606 12609 12612
0.25 -60 to 330/350°C 12621 12624 12627
0.50 -60 to 330/350°C 12636 12639 12642
1.00 -60 to 325/350°C 12651 12654

0.53 0.50 -60 to 320/340°C 12637 12640
1.00 -60 to 320/340°C 12652 12655
1.50 -60 to 310/330°C 12667 12670

Optimized conditions and a low-bleed Rtx®-5MS column 
allow the analysis of a wide range of volatile compounds.

Table I

GC Parameters
Column: Rtx®-5MS, 30m x 0.25mm x 1.0µm 

(cat.# 12653)
Inj.: 250°C, 20:1 split
Carrier gas: helium, 1mL/min., constant flow
Oven: 50°C to 92°C @ 3°C/min, to 220°C @ 

20°C/min. (1 min. hold)

MSD Parameters
Temp.: 280°C
Scan range: 35-260, 1 min. solvent delay
Ionization: EI @ 70eV

Purge & Trap Parameters
Concentrator: Tekmar LSC-3100 with Vocarb® 3000 

(type K) trap
Transfer line: Silcosteel®-treated stainless steel tubing
Purge: 10 min. at 40mL/min., 60°C
Dry purge: 3 min. at 40mL/min.
Desorb: 2 min. at 40mL/min., 245°C

Conclusion

The analysis of food contact packaging is an important part of
any food safety program. This is especially true with the wide
variety of packaging materials available, the large range of
intended use conditions, and the increasing popularity of con-
venience foods. With a continuing consumer emphasis on
“speed to mouth,” foods often are heated within the packaging
material. This application note discusses an optimized proce-
dure for monitoring common volatiles from food contact pack-
aging using purge and trap GC/MS and an Rtx®-5MS capillary
column. The Rtx®-5MS column is an excellent choice for this
application. With its high stability and low bleed profile, it can
be used to screen for a wide range of compounds by GC/MS.
Please refer to the FDA to obtain more information on the regu-
latory requirements.

References

1. Schofield, J.  Food FIPP Mag. (1989), 11(1), pp. 38-41.

2. Requirements of Laws and Regulations Enforced by the US
FDA (1997), available on the US FDA website.

3. Marsili, Ray.  “Techniques for Evaluating Packaging Materials”
in Food Product Design (1997), editorial archives.

4. Annual Book of ASTM Standards (1998), American Society for
Testing and Materials, West Conshohocken, PA.

References not available from Restek.

5mL Fritted Sparger, 1/2-inch mount: cat.# 21150
25mL Fritted Sparger, 1/2-inch mount: cat.# 21151

Purge-and-Trap Spargers

Moisture control by-pass line for Tekmar 3000: cat.# 21035

Moisture Control By-Pass Line

Restek’s Foods, Flavors, & Fragrances products and applications catalog (Lit. cat.# 59260) features 48
pages of information and applications chromatograms. Request your FREE copy today! 



environmental
Applicationsnote

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

#59351B

e
n

v
ir

o
n

m
e
n

ta
l

Stx™-CLPesticides and Stx™-CLPesticides2 Columns Provide Improved
System Inertness for Chlorinated Pesticides Analysis

Many laboratories performing gas chromatography (GC) analy-
sis of chlorinated pesticides struggle with endrin breakdown
caused by the compound interacting with or adsorbing to active
sites throughout the analytical system, most notably in the injec-
tion port and the analytical column. Restek Siltek™ technolo-
gy—used successfully to passivate injection port liners and
guard columns—is now available for column technology and is
used in Stx™-CLPesticides and Stx™-CLPesticides2 capillary
columns. The combination of a properly deactivated injection
system and inert analytical columns provides the lowest possi-
ble level of endrin breakdown.

Method Requirements
Chlorinated pesticide analysis following US Environmental
Protection Agency (EPA) Methods 8081, 608, 505 and 508 rec-
ommend dual-column confirmation using electron capture
detection (ECD). The compounds in Figure 1 represent some of
the more common analytes. As in all analytical methods, the
instrument used for quantitative analysis must be calibrated to
ensure accurate results are reported. For chlorinated pesticides
this usually entails a calibration curve of three to five points and
check standards injected at specified time intervals during sam-
ple analysis. In addition, performance standards containing
endrin are analyzed periodically to ensure system inertness.
Typically, endrin breaks down to endrin aldehyde and endrin
ketone when there are active sites in the sample pathway.

Endrin Breakdown
Maintaining a low breakdown level for endrin is necessary for
laboratories analyzing chlorinated pesticides. Reduction of
endrin breakdown generally focuses on improving the inertness
of the injection port. Traditionally, deactivated injection port
liners have been used for this analysis but, more recently, liners
treated with Siltek™ passivation have been proven to further
reduce endrin breakdown. This innovative passivation technolo-
gy also was incorporated into capillary guard tubing so that the
entire sample introduction pathway is inert for pesticide analysis.

Endrin Response on Capillary Columns
Through experimentation we have found that the columns typi-
cally used for pesticide analysis exhibit low response for endrin
compared to other pesticides eluting in the same region even
though the endrin breakdown products are not present. This
indicates that endrin is being adsorbed by active sites in the
sample pathway, thus effectively reducing endrin response. To
minimize the on-column adsorption of endrin, we incorporated
Siltek™ passivation technology into the analytical columns.

30m, 0.32mm ID, 0.50µm Stx-CLPesticides (cat# 11544)
Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°c/min.; Det.: 310°C, Agilent ECD; 
Inj.: 1µL, pesticide standard mix A and B (cat.#32003,32004, 20/40/200ng/mL); 

Inj. temp.: 220°C (splitless, 1 min. purge off hold); Inlet liner: 4mm Siltek™ single 
gooseneck (cat.# 20798-214.1); Dead time: 0.9 min. @ 120°C.

1. 2,4,5,6 -tetrachloro-m-xylene (ss)
2. a-BHC
3. g-BHC
4. b-BHC
5. d-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. g-chlordane

10. a-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin

15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate

Combining Siltek™ passivation with the unique selectivity of
Restek CLPesticides phases results in the Stx™-CLPesticides
and Stx™-CLPesticides2 columns, and a significant improvement
in endrin response (Figures 1 & 2). Using the Stx™-CLPesticides
and Stx™-CLPesticides2 columns, the endrin peak response is
notably higher than the analytes eluting in the same region—
something not always seen in columns using traditional deactiva-
tions.

Column Installation and Optimizing Resolution
The Stx™-CLPesticides2 column is the ideal confirmational col-
umn to the Stx™-CLPesticides column. They were designed to
achieve resolution of the chlorinated pesticides using the same
backpressure and oven temperature program. The columns can
be installed in parallel using a glass universal Press-Tight® “Y”
connector or a metal MXT® “Y” connector (Figure 3). This par-
allel set-up reduces downtime caused by maintenance of multi-
ple injection ports. Of course, these columns can also be
installed in separate injection ports and mounted in the same
GC oven.  

The Stx®-CLPesticides column provides the ultimate in inertness 
for active pesticides such as endrin, DDT, and methoxychlor.

Figure 1

21. endrin ketone
22. decachlorobiphenyl (ss)
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ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.25 -60 to 310/330°C 11540 11543
0.32mm 0.50 -60 to 310/330°C 11541 11544
0.53mm 0.50 -60 to 310/330°C 11542 11545

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.20 -60 to 310/330°C 11440 11443
0.32mm 0.25 -60 to 310/330°C 11441 11444
0.53mm 0.42 -60 to 310/330°C 11442 11445

ID 5-Meter 10-Meter
0.25mm 10026 10036
0.32mm 10027 10037
0.53mm 10028 10038

Qty. Siltek™ Siltek™ Siltek™

w/Siltek™ Wool w/Carbofrit™

each -214.1 -213.1 -216.1
5-pack -214.5 -213.5 -216.5
25-pack -214.25 -213.25 -216.25

Figure 2
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Stx™-CLPesticides Column Stx™-CLPesticides2 Column

30m, 0.32mm ID, 0.25µm Stx-CLPesticides2 (cat# 11444)
Oven temp.: 120°C (hold 1 min.) to 300°C @ 9°C/min.; Detector: 310°C, Agilent ECD; 

Inj.: 1µL, pesticide standard mix A and B (cat.#32003,32004, 20/40/200ng/mL); 
Inj. temp.: 220°C (splitless, 1 min. purge off hold); Inlet liner: 4mm Siltek™ single 

gooseneck (cat.# 20798-214.1); Dead time: 0.8 min. @ 120°C.

1. 2,4,5,6-tetrachloro-m-xylene (ss)
2. a-BHC
3. g-BHC
4. b-BHC
5. d-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. g-chlordane

10. a-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD

Siltek™ Guard Tubing

Siltek™ Inlet Liners

The key to maximizing resolution with these columns is set-
ting the proper flow rate. The elution order of endosulfan I
and 4,4'-DDE on the Stx™-CLPesticides column are used to
indicate optimized flow rate; 4,4'-DDE should elute between
a-chlordane and endosulfan I. If 4,4'-DDE and endosulfan I
are not adequately resolved, decreasing the column flow will
improve separation. Once resolution is acceptable for these
two compounds, then the remaining compounds will be
resolved in a dual-column single injection port configuration.

Conclusion
Endrin breakdown and adsorption are caused by active sites
throughout the analytical system, especially the injection port
and column. Using Siltek™-treated liners, guard columns, and
Stx™-CLPesticides and Stx™-CLPesticides2 analytical columns
for chlorinated pesticides analyses results in a chromatographic
system with unsurpassed inertness, allowing for longer calibra-
tion periods.

For Siltek™-deactivation, include the suffix number shown above to the inlet
liner catalog number.

The Stx™-CLPesticides2 column is the ideal 
confirmation column to the Stx™-CLPesticides column 

for chlorinated pesticides analysis.

16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl (ss)

Figure 3

Universal Press-tight® ‘Y’ connector and metal MXT® ‘Y’ connector.

Description Each 3-pack
Universal ‘Y’ Press-tight 20405 20406
MXT low dead-volume ‘Y’ (0.28mm) 20396 —
MXT low dead-volume ‘Y’ (0.53mm) 20395 —
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Stx™-CLPesticides Capillary Column Kits
Includes an Stx™-CLP column, an Stx™-CLP2 column, Siltek™

guard tubing, and a Universal ‘Y’ Press-Tight® Connector

0.25mm (cat.# 11190); 0.32mm (cat.# 11191); 0.53mm (cat.# 11192)
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Determining sulfur impurities in beverage-grade carbon dioxide using the
Rt-XLSulfur™ micropacked column

A Sulfinert™-treated sampling system designed to provide 
sensitive analysis of trace-level sulfur compounds.

Figure 1

International Society of Beverage Technologists (ISBT) 
targets the most common VSCs.

Table I

The taste and aroma of a carbonated beverage can be affected by
trace impurities from the carbonation process. Therefore, gas
producers go to great lengths to purify carbon dioxide (CO2).
Carbon dioxide, a by-product of oil refining, fermentation, and
power generating facilities, must be extremely pure to be suitable
for a beverage additive. The beverage industry has spent much
research time and dollars monitoring the impurities in CO2.

The most common impurities in CO2 are hydrocarbons, alcohols,
permanent gases, and sulfur compounds. Sulfur impurities are
the predominant problem, adding unwanted taste and odor to
beverages. The most common volatile sulfur compound (VSC)
impurities, listed in Table I, are targeted for monitoring by the
International Society of Beverage Technologists (ISBT). Of this
group, hydrogen sulfide, carbonyl sulfide, sulfur dioxide,
dimethyl sulfide, and methyl mercaptan are the ones most com-
monly found in beverage-grade CO2. ISBT guidelines specify
Total Sulfur Content* (TSC) as 0.1ppm (v/v) maximum, exclud-
ing sulfur dioxide; the maximum level of sulfur dioxide must not
exceed 1ppm (v/v) maximum.

The ability to measure reactive sulfur compounds at these levels
requires a highly inert chromatographic system. The Restek Rt-
XLSulfur™ micropacked column is a powerful analytical tool that
can detect sulfurs in CO2 at levels of 20ppbv, far below the ISBT
guideline for TSC. This column also achieves the critical separa-
tion of hydrogen sulfide, carbonyl sulfide, and sulfur dioxide as
defined in ISBT Procedure 14.0. The Rt-XLSulfur™ micropacked
column contains a modified divinyl benzene polymer packed into
Sulfinert™ tubing, which is a metal tubing specially deactivated
for monitoring ppb levels of active sulfur compounds. Other fea-
tures of the Rt-XLSulfur™ column include low bleed and thermal
stability up to 300°C. 

Sample introduction into the column is another critical aspect of
obtaining accurate analytical results for sulfur compounds. The
sample is introduced onto the column using a Valco® six-port
sampling valve, fitted with a 1mL sampling loop (cat. #22845).
When the valve, sample loop, and all other surfaces in the sam-
ple pathway are deactivated using the Sulfinert™ process, the ana-
lyst will see improved response compared to systems using con-
ventional deactivations (Figure 1). The specialized inertness of
the Sulfinert™ process is critical for the system to achieve detec-
tion limits of 50ppbv for sulfur dioxide and the other target sulfur
impurities.

We evaluated the effectiveness of the Rt-XLSulfur™ column and
Sulfinert™ sampling system by analyzing bulk CO2 and CO2

spiked with a sulfur standard (Figure 2). Notice how even low
ppbv levels of sulfur compounds can be detected. We also sam-

pled and measured the TSC* of two top brands of cola and a
domestic beer (Figures 3 and 4). The colas show no sulfur con-
tent, ensuring that the CO2 used for carbonation was clean. The
beer shows sulfurs that naturally occur during the fermentation
process.

This system is sensitive enough to monitor the levels of sulfur in
CO2 during the carbonation process, or in the headspace of the
beverage after carbonation. The TSC* generated from headspace
sampling of these products demonstrates the ability of the Rt-
XLSulfur™ column and the Sulfinert™-deactivated GC system to
easily detect sulfur compounds at the 20ppbv level. The combina-
tion of the Rt-XLSulfur™ micropacked column and a Sulfinert™-
deactivated sample introduction system provides a state-of-the-
art, robust sampling and analysis technique for ppbv levels of
VSCs in beverage-grade CO2. 

hydrogen sulfide isopropyl mercaptan
carbonyl sulfide methyl ethyl sulfide
methyl mercaptan n-propyl mercaptan
ethyl mercaptan tert-butyl mercaptan
sulfur dioxide sec-butyl mercaptan
dimethyl sulfide diethyl sulfide
dimethyl disulfide isobutyl mercaptan
carbon disulfide n-butyl mercaptan
tert-amyl mercaptan

Sulfinert™

1mL
sample

loop

bulk CO2
cylinder

Sulfinert™

6-port Valco®

valve

orifice=0.0060"

rotor composition:
polyimide/PTFE/carbon

composite

Sievers 
chemiluminescence

detector

1m x 0.75mm
ID micropacked

Rt-XLSulfur™

column

*TSC is without SO2.



OD ID 1-meter 2-meter
1/16* 1.00 19804 19805
0.95mm* 0.75 19806 19807
1/8* 2.00 80484** 80485**
3/16 3.20 80482** 80483**

size cat.# size cat.# size cat.#
5µL 22840 50µL 22844 1cc 22848
10µL 22841 100µL 22845 2cc 22849
20µL 22842 250µL 22846 5cc 22850
25µL 22843 500µL 22847
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Rt-XLSulfur™ Packed and Micropacked Columns Sulfinert™ Sample Loops

General 
Config.: 

Suffix -800

Agilent 5880, 
5890, 5987: 
Suffix -810

Varian 3700,
Vista Series,

FID: 
Suffix -820

PE 900-3920, 
Sigma 1,2,3: 
Suffix -830

PE Auto 
System 8300,
8400, 8700 
(Not On-
Column): 

Suffix -840

›

fl
83/4"
›

fl
61/2"

Custom configurations are available. Please contact Customer
Service (ext. 3) or your local Restek representative.

* Installation kit must be purchased when using valve applications.
**Please include configuration suffix number when ordering.

The 6-port Valco® valve was coated with Sulfinert™ treatment on a
custom basis. For custom Sulfinert™ quotes, call customer service at
ext. 3, or contact your local Restek representative.

GC_FF00494

1

Figure 2

The Rt-XLSulfur™ column and the Sulfinert™-deactivated GC 
system easily detect sulfur compounds at the 20ppbv level.

Figure 3

Samples of two popular colas show no sulfur compounds.

Figure 4

A sample of domestic (US) beer contains ppbv levels of 
sulfurs from the fermentation process.

Fits column IDs 0.75mm 1mm 2mm
For valve applications 21062 21065 21067
For split applications 21063 — —
For all Agilent GCs 21064 — —
For direct injections — 21066 —

Installation Kits

6-Port Valco® ValvePacked Column Configurations

1m x 0.75mm ID Rt-XLSulfur™ 100/120 mesh
Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.)
Det. temp.: 800°C
Carrier gas: He
Linear velocity: 10mL/min.
SCD sensitivity: Attn. x  1

Headspace of Cola A
Headspace of Cola B

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan and/or 

dimethyl sulfide
5. dimethyl disulfide

1m x 0.75mm ID Rt-XLSulfur™ 100/120 mesh
Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.)
Det. temp.: 800°C
Carrier gas: He
Linear velocity: 10mL/min.
SCD sensitivity: Attn. x  1

Sulfur standard (20ppbv ea.)

Beverage-grade CO2 blank

1. hydrogen sulfide
2. methyl mercaptan
3. dimethyl sulfide and/or 

ethyl mercaptan
4. unknown

1m x 0.75mm ID Rt-XLSulfur™ 100/120 mesh
Headspace of a beer sample.
Oven temp.: 60°C to 260°C @ 

15°C/min. (hold 5 min.)
Det. temp.: 800°C
Carrier gas: He
Linear velocity: 10mL/min.
SCD sensitivity: Attn. x  1
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Improved Analysis of Organophosphorus Pesticides Using Rtx®-OPPesticides
and Rtx®-OPPesticides2 Columns
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Organophosphorus pesticides (OPPs) are an important group of
insect control agents used in agricultural and home settings.
Although there are continuing concerns about their effects on
health, their relatively low toxicity and short environmental fate
have made them suitable replacements for banned organochlorine
pesticides, especially in agricultural applications. Because of their
widespread use, it is necessary to routinely monitor treated foods
and surrounding soils and groundwater after OPP application, to
ensure low residue levels.

Historically, the analysis of OPPs has presented challenges. US
Environmental Protection Agency (EPA) Methods 8141 and
8141A were developed to help laboratories analyze soils, water,
and solid wastes for OPPs. Method 8141A describes the many
problems that can occur during capillary GC analysis. The OPP
compounds represent a diverse group, many of which are photo-
sensitive or easily degraded during routine standard preparation,
storage, and analysis. In addition, individual analytes can be diffi-
cult to identify because of the large number of OPPs that might be
present (e.g., a total of 49 possible analytes are listed in Method
8141A), and in the past GC/MS has not been sufficiently sensitive
for routine use. Consequently, ion-specific detectors (e.g., a nitro-
gen phosphorus detector [NPD] or flame photometric detector
[FPD] in the phosphorus mode) must be used to ensure sensitivity

to detect low ppb levels of OPP compounds. This requires dual-
column analysis for confirmation of analyte identities. Even the
current EPA method states, �it is unlikely that all of them [OPPs]
could be determined in a single analysis.�1

Many capillary phases have been used for this dual-column analy-
sis, but most present a large number of coelutions that make posi-
tive identifications difficult. For example, there are seven known
pairs of coelutions on the 5% phenyl analytical column named in
Method 8141A, and nine pairs of coelutions on the confirmation
column. Until now, the Rtx®-OPPesticides column has given the
best resolution of organophosphorus pesticides in the shortest time
(Figure 1).

The Rtx®-OPPesticides column has advantages over other current
technologies, but until now there has not been a confirmation col-
umn that has as few coelutions in as short an analysis time, to
make it compatible with the Rtx®-OPPesticides column. To provide
a good confirmation column to match the Rtx®-OPPesticides col-
umn, Restek chemists have developed a new polymer phase, the
Rtx®-OPPesticides2 phase. In combination, these two columns will
reduce the number of chromatographic coelutions and provide sep-
arations in less than 25 minutes.

Figure 1—The Rtx®-OPPesticides column provides good resolution and short analysis time for
organophosphorus pesticides.

Column: Rtx®-OPPesticides 30m, 0.32mm ID, 0.50µm (cat.# 11239)
Sample: 1.0µL of custom OP pesticides mix described in Figure 3 (GC_EV00602)
Concentration: 100ppb
Inj.: direct injection, Uniliner® DI liner (cat.# 20335)
Oven temp.: 100°C to 180°C @ 10°C/min. (hold 2 min.), to 300°C @ 18°C/min. (hold 2min.)
Inj. & Det. temp.: 250°C
Detector: FPD
Flow rate: 5cc/min., helium
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1. dichlorvos
2. hexamethylphosphoramide
3. trichlofon
4. mevinphos
5. demeton-S
6. zinophos
7. ethoprop
8. phorate
9. naled

10. sulfotepp
11. tributylphosphate (IS)
12. diazinon
13. terbufos
14. fonofos
15. TEPP
16. dioxathion
17. disulfoton
18. demeton-O

19. dichlorofenthion
20. chlorpyrifos methyl
21. dimethoate
22. dicrotophos
23. monocrotophos
24. ronnel
25. merphos
26. chlorpyrifos
27. aspon
28. fenthion
29. trichloronate
30. phosphamidon isomer

(breakdown product)
31. methyl parathion
32. malathion
33. fenitrothion
34. tokuthion
35. phosphamidon
36. chlorfenvinphos
37. parathion
38. merphos oxone (merphos 

breakdown product)
39. stirophos
40. crotoxyphos
41. bolstar
42. carbophenthion
43. ethion
44. triphenylphosphate (IS)
45. leptophos
46. fensulfothion
47. tri-o-cresyl phosphate
48. phosmet
49. EPN
50. famfur
51. azinphos methyl
52. azinphos ethyl
53. coumaphos
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Column: Rtx®-OPPesticides2, 30m, 0.32mm ID, 0.32µm (cat.# 11241)
Inj.: 1µL splitless injection of 100ng/mL custom OP pesticides mix described in Figure 3 (GC_EV00602)
Oven temp.: 80°C (hold 0.5min.) to 280°C @ 12°C/min. (hold 10 min.)
Injector: 200°C
Inlet liner: 4mm Siltek� single gooseneck (cat.# 20798)
Detector: FPD @ 250°C;
Dead time: 1.03 min. @ 80°C
Splitless hold: 1 min.

1. dichlorvos
2. hexamethylphosphoramide
3. mevinphos
4. trichlorfon
5. TEPP
6. demeton-O
7. tributylphosphate (SS)
8. thionazin
9. ethoprop

10. naled
11. sulfotepp
12. phorate
13. dicrotophos
14. monocrotophos
15. demeton-S
16. terbufos
17. dimethoate
18. diazinon
19. dioxathion
20. fonophos
21. disulfoton
22. phosphamidon isomer

(breakdown product)
23. dichlorofenthion
24. phosphamidon
25. chlorpyrifos methyl
26. parathion-methyl
27. ronnel
28. aspon
29. fenitrothion
30. malathion
31. chlorpyrifos
32. trichloronate
33. parathion-ethyl
34. fenthion
35. merphos
36. chlorfenvinphos
37. crotoxyphos
38. stirofos
39. tokuthion
40. merphos oxone

(merphos breakdown product)
41. ethion
42. fensulfothion
43. bolstar
44. carbophenothion
45. famphur
46. triphenylphosphate (SS)
47. EPN
48. phosmet
49. leptophos
50. tri-o-cresyl phosphate
51. azinphos-methyl
52. azinphos-ethyl
53. coumaphos

Restek�s proprietary computer-assisted stationary phase develop-
ment (CASPD) modeling software was used to develop the new
phase. This software predicts GC polymer phase selectivity based
on the retention of key analytes under controlled GC conditions.
The stationary phase selectivity can be optimized, often resulting
in the design of a completely new phase. In this case the new
phase, Rtx®-OPPesticides2, achieves much better resolution of the
OPPs than traditionally used columns, with only two coeluting
pairs. This makes the new column an ideal primary column, even
exceeding the performance of the Rtx®-OPPesticides column, for
analyses of organophosphorus pesticides (Figure 2).

The Rtx®-OPPesticides2 column has quickly become a workhorse
column for laboratories analyzing organophosphorus pesticides.

GC/MS Analysis
In some methods, such as in food analysis, low-level detection of
organophosphorus pesticides is not as important as the positive
identification of the pesticides. In these cases a GC/MS analysis is
the best approach. The Rtx®-OPPesticides2 column is an excellent
choice for GC/MS because the column exhibits low bleed and
maximizes resolution of the organophosphorus pesticides. Figure 3
shows a typical GC/MS analysis.

Effect of Carrier Gas Flow
Flow conditions are extremely important to achieving the desired
resolutions of OPPs. The chromatograms in Figure 4 are results
from a flow rate study on the Rtx®-OPPesticides2 column. Flow
can be used to enhance resolution and affect elution order. Because
of the close elutions of so many of these compounds, it is critical to
measure analytical velocity as either flow rate through the column
or as dead time of an unretained analyte. Note that retention times
and resolution (and, potentially, elution order) can shift with rela-
tively small changes in dead time. In this analysis, we recommend
using a slightly lower flow rate (longer dead time) to achieve the
best overall separation.

Conclusion
Organophosphorus pesticides analyses can present many challenges
to the analyst, but the Rtx®-OPPesticides2 and Rtx®-OPPesticides
column pair ensures quick analysis, exceptional resolution, and
confirmation for more than 48 OPP analytes and their degradation
products in a single, dual-column run.

1. US EPA Method 8141A Organophosphorus Compounds by Gas
Chromatography: Capillary Column Technique.

Figure 2—The Rtx®-OPPesticides2 column is an ideal primary column for fast, sensitive analyses of
organophosphorus pesticides.

Restek Corporation • (800) 356-1688 • (814) 353-1300 • www.restekcorp.com



Figure 3—Low bleed and fast analysis times make the Rtx®-OPPesticides2 column an excellent choice for
GC/MS analysis of organophosphorus pesticides.

GC_EV00602

1. dichlorvos
2. hexamethylphosphoramide
3. mevinphos
4. trichlorfon
5. TEPP
6. demeton-O
7. thionazin
8. tributylphosphate (IS)
9. ethoprop

10. naled
11. sulfotepp
12. phorate
13. dicrotophos
14. demeton-S
15. monocrotophos
16. terbufos
17. dimethoate
18. dioxathion
19. fonophos

20. diazinon
21. disulfoton
22. phosphamidon isomer 

(breakdown product)
23. dichlorofenthion
24. chlorpyrifos methyl
25. phosphamidon
26. parathion-methyl
27. ronnel
28. fenitrothion
29. aspon
30. malathion
31. chlorpyrifos
32. trichloronate
33. parathion-ethyl
34. fenthion
35. merphos
36. chlorfenvinphos
37. crotoxyphos

38. stirofos
39. tokuthion
40. merphos oxone

(merphos breakdown product)
41. ethion
42. fensulfothion
43 bolstar
44. carbophenothion
45. famphur
46. triphenylphosphate (SS)
47. EPN
48. phosmet
49. leptophos
50. tri-o-cresyl phosphate
51. azinphos-methyl
52. azinphos-ethyl  
53. coumaphos

Column: Rtx®-OPPesticides2 30m, 0.25mm ID, 0.25µm (cat.# 11243)
Sample: Custom Mix, plus:

8140/8141 OP Pesticides Calibration Mix A (cat.# 32277)
8141 OP Pesticides Calibration Mix B (cat.# 32278)
Triphenylphosphate Standard (cat.# 32281)
Tributylphosphate Standard (cat.# 32280)

1µL, 100ppm each (100ng on column) 
Inj.: 1.0µL splitless (hold 0.4 min.), 4mm ID double

gooseneck inlet liner (cat.# 20785)
Inj. temp.: 250°C

Carrier gas: helium, constant flow  
Flow rate: 1.0mL/min. 
Oven temp.: 80°C (hold 0.5 min.) to 140°C @ 20°C/min.

to 210°C @ 4°C/min. (hold 1 min.) to 
280°C @ 30°C (hold 5 min). 

Det: MS
Transfer line temp.: 280°C
Scan range: 35-400amu
Ionization: EI

Figure 4—Adjusting the flow rate can affect elution time and resolution (and elution order) for
OPPs on an Rtx®-OPPesticides2 column.
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83cm/sec.
dead time 0.6 min.

71cm/sec.
dead time 0.7 min.

56cm/sec.
dead time 0.9 min.

46cm/sec.
dead time 1.1 min.

Column: Rtx®-OPPesticides2 30m, 0.32mm,
32µm (cat.#11241)

Injector: 200°C split/splitless, purge off,
hold 1 min

Oven temp.: 80°C (hold 0.5 min.)  to 280°C @
12°C/min. (hold 10 min.)

Detector: FPD @ 250°C
Sample: 0.5µL 200ng/mL of custom OP

pesticides mix described in
Figure 3 (GC_EV00602)
(partial chromatograms shown)

Other conditions as described for Figure 2
(GC_EV00394)

1. terbufos
2. dimethoate
3. diazinon
4. dioxathion
5. fonophos
6. disulfoton
7. phosphamidon isomer
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Rtx®-OPPesticides2 (-20 to 310/330°C)

ID (mm) df (µm) 20-meter 30-meter
0.18 0.20 11244 �
0.25 0.25 � 11243
0.32 0.32 � 11241
0.53 0.50 � 11242

Inlet Liners
For Agilent GCs

Uniliner® (4.0mm ID, 6.3mm OD, 78.5mm length)

20335 (ea.) 20336 (5-pk.)

Drilled Uniliner® (4.0mm ID, 6.3mm OD, 78.5mm length)

21054 (ea.) 21055 (5-pk.)

Open-top Uniliner® w/Wool (4.0mm ID, 6.3mm OD, 78.5mm length)

20843 (ea.) 20844 (5-pk.)

Gooseneck Splitless (4mm) (4.0mm ID, 6.3mm OD, 78.5mm length)

20798 (ea.) 20799 (5-pk.) 20800(25-pk.)

Double Gooseneck Splitless (4mm) (4.0mm ID, 6.5mm OD, 78.5mm length)

20784 (ea.) 20785 (5-pk.) 20786(25-pk.)

Rtx®-OPPesticides (-20 to 310/330°C)

ID (mm) df (µm) 20-meter 30-meter
0.18 0.25 56898 �
0.25 0.40 � 55239
0.32 0.50 � 11239
0.53 0.83 � 11240

Method 8140/8141 OP Pesticide Calibration Mix A
azinphos methyl disulfoton naled
bolstar (sulprofos) ethoprop phorate
chlorpyrifos fensulfothion ronnel
coumaphos fenthion stirofos
demeton, O and S merphos tokuthion (prothiofos)
diazinon methyl parathion trichloronate
dichlorvos mevinphos
200µg/mL each in hexane/acetone (95/5), 1mL/ampul

Each 5-pk. 10-pk.
32277 32277-510

w/data pack 32277-500 32277-520 32377

Method 8141 OP Pesticide Calibration Mix B
dimethoate monocrotophos sulfotepp
EPN parathion TEPP
malathion
200µg/mL each in hexane/acetone (95/5), 1mL/ampul

Each 5-pk. 10-pk.
32278 32278-510

w/data pack 32278-500 32278-520 32378

Method 8140/8141 Internal Standards & Surrogates
These solutions are prepared at 1,000µg/mL in acetone, 1mL/ampul

NPD Detector:
Internal Standard: 1-bromo-2-nitrobenzene
Surrogate: 4-chloro-3-nitrobenzotrifluoride

1-bromo-2-nitrobenzene

Each 5-pk. 10-pk.
32279 32279-510

w/data pack 32279-500 32279-520 32379

4-chloro-3-nitrobenzotrifluoride

Each 5-pk. 10-pk.
32282 32282-510

w/data pack 32282-500 32282-520 32382

FPD Detector:
Internal Standard: none recommended
Surrogate: tributylphosphate and triphenylphosphate

tributylphosphate

Each 5-pk. 10-pk.
32280 32280-510

w/data pack 32280-500 32280-520 32380

triphenylphosphate

Each 5-pk. 10-pk.
32281 32281-510

w/data pack 32281-500 32281-520 32381

Hole makes use with
EPC possible!

Rtx, Uniliner, and the Restek logo are trademarks of Restek Corporation.

Restek will create the right solution for you!

Restek should be your first choice for
custom-made reference materials. Our
inventory of over 3,000 compounds
ensures you of maximum convenience,
maximum value, and minimum time
spent blending mixtures in your lab.

For our online custom reference 
material request form, visit
http://www.restekcorp.com/stdreq.htm
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HPLC Analysis of Trace-Level Explosives Using Pinnacle II™ C18 and Cyano
Columns

Figure 1

The new Pinnacle II™ C18 column achieves slightly better resolution for difficult to analyze pairs of explosive compounds.

Selectivity for the 14 explosives of interest listed in Method
8330A are similar on the original Pinnacle™ and the new
Pinnacle II™ C18 columns (Figure 1). On these C18 columns,
there are close-eluting peaks or coelutions for the following
compounds: tetryl/nitrobenzene; 2-amino-4,6-dinitrotoluene/4-
amino-2,6-dinitrotoluene; and 2,6- dinitrotoluene/2,4dinitro-
toluene. Closer examination shows that the new Pinnacle II™

C18 column achieves slightly better resolution for several of
these pairs. This may be caused by the slightly higher surface
area and carbon load, and the smaller pore volume on the
Pinnacle II™ column (110Å) as compared to the Pinnacle™ col-
umn (120Å). The higher carbon load of 13% for the Pinnacle
II™ column versus 11% for the Pinnacle™ column translates into
longer compound retention, better resolution, and column life-
time.

According to Method 8330A, these 14 compounds also need to
be analyzed on a Cyano column for confirmation (Figure 2).
The change from the reversed phase C18 column to the normal
phase Cyano column is fairly easy. The method recommends
using the same mobile phase for both columns, which allows a
quick changeover from the primary analysis to the confirmation
analysis. Because the mobile phase is a simple mixture of water

Pinnacle II™ high performance liquid chromatography (HPLC)
stationary phases were designed to function well under the dif-
ficult matrices encountered in environmental samples. The orig-
inal Pinnacle™ columns served as benchmarks for the selectivity
and efficiency of the new Pinnacle II™ columns. While striving
to create new columns with characteristics similar to Pinnacle™

columns, Restek also designed the manufacturing process in
such a way that they could be priced economically. Using
Restek silica, we can go a step further in providing consistent
quality and reproducibility.

The new Pinnacle II™ C18 and Cyano columns function as pri-
mary and confirmation columns (respectively) to efficiently
separate explosives according to US Environmental Protection
Agency (EPA) Method 8330A. Environmental methods fre-
quently employ a confirmation column for two reasons. First,
many environmental methods require scanning for a large num-
ber of related compounds. Because of their similarities, analysts
often will encounter coelutions when using a single type of sta-
tionary phase. Second, the matrices encountered in many envi-
ronmental samples can contain components that may interfere
or obscure the analytes of interest. By using two columns with
different selectivities, analysts can more accurately identify the
analytes of interest.
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Peak List:
1. HMX
2.  RDX
3. 1,3,5-trinitrobenzene
4. 1,3-dinitrobenzene
5. tetryl
6. nitrobenzene
7. 2,4,6-trinitrotoluene
8. 2-Amino-4,6-dinitrotoluene
9. 4-amino-2,6-dinitrotoluene

10. 2,6-dinitrotoluene
11. 2,4-dinitrotoluene
12. 2-nitrotoluene
13. 4-nitrotoluene
14. 3-nitrotoluene

Column: Pinnacle II C18
Catalog #:  9214575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

LC_0189LC_0194

Column: Pinnacle™ C18
Catalog #: 9114575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 120Å

Conditions:
Mobile phase: water:methanol (50:50, v/v) 
Flow: 1.5 mL/min
Temp.: 27.0°C   
Det.: UV @ 254nm

Sample:
Inj.: 3µL
Conc.: 500µg/mL each component
Solvent: acetonitrile
Restek 8330 Calibration mix #1: Cat. # 31450
Restek 8330 Calibration Mix #2 : Cat. # 31451
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and methanol, the process of switching from the C18 to the
Cyano column is only a matter of removing the primary column
and installing the confirmation column on the same HPLC sys-
tem. There is relatively little downtime, only that required for
the column to equilibrate. 

Notice that all of the coeluting pairs form the C18 column are
resolved from one another on the Cyano column. There is a
cluster of compounds: 2-nitrotoluene, 3-nitrotoluene, 4-nitro-
toluene, 1,3,5-trinitrotoluene, and 1,3 dinitrotoluene on the
Cyano column, but these compounds are well resolved on the
C18 column. Again, the selectivity between the original

The Pinnacle II™ Cyano column shows slightly better resolution for explosives compounds and is an excellent confirmation 
column to the Pinnacle II™ C18 for this analysis.

Pinnacle™ Cyano and the new Pinnacle II™ Cyano columns is
similar, but the Pinnacle II™ column shows slightly better reso-
lution.

Restek controls the raw material quality from the very begin-
ning of the silica manufacturing process. Add our phase bond-
ing and column packing experience to this high level of quality
control, and you benefit from even better column-to-column
and analysis-to-analysis reproducibility. Because of this and
their economical production, Pinnacle II™ HPLC columns pro-
vide a cost-effective analytical tool for many traditional meth-
ods used in the environmental industry. 

Pinnacle II™ C18 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9214551 9214552 9214553 9214555
100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
250mm 9214571 9214572 9214573 9214575

Conditions:
Mobile phase: water:methanol (50:50, v/v) 
Flow: 1.5mL/min
Temp.: 27.0°C   
Det.: UV @ 254nm

Sample:
Inj.: 3µL
Conc.: 500 µg/mL

each component
Solvent: acetonitrile

Restek 8330 Calibration mix #1: Catalog # 31450
Restek 8330 Calibration Mix #2 : Catalog# 31451

LC_0188

Peak List:
1. nitrobenzene
2. 2-nitrotoluene
3. 4-nitrotoluene
4. 3-nitrotoluene
5. 1,3-dinitrobenzene
6. 1,3,5-trinitrobenzene
7. 2,6 dinitrotoluene
8. 2,4-dinitrotoluene
9. 2,4,6-trinitrotoluene

10. 4-amino-2,6-dinitrotoluene
11. 2-amino-4,6-dinitrotoluene
12. RDX
13. tetryl
14. HMX

Pinnacle II™ Cyano 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9216551 9216552 9216553 9216555
100mm 9216511 9216512 9216513 9216515
150mm 9216561 9216562 9216563 9216565
250mm 9216571 9216572 9216573 9216575

LC_0193

Column: Pinnacle™ CN
Catalog #: 9116575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 120Å

Column: Pinnacle II CN 
Catalog #:  9216575
Dimensions: 250 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å



Secure-Fit Column Connectors
Making a good connection between HPLC
components is necessary for accurate quantifi-
cation. The new Secure-Fit connectors from
Restek and Selerity Technologies ensure a
consistent, leak-free seal and eliminate
voids! An internal spring mechanism holds
the capillary tube at the proper depth in the
female fitting. This seal is maintained while finger-tightening the nut.
This product can be purchased in stainless steel or in PEEK and
comes in a variety of tubing lengths and internal diameters (ID).

Stainless Steel Secure Fit Fittings - Single End
Length 0.005" ID 0.007" ID 0.010" ID
6cm 25181 25185 25190
10cm 25182 25186 25191
20cm 25183 25187 25192
30cm 25184 25188 25193

Stainless Steel Secure Fit Fittings - Double Ended
Length 0.005" ID 0.007" ID 0.010" ID
10cm 25208 25211 25214
20cm 25209 25212 25215
30cm 25210 25213 25216

PEEK® Secure Fit Fittings - Single End
Length 0.005" ID 0.007" ID 0.010" ID
6cm 25230 25234 25217
10cm 25231 25235 25218
20cm 25232 25236 25219
30cm 25233 25237 25220

PEEK® Secure Fit Fittings - Double Ended
Length 0.005" ID 0.007" ID 0.010" ID
10cm 25221 25224 25227
20cm 25222 25225 25228
30cm 25223 25226 25229

Piston Seals
Over time the piston seal in every HPLC system 
becomes worn and must be replaced. We offer a 
line of Teflon® piston seals for Agilent HPLC systems. The Teflon®

seals have an additive that reduce their tendency to “cold flow” and
improve their wear characteristics.

Agilent Pump Piston Seals
Description Material qty. cat.#
Agilent 1050 & 1100 Teflon® ea. 25175
Agilent 1050 & 1100 Teflon® 10-pk. 25176

800-356-1688

814-353-1300www.restekcorp.com
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Restek's Innovative Piston Seal
Removal and Insertion tool
Do you have to search for a paper clip or
screw to remove those old, worn seals from
your HPLC pump? Then, once you get the old
seal out, do you struggle to correctly seat and
insert the new seal? Now Restek has one tool
that can help. Use one end to remove your old
seal, then simply slip your new seal on the
other end and push the new seal flush into
position. The material used in this tool will not
mar the surrounding metal surface of your
pump housing.

Description qty. cat.#
Piston Seal Insertion Tool ea. 21356

Broken PEEK® nut removal tool
Have you ever lost an expensive analytical
column because the PEEK end-fitting snapped
off? Restek has created an easy-to-use tool to
remove the broken PEEK Tip and save your
analytical column.

Description qty. cat.#
PEEK Nut Removal Tool ea. 25325



Degasys In-Line Mobile Phase Degasser
Dissolved oxygen has an adverse affect on HPLC analyses: Flow rate instability and increased baseline noise can result. Also, it has a
quenching affect on fluorescence detection and increases the background of UV detectors. Dissolved gases can out-gas in the HPLC
system, causing bubbles in check valves, at connections, or in detector flow cells.

In-line vacuum degassing has been shown to be more effective at removing dissolved gas from mobile phases than sonication or heli-
um sparging. In-line degassers work by withdrawing gas from a semi-permeable membrane encased in a sealed chamber. Traditionally,
the membrane was made of PTFE tubing, but the Degasys Ultimate Degasser uses tubing composed of an amorphous fluoropolymer.
This material is 200 to 300 times more gas permeable than PTFE. This translates into the ability to use shorter tubing for the removal
of dissolved gas. This new material also provides better tubular burst strength than PTFE. In addition to using this new tubing materi-
al, each channel on this Degasys unit is individually encased within its own vacuum chamber to prevent any cross-contamination.

Specifications:
Residual Oxygen1 Pressure Loss1 Internal Volume Wetted Parts Max. Flow Rate
0.9ppm 0.24psi 500uL Teflon® AF 7mL/min./channel

PTFE
ETFE
PPS

1 Ratings at a flow rate of 1mL/min.

Description cat.#
Mobile Phase Degasser (4 Channel, 7mL/min./channel) 25189
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Parker N2-15 
LC/MS generator

LC/MS Generator
The Parker N2-15 generator incorporates an oil-less air compressor and membrane nitrogen 
generator assembled as a package specifically to feed LC/MS systems. The N2-15 produces 15
liters-per-minute at 99% purity. The N2-15 generator is an ideal, safe, and less expensive long-term
alternative than nitrogen cylinders or bulky dewars.

The N2-15 generator is a convenient, inexpensive solution to high-volume nitrogen generation.
Previously a compressor and generator would have to be purchased separately. Often the end-users
were responsible for installing and interfacing the compressor and generator. The cost of a reson-
able system was well in excess of $20,000. Now the N2-15 generator solves the installation and
set-up difficulties at a very attractive price.

Model # qty. cat.#
N2-15 ea. 22037



Check Valves
Restek offers Analytical Science Instruments
(ASI) check valves and piston seals for
Agilent and Waters mobile phase pumps.
ASI specializes in HPLC system compo-
nents, and parts that often exceed the original
equipment manufacturers' requirements. 

ASI subjects each valve to a rigorous series
of tests. Each valve is tested for its self-prim-
ing capability, which means you won't need a
syringe or draw-off valves to prime your
pump. Simply open the pump outlet and start
the pump, the valve will prime itself—even
if the transfer lines are completely dry! Next,
the valve goes through both a high-pressure
and a low-pressure test. The high-pressure test ensures that the valve will not leak, even at pressures up to 12,000psi. 
The low-pressure test verifies that the valve closes properly, even without the presence of a high backpressure force. 
The cartridge design allows easy replacement of worn or damaged valves.

Check Valves for Agilent 1050 & 1100
Description material qty. cat.#
Outlet check valve (cartridge and housing) sapphire & ruby ball & seat ea. 25170
Outlet check valve (cartridge and housing) ceramic ball & seat ea. 25173
Outlet cartridges sapphire & ruby ball & seat ea. 25171
Outlet cartridges ceramic ball & seat ea. 25174
Outlet housing — ea. 25172

Check Valves for Waters Alliance Model 2690
Description material qty. cat.#
Outlet cartridges sapphire & ruby ball & seat ea. 25161
Outlet cartridges ceramic ball & seat ea. 25163
Inlet cartridges sapphire & ruby ball & seat ea. 25160
Inlet cartridges ceramic ball & seat ea. 25162

Check Valves for Waters 616 SS
Description material qty. cat.#
Outlet check valve (cartridge and housing) sapphire & ruby ball & seat ea. 25167 
Outlet check valve (cartridge and housing) ceramic ball & seat ea. 25179
Inlet check valve (cartridge and housing) sapphire & ruby ball & seat ea. 25164
Inlet check valve (cartridge and housing) ceramic ball & seat ea. 25177
Outlet cartridges sapphire & ruby ball & seat ea. 25168
Outlet cartridges ceramic ball & seat ea. 25180
Inlet cartridges sapphire & ruby ball & seat ea. 25165
Inlet cartridges ceramic ball & seat ea. 25178
Inlet housing — ea. 25166
Outlet housing — ea. 25169

At-a-Glance
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Flowrates of Waters™ Valves Flowrates of ASI Valves
for Waters™ Pumps

Run Number Run Number

Figure 1: Acheive more consistant flow rates with ASI valves.
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LO-Pulse® 
Pulse Damper kit

HPLC Column Test Mixes
These test mixes are suitable for monitoring HPLC column performance. Routine 
analysis using these products can assist in determining the need to perform column
and/or system maintenance.

HPLC Normal Phase Test Mix #1
benzene 1.00mg/mL
benzaldehyde 0.04
benzyl alcohol 3.00
4-methoxybenzyl alcohol 2.00
In hexane, 1mL/ampul

each
cat.# 35004

HPLC Reversed Phase Test Mix #1
benzene 3.00mg/mL
uracil 0.02
naphthalene 0.50
biphenyl 0.06
In methanol:water (75:25), 1mL/ampul

each
cat.# 35005

LO-Pulse® Pulse Damper (type 316 SS)
The LO-Pulse® Pulse Damper is a patented, wide-dynamic-range device that smooths pulsations
and maintains constant flow at system pressures up to 6,000psi.

The flow path volume is only 0.9mL and the path is designed to ensure that it is completely
swept, eliminating solvent memory effects when changing mobile phases.

The pulse damper also is available in a space-saving, economical kit. The kit includes attachment
hardware for mounting the pulse damper on a bracket, or for installing feet on it for bench-top
use.

Description qty. cat.#
Model LP-21 LO-Pulse® ea. 25012
Economical Kit Version kit 25013
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Analyzing Nutraceutical Products by Liquid and Gas Chromatography

Introduction
The idea of using herbal compounds to enhance one’s health
has been around for thousands of years. Over the past decade,
however, the nutraceutical industry has seen rapid growth as
more people add flowers, leaves, roots, and fruits of botanicals
to their diets in the hopes of gaining health benefits. The
dietary supplement industry (including vitamins, minerals,
herbals, and amino acids) was approximately $16 billion in
2000 with botanicals accounting for 25%.1 Herbal ingredients
that once were packaged primarily in pills and capsules and
found in health food stores, now can be found in fruit juices,
spreads, and snack foods.2 This includes ingredients such as
glucosamine, added to ease aches and pains; and kava or St.
John’s wort, added for calmness and a sense of well-being.

Herbal products are very complex, often containing hundreds of
compounds, and it is not always clear which compounds are
responsible for the beneficial properties. Marker compounds—
phytochemicals that have been identified and are known to
have some relationship to the reported health benefit—can be
evaluated qualitatively to identify a raw material or to verify
purity. To determine the concentration or strength of a material,

quantitative analysis is necessary. Other testing typically per-
formed on raw materials includes a physical exam, microscopy,
and determination of ash, heavy metals, residual fumigants, and
pesticide levels. Microbiological testing can be included
depending on the herbal material.

Dietary supplements are regulated under the Dietary
Supplement Health Education Act (DSHEA) of 1994. Before
DSHEA, nutraceuticals were regulated as either foods or drugs,
depending on their intended purpose.3 The Food and Drug
Administration (FDA) has the authority under DSHEA to take
action against unsafe products or improperly labeled products.
For example, the FDA can stop the distribution of products that
it finds to be toxic, unsanitary, that increase the risk of illness or
injury, or that make unsubstantiated health claims. Under cur-
rent regulations, however, FDA pre-market approval of dietary
supplements is not required. This leaves the testing of dietary
supplements to the discretion of the manufacturer.  

Several organizations have recognized a need for standardizing
procedures of herbal product analysis and are involved in pro-
grams that will assist the FDA in the regulation of the dietary
supplement industry. The US Pharmacopoeia (USP) has
launched a dietary supplement certification pilot program to
address the issue of product quality. The USP program seeks to
ensure that the product contains the ingredients declared on the
label at the reported levels; that the product is within the
required limits on contaminants; and that the general require-
ments for the manufacturing practices of dietary supplements
are satisfied.1 This program is meant to complement DSHEA
and allows companies to add a USP certification mark on their
label if the requirements are met. The pilot program includes
post-market surveillance of the nutraceutical products and audit-
ing of the manufacturing facilities. As of August 2001, the USP
had over 20 official monographs for herbal materials, with
many more in revision or draft form.3

Other organizations, such as the Institute for Nutraceutical
Advancement (INA), are working to develop new methods for
the quantitation of marker compounds. The goal of the INA
Method Validation Program (MVP) is to submit these new
methods to an organization (e.g., Association of Official
Analytical Chemists [AOAC] International) for collaborative
study and inclusion in their official methods program. AOAC
International also has a Dietary Supplement Task Group that
provides a standard set of procedures for the analysis of botani-
cal compounds.

High performance liquid chromatography (HPLC) and gas chro-
matography (GC) are excellent tools for quantitative analysis of
marker compounds in botanical samples. Thin layer chromatog-

Rapidly analyze allicin in garlic by HPLC using a 
Pinnacle II™ C18 column.

Figure 1

0 2 4 6 8 min.

1

Column Pinnacle II C18
Catalog #: 9214565
Dimensions: 150mm x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions Mobile phase: methanol:water (50:50)
Flow: 0.8mL/min.
Temp.: 30°C
Det.: UV @ 240nm

Sample 1.2mg/mL deodorized garlic tablet in 
deionized water.
Inj.: 20µL

Peak list 1. allicin

LC_0174
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raphy (TLC) also is used, primarily for the qualitative identifi-
cation of herbals and for purity evaluations. HPLC is used in
approximately 90% of the current methods for marker com-
pounds and mainly relies on a reversed phase separation with
UV-VIS, refractive index or light-scattering detection. GC,
while not as widely applicable, is very useful for the analysis of
volatile marker compounds and residual solvents. For both
HPLC and GC botanical analyses, column reproducibility and
robustness is very important. Restek HPLC and GC columns are
able to meet the demands of analyzing these complex systems. 

HPLC Analysis of Allicin in Garlic

Garlic, or Allium sativum, has the reported benefits of lowering
cholesterol, reducing hypertension, and acting as an antimicro-
bial agent in living systems. Garlic often is added to the diet as
garlic powder or garlic capsules. The active ingredients in gar-
lic are thought to be the sulfur-containing compounds, or thio-
sulfinates, present in the volatile oil. Alliin, which converts to
allicin (S-allyl-2-propenthiosulfinate) in the presence of the
enzyme alliinase, is present at about 1% in garlic cloves.

INA Method 110.001—the analysis of allicin in garlic—is an
isocratic reversed phase HPLC procedure using a C18 column,
with UV detection at 240nm (Figure 1). Because allicin has
limited stability in solution, samples should be analyzed soon
after extracting into cold water. In addition, the allicin reference
standard needs to be prepared by extracting the allicin from
garlic powder by solid phase extraction (SPE) and calculating
the concentration based on the UV absorbance of the standard
solution.

HPLC Analysis of Hyperforin in St. John’s Wort 
St. John’s wort, or Hypericum perforatum, is purported to ease
the symptoms of mild depression, anxiety, and insomnia. The
active ingredient is thought to be hyperforin, although other
compounds might also contribute to the beneficial effects. St.
John’s wort can be added to the diet in either capsule or tablet
form of the leaves, stems or flowers, or as an extract. 

According to INA Method 112.001—the HPLC analysis of
hyperforin and adhyperforin in St. John’s wort—the samples
are extracted with methanol in an ultrasonic bath.
Chromatographic separation is performed on a C18 reversed
phase column with acetonitrile and phosphate buffer as the
mobile phase. After UV detection at 270nm, the hyperforin and
adhyperforin are quantitated by comparison of the response of
these compounds to the response of a standard solution of
hyperforin. The analysis of a St. John’s wort capsule using a
Pinnacle II™ C18 column shows excellent peak shapes for the
active ingredients in this herbal product (Figure 2).

HPLC Analysis of Phenolics in Echinacea 

Echinacea, one of the most popular nutraceutical herbs, is
thought to enhance the immune system and act as an immune
stimulant against colds and flus. It can be taken in capsule or
tablet form, or used in the preparation of an herbal tea. The
active compounds in echinacea are thought to be caffeic acid
derivatives such as caftaric acid, cichoric acid, chlorogenic
acid, and echinacoside.

HPLC analysis of hyperforin and adhyperforin in St. John’s Wort
capsule using a Pinnacle II™ C18 column shows excellent peak

shape for the marker compounds.

Figure 2
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1

2

Column Pinnacle II C18
Catalog #: 9214565
Dimensions: 150mm x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions Mobile phase: acetonitrile:
0.01N phosphate buffer, pH 2.5 (85:15)
Flow: 1.2mL/min.
Temp.: 30°C, autosampler @ 15°C
Det.: UV @ 270nm

Sample St. John's Wort capsule
Inj.: 20µL
Conc.: 4.17mg/mL capsule, 
contents in methanol

Peak list 1. hyperforin
2. adhyperforin

HPLC analysis of phenolic compounds in echinacea capsules 
using a Pinnacle II™ C18 column achieves resolution 

of four key marker compounds.

Figure 3

LC_0175

Column Pinnacle II C18
Catalog #: 9214565
Dimensions: 150mm x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions Mobile phase: 
A) 0.1% phosphoric acid; B) acetonitrile

Time %A %B
0 90 10
13 78 22
14 60 40
14.5 60 40
15 90 10
20 90 10

Flow: 1.5mL/min.
Temp.: 35°C
Det.: UV @ 330nm

Sample Echinacea capsule
Inj.: 10µL
Conc.: 6.7mg/mL capsule, 
contents in ethanol:water (70:30)

LC_0195

Peak list 1. caftaric acid (4.6 min.)
2. chlorogenic acid (5 min.)
3. echinacoside (11.2min.)
4. cichoric acid (13.3 min.)



Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

According to INA Method 106.000—HPLC analysis to deter-
mine the levels of these phenolic compounds in echinacea—
samples are extracted into an ethanol:water mixture with shak-
ing. The analysis is performed on a C18 reversed phase column
using a mobile phase of acetonitrile:dilute phosphoric acid. The
caffeic acid derivatives are detected based on their UV
absorbance at 330nm and quantitated by comparison to an
external standard solution of chlorogenic acid. We used the
Pinnacle II™ C18 column to analyze a capsule of echinacea and
achieved resolution of four key marker compounds (Figure 3).

GC Analysis of Fatty Acids in Saw Palmetto

Saw palmetto, or Serenoa repens, has been used to treat pros-
trate enlargement and lower urinary tract symptoms. The par-
tially dried, ripe fruits of this plant are typically extracted with
ethanol, carbon dioxide or hexane to collect the active ingredi-
ents. Saw palmetto contains a wide range of compounds,
including free fatty acids, free fatty alcohols, and monoglyc-
erides. The free fatty acids, which make up 70-95% of the puri-
fied lipophilic extract, often are used as the marker compounds
for this herbal product. 

The USP monograph for saw palmetto includes a procedure for
the quantitation of fatty acids by GC. To perform this analysis,
the samples are pulverized to a powder, saponified, and deriva-
tized with boron trifluoride in methanol. The test standard
includes 11 fatty acid methyl esters (FAMEs) and an internal
standard (IS), and the chromatographic separation is performed
on a polar Carbowax® column. The analysis of free fatty acids
as their methyl esters on an Rtx®-Wax capillary GC column

shows excellent resolution of all of the FAMEs when analyzed
according to the USP procedure (Figure 4).

Summary

An increasing number of nutraceutical ingredients and products
are becoming a part of our diet. Because of this, we need accu-
rate quantitation of the active ingredients or marker compounds
in both raw materials and finished products. Restek has a wide
range of HPLC and GC columns to analyze these complex sys-
tems for the nutraceutical and food and beverage industries.
Restek columns offer excellent lot-to-lot reproducibility and
must meet stringent quality assurance criteria before they are
sent to customers. For HPLC procedures, Pinnacle II™ reversed
phase columns offer excellent peak shapes for the active ingre-
dients in a wide range of botanical compounds. The Rtx®-Wax
capillary column is an excellent choice for the GC analysis of
derivatized fatty acids. The Crossbond® technology used to cre-
ate this column results in long column lifetimes and repro-
ducible results.    

An Rtx®-Wax capillary GC column achieves excellent resolution of the FAMEs in a saw palmetto standard.

Figure 4
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Column Rtx®-Wax
Catalog #: 12423
Dimensions: 30m, 0.25mm, 0.25µm

Conditions Oven temp.: 120°C (hold 3 min.) to 220°C 
at 20°C/min. (hold 12 min.)
Inj./det. temp.: 250°C/300°C
Carrier gas: helium
Linear velocity: 1mL/min. 34cm/sec.
Split ratio: 100:1

Sample Saw palmetto standard
Inj.: 1µL
Conc.: see peak list

Peak list 1. methyl caproate (C6:0), 0.4mg/mL
2. methyl caprylate (C8:0), 0.4mg/mL
3. methyl nonanoate (C9:0), 2.0mg/mL
4. methyl caprate (C10:0), 0.4mg/mL
5. methyl laurate (C12:0), 5.0mg/mL
6. methyl myristate (C14:0), 2.0mg/mL
7. methyl palmitate (C16:0), 2.0mg/mL
8. methyl palmitoleate (C16:1), 0.4mg/mL
9. methyl stearate (C18:0), 0.4mg/mL

10. methyl oleate (C18:1), 5.0mg/mL
11. methyl linoleate (C18:2), 1.0mg/mL
12. methyl linolenate (C18:3), 0.4mg/mL
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Restek Trademarks: Crossbond, Pinnacle II, Resprep, Rtx, Stabilwax, Trident, and the Restek logo.
Other Trademarks: Carbowax (Union Carbide Corp.), PEEK (Victrex plc), Upchurch (Upchurch Scientific), Valco (Valco Instruments Co., Inc.), Waters
(Waters Associates, Inc.).

Pinnacle II™ 5µm C18 HPLC Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9214551 9214552 9214553 9214555
100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
250mm 9214571 9214572 9214573 9214575

Pinnacle II™ 5µm C8 HPLC Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9213551 9213552 9213553 9213555
100mm 9213511 9213512 9213513 9213515
150mm 9213561 9213562 9213563 9213565
250mm 9213571 9213572 9213573 9213575

Pinnacle II™ 5µm Cyano HPLC Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9216551 9216552 9216553 9216555
100mm 9216511 9216512 9216513 9216515
150mm 9216561 9216562 9216563 9216565
250mm 9216571 9216572 9216573 9216575

Pinnacle II™ 5µm Phenyl HPLC Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9215551 9215552 9215553 9215555
100mm 9215511 9215512 9215513 9215515
150mm 9215561 9215562 9215563 9215565
250mm 9215571 9215572 9215573 9215575

Trident™ Direct Guard Column System*
Description qty. cat.#
High pressure filter each 25082
1cm guard cartridge holder with filter each 25084
2cm guard cartridge holder with filter each 25086
PEEK® connection tip for 
Waters®-style end fittings each 25088
Replacement cap frits: 4mm, 2.0µm 5-pack 25022
Replacement cap frits: 4mm, 0.5µm 5-pack 25023
Replacement cap frits: 2mm, 2.0µm 5-pack 25057

*The standard PEEK® tip in Trident™ Direct systems is compatible with
Parker, Upchurch®, Valco®, and other CPI-style fittings. To use Trident™

Direct systems with Waters®-style end fittings, the tip must be replaced with
cat.# 25088.

Rtx®-Wax Fused Silica Capillary Columns
ID df 15-meter 30-meter 60-meter

0.25mm 0.10 12405 12408 —
0.25 12420 12423 12426
0.50 12435 12438 12441

0.32mm 0.10 12406 12409 —
0.25 12421 12424 12427
0.50 12436 12439 12442
1.00 12451 12454 12457

0.53mm 0.25 12422 12425 —
0.50 12437 12440 12443
1.00 12452 12455 12458

ID df 10-meter 20-meter
0.10mm 0.10 41601 41602

0.20 41603 41604

Resprep™ SPE Cartridge—Reversed Bonded Phase
Description 1mL 3mL 3mL 6mL 6mL 20mL 60mL

100mg 200mg 500mg 500mg 1000mg 5g 10g
100-pk 50-pk 50-pk 30-pk 30-pk 20-pk 16-pk

C18 26030 26031 24050 24052 24051 26034 26035
C8 26036 26037 26038 26039 26040 — —

Other Literature:

Food, Flavor, & Fragrances Catalog (lit. cat. #59260)

HPLC Catalog (lit. cat. #59241)

Pinnacle™ II New Product Flyer (lit. cat. #59281)

Selection Guide for Polar WAX GC Columns (lit. cat.
#59890)

The Institute for Nutraceutical Advancement (INA)
Validates GC Methods for Saw Palmetto Using Rtx®-5 and
Stabilwax® Columns Applications Note (lit. cat. #59136)

Analyzing the Heat Levels of Hot Sauces Using an Ultra
C18 HPLC Column Applications Note (lit. cat. #59199)

Monitoring Volatiles in Food Contact Packaging by Purge
& Trap GC/MS Applications Note (lit. cat. #59348)

Analyzing Free Fatty Acids Using a Stabilwax® DA
Column Applications Note (lit. cat. #59155B)
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ASTM Method D-6352 is a gas chromatography (GC) method
developed for the determination of petroleum distillates with a
boiling point range of 174°C to 700°C. Often referred to as
"high-temperature simulated distillation," this method requires
a capillary column capable of withstanding GC oven tempera-
tures up to 430°C. This presents many challenges for analysts
because most capillary columns are manufactured using poly-
imide-coated fused silica tubing. At temperatures above 380°C,
even the best polyimide coating becomes brittle, which leads
to very short column lifetimes. In addition, the methyl silicone
stationary phase recommended in the method also must sur-
vive these high temperatures. 

The MXT®-1 HT Sim Dist column is a major improvement in
column technology for high-temperature simulated distillation.
By combining a new, proprietary polymer synthesis technolo-
gy, Siltek™ deactivation, and rugged Silcosteel® tubing, we
developed a capillary column that meets all the criteria of

Applicationsnote
Fast, High-Temperature Sim Dist Analyses Using
MXT®-1 HT Sim Dist Capillary GC Column and the GC Racer

The MXT-1HT Sim Dist column offers lower bleed and improved peak symmetry compared to other
high temperature columns.

Run Conditions: C44-C100 Hydrocarbons
Column: MXT-1HT Sim Dist
Serial #: 339749B
Description: 5m, 0.53mmID, 0.10µm
Sample: Polywax® 1000
Part #: 36227
Solvent: Carbon Disulfide
Sample Size: 0.2uL
Instrument: HP6890 GC 
Injector: on-column (track oven)
Carrier Gas: Helium(constant pressure)
Head Pressure: 1.0psi
Linear Velocity: 60cm/sec.
Flow Rate: 7.8mL/min.
Detector: FID/430°C
Make up Gas Flow: 40cc/min.
Temp. Program: 40°C to 430°C@10°C/min.

(hold 30 min.)

ASTM Method D-6352. This MXT®-1HT Sim Dist column is
available as in a 5m, 0.53mm ID, 0.1µm film dimension to
conform to the requirements of this method. It exceeds the res-
olution, peak shape, and bleed criteria for hydrocarbons rang-
ing up to C-110. Because the MXT®-1HT Sim Dist column is
coated with a 100% dimethyl polysiloxane polymer, it will
give the correct retention time/boiling point curve. The MXT®-
1HT Sim Dist column exhibits low bleed and excellent inert-
ness, and the rugged Silcosteel® tubing will hold up to temper-
atures in excess of 430°C. 

To demonstrate the lower bleed and improved peak shape of
this innovative column, a Polywax® 1000 reference material
was analyzed using a MXT®-1HT Sim Dist column and two
other columns that are commonly used for this application
(Figure 1). The MXT®-1 HT Sim Dist column exhibits lower
bleed and improved peak symmetry compared to competitor
columns.

Figure 1

Restek MXT-1HT Column

Competitor Column A Competitor Column B

85pA 78pA

28pA
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Product Listing

To maintain the low bleed and high performance of the MXT®-
1HT Sim Dist column, it is critical to prevent oxygen from
entering the column. This can be achieved by checking your
entire system for leaks before and after each thermal cycle. We
also recommend the use of graphite ferrules; Vespel® or
Vespel®/graphite ferrules will not withstand the high tempera-
tures required for this analysis as they may crack.   

As part of cost reduction efforts, many laboratories try to reduce
individual analysis time in the interest of increasing overall
throughput. High-temperature simulated distillation analyses
can take as long as an hour, especially when samples contain
hydrocarbons up to C110. An effective technique to reduce
analysis time is to use rapid temperature programming.
Unfortunately, most GC systems have temperature-program-
ming limitations of 20°C to 25°C/min. Some GCs can heat

quickly at low temperatures, but cannot maintain the fast rate at
higher temperatures, like those needed for Sim Dist. To over-
come these limitations, Restek offers the GC Racer, an attach-
ment to your Agilent 5890A GC and 5890 Series II, that
increases the rate of temperature programming. Using the GC
Racer, the analysis of  the Polywax® 1000 reference material
can be reduced from over 50 minutes to less than 15 minutes
by temperature programming at 60°C/min. (Figure 2)! 

The Restek MXT®-1HT Sim Dist column is the ideal choice for
high-temperature simulated distillation. It meets all the criteria
of ASTM Method D-6352 while providing low bleed, excellent
peak shape and resolution. Combining the MXT®-1HT Sim
Dist column with the GC Racer attachment significantly
reduces overall analysis time and greatly increases sample
throughput.

Figure 2

min.   2 4 6 8 10 12 14

Significantly reduce simulated distillation analysis time using the MXT®-1HT Sim Dist column and the GC Racer attachment. 

GC Racer™ GC Temperature Programmer
Decription qty. cat#
For Agilent 5890 Series II (only) GC ea. 23024
For Agilent 5890A (only) GC ea. 23025

MXT®-1HT Sim Dist (metal column)
ID df (µm) temp. limits 5-Meter
0.53mm 0.10 -60 to 430°C 70100

For more information on the GC Racer attachment contact Restek's Technical
Service Department or your local representative.

GC_PC00543
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Polywax Standards
Decription qty. cat#
Polywax 1000 1 gram 36227

Column: MXT-1HT Sim Dist
Description: 5m, 0.53mmID, 0.10um
Part #: 70100
Sample: Polywax 1000
Solvent: Carbon Disulfide
Sample Size: 0.2ul
Sample: Polywax 1000 
Solvent: Carbon Disulfide
Sample Size: 0.2ul
Temp. Program: 40°C  60°C/min. to 

430°C (30min.)
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Feature

Analyzes polar compounds by
reversed phase.

Analyzes polar, hydrophillic
materials without retention
time loss. Stable retention in
100% aqueous mobile phases.

True C18 alkyl bonded phase.

High-density C18 ligand 
coverage.

Unique secondary polar 
characteristics.

Benefit

Retains compounds such as amino
acids and water soluble vitamins 
using simple mobile phases and 
without derivitization.

Can analyze compounds that are 
sparingly soluble in organic solvents.

Meets requirements of USP L1.

Similar selectivity as traditional C18
phases for neutral hydrophobic 
compounds.

End-capping diminishes peak tailing
observed from exposed silanol sites 
on the silica surface.

Ultra Aqueous C18 
HPLC Columns
Achieve Stable Retention in 100% 
Aqueous Mobile Phase

At-a-Glance
Product
Information
from Restek

www.restekcorp.com

Features & Benefits

800-356-1688

814-353-1300

Figure 1
The Ultra Aqueous C18 phase provides 
a hydrophilic environment that prevents 
chain folding.

The Ultra Aqueous C18 HPLC column provides reproducible retention times
and can be used with highly aqueous mobile phases, which may eliminate the
need for sample derivitization or ion pairing reagents. This column features a
true C18 alkyl bonded phase, meeting the requirements of a US Pharmacopoeia
(USP) L1 stationary phase. 

Many traditional C18 alkyl stationary phases exhibit a loss in retention over
time when exposed to highly aqueous mobile phases. This retention time loss is
even more pronounced if the mobile phase flow is stopped and restarted. One
theory explaining this loss in retention is “chain folding,” where extremely
hydrophobic alkyl chains of a traditional C18 phase fold down upon the surface
of the silica to avoid the hydrophilic aqueous mobile phase environment. In
turn, the folded C18 chains diminish the amount of hydrophobic interaction that
occurs between sample analytes and the stationary phase, resulting in a loss of
analyte retention.

Restek scientists however, use a novel bonding chemistry for the Ultra Aqueous
C18 column that results in polar groups at the silica surface. These surface
polar groups keep the alkyl stationary phase extended, and thus wetted by the
mobile phase—even when using up to 100% aqueous mobile phases (Figure 1).
Additionally, although the Ultra Aqueous C18 column behaves similarly to a
traditional base-deactivated C18 column when analyzing neutral hydrophobic
compounds, it has enhanced retention and unique selectivity for polar and basic
compounds (Figure 2).

Peak List: Conc. (mg/mL)
1. glycolic acid 5.4
2. malonic acid 4.2
3. acetic acid 7.8
4. maleic acid 0.06

Sample: 
Sample dissolved 
in mobile phase.

Column: Ultra Aqueous C18
Catalog#: 9178565
Dimensions: 150x4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase:50mM potassium 

phosphate, pH 2.5
Flow Rate: 1.0mL/min.
Temp.: 25°C
Det.: UV@210nm
Inj.: 10µL

0 1 2 3 4 5 6 7 min.

1

2

3

4

A. initial
B. after 3 Days 

LC_0142

LC_0143

Peak List:
1. uracil
2. pyridine
3. phenol

Conditions:
Mobile phase: 20mM potassium

phosphate, pH 7.0:
acetonitrile (80:20)

Flow: 1.0mL/min.
Temp: 25°C
Det.: UV @ 254nm
Dimensions: 150 x 4.6mm
Particle size: 5µm 
Pore size: 100Å

Figure 2
The Ultra Aqueous C18 column has enhanced 
retention and unique selectivity for polar and 
basic compounds.

Ultra Aqueous C18
Base-deactivated C18



Dimensions cat.# qty.

10 x 2.1mm 917850212 3
10 x 4.0mm 917850210 3
20 x 4.0mm 917850220 2

Column 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#

30mm 9178532-700 9178533-700 9178535-700
50mm 9178552-700 9178553-700 9178555-700

100mm 9178512-700 9178513-700 9178515-700
150mm 9178562-700 9178563-700 9178565-700
200mm 9178522-700 9178523-700 9178525-700
250mm 9178572-700 9178573-700 9178575-700

Column 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#

30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575
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Ultra Aqueous C18

Restek is your free 
technical literature source!

Application Notes:

(#59177) Analyze Polar Compounds by
Reversed Phase HPLC Using Ultra Aqueous

C18 Column

(#59314) Trident™ Direct Guard Cartridge
System Fast Facts

Commonly Asked Questions
• How is the Ultra Aqueous C18 column different from traditional C18 columns?
The Ultra Aqueous C18 column has a true C18 alkyl linkage to a high-surface-area
Type B silica support. This is different from traditional C18 phases because Restek
uses a novel bonding process that results in a polar group attached to the silica 
surface. It is this secondary process with the polar functional groups that makes the
Ultra Aqueous C18 column unique and allows it to be used in highly aqueous mobile
phases.

• How is Restek’s Ultra Aqueous C18 column different from other brands of 
highly aqueous stationary phases?
There are several approaches to designing aqueous stationary phases. Some of the
older types of highly aqueous stationary phases used a low-density bonding of the
C18 ligand, unintentionally leaving exposed silanol sites. These silanol sites helped
to create a hydrophilic surface that kept the alkyl chains suspended. However, the
very reactive silanol sites could cause severe peak tailing of basic analytes. Another
avenue manufacturers have taken is to cross-link the C18 chains, creating a physical
hindrance that would prevent the alkyl chains from collapse. This process has been
successful, but creates problems in trying to perform a secondary end-capping proce-
dure, so many reactive silanol sites may remain. The Restek process successfully
achieves secondary polar end-capping that provides a hydrophilic environment that
prevents the hydrophobic alkyl chain from folding.

• What are the particle and pore sizes of the silica used for the Ultra Aqueous C18
column?
The Ultra Aqueous C18 is available in 3µm or 5µm spherical, Type B silica with a
100Å pore size.

• What are the temperature and pH ranges of the Ultra Aqueous C18 column?
Temp. limits: Up to 80°C pH limits: 2.5 -7.5

• Are guard cartridges available for the Ultra Aqueous C18 column?
Yes. The Ultra Aqueous C18 column is available as part of the Restek Integral
Trident™ guard system, which is one of the most efficient guard systems on the
market. Or it is available as part of our Trident™ Direct guard system, Restek's effi-
cient, universal guard cartridge and holder system.

Ultra Aqueous C18 5µm Columns

Ultra Aqueous C18 5µm Columns with Trident™ Inlet Fitting

Ultra Aqueous C18 Guard Cartridges

•  Call 814-353-1300 or 
800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com

Also available in 3µm.
Call for details.



Reference Standards
for Explosives Analysis
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• 20 single-component certified solutions or retention time markers.

• Support the US Department of Defense base closures and remediation.

• Mixtures supporting HPLC Method 8330.

• Mixtures supporting GC-ECD Method 8095.

• Internal standards and surrogates to support both methods.

Restek analytical reference materials for
explosives are formulated to support nitroaro-
matic, nitroamine, and nitroester analyses.
These materials can be analyzed using high
performance liquid chromatography (HPLC-
UV) according to US EPA Method 83301 or
using gas chromatography (GC-ECD) accord-
ing to Method 80952, developed by the US
Army Cold Regions Research and
Engineering Laboratory.3

EPA Method 8095 includes all the
Method 8330 target compounds, plus 
3,5-dinitroaniline, nitroglycerin, and pen-
taerythritol tetranitrate (PETN). Our
Method 8095 calibration mixtures contain the
additional components at the concentration
ratios appropriate for ECD.
Compounds listed are explosives, intermedi-
ates that are used in the manufacture of explo-
sives, or degradation products of explosive
compounds.

References
1. US Environmental Protection Agency. Test Methods

for Evaluating Solid Waste, Physical/Chemical
Methods. SW-846 Update III, Office of Solid Waste,
Washington, DC, 1997.

2. US Environmental Protection Agency. Test Methods
for Evaluating Solid Waste, Physical/Chemical
Methods. SW-846, Proposed Draft Update IVB,
Office of Solid Waste, Washington, DC, 1999.

3. M. E. Walsh, T. Ranney. Determination of
Nitroaromatic, Nitramine, and Nitrate Ester
Explosives in Water Using Solid-Phase Extraction
and Gas Chromatography-Electron Capture
Detection: Comparison with High-Performance
Liquid Chromatography. J. Chromatogr. Sci., Vol. 36,
pp. 406-416, August 1998.

Peak List
1.  HMX
2.  RDX
3.  1,3,5-trinitrobenzene
4.  1,3-dinitrobenzene
5.  tetryl
6.  nitrobenzene
7.  2,4,6-trinitrotoluene
8.  2-amino-4,6-dinitrotoluene
9.  4-amino-2,6-dinitrotoluene

10.  2,6-dinitrotoluene
11.  2,4-dinitrotoluene
12.  2-nitrotoluene
13.  3-nitrotoluene
14.  4-nitrotoluene

LC_0189

Pinnacle II™ C18 5µm Column
Cat.#: 9214575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 110 Å

Conditions:
Mobile phase: water:methanol (50:50, v/v)
Flow: 1.5mL/min
Temp.: 27.0°C
Det.: UV @ 254nm

Sample:
Inj.: 3µL
Conc.: 500µg/mL each component
Solvent: acetonitrile
1:1 mix of:

Restek 8330 Calibration Mix #1: Cat. # 31450
Restek 8330 Calibration Mix #2: Cat. # 31451

Single-Component Explosives Solutions

A = acetone; ACN=acetonitrile; M = methanol

Packaged 1mL/ampul Individual 5-pk. w/ 10-pk. w/
Compound Solvent µg/mL Individual w/data pack 5-pk. data pack data pack
2-amino-4,6-dinitrotoluene ACN 1,000 31670 31670-500 31670-510 31670-520 31770
4-amino-2,6-dinitrotoluene ACN 1,000 31671 31671-500 31671-510 31671-520 31771
3,5-dinitroaniline ACN 1,000 31661 31661-500 31661-510 31661-520 31761
1,3-dinitrobenzene ACN 1,000 31662 31662-500 31662-510 31662-520 31762
2,4-dinitrotoluene ACN 1,000 31663 31663-500 31663-510 31663-520 31763
2,6-dinitrotoluene ACN 1,000 31664 31664-500 31664-510 31664-520 31764
EGDN M 1,000 31601 31601-500 31601-510 31601-520 31701
HMX ACN 1,000 31665 31665-500 31665-510 31665-520 31765
nitrobenzene ACN 1,000 31657 31657-500 31657-510 31657-520 31757
nitroglycerin M 1,000 31498 31498-500 31498-510 31498-520 31598
nitroguanidine M 1,000 31602 31602-500 31602-510 31602-520 31702
2-nitrotoluene ACN 1,000 31659 31659-500 31659-510 31659-520 31759
3-nitrotoluene ACN 1,000 31660 31660-500 31660-510 31660-520 31760
4-nitrotoluene ACN 1,000 31658 31658-500 31658-510 31658-520 31758
PETN M 1,000 31600 31600-500 31600-510 31600-520 31700
picric acid M 1,000 31499 31499-500 31499-510 31499-520 31599
RDX ACN 1,000 31666 31666-500 31666-510 31666-520 31766
tetryl ACN 1,000 31667 31667-500 31667-510 31667-520 31767
1,3,5-trinitrobenzene ACN 1,000 31668 31668-500 31668-510 31668-520 31768
2,4,6-trinitrotoluene ACN 1,000 31669 31669-500 31669-510 31669-520 31769

Try our Pinnacle II™

C18 and Cyano Columns
when analyzing explosive compounds!

Pinnacle II™ C18 5µm Column
Cat.#: 9214575
Dimensions: 250 x 4.6mm

Pinnacle II™ Cyano 5µm Column
Cat.#: 9216575
Dimensions: 250 x 4.6mm
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2-amino-4,6-dinitrotoluene
4-amino-2,6-dinitrotoluene
1,3-dinitrobenzene
2,4-dinitrotoluene
2,6-dinitrotoluene

HMX
RDX
tetryl
1,3,5-trinitrobenzene
2,4,6-trinitrotoluene

1,3-dinitrobenzene
2,4-dinitrotoluene
HMX
nitrobenzene

RDX
1,3,5-trinitrobenzene
2,4,6-trinitrotoluene

2-amino-4,6-dinitrotoluene
4-amino-2,6-dinitrotoluene
2,6-dinitrotoluene
2-nitrotoluene

3-nitrotoluene
4-nitrotoluene
tetryl

1,000µg/mL each in acetonitrile, 1mL/ampul

8095 Calibration Mix A

Method 8095 Method 8330

3,5-dinitroaniline 1,000µg/mL
nitrobenzene 5,000
nitroglycerine 5,000
2-nitrotoluene 5,000
3-nitrotoluene 5,000
4-nitrotoluene 5,000
PETN 5,000
Prepared in acetonitrile, 1mL/ampul

8095 Calibration Mix B

Each 5-pk. 10-pk.
31608 31608-510 —

w/data pack
31608-500 31608-520 31708

2-amino-4,6-dinitrotoluene 200µg/mL
4-amino-2,6-dinitrotoluene 200
1,3-dinitrobenzene 200
2,4-dinitrotoluene 200
2,6-dinitrotoluene 200
HMX 2,000
RDX 200
tetryl 200
1,3,5-trinitrobenene 200
2,4,6-trinitrotoluene 200
Prepared in acetonitrile, 1mL/ampul

8095 Matrix Spike Mix A

Each 5-pk. 10-pk.
31609 31609-510 —

w/data pack
31609-500 31609-520 31709

3,5-dinitroaniline 200µg/mL
nitrobenzene 1,000
nitroglycerine 1,000
2-nitrotoluene 1,000
3-nitrotoluene 1,000
4-nitrotoluene 1,000
PETN 1,000

31450: 8330 Calibration Mix #1
31451: 8330 Calibration Mix #2
31452: 8330 Internal Standard Mix*
31453: 8330 Surrogate Mix

Prepared in acetonitrile, 1mL/ampul

8095 Matrix Spike Mix B

Each 5-pk. 10-pk.
31610 31610-510 —

w/data pack
31610-500 31610-520 31710

2-methyl-4-nitroaniline
1,000µg/mL in methanol, 1mL/ampul

8095 Surrogate

Each 5-pk. 10-pk.
31612 31612-510 —

w/data pack
31612-500 31612-520 31712

3,4-dinitrotoluene
1,000µg/mL in methanol, 1mL/ampul

1,2-dinitrobenzene
1,000µg/mL in methanol, 1mL/ampul

8330 Internal Standard*

Each 5-pk. 10-pk.
31452 31452-510 —

w/data pack
31452-500 31452-520 31552

Each 5-pk. 10-pk.
31607 31607-510 —

w/data pack
31607-500 31607-520 31707

8330 Calibration Mix #1

1,000µg/mL each in acetonitrile, 1mL/ampul

Each 5-pk. 10-pk.

31450 31450-510 —
w/data pack

31450-500 31450-520 31550

8330 Calibration Mix #2

1,000µg/mL each in acetonitrile, 1mL/ampul

Each 5-pk. 10-pk.
31451 31451-510 —

w/data pack
31451-500 31451-520 31551

8330 Surrogate

Each 5-pk. 10-pk.
31453 31453-510 —

w/data pack
31453-500 31453-520 31553

8330 Nitroaromatics Kit

Contains 1mL each of these mixtures.

* Cat.# 31452 also can be used as a surrogate
standard for Method 8095.

Kit Kit w/Data Pack
31454 31454-500

Rtx®-TNT/Rtx®-TNT2
Capillary GC Columns
� Better resolution of Method 8095

analytes, in 20 minutes
� Eight elution order differences

Rtx®-TNT
Cat.#: 12998
Three 6-meter columns

Rtx®-TNT2
Cat.#: 12999
Three 6-meter columns
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acetaldehyde
acetone
acetonitrile

ethanol (NIST certified value)
ethyl acetate
isopropanol

methanol
methyl ethyl ketone

Blood Alcohol Mix Resolution Control Standard (8 components)

Forensic Ethanol Solutions w/data pack

0.100g/dL each in water, 1mL/ampul
Each w/data pack

36256

Legal limits for blood alcohol in the United States are set at either 0.080 or
0.100g/dL. We offer high- and low-concentration standards so that laboratories
can construct calibration curves that bracket either legal limit concentration. In
addition, we offer 0.015g/dL and 0.025g/dL concentrations, which are important
in “zero-tolerance” cases involving minors or convicted DUI offenders. 

These standards are National Institute of Standards and Technology (NIST)-trace-
able and are shipped with a complete data pack that includes a Certificate of
Analysis, copies of all raw material testing results, statistical QA results, analyti-
cal balance printout, and a lot sheet showing gravimetric weight of each analyte.

Use our Resolution Control Standard mix to verify the retention time for each
compound normally detected in a blood alcohol test, and to verify that the com-
pounds are resolved from and do not interfere with each other. Each compound in
this resolution mix is 0.100g/dL. The ethanol concentration is an NIST-traceable
certified value.

We also offer Rtx®-BAC1 and Rtx®-BAC2 columns, which can resolve a blood
alcohol sample in less than 3 minutes. If you have any questions about blood alco-
hol methods, or these products, please contact our Technical Service Team at 
support@restekcorp.com or via phone at 800-356-1688 or 814-353-1300, ext. 4. 
To order call ext. 3.

• NIST-traceable ethanol calibration standards from 0.015g/dL to
0.4g/dL in water.

• Eight-component resolution control standard with NIST-certified
ethanol concentration.

• Datapack and Certificate of Analysis provided with each standard.

Note:
Ethanol Standards
Expiration date for each solution is 
36 months from the date of manufacture.
Custom Resolution 
Control Standard
Expiration date is 18 months from the 
date of manufacture.

Capillary GC Columns

Rtx®-BAC1 (fused silica)
ID df (µm) 30-Meter
0.32mm 1.80 18003
0.53mm 3.00 18001

Rtx®-BAC2 (fused silica)
ID df (µm) 30-Meter
0.32mm 1.20 18002
0.53mm 2.00 18000

MXT®-BAC1 (Silcosteel®-treated stainless
ID df (µm) 30-Meter
0.53mm 3.00 78001

MXT®-BAC2 (Silcosteel®-treated stainless
ID df (µm) 30-Meter
0.53mm 2.00 78000

Forensic ethanol solutions
w/data pack

5-pk.
1mL/ampul

10-pk.
1mL/ampul

ea.
5mL/ampul

ea.
20mL/ampul

0.015g/dL forensic ethanol solution 36232 36332 36240 36248
0.02g/dL forensic ethanol solution 36233 36333 36241 36249
0.025g/dL forensic ethanol solution 36234 36334 36242 36250
0.04g/dL forensic ethanol solution 36235 36335 36243 36251
0.05g/dL forensic ethanol solution 36257 36259 36258 36260
0.08g/dL forensic ethanol solution 36262 36264 36263 36265
0.1g/dL forensic ethanol solution 36236 36336 36244 36252
0.15g/dL forensic ethanol solution 36237 36337 36245 36253
0.2g/dL forensic ethanol solution 36238 36338 36246 36254
0.3g/dL forensic ethanol solution 36239 36339 36247 36255
0.4g/dL forensic ethanol solution 36266 36268 36267 36269
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Ethanol Analytical Reference Standards
for Blood Alcohol Testing

Lit. Cat. # 59382B

Restek is your free 
technical literature source!

For literature:
•  Call 814-353-1300 or 

800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com

ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances
are calibrated daily at seven mass levels using NIST-traceable weights. ALL raw materials
used are a minimum of 97% pure unless otherwise specified.
on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL   ❍ µg/mL   ❍ ng/mL   ❍ vol./vol.%   ❍ wt./wt.%   ❍ other ______

Concentration:

8. Concentration Units

7. Compound(s)

Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

Name:

Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition,

Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. Number of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: Number of units
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Ken Herwehe
Analytical Reference Materials
Product Marketing Manager
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For complete lists of standards, columns
and current prices, visit our website at:

www.restekcorp.com

Lit. Cat. #59383ACalibration Standards
for ASTM Method D2887-01,
Boiling Range Distribution
of Petroleum Products

American Society for Testing and Materials (ASTM International) Method D2887-01,
Standard Test Method for Boiling Range Distribution of Petroleum Fractions by Gas
Chromatography, describes the determination of the boiling range distribution of petrole-
um products. This test method is applicable to petroleum products and fractions having a
final boiling point of 538°C (1000°F) or lower; and is limited to samples having a boiling
range greater than 55°C (100°F) and having a vapor pressure sufficiently low to permit
sampling at ambient temperature.

To facilitate the ASTM International guideline and help petroleum analytical laboratories in
determining petroleum product boiling range applications, Restek has introduced two chemical
standards designed specifically for ASTM Method D2887-01. The first mixture is prepared at 1%
w/w in carbon disulfide for convenient laboratory use. This standard may only be shipped by
ground shipment within the US. The second mixture is a blend of neat hydrocarbons to allow
overnight shipments in the US and shipments to our international customers.

This method is not to be used for the analysis of gasoline samples or gasoline range
petroleum products. These types of samples must be analyzed by ASTM Method
D3710-95. Restek offers a calibration mixture for ASTM D-3710-95. (cat.# 31223, single
ampul, and cat.# 31323, 10-pack with data pack)

In addition, Restek offers chemical standards for other ASTM Methods: D6352-98
(Polywax®); E1387-95 and E1618-97 (fire debris); and D-4059-96 (PCBs in transformer
oil). Restek also makes custom chemical standard solutions for a wide variety of ASTM
Methods — see the reverse side of this Fast Facts for information.

Capillary GC Columns for ASTM D-2887-01
Rtx®-2887  10m x 0.53mm x 2.65µm (cat.# 10199)
MXT®-2887  10m x 0.53mm x 2.65µm (cat.# 70199)  

✔ Meet requirements for the 2001 revision of ASTM 2887-01.

✔ Pentane added.

✔ Equal weight/weight concentrations of all components.

✔ Designed for both calibration and resolution tests—
one sample for both test criteria.

ASTM D2887-01 Hydrocarbon Mixture in Carbon Disulfide
1% w/w each component in carbon disulfide, 1mL/ampul

cat.#/Each 5-pk. 10-pk.
31674 31674-510 —

w/data pack 31674-500 31674-520 31774

Solvent-Free ASTM D2887-01 Hydrocarbon Mixture
5% w/w each component*, 1g/5mL ampul

cat.#/Each 5-pk. 10-pk.
31675 31675-510 —

w/data pack 31675-500 31675-520 31775
*This mixture may be diluted by the analyst with 4g carbon disulfide to achieve a concentration of 1% w/w.

Components of ASTM D2887-01
Hydrocarbon Mixtures
n-pentane (C5)
n-hexane (C6)
n-heptane (C7)
n-octane (C8)
n-nonane (C9)
n-decane (C10)
n-undecane (C11)
n-dodecane (C12)
n-tetradecane (C14)
n-pentadecane (C15)

n-hexadecane (C16)
n-heptadecane (C17)
n-octadecane (C18)
n-eicosane (C20)
n-tetracosane (C24)
n-octacosane (C28)
n-dotriacontane (C32)
n-hexatriacontane(C36)
n-tetracontane (C40)
n-tetratetracontane(C44)

12
s

pet s
Separating Restek from

the rest through
12 critical steps.

1.  Review method requirements

2.  Verify compatibility and stability

3.  Test starting materials

4.  Certify balance and weights

5.  Deactivate glassware and ampuls

6.  Prepare two independent lots 

7.  Assay to assure quality

8.  Assign real-time expiration date 

9.  Use customer friendly packaging
(includes extra vial and label) 

10. Include Restek documentation

11. Comply with ISO 9001 registration

12. Offer custom reference materials program



Lit. Cat. #59383A

online
ordering

available!
for U.S. customers only

www.restekcorp.com

! new products
! tech support
! online ordering 
! literature archive
! chromatogram search wizard
! trade show presentations
! company information
! job opportunities
! seminar dates
! special promotions
! and much more!

ALL mixtures are produced in accordance with our ISO 9001 registration.
Analytical balances are calibrated daily at seven mass levels using NIST-traceable weights.

ALL raw materials used are a minimum of 97% pure unless otherwise specified.
on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL      ❍ µg/mL      ❍ ng/mL     ❍ vol./vol.%      ❍ wt./wt.%     ❍ other ______

Concentration:

8. Concentration Units

7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: 814-355-2895

email: standards@restekcorp.com

Name: 

Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Please Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and

Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of Components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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Certified PAHs in
Composite Diesel Fuel #2 
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There is great concern about environmental pollution caused by polynuclear aromatic
hydrocarbons (PAHs) from diesel fuel: diesel internal combustion engines produce exhaust
emissions that pollute the air; diesel fuel that leaks while in storage or spills during trans-
portation will pollute soil and water systems. To address the latter issue, the US
Environmental Protection Agency (EPA) Underground Storage Tank (UST) program has
been enforcing the federal rules in monitoring and assessing diesel fuel contamination in soil
and water systems. In addition, the American Society for Testing and Materials (ASTM
International) has developed analytical methods and procedures for priority PAHs in fuels.

To help analytical laboratories accurately quantify and characterize PAHs in diesel fuel,
Restek offers a reference material—Certified PAHs in Composite Diesel Fuel #2. Prepared
from diesel #2 composite, this standard is suitable for checking both diesel #2 total petrole-
um hydrocarbons (TPH) and PAH calibrations in one analysis. After preparation and pack-
aging, the concentration of each priority PAH compound is certified by GC/MS analysis.
The complete data pack includes all gravimetric, QC, and calibration data. 

✔ Confirm diesel #2 TPH and priority PAHs in a single analysis.

✔ Certificate of Analysis includes concentration of
TPH and certified concentrations of individual PAHs.

✔ Complete data pack available.

Certified PAHs in Composite Diesel Fuel #2

PAH Typical Certified Conc.* (ppm)
acenaphthene 20
acenaphthylene 10
fluorene 30
1-methylnaphthalene 250
2-methylnaphthalene 170
naphthalene 80
phenanthrene 40

50,000µg/mL diesel fuel #2 in methylene chloride, 1mL/ampul

cat.#/Each 5-pk. 10-pk.
31673 31673-510 

w/data pack 31673-500 31673-520 31773

Also available:
Certified Aromatics/BTEX in Unleaded Gasoline

✔ Confirm unleaded gasoline TPH, BTEX, and aromatics in a single analysis.

✔ Certificate of Analysis includes concentration of TPH and certified
concentrations of BTEX and individual aromatics.

✔ Complete data pack available. 

Certified BTEX in Composite Unleaded Gasoline and Certified Aromatics in Composite
Gasoline are prepared from unleaded gasoline composites. After preparation and packaging,
the concentration of each aromatic compound is certified by GC/MS analysis. The complete
data pack includes all gravimetric, QC, and calibration data.

benzene
ethylbenzene
m-ethyltoluene 
o-ethyltoluene
p-ethyltoluene
isopropylbenzene

MTBE
naphthalene
n-propylbenzene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene

toluene
m-xylene
o-xylene
p-xylene

Certified Aromatics in Composite Gasoline
Certified for:*

5500µg/mL unleaded gasoline in P&T methanol, 1mL/ampul

cat.#/Each 5-pk. 10-pk.
30485 30485-510 

w/data pack 30485-500 30485-520 30585

benzene
ethylbenzene
isopropropyl benzene

total xylenes
MTBE

naphthalene
toluene

Certified BTEX in Composite Unleaded Gas

Certified for:*

5500µg/mL unleaded gasoline in P&T methanol, 1 mL/ampul

cat.#/Each 5-pk. 10-pk.
30237 30237-510 

w/data pack 30237-500 30237-520 30337 Recommended Rtx®-5 Capillary
GC Columns for Diesel #2 Analysis

Catalog #: 10238
Dimensions: 30m x 0.25mm x 0.5µm

Catalog #: 10239
Dimensions: 30m x 0.32mm x 0.5µm

Catalog #: 10270
Dimensions: 30m x 0.53mm x 1.5µm

Recommended Rtx®-1 Capillary
GC Columns for Gasoline Analysis
Catalog #: 10156
Dimensions: 60m x 0.25mm x 1.0µm

Catalog #: 10157
Dimensions: 60m x 0.32mm x 1.0µm

Catalog #: 10173
Dimensions: 60m x 0.53mm x 1.5µm

At-a-Glance
Product
Information
from Restek

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127

For complete lists of standards, columns
and current prices, visit our website at:

www.restekcorp.com

Lit. Cat. #59384B

* Concentrations differ from lot to lot. See Certificate
of Analysis for certified concentrations.



At-a-Glance
Product
Information
from Restek

Lit. Cat. #59384B

online
ordering

available!
for U.S. customers only

www.restekcorp.com

� new products
� tech support
� online ordering 
� literature archive
� chromatogram search wizard
� trade show presentations
� company information
� job opportunities
� seminar dates
� special promotions
� and much more!

www.restekcorp.com

Rtx, Restek logo are trademarks of
Restek Corporation.

© Copyright 2004, Restek Corporation

Restek (U.S.):
110 Benner Circle, Bellefonte, PA 16823

800-356-1688 • 814-353-1300
fax: 814-353-1309

Restek France:
phone: 33-01-60-78-32-10
restekfr@club-internet.fr

Restek GmbH:
49-06172-2797-0

RESTEK-GMBH@t-online.de

Thames Restek U.K., Ltd.:
44 01494 563377

Sales@Thamesrestek.co.uk

Restek Ireland:
44 28 9081 4576

restekeurope@aol.com

Custom Reference Materials Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

ALL mixtures are produced in accordance with our ISO 9001 registration.
Analytical balances are calibrated daily at seven mass levels using NIST traceable weights.

ALL raw materials used are a minimum of 97% pure unless otherwise specified.

International Customers
Contact Your Local

Restek Representative.

Take these eight steps to create the right solution:
1. Mixture Description: ______________________________________________________

2. Solvent: ________________________________________________________________

3. Number of Components: ________

4. Volume per ampul (select):  1mL, 2mL, 5mL, 10mL or other  ______mL

5. Quantity of ampuls: ________

6. Testing and documentation that best meets your requirements:

❍ Gravimetric Documentation:  Lot Sheet with balance printout attached.

❍ Qualitative Documentation:  Certificate of Composition, Chromatogram, and Gravimetric
Documentation.

❍ Quantitative Documentation:  Certificate of Analysis and Data Pack.

7. Compound(s): (list or attach sheet; include CAS number)

Compound 01: ________________________________________ Concentration: ________________

Compound 02: ________________________________________ Concentration: ________________

Compound 03: ________________________________________ Concentration: ________________

Compound 04: ________________________________________ Concentration: ________________

Compound 05: ________________________________________ Concentration: ________________

Compound 06: ________________________________________ Concentration: ________________

Compound 07: ________________________________________ Concentration: ________________

Compound 08: ________________________________________ Concentration: ________________

Compound 09: ________________________________________ Concentration: ________________

Compound 10: ________________________________________ Concentration: ________________

Compound 11: ________________________________________ Concentration: ________________

Compound 12: ________________________________________ Concentration: ________________

Compound 13: ________________________________________ Concentration: ________________

Compound 14: ________________________________________ Concentration: ________________

Compound 15: ________________________________________ Concentration: ________________

Compound 16: ________________________________________ Concentration: ________________

Compound 17: ________________________________________ Concentration: ________________

Compound 18: ________________________________________ Concentration: ________________

Compound 19: ________________________________________ Concentration: ________________

Compound 20: ________________________________________ Concentration: ________________

8. Concentration Units

❍ mg/mL ❍ µg/mL ❍ ng/mL ❍ vol./wt. % ❍ wt./wt. % ❍ other

Contact Information:
Name:   ____________________________________________________________

Date: ______________________________________________________________

Company/Location:__________________________________________________________

__________________________________________________________________________

Phone #: ______________________________ FAX #: ____________________________

E-mail: ____________________________________________________________________

Order custom reference materials quickly and easily online at wwwwww..rreesstteekkccoorrpp..ccoomm
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Feature

Supported by experienced
HPLC technical service.

Product of strictly controlled
in-house manufacturing

Economical.

Benefit

Free method development assistance.

Column-to-column reproducibility; 
fast order fulfillment.

Same peak shape as higher-priced
columns, but at a better value.

Features & Benefits

Pinnacle II™ Amino
HPLC Columns
Newest phase available in our line of 
Pinnacle II™ HPLC Silica
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www.restekcorp.com

800-356-1688

814-353-1300

Sugar analysis is important in the generation of
nutrition panels, as both the sugar content and
the total carbohydrate content must be included.
Simple sugars include mono- and disaccharides
such as fructose, glucose, sucrose, maltose, and
lactose. In foods and beverages, they provide
sweetness, texture, and color development. The
perceived sweetness of each sugar is different in
terms of character, intensity, and duration.
Therefore, the ability to profile the individual
mono- and disaccharides is important to the
food chemist. Methods exist for the quantifica-
tion of individual sugar species, as well as for
the determination of total sugar content. The
new Pinnacle II™ Amino column is ideal for
these sugar analyses. HPLC analysis using an
amino-based stationary phase is the most popu-
lar technique for the routine analyses of simple
sugars. This analysis uses isocratic elution (e.g.,
water:acetonitrile, 25:75) and a refractive index
detector (RI). Review Figures 1 through 3 to see
how the new Pinnacle II™ Amino column can
achieve good resolution of common sugars.
Another sugar, lactulose, is a common laxative
ingredient. The test method for this compound is
prescribed in the United States Pharmacopoeia
(USP 25). The assay calls for an analytical col-
umn with an L8 (propylamino) stationary phase
bonded to 3µm particle silica, and use of refrac-
tive index detection. The new Pinnacle II™

Amino column allows excellent quantification
and peak shape for lactulose. Observe the lactu-
lose chromatogram analyzed per the USP 
monograph in Figure 4.

LC_0202

Peak List:
1. fructose
2  glucose
3. sucrose
4. maltose
5. lactose

Sample:
Inj.: 5.0µL
Conc.: 15mg/mL each
Solvent: methanol:water 

(10:90, v/v)

Column: Pinnacle II™ Amino
Catalog #: 9217565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: water:acetonitrile 

(25:75, v/v)
Flow: 1.0mL/min
Temp.: 35°C
Det.: RI

Figure 1
5-Sugar Standard on Pinnacle II™ Amino

LC_0204

Figure 2
Pure Maple Syrup on Pinnacle II™ Amino (high sensitivity)

Peak List:
1. fructose
2. glucose
3. sucrose

Sample:
Inj.: 100.0µL
Conc.: 1% pure maple 

syrup in solvent
Solvent: acetonitrile:water 

(70:30, v/v)

Column: Pinnacle II™ Amino
Catalog #: 9217565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: water:acetonitrile 

(25:75, v/v)
Flow: 1.0mL/min
Temp.: 35°C  
Det.: RILC_0205

1 2

3

0 2 4 6 8

Pure Maple Syrup
on Pinnacle II™ Amino
(low sensitivity)
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Dimensions cat.# qty.
10 x 2.1mm 921750212 3-pk.
10 x 4.0mm 921750210 3-pk.
20 x 2.1mm 921750222 2-pk.
20 x 4.0mm 921750220 2-pk.

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9217531 9217532 9217533 9217535
50mm 9217551 9217552 9217553 9217555

100mm 9217511 9217512 9217513 9217515
150mm 9217561 9217562 9217563 9217565
200mm 9217521 9217522 9217523 9217525
250mm 9217571 9217572 9217573 9217575
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At-a-Glance
Product
Information
from Restek

Restek trademarks: Pinnacle II, Trident, 
Restek logo.  

Pinnacle II™ Amino

Restek is your free 
technical literature source!

Application Notes:

(#59177) Analyze Polar Compounds by
Reversed Phase HPLC Using Ultra Aqueous

C18 Column

Fast Facts:

(#59314) Trident™ Direct Guard 
Cartridge System 

For literature:
•  Call 814-353-1300 or 

800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com

LC_0203

Figure 3: Cola on Pinnacle II™ Amino Column: Pinnacle II™ Amino
Catalog #: 9217565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: water:acetonitrile 

(25:75, v/v)
Flow: 1.0mL/min
Temp.: 35°C
Det.: RI

Peak List:
1. fructose
2. glucose

Sample:
Inj.: 10.0µL
Conc.: 10% cola in solvent
Solvent: acetonitrile:water 

(70:30, v/v)

Pinnacle II™ Amino 5µm Columns

Pinnacle II™ Amino Guard Cartridges

Peak List: Conc. (mg/mL) Ret. Time (min.) RRT Res. Inj. %RSD(n=5)
1. fructose 0.4 4.6 0.44 — —
2. galactose 6.4 6.1 0.58 — —
3. epi-lactose unknown 10.0 0.95 — —
4. lactulose 40 10.5 1.00 1.1 0.3%
5. lactose 4.8 12.7 1.21 2.9 —

Sample:
Inj.: 20µL
Sample: resolution standard
Solvent: acetonitrile:water (50:50)

LC_0222

Figure 4: Lactulose Concentrate by USP 25: Resolution
Solution on Pinnacle II™ Amino

Column: Pinnacle II™ Amino
Catalog #: 9217365
Dimensions: 150 x 4.6mm
Particle size: 3µm
Pore size: 110Å

Conditions:
Mobile phase: 10mM sodium phosphate 

monobasic in water, pH 4.8:
acetonitrile (22:78, v/v) 

Flow: 1.3mL/min.
Temp.: 40°C  
Det.: refractive index @ 40°C

Pinnacle II™ Amino 3µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.#
30mm 9217331 9217332 9217333 9217335
50mm 9217351 9217352 9217353 9217355

100mm 9217311 9217312 9217313 9217315
150mm 9217361 9217362 9217363 9217365
200mm 9217321 9217322 9217323 9217325



To help laboratories comply with and use
these analytical procedures, Restek has been
active in following the state guidance. Based
on our good knowledge of the methods, our
experienced chemists have developed a list of
the appropriate technical service tools and
analytical products to achieve success with
these methods. We offer quality chromato-
graphic columns, analytical reference materi-
als, and sample preparation products.

In this comprehensive product listing, you
will find everything you need to quickly set
up or reorder consumables for these methods.
Please refer to our latest product catalog or
call 800-356-1688 or 814-353-1300, ext. 3,
for more information. Also, we will be happy
to provide a quote on any custom consumable
you may need!

Regulatory and Analytical Methodology
Contact Information

UST CONTACT
Massachusetts Dept. of Public Safety
Department of Fire Safety
Underground Storage Tank Program
One Ashburton Place, Room 1310
Boston, MA 02108
Phone: 617-727-3200
Fax: 617-727-4390

LUST CONTACT
Massachusetts Dept. of
Environmental Protection
One Winter Street
Boston, MA 02108
Phone: 617-292-5851
Fax: 617-727-7467

Massachusetts’ UST program maintains a web site at
http://www.dor.state.ma.us/ust/ust_home.htm

Massachusetts’ LUST program maintains a web site at
http://www.magnet.state.ma.us/dep/bwsc/bwschome.htm

✔  Comprehensive products listing for the latest UST methods used by
the State of Massachusetts.

✔  Products conveniently organized by method number.

✔  Easy method set-up and reorder of consumables, including:
Gas chromatography columns and accessories,
Analytical reference materials,
Sample preparation supplies,
Technical service.

To comply with federal Underground Storage Tank (UST) rules, the Massachusetts
Department of Environmental Protection (MADEP) proposed a new toxicological
approach to characterize petroleum-contaminated media in August 1994. Under this
approach, the toxicity of petroleum-contaminated media is defined by (a) the individual
concentrations of targeted petroleum constituents, such as BTEX and PAH compounds,
and (b) the collective concentrations of (remaining) aliphatic and aromatic hydrocarbons,
within defined carbon ranges.

To provide data to support and complement this new toxicological approach, MADEP
issued two draft analytical methods in August 1995. The two methods were needed to
cover the range of hydrocarbons of concern; volatile petroleum hydrocarbons (VPH) and
extractable petroleum hydrocarbons (EPH). In January 1998 MADEP published the final
VPH and EPH methods for environmental analytical laboratories. 

The VPH test method is a purge-and-trap GC procedure that detects hydrocarbons in the
C5-C12 range. It can be used to separate the gasoline range organics (GRO) into three sub-
fractions, C5-C8 aliphatic hydrocarbons, C9-C12 aliphatic hydrocarbons and C9-C10
aromatic hydrocarbons and 8 target compounds (BTEX, MTBE, and naphthalene).

The EPH method quantitates hydrocarbons heavier than nonane (C9). It separates the total
petroleum hydrocarbons (THP) into three sub-fractions: C9-C18 aliphatic hydrocarbons,
C19-C36 aliphatic hydrocarbons, and C11-C22 aromatic hydrocarbons and 17 polynuclear
aromatic hydrocarbons (PAHs).

In addition, MADEP has been developing a new method for airborne petroleum hydrocar-
bons (APH) and is in the process of collecting public comments. We will offer appropriate
analytical product and service for MADEP APH as soon as it is finalized.

800-356-1688
814-353-1300

www.restekcorp.com

At-a-Glance
Product
Information
from Restek

v i s i t  u s  o n l i n e  a t

www.restekcorp.com

State of Massachusetts
UST Monitoring

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127



ID
0.25mm

Length
5m
10m

Suffix #*
-124
-127

Gas Chromatography Columns & Accessories
For these items, see Restek’s
Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
Guard and analytical column in one connectionless length.
*Add the appropriate suffix number to analytical column catalog number.

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

Analytical Reference Materials:

MA VPH (Jan. 1998)
To measure the collective concentrations of volatile aliphatic and
aromatic petroleum hydrocarbons in water and soil. The method
is based on a purge and trap, gas chromatography procedure with
PID/FID in series for detection.

Calibration Mixtures

Massachusetts

n-pentane (C5) 1,000µg/mL
n-nonane (C9) 1,000
benzene 500
2,5-dibromotoluene (surrogate) 1,000
ethylbenzene 500
isooctane 1,500
2-methylpentane 1,500

methyl tert-butyl ether 1,500
naphthalene 1,000
toluene 1,500
1,2,4-trimethylbenzene 1,000
m-xylene 1,000
o-xylene 1,000
p-xylene 1,000

In P&T methanol, 1mL/ampul

MA VPH Standard with Surrogate

Each 5-pk. 10-pk.
30452 30452-510

w/data pack 30452-500 30452-520 30552

n-pentane (C5) 1,000µg/mL
n-nonane (C9) 1,000
benzene 500
ethylbenzene 500
isooctane 1,500
2-methylpentane 1,500
methyl tert-butyl ether 1,500

naphthalene 1,000
toluene 1,500
1,2,4-trimethylbenzene 1,000
m-xylene 1,000
o-xylene 1,000
p-xylene 1,000

In P&T methanol, 1mL/ampul

MA Volatile Petroleum
Hydrocarbon (VPH) Standard

Each 5-pk. 10-pk.
30434 30434-510

w/data pack 30434-500 30434-520 30534

2,5-dibromotoluene
1,000µg/mL in P&T methanol, 1mL/ampul

MA VPH Surrogate Standard

Each 5-pk. 10-pk.
30435 30435-510

w/data pack 30435-500 30435-520 30535

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30453 30453-510

w/data pack 30453-500 30453-520 30553

n-pentane (C5)
n-nonane (C9)
benzene
2,5-dibromotoluene

(surrogate)

ethylbenzene
isooctane
2-methylpentane
methyl tert-butyl ether
naphthalene

toluene
1,2,4-trimethylbenzene
m-xylene
o-xylene
p-xylene

2,500µg/mL each in P&T methanol, 1mL/ampul

MA VPH Matrix Spike Mix with Surrogate

Each 5-pk. 10-pk.
30454 30454-510

w/data pack 30454-500 30454-520 30554

Surrogate Mixtures

Matrix Spike Mixtures



Analytical Reference Materials:

MA EPH (cont.)

Petroleum Reference Mixtures
Pattern Recognition Mixtures

2,500µg/mL in P&T methanol, 1mL/ampul

Unleaded Gasoline Composite Standard

Each 5-pk. 10-pk.
30081 30081-510

w/data pack 30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30205 30205-510

w/data pack 30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
30206 30206-510

w/data pack 30206-500 30206-520 30306

Analytical Reference Materials:

MA EPH (Jan. 1998)
To measure the collective concentrations of volatile aliphatic and
aromatic petroleum hydrocarbons in water and soil. The method is
based on a solvent extraction, silica gel solid-phase extraction/frac-
tionation (SPE), gas chromatography procedure with FID detection.

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene

dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

1,000µg/mL each in methylene chloride, 1mL/ampul

MA EPH Aromatic Hydrocarbon Standard

Each 5-pk. 10-pk.
31458 31458-510

w/data pack 31458-500 31458-520 31558

n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-nonadecane (C19)

n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

1,000µg/mL each in hexane, 1mL/ampul

MA EPH Aliphatic Hydrocarbon Standard

Each 5-pk. 10-pk.
31459 31459-510

w/data pack 31459-500 31459-520 31559

1-chlorooctadecane o-terphenyl
4,000µg/mL each in acetone, 1mL/ampul

MA EPH Surrogate Spike Mix

Each 5-pk. 10-pk.
31479 31479-510

w/data pack 31479-500 31479-520 31579

2-bromonaphthalene 2-fluorobiphenyl
4,000µg/mL each in hexane, 1mL/ampul

MA Fractionation Surrogate Spike Mix

Each 5-pk. 10-pk.
31480 31480-510

w/data pack 31480-500 31480-520 31580

n-nonane (C9)
n-tetradecane (C14)
n-nonadecane (C19)
n-eicosane (C20)
n-octacosane (C28)

acenaphthene
anthracene
chrysene
naphthalene
pyrene

250µg/mL each in acetone, 1mL/ampul

MA EPH Matrix Spike Mix

Each 5-pk. 10-pk.
31460 31460-510

w/data pack 31460-500 31460-520 31560

PAHs:
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene

naphthalene
phenanthrene
pyrene

Hydrocarbons:
n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

25µg/mL each in hexane, 1mL/ampul

MA Fractionation Check Mix

Each 5-pk. 10-pk.
31481 31481-510

w/data pack 31481-500 31481-520 31581

2,000µg/mL in methylene chloride, 1mL/ampul

5-α-androstane

Each 5-pk. 10-pk.
31065 31065-510

w/data pack 31065-500 31065-520 31165

Calibration Mixtures

Surrogate Spike Mixtures

Internal Standards

Matrix Spike Mixtures

Fractionation Check Mixtures



Each 5-pk. 10-pk.
31673 31673-510

w/data pack 31673-500 31673-520 31773

Each 5-pk. 10-pk.
30485 30485-510

w/data pack 30485-500 30485-520 30585

Each 5-pk. 10-pk.
30237 30237-510

w/data pack 30237-500 30237-520 30337

To complement the MA-EPH and MA-VPH methods, analyses
for individual target compounds, such as benzene, toluene, naph-
thalene, and other aromatics, are included in EPA Methods
8021, 8260 or 8270. Please request our EPA UST Fast Facts
(Lit. Cat. #59397) for complete product listings.

Fuel and Certified Fuel Standards
We offer a wide variety of composite and single-source fuel stan-
dards to meet your needs. Please see our general chromatography
product catalog for detailed listings of the following:

EPA Methods
for Massachusetts UST Applications

Certified for:
benzene
ethylbenzene
isopropyl benzene
methyl tert-butyl ether
naphthalene

toluene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, certified components listed, 1mL/ampul

Certified BTEX in
Unleaded Gas Composite Standard

Certified for:
benzene
ethylbenzene
m-ethyltoluene
o-ethyltoluene
p-ethyltoluene
isopropylbenzene
methyl tert-butyl ether
naphthalene

n-propylbenzene
toluene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, certified components listed, 1mL/ampul

Certified Aromatics in Gasoline

acenaphthene 7
acenaphthylene 1
anthracene 13
fluorene 6

1-methylnaphthalene 110
2-methylnaphthalene 60
naphthalene 30
phenanthrene 13

50,000ppm diesel #2 in methylene chloride,
PAH concentrations listed above, 1mL/ampul

Certified PAHs in Diesel #2

Other Certified Fuel Standards
Save time—use these standards to perform calibration checks for
TPH and aromatics in a single analysis.

5,000µg/mL in methylene chloride, 1mL/ampul

Diesel Fuel #2 Composite Standard

Each 5-pk. 10-pk.
31093 31093-510

w/data pack 31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31258 31258-510

w/data pack 31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31259 31259-510

w/data pack 31259-500 31259-520 31359

Petroleum Reference Mixtures
Pattern Recognition Mixtures

Certified PAHs and Typical Certified Conc. (ppm)

Aviation Gasoline
Jet Fuel A
Fuel Oil #4
Fuel Oil #5
Fuel Oil #6

JP-4 Military Fuel
JP-5 Military Fuel
JP-8 Military Fuel
Mineral Spirits

State UST Methods

Latest Revisions for
All 50 States

Available Soon!
✔ Detailed product listings for each state in

convenient Fast Facts format:
analytical columns
reference materials
sample preparation materials
other consumables

✔ Completely updated with the latest method revisions.

✔ Allows easy ordering and method setup.

Call Technical Service at 800-356-1688 or
814-353-1300, ext. 4, for more information,
or contact your local Restek representative.

5050

Certified PAHs in Motor Oil

coming soon!



ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances are calibrated daily at
seven mass levels using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified.

on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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Can’t locate the exact mixture you need?

With thousands of compounds in our inventory, 
we can make any mixture 

to your specifications.

To order, use the convenient custom 
reference material request form inside.

For permission to reproduce any portion of
this Fast Facts, please contact

Restek’s publications/graphics department
by phone (ext. 2128) or FAX.
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To help laboratories comply with and use
these analytical procedures, Restek has been
active in following the state guidance. Based
on our good knowledge of the methods, our
experienced chemists have developed a list of
the appropriate technical service tools and
analytical products to achieve success with
these methods. We offer quality chromato-
graphic columns, analytical reference materi-
als, and sample preparation products.

In this comprehensive product listing, you
will find everything you need to quickly set
up or reorder consumables for these methods.
Please refer to our latest product catalog or
call 800-356-1688 or 814-353-1300, ext. 3,
for more information. Also, we will be happy
to provide a quote on any custom consumable
you may need!

Regulatory and Analytical Methodology
Contact Information

UST CONTACT
Wisconsin Department of
Commerce, Environmental &
Regulatory Services Division
P.O. Box 7837
Madison, WI 53707-7837
Phone: 608-266-0956
Fax: 608-261-7725

LUST CONTACT
Wisconsin Department of
Natural Resources
P.O. Box 7921
Madison, WI 53707-7921
Phone: 608-267-7560
Fax: 608-261-7725

Wisconsin's UST program maintains a web site at
http://www.commerce.state.wi.us/ER/ER-BST-HomePage.html

Wisconsin's LUST program maintains a web site at
http://www.dnr.state.wi.us/org/aw/rr/cleanup/ust_lust.html

✔  Comprehensive products listing for the latest UST methods used by
the State of Wisconsin.

✔  Products conveniently organized by method number.

✔  Easy method set-up and reorder of consumables, including:
Gas chromatography columns and accessories,
Analytical reference materials,
Sample preparation supplies,
Technical service.

In 1992 the Wisconsin Department of Natural Resources (WDNR) published its technical
guidance in assessing and closing underground storage tanks (UST). In accordance with
Wisconsin state law and applicable US Environmental Protection Agency (EPA) UST site
assessment requirements, WDNR requires site assessment to determine if a release has
occurred from a UST System. In the technical guidance, WDNR released the first versions
of modified gasoline range organic (GRO) and diesel range organic (DRO) methods. In
September 1995, WDNR approved the modified GRO and DRO methods. These two
methods, known as Wisconsin GRO and DRO, have been used in various laboratories since
1996; they are popular analytical procedures, not only in the State of Wisconsin but also
in many other states.

The GRO method is based on purge and trap GC/FID/PID analysis and is designed to
measure the concentration of GROs (C6-C10) and petroleum volatile organic compounds
(PVOCs) in water or soil. The DRO method is based on solvent extraction GC/FID and is
designed to measure the concentration of diesel range organics (C10-C28) in water, soil,
or waste. DRO also can be used to measure kerosene, motor oil, or lubricant oil.

800-356-1688
814-353-1300

www.restekcorp.com

At-a-Glance
Product
Information
from Restek

v i s i t  u s  o n l i n e  a t

www.restekcorp.com

State of Wisconsin
UST Monitoring

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127



ID
0.25mm

Length
5m
10m

Suffix #*
-124
-127

Each 5-pk. 10-pk.
30067 30067-510

w/data pack 30067-500 30067-520 30167

Gas Chromatography Columns & Accessories
For these items, see Restek’s
Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard Columns
Guard and analytical column in one connectionless length.
*Add the appropriate suffix number to analytical column catalog number.

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

Analytical Reference Materials:

WI GRO (Sept. 1995)
The method is designed to measure concentrations of gasoline
range organics (GRO) (C6-C10) in water or soil. Petroleum
volatile organic compounds (PVOCs) can be determined concur-
rently by this method. It is based on purge and trap, GC/FID pro-
cedure. FID/PID in series is used for GRO/PVOCs concurrently.

benzene
ethylbenzene
methyl tert-butyl ether
naphthalene
toluene

1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul

PVOC/GRO Mix (Wisconsin)

Each 5-pk. 10-pk.
30095 30095-510

w/data pack 30095-500 30095-520 30195

4-bromofluorobenzene

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30082 30082-510

w/data pack 30082-500 30082-520 30182

2,500µg/mL in P&T methanol, 1mL/ampul

αα,,αα,,αα-trifluorotoluene

Each 5-pk. 10-pk.
30068 30068-510

w/data pack 30068-500 30068-520 30168

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30083 30083-510

w/data pack 30083-500 30083-520 30183

2,000µg/mL in P&T methanol, 1mL/ampul

fluorobenzene

Each 5-pk. 10-pk.
30030 30030-510

w/data pack 30030-500 30030-520 30130

2,500µg/mL in P&T methanol, 1mL/ampul

Calibration Mixtures

Surrogate Mixtures

Wisconsin



Each 5-pk. 10-pk.
31464 31464-510

w/data pack 31464-500 31464-520 31564

Each 5-pk. 10-pk.
31257 31257-510

w/data pack 31257-500 31257-520 31357

n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)

n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)

2,000µg/mL each in methylene chloride, 1mL/ampul

DRO Mix (EPA/Wisconsin)

Each 5-pk. 10-pk.
31064 31064-510

w/data pack 31064-500 31064-520 31164

n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)

n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)
n-octatriacontane (C38)
n-tetracontane (C40)

50µg/mL each in cyclohexane, 1mL/ampul

Standard Mixture of n-alkanes for
System Performance Test

Each 5-pk. 10-pk.
31633 31633-510

w/data pack 31633-500 31633-520 31733

5,000µg/mL in methylene chloride, 1mL/ampul
Kerosene Fuel Composite Standard

Each 5-pk. 10-pk.
31094 31094-510

w/data pack 31094-500 31094-520 31194

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31256 31256-510

w/data pack 31256-500 31256-520 31356

50,000µg/mL in methylene chloride, 5mL/ampul

Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31093 31093-510

w/data pack 31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31258 31258-510

w/data pack 31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31259 31259-510

w/data pack 31259-500 31259-520 31359

This composite solution is prepared from an equal volume blend
of the following types of motor oil: 5W30, 10W30, 10W40, and
20W50. After blending, a precisely weighed amount of the com-
posite is added to a volumetric flask to produce a mixture at
50,000µg/mL in methylene chloride, 1mL/ampul.

Motor Oil Composite Standard

Used Motor Oil Composite Standard

Each 5-pk. 10-pk.
31465 31465-510

w/data pack 31465-500 31465-520 31565

This composite solution is prepared from an equal volume blend
from five gasoline powered vehicles (belonging to Restek
employees). After blending, a precisely weighed amount of the
composite is added to a volumetric flask to produce a mixture at
50,000µg/mL in methylene chloride, 1mL/ampul.

p-terphenyl
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31095 31095-510

w/data pack 31095-500 31095-520 31195

2-fluorobiphenyl
2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
31096 31096-510

w/data pack 31096-500 31096-520 31196

o-terphenyl
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31097 Default 31097-510 Default

w/data pack 31097-500 Default 31097-520 Default 31197 Default

Analytical Reference Materials:

WI DRO (Sept. 1995)
The method is designed to measure concentrations of diesel range
organics (DRO) in the C10-C28 range in water, soil, or waste.
It also can be used to measure kerosene, motor oil, or lubricant oil.
It is based on a solvent extraction, GC/FID procedure.

Analytical Reference Materials:

WI DRO (cont.)

Calibration Mixtures

Surrogate Mixtures

Petroleum Reference Mixtures
Pattern Recognition Mixtures



Each 5-pk. 10-pk.
31673 31673-510

w/data pack 31673-500 31673-520 31773

Each 5-pk. 10-pk.
30485 30485-510

w/data pack 30485-500 30485-520 30585

Each 5-pk. 10-pk.
30237 30237-510

w/data pack 30237-500 30237-520 30337
Aviation Gasoline
Jet Fuel A
Fuel Oil #4
Fuel Oil #5
Fuel Oil #6

JP-4 Military Fuel
JP-5 Military Fuel
JP-8 Military Fuel
Mineral Spirits

To complement the WI GRO and WI DRO methods, analyses of
individual target compounds, such as benzene, toluene, naphtha-
lene, and other aromatics are included in EPA Methods 8021,
8260 or 8270. Please request our EPA UST Fast Facts (Lit. Cat.
#59397) for complete product listings.

Fuel and Certified Fuel Standards
We offer a wide variety of composite and single-source fuel stan-
dards to meet your needs. Please see our general chromatography
product catalog for detailed listings of the following:

State UST Methods

Latest Revisions for
All 50 States

Available Soon!
✔ Detailed product listings for each state in

convenient Fast Facts format:
analytical columns
reference materials
sample preparation materials
other consumables

✔ Completely updated with the latest method revisions.

✔ Allows easy ordering and method setup.

Call Technical Service at 800-356-1688 or
814-353-1300, ext. 4, for more information,
or contact your local Restek representative.

5050

EPA Methods
for Wisconsin UST Applications

Certified for:
benzene
ethylbenzene
isopropyl benzene
methyl tert-butyl ether
naphthalene

toluene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, certified components listed, 1mL/ampul

Certified BTEX in
Unleaded Gas Composite Standard

Certified for:
benzene
ethylbenzene
m-ethyltoluene
o-ethyltoluene
p-ethyltoluene
isopropylbenzene
methyl tert-butyl ether
naphthalene

n-propylbenzene
toluene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, certified components listed, 1mL/ampul

Certified Aromatics in Gasoline

Certified PAHs Typical Certified Conc.* (ppm)
acenaphthene 7
acenaphthylene 1
anthracene 13
fluorene 6
1-methylnaphthalene 110
2-methylnaphthalene 60
naphthalene 30
phenanthrene 13
50,000ppm diesel #2 in methylene chloride, PAH concentrations listed above,
1mL/ampul

Certified PAHs in Diesel #2

Other Certified Fuel Standards
Save time—use these standards to perform calibration checks for
TPH and aromatics in a single analysis.

Certified PAHs in Motor Oil

coming soon!



ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances are calibrated daily at seven mass levels
using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified. Select the testing and
documentation option that best meets your requirements. on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: 814-355-2895

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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With thousands of compounds in our inventory, 
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At-a-Glance
Product
Information
from Restek
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www.restekcorp.com

To help laboratories comply with and use
these analytical procedures, Restek has been
active in following the state guidance. Based
on our assembled knowledge of the methods,
our experienced chemists have a list of the
appropriate technical service tools and analyt-
ical products to achieve success with these
methods. We offer quality chromatographic
columns, analytical reference materials, and
sample preparation products.

This comprehensive product listing contains
all the information you will need to quickly
set-up or reorder consumables for these meth-
ods. Please reference our latest product cata-
log or call 800-356-1688 or 814-353-1300,
ext. 3, for more information. Also, we would
be happy to provide a quote on any custom
consumable you may need!

Regulatory and Analytical
Methodology Contact Information
Texas Natural Resources
Conservation Commission
Petroleum Storage Tank Division
MC: 133
P.O. Box 13087
12100 Park 35 Circle, 78753
Austin, TX 78711-3087
Phone: (512) 239-2106
Fax: (512) 239-2177

State of Texas
UST Monitoring
✔  The latest TNRCC 1005/1006 UST methods used by Texas. 

✔  Comprehensive product listing conveniently organized by method number.

✔  Easy method set-up and reorder of consumables, including:
Gas chromatography columns and accessories,
Analytical reference materials,
Sample preparation supplies,
Technical service.

Texas Natural Resource Conservation Commission (TNRCC) enforces the state and EPA
rules in assessment, monitoring, and closure of Underground Storage Tanks (UST). In the
early 1990s TNRCC published the TNRCC Method 1005, Revision 01 analytical method
for UST applications. Then, in 1996 they modified the method and released Revision 02;
then modified it again in 1998 and Revision 03 was finalized in June 2001.

TNRCC Method 1005, Revision 03 determines the total petroleum hydrocarbons (TPH)
(C6-C35) in solid and aqueous matrices. The GC method is used to separate the TPH into
two ranges (C6-C12, and C12-C28), and a third range (C28-C35) when applicable, based
on the boiling points of the hydrocarbons. It is based on liquid/liquid or liquid/solid
extraction and GC/FID analysis, and may be used in lieu of US EPA Method 418.1 for
the analysis of TPHs. Compared with earlier versions, this final version now includes
heavier hydrocarbons in the range of C28 to C35. Data produced using Revision 03
should be reported to C35, unless the environmental medium of concern or suspected
source of TPH does not contain hydrocarbons greater than C28. Results from analyses
using earlier versions of Method 1005 may not include data for C28 to C35.

TNRCC Method 1006, draft version, was published in May 2000 to guide the separation
and quantitation of aliphatic and aromatic fractions in petroleum contaminated soil or water
samples. This method uses silica gel fractionation to separate the aliphatic and aromatic
fractions. The method is applicable to hydrocarbons in the gasoline, diesel, motor oil range,
and commonly is used in conjunction with TNRCC Method 1005 for the determination of
total petroleum hydrocarbons. TNRCC 1006 method is not intended for the quantitation of
individual target analytes, such as benzene, toluene, naphthalene, or other aromatics. Those
target analytes are best determined using EPA Methods 8021, 8260 or 8270.Texas UST program maintains a web site at:

http://www.tnrcc.state.tx.us/permitting/r_e/pstta/

Texas LUST program maintains a web site at:
http://www.tnrcc.state.tx.us/permitting/remed/rpr/index.html

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager
(814) 353-1300, ext. 2127

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
(814) 353-1300, ext. 2148



ID
0.25mm

Length
5m
10m

Suffix #*
-124
-127

w/data pack

Each
31483

31483-500

5-pk.
31483-510
31483-520

10-pk.
—

31583

each in pentane, 1mL/ampul

Each 5-pk. 10-pk.
31484 31484-510

w/data pack 31484-500 31484-520 31584

Each 5-pk. 10-pk.
31482 31482-510 —

w/data pack 31482-500 31482-520 31582

TX TPH Calibration Mix
diesel fuel #2 composite
unleaded gasoline composite

TX TPH Matrix Spike Mix
diesel fuel #2 composite
unleaded gasoline composite
10,000µg/mL each in P&T methanol, 1mL/ampul

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard
hexane (C6)
octane (C8)
decane (C10)
dodecane (C12)
hexadecane (C16)

heneicosane (C21)
octacosane (C28)
pentatriacontane (C35)
hexatriacontane (C36)

200µg/mL each in pentane, 1mL/ampul

TX TPH Locator Mix
hexane (C6)
decane (C10)

octacosane (C28)

200µg/mL each in pentane, 1mL/ampul

Gas Chromatography Columns & Accessories
For the below items, see Restek’s
Chromatography Products Catalog

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
*Add the appropriate suffix number to analytical column catalog number.

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vial
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Our stainless steel inlet seal is equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design changes improve performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

Retention Time Calibration Mixtures

Matrix Spike Mixtures

Analytical Reference Materials

Calibration Mixtures

Note: Restek includes both C35 and C36 as the method allows the laboratory
to use C36, if the laboratory is unable to locate the C35 reference standard
(TNRCC 1005 & 1006, paragraph 2.0).

TNRCC Method 1005,
Revision 3, (6-1-2001)
To determine the total concentrations of petroleum hydrocarbons
(TPH) (C6-C35) in solid and aqueous matrices. It is based on
solvent/solid extraction and GC/FID.

w/data pack

Each
31639

31639-500

5-pk.
31639-510
31639-520

10-pk.
—

31739



Each 5-pk. 10-pk.
31639 31639-510 —

w/data pack 31639-500 31639-520 31739

Matrix Spike Mixtures

Calibration Check Mixtures

Draft TNRCC Method 1006
To separate and quantify the aliphatic and aromatic fractions
(C6-C35) of petroleum hydrocarbons extracted from soil and
water samples. It is used in conjunction with TNRCC 1005 for
selected samples to determine the aliphatic and aromatic fractions
of the TPH. It is based on extraction, fractionation and GC/FID.

Each 5-pk. 10-pk.
31483 31483-510 —

w/data pack 31483-500 31483-520 31583

TX TPH Calibration Mix
diesel fuel #2 composite
unleaded gasoline composite
10,000µg/mL each in pentane, 1mL/ampul

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard
hexane (C6)
octane (C8)
decane (C10)
dodecane (C12)
hexadecane (C16)

heneicosane (C21)
octacosane (C28)
pentatriacontane (C35)
hexatriacontane (C36)

200µg/mL each in pentane, 1mL/ampul

Each 5-pk. 10-pk.
30213 30213-510 —

w/data pack 30213-500 30213-520 30313

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
31469 31469-510 —

w/data pack 31469-500 31469-520 31569

WA EPH Aromatic Hydrocarbon Standard
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene

dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
pyrene
1,2,3-trimethylbenzene

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
30081 30081-510 —

w/data pack 30081-500 30081-520 30181

Unleaded Gasoline Composite Standard
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30205 30205-510 —

w/data pack 30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 1mL/ampul

Surrogate Mixtures

Each 5-pk. 10-pk.
31096 31096-510

w/data pack 31096-500 31096-520 31196

2-Fluorobiphenyl Standard
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31097 31097-510

w/data pack 31097-500 31097-520 31197

o-Terphenyl Standard
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
30051 30051-510 —

w/data pack 30051-500 30051-520 30151

BTEX Standard
benzene
ethylbenzene
toluene

m-xylene
o-xylene
p-xylene

200µg/mL each in P&T methanol, 1mL/ampul

Retention Time Calibration Mixtures

Petroleum Reference Mixtures
Pattern Recognition Mixtures

Analytical Reference Materials

Calibration Mixtures

Draft TNRCC Method 1006 (cont.)

Note: Restek includes both C35 and C36 as the method allows the laboratory
to use C36, if the laboratory is unable to locate the C35 reference standard
(TNRCC 1005 & 1006, paragraph 2.0).

TX TPH Matrix Spike Mix
diesel fuel #2 composite
unleaded gasoline composite
10,000µg/mL each in P&T methanol, 1mL/ampul

TNRCC Method 1005 (cont.)

Each 5-pk. 10-pk.
31484 31484-510

w/data pack 31484-500 31484-520 31584



Aviation Gasoline
Jet Fuel A
Fuel Oil #4
Fuel Oil #5
Fuel Oil #6
JP-4 Military Fuel

JP-5 Military Fuel
JP-8 Military Fuel
Mineral Spirits

Each 5-pk. 10-pk.
31465 31465-510 —

w/data pack 31465-500 31465-520 31565

This composite solution is prepared from an equal volume blend
from five different gasoline-powered vehicles. After blending, a
precisely weighed amount of the composite is added to a volu-
metric flask to produce a mixture at 50,000µg/mL in methylene
chloride, 1mL/ampul.

Each 5-pk. 10-pk.
30206 30206-510 —

w/data pack 30206-500 30206-520 30306

Unleaded Gasoline Composite Standard
50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
31094 31094-510 —

w/data pack 31094-500 31094-520 31194

Kerosene Fuel Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31256 31256-510 —

w/data pack 31256-500 31256-520 31356

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31257 31257-510 —

w/data pack 31257-500 31257-520 31357

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31258 31258-510 —

w/data pack 31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31259 31259-510 —

w/data pack 31259-500 31259-520 31359

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31464 31464-510 —

w/data pack 31464-500 31464-520 31564

Motor Oil Composite Standard

Used Motor Oil Composite Standard

Petroleum Reference Mixtures
Pattern Recognition Mixtures (cont.)

This composite solution is prepared from an equal volume blend
of the following types of motor oil: 5w30, 10w30, 10w40, and
20w50. After blending, a precisely weighed amount of the com-
posite is added to a volumetric flask to produce a mixture at
50,000µg/mL in methylene chloride, 1mL/ampul.

To complement the TNRCC 1005 and TNRCC 1006 methods,
TNRCC has recommended standard EPA methods for Texas UST
analysis of individual target compounds, such as benzene, toluene,
naphthalene, and other aromatics. The recommended methods
include EPA Methods 8021, 8260 or 8270. Please request the EPA
UST Fast Facts (Lit. Cat. #59397) for complete product listings.

Fuel and Certified Fuel Standards
We offer a wide variety of composite fuel standards and single-
source fuels to meet your needs. Please see our general chro-
matography product catalog for detailed listings of the following:

Certified BTEX in Unleaded Gas Composite Standard
Certified Aromatics in Unleaded Gasoline
Certified PAHs in Diesel Fuel #2
Certified PAHs in Motor Oil (coming soon)

Single Source Fuel Standards

Each 5-pk. 10-pk.
31093 31093-510 —

w/data pack 31093-500 31093-520 31193

Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

State UST Methods

Latest Revisions for
All 50 States Available Soon!

✔ Detailed product listing available for all
50 states in convenient Fast Facts format.

✔ Completely updated with the latest method revisions.

✔ Allows easy ordering and method setup.

✔ Convenient listing of analytical column,
sample preparation, reference material,
and other consumables needed for all methods.

Call Technical Service at 800-356-1688 or
814-353-1300, ext. 4, for more information,
or contact your local Restek representative.

5050

EPA Methods
for Texas UST Applications



ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances are calibrated daily at seven mass levels
using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified. Select the testing and
documentation option that best meets your requirements. on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: (814) 353-1309

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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Can’t locate the exact mixture you need?

With thousands of compounds in our inventory, 
we can make any mixture 

to your specifications.

To order, use the convenient custom 
reference material request form inside.

For permission to reproduce any portion of
this Fast Facts, please contact

Restek’s publications/graphics department
by phone (ext. 2128) or FAX.
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✔  Comprehensive products listing for the latest UST methods used by
the State of Florida.

✔  Products conveniently organized by method number.

✔  Easy method set-up and reorder of consumables, including:
Gas chromatography columns and accessories,
Analytical reference materials,
Sample preparation supplies,
Technical service.

The Florida storage tank program is part of the Bureau of Petroleum Storage Systems in
the Department of Environmental Protection (FDEP) Division of Waste Management. In
1983 Florida was one of the first states to pass legislation, adopt rules, and develop a
program for the regulation of underground and aboveground storage tank systems. To
comply with the US Environmental Protection Agency (EPA) UST rules, FDEP devel-
oped specific analytical requirements in the early 1990s for the assessment of petroleum
contaminations from storage tank systems.

In November 1995, FDEP released the first Florida Petroleum Residual Organic (FL-
PRO) method to regulate the procedure for analyzing petroleum hydrocarbons. The
method is based on solvent extraction and GC/FID to measure the Total Recoverable
Petroleum Hydrocarbons (TRPH) in water and soil in the alkane range of C8-C40. In
April 1996 FDEP published the FL-PRO supplement in its Petroleum Cleanup Guidance
Document #7.

FDEP also mandates that each sample be analyzed for volatile organic aromatics
(VOAs), methyl-tert-butylether (MTBE), and polycyclic aromatic hydrocarbons (PAHs).
FDEP references Massachusetts EPH and VPH Protocols and standard EPA Methods
8015, 8021, 8260, 8270 and 8310.

800-356-1688
814-353-1300

www.restekcorp.com

At-a-Glance
Product
Information
from Restek

v i s i t  u s  o n l i n e  a t

www.restekcorp.com

State of Florida
UST Monitoring

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127

To help laboratories comply with and use
these analytical procedures, Restek has been
active in following the state guidance. Based
on our good knowledge of the methods, our
experienced chemists have developed a list of
the appropriate technical service tools and
analytical products to achieve success with
these methods. We offer quality chromato-
graphic columns, analytical reference materi-
als, and sample preparation products.

In this comprehensive product listing, you
will find everything you need to quickly set
up or reorder consumables for these methods.
Please refer to our latest product catalog or
call 800-356-1688 or 814-353-1300, ext. 3,
for more information. Also, we will be happy
to provide a quote on any custom consumable
you may need!

Regulatory and Analytical Methodology
Contact Information

Florida Dept. of Environmental Regulation
Tank Section
Twin Towers Office Building, Room 403
2600 Blair Stone Road
Tallahassee, FL 32399-2400
Phone: 904-488-3935
Fax: 904-922-4939

Florida’s UST & LUST program maintains a web site at
http://www.dep.state.fl.us/labs/sop/index.htm



ID
0.25mm

Length
5m
10m

Suffix #*
-124
-127

Gas Chromatography Columns & Accessories
For these items, see Restek’s
Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
Guard and analytical column in one connectionless length.
*Add the appropriate suffix number to analytical column catalog number.

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

Florida Analytical Reference Materials:
FL-PRO, Revision 1 (11-1-1995)

Recommended Surrogate
nonatriacontane (C39), 3000 µg/mL in carbon disulfide,
working solution 300µg/mL in acetone.

n-nonatriacontane (C39)
3,000µg/mL in carbon disulfide, 1mL/ampul*

Florida TRPH Surrogate Mix

*Ground transportation shipments only.

Each 5-pk. 10-pk.
31456 31456-510

w/data pack 31456-500 31456-520 31556

n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)

n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)

n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)
n-octatriacontane (C38)
n-tetracontane (C40)

500µg/mL each in hexane, 1mL/ampul

Florida TRPH Standard

Each 5-pk. 10-pk.
31266 31266-510

w/data pack 31266-500 31266-520 31366

10,000µg/mL in methylene chloride, 1mL/ampul

o-Terphenyl Standard

Each 5-pk. 10-pk.
31097 31097-510

w/data pack 31097-500 31097-520 31197

2,000µg/mL in acetone, 1mL/ampul

Each 5-pk. 10-pk.
31066 31066-510

w/data pack 31066-500 31066-520 31166

Pattern Recognition Standards (Optional)
Used to identify petroleum product type.

Petroleum Hydrocarbon Standard

2,500µg/mL in P&T methanol, 1mL/ampul

Unleaded Gasoline Composite Standard

Each 5-pk. 10-pk.
30081 30081-510

w/data pack 30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30205 30205-510

w/data pack 30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
30206 30206-510

w/data pack 30206-500 30206-520 30306

n-hexane (C6) n-decane (C10) n-dodecane (C12)
1,000µg/mL each in P&T methanol, 1mL/ampul

Retention Time Marker

Each 5-pk. 10-pk.
30483 30483-510

w/data pack 30483-500 30483-520 30583



This composite solution is prepared from an equal volume blend of the following types of motor oil:
5w30, 10w30, 10w40, and 20w50. After blending, a precisely weighed amount of the composite is
added to a volumetric flask to produce a mixture of 50,000µg/mL in methylene chloride, 1mL/ampul.

Internal/surrogate

5,000µg/mL in methylene chloride, 1mL/ampul

Kerosene Fuel Composite Standard

Each 5-pk. 10-pk.
31094 31094-510

w/data pack 31094-500 31094-520 31194

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31256 31256-510

w/data pack 31256-500 31256-520 31356

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31257 31257-510

w/data pack 31257-500 31257-520 31357

5,000µg/mL in methylene chloride, 1mL/ampul

Diesel Fuel #2 Composite Standard

Each 5-pk. 10-pk.
31093 31093-510

w/data pack 31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31258 31258-510

w/data pack 31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 5mL/ampul

50,000µg/mL in methylene chloride, 1mL/ampul

Used Motor Oil Composite Standard
This composite solution is prepared from an equal volume blend from five different gasoline pow-
ered vehicles (belonging to Restek employees). After blending, a precisely weighed amount of the
composite is added to a volumetric flask to produce a mixture at 50,000µg/mL in methylene chlo-
ride 1mL/ampul.

Each 5-pk. 10-pk.
31465 31465-510

w/data pack 31465-500 31465-520 31565

Each 5-pk. 10-pk.
31259 31259-510

w/data pack 31259-500 31259-520 31359

50,000µg/mL in methylene chloride, 1mL/ampul

Motor Oil Composite Standard

Each 5-pk. 10-pk.
31464 31464-510

w/data pack 31464-500 31464-520 31564

Extractable Petroleum Hydrocarbons:
MA EPH (Jan. 1998)

10,000µg/mL in methylene chloride, 1mL/ampul

p-Terphenyl Standard

Each 5-pk. 10-pk.
31095 31095-510

w/data pack 31095-500 31095-520 31195

2,000µg/mL in methylene chloride, 1mL/ampul

5-α-androstane

Each 5-pk. 10-pk.
31065 31065-510

w/data pack 31065-500 31065-520 31165

o-Terphenyl Standard
See FL-PRO, Rev. 1(11-1-1995) for description 31097 31066

Calibration Mixtures

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene

benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene

indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

1,000µg/mL each in methylene chloride, 1mL/ampul

MA EPH Aromatic Hydrocarbon Standard

Each 5-pk. 10-pk.
31458 31458-510

w/data pack 31458-500 31458-520 31558

n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)

n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)

n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

1,000µg/mL each in hexane, 1mL/ampul

MA EPH Aliphatic Hydrocarbon Standard

Each 5-pk. 10-pk.
31459 31459-510

w/data pack 31459-500 31459-520 31559

1-chlorooctadecane o-terphenyl
4,000µg/mL each in acetone, 1mL/ampul

MA EPH Surrogate Spike Mix

Each 5-pk. 10-pk.
31479 31479-510

w/data pack 31479-500 31479-520 31579

2-bromonaphthalene 2-fluorobiphenyl
4,000µg/mL each in hexane, 1mL/ampul

MA Fractionation Surrogate Spike Mix

Each 5-pk. 10-pk.
31480 31480-510

w/data pack 31480-500 31480-520 31580

n-nonane (C9)
n-tetradecane (C14)
n-nonadecane (C19)
n-eicosane (C20)

n-octacosane (C28)
acenaphthene
anthracene
chrysene

naphthalene
pyrene

250µg/mL each in acetone, 1mL/ampul

MA EPH Matrix Spike Mix

Each 5-pk. 10-pk.
31460 31460-510

w/data pack 31460-500 31460-520 31560

Matrix Spike Mixtures



PPAAHHss::
acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene

fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

HHyyddrrooccaarrbboonnss::
n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)

n-hexadecane (C16)
n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-hexatriacontane (C36)

25µg/mL each in hexane, 1mL/ampul

MA Fractionation Check Mix

Each 5-pk. 10-pk.
31481 31481-510

w/data pack 31481-500 31481-520 31581

Fractionation Check Mixtures

Aliphatic and Aromatic Fractions:
EPA Method 8021B and 8260B

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000

tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000

In P&T methanol, 1mL/ampul

California Oxygenates Mix

Each 5-pk. 10-pk.
30465 30465-510

w/data pack 30465-500 30465-520 30565

benzene
ethylbenzene

toluene
m-xylene

o-xylene
p-xylene

200µg/mL each in P&T methanol, 1mL/ampul

BTEX Standards

Each 5-pk. 10-pk.
30051 30051-510

w/data pack 30051-500 30051-520 30151

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30213 30213-510

w/data pack 30213-500 30213-520 30313

CCeerrttiiffiieedd ffoorr::
benzene
ethylbenzene
isopropyl benzene

methyl tert-butyl ether
naphthalene
toluene

m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, 1mL/ampul

Certified BTEX in Unleaded Gas Composite Standard

Each 5-pk. 10-pk.
30237 30237-510

w/data pack 30237-500 30237-520 30337

CCeerrttiiffiieedd ffoorr::
benzene
ethylbenzene
m-ethyltoluene
o-ethyltoluene
p-ethyltoluene

isopropylbenzene
methyl tert-butyl ether
naphthalene
n-propylbenzene
toluene
1,2,3-trimethylbenzene

1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, 1mL/ampul

Certified Aromatics in Gasoline

Each 5-pk. 10-pk.
30485 30485-510

w/data pack 30485-500 30485-520 30585

n-pentane (C5) 1,000µg/mL
n-nonane (C9) 1,000
benzene 500
ethylbenzene 500
isooctane 1,500
2-methylpentane 1,500
methyl tert-butyl ether 1,500

naphthalene 1,000
toluene 1,500
1,2,4-trimethylbenzene 1,000
m-xylene 1,000
o-xylene 1,000
p-xylene 1,000

In P&T methanol, 1mL/ampul

MA Volatile Petroleum Hydrocarbon (VPH) Standard

Each 5-pk. 10-pk.
30434 30434-510

w/data pack 30434-500 30434-520 30534

Other Certified Fuel Standards
Perform calibration checks for TPH & aromatics in one analysis.

Calibration Mixtures

50,000ppm diesel #2 in methylene chloride, PAH conc. listed above, 1mL/ampul

Certified PAHs in Diesel

*Varies lot to lot. See Certificate of Analysis for certified concentrations.

Each 5-pk. 10-pk.
31673 31673-510

w/data pack 31673-500 31673-520 31773

Certified PAHs & Typical Certified Conc.* (ppm)
acenaphthene 20
acenaphthylene 14
fluorene d6 32
1-methylnaphthalene 269

2-methylnaphthalene 180
naphthalene 90
phenanthrene 47

2,5-dibromotoluene
1,000µg/mL in P&T methanol, 1mL/ampul

MA VPH Surrogate Standard

Each 5-pk. 10-pk.
30435 30435-510

w/data pack 30435-500 30435-520 30535

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30453 30453-510

w/data pack 30453-500 30453-520 30553

Matrix Spike Mixtures

n-pentane (C5)
n-nonane (C9)
benzene
2,5-dibromotoluene (surrogate)
ethylbenzene
isooctane
2-methylpentane

methyl tert-butyl ether
naphthalene
toluene
1,2,4-trimethylbenzene
m-xylene
o-xylene
p-xylene

2,500µg/mL each in P&T methanol, 1mL/ampul

MA VPH Matrix Spike Mix with Surrogate

Each 5-pk. 10-pk.
30454 30454-510

w/data pack 30454-500 30454-520 30554

Internal/surrogate

2,000µg/mL each in P&T methanol, 1,000µg/mL m-xylene & p-xylene, 1mL/ampul

Each 5-pk. 10-pk.
30488 30488-510

w/data pack 30488-500 30488-520 30588



ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances are calibrated daily at
seven mass levels using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified.

on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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Can’t locate the exact mixture you need?

With thousands of compounds in our inventory, 
we can make any mixture 

to your specifications.

To order, use the convenient custom 
reference material request form inside.

For permission to reproduce any portion of
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To help laboratories comply with and use
these analytical procedures, Restek has been
active in following the state guidelines. Based
on our good knowledge of the methods, our
experienced chemists have developed a list of
the appropriate technical service tools and
analytical products to achieve success with
these methods. We offer quality chromato-
graphic columns, analytical reference materi-
als, and sample preparation products.

In this comprehensive product listing, you
will find everything you need to quickly set
up or reorder consumables for these meth-
ods. Please refer to our latest product catalog
(lit. cat. #59662) or call 800-356-1688 or
814-353-1300, ext. 3, for more information.
Also, we will be happy to provide a quote on
any custom consumable you may need!

Regulatory and Analytical Methodology
Contact Information

UST & LUST CONTACT
Washington Department of Ecology
Toxics Cleanup Program
P.O. Box 47600
Olympia, WA 98504-7600
Phone: 360-407-7170
Fax: 360-407-7154

Washington’s UST & LUST program
maintains a web site at
http://www.ecy.wa.gov/programs/tcp/ust-lust/tanks.html

UST & LUST CONTACT
Oregon Department of
Environmental Quality
UST Program, 811 SW Sixth Avenue, 9th Floor
Portland, OR 97204
Phone: 503-229-5733 or 1-800-742-7878
Fax: 503-229-6954

Oregon’s UST & LUST program
maintains a web site at
http://www.deq.state.or.us/wmc/tank/ust-lust.htm

✔  Comprehensive product listing for the latest UST methods used by
the States of Oregon and Washington.

✔  Products conveniently organized by method number.

✔  Easy method set-up and reorder of consumables, including:
Gas chromatography columns and accessories,
Analytical reference materials,
Sample preparation supplies,
Technical service.

Washington State Department of Ecology (WSDE) has been using analytical methods for
the analysis of total petroleum hydrocarbons (TPH) since 1991. These analytical methods,
known as WTPH methods, have been extensively used in underground storage tank (UST)
applications. In 1997 these methods were updated to provide additional detail, to provide
for extended analysis and to incorporate an identification (ID) method for water samples.
These updated methods are now called NWTPH (“NW” = “Northwest” to reflect their use
in Oregon as well as Washington). Under NWTPH, there are three methods: NWTPH-
HCID for hydrocarbon identification; NWTPH-Gx for volatile petroleum products; and
NWTPH-Dx for semivolatile petroleum products.

In 1998 WSDE completed a “working draft” of the amendment to the state cleanup law:
The Interim TPH Policy describes a new approach for petroleum: Separation into car-
bon-range fractions and use of surrogates or derived values to represent those fractions.
Two analytical methods were adopted from Massachusetts’ Department of Environmental
Protection: VPH for volatile aliphatic and aromatic petroleum hydrocarbons, and EPH for
extractable aliphatic and aromatic petroleum hydrocarbons.

NWTPH-HCID is a qualitative and semi-quantitative screen to determine the presence
and type of petroleum products that may exist in water or soil. This method should be
used if the type of petroleum contamination is unknown, and should be performed on
contaminated soil or water that is representative of the site. The results will determine
what fully quantitative method(s), if any, are needed for compliance with the matrix criteria.
Should the value of the analysis for gasoline, diesel or heavy oils (or any other identified
petroleum product) exceed the reporting limits, the specific analytical method for that
product must be employed.

NWTPH-Gx is the qualitative and quantitative extended method for volatile (e.g., gaso-
line) petroleum products in soil and water. Petroleum products applicable for this method
include aviation and automotive gasoline, mineral spirits, Stoddard solvent, and naphtha. 

NWTPH-Dx is the qualitative and quantitative extended method for semivolatile (e.g.,
diesel) petroleum products in soil and water. Petroleum products applicable for this include
jet fuels, kerosene, diesel oils, hydraulic fluids, mineral oils, lubricating oils and fuel oils.
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ID
0.25mm

Length
5m
10m

Suffix #*
-124
-127

Gas Chromatography Columns & Accessories
For these items, see Restek’s
Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
Guard and analytical column in one connectionless length.
*Add the appropriate suffix number to analytical column catalog number.

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

Analytical Reference Materials:
WA VPH (June 1997)
The method is designed to measure the collective concentrations
of volatile aliphatic and aromatic petroleum hydrocarbons in
water and soil. The method is based on a purge and trap, gas
chromatography procedure with PID/FID in series for detection.

Calibration Mixtures

Northwest Regional

Petroleum Reference Mixtures
Pattern Recognition Mixtures

n-pentane (C5)
n-hexane (C6)
n-octane (C8)
n-decane (C10)
n-dodecane (C12)

benzene
ethylbenzene
1-methylnaphthalene
methyl tert-butyl ether
naphthalene

toluene
1,2,3-trimethylbenzene
m-xylene
o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul

WA VPH Standard

Each 5-pk. 10-pk.
30451 30451-510

w/data pack 30451-500 30451-520 30551

2,5-dibromotoluene
1,000µg/mL in P&T methanol, 1mL/ampul

MA VPH Surrogate Standard

Each 5-pk. 10-pk.
30435 30435-510

w/data pack 30435-500 30435-520 30535

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30453 30453-510

w/data pack 30453-500 30453-520 30553

benzene
ethylbenzene
methyl tert-butyl ether

toluene
m-xylene
o-xylene

p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul

PVOC Mix (California)

Each 5-pk. 10-pk.
30231 30231-510

w/data pack 30231-500 30231-520 30331

2,500µg/mL in P&T methanol, 1mL/ampul

Unleaded Gasoline Composite Standard

Each 5-pk. 10-pk.
30081 30081-510

w/data pack 30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30205 30205-510

w/data pack 30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
30206 30206-510

w/data pack 30206-500 30206-520 30306

Surrogate Mixtures

Matrix Spike Mixtures



2,000µg/mL in methylene chloride, 1mL/ampul

Analytical Reference Materials:
WA EPH (June 1997)
The method is designed to measure concentrations of diesel range
organics (DRO) in the C10-C28 range in water, soil, or waste.
It also can be used to measure kerosene, motor oil, or lubricant oil.
It is based on a solvent extraction, GC/FID procedure.

acenaphthene
benzo(ghi)perylene

naphthalene
pyrene

toluene
1,2,3-trimethylbenzene

1,000µg/mL each in methylene chloride, 1mL/ampul

WA EPH Aromatic Hydrocarbon Mix

Each 5-pk. 10-pk.
31488 31488-510

w/data pack 31488-500 31488-520 31588

n-octane (C8)
n-decane (C10)

n-dodecane (C12)
n-hexadecane (C16)

n-heneicosane (C21)
n-tetratriacontane (C34)

1,000µg/mL each in hexane, 1mL/ampul

WA EPH Aliphatic Hydrocarbon Mix

Each 5-pk. 10-pk.
31489 31489-510

w/data pack 31489-500 31489-520 31589

1-chlorooctadecane o-terphenyl
4,000µg/mL each in acetone, 1mL/ampul

MA EPH Surrogate Spike Mix

Each 5-pk. 10-pk.
31479 31479-510

w/data pack 31479-500 31479-520 31579

5-α-androstane

Each 5-pk. 10-pk.
31065 31065-510

w/data pack 31065-500 31065-520 31165

n-decane (C10)
n-dodecane (C12)
n-hexadecane (C16)

n-heneicosane (C21)
acenaphthene
anthracene

benzo(a)pyrene
benzo(ghi)perylene
naphthalene

pyrene

250µg/mL each in acetone, 1mL/ampul

WA EPH Matrix Spike Mix

Each 5-pk. 10-pk.
31490 31490-510

w/data pack 31490-500 31490-520 31590

n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-hexadecane (C16)
n-heneicosane (C21)
n-tetratriacontane (C34)
acenaphthene
acenaphthylene

anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene

fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

25µg/mL each in hexane, 1mL/ampul

WA EPH Fractionation Check Mix

Each 5-pk. 10-pk.
31491 31491-510

w/data pack 31491-500 31491-520 31591

n-dodecane (C12) n-tetracosane (C24) toluene
2,500µg/mL each in methylene chloride, 1mL/ampul

NW TPH-HCID Retention Time Mix

Each 5-pk. 10-pk.
31485 31485-510

w/data pack 31485-500 31485-520 31585

n-pentacosane (C25) 4-bromofluorobenzene
5,000µg/mL each in methylene chloride, 1mL/ampul

NW TPH-HCID Surrogate Mix

Each 5-pk. 10-pk.
31486 31486-510

w/data pack 31486-500 31486-520 31586

Calibration Mixtures

Surrogate Mixtures

Internal Standard Mixtures

Matrix Spike Mixtures

Fractionation Mixtures

Analytical Reference Materials:

NWTPH-HCID (June 1997)
The method is designed to identify petroleum products in the C7-
C30 range, by “fingerprint” pattern matching, in water, soil or
waste. The extraction can be used to quantitatively measure DRO
range petroleum products, kerosene, motor oil, or lubricant oil. It
is based on a solvent extraction GC/FID procedure.

Surrogate Mixtures Surrogate MixturesSurrogate Mixtures

Petroleum Reference Mixtures
Pattern Recognition Mixtures

Retention Time Mixtures

50,000µg/mL in methylene chloride, 1mL/ampul

Mineral Spirits Standard

Each 5-pk.
31260 31260-510

w/data pack 31260-500 31260-520 31360

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31261 31261-510

w/data pack 31261-500 31261-520 31361



Each 5-pk. 10-pk.
31464 31464-510

w/data pack 31464-500 31464-520 31564

Prepared from an equal volume blend of these motor oils: 5W30,
10W30, 10W40, 20W50. A precisely weighed amount of the com-
posite is diluted to 50,000µg/mL in methylene chloride. 1mL/ampul.

Motor Oil Composite Standard

Used Motor Oil Composite Standard

Each 5-pk. 10-pk.
31465 31465-510

w/data pack 31465-500 31465-520 31565

Prepared from an equal volume blend from five gasoline pow-
ered vehicles. A precisely weighed amount of the composite is
diluted to 50,000µg/mL in methylene chloride. 1mL/ampul.

2,500µg/mL in P&T methanol, 1mL/ampul

Unleaded Gasoline Composite Standard

Each 5-pk. 10-pk.
30081 30081-510

w/data pack 30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30205 30205-510

w/data pack 30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
30206 30206-510

w/data pack 30206-500 30206-520 30306

5,000µg/mL in methylene chloride, 1mL/ampul

Kerosene Fuel Composite Standard

Each 5-pk. 10-pk.
31094 31094-510

w/data pack 31094-500 31094-520 31194

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31256 31256-510

w/data pack 31256-500 31256-520 31356

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31257 31257-510

w/data pack 31257-500 31257-520 31357

5,000µg/mL in methylene chloride, 1mL/ampul

Diesel Fuel #2 Composite Standard

Each 5-pk. 10-pk.
31093 31093-510

w/data pack 31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31258 31258-510

w/data pack 31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31259 31259-510

w/data pack 31259-500 31259-520 31359

4-bromofluorobenzene 1,4-difluorobenzene
2,500µg/mL each in P&T methanol, 1mL/ampul

NW TPH-Gx Surrogate Mix

Each 5-pk. 10-pk.
30455 30455-510

w/data pack 30455-500 30455-520 30555

Pentacosane Standard
10,000µg/mL in methylene chloride, 1mL/ampul

NW TPH-Dx Surrogate Mixes

Each 5-pk. 10-pk.
31487 31487-510

w/data pack 31487-500 31487-520 31587

Analytical Reference Materials:
NWTPH-Gx (June 1997)
This method is designed to measure concentrations of volatile
petroleum products. BTEX may be determined simultaneously
with gasoline, if requirements of methods 8020/8021 (use of
PID) or 8260 (use of MS) are met.

Analytical Reference Materials:
NWTPH-Dx (June 1997)
The method is designed to measure concentrations of diesel range
organics (DRO) in the C10-C28 range in water, soil, or waste.
It also can be used to measure kerosene, motor oil, or lubricant oil.
It is based on a solvent extraction, GC/FID procedure.

Unleaded Gasoline Composite Standard

Petroleum Reference Mixtures
Pattern Recognition Mixtures

2,500µg/mL and 50,000µg/mL mixtures; described in column at left.

2-fluorobiphenyl
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31096 31096-510

w/data pack 31096-500 31096-520 31196

o-terphenyl
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31097 31097-510

w/data pack 31097-500 31097-520 31197

p-terphenyl
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31095 31095-510

w/data pack 31095-500 31095-520 31195

Diesel Fuel #2 Composite Standard

Kerosene Fuel Composite Standard

5,000µg/mL and 50,000µg/mL mixtures; described in column at left.

5,000µg/mL and 50,000µg/mL mixtures; described in column at left.

Petroleum Reference Mixtures
Pattern Recognition Mixtures



ALL mixtures are produced in accordance with our ISO 9001 registration. Analytical balances are calibrated daily at
seven mass levels using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified.

on-line: http://www.restekcorp.com/stdreq.htm

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL

5. Quantity: No. of units
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To help laboratories comply with and use
these analytical procedures, Restek has been
active in following federal guidance. Based
on our good knowledge of the methods, our
experienced chemists have developed a list of
the appropriate technical service tools and
analytical products to achieve success with
these methods. We offer quality chromato-
graphic columns, analytical reference materi-
als, and sample preparation products.

In this comprehensive product listing, you
will find everything you need to quickly setup
or reorder consumables for these methods.
Please refer to our latest product catalog or
call 800-356-1688 or 814-353-1300, ext. 3,
for more information. Also, we will be happy to
provide a quote on any custom consumable
you may need!

Regulatory and Analytical Methodology
Contact Information

U.S. EPA/OSWER/OUST
1200 Pennsylvania Avenue, N.W.
Mailcode: 5401G
Washington, DC 20460
Phone: 703-603-9900
Fax: 703-603-0175 or 703-603-9163

U.S. EPA/OSWER/OUST maintains a web site at
http://www.epa.gov/swerust1

✔  Comprehensive products listing for the latest EPA methods for UST applications. 

✔  Products conveniently organized by method number.

✔  Easy method set-up and reorder of consumables, including:
Chromatography columns and accessories
Analytical reference materials
Sample preparation supplies

In the late 1980s the US Environmental Protection Agency (EPA) established the Office of
Underground Storage Tanks (OUST) to enforce federal laws on environmental petroleum
contamination. Underground storage tank (UST) systems installed before December 22,
1988 had no protection against spills and overfills, or were likely to corrode and leak. OUST
mandated that all UST systems must not be contaminating nearby groundwater and soil by
December 22, 1998. Existing UST systems must be either protected from spills, overfills,
and corrosion or replaced with new systems that have spill, overfill, and corrosion protection.

The 1998 deadline has passed and many of the unprotected USTs have been properly
treated. However, the need for monitoring USTs persists. OUST has been actively enforcing
the federal UST regulations.

OUST has recommended specific EPA methods for UST applications (Table 1). Although
many states have developed state-specific methods for UST analysis over the years, a
majority of the states still use these EPA methods.

800-356-1688
814-353-1300

www.restekcorp.com

At-a-Glance
Product
Information
from Restek
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www.restekcorp.com

EPA Office Of Underground
Storage Tanks (OUST)
Recommended Methods

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127

For complete lists of standards, columns
and current prices, visit our website at:

www.restekcorp.com

EPA 1664† TPH Solvent extraction IR

Table 1. OUST-recommended EPA Methods for UST applications.
EPA Method Chemical of Concern Technique

EPA 8310 PAHs Solvent extraction HPLC/UV

EPA 418.1/413.1† TRPH in sediment,
soil and sludge

IR

EPA 8270C† SVOCs Solvent extraction GC/MS

EPA 8100 PAHs Solvent extraction GC/FID

EPA 8015B Aliphatic and aromatic
hydrocarbons GRO (C6-C10)

and DRO (C10-C28)

GRO: purge and trap        
GC/FID; DRO:

solvent extraction GC/FID

EPA 8021B Aromatic VOCs Purge and trap
GC/PID/HECD

EPA 8260B VOCs Purge and trap GC/MS

†Reference materials not listed here; please inquire.



Each 5-pk. 10-pk.
31266 31266-510 —

w/data pack 31266-500 31266-520 31366

Each 5-pk. 10-pk.
30483 30483-510 —

w/data pack 30483-500 30483-520 30583

Each 5-pk. 10-pk.
31258 31258-510 —

w/data pack 31258-500 31258-520 31358

Each 5-pk. 10-pk.
31259 31259-510 —

w/data pack 31259-500 31259-520 31359

Each 5-pk. 10-pk.
31093 31093-510 —

w/data pack 31093-500 31093-520 31193

Each 5-pk. 10-pk.
30206 30206-510 —

w/data pack 30206-500 30206-520 30306

Each 5-pk. 10-pk.
30205 30205-510 —

w/data pack 30205-500 30205-520 30305

Each 5-pk. 10-pk.
30081 30081-510 —

w/data pack 30081-500 30081-520 30181

2,500µg/mL in P&T methanol, 1mL/ampul

Unleaded Gasoline Composite Standard

50,000µg/mL in P&T methanol, 1mL/ampul

50,000µg/mL in P&T methanol, 5mL/ampul

5,000µg/mL in methylene chloride, 1mL/ampul

Diesel Fuel #2 Composite Standard

50,000µg/mL in methylene chloride, 5mL/ampul

50,000µg/mL in methylene chloride, 1mL/ampul

Petroleum Reference/Pattern Recognition Mixtures

n-hexane (C6) n-decane (C10) n-dodecane (C12)
1,000µg/mL each in P&T methanol, 1mL/ampul

Retention Time Marker

n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)

n-octadecane (C18)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)

n-octacosane (C28)
n-triacontane (C30)
n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)

1,000µg/mL each in methlyene chloride, 1mL/ampul

Connecticut ETPH Calibration Mixture (15 components)

Each 5-pk. 10-pk.
31614 31614-510 —

w/data pack 31614-500 31614-520 31714

n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)

n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)

n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)
n-octatriacontane (C38)
n-tetracontane (C40)

500µg/mL each in hexane, 1mL/ampul

Florida TRPH Standard (17 components)

revision 2, (Dec. 1996)

EPA 8015B

Each 5-pk. 10-pk.
30486 30486-510 —

w/data pack 30486-500 30486-520 30586

revision 2, (Dec. 1996)
Calibration Mixtures

benzene 500µg/mL
ethylbenzene 500
n-heptane (C7) 500
2-methylpentane 1500
toluene 1500

1,2,4-trimethylbenzene 1000
2,2,4-trimethylpentane 1500
m-xylene 1000
o-xylene 1000
p-xylene 1000

10,000µg/mL total in P&T methanol, 1mL/ampul

Gasoline Component Standard (10 components)

EPA 8021B

Each 5-pk. 10-pk.
30468 30468-510 —

w/data pack 30468-500 30468-520 30568

benzene
1,2-dibromoethane
1,2-dichloroethane
ethylbenzene
isopropylbenzene

2-methylnaphthalene
methyl tert-butyl-ether
naphthalene
toluene
1,2,4-trimethylbenzene

1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul

Michigan GRO Mix (14 components)

Each 5-pk. 10-pk.
30434 30434-510 —

w/data pack 30434-500 30434-520 30534

benzene 500µg/mL
ethylbenzene 500
isooctane 1,500
2-methylpentane 1,500
methyl tert-butyl ether 1,500
naphthalene 1,000
n-nonane (C9) 1,000

n-pentane (C5) 1,000
toluene 1,500
1,2,4-trimethylbenzene 1,000
m-xylene 1,000
o-xylene 1,000
p-xylene 1,000

In P&T methanol, 1mL/ampul

MA Volatile Petroleum Hydrocarbons (VPH)
(13 components)

Internal/Surrogate Standards
See reverse side for descriptions.

α,α,α-Androstane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31065

o-Terphenyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31066, 31097



Each 5-pk. 10-pk.
30488 30488-510

w/data pack 30488-500 30488-520 30588

Mix B Each 5-pk. 10-pk.
31455 31455-510 —

w/data pack 31455-500 31455-520 31555

Mix A Each 5-pk. 10-pk.
31264 31264-510 —

w/data pack 31264-500 31264-520 31364

Each 5-pk. 10-pk.
31011 31011-510 —

w/data pack 31011-500 31011-520 31111

Calibration Mixtures

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene

benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene

indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

2,000µg/mL each in methylene chloride, 1mL/ampul

SV Calibration Mix #5 (16 components)

acenaphthene 1000µg/mL 1000
acenaphthylene 1000 2000
anthracene 1000 100
benzo(a)anthracene 500 100
benzo(a)pyrene 500 100
benzo(b)fluoranthene 500 200
benzo(k)fluoranthene 500 100
benzo(ghi)perylene 500 200

chrysene 500 100
dibenzo(a,h)anthracene 500 200
fluoranthene 500 200
fluorene 1000 200
indeno(1,2,3-cd)pyrene 500 100
naphthalene 1000 1000
phenanthrene 500 100
pyrene 500 100

A- In methylene chloride, 1mL/ampul

610 PAH Calibration Mixes (16 components)

B- In methylene chloride:methanol (1:1), 1mL/ampul

revision 0, (Sept. 1986)

EPA 8310

Unleaded Gasoline Composite Standard

Retention Time Marker

Each 5-pk. 10-pk.
30051 30051-510 —

w/data pack 30051-500 30051-520 30151

benzene
ethylbenzene

toluene
m-xylene

o-xylene
p-xylene

200µg/mL each in P&T methanol, 1mL/ampul

BTEX Standard

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30213 30213-510 —

w/data pack 30213-500 30213-520 30313

Each 5-pk. 10-pk.
30236 30236-510 —

w/data pack 30236-500 30236-520 30336

Each 5-pk. 10-pk.
30231 30231-510 —

w/data pack 30231-500 30231-520 30331

Certified for:
benzene
ethylbenzene
isopropylbenzene

methyl tert-butyl ether
naphthalene
toluene

m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, 1mL/ampul

Certified BTEX in
Unleaded Gas Composite Standard

Each 5-pk. 10-pk.
30237 30237-510 —

w/data pack 30237-500 30237-520 30337

benzene
ethylbenzene
methyl tert-butyl ether

toluene
m-xylene
o-xylene

p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul

PVOC Mix (California) (7 components)

benzene
chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene

1,4-dichlorobenzene
ethylbenzene
methyl tert-butyl ether
toluene

m-xylene
o-xylene
p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul

CA WIP VOA Standard (11 components)

Each 5-pk. 10-pk.
30485 30485-510 —

w/data pack 30485-500 30485-520 30585

Certified for:
benzene
ethylbenzene
m-ethyltoluene
o-ethyltoluene
p-ethyltoluene
isopropylbenzene

methyl tert-butyl ether
naphthalene
n-propylbenzene
toluene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene

1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, 1mL/ampul

Certified Aromatics in Gasoline (16 components)

Internal/Surrogate Standards
See reverse side for descriptions.

1-Chloro-4-fluorobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30066

4-Bromofluorobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30067, 30082

α,α,α-Trifluorotoluene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30068, 30083

1-Chlorooctane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30084

Internal/Surrogate Standards
See reverse side for description.

Decafluorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31041

See EPA 8015B for description. 30081 30205 30206

See EPA 8015B for description. 30483

benzene
ethylbenzene

toluene
m-xylene*

o-xylene
p-xylene*

2,000µg/mL each in P&T methanol, *1,000µg/mL, 1mL/ampul

MIX A MIX B MIX A MIX B



Each 5-pk. 10-pk.
31622 31622-510 —

w/data pack 31622-500 31622-520 31722

Calibration Mixtures

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene

benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
ideno(1,2,3-cd)pyrene
3-methylcholanthrene

1-methylnaphthalene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

2,000µg/mL each in methylene chloride, 1mL/ampul

8270 Calibration Mix #5 (19 components)

SV Calibration Mix #5 (16 components)

EPA 8100

Internal/Surrogate Standards
See reverse side for description.

2-Fluorobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31091

1-Fluoronaphthalene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31092

See EPA 8310 for description. 31011

Each 5-pk. 10-pk.
30466 30466-510 —

w/data pack 30466-500 30466-520 30566

Each 5-pk. 10-pk.
30465 30465-510 —

w/data pack 30465-500 30465-520 30565

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000

tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000

In P&T methanol, 1mL/ampul

California Oxygenates Mix

10,000µg/mL in DI water, 1mL/ampul

Ethanol Mix

BTEX Standard

Certified BTEX in
Unleaded Gas Composite Standard

Certified Aromatics in Gasoline

PVOC Mix (California)

Calibration Mixtures

revision 2, (Dec. 1996)

EPA 8260B

See EPA 8021B for description. 30237

See EPA 8021B for description. 30051 30213

See EPA 8021B for description. 30485

See EPA 8021B for description. 30231

Each 5-pk. 10-pk.
30433 30433-510 —

w/data pack 30433-500 30433-520 30533

CA WIP VOA Standard (11 components)

MA Volatile Petroleum Hydrocarbon (VPH)

benzene
1,2-dibromoethane
1,2-dichloroethane
ethylbenzene

isopropyl benzene
methyl tert-butyl ether
naphthalene
toluene

m-xylene
o-xylene
p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul

PA DEP UST Standard (11 components)

benzene
n-decane (C10)
n-dodecane (C12)
ethylbenzene
n-hexane (C6)

1-methylnaphthalene
methyl tert-butyl ether
naphthalene
n-octane (C8)
n-pentane (C5)

toluene
1,2,3-trimethylbenzene
m-xylene
o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul

WA VPH Standard (15 components)

Each 5-pk. 10-pk.
30451 30451-510 —

w/data pack 30451-500 30451-520 30551

See EPA 8021B for description. 30236

See EPA 8021B for description. 30434

Each 5-pk. 10-pk.
30095 30095-510 —

w/data pack 30095-500 30095-520 30195

benzene
ethylbenzene
methyl tert-butyl ether
naphthalene

toluene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene

o-xylene
p-xylene

1,000µg/mL each in P&T methanol, 1mL/ampul

PVOC/GRO Mix (Wisconsin) (10 components)

Gasoline Component Standard (10 components)

See EPA 8021B for description. 30486

Internal/Surrogate Standards
See reverse side for descriptions.

1-Chloro-4-fluorobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30066

4-Bromofluorobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30067, 30082

α,α,α-Trifluorotoluene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30068, 30083

1-Chlorooctane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30084



Each 5-pk. 10-pk.
30082 30082-510 —

w/data pack 30082-500 30082-520 30182

Each 5-pk. 10-pk.
30067 30067-510 —

w/data pack 30067-500 30067-520 30167

Each 5-pk. 10-pk.
30066 30066-510 —

w/data pack 30066-500 30066-520 30166

Each 5-pk. 10-pk.
30084 30084-510 —

w/data pack 30084-500 30084-520 30184

Each 5-pk. 10-pk.
30083 30083-510 —

w/data pack 30083-500 30083-520 30183

Each 5-pk. 10-pk.
30068 30068-510 —

w/data pack 30068-500 30068-520 30168

Each 5-pk. 10-pk.
31098 31098-510 —

w/data pack 31098-500 31098-520 31198

Each 5-pk. 10-pk.
31066 31066-510 —

w/data pack 31066-500 31066-520 31166

Each 5-pk. 10-pk.
31097 31097-510 —

w/data pack 31097-500 31097-520 31197

Each 5-pk. 10-pk.
31096 31096-510 —

w/data pack 31096-500 31096-520 31196

Each 5-pk. 10-pk.
31095 31095-510 —

w/data pack 31095-500 31095-520 31195

Each 5-pk. 10-pk.
30030 30030-510 —

w/data pack 30030-500 30030-520 30130

www.restekcorp.comwww.restekcorp.com
complete our custom request order form online at

2,000µg/mL in P&T methanol, 1mL/ampul

Fluorobenzene

10,000µg/mL in methylene chloride, 1mL/ampul

p-Terphenyl

10,000µg/mL in methylene chloride, 1mL/ampul

2-Fluorobiphenyl

10,000µg/mL in methylene chloride, 1mL/ampul

1-Chlorooctadecane
10,000µg/mL in methylene chloride, 1mL/ampul

o-Terphenyl
2,000µg/mL in acetone, 1mL/ampul

2,500µg/mL in P&T methanol, 1mL/ampul

α,α,α-Trifluorotoluene

10,000µg/mL in P&T methanol, 1mL/ampul

10,000µg/mL in P&T methanol, 1mL/ampul

1-Chlorooctane

2,500µg/mL in P&T methanol, 1mL/ampul

1-Chloro-4-fluorobenzene

2,500µg/mL in P&T methanol, 1mL/ampul

4-Bromofluorobenzene

10,000µg/mL in P&T methanol, 1mL/ampul

2,000µg/mL in methylene chloride, 1mL/ampul

5-α-Androstane

Each 5-pk. 10-pk.
31065 31065-510 —

w/data pack 31065-500 31065-520 31165

Internal / Surrogate Standards

Each 5-pk. 10-pk.
31041 31041-510 —

w/data pack 31041-500 31041-520 31141

2,000µg/mL in methylene chloride, 1mL/ampul

Decafluorobiphenyl

Each 5-pk. 10-pk.
31092 31092-510 —

w/data pack 31092-500 31092-520 31192

2,000µg/mL in methylene chloride, 1mL/ampul

1-Fluoronaphthalene

Can’t locate the
exact mixture

you need?
With thousands of compounds in our inventory, 

we can make any mixture to your specifications.

request a custom quote at

800-356-1688 or
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Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard Columns
Guard and analytical column in one connectionless length.
*Add the appropriate suffix number to analytical column catalog number.
5m: add -124; 10m: add -127.

Recommended HPLC Column
Description Size Cat. #
Pinnacle™ PAH 250 x 4.6mm 9170575

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals, Inlet Liners
Low Volume Injectors for Agilent GCs,
Ferrules, Septa...
For a complete listing of these items, other columns, and
accessories request our chromatography catalog.

Chromatography Columns & Accessories

Restek Trademarks: Integra-guard,
Pinnacle, Rtx, Restek logo.

© Copyright 2002, Restek Corporation
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Analysis of Preservatives Using HPLC

Background

Preservatives are chemical compounds that are used in a wide
range of applications to maintain overall product quality.1 For
example, preservatives are used in foods, beverages, pharmaceuti-
cals, and personal care products. Some preservatives act as antimi-
crobial agents, some act as antioxidants, and some can perform
both functions. To some extent, the ability of the chemical to act as
a preservative depends on the environment, so factors such as the
type of product, water content, pH, and storage conditions all need
to be considered when selecting a preservative.   

Of the chemical compounds commonly used as preservatives,
many of them can be effectively analyzed by high performance 
liquid chromatography (HPLC).2 Chromatographic techniques
such as HPLC separate preservative compounds from the rest of
the sample matrix, providing more accurate results compared to
traditional techniques such as spectrophotometry. Because preser-
vatives include a number of different compound types, there are a
variety of HPLC stationary phases, mobile phases, and detectors
that can be used.

Microbial Growth Inhibitors

Microbes such as molds, yeasts, and bacteria need to have certain
conditions (e.g., water, pH, temperature) in order to flourish.
Chemical preservatives can be used to kill or prevent the growth of
these microbes by either changing their environment or reacting
directly with the microbes.3 Selecting the best preservative for a
given product can be an important part of product development. In
addition, other chemical compounds known as synergists can
increase the effectiveness of some preservatives. Examples of syn-
ergists include: citric acid, isopropyl citrate, phosphoric acid,
ascorbic acid, ascorbyl palmitate, tartaric acid, and lecithin.

Antimicrobial compounds include organic acids, benzoate and 
sorbate salts, sulfur dioxide and sulfites, nitrites, propionates, and
parabens. Some antimicrobials act on yeasts, molds, and bacteria,
while some specifically target certain classes of microbes. Sulfites
can inhibit bacteria, but are not effective against yeasts. For this
reason, they often are used as preservatives in wines. Nitrites can
inhibit botulism (bacterial spores) in meats. Sorbates and benzoates
are specific inhibitors of bacteria, while propionates act on molds
and rope bacteria, but not on yeasts. Therefore propionates can be
used in yeasted bread products. The parabens have both antimicro-
bial activity and antioxidant activity.

Organic acids, such as acetic acid and citric acid, can be used to
control the pH of a product. For example, in food products these
acidulants can lower the pH out of the optimum pH range for bac-
teria, yeast, and/or molds. Organic acids such as malic acid and 
citric acid can be found naturally in fruits; oxalic acid can be found
in spinach and rhubarb; and tartaric acid can be found in grapes. 

Using HPLC, concentrations of these preservatives can be moni-
tored. However, analyzing polar organic acids can be difficult on
conventional reversed phase columns, even when using highly
aqueous mobile phases. The Ultra Aqueous C18 column provides
enhanced retention and selectivity for challenging applications
such as this. The novel bonding chemistry used for this phase
allows the alkyl groups to remain extended, even in highly aqueous
mobile phase, preventing the chain folding that occurs with con-
ventional C18 phases. Therefore, stable and reproducible retention
is possible even with 100% aqueous mobile phases. Notice the
excellent retention for a series of organic acids using the Ultra
Aqueous C18 column and UV detection (Figure 1).

Benzoate and sorbate salts also can be used as preservatives in a
range of consumer products.  These salts interact with the bacteria
itself, limiting the viability of the microorganism. These com-
pounds can be analyzed in their acid form (i.e. as benzoic acid and

Analysis of a series of organic acids typically found in items 
such as foods, beverages, and personal care products, using an

Ultra Aqueous C18 column shows excellent retention of 
organic acids, even with a highly aqueous mobile phase.

Peak List: Conc. (µg/mL):
1. malonic acid 500
2. lactic acid 500
3. acetic acid 1000
4. citric acid 1000
5. succinic acid 2000
6. fumaric acid 10

Sample:
Solvent: HPLC-grade water
Inj.: 10µL

Column: Ultra Aqueous C18
Catalog #: 9178565 
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: 50mM potassium 

phosphate, pH 2.5:
acetonitrile (99:1)

Flow: 1.5mL/min.
Temp.: 25°C
Det.: UV @ 210nm

LC_0140

Figure 1
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sorbic acid) by reversed phase HPLC using a Pinnacle II™ Phenyl 
column and acidified water:methanol as the mobile phase 
(Figure 2). By monitoring the UV absorbance at 245nm, sensitive
detection of both benzoic and sorbic acids can be achieved. For
optimum sensitivity, benzoic acid can be monitored at 228nm and
sorbic acid at 259nm. 

Parabens, such as propyl paraben, can be used as antimicrobial
agents and as antioxidants. As antimicrobials, they act on yeasts
and molds. Although they tend to be somewhat higher in cost, they
still are used in a range of applications. The maximum allowable

concentration in most products is 0.1%. A series of parabens 
analyzed using a Pinnacle II™ C8 column is shown in Figure 3. The
separation was effected using an acidified mobile phase to sup-
press ionization of the analytes.  Because these compounds are
strong UV absorbers, very sensitive detection can be achieved by
monitoring the UV at 254nm. 

Antioxidants

Products containing fats and oils are prone to lipid oxidation,
which can promote off-flavors, off-odors, and color changes as
well as limiting shelf life. To inhibit lipid oxidation, antioxidants

LC_0199

0 2 4 6 8 10 12 14 16 18 min.
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Column: Pinnacle II™ Phenyl
Catalog #: 9215565  
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: 1% acetic acid:methanol

(80:20)
Flow: 1.0 mL/min
Temp.: 25°C  
Det.: UV @ 230nm

Peak List:
1. sorbic acid
2. benzoic acid

Sample:
Inj.: 10µL
Conc.: each 100ppm
Solvent: methanol

The Pinnacle II™ phenyl column is an excellent choice to analyze medium polarity compounds such as sorbic and benzoic acids.

Figure 2

LC_0176

Peak List: conc. (µg/mL)
1. methyl paraben 10
2. ethyl paraben 20
3. propyl paraben 30
4. butyl paraben 40

Sample:
Inj.: 5µL
Solvent: methanol:water (50:50 v/v)

Column: Pinnacle II™ C8
Catalog #: 9213565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile Phase: 0.1% acetic acid in water:

acetonitrile (50:50, v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

A series of parabens can be efficiently separated on a Pinnacle II™ C8 column, allowing for fast and accurate quantitation.

Figure 3
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can be added to the product. Phenolic antioxidants include buty-
lated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
propyl gallate (PG), and tert-butyl hydroquinone (TBHQ).  These
four, plus the tocopherols, act as the primary antioxidants found in
foods and beverages produced in the US. The structures of BHA,
BHT, and PG—the three most common phenolic antioxidants—
are shown in Figure 4. Phenolic antioxidants, such as BHT, are
regulated by the FDA, and can be added to many products at 
levels up to 200ppm based on the fat content. 

Phenolic antioxidants can be analyzed by reversed phase HPLC
using a Pinnacle II™ C18 column and an acidified mobile phase.
As with the previous methods, an acidic mobile phase is used to

Structures of three commonly-used phenolic antioxidants.

Figure 4

BHA BHT PG

LC_0198
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Peak List: conc.: (ppm)
1. propyl gallate 168
2. TBHQ 182
3. 2-BHA + 3-BHA 197
4. BHT 193

Sample:
Inj.: 10µL
Conc.: see peak list
Solvent: methanol

Column: Pinnacle II™ C18
Catalog #: 9214565  
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: A = 1% acetic acid

B = methanol
Time A B
(min.) (%) (%)

0 50 50
4 50 50
10 10 90
25 10 90
26 50 50

Flow: 1.0mL/min
Temp.: 30°C  
Det.: UV @ 280nm

Phenolic antioxidants can be quantitated easily using a Pinnacle II™ C18 column and UV detection at 280nm.

Figure 5

Structures of tocopherols—these compounds readily oxidize when exposed to light or oxygen.
(the activity is as follows: δ > γ > β > α) 

Figure 6

suppress ionization of the analytes. The HPLC separation of
BHA, BHT, PG, and TBHQ using UV detection at 280nm shows
how effectively these compounds can be separated using the
Pinnacle II™ C18 column (Figure 5). 

“Natural” antioxidants, such as tocopherols and tocotrienols, are
used to inhibit lipid oxidation and to promote general health in the
consumer. These compounds are found naturally in products such
as fats and oils. When used as additives, however, they are regu-
lated. Antioxidants such as tocopherols can be challenging to ana-
lyze, because they readily oxidize when exposed to light or oxy-
gen. The structures of four different tocopherols are shown in
Figure 6. The analysis of these tocopherols by normal phase

gamma

beta

alpha
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LC_0197

Peak List:
1. α-tocopherol
2. β-tocopherol
3. γ-tocopherol
4. δ-tocopherol

Sample:
Inj.: 10µL
Conc.: approx. 1.25% soy oil
Solvent: hexane

Column: Pinnacle II™ Silica
Catalog #: 9210565  
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: isopropyl alcohol:hexane

(0.5:99.5)
Flow: 0.6 mL/min
Temp.: 30°C  
Det.: UV @ 295nm

A Pinnacle II™ silica column effectively separates the positional isomers of tocopherol by normal phase HPLC.

Figure 7

HPLC using a Pinnacle II™ silica column shows how effectively
these positional isomers can be separated (Figure 7). These 
compounds can be quantified using either fluorescence or 
UV detection.

Summary

Preservatives are added to a wide range of products to help main-
tain the overall quality of the product as well as to extend its shelf
life. The level of each preservative compound present needs to be
monitored for several reasons. First, because many of these prod-
ucts are consumed, the preservative content needs to be measured
to ensure a safe level. Second, the stated shelf-life is dependent
upon a certain concentration of preservatives and incorrect 
concentrations can lead to premature spoilage of the product.

HPLC is a powerful tool for analyzing preservatives in a wide
range of consumer products. One of its benefits is that many
times only minimal sample preparation is required.
Chromatographic techniques allow analysts to separate preserva-
tives from other compounds in the sample matrix, improving the
overall quality of the results. The Pinnacle II™ line of HPLC
columns is an excellent choice for the analysis of preservative
compounds such as parabens, benzoate and sorbate salts, pheno-
lic antioxidants, and tocopherols. Pinnacle II™ columns are avail-
able in a range of stationary phases, including C18, C8, phenyl,
amino, and silica. For analyzing organic acids, the Ultra Aqueous
C18 column is the perfect choice, offering superior retention and
reproducibility for polar compounds, even when using highly
aqueous mobile phases.
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Ultra Aqueous C18 5µm Columns

Ultra Aqueous C18 Guard Cartridges

Pinnacle II™ C18 5µm Columns

Pinnacle II™ C18 Guard Cartridges

Pinnacle II™ C8 5µm Columns

Pinnacle II™ C8 Guard Cartridges

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9213531 9213532 9213533 9213535
50mm 9213551 9213552 9213553 9213555

100mm 9213511 9213512 9213513 9213515
150mm 9213561 9213562 9213563 9213565
200mm 9213521 9213522 9213523 9213525
250mm 9213571 9213572 9213573 9213575

Dimensions cat.# qty.
10 x 2.1mm 917850212 3-pk.
10 x 4.0mm 917850210 3-pk.
20 x 2.1mm 917850222 2-pk.
20 x 4.0mm 917850220 2-pk.

Dimensions cat.# qty.
10 x 2.1mm 921450212 3-pk.
10 x 4.0mm 921450210 3-pk.
20 x 2.1mm 921450222 2-pk.
20 x 4.0mm 921450220 2-pk.

Dimensions cat.# qty.
10 x 2.1mm 921350212 3-pk.
10 x 4.0mm 921350210 3-pk.
20 x 2.1mm 921350222 2-pk.
20 x 4.0mm 921350220 2-pk.

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9214531 9214532 9214533 9214535
50mm 9214551 9214552 9214553 9214555

100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
200mm 9214521 9214522 9214523 9214525
250mm 9214571 9214572 9214573 9214575
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Pinnacle II™ Silica Guard Cartridges

Pinnacle II™ Phenyl Guard Cartridges

Trident™ Direct Guard Column System
Unlike “one size fits all” guard systems, the Trident™ Direct system gives you the power to select the right level of protection for your
analysis. The system offers three levels of protection and guard cartridges in four dimensions, with a variety of bonded phases to match
your analytical column. The economical, leak-free cartridge design provides an unprecedented combination of convenience, econo-
my, and reliability. The foundation of the Trident™ Direct system is a reusable direct connect holder that easily attaches to any HPLC
column using CPI- or Waters®-style end fittings.* The system is available in the following configurations to match different protec-
tion level needs: in-line filter, in-line filter with holder for 1cm guard cartridge, and in-line filter with holder for 2cm guard cartridge.
The guard cartridges are available in 2.1 and 4.0mm ID and are interchangeable with the appropriate length holder.

Trident™ Direct provides three levels of protection

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9215531 9215532 9215533 9215535
50mm 9215551 9215552 9215553 9215555

100mm 9215511 9215512 9215513 9215515
150mm 9215561 9215562 9215563 9215565
200mm 9215521 9215522 9215523 9215525
250mm 9215571 9215572 9215573 9215575

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9210531 9210532 9210533 9210535
50mm 9210551 9210552 9210553 9210555

100mm 9210511 9210512 9210513 9210515
150mm 9210561 9210562 9210563 9210565
200mm 9210521 9210522 9210523 9210525
250mm 9210571 9210572 9210573 9210575

Pinnacle II™ Silica 5µm Columns

Pinnacle II™ Phenyl 5µm Columns

Dimensions cat.# qty.
10 x 2.1mm 921050212 3-pk.
10 x 4.0mm 921050210 3-pk.
20 x 2.1mm 921050222 2-pk.
20 x 4.0mm 921050220 2-pk.

Dimensions cat.# qty.
10 x 2.1mm 921550212 3-pk.
10 x 4.0mm 921550210 3-pk.
20 x 2.1mm 921550222 2-pk.
20 x 4.0mm 921550220 2-pk.

Trident™ Direct 
high-pressure filter
Protection against 
particulate matter.

cat.# 25082

Trident™ Direct 1cm guard cartridge 
holder with filter

Moderate protection against particulate matter
and irreversibly adsorbed compounds.

cat.# 25084

Trident™ Direct 2cm guard cartridge 
holder with filter

Maximum protection against particulate matter
and irreversibly adsorbed compounds.

cat.# 25086
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The industry’s best technical service
is only a phone call away! Call
800-356-1688, ext. 4

(814-353-1300, ext. 4) or email us at
support@restekcorp.com

Introduction
This technical guide addresses the preparation and gas chromatographic (GC) analysis of
semivolatile organic compounds such as those listed in US Environmental Protection Agency
(EPA) Methods 8270, 525, and 625; and polycyclic aromatic hydrocarbons (PAHs) such as
those listed in US EPA Methods 610 and 8100. These analyses are some of the most common
tests performed by environmental laboratories, yet there are many analytical challenges of
which the analyst needs to be aware. For example, the samples often are highly contaminated
with non-target compounds (e.g., hydrocarbons) and quality assurance/control (QA/QC) of
the methods is rigorous. There are several procedures and techniques that can be employed,
however, to make these analyses simpler to perform. Review this guide to learn these
techniques and to troubleshoot analytical problems associated with the methods.

The compounds addressed in this guide are listed in Table I, but many additional compounds
are also amenable to these semivolatile methods. Table I includes the compounds cited in the
US EPA Methods, as well as some other compounds typically analyzed in environmental
samples.

Extraction
The compounds listed in Table I may be difficult to extract because they fall into different
chemical classes (i.e., acidic, basic, neutral, halogenated, oxygenated, polar, non-polar, low-
boiling, and high-boiling compounds). Therefore, the extraction method will need to solvate a
wide variety of compounds. It also must recover the analytes of interest while removing the
interfering non-target contaminants. This limits the choices of cleanup options. A number of
sample extraction methods can be applied to these compounds, but only the most common
will be addressed in this guide.

Liquid Samples
For liquid samples, either separatory funnel extraction (US EPA Method 3510) or automated
liquid-liquid extraction (US EPA Method 3520) may be used. Separatory funnel extraction is
faster and less expensive to set up than the other methods, but it requires continuous operator
attention. Automated liquid-liquid extractors run unattended, but are more expensive and, if
analyte recovery is lower than allowed, re-extraction by separatory funnel may be required.
Alternatively, if the sample forms an emulsion to the degree that acceptable solvent recovery
is not possible using a separatory funnel, then some samples will require automated liquid-
liquid extraction. Solid phase extraction (US EPA Method 3535) also is an option for aqueous
samples.

For separatory funnel extraction, measure up to 1L of water into a 2L separatory funnel and
adjust the pH to >11 using 10M NaOH; be careful not to add too much base. Then extract the
sample by adding 60mL of dichloromethane and shaking for two minutes. It is critical to
shake all samples consistently or variations in extraction efficiency will be observed. The best
way to ensure consistency is to use a mechanical separatory funnel shaker, as there often is
considerable variation with manual extractions. Allow the dichloromethane layer to settle to
the bottom of the funnel and then decant that layer into a collection vessel (i.e., a Kurdena
Danish [KD] concentrator, or a Turbo vap or Rapid vap® container if using automated
concentrators). This extraction step is repeated twice more to get quantitative recovery of all
analytes. Collect all three extractions into the same collection vessel and label as base/neutral.

Then adjust the water sample to a pH of slightly less than 2 using sulfuric acid (1:1, v/v).
Avoid over-acidification because it can result in an acidic extract. Repeat extraction procedure
on the water sample as described above, collecting extracts in a separate collection vessel and
labeling it as acid fraction.

It is critical to remove water from the dichloromethane before you concentrate the extract to
final volume. Dichloromethane can hold approximately 11mL of water per liter of
dichloromethane. If this water remains in the extract, it will partition out when the volume is
reduced. This will result in the dichloromethane boiling off first, leaving water in the
collection vessel, and the formation of a two-layer extract. The analyte recoveries will be
lower than desired, and the presence of water will interfere with the GC analysis.

Restek’s Customer Commitment
Plus 1™ Service means we will surpass

your expectations every time you contact
us! You’ll get Plus 1™ service when you
ask our experienced Technical Service
Team to help solve a difficult analytical

problem.  Our helpful, efficient Customer
Service Team provides Plus 1™ service

even when you place a late-day order. Keep
reaching for Restek products and service,

and we will provide you with Plus 1™

quality and attention.
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Restek
Tip

How to Bake Sodium Sulfate

To bake the sodium sulfate, spread it
into a glass pie plate no more than
1" thick and place into a muffle
furnace at 400°C for a minimum of
two hours. After this time, the
sodium sulfate should be placed into
a glass container while still hot and
sealed with a Teflon®-lined cap to
prevent the material from
readsorbing contaminants from the
atmosphere.

Table I. Semivolatile organic compounds listed in US EPA Methods 8270, 525, and 625.

Peak
Number Compound
1 2-fluorophenol
2 phenol-d6
3 phenol
4 bis(2-chloroethyl) ether
5 2-chlorophenol-d4
6 2-chlorophenol
7 1,3-dichlorobenzene
8 1,4-dichlorobenzene-d4 (ISTD)
9 1,4-dichlorobenzene
10 benzyl alcohol
11 1,2-dichlorobenzene-d4
12 1,2-dichlorobenzene
13 2-methylphenol (o-cresol)
14 2,2'-oxybis-(1-chloropropane)
15 4-methylphenol (p-cresol)
16 N-nitrosodi-n-propylamine
17 hexachloroethane
18 nitrobenzene-d5
19 nitrobenzene
20 isophorone
21 2-nitrophenol
22 2,4-dimethylphenol
23 bis(2-chloroethoxy)methane
24 benzoic acid
25 2,4-dichlorophenol
26 1,2,4-trichlorobenzene
27 naphthalene-d8 (ISTD)
28 naphthalene
29 4-chloroaniline
30 hexachlorobutadiene
31 4-chloro-3-methylphenol
32 2-methylnaphthalene
33 hexachlorocyclopentadiene
34 2,4,6-trichlorophenol
35 2,4,5-trichlorophenol
36 2-fluorobiphenyl
37 2-chloronaphthalene
38 2-nitroaniline
39 dimethyl phthalate
40 2,6-dinitrotoluene
41 acenaphthylene
42 3-nitroaniline
43 acenaphthene-d10 (ISTD)
44 acenaphthene
45 2,4-dinitrophenol
46 4-nitrophenol
47 dibenzofuran
48 2,4-dinitrotoluene
49 diethyl phthalate

Peak
Number Compound
50 fluorene
51 4-chlorophenyl phenyl ether
52 4-nitroaniline
53 4,6-dinitro-2-methylphenol
54 N-nitrosodiphenylamine
55 2,4,6-tribromophenol
56 4-bromophenyl phenyl ether
57 α-HCH
58 hexachlorobenzene
59 β-HCH
60 pentachlorophenol
61 γ-HCH (Lindane)
62 phenanthrene-d10 (ISTD)
63 phenanthrene
64 anthracene
65 δ-HCH
66 carbazole
67 heptachlor
68 di-n-butyl phthalate
69 aldrin
70 heptachlor epoxide
71 fluoranthene
72 endosulfan I
73 pyrene
74 4,4'-DDE
75 p-terphenyl-d14
76 dieldrin
77 endrin
78 endosulfan II
79 4,4'-DDD
80 endrin aldehyde
81 butyl benzyl phthalate
82 4,4'-DDT
83 endosulfan sulfate
84 endrin ketone
85 methoxychlor
86 3,3'-dichlorobenzidine
87 benzo(a)anthracene
88 chrysene-d12 (ISTD)
89 chrysene
90 bis(2-ethylhexyl)phthalate
91 di-n-octyl phthalate
92 benzo(b)fluoranthene
93 benzo(k)fluoranthene
94 benzo(a)pyrene
95 perylene-d12 (ISTD)
96 ideno(1,2,3-cd)pyrene
97 dibenz(a,h)anthracene
98 benzo(g,h,i)perylene

The optimum way to remove the water is to decant the dichloromethane through granular
sodium sulfate, which is held in a funnel with a high-quality grade filter paper (e.g.,
Whatman® 541). Approximately 30g of sodium sulfate are sufficient for most samples. This
step must not be skipped. Methods may call for powdered sodium sulfate, but some analytes
can be adsorbed onto the smaller particles so it is recommended that only 10-60 mesh or
similar granular sodium sulfate be used. Also, it is important that this material be contami-
nant-free, so it should be purchased as American Chemical Society (ACS) pesticide residue-
grade in glass containers or baked in a muffle furnace if purchased in bulk packages where
exposure to plastic is an issue (see Restek Tip). If a muffle furnace is not available, the
sodium sulfate can be washed or extracted with dichloromethane prior to use; however this
technique uses large amounts of solvent.
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Automated liquid-liquid extraction can run unattended once the samples are ready and the
solvent is added. This extraction is performed at a single pH. Generally, you will need to
adjust the sample pH to 2, but some methods call for adjusting the pH to 4. In any event, it is
critical to not let the pH go below 2 when using a liquid-liquid extractor. If this happens, an
acidic extract will form and may cause damage to the GC column. Acidic extracts also will
cause low recoveries for the late-eluting internal standards, possibly due to isotope exchange
(e.g., perylene-d12).

Automated liquid-liquid extractors are available in two versions—conventional and acceler-
ated. The conventional types use 1L of sample and extract using 100 to 500mL of
dichloromethane. These extraction vessels typically are operated for 16 to 24 hours in order to
achieve complete extraction. The accelerated extractor uses a hydrophobic membrane to
separate the aqueous from the organic phases, and the extraction time can be reduced by 25 to
30% compared to the conventional extractor. However, the membranes are expensive, so it is
important to analyze the cost versus the number of samples extracted to determine if there is a
cost benefit to using this accelerated technique.

Finally, solid phase extraction (SPE) also may be used to extract semivolatile organic
compounds from aqueous samples. When using SPE, it is extremely important to follow the
manufacturer’s recommendations for product use. There are several manufacturers of C18
cartridges and disks, which are the typical media for these compounds. The specific steps to
extract these compounds will vary somewhat depending on the manufacturer. One of the
biggest problems with SPE is plugging of the disk or tube with suspended solids, so this
method only works reliably for drinking water samples. If contamination levels are low and
the samples are free of solids, SPE provides very fast extraction times and low solvent usage.
It is used easily for field extractions. And, generally, the disks are preferred for the extraction
of 1L sample volumes, but recoveries are not uniform for all of the compounds in Table I. The
compounds listed in US EPA Method 525.2 exhibit good extraction recoveries using this
technique. For detailed information on this extraction, request the Applications Note “SPE
Extraction for US EPA Method 525.1” (lit. cat.# 59557).

Soil Samples
Soxhlet and ultrasonic extraction are the most common extraction techniques for solid samples;
although pressurized fluid, microwave, and supercritical fluid extraction (SFE) also can be used.

Because the soil and biota samples essentially are wet particles, acetone and dichloromethane
(1:1) usually are used as the extraction solvents. Acetone is needed to adequately penetrate the
soil particle so that compounds in the particle can be extracted. Several other solvent systems are
used for more specialized extractions, but for most applications this combination works well.

All solvents used for extractions must be ACS pesticide-residue grade, and a solvent assay
should be performed to verify purity prior to use. To perform a solvent assay, evaporate 300 to
400mL of solvent to a final volume of 1mL and analyze by GC/mass spectrometry (MS). The
resulting chromatogram should have no compounds quantitated above 1/2 the detection limit
for any target compound.

Soxhlet and ultrasonic extraction work well for the semivolatile compounds listed in Table I.
Sonication is a faster technique but requires constant operator attention. In both techniques,
problems usually are caused by contaminated reagents (especially sodium sulfate) or by
inconsistent handling from sample to sample. Sodium sulfate must be treated to remove water
as described in the Restek Tip on page 3, and the sample must be mixed with the sodium
sulfate to achieve a sandy consistency.

Pressurized fluid extraction (US EPA Method 3545A) can be run in an unattended fashion
with multiple samples across a wide sample size range. Extraction vessels with volumes of 1
to 100 mL are available. Instruments like the Dionex ASE 200 accommodate wet samples
from 1 to 15 grams, and the Dionex ASE 300 will accommodate wet samples from 15 to 50
grams. The volume of the cell needed for wet samples is generally twice the gram weight of
the sample being used. For example, if 30-g wet samples are needed, the 66-mL and 100-mL
vessels will be adequate for these extractions. This is necessary because a drying agent such

Restek
Tip

Clean Glassware

It is important to properly clean
glassware used during sample
extraction. Contaminated glass
surfaces can react with samples and
cause breakdown or adsorption of
active compounds. Verify cleanliness
by running blanks through all
glassware.
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Restek
Tip

Stabilizing Dichloromethane

Dichloromethane requires a stabilizer to
prevent the formation of hydrochloric
acid (HCl). Without a stabilizer, HCl
will form and injection of acidic
dichloromethane will cause inlet liners
and columns to become reactive. There
are two types of stabilizers: stabilizers
that keep HCl from forming, and
stabilizers that eliminate HCl upon
formation. Methanol is a stabilizer that
prevents HCl from forming; whereas
cyclohehane, cyclohexene, 2-
methylbutene, and amylene scavenge
the HCl after its formation.

Dichloromethane used in liquid
extractors should contain both types of
stabilizers. Methanol is a better
stabilizer, acting as a free radical
inhibitor, but methanol partitions into
the the water phase. This could leave an
unstabilized extract unless a scavenger
stabilizer also is used.

as diatomaceous earth is added to the sample prior to being loaded into the extraction vessels.
The type of samples being extracted as well as the required method detection limits should be
considered as part of the evaluation of pressurized fluid extraction.

Microwave extraction (US EPA Method 3546) can be useful for automated extraction as well.
This method typically performs the extraction of 12 samples simultaneously, but requires slightly
more operator handling than the pressurized fluid extraction instruments. Microwave extraction
instrumentation is less expensive, but can suffer from the same sample size limitations.

Supercritical fluid extraction (SFE) has been promoted for a number of years as a means of
“solventless” extraction for environmental samples. SFE has been added to SW-846 as
Methods 3560, 3561, and 3562 but its application is limited. SFE suffers from severe matrix-
related variation, requiring modification of its conditions depending on soil type, water
content, sample size, and type of analytes. Doing so ultimately requires additional sample
preparation prior to the actual extraction. These requirements, added to the high cost of the
instrument, have virtually precluded the use of SFE for environmental sample preparation.

Cleanup
Sample extract cleanup may be the most important step in maintaining long-term instrument
performance. Many times, when instrument problems arise, they are caused by exposure of
the injection port and the column to material in the sample extracts other than the target
compounds. While all contaminants cannot be eliminated, reducing them will minimize
injection port and column maintenance. Most semivolatile extracts, especially those extracts
from soil and biota samples, contain high-boiling hydrocarbons and lipids. The difficulty in
attempting to remove these compounds using one of the common solid-liquid cleanup
techniques (e.g., Florisil® and silica gel) is that the cleanup technique also removes some of
the target compounds. In addition, because the analytical method usually calls for the
reporting of several tentatively identified compounds (TICs), it is not desirable to clean the
extracts of compounds that would normally elute in the range of the target compounds. For
these reasons, gel permeation chromatography (GPC) is the only universal cleanup technique
for semivolatile extracts.

Gel Permeation Chromatography
Gel permeation chromatography (GPC) is a preparative scale chromatographic method of
separation based on molecular size. Because the target compounds are similar in molecular
size, they elute as a band of material and are easily separated from lighter and heavier
contaminants. However, GPC systems are expensive and the processing time per sample is
between 30 to 70 minutes. For these reasons many laboratories choose not to use GPC.
However, it is very efficient for removing sulfur, high molecular weight hydrocarbons, and
lipids from semivolatile extracts; and may be prudent for soil and biota samples.

Although sulfur can be removed using other techniques such as mercury or activated copper
powder, these procedures, especially copper powder, may degrade some of the target compounds
and will not remove the high-boiling hydrocarbons or lipids. The lipid content of biota extracts
can be significant and may overload most SPE clean-up techniques. If a sample extract with a
high lipid content is injected into the GC, the injection port and front of the column will become
contaminated quickly. This will result in failure of check standards and the loss of active
compounds such as nitroanilines, nitrophenols, carbazole, and pentachlorophenol (PCP). In spite
of the added expense and time required for GPC, it is the best alternative for extract cleanup.

US EPA Method 3640 details the requirements for GPC cleanup of extracts for semivolatile
analysis. One of the important steps of GPC cleanup is to ensure each day that the instrument
is within its retention time calibration. Although not required by the method, it is good
practice to run a daily calibration check standard before processing the next batch of samples.
If a number of samples have been processed that contain large amounts of contamination, the
front of the GPC column can become reactive. This typically is observed in the loss of 2,4,6-
tribromophenol for semivolatile extracts. If the column becomes reactive, injecting blanks
may return the system to control and save the time required to change the column.
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Obtaining consistent GPC results begins with the extraction and concentration procedures
because slight changes in mobile phase and sample solvent composition can result in some
target compounds being uncollected. Because the typical sample solvent for GPC is pure
dichloromethane, it is critical that all extracts be reduced to as small a volume as possible
before reconstitution in dichloromethane to avoid large amounts of acetone being applied to
the column. Soil and biota samples typically are extracted with a solvent mixture of acetone
and dichloromethane. It is critical that all extracts be reduced to as small a volume as possible
before reconstitution in dichloromethane to avoid large amounts of acetone being applied to
the column. Dichloromethane has a lower boiling point than acetone, so it will evaporate first
during sample concentration, which will leave nearly 100% acetone in the concentration
vessel. If dichloromethane is then added to adjust the extract to volume, there will be
significant amounts of acetone introduced to the GPC column. This will lead to “solvent
shock” and the formation of a void will be observed at the front of the column. This, in turn,
will affect the retention times of the compounds eluting from the GPC column and ultimately
will result in some target compounds being uncollected. Table II lists the common
semivolatile compound elution volumes using GPC.

Analysis

Calibration Standards
Calibration standards are purchased as mixtures and usually are divided among three to seven
separate ampuls due to the cross-reactivity of several compounds. It is important when
making the actual working standard that the solution be stored under refrigerated conditions in
a Mininert™ vial (Restek cat.# 21050 and 21051) due to the volatility of some of the com-
pounds. Failure to properly store the calibration standards will result in evaporative loss of the
early-eluting compounds and the solvent. This will, in effect, concentrate the late-eluting
compounds and cause continuing calibration failure and quantitation errors. Even when stored
under the correct conditions, there still will be degradation of some compounds due to cross-
reactivity. This is observed as a loss of the target compound and commonly occurs with
benzidine, 3,3'-dichlorobenzidine, 4-chloroanaline, N-nitrosodiphenylamine, and to a lesser
extent with the phenols and other anilines. These standards are stable in the separate ampuls
supplied from the manufacturer, but problems arise when all of the compounds are mixed
together to make the working calibration standard. Therefore, it is important to monitor the
response of the more active compounds and make fresh mixtures when the calibration
standards degrade.

Injection Port Configuration
Several of the compounds listed in Table I are prone to breakdown or adsorption on active
surfaces. Typically this will occur in the injection port; therefore, careful attention must be
given to the configuration and maintenance of the injection system.

On-column injection techniques can eliminate breakdown or adsorption in the injection
system and improve chromatographic analysis for drinking water extracts or extracts with
little or no non-volatile residues. However, we do not recommend on-column injections for
soil and biota extracts or extracts that contain large amounts of non-volatile residue, because
the analytical column can be contaminated quickly.

The preferred injection technique for analyzing highly contaminated extracts is direct injection,
but direct injection can cause solvent peak tailing and result in some of the target compounds
eluting close to the solvent peak.

To reduce solvent peak tailing, splitless injection is most commonly used for GC/MS analysis of
semivolatile compounds. There are some drawbacks to splitless injection including molecular
weight discrimination, incomplete sample transfer, and reactivity. These problems can be
minimized if the technique is properly optimized. Splitless injection requires an injection system
that is equipped with a solenoid valve controlling the flow to a split vent. The solenoid valve is
closed during the injection process, so the majority of the vaporized sample moves to the front of

Restek
Tip

Mixing Calibration Standards

When blending several ampuls to
produce a calibration standard, it is
important that all the compounds are
completely dissolved in the solvent.
This is particularly important with
some of the high molecular weight
polycyclic aromatic hydrocarbons
(PAHs) and pesticides that can
separate from solution during
refrigerated storage. Before opening
ampuls containing semivolatile
compounds, allow them to warm to
room temperature. Some mixtures
may require sonication to ensure
complete solubility. Follow the
manufacturer’s recommendations for
proper handling of the standard
mixture. Because some semivolatile
compounds are light sensitive, it is
recommended that calibration
standards be stored in amber vials.
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Table II. Mobile phase volumes for elution of semivolatile compounds by GPC.

Compound Elution Volumes (mL)
Start End

2-fluorophenol 201 241

phenol-d5 201 249

phenol 209 225

bis(2-chloroethyl)ether 201 225

2-chlorophenol-d4 209 249

2-chlorophenol 209 241

1,3-dichlorobenzene 225 257

1,4-dichlorobenzene-d4 225 257

1,4-dichlorobenzene 225 257

1,2,-dichlorobenzene-d4 225 257

1,2-dichlorobenzene 225 257

2-methylphenol 201 241

2,2'-oxybis(1-chloropropane) 201 225

4-methylphenol 201 241

N-nitroso-di-n-propylamine 186 217

hexachloroethane 233 257

nitrobenzene-d5 209 233

nitrobenzene 209 233

isophorone 193 217

2-nitrophenol 217 233

2,4-dimethylphenol 201 225

bis(2-chloroethoxy)methane 193 225

2,4-dichlorophenol 201 241

1,2,4-trichlorobenzene 225 257

naphthalene-d8 225 249

naphthalene 225 249

4-chloroaniline 217 241

hexachlorobutadiene 225 249

4-chloro-3-methylphenol 201 225

2-methylnaphthalene 225 249

hexachlorocyclopentadiene 225 241

2,4,6-trichlorophenol 201 249

2,4,5-trichlorophenol 201 249

2-flurorbiphenyl 217 241

2-chloronaphthalene 233 249

2-nitroaniline 209 233

dimethylphthalate 193 217

acenaphthylene 225 257

2,6-dinitrotoluene 193 225

Compound Elution Volumes (mL)
Start End

acenaphthene-d10 225 249

3-nitroaniline 209 225

acenaphthene 225 249

2,4-dinitrophenol 201 225

dibenzofuran 225 249

4-nitrophenol 201 217

2,4-dinitrotoluene 201 225

diethylphthalate 186 209

fluorene 225 241

4-chlorophenyl-phenylether 217 241

4-nitroaniline 201 225

4,6-dinitro-2-methylphenol 201 225

N-nitrosodiphenylamine 201 233

2,4,6-tribromophenol 217 249

4-bromophenyl-phenylether 217 241

hexachlorobenzene 233 257

pentachlorophenol 209 249

phenanthrene-d10 225 257

phenanthrene 225 257

anthracene 225 257

carbazole 225 257

di-n-butylphthalate 178 201

fluoranthene 225 257

pyrene 225 257

terphenyl-d14 217 233

butylbenzylphthalate 178 201

benzo(a)anthracene 225 257

3,3'-dichlorobenzidine 209 241

chrysene-d12 225 257

chrysene 225 257

bis(2-ethylhexyl)phthalate 162 186

di-n-octylphthalate 162 186

benzo(b)fluoranthene 225 265

benzo(k)fluoranthene 225 265

benzo(a)pyrene 225 265

perylene-d12 249 273

indeno(1,2,3-cd)pyrene 241 273

dibenz(a,h)anthracene 225 257

benzo(g,h,i)perylene 233 273

Standard prepared and loaded as 1/4 acetone, dichloromethane; 5mL sample loop;
Column: 70g SX-3 silica size exclusion packing; Guard column: 5g same packing;
Flow rate: dichloromethane at 5.3mL/min. at 13 psi; Samples analyzed by GC/MS.

(US EPA 8270 )

the column. After a short time the solenoid valve is opened to allow excess solvent vapor to exit
the split vent. The process of transferring the sample onto the column is relatively slow during
splitless injection, so the sample must recondense at the front of the column through solvent or
analyte focusing. This is accomplished by having the starting oven temperature 20°C lower than
the boiling point of the solvent or the first eluting compound.
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Figure 1. Optimizing splitless hold time.
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The time period that the solenoid valve is closed is referred to as the splitless hold-time.
The hold-time must be optimized to obtain the best performance from the analytical system.
If the solenoid valve is opened too quickly, some of the sample will be lost causing reduced
response. If the solenoid valve is open too long, the solvent peak will tail. The splitless hold-
time will vary depending on column flow rate, injection port geometry, injection port
temperature, and volatility of the analytes. It is impossible to predict the optimum splitless
hold-time without performing some experimentation under the exact conditions of your
analysis.

To optimize the splitless hold time for a particular instrument, prepare a standard that contains
both an early- and a late-eluting compound (e.g., fluorophenol and benzo(g,h,i)perylene).
Inject this standard over a range of splitless hold times from 0.1 to 2.0 minutes and plot the
data. An example of this optimization is shown in Figure 1.

In this example the optimum splitless hold time is 60 seconds. This is the point on the graph
where the response of the late-eluting compound levels off. Holding the solenoid valve closed
longer will not appreciably increase the response of this compound, but will greatly increase
the size of the solvent peak. Because the lower boiling compound will transfer onto the
column faster, its response will level off sooner (in this example ~45 seconds). Once this data
has been plotted, it is possible to observe the correct splitless hold-time (once again, the point
at which the response of the late-eluting compounds levels off).  The net effect of this
optimization is to maximize response of late-eluting compounds while minimizing solvent
tailing.

In addition to optimizing the splitless hold-time, fused-silica wool should be used in the
injection port liner to improve vaporization of higher molecular weight compounds. While
there are different theories regarding the placement of fused-silica wool, consistency in the
amount of packing and location of the packing is most important. Restek recommends placing
the plug of wool below the point that the syringe needle reaches, but above the inlet of the
column. We also recommend using a gooseneck liner to minimize contact between the
injected sample and the bottom of the injection port. This will help improve the response of
the more reactive compounds such as 2,4-dinitrophenol, PCP, and the nitroanalines. The
gooseneck liner also makes the greatest improvement in response and minimization of endrin
breakdown for US EPA Method 525.

Another technique to minimize molecular weight discrimination is to perform the splitless
injection under a higher column head pressure. A high inlet pressure is advantageous during
injection to control the rapidly expanding vapor cloud in the inlet. By using a momentary
pressure pulse for the time that the split vent line is closed, the sample vapor cloud is
controlled and sample backflash into the gas lines entering and exiting the injection port is
minimized. The effect of the pressure pulse is to increase the amount of analyte transferred to
the column, especially the late-eluting components. This can lead to stationary phase
overload, however, so it may be necessary to increase the capacity of the column when using
this technique (see the Column Selection section for more information).

early-eluting compounds
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Table III. Recommended installation distances.

Figure 2. The Rtx®-5Sil MS column structure.

Agilent (HP): 5-7mm from tip of ferrule
Varian 1075/1077: 5.7cm from back of nut
PerkinElmer Autosystem: 4.5 - 5.0cm from back of nut
Shimadzu 14A: 4.0cm from back of nut
Shimadzu 17A: 35mm from tip of ferrule

split: 40mm from back of nut
splitless: 64mm from back of nut

Any injection technique can suffer from reactivity (i.e., breakdown) and splitless injection is
no exception. The splitless technique has two primary mechanisms for compound reactivity:
sample backflash into the gas lines that enter and exit from the injector; and exposure of the
sample extract to active sites on the wool, liner, and tip of the column. In general, the same set
of compounds break down regardless of which mechanism is occurring: 2,4-dinitrophenol,
PCP, 4-nitrophenol, carbazole, and 3-nitroaniline.

Daily maintenance of the injection port will help decrease this problem. Replace the inlet liner
and fused silica wool plug, and the septum every day. Weekly, or more often depending on the
extract contamination level, replace the inlet seal and remove a short section from the front of
the column. The length of column removed will vary depending on the level of contamination
in the extracts, generally 6 to 12 inches is adequate. When cutting the column and re-installing
it into the injection port, be sure to make a square cut and be consistent with the installation
distance. The installation distance varies by manufacturer. Refer to Table III for a list of
recommended insertion distances.

Column Selection
Due to the wide variation in functionality, volatility, and polarity of semivolatile compounds,
it is not possible to select a column that is highly selective for all of them. As a result, this
analysis is performed on a general-purpose stationary phase. The Rtx®-5Sil MS column has
the best combination of low bleed, high inertness, and efficiency for semivolatile applications.
(The Rtx®-5MS column also has been successfully used for analysis of semivolatile com-
pounds.) The Rtx®-5Sil MS column features a silarylene phenyl/methyl phase that was
developed to provide lower bleed and greater efficiency than other “5-type” phases for
improved separation of the PAHs (Figure 2).

Low-bleed columns are necessary for the more sensitive instruments. For laboratories using
the Agilent 5973 GC/MS or ion trap MS, column bleed can be a very important issue. As
these instruments have become more sensitive, the higher-bleed columns produce a larger

signal on the detector and can
cause electron multiplier satura-
tion. If this occurs, calibration
curves may show non-linearity at
higher concentrations. This is
sometimes referred to as high-end
roll-off, when the signal for a
given concentration is lower than
expected due to detector satura-
tion. (See Quantitation section for
more information on high-end
roll-off.)

To diagnose column bleed problems, make an injection that allows the bleed to be measured
relative to the concentration of the analyte in the method. Many data systems will normalize
the display to the largest peak in the analysis. If no compounds are injected, the display will
falsely indicate a high background. The Rtx®-5Sil MS column shows a minimal bleed level
for a 20ng per component standard (Figure 3).



10

Figure 3.  The Rtx®-5Sil MS column exhibits low bleed at 20ng concentration level.

Detector saturation also can be caused by the concentration of the analytes. It was common
practice on older, less sensitive GC/MS systems to increase the multiplier voltage above the tune
value to improve sensitivity of low-concentration standards. This technique can lead to problems
with the newer, more sensitive instruments. It is much more likely the higher concentration
calibration standards will saturate the new GC/MS systems. It may be necessary to reduce the
multiplier voltage below the tune value if high-end roll-off is observed. High-end roll-off also
may be observed when using pressure-pulsing injection techniques to minimize high molecular
weight discrimination. If this is observed, you may either increase the stationary phase film
thickness, or increase the column diameter. Alternatively, you may modify the injection
conditions to eliminate the source of the overload.

Column capacity also must be addressed when optimizing the analysis. The typical calibration
range for many of these methods is 20 to 160ng per compound. This requires a column stationary
phase and diameter that will not overload with a 160ng or larger injection. Because there is a loss
of analyte in any splitless injection, calculation of the necessary column capacity is not simple. If
the injection has been optimized for splitless hold-time and fused silica wool is being used in the
liner to minimize high molecular weight discrimination, then it is easier to overload the analytical
column. Possibly the biggest cause of overload is from pressure-pulsing the injection port, as this
improves the transfer of all compounds to the column. The required capacity for your system will
be a function of the specific calibration standards and, more importantly, the injection port.

From a capacity consideration, a 0.25mm ID column with 0.25µm film thickness does not
have sufficient capacity for a 160ng per component standard. Figure 4a shows the poor peak
shape observed when a column is overloaded. Increased capacity can be achieved by
increasing column diameter or film thickness.

When increasing column diameter, the flow rate of the column can be a concern with bench-top
GC/MS systems. Many bench-top GC/MS systems do not have the pumping capacity for the
carrier gas flow that is needed with a 0.32mm ID column. A 0.28mm ID column can increase
sample capacity without exceeding the pumping capacity of most bench-top GC/MS systems,
making it ideal for calibrating semivolatile compounds from 20 to 160ng without overload.
Alternatively, a 0.25mm ID column with a 0.5µm film thickness also has sufficient capacity to
handle a calibration from 20 to 160ng without exhibiting overload. Figure 4b shows excellent
peak shape for a 160ng-per-component standard on a 30m, 0.25mm ID, 0.5µm Rtx®-5Sil MS
column.

The total analysis time should be as short as possible without sacrificing separation or
resolution between compounds with similar mass spectra. Pay particular attention to the
separation between benzo-b- and benzo-k-fluoranthrene—they tend to be the most difficult-

1 2

3

4

5
6 7

19 20 21 22 23 24 25 26 27 28 29 min.

1. benzo(b)fluoranthene
2. benzo(k)fluoranthene
3. benzo(a)pyrene
4. perylene-d12
5. indeno(1,2,3-cd)pyrene
6. dibenz(a,h)anthracene
7. benzo(g,h,i)perylene

30m, 0.25mm ID, 0.5µm Rtx®-5Sil MS (cat# 12738)
20ng splitless injection of CLP standard; GC: HP/Agilent 6890 w/ 5973 mass selective detector, scan range 35-550

AMU; Oven program: 40°C (hold 2 min.) to 290°C @ 20°C/min. (hold 0  min.) to 303°C @ 2°C/min. (hold 0 min.) to
330°C @ 6°C/min. (hold 1 min.); Carrier gas: He @ 1.0mL/min. constant flow; Inj. temp.:  300°C; Det. temp.:  280°C
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Figure 4a & 4b.  Avoid overload by selecting a column with the proper capacity.
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Peak List for Fig. 4a & 4b
1. di-n-octyl phthalate
2. benzo(b)fluoranthene
3. benzo(k)fluoranthene
4. benzo(a)pyrene
5. perylene-d12
6. indeno(1,2,3-cd)pyrene
7. dibenz(a,h)anthracene
8. benzo(ghi)perylene

4a
Poor peak shape for a
0.25mm ID, 0.25µm

Rtx®-5Sil MS column

4b
Excellent peak shape for a

0.25mm ID, 0.5µm
Rtx®-5Sil MS column

to-separate analytes, sharing common mass spectra and quantitation ions. Figure 5 shows a
80ng per component injection of the compounds listed in Table I with an analysis time under
30 minutes. The expanded sections of the chromatogram show the excellent resolution that
can be achieved with the Rtx®-5Sil MS column.

In the past, the GC/MS systems used for semivolatile analysis did not have the sensitivity for
split injections, so laboratories were limited to splitless injection. Newer systems such as the
Agilent 5973 and ion trap GC/MS have greatly improved sensitivity, which allow the use of
split injection and still meet the detection limits required by most semivolatile methods.
Figure 6 shows the 20ng per component standard injected in split mode using a 20:1 split ratio
on a 30m, 0.25mm ID, 0.25µm Rtx®-5Sil MS column. The low bleed exhibited by this
column is critical when working with these more sensitive GC/MS systems. A benefit of split
injection is narrower peak widths for improved separations between closely eluting com-
pounds. Also, split injections usually result in less reactive compound breakdown because the
residence time in the injection port is much shorter than in splitless injection.

If the sensitivity of an instrument allows for split injection, then column capacity is not nearly
the issue it is for splitless injection. Figure 7 shows a 160ng-per-component standard injected
under the same conditions as shown in Figure 6. A column with a thinner film can be used
because the concentration reaching the column is reduced by 20-fold. The analytical system
using split injection will be able to handle higher concentrations of contaminants and possibly
stay calibrated longer, but there will be a sacrifice in method detection limits (MDLs).
Therefore, it is important to ensure that the MDLs specified in a particular method still can be
met if split injection is used.

18.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5 min.

18 19 20 21 22 23 24 min.

Conditions for Fig. 4a
30m, 0.25mm ID, 0.5µm Rtx®-5Sil MS
(cat.# 12738)
160ng splitless injection of CLP
standard; GC: HP/Agilent 6890 w/ 5973
mass selective detector, scan range 35-
550 AMU; Oven program: 40°C(hold 2
min.) to 290°C @ 20°C/min. (hold 0
min.) to 303°C @ 2°C/min. (hold 0 min.)
to 330°C @ 6°C/min. (hold 1 min.);
Carrier gas: He @ 1.0 mL/min. constant
flow; Inj. temp.:  300°C; Det. temp.:
280°C

Conditions for Fig. 4b
30m, 0.25mm ID, 0.25µm Rtx®-5Sil MS
(cat.# 12723)
unknown concentration (>160ng)
splitless injection of CLP standard;
GC: HP/Agilent 6890 w/ 5973 mass
selective detector, scan range 35-550
AMU; Oven program:  40°C (hold 2 min.)
to 245°C @ 25°C/min. (hold 0  min.) to
330°C @ 6°C/min. (hold 5 min.); Carrier
gas: He @ 1.0 mL/min. constant flow;
Inj. temp.: 300°C; Det. temp.: 280°C
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Figure 5.  A 30m, 0.25mm ID, 0.5µm Rtx®-5Sil MS column offers excellent resolution of 106 compounds listed in less than 25 minutes.

1. N-nitrosodimethylamine
2. pyridine
3. methyl methanesulfonate
4. 2-fluorophenol
5. ethyl methanesulfonate
6. phenol-d6
7. phenol
8. aniline
9. bis(2-chloroethyl)ether

10. 2-chlorophenol
11. 2-chlorophenol
12. 1,3-dichlorobenzene
13. 1,4-dichlorobenzene-d4
14. 1,4-dichlorobenzene
15. benzyl alcohol
16. 1,2-dichlorobenzene-d4
17. 1,2-dichlorobenzene
18. 2-methylphenol
19. bis(2-chloroisopropyl)ether
20. 4-methylphenol/3-methylphenol
21. N-nitroso-di-n-propylamine

22. acetophenone
23. hexachloroethane
24. nitrobenzene-d5
25. nitrobenzene
26. isophorone
27. 2,4-dimethylphenol
28. 2-nitrophenol
29. benzoic acid
30. bis(2-chloroethoxy)methane
31. 2,4-dichlorophenol
32. 1,2,4-trichlorobenzene
33. naphthalene-d8
34. naphthalene
35. 2,6-dichlorophenol
36. 4-chloroaniline
37. hexachloropropene
38. hexachlorobutadiene
39 4-chloro-3-methylphenol
40. isosafrole
41. 2-methylnaphthalene
42. 1-methylnaphthalene

43. hexachlorocyclopentadiene
44. 1,2,4,5-tetrachlorobenzene
45. 2,4,6-trichlorophenol
46. 2,4,5-trichlorophenol
47. 2-fluorobiphenyl
48. safrole
49. 2-chloronaphthalene
50. 2-nitroaniline
51. 1,4-naphthoquinone
52. dimethylphthalate
53. 1,3-dinitrobenzene
54. 2,6-dinitrotoluene
55. acenaphthylene
56. 3-nitroaniline
57. acenaphthene-d10
58. acenaphthene
59. 2,4-dinitrophenol
60. 4-nitrophenol
61. pentachlorobenzene
62. 2,4-dinitrotoluene
63. dibenzofuran

64. 2,3,4,6-tetrachlorophenol
65. diethyl phthalate
66. 4-chlorophenyl phenyl ether
67. fluorene
68. 4-nitroaniline
69. 4,6-dinitro-2-methylphenol
70. diphenylamine
71. azobenzene
72. 2,4,6-tribromophenol
73. phenacetin
74. 4-bromophenyl-phenyl ether
75. hexachlorobenzene
76. pentachlorophenol
77. pentachloronitrobenzene
78 dinoseb
79. phenanthrene-d10
80. phenanthrene
81. anthracene
82. di-n-butylphthalate
83. 4-nitroquinoline-1-oxide
84. isodrin

85. fluoranthene
86. benzidine
87. pyrene
88. aromite
89. p-terphenyl-d14
90. chlorbenzilate
91. butyl benzyl phthalate
92. kepone
93. bis(2-ethylhexyl)phthalate
94. 3,3'-dichlorobenzidine
95. benzo(a)anthracene
96. chrysene-d12
97. chrysene
98. di-n-octyl phthalate
99. benzo(b)fluoranthene

100. benzo(k)fluoranthene
101. benzo(a)pyrene
102. perylene-d12
103. 3-methylcholanthrene
104. indeno(1,2,3-cd)pyrene
105. dibenz(a,h)anthracene
106. benzo(g,h,i)perylene
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30m, 0.25mm ID, 0.5µm
Rtx®-5Sil MS (cat# 12738)

80ng splitless injection of CLP
standard; GC: HP/Agilent 6890
w/ 5973 mass selective detector;
Oven program: 40°C (hold 2
min) to 290°C @ 20°C/min.
(hold 0  min.) to 303°C @
2°C/min. (hold 0 min.) to 330°C
@ 6°C/min. (hold 1 min.);
Carrier gas: He @ 1.0 mL/min.
constant flow; Inj. temp.: 300°C;
Det. temp.:  280C, scan range
35-550 AMU

4 5 6 7 8 9 10 11 12 13 14 min.15 16 17 18 19 20 21 22 23 24

7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 min.

19.0 19.5
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Figure 6.  A 20ng split injection shows the extremely low bleed of the Rtx®-5Sil MS column.

1

2,3
4,5,6

1. 2-fluorophenol
2. phenol-d6
3. phenol
4. bis(2-chloroethyl)ether
5. 2-chlorophenol
6. 2-chlorophenol
7. 1,3-dichlorobenzene
8. 1,4-dichlorobenzene-d4
9. 1,4-dichlorobenzene

10. benzyl alcohol
11. 1,2-dichlorobenzene-d4
12. 1,2-dichlorobenzene
13. 2-methylphenol
14. bis(2-chloroisopropyl)ether
15. 4-methylphenol/3-methylphenol
16. N-nitroso-di-n-propylamine
17. hexachloroethane
18. nitrobenzene-d5
19. nitrobenzene
20. isophorone
21. 2-nitrophenol
22. 2,4-dimethylphenol
23. benzoic acid
24. bis(2-chloroethoxy)methane
25. 2,4-dichlorophenol
26. 1,2,4-trichlorobenzene
27. naphthalene-d8
28. naphthalene
29. 4-chloroaniline
30. hexachlorobutadiene
31. 4-chloro-3-methylphenol
32. 2-methylnaphthalene
33. hexachlorocyclopentadiene
34. 2,4,6-trichlorophenol
35. 2,4,5-trichlorophenol
36. 2-fluorobiphenyl
37. 2-chloronaphthalene
38. 2-nitroaniline
39. dimethylphthalate
40. 2,6-dinitrotoluene

41. acenaphthylene
42. acenaphthene-d10
43. 3-nitroaniline
44. acenaphthene
45. 2,4-dinitrophenol
46. 4-nitrophenol
47. dibenzofuran
48. 2,4-dinitrotoluene
49. diethyl phthalate
50. 4-chlorophenyl phenyl ether
51. fluorene
52. 4-nitroaniline
53. 4,6-dinitro-2-methylphenol
54. diphenylamine
55. 2,4,6-tribromophenol
56. 4-bromophenyl-phenyl ether
57. hexachlorobenzene
58. pentachlorophenol
59. phenanthrene-d10
60. phenanthrene
61. anthracene
62. carbazole
63. di-n-butylphthalate
64. fluoranthene
65. pyrene
66. p-terphenyl-d14
67. butyl benzyl phthalate
68. benzo(a)anthracene
69. chrysene-d12
70. chrysene
71. bis(2-ethylhexyl)phthalate
72. di-n-octyl phthalate
73. benzo(b)fluoranthene
74. benzo(k)fluoranthene
75. benzo(a)pyrene
76. perylene-d12
77. indeno(1,2,3-cd)pyrene
78. dibenz(a,h)anthracene
79. benzo(ghi)perylene

30m, 0.25 mm ID, 0.25µm Rtx®-5Sil MS (cat.# 12723)
20ng split injection of CLP standard; GC: HP/Agilent 6890 w/ 5973
mass selective detector scan range 35-550 AMU; Oven program:
40°C (hold 2 min.) to 245°C @ 25°C/min. (hold 0  min.) to 330°C

@ 6°C/min. (hold 5 min.); Carrier gas: He @ 1.0 mL/min.
constant flow; Inj. temp.: 300°C; Det. temp.: 280°C
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Peak List for Figures 6 & 7
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Figure 7. Analyzing semivolatile compounds in the split injection mode can improve peak shape and eliminate column overload.
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30m, 0.25mm ID, 0.25µm
Rtx®-5Sil MS (cat.# 12723)

Sample: 160ng split injection of CLP standard;
GC: HP/Agilent 6890 w/ 5973 mass selective

detector, scan range 35-550 AMU; Oven program:
40°C(hold 2 min.) to 245°C @ 25°C/min. (hold 0
min.) to 330°C @ 6°C/min. (hold 5 min.); Carrier
gas: He @ 1.0mL/min. constant flow; Inj. temp.:

300°C; Det. temp.: 280°C

Peak list on page 13

?Questions?
Restek’s Technical Service

Team is always here to help.
Call us at 800-356-1688 or

814-353-1300, ext. 4,
or email us at

support@restekcorp.com

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 min.

15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5 min.

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 min.
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Reducing Discrimination
Reduced response of the higher molecular weight semivolatile compounds can be caused by
discrimination in the injection port. In extreme cases response for the last three PAH com-
pounds may be lost completely at lower calibration levels. To reduce the effects of discrimina-
tion in the injection port, we recommend using a drilled Uniliner® inlet liner. Because the
column seals into the taper at the bottom of the liner, there is reduced loss of high molecular
weight compounds and improved response. The drilled Uniliner® inlet liner has a small hole
drilled at the entrance that allows it to work with small diameter columns and Electronic
Pressure Control (EPC) injection systems. When using the drilled Uniliner® liner (Figure 8),
the response of the last three PAHs is significantly higher compared to the same analysis done
with a normal splitless sleeve (see Figure 5). The drilled Uniliner® is available for Agilent
5890 and 6890 GCs (see page 19).

Figure 8. The Rtx®-5Sil MS combined with the Siltek™ drilled Uniliner® liner  exhibits excellent peak shape and response for
the semivolatile compounds listed in US EPA Method 8270.

1. N-nitrosodimethylamine
2. pyridine
3. methyl methanesulfonate
4. 2-fluorophenol
5. ethyl methanesulfonate
6. phenol-d6
7. phenol
8. aniline
9. bis(2-chloroethyl)ether

10. 2-chlorophenol
11. 1,3-dichlorobenzene
12. 1,4-dichlorobenzene-d4
13. 1,4-dichlorobenzene
14. 1,2-dichlorobenzene
15. benzyl alcohol
16. 2-methylphenol
17. bis(2-chloroisopropyl)ether
18. acetophenone
19. 4-methylphenol/3-methylphenol
20. N-nitroso-di-n-propylamine
21. hexachloroethane
22. nitrobenzene-d5
23. nitrobenzene
24. isophorone
25. 2-nitrophenol
26. 2,4-dimethylphenol

27. bis(2-chloroethoxy)methane
28. benzoic acid
29. 2,4-dichlorophenol
30. 1,2,4-trichlorobenzene
31. naphthalene-d8
32. naphthalene
33. 2,6-dichlorophenol
34. 4-chloroaniline
35. hexachloropropene
36. hexachlorobutadiene
37. 4-chloro-3-methylphenol
38. isosafrole
39. 2-methylnaphthalene
40. 1-methylnaphthalene
41. hexachlorocyclopentadiene
42. 1,2,4,5-tetrachlorobenzene
43. 2,4,6-trichlorophenol
44. 2,4,5-trichlorophenol
45. 2-fluorobiphenyl
46. safrole
47. 2-chloronaphthalene
48. 2-nitroaniline
49. 1,4-naphthoquinone
50. dimethylphthalate
51. 1,3-dinitrobenzene
52. 2,6-dinitrotoluene

53. acenaphthylene
54. acenaphthene-d10
55. 3-nitroaniline
56. acenaphthene
57. 2,4-dinitrophenol
58. pentachlorobenzene
59. 4-nitrophenol
60. dibenzofuran
61. 2,4-dinitrotoluene
62. 2,3,4,6-tetrachlorophenol
63. diethyl phthalate
64. fluorene
65. 4-chlorophenyl phenyl ether
66. 4-nitroaniline
67. 4,6-dinitro-2-methylphenol
68. diphenylamine
69. azobenzene
70. 2,4,6-tribromophenol
71. phenacetin
72. 4-bromophenyl phenyl ether
73. hexachlorobenzene
74. pentachlorophenol
75. pentachloronitrobenzene
76. phenanthrene-d10
77. dinoseb
78. phenanthrene

79. anthracene
80. di-n-butylphthalate
81. 4-nitroquinoline-1-oxide
82. isodrin
83. fluoranthene
84. benzidine
85. pyrene
86. p-terphenyl-d14
87. aramite
88. chlorbenzilate
89. kepone
90. butyl benzyl phthalate
91. benzo(a)anthracene
92. 3,3'-dichlorobenzidine
93. chrysene-d12
94. chrysene
95. bis(2-ethylhexyl)phthalate
96. di-n-octyl phthalate
97. benzo(b)fluoranthene
98. benzo(k)fluoranthene
99. benzo(a)pyrene

100. perylene-d12
101. 3-methylcholanthrene
102. indeno(1,2,3-cd)pyrene
103. dibenzo(a,h)anthracene
104. benzo(g,h,i)perylene

30m, 0.25mm ID, 0.25µm Rtx®-5Sil MS (cat.# 12723)
Conc.: 24µg/mL in methylene chloride
(cat.#s: 31618, 31619, 31620, 31621, 31622, 31206,
31062, 31063)
Note:  Internal standards at 8 ppm

Inj. vol.: 1µL
Inj type: splitless
Hold time: 0.4  min.
Inlet liner: drilled Uniliner® liner, Siltek™

deactivation (cat# 21054-214.1)
Inj. temp.: 300°C

Carrier gas: helium (1mL/min. constant flow)
Linear velocity: 34cm/sec.
Oven temp.: 35°C (hold 2 min.) to 260°C @

20°C min. (hold 0 min.), to 330° @
6°C/min. (hold 1 min.)

Det. type: MS
Transfer line temp.: 280°C
Scan range: 35 to 550amu
Ionization: EI
Mode: full scan

GC_EV00576
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Quantitation
Because splitless injections suffer from irreproducibility, quantitation for semivolatile
compounds is by internal standard, using a single ion for each analyte. Internal standards at
known concentrations are used to correct for variances in the amount of material transferred
to the column with different injections, and also to track MS sensitivity.

All sample analyte concentrations are calculated using response factors obtained from the
calibration curve. This method uses single ions (i.e., extracted ions) for each compound so
that chromatographic resolution of each compound is not necessary. It is acceptable for
compounds to co-elute, as long as they do not have any common ions used for quantitation.
Typically, only isomers have similar spectra, so chromatographic resolution is required only
for these compounds.

Figure 9 shows the possibilities for calibration curves for this analysis. Curve A is the desired
result, indicating a proportional response with increasing concentration. This implies that
there is no detector saturation or reactivity for this compound. Curve B is indicative of a
compound that undergoes a reaction, usually in the injection port or on the head of the
column. If a calibration curve like Curve B is observed, injection port or column maintenance
is required. Finally, Curve C shows high-end roll-off, indicating saturation. If a calibration

Figure 9. Calibration curves showing linear response, adsorption, and high-end roll-off.
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curve like Curve C is observed, select a column with higher capacity or reduce detector
sensitivity by lowering the multiplier voltage.

Summary
Although the analysis of semivolatile organic compounds is one of the more difficult tests
performed by environmental laboratories, using Restek’s Rtx®-5Sil MS or Rtx®-5MS columns
and following the tips presented in this guide can make it easier to perform. Correct sample
preparation, extract cleanup, injection technique, analytical columns, standards, and quantitation
can help minimize problems normally associated with semivolatile organic analyses. When
problems occur, use the most appropriate troubleshooting and maintenance procedures to quickly
optimize your analytical system. When faced with difficulties in your semivolatile analysis,
remember that the majority of problems occur in the sample preparation and cleanup step, or in
the GC injection port. If you still are having difficulties after reading through this guide, contact
Restek’s Technical Service Team via email at support@restekcorp.com or via phone at
800-356-1688 or 814-353-1300, ext. 4.
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Rtx®-5MS
Fused Silica (Crossbond®  5% diphenyl - 95%
dimethyl polysiloxane) Stable to 360°C

Rtx®-5MS and Rtx®-5Sil MS Columns
Conventional capillary gas chromatography (GC) columns use liquid stationary phases, many
of which are crossbonded to yield a higher working temperature. Even with crossbonding,
however, the liquid stationary phase will slowly elute. This elution of the stationary phase,
also termed column bleed, is more detectable at higher temperatures and is typically observed
as an increasing baseline that follows the oven temperature program. Depending on the
method of detection, column bleed may not be an issue for certain separations. If the capillary
column is connected to a sensitive detector like a mass spectrometer (MS), then column bleed
can cause a number of problems—specifically misidentification of analytes, loss of sensitiv-
ity, and inaccurate quantitation.

The level of column bleed will affect the senstivity of any MS, especially ion trap instru-
ments, which use automatic gain control. As the level of column bleed increases, so does the
signal from bleed ions in the mass spectra of analytes and unknowns. Also, sensitivity (or
detection limit) severely degrades. The contribution of bleed ions to the mass spectra can
result in misidentification of compounds, requiring laboratory personnel to subtract these ions
before performing library searches. Doing so can add considerable time to their analyses.
Finally, if bleed ions contribute to the signal of the quantitation mass, quantitation of analytes
and unknowns will be miscalculated. For these reasons, it is critical that analysts choose the
lowest-bleed column designed for GC/MS applications.

Many manufacturers offer “MS” phases for applications requiring low bleed. In many cases,
these represent nothing more than the reporting of the bleed signal when the column was
tested for a single analysis at the manufacturer. Restek has developed true low-bleed MS
phases. These columns exhibit a much lower column bleed than was previously available. The
Rtx®-5MS column is a low-bleed, dimethyl/diphenyl polysiloxane phase. The Rtx®-5Sil MS is
a low-bleed silarylene methyl/phenyl phase. The combination of Restek’s polymer chemistry
and rigorous QA testing ensures that each MS column exceeds requirements of the most
sensitive mass spectrometers.

Rtx®-5Sil MS
Fused Silica (equivalent selectivity of Crossbond®

5% diphenyl/95% dimethyl polysiloxane)
Stable to 360°C

ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter
0.25mm 0.10 -60 to 330/350°C 12605 12608 12611

0.25 -60 to 330/350°C 12620 12623 12626
0.50 -60 to 330/350°C 12635 12638 12641
1.00 -60 to 325/350°C 12650 12653

0.32mm 0.10 -60 to 330/350°C 12606 12609 12612
0.25 -60 to 330/350°C 12621 12624 12627
0.50 -60 to 330/350°C 12636 12639 12642
1.00 -60 to 325/350°C 12651 12654

0.53mm 0.50 -60 to 320/340°C 12637 12640
1.00 -60 to 320/340°C 12652 12655
1.50 -60 to 310/330°C 12667 12670

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

online
ordering

now available!
for U.S. customers only

www.restekcorp.com
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For detailed information on types
of guard columns, their uses, and

a complete product listing,
request Restek’s

Guard Column Fast Facts flyer
(lit. cat.# 59319)

Intermediate-Polarity Deactivated Guard Columns
Nominal ID (mm) Nominal OD (mm) 1-Meter 5-Meter

0.15 0.363 ± 0.012 10101 10042

0.18 0.37 ± 0.04 10102 10046

0.25 0.37 ± 0.04 — 10043

0.28 0.37 ± 0.04 — 10003

0.32 0.45 ± 0.04 — 10044

0.45 0.69 ± 0.05 — 10005

0.53 0.69 ± 0.05 — 10045

formoreinfo

Innovative Integra-Guard™ Columns
Some people swear by press-fit connectors, and others swear at them. For many analysts, the
art of attaching a guard column to an analytical column is a mystery. Restek’s chemists have
discovered the solution to this mystery—the easiest, most reliable connection is no connection
at all! No guard column system is more permanent than one continuous length of tubing
containing both the guard column and the analytical column.

Restek offers a wide variety of Integra-Guard™ capillary columns with a guaranteed leak-free
connection! The guard column is tied separately from the analytical column, using high-
temperature string. The transition area between the columns is the point at which the guard
column ends and the analytical column begins. The entire setup is suspended in our unique
“crush-free” cage, which prevents the column from coming in contact with anything that
could damage it.

Ordering is simple. Just add the appropriate suffix number and price to the analytical column’s
catalog number and price. For example, a 30m, 0.25mm ID, 0.25µm Rtx®-5MS with a 5m
Integra-Guard™ column is cat.# 12623-124.

ID (mm) Length (m) Suffix #
0.25 5 -124

10 -127

0.28 5 -243

10 -244

Integra-Guard™

built-in guard
column

Phases currently available as
Integra-Guard™ columns:

Rtx®-1 Rtx®-1701
Rtx®-1MS Rtx®-Volatiles
Rtx®-5 Rtx®-20
Rtx®-5MS Rtx®-35
Rtx®-5Sil MS Rtx®-35MS
XTI®-5 Rtx®-BAC 1 & 2
Rtx®-1301 Stabilwax®

Rtx®-624

ID (mm) Length (m) Suffix #
0.32 5 -125

10 -128

0.53 5 -126

10 -129

For analysts who prefer to attach a guard column to the analytical column
themselves, Restek offers deactivated guard columns and Press-Tight® connectors.

Press-Tight® Connectors
• Seals all common sizes (0.18 to 0.53mm ID, outside diameters from 0.3 to 0.75mm) of

fused silica tubing.
• Connect guard columns to analytical columns, repair broken columns, or connect column

outlets to transfer lines.
• Angled connectors are designed to approximate the curvature of a capillary column and reduce

strain on column-end connections.
• Made from inert fused silica.

Universal Angled Press-Tight® Connectors:
cat.# 20446 (5-pk.); cat.# 20447 (25-pk.); cat.# 20448 (100-pk.)

Universal Press-Tight® Connectors:
cat.# 20400 (5-pk.); cat.# 20401 (25-pk.); cat.# 20402 (100-pk.)

Deactivated Universal Press-Tight® Connectors:
cat.# 20429 (5-pk.); cat.# 20430 (25-pk.); cat.# 20431 (100-pk.)

Universal “Y” Press-Tight® Connectors:
cat.# 20405 (ea.); cat.# 20406 (3-pk.)

Universal Angled “Y” Press-Tight® Connectors:
cat.# 20403 (ea.); cat.# 20404 (3-pk.)
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For Varian GCs

Splitless Liners for ID*/OD & cat.# Similar to
Agilent/HP & Finnigan GCs Benefits/Uses: Length (mm) ea. 5-pk. 25-pk. Agilent part #

trace samples >2µL 4.0 ID 20772 20773 20774 —
4mm Splitless 6.5 OD x 78.5

trace samples >2µL 4.0 ID 22400 22401 22402 19251-60540
4mm Splitless w/ FS Wool 6.5 OD x 78.5

trace samples >2µL 4.0 ID 20912 20913 — —
4mm Splitless (quartz) 6.5 OD x 78.5

trace samples >2µL 4.0 ID 22403 22404 — 18740-80220
4mm Splitless (quartz) w/ FS Wool 6.5 OD x 78.5 5181-8818

trace samples <2µL 2.0 ID 20795 20796 20797 —
Gooseneck Splitless (2mm) 6.5 OD x 78.5

trace samples >2µL 4.0 ID 20798 20799 20800 5181-3316
Gooseneck Splitless (4mm) 6.5 OD x 78.5

trace samples >2µL 4.0 ID 22405 22406 22407 5062-3587
  Gooseneck Splitless (4mm) w/ FS Wool 6.5 OD x 78.5

trace, active samples >2µL 4.0 ID 20784 20785 20786 5181-3315
Double Gooseneck Splitless (4mm) 6.5 OD x 78.5

trace, active, dirty 2.0 ID 20907 20908 — —
Cyclo Double Gooseneck (2mm) samples <2µL 6.5 OD x 78.5

trace, active, dirty 4.0 ID 20895 20896 20997 —
Cyclo Double Gooseneck (4mm) samples >2µL 6.5 OD x 78.5

allows direct injection when 4.0 ID 21054 21055 — —
Drilled Uniliner® (4mm) using EPC-equipped GC 6.3 OD x 78.5

allows direct injection when 4.0 ID 21054-214.1 21055-214.5 — —
Siltek™ Drilled Uniliner® (4mm) using EPC-equipped GC 6.3 OD x 78.5C
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Inlet Liners
For Agilent/HP & Finnigan GCs

Splitless Liners for ID**/OD & cat.# Similar to
Varian 1075/1077GCs Benefits/Uses: Length (mm) ea. 5-pk. 25-pk. Varian Part #

trace samples<2µL 2.0 ID 20721 20722 20723 01-900109-05
2mm Splitless 6.3 OD x 74

trace samples>2µL 4.0 ID 20904 20905 20906 01-900109-05
4mm Splitless 6.3 OD x 74

trace, active samples 4.0 ID 20847 20848 20849 —
Double Gooseneck up to 4µL 6.3 OD x 74

trace, dirty, active 4.0 ID 20897 20898 — —
Cyclo Double Gooseneck samples up to 4µL 6.3 OD x 74

1078/1079 Liners ID**/OD & cat.# Similar to
for Varian GCs Benefits/Uses: length (mm) ea. 5-pk. 25-pk. Varian Part #

trace samples <2µL 2.0 ID 21711 21712 — 03-918466-00
1078/1079 Splitless 5.0 OD x 54C

O
L

U
M

N
 I

N
S

T
A

L
L

S
 T

H
I
S

 E
N

D

*Nominal ID at syringe needle expulsion point.
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Splitless Liners for ID**/OD & cat.# Similar to
PerkinElmer GCs Benefits/Uses: Length (mm) ea. 5-pk. 25-pk. PE Part #

trace samples 2.0 ID 20829 20830 20831 N6101372
Auto SYS Splitless w/Wool (2mm ID)* 6.2 OD x 92.1

trace, active samples 3.5 ID 20853 20854 — —
Auto SYS Double Gooseneck up to 4µL 6.2 OD x 92.1

trace, dirty, active samples 3.5 ID 20899 20900 — —
Auto SYS Cyclo Double Gooseneck  up to 4µL 6.2 OD x 92.1

most common 2.0 ID 21717 21718 — N612-1004
Auto SYS XL Split/Splitless analyses 4.0 OD x 86.2

Splitless Liners for ID**/OD & cat.# Similar to
5000-6000 Series GCs Benefits/Uses: Length (mm) ea. 5-pk. 25-pk. TO Part #

trace samples 4.0 ID 20814 20815 20816 —
Splitless (4mm ID) 5.5 OD x 79.5

Splitless Liners for 8000 ID**/OD & cat.# Similar to
& TRACE™ Series GCs Benefits/Uses: Length (mm) ea. 5-pk. 25-pk. TO Part #

Splitless Liners for ID**/OD & cat.# Similar to
Shimadzu GCs Benefits/Uses: Length (mm) ea. 5-pk. 25-pk. Shimadzu Part #

trace samples 3.5 ID 20955 20956 20957 221-09145
94mm Splitless with Wool* 5.0 OD x 94

reduces backflash and 3.5 ID 20958 20959 20960 —
94mm Double Gooseneck catalytic decomposition 5.0 OD x 94

reduces backflash, also 3.5 ID 20961 20962 20963 221-41599-00
94mm Single Gooseneck operates in DI mode 5.0 OD x 94
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trace samples 3.0 ID 20942 20943 20944 453 20032
Splitless (3mm ID) 8.0 OD x 105

trace samples 5.0 ID 20945 20946 20947 453 20033
Splitless (5mm ID) 8.0 OD x 105

trace, active samples 4.0 ID 20952 20953 — —
Double Gooseneck up to 4µL 8.0 OD x 105

Inlet Liners
For Shimadzu GCs

For PerkinElmer GCs

For Thermo Orion GCs

*Liner is packed with fused silica wool. To order glass wool instead, add the suffix “–202” to the liner’s catalog number.
**Nominal ID at syringe needle expulsion point.
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O-Rings
Viton®

Viton® o-rings are universal. One size fits both split (6.3mm ID) and splitless (6.5mm ID) sleeves.

Max. temp. Similar to Agilent Part # cat.# Qty.
Viton® (fluorocarbon) 350°C 5180-4182 20377 25-pk.

Graphite
Graphite o-rings have excellent thermal stability and can be used at injection port temperatures up to 450°C!

Similar to Agilent Part # 10-pk. 50-pk.
6.35mm ID for split liners 5180-4168 20296 20297

6.5mm ID for splitless liners 5180-4173 20298 20299
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Deactivated Fused Silica Wool
• Ensure uniform vaporization in split or splitless liners.
• Prolong column life by trapping septum particles.
• Recommended for autosamplers with fast injection rates.
• Inertness tested for endrin breakdown.
cat.# 20790, (10 grams)

Septum Diameter 25-pk. 50-pk. 100-pk.
5mm (3/16") 20351 20352 20353
6mm (1/4") 20355 20356 20357
7mm 20381 20382 20383
8mm 20370 20371 —
9.5mm (3/8") 20359 20360 20361
10mm 20378 20379 20380
11mm (7/16") 20363 20364 20365
11.5mm 22385 22386 22387
12.5mm (1/2") 20367 20368 20369
17mm 20384 20385 20386
Shimadzu Plug 20372 20373 20374

Thermolite® Septa
• Each batch tested on FIDs, ECDs, & MSDs to ensure lowest bleed.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Usable to 340°C inlet temperatures.
• Packaged in non-contaminating tins.

Call our literature hotline
at 800-356-1688

or 814-353-1300, ext. 5,
or your local Restek

representative for
Restek’s 20-page bulletin,

A Guide to Minimizing
Septa Problems

(lit. cat.# 59886).

guidefree

Replacement Inlet Seals
• Special grade of stainless steel deforms easily, ensuring a completely leak-free seal.
• Available in stainless steel, gold-plated, and Silcosteel®-treated.
• Cross-Disk ideal for high-flow split applications on EPC-equipped GCs.
• Shipped with washers.

*0.8mm ID stainless steel inlet seal is equivalent to
Agilent part #18740-20880.
**0.8mm ID gold-plated inlet seal is equivalent to
Agilent part #18740-20885.

Single-Column Installation,
Opening Size 0.8mm ID

Stainless Steel Inlet Seal*

21315, 2-pk. 21316, 10-pk.

Gold-Plated Inlet Seal**

21317, 2-pk. 21318, 10-pk.

Silcosteel® Inlet Seal

21319, 2-pk. 21320, 10-pk.

For Agilent 5890/6890/6850
Split/Splitless Injection Ports Cross-Disk, Opening Size 0.8mm ID

Gold-Plated Inlet Seal

20477, 2-pk. 20476, 10-pk.

Silcosteel® Inlet Seal

20475, 2-pk. 20474, 10-pk.

Cross-Disk, Opening Size 1.2mm ID

Gold-Plated Inlet Seal

21009, 2-pk. 21010, 10-pk.

Silcosteel® Inlet Seal

21011, 2-pk. 21012, 10-pk.

Cross-Disk for Agilent GCs†

†Similar to Agilent part #5182-9652.

Request the handy,
pocket-sized, Inlet
Supplies Guide
(lit. cat.# 59893A).

guidefree
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Capillary Ferrules  (for 1/16" compression-type fittings)

Ferrule Fits Column Vespel®/
ID (mm) ID (mm) Qty. Graphite Graphite

0.4 0.25 50-pk. 20227 20229

0.4 0.25 10-pk. 20200 20211

0.5 0.32 10-pk. 20201 20212

0.5 0.32 50-pk. 20228 20231

0.6 0.28 10-pk. — 20232

0.8 0.53 10-pk. 20202 20213

0.8 0.53 50-pk. 20224 20230

Ferrules

Compact Ferrules for Agilent GCs

Ferrule Fits Column Vespel®/
ID (mm) ID (mm) Qty. Graphite Graphite

0.4 0.25 10-pk. 20250 20238

0.4 0.25 50-pk. 20251 20239

0.5 0.32 10-pk. 21007 20248

0.5 0.32 50-pk. 21008 20249

0.8 0.53 10-pk. 20252 20263

0.8 0.53 50-pk. 20253 20264

Encapsulated Ferrules
• Will not deform and stick in fittings.
• Reusable.
• For 1/16" compression fittings.

Ferrule ID  Fits column ID cat.#/10-pk.
0.4mm 0.25mm 21036

0.5mm 0.32mm 21037

0.8mm 0.53mm 21038

EZ-Vent™ 2000
• Change GC/MS columns in minutes without venting.
• Silcosteel® treated for greater inertness.
• Deactivated transfer line minimizes bleed into the source.
• Stainless steel body and high-temperature polyimide

ferrules minimize leaks at the problematic transfer line fitting.
• Less expensive than other “no-vent” fittings.
• 100µm transfer line throttles vacuum and prevents column pump down.
• Available for Agilent GCs with 5971/5972 or 5973 MS and Varian 3400, 3600, or 3800

GCs with Saturn 2000 MS.
• Precision-machined orifice.

Kits
EZ-Vent™ 2000 for Agilent GCs with 5971/5972 or 5973 MS

Includes EZ-Vent™ 2000, 1/16" SS nut, 0.4mm ID ferrules for connecting capillary column,
0.4mm ID ferrules for connecting transfer line, 100µm deactivated transfer line (3 ft.), and
EZ-Vent™ column plug; cat.# 21013, (kit)

EZ-Vent™ 2000 for Varian Saturn 2000 MS systems with 3400, 3600, or 3800 GCs
Includes EZ-Vent™ 2000, 1/16" SS nut, 0.4mm ferrules for connecting capillary column,
0.4mm ID ferrules for connecting transfer line, 100µm deactivated transfer line (3 ft.), and
EZ-Vent™ column plug; cat.# 21014, (kit)

great

idea!
EZ-Vent™ 2000 for Agilent GCs

EZ-Vent™ 2000 for Varian GCs

EZ-Vent™ 2000 ferrules
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For Agilent 5890 GCs
Description cat.#, (ea.)

Replacement Weldment (Similar to Agilent part# 19251-60575) 20265

Replacement Shell Weldment (Similar to Agilent part# 19251-80570) 20266

Silcosteel® Weldment 20267

Silcosteel® Shell Weldment 20268

Direct Replacement Split/Splitless Injection Ports for Agilent GCs

Would you like better performance from your injector?  Restek’s Silcosteel®-coated split/
splitless injector is a direct replacement  for Agilent 5890 and 6890/6850 GCs. The injector

version available

®

For Agilent 6890/6850 GCs
Description cat.#, (ea.)

Replacement Weldment for Agilent 6890/6850 GCs with EPC 22674

Replacement Weldment for Agilent 6890/6850 GCs with manual flow 20265

Replacement Shell Weldment for Agilent 6890/6850 GCs 22673

Weldment for Agilent 5890 GCs

MSD Source Nut
The nut bore has been changed from 0.8mm to 1.2mm to permit easy removal of ferrules with
a standard tapered-needle file (cat.# 20106). The nuts still match the manufacturer’s original
part specifications and are made of brass to prevent thread-stripping on the transfer line.
(Similar to Agilent part #05988-20066.)
(Detector) MSD Source Nut: cat.# 20643, (2-pk.)

Agilent’s MSD interface
requires a butt-seal at the
base of a Vespel® ferrule,

which is prone to leakage.
Restek’s version uses a

standard ferrule design that
simultaneously seals the

fitting and capillary tubing
with compressive forces.

MSD Conversion Fitting—Improved
• Uses a flat, soft aluminum sealing ring to deform and butt-seal against the MSD interface

(see figure below).
• A standard Vespel® ferrule seals the column and 1/16-inch stainless steel nut.
• Fitting is constructed of nickel-plated brass for longevity and softness.
• Can use any standard Vespel® or Vespel®/graphite 1/16-inch ferrule.
• Includes a 1/16-inch stainless steel nut and two replacement sealing rings. Order ferrules

separately.
MSD Conversion Fitting: cat.# 21314, (ea.)
MSD Conversion Fitting Replacement Ring Seal: cat.# 21313, (2-pk.)

Restek MSD Conversion Fitting

only column
seals at taper

butt-seal
with ferrule crunch washer

forms leak-free
seal—easier to

remove

ferrule seals
against

both column and
fitting

shoulder
strength

increased

Original Agilent Design

S
O
U
R
C
E

S
O
U
R
C
E

is manufactured from high-quality stainless steel and
meets or exceeds Agilent original equipment specifica-
tions. Silcosteel® passivates the metal surface to ensure
an inert pathway for the sample, delivering increased
performance.

Shell weldment for Agilent
5890 GCs

Weldment and shell
weldment for Agilent

6890/6850 GCs

✓ check it out
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Internal Standard Mixtures

SV Internal Standard Mix
acenaphthene-d10 naphthalene-d8
crysene-d12 perylene-d12
1,4-dichlorobenzene-d4 phenanthrene-d10

4,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31006 31006-510

w/data pack 31006-500 31006-520 31106

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31206 31206-510

w/data pack 31206-500 31206-520 31306

Surrogate Mixtures

B/N Surrogate Mix (4/89 SOW)
2-fluorobiphenyl p-terphenyl-d14
nitrobenzene-d5

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31024 31024-510

w/data pack 31024-500 31024-520 31124

5,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31062 31062-510

w/data pack 31062-500 31062-520 31162

5,000µg/mL each in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31086 31086-510

w/data pack 31086-500 31086-520 31186

Acid Surrogate Mix (4/89 SOW)
2-fluorophenol 2,4,6-tribromophenol
phenol-d6

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31025 31025-510

w/data pack 31025-500 31025-520 31125

10,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31063 31063-510

w/data pack 31063-500 31063-520 31163

10,000µg/mL each in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31087 31087-510

w/data pack 31087-500 31087-520 31187

US EPA Methods 8270C & 8270D Analytical Reference Materials

US EPA Method 8270D outlines the
analysis of semivolatile organic pollutants

in solid waste, soil, water, and air matrices,
using GC/MS. Update IVA of the third
edition of SW-846—Test Methods for

Evaluating Solid Waste, Physical/Chemical
Methods—includes EPA Method 8270D, in

which there were no major revisions from
EPA Method 8270C.

Matrix Spiking Mixtures

B/N Matrix Spike Mix
acenaphthene N-nitroso-di-n-propylamine
1,4-dichlorobenzene pyrene
2,4-dinitrotoluene 1,2,4-trichlorobenzene

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31004 31004-510

w/data pack 31004-500 31004-520 31104

5,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31074 31074-510

w/data pack 31074-500 31074-520 31174

5,000µg/mL each in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31084 31084-510

w/data pack 31084-500 31084-520 31184

GC/MS Tuning Mixture

GC/MS Tuning Mixture
benzidine DFTPP
4,4'-DDT pentachlorophenol

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31615 31615-510

w/data pack 31615-500 31615-520 31715

Aramite Mix
2,000ppm each in hexane, 1mL/ampul

Each 5-pk. 10-pk.
31624 31624-510

w/data pack 31624-500 31624-520 31724

Method 8270 Calibration Kits

8270 Calibration Kit
31618: 8270 Calibration Mix #1
31619: 8270 Calibration Mix #2
31620: 8270 Calibration Mix #3
31621: 8270 Calibration Mix #4
31622: 8270 Calibration Mix #5

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31626 31626-500

 8270/Appendix IX Calibration Kit
31618: 8270 Calibration Mix #1
31619: 8270 Calibration Mix #2
31620: 8270 Calibration Mix #3
31621: 8270 Calibration Mix #4
31622: 8270 Calibration Mix #5
31623: 8270 Calibration Mix #6
31625: Appendix IX Mix #1

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31627 31627-500

kit

kit

Acid Matrix Spike Mix
4-chloro-3-methylphenol pentachlorophenol
2-chlorophenol phenol
4-nitrophenol

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31014 31014-510

w/data pack 31014-500 31014-520 31114

10,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31061 31061-510

w/data pack 31061-500 31061-520 31161

10,000µg/mL each in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31071 31071-510

w/data pack 31071-500 31071-520 31171
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Calibration Check Compound
Mixtures

8270 B/N Calibration Check Mix
acenaphthene diphenylamine
benzo(a)pyrene fluoranthene
1,4-dichlorobenzene hexachlorobutadiene
di-n-octyl phthalate

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31616 31616-510

w/data pack 31616-500 31616-520 31716

8270 Acid Calibration Check Mix
4-chloro-3-methylphenol pentachlorophenol
2,4-dichlorophenol phenol
2-nitrophenol 2,4,6-trichlorophenol

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31617 31617-510

w/data pack 31617-500 31617-520 31717

Calibration Mixtures

8270 Calibration Mix #1
benzoic acid 3-methylphenol
4-chloro-3-methylphenol 4-methylphenol
2-chlorophenol 2-nitrophenol
2,4-dichlorophenol 4-nitrophenol
2,6-dichlorophenol pentachlorophenol
2,4-dimethylphenol phenol
4,6-dinitro-2-methylphenol 2,3,4,6-tetrachlorophenol
2,4-dinitrophenol 2,4,5-trichlorophenol
dinoseb 2,4,6-trichlorophenol
2-methylphenol

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31618 31618-510

w/data pack 31618-500 31618-520 31718

8270 Calibration Mix #2
aniline 3-nitroaniline
benzidine 4-nitroaniline
4-chloroaniline N-nitrosodimethylamine
3,3'-dichlorobenzidine N-nitrosodi-n-propylamine
diphenylamine pyridine
2-nitroaniline

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31619 31619-510

w/data pack 31619-500 31619-520 31719

US EPA Methods 8270C & 8270D Analytical Reference Materials

Calibration Mixtures

8270 Calibration Mix #3
aramite hexachlorobenzene
bis (2-chloroethyl) ether hexachlorobutadiene
bis (2-chloroethoxy) methane hexachloro-

cyclopentadiene
bis (2-chloroisopropyl) ether hexachloroethane
4-bromophenyl phenyl ether hexachloropropene
chlorobenzilate isodrin
2-chloronaphthalene kepone
4-chlorophenyl phenyl ether pentachlorobenzene
1,2-dichlorobenzene pentachloronitrobenzene
1,3-dichlorobenzene 1,2,4,5-tetrachlorobenzene
1,4-dichlorobenzene 1,2,4-trichlorobenzene
1,3-dinitrobenzene

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31620 31620-510

w/data pack 31620-500 31620-520 31720

8270 Calibration Mix #4
acetophenone 2,6-dinitrotoluene
azobenzene ethyl methanesulfonate
benzyl alcohol isophorone
bis (2-ethylhexyl) phthalate isosafrole (cis & trans)
butyl benzyl phthalate methyl methanesulfonate
dibenzofuran 1,4-naphthoquinone
diethyl phthalate nitrobenzene
dimethyl phthalate 4-nitroquinoline-1-oxide
di-n-butyl phthalate phenacetin
di-n-octyl phthalate safrole
2,4-dinitrotoluene

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31621 31621-510

w/data pack 31621-500 31621-520 31721

8270 Calibration Mix #5
acenaphthene fluoranthene
acenaphthylene fluorene
anthracene ideno(1,2,3-cd)pyrene
benzo(a)anthracene 3-methylcholanthrene
benzo(a)pyrene 1-methylnaphthalene
benzo(b)fluoranthene 2-methylnaphthalene
benzo(ghi)perylene naphthalene
benzo(k)fluoranthene phenanthrene
chrysene pyrene
dibenz(a,h)anthracene

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31622 31622-510

w/data pack 31622-500 31622-520 31722

8270 Calibration Mix #6
diallate (cis & trans) parathion
dimethoate phorate
disulfoton pronamide
famphur thionazine
methyl parathion 0,0,0-triethyl
phosphorothioate

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31623 31623-510

w/data pack 31623-500 31623-520 31723

Organochlorine Pesticide Mix AB #1
aldrin endosulfan II
α-BHC endosulfan sulfate
α-chlordane endrin
β-BHC endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE γ-BHC (lindane)
4,4'-DDT γ-chlordane
δ-BHC heptachlor
dieldrin heptachlor epoxide (B)
endosulfan I methoxychlor

200µg/mL each in hexane/toluene (1:1), 1mL/ampul

Each 5-pk. 10-pk.
32291 32291-510

w/data pack 32291-500 32291-520 32391

Appendix IX Mix #1
2-acetylaminofluorene N-nitrosodiethylamine
4-aminobiphenyl N-nitrosomethylethylamine
p-dimethylaminoazobenzene N-nitrosomorpholine
3,3'-dimethylbenzidine N-nitrosopiperidine
α,α,-dimethylphenethylamine N-nitrosopyrrolidine
    (free base) 1,4-phenylenediamine
methapyrilene (free base) 2-picoline
1-naphthylamine o-toluidine
2-naphthylamine
5-nitro-o-toluidine
N-nitrosodibutylamine

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31625 31625-510

w/data pack 31625-500 31625-520 31725

Calibration Mixtures
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EPA CLP—Semivolatiles Calibration Mixtures

04.1 SOW, 04.2 OSW
Restek chemists carefully reviewed the 04.2 Statement of Work and determined that the
identical products listed in 04.1 will also be required for the 04.2 revision. The products listed
here are a result of this work.

CLP 04.1 B/N MegaMix™

Note: This product is provided as a two ampul set:

CLP 04.1 B/N MegaMix™ Mix A

acenaphthene di-n-octyl phthalate
acenaphthylene dibenz(a,h)anthracene
acetophenone dibenzofuran
anthracene 3,3'-dichlorobenzidine
atrazine diethyl phthalate
benzo(a)anthracene dimethyl phthalate
benzaldehyde 2,4-dinitrotoluene
benzo(a)pyrene 2,6-dinitrotoluene
benzo(b)fluoranthene fluoranthene
benzo(k)fluoranthene fluorene
benzo(ghi)perylene hexachlorobenzene
1,1'-biphenyl hexachlorobutadiene
bis(2-chloroethoxy)methane
hexachlorocyclopentadiene
bis(2-chloroethyl)ether hexachloroethane
bis-(2-chloroisopropyl)ether ideno(1,2,3-cd)pyrene
bis(2-ethylhexyl)phthalate isophorone
4-bromophenyl phenyl ether 2-methylnaphthalene
butyl benzyl phthalate naphthalene
caprolactam nitrobenzene
carbazole n-nitrosodi-n-propylamine
2-chloronaphthalene n-nitrosodiphenylamine
4-chlorophenyl phenyl ether phenanthrene
chrysene pyrene
di-n-butyl phthalate

1,000µg/mL each in methylene chloride/benzene (75:25)

CLP 04.1 B/N MegaMix™ Mix B

4-chloroaniline 3-nitroaniline
2-nitroaniline 4-nitroaniline

1,000µg/mL each in methylene chloride

Each 5-pk. 10-pk.
31495 31495-510 —

w/data pack 31495-500 31495-520 31595

CLP 04.1 Phenols Calibration Mix
4-chloro-3-methylphenol 2-methylphenol
2-chlorophenol 4-methylphenol
4-nitrophenol 2-nitrophenol
2,4-dichlorophenol pentachlorophenol
2,4-dimethylphenol phenol
2,4-dinitrophenol 2,4,5-trichlorophenol
2-methyl-4,6-dinitrophenol 2,4,6-trichlorophenol

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31494 31494-510 —

w/data pack 31494-500 31494-520 31594

CLP GPC Calibration Mix
bis(2-ethylhexyl)phthalate 10mg/mL
corn oil 250
methoxychlor 2.0
perylene 0.2
sulfur 0.8

In methylene chloride, 1mL/ampul

1mL/ampul Each 5-pk. 10-pk.
32019 32019-510 32119

5mL/ampul Each 5-pk. 10-pk.
32023 32023-510 32123

CLP GPC Calibration Mix

Qualitative mixture useful for determining GPC
dump/collect times. Data packs are not available.
The compounds are dissolved in methylene
chloride at the concentrations listed.

Revised GPC Calibration Mix
bis(2-ethylhexyl)phthalate 5mg/mL
corn oil 250
methoxychlor 1.0
perylene 0.2
sulfur 0.8

In methylene chloride, 1mL/ampul

1mL/ampul Each 5-pk. 10-pk.
32041 32041-510 32141

5mL/ampul Each 5-pk. 10-pk.
32042 32042-510 32142

Restek
Tip

CLP OLM 04.1, 04.2
Semivolatile Dilution

Benzaldehyde and atrazine will react
quickly and directly with the methanol
stabilizer used in most brands and
grades of methylene chloride. This
reaction will prevent you from
obtaining stable, working-level
calibration standards. Therefore, Restek
has prepared the CLP OLM 04.1
Semivolatile B/N Mega- Mix™ from
methylene chloride that is stabilized
with amylene and is completely free of
methanol. Restek strongly recommends
screening the methylene chloride you
use to dilute these mixtures to confirm
that it is free of methanol.

CLP OLM 04.1 SV Kit #1

31000: SV Screening Mix
31001:SV Tuning Mix
31493:CLP 04.1 BNA Surrogate Mix
31492:CLP 04.1 B/N Matrix Spike Mix
31005:Acid Matrix Spike Mix
31006:SV Internal Standard Mix
31494:CLP 04.1 Phenols Calibration Mix
31495:CLP 04.1 B/N MegaMix™

31012:SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31603 31603-500

CLP OLM 04.1 SV Kit #2

31494:CLP 04.1 Phenols Calibration Mix
31495:CLP 04.1 B/N MegaMix™

31012:SV Calibration Mix #6 (pesticides)

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31604 31604-500

CLP OLM 04.1 SV Kit #3

31494:CLP 04.1 Phenols Calibration Mix
31495:CLP 04.1 B/N MegaMix™

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31605 31605-500

kit

kit

kit→

?Questions?
Restek’s Technical Service

Team is always here to help.
Call us at 800-356-1688 or

814-353-1300, ext. 4,
or email us at

support@restekcorp.com
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CLP Semivolatile Calibration Kit #1
(with pesticides)

31007: SV Calibration Mix #1 (anilines)
31008: SV Calibration Mix #2 (phenols)
31009: SV Calibration Mix #3 (base neutrals)
31010: SV Calibration Mix #4 (base neutrals)
31011: SV Calibration Mix #5 (PAHs)
31012: SV Calibration Mix #6 (pesticides)
31013: SV Calibration Mix #7 (dichlorobenzenes)
31026: 3,3'-dichlorobenzidine

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31461 31461-500

CLP Semivolatile Calibration Kit #2
(without pesticides)

31007: SV Calibration Mix #1 (anilines)
31008: SV Calibration Mix #2 (phenols)
31009: SV Calibration Mix #3 (base neutrals)
31010: SV Calibration Mix #4 (base neutrals)
31011: SV Calibration Mix #5 (PAHs)
31013: SV Calibration Mix #7 (dichlorobenzenes)
31026: 3,3'-dichlorobenzidine

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31462 31462-500

Semivolatile Calibration Kit #3
(with benzidine)

31007: SV Calibration Mix #1 (anilines)
31008: SV Calibration Mix #2 (phenols)
31009: SV Calibration Mix #3 (base neutrals)
31010: SV Calibration Mix #4 (base neutrals)
31011: SV Calibration Mix #5 (PAHs)
31013: SV Calibration Mix #7 (dichlorobenzenes)
31030: 605 Benzidines Calibration Mix

(benzidine & 3,3'-dichlorobenzidine)

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31463 31463-500

 Semivolatile Organics Kit (3/90 SOW)
31000: SV Screening Mix
31001: SV Tuning Compound
31002: B/N Surrogate Std. Mix (3/90 SOW)
31003: Acid Surrogate Std. Mix (3/90 SOW)
31004: B/N Matrix Spike Mix
31005: Acid Matrix Spike Mix
31006: SV Internal Standard Mix
31007: SV Calibration Mix #1
31008: SV Calibration Mix #2
31009: SV Calibration Mix #3
31010: SV Calibration Mix #4
31011: SV Calibration Mix #5
31012: SV Calibration Mix #6
31013: SV Calibration Mix #7
31026: 3,3'-dichlorobenzidine

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31051 31151

kit

kit

kit

kit

SV Calibration Mix #1
benzyl alcohol 3-nitroaniline
4-chloroaniline 4-nitroaniline
2-nitroaniline

2,000µg/mL each in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31007 31007-510

w/data pack 31007-500 31007-520 31107

SV Calibration Mix #2
benzoic acid 4-methylphenol
4-chloro-3-methylphenol 2-nitrophenol
2-chlorophenol 4-nitrophenol
2,4-dichlorophenol pentachlorophenol
2,4-dimethylphenol phenol
2,4-dinitrophenol 2,4,5-trichlorophenol
2-methyl-4,6-dinitrophenol 2,4,6-trichlorophenol
2-methylphenol

2,000µg/mL each in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31008 31008-510

w/data pack 31008-500 31008-520 31108

SV Calibration Mix #3
bis(2-chloroethoxy)methane 4-chlorophenyl phenyl ether
bis(2-chloroethyl)ether dimethyl phthalate
bis(2-chloroisopropyl)ether di-n-butyl phthalate
bis(2-ethylhexyl)phthalate di-n-octyl phthalate
4-bromophenyl phenyl ether N-nitrosodimethylamine
butyl benzyl phthalate N-nitroso-di-n-propylamine
2-chloronaphthalene N-nitrosodiphenylamine

2,000µg/mL each in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31009 31009-510

w/data pack 31009-500 31009-520 31109

SV Calibration Mix #4
carbazolehexachlorocyclopentadiene
dibenzofuran hexachloroethane
diethyl phthalate isophorone
2,4-dinitrotoluene 2-methylnaphthalene
2,6-dinitrotoluene nitrobenzene
hexachlorobenzene 1,2,4-trichlorobenzene
hexachlorobutadiene

2,000µg/mL each in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31010 31010-510

w/data pack 31010-500 31010-520 31110

EPA CLP—Semivolatiles Calibration Mixtures and Kits

3/90 and 4/89 SOW

SV Calibration Mix #5
acenaphthene chrysene
acenaphthylene dibenzo(a,h)anthracene
anthracene fluoranthene
benzo(a)anthracene fluorene
benzo(a)pyrene indeno(1,2,3-cd)pyrene
benzo(b)fluoranthene naphthalene
benzo(k)fluoranthene phenanthrene
benzo(ghi)perylene pyrene

2,000µg/mL each in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31011 31011-510

w/data pack 31011-500 31011-520 31111

SV Calibration Mix #6
aldrin endosulfan I
α-BHC endosulfan II
β-BHC endosulfan sulfate
δ-BHC endrin
γ-BHC (lindane) endrin aldehyde
4,4'-DDD endrin ketone
4,4'-DDE heptachlor
4,4'-DDT heptachlor epoxide (B)
dieldrin methoxychlor

2,000µg/mL each in toluene/hexane (1:1), 1mL/ampul

Each 5-pk. 10-pk.
31012 31012-510

w/data pack 31012-500 31012-520 31112

SV Calibration Mix #7
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene

2,000µg/mL each in CH
2
Cl

2
, 1mL/ampul

Each 5-pk. 10-pk.
31013 31013-510

w/data pack 31013-500 31013-520 31113

3,3'-Dichlorobenzidine
2,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31026 31026-510

w/data pack 31026-500 31026-520 31126
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science of chromatography. This knowl-
edge management group is dedicated to
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customers worldwide.

Our Technical Service Department is staffed
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tion in high-temperature analysis. They combined
the unique properties of Siltek™ deactivation, high-
temperature fused silica tubing, and a specially syn-
thesized dimethyl polysiloxane phase to create a
non-polar capillary column with thermal stability
up to 380°C. The result is the new Stx®-1HT col-
umn, which shows significant low bleed, even at
temperatures above 340°C (Figure 1).

Total petroleum hydrocarbon (TPH) analysis is a
common test performed in environmental laborato-
ries. In addition to gasoline range and diesel range
organics (GRO and DRO, respectively), samples
often contain high molecular weight hydrocarbons
from motor oil or hydraulic fluid. To elute these
high molecular weight hydrocarbons from the col-
umn requires high oven temperatures. The Stx®-1HT
column has the necessary thermal stability and low
bleed to perform the analysis of hydrocarbons up
to C58 in approximately 50 minutes (Figure 2).

To ensure continued low-bleed performance at high
temperatures, it is critical to prevent oxygen from
entering the column. Therefore, the system should
be leak-checked before heating the column. Even a
small leak will cause air to enter and bleed to
increase. Also, we recommend using graphite fer-
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Analyzing high molecular weight compounds by gas
chromatography (GC) has been difficult because of
the limited thermal stability of the stationary phases
and the fused silica tubing. At temperatures above
340°C most stationary phases exhibit high bleed that
can interfere with peak identification and affect
quantitaion. In addition, the polyimide coating on

standard fused silica tubing
can become brittle at tem-
peratures above 360°C,
causing spontaneous
breakage when the column
is exposed to elevated tem-
peratures too long.

Extensive research by
Restek R&D scientists has
led to a significant innova-

✔ Thermally stable to 380°C 
✔ True dimethyl polysiloxane

polarity
✔ Low bleed (<10pa @ 380°C)
✔ Unique Siltek™-deactivated

high-temperature tubing

Stx™-1HT

0 min. 20 40 60

30m, 0.32mm ID, 0.10µm Stx™-1HT
(cat.# 11709) & 30m, 0.32mm ID,

0.10µm Rtx®-1 (cat.# 10109);
GC: Agilent 6890; Oven program: 100°C
to 340°C at 10°C/min. (hold 10 min.) to
360°C @ 10°C/min. (hold 10 min.) to
380°C @ 10°C/min. (hold 10 min.);

Detector: FID @ 380°C; Injector: split
at 250°C; Septum purge: 4.0cc/min.;
Carrier gas: helium; Split vent flow

rate: 25cc/min., 20:1 split; Head pres-
sure: 8.0psi; Linear velocity:

26cm/sec.; Make-up gas flow:
45cc/min., nitrogen

Figure 1
The Stx™-1HT column exhibits extremely low bleed at high temperatures.
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Stx®-1HT Columns cont.

30m, 0.32mm ID, 0.10µm Stx™-1HT (cat.# 11709); 0.20µL injection of D2887 calibration mix
(cat.# 31222), plus C46 to C58 hydrocarbons; Solvent: carbon disulfide; GC: Agilent 6890; Oven program: 30°C to

380°C at 10°C/min. (hold 15 min.); Detector: FID @ 380°C; Injector: cool on-column/track oven temperature;
Carrier gas: helium; Flow rate: 1.3cc/min. @30°C; Linear velocity: 22cm/sec. @ 30°C, constant pressure with EPC;

Make-up gas flow: 45cc/min.; Head pressure: 6.0psi

min. 10 20 30 40 50
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1. C7
2. C8
3. C9
4. C10
5. C11
6. C12
7. C14
8. C16
9. C18

10. C20
11. C24
12. C28

13. C32
14. C36
15. C40
16. C44
17. C46
18. C48
19. C50
20. C52
21. C54
22. C56
23. C58

<10pa at
380°C!

Figure 2
The Stx™-1HT column is an excellent choice for high-temperature, low-bleed

hydrocarbon analysis up to C58.

✔ Stx®-1HT Columns (100% dimethylpolysiloxane) Stable to 380°C
ID df (µm) temp. limits 15-Meter 30-Meter

0.25mm 0.10 -60 to 380°C 11705 11708
0.32mm 0.10 -60 to 380°C 11706 11709

rules, high-temperature septa, and checking con-
nectors for leaks after every thermal cycle.

Stringent quality assurance specifications ensure
consistent column-to-column reproducibility for
Stx®-1HT columns. Each column is tested for inert-
ness, efficiency, and bleed level at its maximum
temperature (380°C). In fact, Stx®-1HT columns
are guaranteed to exhibit less than 10pA of bleed at
380°C in a leak-free system.

The Stx®-1HT column is a major advancement for
high-temperature analysis. The combination of
Siltek™ deactivation, high-temperature fused silica
tubing, and a specially synthesized stationary phase
has created a column that exhibits low bleed at
temperatures as high as 380°C.

A long-standing customer of Restek received his column only to find it was
mangled by postal machinery. Fearful of what he might find inside, he was
relieved when the column’s tubing was still intact! He supplied these pic-
tures to illustrate the endurance of Restek’s strong column cage.

Do you have a similar story to share? Tell us about it by calling 800-356-
1688 or 814-353-1300, ext. 4, or contact your local Restek representative.

Restek Columns Are Tough!
Strong Cage Helps Column Survive Rough Journey

✔ D2887 SimDist Calibration Mix
Compound Conc. Compound Conc.

(% w/w) (% w/w)
n-hexane (C6) 6 n-octadecane (C18) 5
n-heptane (C7) 6 n-eicosane (C20) 2
n-octane (C8) 8 n-tetracosane (C24) 2
n-nonane (C9) 8 n-octacosane (C28) 1
n-decane (C10) 12 n-dotriacontane (C32) 1
n-undecane (C11) 12 n-hexatriacontane (C36) 1
n-dodecane (C12) 12 n-tetracontane (C40) 1
n-tetradecane (C14) 12 n-tetratetracontane (C44) 1
n-hexadecane (C16) 10
Packaged 1mL per ampul

Ea. 10-pk.w/data pack
31222 31322 

✔ Siltek™ Guard Colums
ID Nominal OD 5-Meter 10-Meter

0.25mm 0.37 ±0.04mm 10026 10036
0.32mm 0.45 ±0.04mm 10027 10037

✔ Siltek™ Inlet Liners Add the appropriate suffix to your Restek liner catalog number.
For a complete inlet liner offering, refer to the Restek Annual Chromatography Products Guide (lit. cat.# 59960).

qty. Siltek™ Siltek™ with Siltek™ wool Siltek™ with CarboFrit™

each -214.1 addl. cost -213.1 addl. cost -216.1 addl. cost
5-pack -214.5 addl. cost -213.5 addl. cost -216.5 addl. cost
25-pack -214.25 addl. cost -213.25 addl. cost -216.25 addl. cost

✔ Siltek™ Press-Tight® Connectors
Type 5-pk. 25-pk. 100-pk.

straight 20480 20449 20481
angled 20482 20483 20484 ✔ Thermolite® Septa

Diameter 25-pk. 50-pk. 100-pk.
5mm 20351 20352 20353

9.5mm 20359 20360 20361
10mm 20378 20379 20380
11mm 20363 20364 20365

11.5mm 22385 22386 22387
17mm 20384 20385 20386
Plug 20372 20373 20374

GC_PC00378 formoreinfo
request the “Stx®-1HT Benefits Brochure”

(lit. cat.# #59283).
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Restek On-the-Road
GC, HPLC, & Environmental Training Coming to a Location Near You!

Restek "On-the-Road" presents a nationwide, three-
month tour to spread chromatographic knowledge!
We are offering three different courses this year:
Comprehensive GC, HPLC, and Environmental
Analyses. Each full-day course is presented in an
engaging multimedia format. We teach key chro-
matographic concepts, tricks of the trade, and little
known secrets that are of benefit to the novice and
the seasoned veteran. We are chromatographers
talking about chromatography, presenting the facts
on how to help improve your chromatographic
analyses. This is a great opportunity to learn tips for
improving the efficiency and effectiveness of your
HPLC and GC testing.

These courses will help you:
• Improve chromatographic efficiencies.
• Identify and adjust variables to optimize

your system.
• Increase sample throughput.
• Identify and troubleshoot problems with your

analysis and instrument.

State City Type Hotel Cat. # Date
AZ Phoenix GC Hilton Phoenix Airport (480-894-1600) 65220 Oct. 8
AZ Tucson GC Embassy Suites, Tucson International Airport (520-573-0700) 65221 Oct. 9
CA Orange County GC Wyndham Garden Hotel, Orange County Arprt. (714-751-5100) 65229 Oct. 16
CA San Diego GC The Westin, Horton Plaza (619-239-2200) 65228 Oct. 15
CA Walnut Creek GC Embassy Suites (925-934-2500) 65230 Oct. 18
CO Denver GC Doubletree Hotel Denver Southeast (in Aurora) (303-337-2800) 65218 Oct. 4
CT Groton GC Groton Inn & Suites (860-445-9784) 65199 Sep. 21
DE Wilmington GC Wyndham Grand Hotel (302-655-0400) 65211 Sep. 28
FL Miami GC Marriott Miami Airport (305-649-5000) 65226 Oct. 11
FL Tallahasse GC Radisson Hotel (850-224-6000) 65224 Oct. 8
FL Tampa GC Embassy Suites Hotel (813-875-1555) 65225 Oct. 9
GA Atlanta GC Sheraton Gateway Hotel, Atlanta Airport (770-997-1100) 65191 Sep. 14
GA Savannah GC Hilton Savannah DeSoto (912-232-9000) 65227 Oct. 12
HI Honolulu GC Ala Moana Hotel (808-955-4811) 65187 Nov. 9
IL Schaumburg GC Holiday Inn O'Hare Intl. (in Rosemont) (847-671-6350) 65206 Sep. 27
IN Indianapolis GC Adam's Mark Hotel (317-248-2481) 65202 Sep. 20
LA Baton Rouge GC Baton Rouge Marriott (225-924-5000) 65212 Oct. 1
MA Waltham GC Four Points Hotel by Sheraton (781-890-0100) 65198 Sep. 20
MI Ann Arbor GC Best Western Executive Plaza (734-665-4444) 65207 Sep. 28
MN Minneapolis GC Minneapolis Airport Marriott (in Bloomington) (952-854-7441) 65204 Sep. 24
MO Kansas City GC Park Place Hotel (816-483-9900) 65200 Sep. 17
MO St. Louis GC Sheraton West Port Hotel Plaza (314-878-1500) 65201 Sep. 18
NC Durham GC Durham Marriott at the Civic Center (919-683-6664) 65189 Sep. 11
NJ Edison GC Clarion Hotel & Towers (732-287-3500) 65208 Sep. 24
NJ Princeton GC Holiday Inn Princeton (609-452-2400) 65209 Sep. 25
NM Albuquerque GC Courtyard by Marriott Journal Center (505-823-1919) 65219 Oct. 1
NV Las Vegas GC Riviera Hotel & Casino (702-734-5110) 65216 Oct. 5
NY Albany GC Holiday Inn Turf (518-458-7250) 65197 Sep. 18
NY Rochester GC Four Points Hotel by Sheraton Rochester (716-546-6400) 65196 Sep. 17
OH Cincinnati GC Crowne Plaza Hotel (513-381-4000) 65203 Sep. 21
OH Cleveland GC Hilton Cleveland South (216-447-1300) 65194 Sep. 13
OH Columbus GC Adams Mark Hotel (614-228-5050) 65193 Sep. 11
OK Tulsa GC Sheraton Tulsa Hotel (918-627-5000) 65223 Oct. 12
PA King of Prussia GC Hilton Valley Forge (610-337-1200) 65210 Sep. 27
PA Pittsburgh GC Holiday Inn Monroeville (412-372-1022) 65195 Sep. 14
TN Knoxville GC Hilton Knoxville Airport (865-970-4300) 65190 Sep. 13
TX Austin GC Doubletree Hotel Austin (512-454-3737) 65222 Oct. 11
TX Dallas GC Harvey Hotel, DFW Airport (in Irving) (972-929-4500) 65214 Oct. 4
TX Houston GC Sheraton (281-442-5100) 65213 Oct. 2
TX San Antonio GC Doubletree Hotel (210-366-2424) 65215 Oct. 5
UT Salt Lake City GC Wyndham Hotel, Salt Lake City (801-531-7500) 65217 Oct. 2
VA Richmond GC Wyndham Garden Hotel (804-226-4300) 65188 Sep. 10
WA Seattle GC Doubletree Airport (206-246-8600) 65231 Oct. 19
WI Madison GC Madison Concourse Hotel & Governor's Club (608-257-6000) 65205 Sep. 25
WV Charleston GC Ramada Plaza Hotel (304-744-4641) 65192 Sep. 10

CA Concord HPLC Hilton Concord (925-827-2000) 65611 Oct. 2
CA San Diego HPLC The Westin, Horton Plaza (619-239-2200) 65608 Sep. 26
CA Simi Valley HPLC Grand Vista Hotel (805-583-2000) 65609 Sep. 27
CA Sunnyvale HPLC Sheraton Sunnyvale Hotel (408-745-6000) 65610 Oct. 1
IL Schaumburg HPLC Holiday Inn O'Hare Intl. (in Rosemont) (847-671-6350) 65607 Sep. 21
IN Indianapolis HPLC Adam's Mark Hotel (317-248-2481) 65606 Sep. 19
NJ Princeton HPLC Holiday Inn Princeton (609-452-2400) 65601 Sep. 11
NJ Rahway HPLC Crowne Plaza Hotel (in Clark) (732-574-0100) 65602 Sep. 12
NY Rochester HPLC Four Points Hotel by Sheraton Rochester (716-546-6400) 65603 Sep. 14
OH Cincinnati HPLC Crowne Plaza Hotel (513-381-4000) 65605 Sep. 18
OH Columbus HPLC Ramada Plaza Hotel & Conference Cntr. (614-846-0300) 65604 Sep. 17
PA King of Prussia HPLC Hilton Valley Forge (610-337-1200) 65600 Sep. 10

CO Denver ENV Doubletree Hotel Denver Southeast (in Aurora) (303-337-2800) 65417 Nov. 5
IL Schaumburg ENV Embassy Suites (847-397-1313) 65415 Nov. 1
IN Indianapolis ENV Adam's Mark Hotel (317-248-2481) 65414 Oct. 30
LA Baton Rouge ENV Baton Rouge Marriott (225-924-5000) 65420 Nov. 9
MA Waltham ENV Four Points Hotel by Sheraton (781-890-0100) 65409 Oct. 22
MN Minneapolis ENV Minneapolis Airport Marriott (in Bloomington) (952-854-7441) 65416 Nov. 2
NJ Edison ENV Clarion Hotel & Towers (732-287-3500) 65411 Oct. 25
NY Albany ENV Holiday Inn Turf (518-458-7250) 65410 Oct. 23
OH Columbus ENV Ramada Plaza Hotel & Conference Cntr. (614-846-0300) 65413 Oct. 29
PA King of Prussia ENV Hilton Valley Forge (610-337-1200) 65412 Oct. 26
TX Austin ENV Doubletree Hotel Austin (512-454-3737) 65418 Nov. 6
TX Houston ENV Holiday Inn Intercontinental Airport (281-449-2311) 65419 Nov. 8

only $199 per person
materials, refreshments, and lunch included

To register, call 800-356-1688 or
814-353-1300, ext. 3, or register
online at www.restekcorp.com



Figure 1
The Rtx®-200 column provides unique

separation of the VOCs listed in
US EPA Method 8260.
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Xylenes are aromatic hydrocarbons that naturally
occur in petroleum and coal tar; they also can be
commercially derived from these substrates. The US
Environmental Protection Agency (EPA) does not
require separation of the three xylene isomers(m-,
p-, o-xylene), but rather requests their calculation
as totals or sums.1 Some states, such as New York,
have action limits based on m- and p-xylene sepa-
rately. However, the isomers of m- and p-xylene are
difficult to resolve using gas chromatography (GC)
and most capillary columns.

Separating m- and
p-Xylene Isomers

Using an Rtx®-200 GC Column
by Christopher English, Environmental Innovations Chemist

The common way to perform a GC separation of
m- and p-xylene is by using a polyethylene glycol
(PEG) stationary phase, such as the Restek
Stabilwax® column. Chromatographically, baseline
separation is possible with this column; however,
the highly polar phase does not separate many of
the other volatile organic compounds (VOCs).  

The more ideal column choice for this separation is
the Rtx®-200 column. The Crossbond® trifluoro-
propylmethyl polysiloxane (TFP) stationary phase
features exceptionally low bleed at operating tem-
peratures up to 360°C. 

The Rtx®-200 column provides unique separation
of VOCs listed in US EPA Methods 524 and 8260
(Figure 1), and is the best column to separate

xylene isomers for specific state requirements
(Figure 2). The only limitation of this column is the
resolution of the gases. 

Trifluoropropyl stationary phases, like that of the
Rtx®-200 column, have a unique selectivity because
of the electrophilic nature of the fluorine-contain-
ing polymer. This creates interactions with electron-
rich molecules like ketones and halogenated com-
pounds. The unique selectivity results in different
elution orders and resolves compounds that phenyl,
cyano, and methyl phases cannot. The Rtx®-200
column can be used to confirm tentatively identified
compounds and resolve multiple coelutions, mak-
ing it ideal for requirements such as those dictated
by New York State.

1. Toxicologicological Profile for Total Xylenes. Prepared by
Clements Associates, Inc., under Contract No. 205-88-0608.
Prepared for Agency of Toxic Substances and Disease Registry,
US Public Health Services, Atlanta, GA. December 1990.
Reference not available from Restek.
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57. 1,3-dichloropropane
58. ethyl methacrylate
59. bromoform
60.  1,1,1,2-tetrachloroethane
61. ethylbenzene
62. 4-methyl-2-penanone
63. chlorobenzene
64. chlorobenzene-D5
65. m-xylene
66. 2-picoline (250ppb)
67. p-xylene
68. n-butyl acetate
69. o-xylene

Conditions for Figures 1 & 2
60m, 0.25 mm ID, 1.0µm Rtx®-200 (cat.# 15056)

10ppb each component in 5mL of RO water;
Concentrator: Tekmar LSC-3100 Purge and Trap;
Trap: Vocarb® 3000 (type K); Purge: 11 min. @

40mL/min. @ ambient temperature;
Dry purge: 1 min. @ 40mL/min.; Desorb preheat:
245°C; Desorb: 250°C for 2 min., flow 10mL/min.;

Bake: 260°C for 8 min.; Interface: transfer line
0.53mm ID Silcosteel® MXT® tubing; Oven program:

40°C (hold 10 min.) to 100°C @ 6°C/min. (hold 1
min.) to 210°C @ 30°C/min. (hold 7 min.); Carrier
gas: helium @ ~1.3mL/min. constant flow (adjust
dichlorodifluoromethane to a retention time of 4.1
min. @ 40°C); Detector: Agilent 5973 MS, scan

range 35 to 300 AMU
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Figure 2
An extracted ion chromatogram shows the Rtx®-200 column separates m/p-xylene isomers.

Innovations at Work
Separate m/p-xylene isomers!

✔ Rtx®-200 Columns (Crossbond® trifluoropropylmethyl polysiloxane) Stable to 360°C
For the complete Rtx®-200 column offering, refer to Restek’s Annual Chromatography Products Guide (lit. cat.# 59960).

Rtx®-200 (Fused Silica Tubing)
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter 105-Meter

0.25mm 1.00 -20 to 290/310°C 15050 15053 15056 15059
MXT®-200 (MXT® Tubing)

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 1.00 -20 to 310°C 75050 75053

formoreinfo
Request Applications Note #59190.

69

2220 min.

GC_EV00381

GC_EV00380

✔ Unique separation of VOCs
satisfy state requirements

✔ Low bleed at high operating
temperatures (stable to 360°C)

An extensive selection of analytical reference materials for US EPA
Method 8260B is available from Restek. Please see page 16 of this
newsletter or visit our web site at www.restekcorp.com for ordering
information.

22.0021.80 22.4022.20 22.8022.60 23.00 min.
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Several factors are important when designing a tri-
fluoropropyl polysiloxane (TFP) stationary phase
(i.e., Restek's Rtx®-200 columns): bleed level,
inertness, and efficiency. In order to obtain a low
bleed level and high thermal stability, it is neces-
sary to apply a suitable deactivation to the fused
silica tubing before coating it with the stationary
phase. The deactivation modifies the fused silica
surface so that it is more compatible with the sta-
tionary phase, otherwise the stationary phase will

not coat evenly and will not bond, or link to, the tubing wall. Other  manufacturers’ “200-type phases” have this
problem and, as a result, suffer from low thermal stability. However, Restek designed a deactivation layer that is
matched to the TFP phase, so you get low bleed levels and thermal stability to 360°C.

Inertness also can be a function of the deactivation chemistry. Restek tests all Rtx®-200 columns using compounds
that are highly susceptible to on-column breakdown and would indicate a problem with column inertness. Testing
with a quality assurance mixture including reactive phenolics, anilines, and alcohols ensures that each Rtx®-200 col-
umn has the inertness to function at high performance levels.

Finally, efficiency is a measure of the interaction between the compounds in the sample and the stationary phase. If
there is a high resistance to mass transport in the stationary phase, then the compounds elute as broad peaks in the
chromatogram and resolution is negatively effected. The Rtx®-200 columns maintain a high efficiency, resulting in
peak widths that are similar to those obtained with the Rtx®-1 column—one of the most efficient phases available. 

While other manufacturers struggle with “200-type” phases that have poor efficiency, inertness, and thermal stability,
Restek customers can expect to achieve the unique selectivity of TFP phases without compromising these other
important chromatographic conditions.

Restek TFP Phase
Low Bleed with a High Degree of

Inertness and Efficiency
by Frank Dorman, Ph.D., Environmental Innovations Chemist

CF3

C2H4

Si

CH3

0

TFP phase structure of the
Rtx®-200 column.

Analytical Gas Chromatography, 2nd Ed.
W. Jennings, E. Mittlefehldt and P. Stremple,
Academic Press, 1997, 389pp. 
cat.# 21362, (ea.) 

Basic Gas Chromatography
H. M. McNair and J. M. Miller, John Wiley, 1997,
200pp.
cat.# 21366, (ea.) 

Capillary Gas Adsorption Chromatography
V. G. Berezkin and J. de Zeeuw, Wiley-VCH, 1998,
320pp.
cat.# 21097, (ea.) 

Chiral Chromatography
T. E. Beesley and R. P. W. Scott, John Wiley, 1999,
506pp.
cat.# 21094, (ea.) 

Environmental Sampling and Analysis Lab
Manual 
M. Csuros, CRC Press LLC, 1997, 373pp. (softcover)

cat.# 21375, (ea.) 

GC/MS in Clinical Chemistry
P. Gerhards, U. Bons, J. Sawazki, J. Szigan and A.
Wertmann, Wiley-VCH, 1999, 241pp.
cat.# 21096, (ea.) 

Handbook of Chemistry and Physics, 81st Ed.
D. R. Lide, CRC Press LLC, 2000, 2480pp.
cat.# 21376, (ea.) 

Handbook of Environmental Analysis
P. Patnaik, CRC Press LLC, 1997, 584pp.
cat.# 21381, (ea.) 

HPLC Columns. Theory, Technology, and
Practice
U. D. Neue, John Wiley, 1997, 393pp.
cat.# 21368, (ea.) 

HPLC in Enzymatic Analysis, 2nd Ed.
E. F. Rossomando, John Wiley, 1998, 451pp.
cat.# 21364, (ea.) 

Liquid Chromatography, Essential Data 
D. Patel, John Wiley, 1997, 146pp. (softcover)
cat.# 21372, (ea.) 

The Merck Index, 12th Ed.
S. Budvari, Merck, 1996, 2240pp.
cat.# 21383, (ea.) 

New Reference Texts
For GC, GC/MS, HPLC, & More!

by Jack Crissman, Training & Education Manager

Modern Chromatographic Analysis of
Vitamins, 3rd Ed.
A. P. De Leenheer, W. E. Lambert and J. F. Van
Bocxlaer, Marcel Dekker, 2000, 616pp.
cat.# 21092, (ea.) 

Molecular Basis of Chromatographic
Separation
E. Forgacs and T. Cserhati, CRC Press LLC, 1997,
243pp.
cat.# 21378, (ea.) 

Practical High-Performance Liquid
Chromatography, 3rd Ed.
V. R. Meyer, John Wiley, 1999, 338pp. (softcover)

cat.# 21095, (ea.) 

Practical HPLC Method Development, 2nd Ed.
L. R. Snyder, J. J. Kirkland and J. L. Glajch, John
Wiley, 1997, 765pp.
cat.# 21363, (ea.) 

Practical Introduction to GC-MS Analysis
with Quadrupoles 
M. Oehme, Wiley-VCH, 1999, 195pp. (softcover)
cat.# 21098, (ea.) 

Practical Problem Solving in HPLC 
S. Kromidas, Wiley-VCH, 2000, 178pp. (softcover)
cat.# 21099, (ea.) 

Visit our website at
www.restekcorp.com/edmat.htm

for details on these and other
educational materials
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Figure 1
The Rtx®-5MS column and a combined system can separate dioxin-like PCBs

and dioxins/furans.

Inj. temp.: 280°C; Carrier gas: helium; Det.: Agilent 6890 GC coupled to a Micromass Ultima HRMS @10,000RP. 

20m, 0.1mm ID, 0.1µm Rtx®-5MS (custom cat.# 58136)
Column head pressure: 100psi; Oven program: 100°C (hold 1 min.) to 200°C @ 100°C/min, to 235°C @ 13°C/min.,

to 300°C @ 27°C/min. (hold 4 min.); Inj. volume: 0.2mL

40m, 0.18mm ID, 0.18µm Rtx®-5MS (custom cat.# 550590)
Column head pressure: 61psi; Oven program: 100°C (hold 0.62 min.) to 200°C @ 64.5°C/min, to 235°C @ 4.8°C/min.

(hold 6.2 min.), to 300°C @ 9.7°C/min.( hold 5.6 min.); Inj. volume 1.0mL

Fast Analysis of Dioxin
& Related Compounds

Using an Rtx®-5MS Column

Historically, chlorinated dioxins and furans have
been analyzed by gas chromatography (GC) sepa-
rately from polychlorinated biphenyls (PCBs). In
1998, the World Health Organization (WHO)
reported toxic equivalent factors (TEFs) for the 12
dioxin-like PCB congeners.1 This enabled concen-
trations of PCBs to be expressed in terms of
2,3,7,8-TCDD, the most toxic form of dioxin. Using
similar methods to analyze dioxins and PCBs allows
detection limits up to three orders of magnitude
lower than that of conventional of PCB congener
methods. The toxicity of a single sample now can
be reported in toxic equivalents of 2,3,7,8,-TCDD
(i.e., toxic equivalent quantities [TEQ]) by sum-
ming the toxic equivalents of each of the 17 toxic
dioxin congeners and 12 dioxin-like PCB con-
geners. 

Extracts were prepared according to Canada's
Ministry of the Environment (MOE) Method 3418,
which is similar to the combination of US
Environmental Protection Agency (EPA) Methods
1613 and 1668. The extracts are further cleaned
using activated carbon.2 This allows for the collec-
tion of two sample extract fractions: one containing
the dioxins, furans, and coplanar PCBs; and the
other containing the remaining PCBs, chlorinated
and brominated diphenyl ethers, and other non-pla-
nar organic compounds. The chlorinated diphenyl
ethers interfere with the furans and, therefore, they
need to be analyzed separately. Normally, dioxins
and furans, and PCBs (congeners) are analyzed sep-
arately on a 60m analytical column using GC/high
resolution mass spectrometry (GC/HRMS) with
analysis times of 50 to 90 minutes each.

Because an MS is used for detection, many analysts
want a column with the lowest bleed possible. Some
laboratories may use silarylene columns (e.g., Rtx®-
5Sil MS or DB-5MS® columns) due to their low
bleed feature. However, these columns yield a coelu-
tion between 2,3,7,8-TCDD and 1,2,3,9-TCDD; and
their elution orders and retention times will differ
from the phase for which the window performance
mixtures were designed. The Rtx®-5MS (5%
diphenyl/95% dimethyl polysiloxane) column is bet-
ter suited to meet the performance standards for this
analysis. It separates all of the important com-
pounds, and each one is individually tested to pro-
vide low bleed levels for MS detection.

Chromatographic resolution and analysis time also are
dependent on column dimensions (i.e., length, ID,
phase thickness). Experimentally, we have found
175,000 plates are required to obtain separation of
2,3,7,8-TCDD from its nearest neighbors (1,2,3,7- and
1,2,3,8-TCDD—the unresolved pair eluting before;
and 1,2,3,9-TCDD—the compound eluting after).3 A
40m Rtx®-5MS column meets this criterion, and can
complete the analysis in approximately half as much
time as a 60m column. A 20m column is capable of
meeting these requirements in about one-quarter the
time of a 60m column; however, there is little tubing
length available for trimming to maintain column per-
formance. Therefore, we suggest using a 40m column.

To minimize the number of ions that must be moni-
tored simultaneously, elute the bulk of PCB com-
pounds prior to eluting dioxin and furan com-
pounds. Accomplish this by injecting the non-copla-
nar PCB fraction into a 20m Rtx®-5MS column that is
set up parallel (i.e., two separate injectors) to a 40m
Rtx®-5MS column, which is used for the separation
of the dioxin/furan/coplanar PCB fraction. Both frac-
tions are injected simultaneously. The columns are
installed into the MS ion source in parallel.** The
resulting analysis time is less than that for a single
fraction on a conventional 60m column (Figure 1).

For the analysis of dioxin-like PCBs and
dioxins/furans, method consolidation and through-
put increase is possible when using a parallel, dual-
column system with GC/HRMS. This method allows
the combination of several different analytical meth-
ods to a single system, and results in a total analysis
time of less than 30 minutes for elution of
octachlorodibenzodioxin. If your laboratory is
involved in the analysis of dioxin and related com-
pounds, and you would like more detailed informa-
tion on this method, please contact Restek Technical
Service at 800-356-1688 or 814-353-1300, ext. 4.
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1. Berg, M. V., L. Birnbaum, A.T.C. Bosveld, B. Brunstrom, P. Cook,

M. Feeley, J.P. Giesy, A. Hanberg, R. Hasegawa, S.W. Kennedy, T.
Kubiak, J.C. Larsen, F.X.R. Leeuwen, A.K.D. Liem, C. Nolt, R.E.
Peterson, L. Poellinger, S. Safe, D. Schrenk, D. Tillitt, M.
Tysklind, M. Younes, F. Waern, and T. Zacharewski,
Environmental Health Perspectives, 106 (1998), p. 775.

2. Kolic T.M., K. A. MacPherson, E.J. Reiner, T. Gobran, and A.
Hayton, Organohalogen Compounds, 46 (2000), p. 562.

3. Reiner E.J., K.A. MacPherson, R. Brunato, T. Chen, M.A. Bogard,
A.R. Boden, and G. Ladwig, Organohalogen Compounds, 45
(2000), p. 17.

by Karen MacPherson, Eric Reiner, Ph.D.,* & Frank Dorman, Ph.D.

✔ Rtx®-5MS Columns (Crossbond® 5% diphenyl - 95% dimethyl polysiloxane) Stable to 360°C
For the complete Rtx®-5MS column offering, refer to Restek’s Annual Chromatography Products Guide (lit. cat.# 59960).

Length ID df (µm) temp. limits cat.#
20-Meter 0.10mm 0.10 -60 to 330/350°C 58136
40-Meter 0.18mm 0.18 -60 to 330/350°C 550590

*Karen MacPherson and Dr. Eric Reiner, Ontario Ministry of the Environment.
**For more information on the system set-up, request Applications Note #59343.

GC_EV00392
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TO-Can™ Air
Monitoring Canisters
Optimized for EPA Methods T0-14 and TO-15

US Environmental Protection Agency (EPA)
Compendium of Air Methods TO-14 and TO-15 reg-
ulate the collection, storage, and analysis of volatile
organic compounds (VOCs) using treated air sam-
pling canisters. Restek now offers a complete line
of TO-Can™ canisters (SUMMA® can equivalent),
which are electropolished using a proprietary

by David Shelow, Air Monitoring Innovations Chemist

process and extensively cleaned using an ultrasonic
method. This ensures a high-quality, passivated sur-
face to maintain stability of the TO-14/TO-15 com-
pounds during storage. Also, the design of the
frame surrounding the electropolished canister
eliminates the need for weld marks on the sphere,
thereby preventing active sites on the canisters. And
the addition of a Parker Hannifin metal-to-metal
diaphragm valve further improves the performance
of the canister. 

To collect VOCs in ambient air, the TO-Can™ canis-
ters should be pre-cleaned and pre-evacuated prior
to being sent to the field. Once in the field, the sam-
ple is drawn through a sampling train that will reg-
ulate the rate and duration of sampling. The
TO-Can™ canister is then sent to an analytical labo-
ratory for analysis. In the laboratory, a known
amount of sample is drawn from the canister and
concentrated onto a concentrating trap. The sample
is analyzed according to Method TO-14/TO-15, typi-
cally using a 60m, 0.32mm ID, 1.0µm Rtx®-1 capil-
lary column and a GC/MS system. 

60m, 0.32mm ID, 1.0µm Rtx-1 (cat.# 10157). 200mL injection of a 10ppbv TO-15 standard (cat.# 34436), made in TO-Can canister and humidified to 70% RH. Concentrator: Nutech
3550 Preconcentrator; 200mL of sample concentrated at 160°C, thermally desorbed at 150°C, and cryofocused at 185°C.  Oven temp.: 30°C (hold 4 min.) to 175°C @ 9°C/min. to

220°C @ 40°C/min. Carrier gas: helium @1.2mL/min. Det.: Agilent 5971 MS, scan range 35-265amu (For peak identifications, request Applications Note #59189.)
Chromatogram courtesy of Gina Maio at Severn Trent Laboratories, Inc., Burlington, VT.

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 min.

Figure 1
TO-Can™ canisters ensure excellent recovery for TO-14/TO-15 compounds, even after 14 days of storage.

To show the stability of these canisters, and how
well they meet the holding time criteria for Methods
TO-14/15, a 62-component TO-15 standard
(10ppbv) was injected into a TO-Can™ canister and
humidified to 70% relative humidity. The standard
was analyzed on day 1, day 7, and day 14. The TO-
Can™ canister demonstrated excellent stability for
these polar and non-polar compounds. The result-
ing analysis shows excellent stability after 14 days
storage of the compounds (Figure 1).

✔ TO-Can™ Canisters
size (L) cat.#

1 24150
3 24152
6 24153
15 24154

✔ TO-Can™ Canisters with
Vacuum/Pressure Gauge

size (L) cat.#
1 24155
3 24156
6 24157
15 24158

formoreinfo
including complete stability test data,

request Applications Note #59189.
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Restek also offers SilcoCan™ canisters for
the analysis of low-level sulfur compounds.

For more information on SilcoCan™

canisters, request Fast Facts #59311.

✔ SUMMA® can equivalent
✔ Excellent recovery—even after

14 days of storage

2
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by Neil Mosesman, GC Columns Product Marketing Manager

Column Bleed &
System Contamination

Identifying and Reducing Sources of Rising
Baselines in GC Analysis

Rising baselines are a common occurrence during
temperature-programmed gas chromatography (GC)
(Figure 1). The rise in the baseline can be caused
by several factors: stationary phase bleed from the
analytical column, contamination in the injection or
detection system, and/or a change in the flow rate.
The magnitude of the baseline rise often depends on
the sensitivity of the detection system. With very sen-
sitive detectors, even a small amount of bleed or
contamination can cause a significant rise in the
baseline. Reducing or eliminating rising baselines
can improve qualitative and quantitative reliability of
your chromatographic analyses.

Because both the column and the system can con-
tribute to rising baselines, it is important to distin-
guish between the two sources when troubleshoot-
ing. The simplest way to do this is to remove the
analytical column from the system, cap off the detec-
tor, and determine the background level during a
temperature-programmed run. If the baseline is
unstable, follow the recommendations in “How can
detector effects be reduced?” If the baseline is sta-
ble, connect a jumper (i.e., a short length of clean,
uncoated fused silica tubing) from the injector to
the detector and perform another temperature-
programmed run to show the effects of the injector
on baseline stability. If the baseline is unstable, 
follow the recommendations in “How can injector
effects be reduced?” If the baseline from the injector
and detector is stable, install the analytical column
and perform a temperature-programmed run with-
out making an injection to determine if addition of
the column increases the background level.

How can injector effects be reduced?
Injector contamination can be a major cause of
baseline instability. High molecular weight, non-
volatile residue from the sample can slowly migrate
through the analytical column and cause a rise in
the baseline during a temperature-programmed
run. It often is difficult to determine if the baseline
rise is caused by the column or by injector contam-
ination. Removing the column from the GC and
running a jumper (see above) will isolate the
source of the baseline rise. If the injector is con-
tributing to the bleed level, maintenance should be

performed. In particular, replace the septum, liner,
and seal. In cases of extreme contamination, rins-
ing the injection port with solvent may be necessary.
After maintenance, confirm the cleanliness of the
injection port by performing a blank injection with
the jumper installed between the injector and the
detector. 

How can detector effects be reduced?
Baseline rise from the detector is usually caused by
contamination or impure gas. Proper detector main-
tenance, including periodic cleaning, is critical to
minimizing baseline rise. Make-up gas and/or fuel
gases also can contribute to bleed. Figure 2 shows
an unstable flame ionization detector (FID) baseline
caused by trace impurities in the compressed air
supply to the flame. Switching to a high-purity air
generator that employs traps to remove trace hydro-
carbons can greatly improve FID baseline stability
(Figure 3). Using high-quality gas purifiers for make-
up gas and fuel gases is critical to reducing back-
ground levels caused by the detection system.

How can column bleed be reduced?
If the baseline rise caused by the injector and
detector has been reduced and the baseline still
remains high, then the most likely cause is column
bleed. The magnitude of column bleed is related to
the final oven temperature. Higher final tempera-

Figure 1
Rising baselines are a common occurrence during temperature-programmed GC.

Figure 2
Trace impurities in the carrier gas can cause an unstable FID baseline.

Figure 3
Using a high-purity gas generator and traps to remove contaminants can greatly improve

FID baseline stability.

bleed

GC_EX00388

✔ Improve qualitative and
quantitative reliability

✔ Increase column lifetime
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30m, 0.25mm ID, 0.25µm XTI®-5
(cat.# 12223) XTI® test mix

injection; Oven temp.: 100°C to
300°C @ 6°C/min. to 360°C @
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tures will result in higher bleed levels. To minimize
column bleed, proper conditioning procedures
must be followed when installing a new column.
New columns generally are pre-conditioned by the
manufacturer and should not require a significant
amount of conditioning unless they are installed in
highly sensitive detectors. 

Conditioning columns at high temperatures actually
can damage the column if the carrier gas contains
trace amounts of oxygen or there are leaks in the
carrier gas lines. These can oxidize the stationary
phase and cause column bleed. To demonstrate
this, we introduced increasing volumes of room air
onto an Rtx®-5 capillary column at 360°C; notice

the elevated baseline after every injection of
air(Figure 4). After exposure to oxygen, several
hours of continued conditioning with clean gas
were needed to return the baseline to its original
level. If trace amounts of oxygen are introduced
continuously onto the column through carrier gas
impurities or leaks, the baseline may never return
to its original level. Therefore, it is imperative to
use high-quality oxygen and moisture traps on all
carrier gas lines and to thoroughly check for leaks
using an electronic leak detector before condition-
ing the column.

Because oxidation of the phase is related to condi-
tioning temperatures, keep them as low as possible.

Figure 4
Trace amounts of oxygen in the carrier gas will cause an elevated baseline.

GC_EX00389

0 min. 50 100 150 200 250 300 350

✔ Leak Detective™ Leak Detector
• Contamination-free leak detection.
• Compact, lightweight design.
• Responds in less than 2 seconds to trace leaks of

gases with thermal conductivities different than air.*
• Detects helium or hydrogen trace leaks as low as

3 x 10-4 cc/sec. or 200ppm.
• Audible alarm and LED readout.
• Operates on two 9-volt batteries or AC adaptor

(both included).
(110 VAC): cat.# 21607, (ea.) 
(220 VAC): cat.# 21609, (ea.) 
*Not designed for use in explosive atmospheres.

Condition columns at 20°C above the final tempera-
ture of the analysis or at the maximum operating
temperature of the column, whichever is lower. For
low-polarity phases such as Rtx®-1 (100%
dimethylpolysiloxane) and Rtx®-5 (5%
diphenyl/95% dimethyl polysiloxane) columns, oxy-
gen will not begin to damage the phase until above
270°C. Therefore, longer conditioning times at
lower temperatures may be more effective in reduc-
ing column bleed without risking damage from oxy-
gen in the carrier gas.

Does sample contamination contribute to
baseline rise?
High molecular weight contaminants in your sam-
ples can cause the baseline to rise during tempera-
ture programming. Conditioning the column usually
can remove these contaminants, but prolonged
bake-out at high temperatures increases the risk of
phase oxidation. Solvent rinsing is an alternative
that can remove high molecular weight contami-
nants without the need for high-temperature condi-
tioning.

Summary
Controlling baseline rise is an important factor in
achieving accurate quantitative and qualitative chro-
matographic analyses. The analytical column is not
the only cause of this problem. The injector and
detector also can contribute to baseline rise.
Proper conditioning can reduce column bleed but,
first, care must be taken to eliminate trace amounts
of oxygen and leaks in the carrier gas line. Sample
contamination in the analytical column should be
reduced or eliminated by solvent rinsing. In addi-
tion, regular maintenance for the injector and
detector are necessary for accurate analyses.

✔ Injector & detector maintenance/
start-up kits for Agilent GCs

• No more trying to find the parts you need. 
• All parts meet or exceed original equipment

specifications.
• Easy re-order parts list—never run out of supplies.
Injector maintenance/start-up kit for
5890/6890 GCs: cat.# 21069, (kit)
Detector maintenance/start-up kit for 5890
GCs: cat.# 21070, (kit)
Detector maintenance/start-up kit for 6890
GCs: cat.# 21071, (kit)

Restek is proud to offer 
Super-Clean™ gas filters

that feature high-purity output
(six-9s=99.9999% purity) and

“quick connect” for no-hassle,
leak-free cartridge changes.

See page 18 for more information and a
limited-time offer!

Lowest-cost thermal conductivity leak
detector available!

Questions?
Contact us at support@restekcorp.com. The
industry’s best technical service will be glad

to help you with Plus 1™ service!
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0.5µL-4.0µL on-column injections
of air; Oven temp.: isothermal to

360°C
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HPLC Analysis of
Carboxylic Acids
Using Ultra Aqueous C18 Columns

Small carboxylic acids can be difficult to retain
using reversed phase high performance liquid
chromatography (HPLC) and often require a highly
aqueous mobile phase. Unfortunately, highly aque-
ous mobile phases are problematic for many C18

columns, leading to a reversible retention loss that
is attributed to chain folding. Exposure to com-
pletely aqueous mobile phases at ambient pressure
(no flow) accelerates the chain folding process. 

The Restek Ultra Aqueous C18 column, however,
was designed to enhance retention of polar com-
pounds and to provide completely stable reten-
tion—even when using 100% aqueous mobile
phases. This column was compared to a conven-
tional C18 column during continual exposure to a
100% aqueous mobile phase (phosphate buffer)

Figure 3
The Ultra Aqueous C18 column demonstrates excellent reproducibility after 268 injections.

injection #1
injection #268

Sample: tobacco extract;
Inj. vol.: 20µL; Column: Ultra
Aqueous C18 (cat.# 9178575)

Dimensions: 250 x 4.6mm, 5µm;
Mobile phase: 50mM potassium

phosphate, pH 2.5; Flow:
1.0mL/min.; Det.: UV @ 210nm

1 2 3 4 5 6 7 min.

The Ultra Aqueous C18 column shows
remarkable stability, even after 3 days of
continuous exposure to a 100% aqueous

mobile phase.

1 2 3 4 5 6 7 min.

A conventional C18 column exhibits chain
folding after exposure for 5 minutes with

stopped flow.

1. glycolic acid, 5.4mg/mL
2. malonic acid, 4.2mg/mL
3. acetic acid, 7.8mg/mL
4. maleic acid, 0.06mg/mL

Inj. vol: 10µL; Column: Ultra
Aqueous C18 (cat.# 9178565);

Dimensions: 150 x 4.6mm,
5µm; Mobile phase: 50mM
potassium phoshate, pH 2.5;

Flow: 1.0mL/min.;
Det.: UV @ 210nm

by Terry Reid, HPLC Chemist

over a three-day period of intermittent analysis and
storage (Figure 1). While we do not recommend
storing columns with buffer, this experiment
demonstrates the complete stability of the Ultra
Aqueous C18 column against retention loss caused
by chain folding.

The analysis of four small carboxylic acids using an
Ultra Aqueous C18 column and a completely aque-
ous mobile phase shows that these polar com-
pounds can be successfully retained and resolved by
reversed phase HPLC (Figure 2). Also, the repro-
ducibility of this column is shown in the analysis of
a tobacco extract. After 268 injections, the retention
and peak shape are almost identical (Figure 3). 

The unique characteristics of the Ultra Aqueous C18
column are advantageous for analyzing a wide
range of polar compounds, including carboxylic
acids. The ability to use highly aqueous mobile
phases maximizes retention of polar compounds to
provide enhanced resolution.

Figure 2
The Ultra Aqueous C18 column successfully

retains and resolves carboxylic acids.

✔ Ultra Aqueous C18 5µm HPLC Columns
For the complete HPLC columns offering, refer to Restek’s Annual Chromatography Products Catalog (lit. cat.# 59960).
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555
100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

1

2

3

4

1. oxalic acid, 0.05mg/mL
2. pyruvic acid, 0.18mg/mL
3. malic acid, 0.42mg/mL
4. citric acid, 1.7mg/mL

Inj. vol: 10µL; Column: Ultra Aqueous C18
(cat.# 9178575); Dimensions: 250 x 4.6mm, 5µm;
Mobile phase: 50mM potassium phoshate, pH 2.5;

Flow: 1.0mL/min.; Det.: UV @ 210nm

✔ Highly aqueous mobile phases
provide maximum retention

✔ Proven reproducibility under
harsh conditions

1. oxalic acid
2. pyruvic acid
3. malic acid
4. citric acid Restek’s

New Silica
Coming soon!
✔ Highly reproducible
✔ Dependable supply

More information coming soon
to www.restekcorp.com/hplc.htm

LC_0171, LC_0172

LC_0142
LC_0169

Figure 1

1,2,3,4
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Analyzing the Heat
Levels of Spicy Foods

Using an Ultra C18 HPLC Column

As interest in spicy foods grows, so does the need
to test and classify products and raw materials for
their heat levels. In 1912, Wilbur Scoville developed
a method for quantitating the heat content of foods.
A Scoville Heat Unit (SHU) is defined as the number
of parts sugar water needed to neutralize the heat
of one part sample extract (e.g., if the heat of a
cayenne pepper is 30,000 SHU, that means 30,000
parts of sugar water are needed to dilute one part
of cayenne pepper extract to the last point that hot-

ness can be detected). However, this test is some-
what subjective because it relies on the tasters’
palates and sensitivities. In addition, tasters can
handle only a limited number of samples at one
time before "fatiguing of the palate" occurs.1 This
makes it difficult to process a large number of sam-
ples in a reasonable amount of time, and can affect
reproducibility of the tests.

There are seven generally recognized capsaicinoids,
three of which are shown in Figure 1. The capsaici-
noid content, and thus the heat level, depends on
the type of pepper, maturity, growing conditions,
and processing methods. Starting in the 1970s, sev-
eral analytical methods for heat level measurement
were introduced. Of these, the HPLC procedures
have provided the greatest specificity while requir-
ing the least amount of sample preparation.2 The
American Spice Trade Association (ASTA) and the
Association of Official Analytical Chemists (AOAC)
have both published methods for the determination
of capsaicinoids by HPLC. 

AOAC Method 995.033 specifies the separation of
the three target capsaicinoids responsible for the
heat in chili peppers. This separation uses reversed
phase HPLC on a C18 column followed by quantita-
tion using either UV or fluorescence detection. The
AOAC method is performed isocratically with a
mobile phase consisting of 1% acetic acid in
water:acetonitrile (60:40). Standardization is per-
formed using synthetic capsaicin, N-vanillyl-n-
nonanamide, and the relative amounts of nordihy-
drocapsaicin, capsaicin, and dihydrocapsaicin are
calculated by applying the specified factors. Using
the appropriate calculations where 1ppm of total
capsaicinoids is approximately equal to 15 SHU, the
heat index then can be calculated.

Using a gradient elution program, an efficient sepa-
ration of the three target capsaicinoids is achieved
with the Restek Ultra C18 column (Figure 2). The
high percentage of organic at the end of the run
helps to elute any strongly adsorbing species pres-
ent in the samples and decreases analysis time. This
HPLC procedure provides an objective measure-
ment of the heat level of a wide range of samples.
By using a Restek Ultra C18 column and a gradient
elution program, the analysis can be performed
quickly and reproducibly with only minimal sample
preparation. The selectivity and lot-to-lot repro-
ducibility of the Ultra C18 column make it an excel-
lent choice for heat level measurements. 

For more detail on HPLC detection of heat level,
including applications showing other products and
a table comparing hotness rankings by HPLC for
selected sauces, please request Applications Note
lit. cat.#59199.

nordihydrocapsaicin

dihydrocapsaicin

capsaicin

Figure 1
Structures of three capsaicinoids commonly

found in chili peppers

by Rebecca Wittrig, Ph.D., Food, Flavor, & Fragrance Innovations Group Leader

2 4 6 8 10 min.

Figure 2
The Restek Ultra C18 Column achieves fast, reproducible separation of capsaicinoids.

1. Bensinger, M.  "How Hot is that 'Devil' Sauce?"  Fiery Foods
Magazine (1997), Sept/Oct.

3. Chiang, G.H., Journal of Food Science (1986) 51 (2), 499-503.
2. AOAC Official Methods of Analysis (2000), method 995.03.

✔ Ultra C18 5µm HPLC Columns
For the complete HPLC column offering, refer to Restek’s Annual Chromatography Products Catalog (lit. cat.# 59960).
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

30mm 9174531 9174532 9174533 9174535
50mm 9174551 9174552 9174553 9174555
100mm 9174511 9174512 9174513 9174515
150mm 9174561 9174562 9174563 9174565
200mm 9174521 9174522 9174523 9174525
250mm 9174571 9174572 9174573 9174575

formoreinfo
Request Applications Note #59199

Sample: habanero nugget extract; Inj.: 10µL;
Conc.: 0.8g sample in 200mL;

Solvent: ethanol;
Column: Ultra C18 (cat.# 9174565)

Dimensions: 150x4.6mm;
Particle size: 5µm; Pore size: 100Å

Mobile phase: A: 1% acetic acid in water
B: acetonitrile

Time (minutes): % B
0 50
2 50
9 80
12 80
13 50

Flow: 1.0mL/min.; Temp.: ambient;
Det.: UV @ 280nm

✔ Fast, reproducible separation
of capsaicinoids

✔ Only minimal sample
preparation needed

1. nordihydrocapsaicin
2. capsaicin
3. dihydrocapsaicin 

1

2

3

LC_0160



Figure 1
The Trident™ Direct guard column system

offers three levels of protection

• 12 •www.restekcorp.com • 12 •www.restekcorp.com

Restek’s Environmental
Commitment Remains

Strong

You have probably seen our new packaging, and
you may wonder if it is environmentally friendly.
It sure is! The corrugated cardboard box and
insert are completely recyclable, and we engi-
neered the insert to virtually eliminate the use of
styrofoam peanuts. Help us help the environment
by recycling Restek packaging.

Unlike other “one size fits all” guard systems, the
Trident™ Direct system gives you the power to select
the right level of protection for your analysis. The
system offers three levels of protection and guard
cartridges that are available in four dimensions with
a variety of bonded phases to match your analytical
column (Figure 1). The economical leak-free car-
tridge design provides an unprecedented combina-
tion of convenience, economy, and reliability.

The foundation of the Trident™ Direct system is a
reusable direct connecting holder that easily attach-

by Greg France, HPLC Product Marketing Manager

Trident™ Direct Guard
Column System

The Ultimate Combination of Convenience and
Column Protection

✔ Direct connection eliminates
connection tubing and extra
dead volume

✔ Three levels of protection to fit
your needs

*The standard PEEK® tip that comes with the Trident™ Direct systems is compatible with Parker,
Swagelok, Upchurch, Valco, and other CPI-style fittings.  To use the Trident™ Direct systems with
Waters-style end fittings, the tip must be replaced with cat.# 25088.

(C) Trident™ Direct 2cm guard cartridge
holder with filter

Maximum protection against particulate
matter and irreversibly-adsorbed compounds

formoreinfo
request Fast Facts # 59314.

es to any HPLC column using CPI- or Waters®-style
end fittings.* The system is available in the follow-
ing configurations to match different protection
level needs: in-line filter (A), in-line filter with
holder for 1cm guard cartridge (B), and in-line fil-
ter with holder for 2cm guard cartridge (C). The
guard cartridges are available in both 2.1mm and
4.0mm IDs and are interchangeable with the appro-
priate length holder.

For protection against particulate matter only, use
the Trident™ Direct high-pressure filter. For protec-
tion against particulate matter and sample impuri-
ties, use the Trident Direct 1cm holder and 1cm
guard cartridges. This is the most popular configu-
ration and is well suited for most applications. For
protection against particulate matter and heavily
contaminated samples, use the Trident Direct 2cm
holder and 2cm guard cartridges.

✔ Trident™ Direct Guard Column System
Trident™ Direct cat.# ea.
High-pressure filter 25082
1cm guard cartridge holder with filter 25084
2cm guard cartridge holder with filter 25086
Connection tip for Waters®-style end fittings 25088

Replacement Frits for the Trident™ Filter cat.# 5-pk.
Cap frits 4mm, 2.0µm 25022
Cap frits 4mm, 0.5µm 25023
Cap frits 2mm, 2.0µm 25057

Guard Column (10 x 2.1mm) (10 x 4.0mm) (20 x 2.1mm) (20 x 4.0mm)
Cartridges 3-pk. 3-pk. 2-pk. 2-pk.
Allure™ Acidix 916250212 916250210 916250222 916250220
Allure™ Basix 916150212 916150210 916150222 916150220
Allure™ C18 916450212 916450210 916450222 916450220
Allure™ PFP Propyl 916950212 916950210 916950222 916950220
Allure™ Silica 916050212 916050210 916050222 916050220
Ultra Amino 910750212 910750210 910750222 910750220
Ultra Aqueous C18 917850212 917850210 917850222 917850220
Ultra C1 910150212 910150210 910150222 910150220
Ultra C4 910250212 910250210 910250222 910250220
Ultra C8 910350212 910350210 910350222 910350220
Ultra C18 917450212 917450210 917450222 917450220
Ultra Cyano 910650212 910650210 910650222 910650220
Ultra IBD 917550212 917550210 917550222 917550220
Ultra PFP 917650212 917650210 917650222 917650220
Ultra Phenyl 910550212 910550210 910550222 910550220
Ultra Silica 910050212 910050210 910050222 910050220

(B) Trident™ Direct 1cm guard cartridge
holder with filter

Moderate protection against particulate
matter and irreversibly-adsorbed compounds

(A) Trident™ Direct high-pressure filter 
Protection against particulate matter

After you decide what level of protection and diam-
eter guard cartridge is right for your application,
you should choose the cartridge with a bonded
phase that is the same or similar to your analytical
column. The Allure™ and Ultra bonded phases are
base-deactivated and compatible with virtually all
silica-based analytical columns.
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by Gary Stidsen, Environmental Innovations Team Manager

Analysis of PAHs
Using Rtx®-5Sil MS and Rtx®-CLPesticides2

Capillary Columns

Analysis of polycyclic aromatic hydrocarbons
(PAHs) is a very common method in environmental
laboratories. US Environmental Protection Agency
(EPA) Method 8100 requires gas
chromatography/flame ionization detection
(GC/FID) to quantitate PAHs found in extracts from
soil, water, or biological samples. Confirmational

analysis increases the confidence of proper identifi-
cation and quantitation of the PAHs, and good reso-
lution is necessary for proper quantitation. The
most difficult compound pairs to resolve are
benzo(b)/benzo(k)fluoranthene and indeno(1,2,3-
cd)pyrene/dibenzo(a,h)anthracene. Short analysis
time is another key consideration for most laborato-
ries. By decreasing analysis time, sample throughput
increases and the lab benefits from a cost savings. 

For this analysis, the primary analytical stationary
phase is a 5%diphenyl/95%dimethyl-polysiloxane
polymer. The Restek Rtx®-5Sil MS column is an

Figure 1
The Rtx®-5Sil MS column exhibits excellent resolution of PAHs including

benzo(b)/benzo(k)fluoranthene in less than 17 minutes. 

✔ benzo(b)/benzo(k)flouranthene
resolution 

✔ Optimized conditions yield
18-minute analysis time

equivalent phase and is recommended for this
analysis (Figure 1). The confirmational column
recommended by Restek for this analysis is the
Rtx®-CLPesticides2 column (Figure 2). Quantitative
reliability for this analysis is maintained because the
stationary phases differ in selectivity, resulting in
retention time shifts of both PAHs and interference
compounds.

Resolution between benzo(b)fluoranthene and
benzo(k)fluoranthene, and indeno(1,2,3,-
cd)pyrene and dibenzo(a,h)anthracene is essential
for quantitation when using an FID. To achieve
excellent resolution of these peak pairs, the carrier
gas, column flow rate, and temperature program
must all be optimized. These three parameters
should be optimized to increase throughput, too. To
achieve even better quantitative reliability, it is rec-
ommended to clean sample extracts following EPA
Method 3630 (silica gel) prior to analysis.

Optimizing the temperature program contributes to
better resolution of closely eluting peak pairs and
shortens analysis times. The temperature program
and other conditions in Figures 1 and 2 achieve
baseline resolution of indeno(1,2,3-cd)pyrene and
dibenzo(a,h)anthracene, and excellent resolution
of benzo(b)fluoranthene and benzo(k)fluoran-
thene, while still keeping the analysis time under
18 minutes. Because the temperature program for
both columns is the same, the analysis can be run
simultaneously on the primary and confirmation
columns.

PAH analysis by US EPA Method 8100 can be
improved by choosing the appropriate analytical
columns and by optimizing the temperature pro-
gram, carrier gas, and column flow rates. When
operating under the conditions listed for Figures 1
and 2, the Rtx®-5Sil MS and the Rtx®-CLPesticides2
columns yield excellent resolution and short analy-
sis times for PAHs.

1.  naphthalene
2.  acenaphthylene
3.  acenaphthene
4.  fluorene
5.  phenanthrene
6.  anthracene
7.  fluoranthene
8.  pyrene

1

30m, 0.25mmID, 0.25µm Rtx®-5Sil MS (cat.#  12723); Sample: Method 610—Polynuclear Aromatic Hydrocarbons
Mix (cat.# 31011); Concentration: 50ppm; Solvent: methylene chloride; Sample size: 1.0µL; GC: Thermo Trace 2000
Series; Injector: splitless @ 250°C; Splitless hold time: 2.0 min.; Split vent flow: 40cc/min.; Carrier gas: hydrogen
(constant flow mode); Column flow rate: 4.0cc/min. @ 40°C; Linear velocity: 43cm/sec.; Detector: FID @ 340°C;

Make-up gas flow: 40cc/min.; Oven program: 40°C (hold 2.0 min.) to 268° C @ 25°C/min. (hold 1.0 min.)
to 330°C @ 5°C/min. (hold 10 min.)
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Figure 2
The Rtx®-CLPesticides column is an excellent confirmational column for PAH analysis.
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9.  benzo(a)anthracene
10.  chrysene
11.  benzo(b)fluoranthene
12.  benzo(k)fluoranthene
13.  benzo(a)pyrene
14.  indeno(1,2,3-cd)pyrene
15.  dibenzo(a,h)anthracene
16.  benzo(g,h,i)perylene

1.  naphthalene
2.  acenaphthylene
3.  acenaphthene
4.  fluorene
5.  phenanthrene
6.  anthracene
7.  fluoranthene
8.  pyrene

9.  benzo(a)anthracene
10.  chrysene
11.  benzo(b)fluoranthene
12.  benzo(k)fluoranthene
13.  benzo(a)pyrene
14.  indeno(1,2,3-cd)pyrene
15.  dibenzo(a,h)anthracene
16.  benzo(g,h,i)perylene

30m, 0.25mm ID, 0.25µm  Rtx®-CLPesticides2 (cat.# 11323); Sample: Method 610—Polynuclear Aromatic
Hydrocarbons Mix (cat.# 31011); Concentration: 50ppm; Solvent: methylene chloride; Sample size: 1.0µL;

GC: Trace 2000 Series; Injector: splitless @ 250°C; Splitless hold time: 2.0 min.; Split vent flow: 40cc/min.;
Carrier gas: hydrogen (constant flow mode); Column flow rate: 4.0cc/min. @ 40°C; Linear velocity: 43cm/sec.;

Detector: FID @ 340°C; Make-up gas flow: 40cc/min.; Oven program: 40°C (hold 2.0 min.) to 268°C @ 25°C/min.
(hold 1.0 min.) to 330°C @ 5°C/min. (hold10 min.)

For the complete Rtx®-5Sil MS and
Rtx®-CLPesticides2 columns offering, refer to
Restek’s Annual Chromatography Products Catalog
(lit. cat.# 59960).

✔ Rtx®-5Sil MS Columns
Temp limits: -60 to 330/350°C
ID (mm) df (µm) 30-Meter

0.25 0.25 12723
0.32 0.25 12724

✔ Rtx®-CLPesticides2 Columns
Temp limits: -60 to 310/330°C
ID (mm) df (µm) 30-Meter

0.25 0.20 11323
0.32 0.25 11324

formoreinfo
Request Applications Note # 59196.
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Rtx®-OPPesticides2
GC Column for the Analysis of
Organophosphorous Pesticides

by Frank Dorman, Ph.D., Environmental Innovations Team Chemist

Several years ago Restek introduced the
Rtx®-OPPesticides column, which was the first
column designed specifically for the analysis of
organophosphorus pesticides according to US
Environmental Protection Agency (EPA) Method
8140. While this column was clearly superior to
any other commercially available stationary phase
for this separation, the need for confirmational
analysis still made the choice of column pair
unclear.

The Rtx®-OPPesticides column was designed using
early versions of computer modeling techniques
and, since then, column requirements have changed
as the EPA has added more target compounds.1 EPA
Method 8141A now requires 53 compounds to be
completely resolved using a two-column system.
Additionally, for laboratories preferring to use gas
chromatography/mass spectrometry (GC/MS) for
this analysis, it is important to have no coelution
between compounds with similar mass spectra.

To address these requirements, Restek developed a
new column using a more sophisticated modeling
technique (i.e., a computer program helps deter-
mine optimum phase structure and column dimen-
sions based on the specific separation require-
ments). This new Rtx®-OPPesticides2 column has a
330°C maximum operating temperature, low bleed,
and excellent inertness. It completely separates all
of the target compounds in US EPA Method 8141A
when used in combination with the Rtx®-
OPPesticides column (Figure 1). This analysis
results in only two coelutions on the Rtx®-
OPPesticides2 column: thionazin and tributyl phos-
phate, and parathion-ethyl and trichloronate.
However, these compounds do not coelute on the
Rtx®-OPPesticides column, so a complete separa-

✔ Rtx®-OPPesticides Columns
Temp limits: -20 to 310/330°C
ID (mm) df (µm) 20-Meter 30-Meter

0.18 0.25 56898 —
0.25 0.40 — 55239
0.32 0.50 — 11239
0.53 0.83 — 11240

✔ Rtx®-OPPesticides2 Columns
Temp limits: -20 to 310/330°C
ID (mm) df (µm) 20-Meter 30-Meter

0.18 0.20 11244 —
0.25 0.25 — 11243
0.32 0.32 — 11241
0.53 0.50 — 11242

✔ “Y” Press-Tight® Connectors
Type ea. 3-pk.

straight 20405 20406
angled 20403 20404

tion is attainable using the column pair.  
When using a nitrogen phosphorus detector (NPD)
or a flame photometric detector (FPD), the
0.32mm ID Rtx®-OPPesticides and Rtx®-
OPPesticides2 column pair is optimal; use direct
injection via a single injection port and split the
sample into the two columns with a glass 'Y'
PressTight® connector. For GC/MS analysis, the
Rtx®-OPPesticides2 column can be used alone
because the two coelutions have dissimilar mass
spectra, so different quantitation ions can be used
to resolve them.

In summary, the Rtx®-OPPesticides and Rtx®-
OPPesticides2 column pair is ideal for the analysis
of organophosphate pesticides. These columns
were designed using computer-modeling techniques
to be superior to any other commercially available
stationary phases for this separation. If you are
involved in the separation of organophosphate pes-
ticides and would like more information, please
contact the Restek Technical Service Team at
814-353-1300 or 800-356-1688, ext. 4.

References
1. Frank L. Dorman, Paul D. Schettler, Christopher M. English, and
Michael J. Feeney, LC GC, 18 (9), 928-934, 2000.
References not available from Restek.

formoreinfo
Request the Rtx®-OPPesticides2 Column

brochure (lit. cat.# 59275).

new

✔ No coelutions between
compounds with similar mass
spectra—column can be used
alone with MS

✔ Confirmational column for
Rtx®-OPPesticides

✔ 8140/8141 OP Pesticide Calibration
Mix A
azinphos methyl fenthion
bolstar (sulprofos) merphos
chlorpyrifos methyl parathion
coumaphos mevinphos
demeton, O and S naled
diazinon phorate
dichlorvos ronnel
disulfoton stirofos
ethoprop tokuthion (prothiofos)
fensulfothion trichloronate
200µg/mL each in hexane/acetone (95%/5%), 1mL/ampul

Ea. 5-pk. 10-pk.
32277 32277-510 —

with data pack
32277-500 32277-520 32377 

✔ 8141 OP Pesticide Calibration Mix B
dimethoate parathion
EPN sulfotepp
malathion TEPP  
monocrotophos
200µg/mL each in hexane/acetone (95%/5%), 1mL/ampul

Ea. 5-pk. 10-pk.
32278 32278-510 —

with data pack
32278-500 32278-520 32378 

✔ Method 8140/8141 Internal
Standards & Surrogates

1,000µg/mL each in acetone, 1mL/ampul

NPD Detector
Internal Standard: 1-bromo-2-nitrobenzene
Surrogate: 4-chloro-3-nitrobenzotrifluoride

1-bromo-2-nitrobenzene Standard
Ea. 5-pk. 10-pk.

32279 32279-510 —
with data pack

32279-500 32279-520 32379

4-chloro-3-nitrobenzotrifluoride Standard
Ea. 5-pk. 10-pk.

32282 32282-510 —
with data pack

32282-500 32282-520 32382 

FPD Detector
Internal Standard: none recommended
Surrogate: tributylphosphate and triphenylphosphate

Tributylphosphate Standard
Ea. 5-pk. 10-pk.

32280 32280-510 —
with data pack

32280-500 32280-520 32380 

Triphenylphosphate Standard
Ea. 5-pk. 10-pk.

32281 32281-510 —
with data pack

32281-500 32281-520 32381 



• 15 •www.restekcorp.com

GC: splitless, purge on 1.0 min.; Oven program:
80°C (hold 0.5 min.)  to 280°C @ 12°C/min. (hold
10 min.); Injector: 200°C, Inlet liner: 4mm single

gooseneck Siltek™ inlet liner; Detector: FPD @
250°C; Dead time: @ 80°C = 1.03 min.;
Injection: 1µL, 100ng/mL OP Pesticide

Calibration Mix

dual-column injector
Detector: FPD @ 250°C;

Dead time: @ 80°C = 0.98 min.

Figure 1
The Rtx®-OPPesticides and Rtx®-OPPesticides2 column pair completely separates all target compounds in US EPA Method 8141A.

1. dichlorvos
2. hexamethylphosphoramide
3. mevinphos
4. trichlorfon
5. TEPP
6. demeton-o
7. tributyl phosphate (SS)
8. thionazin
9. ethoprop

10. naled
11. sulfotepp
12. phorate
13. dicrotophos
14. monocrotophos
15. demeton-s
16. terbufos
17. dimethoate
18. diazinon
19. dioxathion
20. fonophos
21. disulfoton
22. phosphamidon isomer

(breakdown product)
23. dichlorofenthion
24. phosphamidon
25. chlorpyrifos methyl
26. parathion-methyl
27. ronnel
28. aspon
29. fenitrothion
30. malathion
31. chlorpyrifos
32. trichloronate
33. parathion-ethyl
34. fenthion
35. merphos
36. chlorfenvinphos
37. crotoxyphos
38. stirofos
39. tokuthion
40. merphos oxon

(breakdown product)
41. ethion
42. fensulfothion
43. bolstar
44. carbophenothion
45. famphur
46. triphenyl phosphate (SS)
47. EPN
48. phosmet
49. leptophos
50. tri-o-cresyl phosphate
51. azinphos-methyl
52. azinphos-ethyl
53. coumaphos
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(cat.# 11241)
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Analytical Reference
Materials

For Volatile Organic Compounds
such as US EPA Method 8260B

502.2 Calibration Mix # 1
bromomethane dichlorodifluoromethane
chloroethane trichlorofluoromethane
chloromethane vinyl chloride
2000µg/mL each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
30042 30042-510 —

with data pack
30042-500 30042-520 30142 

VOA Calibration Mix # 1 (ketones)
acetone 2-hexanone
2-butanone 4-methyl-2-pentanone
5,000µg/mL each in P&T methanol
1mL per ampule

Ea. 5-pk. 10-pk.
30006 30006-510 —

with data pack
30006-500 30006-520 30106 

1,2-Dichlorotetrafluoroethane Mix
(Freon® 114)
2000ppm in P&T methanol
1mL per ampule

Ea. 5-pk. 10-pk.
30476 30476-510 —

with data pack
30476-500 30476-520 30576 

CA Oxygentates Mix
diisopropyl ether 2000µg/mL
ethyl-tert-butyl ether 2000µg/mL
tert-amyl methyl ether 2000µg/mL
tert-butyl alcohol 10,000µg/mL
methyl-tert-butyl ether 2000µg/mL
in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
30465 30465-510 —

with data pack
30465-500 30465-520 30565 

Ethanol Mix
ethanol
10,000µg/mL in deionized water
1mL per ampul

Ea. 5-pk. 10-pk.
30466 30466-510 —

with data pack
30466-500 30466-520 30566 

Acrolein Mix
10,000µg/mL in P&T methanol

Ea. 5-pk. 10-pk.
30478 30478-510 —

with data pack
30478-500 30478-520 30578 

by Christopher Cox, R&D Manager

✔ Fewest Mixtures needed for calibration
✔ Mixtures divided for maximum stability

✔ Contains the most commonly run compounds

8260B Acetate Mix
vinyl acetate n-propyl acetate
ethyl acetate n-butyl acetate
isopropyl acetate
2000µg/ml each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
30477 30477-510 —

with data pack
30477-500 30477-520 30577

8260A Surrogate Mix
4-bromofluorobenzene 1,2-dichloroethane-d4
dibromofluoromethane toluene-d8
2500µg/mL each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
30240 30240-510 —

with data pack
30240-500 30240-520 30340 

8260A Internal Standard Mix
chlorobenzene-d5
1,4-dichlorobenzene-d4
fluorobenzene
2500µg/mL each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
30241 30241-510 —

with data pack
30241-500 30241-520 30341 

4-Bromofluorobenzene Mix
(Tuning Mix)
2500µg/mL in P&T methanol
1mL per ampule

Ea. 5-pk. 10-pk.
30067 30067-510 —

with data pack
30067-500 30067-520 30167 

8260B Matrix Spike Mix
1,1-dichloroethene toluene
trichloroethylene benzene
chlorobenzene
2500µg/mL in P&T methanol
1mL per ampule

Ea. 5-pk. 10-pk.
30479 30479-510 —

with data pack
30479-500 30479-520 30579 

8260B Calibration Mix # 1
1,1-dichloroethene
carbon disulfide
1,1,2-trichlorotrifluororethane (Freon® 113)
iodomethane
allyl chloride
methylene chloride
trans-1,2-dichloroethene
1,1-dichloroethane
acetonitrile
acrylonitrile
cis-1,2-dichloroethene
2,2-dichloropropane
bromochloromethane
chloroform
carbon tetrachloride
tetrahydrofuran
methyl acrylate
1,1,1-trichloroethane
1,1-dichloropropene
propionitrile
benzene
methacrylonitrile
1,2-dichloroethane
isobutyl alcohol
trichloroethene
dibromomethane
1,2-dichloropropane
bromodichloromethane
methyl methacrylate
2-chloroethyl-vinyl-ether
chloroprene
cis-1,3-dichloropropene
toluene
tetrachloroethene
trans-1,3-dichloropropene
2-bromo-1-chloropropane
1,1,2-trichloroethane
ethyl methacrylate
dibromochloromethane
1,3-dichloropropane
1,2-dibromoethane
chlorobenzene
ethylbenzene
1,1,1,2-tetrachloroethane
m-xylene
p-xylene
o-xylene
stryrene
bromoform
isopropylbenzene
cis-1,4-dichloro-2-butene
bromobenzene
1,4-dichlorobutane
n-propylbenzene
1,1,2,2-tetrachloroethane
2-chlorotoluene
1,2,3-trichloropropane
1,3,5-trimethylbenzene
trans-1,4-dichloro-2-butene
4-chlorotoluene
tert-butylbenzene
pentachloroethane
1,2,4-trimethylbenzene
sec-butylbenzene
p-isopropyltoluene
1,3-dichlorobenzene
1,4-dichlorobenzene
n-butylbenzene
1,2-dichlorobenzene
1,2-dibromo-3-chloropropane
nitrobenzene
hexachlorobutadiene
1,2,4-trichlorobenzene
naphthalene
1,2,3-trichlorobenzene
1,4-dioxane
2-chloroethanol
diethyl ether
2-nitropropane
2000µg/mL each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
30475 30475-510 —

with data pack
30475-500 30475-520 30575 

formoreinfo Request US EPA Method 8260B Standards
Fast Facts for short lists (lit. cat.# 59332).

new
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MESI—Membrane
Extraction Sorbent

Interface
by Rick Morehead, Innovations Chemist

no
mmoovviinngg
parts

MESI is a new sample preparation technique that
uses a permeable membrane to extract volatile
organic compounds (VOCs) from various matrices
and a sorbent trap to concentrate these compounds
prior to analysis by gas chromatography. MESI has
been designed to be an easy to use "solventless"
extraction technique. It can be used for fast, routine
analyses or in long-term or continuous monitoring
operations. 

MESI extraction is based on the partitioning of
VOCs across a non-polar membrane approximately
25µm thick. A small section of membrane material
is mounted in a holder that allows one side of the

This product is still in development. If
you would like to discuss potential appli-
cations, please call Technical Service at
800-356-1688 or 814-353-1300, ext. 4,

or contact your local Restek
representative.

membrane to be exposed to the sample matrix. The
other side of the membrane is continuously swept
with a carrier gas. As volatile compounds come in
contact with the membrane surface, migration
through the membrane begins. Compounds are
then picked up by the carrier gas on the other side
of the membrane and passed along to an adsorbent
trap. After the sampling or extraction period is
complete, the trap is very rapidly heated to desorb
all of the compounds that have been collected on
the adsorbent material. Desorbed analytes are
picked up in the flow of the carrier gas and are
transferred to the inlet of the GC analytical column
for separation.

Adsorbent traps used for MESI are made from
small diameter Silcosteel® tubing packed with tradi-
tional trapping materials like Carboxen®, Tenax® or
other divinylbenzene resins. The capacity of the trap
is related to the type of adsorbent used as well as
the amount of material used. Traps are desorbed by
passing a short pulse of DC current across the trap
and resistively heating the trap. 

Figure 1 shows the analysis of a soil sample for the
presence of gasoline range organics (GROs). A 1gm
soil sample was spiked with 1ppm of gasoline and
sampled for 2 minutes. Analytes were extracted by
the membrane and concentrated on the trap, then
were desorbed and analyzed on an Rtx®-1 column.
Good peak shape and response can be achieved by
optimizing the sampling time and the desorption
conditions.

MESI can be used in a variety of sampling applica-
tions. Short turnaround time can be obtained for
higher concentration applications. The cycle time
for heating and cooling the trap can be as short as
thirty seconds, so samples can be collected and
desorbed in rapid succession to perform on-line
monitoring of processes or streams. For lower con-
centration samples, sampling time can be extended
in order to maximize the response for the analytes
of interest. MESI can be used as a bench-top acces-
sory for most GCs or, because of its compact
design, can be used as part of a field portable unit
for on-site analysis.

MESI also can be used with a variety of sample
types. Gas, liquid, and solid samples can be ana-
lyzed by exposing the sample to the membrane
using minor variations in the hardware that holds
the sample. 

MESI is a low-cost alternative to other sample
preparation techniques. It is easy to use and auto-
mate, while being sensitive enough for most appli-
cations. 

3

4,5
30m, 0.25mm ID, 0.25µm Rtx®-5 (cat. #10223)

Initial temperature: 40°C (hold 0.5min.) to
100°C @ 5°C/min. to 280°C @ 30°C/min.
(hold 2min.); Carrier gas: hydrogen, 5psi

Detector: FID

1. benzene
2. toluene
3.  ethylbenzene
4.  m-xylene
5. p-xylene
6. o-xylene

Figure 1
MESI used to determine hydrocarbons at low ppb levels.

1 2 3 4 5 6 7 8 9 10 min.

great

idea!

GC_EV00395

1

2

6

Questions?
Contact us at

support@restekcorp.com.
The industry’s best technical service

will be glad to help you with
Plus 1™ service!
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Peak Performers
New GC Accessories to Make Your Analyses

Easier and More Reproducible

Introducing Super-
Clean™ gas filters

✔ Full glass/metal design
✔ High-purity output

(six-9s=99.9999% purity)
✔ Features “quick connect”

for quick cartridge
changes

This line of Super-Clean gas filters is the latest in
cartridge gas filtration. Cartridge systems make
changing gas filters quick and easy. The system
works using a baseplate that allows cartridges to
be exchanged without introducing oxygen. The
spring-loaded check valves seal when a filter is
removed and open only when a new filter has
been locked in place. There is no longer a need
for loosening and tightening fittings every time a
trap is changed.

The Triple Filter model is ideal for carrier gas
purification. This trap contains the oxygen, mois-
ture, and hydrocarbon scrubber in one cartridge.
The gas purity of your carrier gas through the
Triple Filter is better than six-9s, ideal for mass
spectrometry and for protecting your columns
against damage.

The Fuel Gas Filter cartridge is perfect for purifying
FID fuel gases, removing both moisture and hydro-
carbons. Using the Fuel Gas Filter for FID hydrogen
and air will produce a stable baseline, improving
overall FID reproducibility and sensitivity.

Single filters for oxygen, moisture, and hydrocar-
bon; and 2- or 3-position baseplates are available
from stock.

Carrier Gas Cleaning Kit
Includes mounting baseplate, 1�8" inlet/outlet fit-
tings, and oxygen/moisture/hydrocarbon triple fil-
ter: cat.# 22019, (kit)
Replacement oxygen/moisture/hydrocarbon triple
filter: cat.# 22020, (ea.) 

Fuel Gas Purification Kit
Includes mounting baseplate, 1�8" inlet/outlet fit-
tings, and hydrocarbon/moisture filter: cat.#
22021, (kit) 
Replacement fuel gas hydrocarbon/moisture filter:
cat.# 22022, (ea.) 
Replacement O-rings for baseplate (contains 10 lg.
& 10 sm. o-rings): cat.# 22023, (20-pk.) 
To adapt baseplates for 1�4" fittings use a 1�8" to 1�4"
tube-end union: cat.# 21833, (5-pk.)  

Inlet liner removal tool 
✔ Easily remove liners from

injectors
✔ Made from high-temperature

silicone
✔ Won't chip or crack the liner 

cat.# 20181, (3-pk.) 

Sapphire scribe
✔ Cuts fused silica tubing
✔ Results in a good,

square and clean cut
cat.# 20182, (ea.) 

Brass capillary nuts for Agilent
5890/6890 GCs

✔ Eliminates sticking or
crossed threads

✔ Use for either compact
or standard 1�16" ferrules

For use with "short"
Agilent-style ferrules: cat.# 21878, (2-pk.) $25
For use with standard 1�16" -type ferrules:
cat.# 21879, (2-pk.) 

FIX IT laboratory Swiss knife
✔ Every GC analyst

should have one!
✔ Genuine Swiss Army

quality with 5-year
warranty

✔ Includes a magnify-
ing glass to check
column end cuts

✔ 15-function tool including inlet liner remover,
screwdrivers, scissors, blade, and tweezers

cat.# 23013, (ea.) 

GC accessory organizer
✔ Ideal for

organizing GC
accessories
and supplies

✔ Built-in syringe
and vial holders

✔ Mounts on the GC for easy access
✔ Includes all mounting hardware
For Agilent 5890/6890 GCs: cat.# 22681, (qty.) 
For Varian GCs: cat.# 22682, (qty.) 

Thermal Gas Purifiers
✔ Removes oxygen, water, carbon  monoxide,

carbon dioxide and hydrocarbons
✔ Purity in ppb levels
✔ Mass Spec. purity carrier gas produced
✔ Dual-tube model purifiers double capacity at

less than double the price
✔ Welded end-fittings on getter tubes eliminate leaks
✔ Packed with reactor-grade, pure getter material

for maximum efficiency and no contamination

Introducing Restek’s line of re-engineered thermal
gas purifiers. This line of purifiers works by pro-
ducing a chemical reaction between impurities in
the carrier gas stream and the getter material.
Because the reaction is non-reversible, there is no
possibility of contaminants breaking through the
thermal gas purifier.

Gas purification is very economical when using a
thermal gas purifier. After initial installation cost,
getter tubes only require changing every year;
heavy use and very impure feed gas may require
more frequent getter tube replacement.

Restek Single-Tube Thermal Gas Purifier,
110 Volt:
1�8" Fittings:  cat.# 21496, (ea.)
1�4" Fittings:  cat.# 21497, (ea.) 

Restek Dual-Tube Thermal Gas Purifier,
110 Volt:
1�8" Fittings:  cat.# 21498, (ea.) 
1�4" Fittings:  cat.# 21499, (ea.) 

Replacement Straight Getter Tubes:
1�8" Fittings:  cat.# 21661, (ea.) 
1�4" Fittings:  cat.# 21660, (ea.) 

by Gary Barone, GC Accessories Product Marketing Manager

Special promotional offer to get you started
with Super-Clean™ Gas Filters!

Buy an oxygen/moisture/hydrocarbon triple filter and receive a mounting baseplate with 1�8" inlet and
outlet fittings for no additional charge. 

(Offer good through July 31, 2001): cat.# 22024, (kit) new

new



Expanded Line of Stock Sulfinert™ and
Silcosteel® Fittings

A full line of 1�16", 1�8" and 1�4" fittings is now available Sulfinert™ or Silcosteel® treated direct from Restek.
Because of expanding applications for these coatings, we have received many requests for a broader product
offering. If you still do not see everything you need, contact us for information on custom coating services.

Fitting Size Sulfinert™ Silcosteel®

1�16" 22520 20510
Unions 1�8" 22521 20511

1�4" 22522 20512

1�16" 22526 20513
Tees 1�8" 22527 20514

1�4" 22528 20515

1�16" to 1�8" 22523 20519
Reducing Fittings 1�16" to 1�4" 22524 20520

1�8" to 1�4" 22525 20521

1�16" 22529 20516
Elbows 1�8" 22530 20517

1�4" 22531 20518

1�16" 21539 21518
Plug 1�8" 21540 21519

1�4" 21541 21520

Cross 1�8" 21542 21521
1�4" 21543 21522

1�8" to 1�16" 21544 21523
Tube End 1�4" to 1�16" 21545 21524
Reducer 1�8" to 1�4" 21546 21525

1�4" to 1�8" 21547 21526

1�8" 21548 21527
Port Connectors 1�4" 21549 21528

1�8" to 1�4" 21550 21529

1�8" to 1�8" NPT 21551 21530
Compression 1�4" to 1�4" NPT 21552 21531
to NPT Male 1�16" to 1�8" NPT 21553 21532
Connectors 1�8" to 1�4" NPT 21554 21533

1�4" to 1�8" NPT 21555 21534

1�8" to 1�8" NPT 21556 21535
Compression to 1�4" to 1�4" NPT 21557 21536

NPT Female 1�4" to 1�8" NPT 21558 21537
Connectors 1�8" to 1�4" NPT 21559 21538
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Connect Fused Silica
Capillary Columns with

New MXT® Unions

✔ Low-dead-volume, leak-free connection
✔ Reusable
✔ Silcosteel® treatment ensures maximum

inertness
✔ Ideal for connecting guard columns and

transfer lines
✔ Usable to oven temperatures of 350°C
✔ Available in union and “Y” configurations

Previously only metal tubing could benefit from an
easy-to-use MXT® connector. Now the MXT® con-
nector can be used with fused silica capillary
columns because of the Valcon polyimide 1�32" one-
piece fused silica adaptor.  This unique graphite-
reinforced composite allows capillary columns to
slide and be locked into place simply by loosening
and tightening the MXT® union 1�32" fitting.

MXT®-Union Connector Kits
Each kit contains the MXT® union, 2- 1�32" nuts
and 2 one-piece fused silica adaptors
For 0.53mm columns: cat.# 21384, (kit) 
For 0.32mm columns: cat.#  21385, (kit) 
For 0.25mm columns: cat.#  21386, (kit) 

MXT® “Y”-Union Connector Kits
Each kit contains the MXT® union, 3- 1�32" nuts
and 3 one-piece fused silica adaptors
For 0.53mm columns: cat.# 21387, (kit) 
For 0.32mmcolumns: cat.# 21388, (kit)  
For 0.25mmcolumns: cat.# 21389, (kit)  

Replacement One-Piece Fused Silica
Adaptors for Fused Silica Capillary
Columns
For 0.25mm columns: cat.# 20137, (5-pk.) 
For 0.32mm columns: cat.# 20140, (5-pk) 
For 0.53mm columns: cat.# 20141, (5-pk) 
Replacement 1/32" nuts:  cat.# 20389, (5-pk) 

Sulfinert™ Tubing
For the complete Sulfinert™ and Silcosteel® tubing offering, refer to Restek’s Annual Chromatography Products Catalog
(lit. cat.# 59960).
Sulfinert™ Tubing (304 Welded Stainless Steel) Price-per-foot by length
ID, OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.040" (1.02mm), 1�16" (1.59mm) 22505
0.085" (2.16mm), 1�8" (3.18mm)* 22506
0.210" (5.33mm), 1�4" (6.35mm)* 22507

Sulfinert™ Tubing (316 Seamless Stainless Steel) Price-per-foot by length
ID, OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.055" (1.40mm), 1�8" (3.18mm)** 22508
0.180" (4.57mm), 1�4" (6.35mm)** 22509

*0.020" wall thickness **0.035" wall thickness
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Restek-
The Company

Chromatographers Trust

You may have noticed our new advertisements describe Restek as,
“The Company Chromatographers Trust.” What does this mean to you,

our customer? Well, it’s fairly simple. Restek wants to
supply you with products that perform better than
expected, and service that is responsive and knowl-
edgeable. You can trust what we say and what our prod-
ucts do. That’s part of our Plus 1™ customer service
commitment as well. 

Restek is employee-owned. We are responsi-
ble to our customers and our employees, not
to an impersonal parent company or exter-

nal shareholders. This allows our employees the freedom to make decisions
based on the needs of our customers. 

While other chromatography suppliers are
slowing down, Restek is growing because we
have the internal strength and agility to adapt to your needs. Where else can you find
such a strong Research and Development department? These scientists design new
HPLC and GC columns, new lab accessories, new applications; and they take turns
answering customer questions as part of our real-world technical service team.
Where else can you find a sales force that has such chromatography experience
and dedication to your satisfaction? Where else can you find chromatography
products and service you can trust? Only from Restek.

If you’ve had an exceptional Restek experience, please let us know.
And, likewise, if you can suggest an improvement,

please let us know that, too. 

Lit. Cat.# 59418

�2001 Restek Corp.

Please direct your
comments on

this publication to Kristin
Dick, Editor, at

kristind@restekcorp.com
or call Restek, ext. 2313.

RESTEK
Behind the ScenesBehind the Scenes

Restek
Ordering Online

Go to www.restekcorp.com
to order your chromatography supplies without pick-
ing up the phone or leaving your desk! Don’t forget

we also offer technical service and
literature online, too.

New
Literature

Restek has an extensive
library of free technical literature. Call
800-356-1688 or 814-353-1300, ext. 4.

We’ll be glad to help you out!

Applications Notes
Analysis of Vanillin & Ethyl Vanillin by HPLC (59186)

Optimizing Volatiles by GC/MS using a Rtx-VMS (59191)
EPA 8100 Analysis of PAHs on a Rtx-5Sil MS (59196)

Optimizing CG Analysis of Ethylene Glycol in Water (59187)
Separating m- and p-Xylene Isomers by US EPA 8360 (59190)

Minicatalogs
Analyzing Foods, Flavors, & Fragrances

by GC and HPLC (59260)
Packed Columns (59986A)

HPLC Columns & Accessories (59241)
Genuine Restek Replacement Parts (59627B)

Fast Facts: At a Glance Product Info.
Air Standards (59276)

New Product Brochures, misc.
GC Wall Chart (59668A)

Chiral GC Columns (59242)
Sulfinert Metal Passivation

(59203)

Customer Service Team

Shipping & Assembly
Team

Technical Service Team

CIS
Team

New
Restek Wizards

Join us in welcoming the following new
members to the Restek family:

Randy Emel, Applied Technology Technician
Stacy Finefrock, Accountant

Rick Fleck, Customer Service Representative
Wesley Heaton, Incoming Inspection

Marian Koch, Customer Service Representative
Maggie McCartin, HR Administrative Assistant

Jean Voigt, Technical Service Specialist
Dan Watson, Quality Systems Coordinator

Restek
trademarks: Crossbond, Leak

Detective, MXT, Plus 1, Press-Tight, Rtx,
SilcoCan, SilcoSteel, Siltek, Sulfinert, Stx, Thermolite,

TO-Can, Trident, XTI, and the Restek logo. Other
trademarks: DB-5MS (Agilent), Freon (E.I. du Pont de

Nemours & Co., Inc.), PEEK (Victrex plc), SUMMA
(Moletrics), Superclean (SGT Middleburg BV), and

Vocarb (Supelco).



Figure 1
The separation of acetaminophen and codeine phosphate on a Pinnacle II™ C18

column shows symmetrical peak shape.

With the design of Pinnacle II™ columns, Restek
achieves complete control over the HPLC column
manufacturing chain. We can go a step further than
most to ensure consistent quality and reproducibility
because we manufacture the silica, perform the sta-
tionary phase bonding and column packing in-
house, and apply our stringent quality testing
throughout the whole process. The ability to consis-
tently manufacture silica at a specified pore volume,
surface area, pore size distribution, and particle size
is part of the equation in providing columns that
achieve reproducible analyses.

Pharmaceutical Applications
Notice how a Pinnacle II™ C18 column provides
good peak shape for acetaminophen and codeine
phosphate (Figure 1). You'll get this level of quality
in your results, from analysis to analysis.

Innovators of High Resolution Chromatography Products
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by Greg France, HPLC Product Marketing Manager
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Pinnacle II™

A New Line of HPLC Columns from Restek
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Pinnacle II™

HPLC Columns
…pg. 1–3

FAPAS® Food Quality
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Materials
…pg. 4

ISO/DIS Water Quality
Testing Reference
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Pinnacle II™ columns are manufactured using
Restek silica, which features a controlled particle
size distribution and spherical shape. It is available
in 5µm particle size, with a pore diameter centered

at 110Å, and a sur-
face area of
~180m2/g. These sili-
ca particles address
the growing demand
for narrower
columns and faster
flow rates in an
attempt to decrease
analyses times. The
phases offer similar
selectivity to the orig-
inal line of Pinnacle™

columns. 

✔ Featuring Restek silica—manufactured, bonded, and QA tested in-house.
✔ Wide range of applications: environmental, pharmaceutical,

nutraceutical, foods, flavors, and fragrances.
✔ Currently available with C18, C8, phenyl, and cyano stationary phases.

new

1
Peak List Conc.
1. acetaminophen 1200µg/mL
2. codeine phosphate 246µg/mL

Sample:
Inj.: 1.0µL
Solvent: mobile phase

Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: 10mM potassium phosphate

monobasic with 0.1% v/v TEA,
pH 3.0:acetonitrile (90:10)

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 210nm

2

3 3.5 4 4.5
LC_0152
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Pinnacle II™

New HPLC Columns, cont.

Column: Pinnacle II C18
Catalog#: 9214565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: 1% acetic acid in water

B: acetonitrile
Time (min.): % B

0 50
2 50
9 80

12 80
13 50

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

Peak List:
1. nordihydrocapsaicin
2. capsaicin
3. dihydrocapsaicin

Sample: habanero nugget extract
Inj.: 10µL
Conc.: 4000µg/mL
Solvent: ethanol

0 1 2 3 4 5 6 7 min.

1

2

3

Figure 3
The Pinnacle II™ C18 column achieves good resolution of three target capsaicinoids.

LC_0160

Nutraceutical and Food Applications
The Institute for Nutraceutical Advancement (INA)
has published a series of methods for the determina-
tion of active compounds in nutraceutical products.
Pinnacle II™ HPLC columns exhibit excellent peak
shapes and reproducibility for natural product analy-
ses (Figure 2).

As society's taste in spicy foods grows, so does the
need to test and classify products and raw materials
for their heat levels. AOAC Method 995.03 specifies
the separation of the three target capsaicinoids
responsible for the heat in chili peppers. Using a gra-
dient elution program, an efficient separation of
these compounds is achieved with the Pinnacle II™

C18 column (Figure 3). 

Figure 2
The Pinnacle II™ C18 column achieves excellent separation of hyperforin and adhyperforin

when analyzing a St. John’s Wort capsule.

Exclusive!

Restek offers the
Trident Direct™ guard cartridge system.
All of our Pinnacle™ II phases are available

in guard columns. The Trident Direct™

system features three levels of protection
against many of the contaminated samples

that analysts inject into a system.

Many New Phases Coming Soon!
Additional stationary phases will be

joining this family of products.

Base-Deactivated Columns Coming
Soon!

A line of columns that offer the structural
integrity of Type A silica, combined with

an improved treatment for base
deactivation. Excellent for analyzing

basic compounds.

Restek also offers a full line of HPLC
accessories—everything from

PEEK™ fittings to syringes.

Peak List:
1. hyperforin
2. adhyperforin

Sample: St. John's Wort capsule
Inj.: 20µL
Conc.: 4170µg/mL
Solvent: methanol

Column: Pinnacle II C18
Catalog#: 9214565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: acetonitrile:0.01N 

phosphate buffer, pH 2.5
(15:85, v/v)

Flow: 1.2mL/min.
Temp.: 30°C, autosampler at 15°C
Det.: UV @ 270nm

LC_0175



Figure 4
A Pinnacle II™ C18 column resolves all 5 components of a BTEX standard in 15 minutes.
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formoreinfo
request the Pinnacle™ II product flyer

(lit. cat.# #59281).

LC_0161

Environmental Applications
Pinnacle™ II HPLC columns provide a cost-effective
tool for many traditional methods used in the envi-
ronmental industry, including US Environmental
Protection Agency (EPA) Methods 8310 and 8330, as
well as methods for analyzing BTEX (Figure 4) and
carbamates.

Restek controls Pinnacle™ II raw material quality
from the very beginning of the silica manufacturing
process. Add our phase bonding and column pack-
ing experience to this high level of quality control,
and you benefit from even better column-to-column
and analysis-to-analysis reproducibility.

Peak List:
1. benzene
2. toluene
3. o-xylene
4. ethylbenzene
5. m-xylene & p-xylene

Sample: BTEX standard (cat.# 30213)
was diluted 1:10

Inj.: 10µL
Conc.: 200µg/mL
Solvent: acetonitrile

Column: Pinnacle II C18
Catalog#: 9214565
Dimensions: 150x4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: water:acetonitrile (50:50, v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 254nm

✔ Pinnacle II™ C8 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9213551 9213552 9213553 9213555
100mm 9213511 9213512 9213513 9213515
150mm 9213561 9213562 9213563 9213565
250mm 9213571 9213572 9213573 9213575

✔ Pinnacle II™ C18 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9214551 9214552 9214553 9214555
100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
250mm 9214571 9214572 9214573 9214575

✔ Pinnacle II™ Phenyl 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9215551 9215552 9215553 9215555
100mm 9215511 9215512 9215513 9215515
150mm 9215561 9215562 9215563 9215565
250mm 9215571 9215572 9215573 9215575

✔ Pinnacle II™ Cyano 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9216551 9216552 9216553 9216555
100mm 9216511 9216512 9216513 9216515
150mm 9216561 9216562 9216563 9216565
250mm 9216571 9216572 9216573 9216575

Many New Phases Coming Soon!
Check our web site for additional stationary phases in this family of products.

.High backpressure is one of the most
common problems encountered when
performing HPLC analysis. Normal
column backpressure is observed after
a new column has been installed and
equilibrated with the mobile phase.
Unfortunately, this pressure will often
increase with use because of particles
collecting on the column inlet frit. 

These particles can be sample impuri-
ties, mobile phase contaminants, or
materials from the injector or
autosampler rotor seal. The presence
of particles can result in increased
backpressure, split peaks, tailing, and
eventually over-pressure shut-down. In
some circumstances, these problems
can be corrected by back-flushing the
column. However, in many cases the
result is an unusable column. 

To reduce backpressure problems, all
samples and mobile phase solvents
must be filtered before use, and rotor
seals should be changed on a routine
basis. Along with these preventative
measures, it is advisable to use column
prefilters such as the Trident™ Direct
column protection system. Particles
build up on the inexpensive, replace-
able frit in the prefilter, instead of the
permanent frit at the head of the
column.

For more information on the Trident™

Direct guard column system and a
complete product offering, request lit.
cat.# 59314.

Hot Tech Tip
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Laboratories testing food quality and safety are
encouraged to routinely perform proficiency tests.
Proficiency testing is an external check of quality. It
provides an independent and unbiased assessment
of the performance of all aspects of the laboratory,
both human and hardware. Each participating labo-
ratory is encouraged to use its normal analytical
method, thereby simulating the testing of a routine
laboratory sample as closely as possible. While the
outcome of the analysis may be dependent upon the
choice of method, it also could be affected by the
performance of the laboratory equipment or the
competence of the analyst. Using proficiency test-
ing, those laboratories performing well can ensure
high standards are maintained and those perform-
ing unsatisfactorily can implement corrective action
rapidly. In an environment where analytical labora-
tories now compete intensively for work, proficiency
testing provides the means by which external cus-
tomers can compare competence in carrying out
specific tests. Together with laboratory accreditation
and the use of validated methods, proficiency tests
are an important requirement of the EU Additional
Measures Directive 93/99/EEC applying to laborato-
ries entrusted with the official control of food. 

The FAPAS® (Food Analysis Performance
Assessment Scheme) program is run by the profi-
ciency testing group of the Central Science
Laboratory, an executive agency of the UK
Department for Environment, Food and Rural
Affairs (DEFRA). The FAPAS program was estab-
lished in 1990 to improve the quality of analytical
data on certain foodstuffs from UK analytical labo-
ratories, and it was soon expanded worldwide.  It is
now the largest food chemistry proficiency testing
scheme in the world, with the widest range of
matrices and analytes. The program is designed to

test real food samples, including canned meats,
canned fish, soft drinks, fruit, vegetables, alcoholic
drinks, and more.

Restek introduces calibration mixes that can be
used with the FAPAS® Series 5 organochlorine pesti-
cides analyses, and the FAPAS® Series 9
organophosphorus pesticides analyses. Use of
Restek calibration mixtures by laboratories partici-
pating in the FAPAS® program is voluntary and no
endorsement of any Restek product has been made
by the Central Science Laboratory.

To obtain further information regarding the FAPAS®

program or to participate, contact fapas@csl.gov.uk.

For technical information regarding the mixtures
listed here, contact Restek Technical Service or
your local Restek distributor.

✔ Series V Organochlorine Pesticide
Mix #1—Suitable for GC/MS Methods

�-BHC oxychlordane
�-BHC �-endosulfan I
�-BHC �-endosulfan II
hexachlorobenzene endosulfan sulfate
heptachlor endrin
heptachlor epoxide (isomer B) 4,4'-DDE
aldrin 4,4'-DDD
dieldrin 2,4'-DDT
�-cis-chlordane 4,4'-DDT
�-trans-chlordane
100µg/mL each in acetone
1mL per ampule

Ea. 5-pk. 10-pk.
32412 32412-510 —

with data pack
32412-500 32412-520 32512 

✔ Series V Organochlorine Pesticide
Mix #2—Suitable for GC/ECD Methods

�-BHC 10 µg/mL
�-BHC 10
�-BHC 10
hexachlorobenzene 10
heptachlor 10
heptachlor epoxide (isomer B) 10
aldrin 10
dieldrin 20
�-cis-chlordane 10
�-trans-chlordane 10
oxychlordane 10
�-endosulfan I 10
�-endosulfan II 20
endosulfan sulfate 20
endrin 20
4,4'-DDE 20
4,4'-DDD 20
2,4'-DDT 20
4,4'-DDT 20
Each compound at concentration listed, in acetone
1mL per ampule

Ea. 5-pk. 10-pk.
32414 32414-510 —

with data pack
32414-500 32414-520 32514 

✔ Series IX Organophosphorus
Pesticide Standard
Suitable for GC/FPD, GC/NPD, and
GC/MS Methods

chlorpyriphos chlorpyriphos-methyl
diazinon dichlorvos
etrimphos fenitrothion
malathion methacriphos
phosphamidon pirimiphos-methyl
100µg/mL in acetone
1 mL per ampule

Ea. 5-pk. 10-pk.
32413 32413-510 —

with data pack
32413-500 32413-520 32513 

Pesticide Reference
Materials

For Food Testing Now Available
by Christopher Cox, R&D Manager

✔ For laboratories performing food testing.
✔ Ensures accurate proficiency testing.

new

Order a FREE Foods,
Flavors, and Fragrances
Catalog! This 52-page
document includes
important analysis tips,
and chromatograms for
the analysis of fats and
oils, carbohydrates,
vitamins, amino acids,

organic acids, preservatives, flavors and
fragrances, essential oils, and chiral separa-
tions. Retention time indices and complete
product listings for all the relevant GC and
HPLC products also are included (lit. cat.#
59260). Also, request the soon-to-be-
released Applications Note detailing food
packaging testing (lit. cat.# 59348). 

Plus 1™ Restek’s Customer Commitment
You will be seeing the Plus 1™ symbol throughout our catalog, on our packaging, and on our website. Plus 1™

Service means we will surpass your expectations every time you contact us! You’ll get Plus 1™ service when you
ask our experienced Technical Service Team to help solve a difficult analytical problem. Our helpful, efficient
Customer Service Team provides Plus 1™ service even when you place a late-day order. Plus 1™ customer serv-
ice is what has made Restek unique. If special attention was paid to your request or if our employees went out
of their way for you, let us know. Contact us with your Restek success stories today!
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ISO/DIS 9377-4 describes a gas
chromatography/flame ionization detection
(GC/FID) method to analyze total petroleum
hydrocarbons (TPHs) in drinking, surface, waste,
and treated waste water. Previous methods used
Freon® extraction, which was harmful to the envi-
ronment. This new method uses less harmful sol-
vents such as pentane, hexane, or cyclohexane for
sample extraction.

Restek now offers mixtures for ISO/DIS 9377-4
analyses. Florisil® cleanup to remove polar com-
pounds is accomplished using a 150-250µm
(60/100 mesh) sample preparation column. The
analytical column suggested is either an Rtx®-1 or
an Rtx®-5 column with dimensions of 10-25m,
0.25-0.53mm ID, and 0.25-1.0µm film thickness.

✔ Standard Mixture Stock Solution
diesel #2 (additive free)
mineral oil (additive free [i.e. USP grade] bp 325–460 or

C18–C32 retention time range)
5,000 µg/mL each in cyclohexane, 1mL per ampule
(prepares 8mL of 1.25µg/µL calibration curve high point)
Total hydrocarbon concentration 10,000 µg/mL

Ea. 5-pk. 10-pk.
31630 31630-510 —

with data pack
31630-500 31630-520 31730 

✔ Quality Control Standard Mixture
diesel #2 (additive free)
mineral oil (additive free [i.e. USP grade] bp 325–460 or

C18–C32 retention time range)
500µg/mL each in acetone, 1mL per ampule (enough to spike
one quality control sample)
Total hydrocarbon concentration 1000µg/mL

Ea. 5-pk. 10-pk.
31631 31631-510 —

with data pack
31631-500 31631-520 31731 

✔ Florisil® Cartridge Quality Control
Standard Mixture

Diesel #2 (additive free)
mineral oil (additive free [i.e. USP grade] bp 325–460 or

C18–C32 retention time range)
1000µg/mL each in cyclohexane, 10mL per ampule (enough to
check one Florisil® cartridge)
Total hydrocarbon concentration 2000µg/mL

Ea. 5-pk. 10-pk.
31632 31632-510 —

with data pack
31632-500 31632-520 31732 

✔ Standard Mixture of n-alkanes for
System Performance Test

n-decane n-hexacosane
n-dodecane n-octacosane
n-tetradecane n-triacontane
n-hexadecane n-dotriacontane
n-octadecane n-tetratriacontane
n-eicosane n-hexatriacontane
n-docosane n-octatriacontane
n-tetracosane n-tetracontane

50µg/mL each in cyclohexane, 1mL per ampule

Ea. 5-pk. 10-pk.
31633 31633-510 —

with data pack
31633-500 31633-520 31733 

✔ Extraction Solvent Stock Solution #1
n-decane 20µL/L
n-tetracontane 20mg/L

in cyclohexane, 5mL per ampule (makes 50mL of extraction
solvent, enough for 1 sample)

Ea. 5-pk. 10-pk.
31634 31634-510 —

with data pack
31634-500 31634-520 31734 

✔ Extraction Solvent Stock Solution #2
n-decane 20µL/L
n-tetracontane 20mg/L

in cyclohexane, 20mL per ampule (makes 200mL of extraction
solvent, enough for 4 samples)

Ea. 5-pk. 10-pk.
31635 31635-510 —

with data pack
31635-500 31635-520 31735 

Analytical Reference
Materials & Columns

ISO/DIS 9377-4 Water Quality Testing for
Total Petroleum Hydrocarbons (TPH)

by Christopher Cox, R&D Manager

✔ For GC analysis of TPHs in water.
✔ Environmentally safer method than

those performed previously.
new

✔ Rtx®-1 (fused silica)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 330/350°C 10120 $225
0.25mm 0.50 -60 to 330/350°C 10135 $225
0.32mm 0.25 -60 to 330/350°C 10121 $245
0.32mm 0.50 -60 to 330/350°C 10136 $245
0.53mm 0.25 -60 to 320/340°C 10122 $260
0.53mm 0.50 -60 to 310/330°C 10137 $260
0.53mm 1.00 -60 to 310/330°C 10152 $260

✔ MXT®-1 (Silcosteel®)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 360°C 70120 $235
0.25mm 0.50 -60 to 350°C 70135 $235
0.28mm 0.25 -60 to 360°C 70121 $260
0.28mm 0.50 -60 to 330°C 70136 $260
0.53mm 0.25 -60 to 360°C 70122 $275
0.53mm 0.50 -60 to 330°C 70137 $275
0.53mm 1.00 -60 to 320°C 70152 $275

Always in stock!

Columns

✔ Rtx®-5 (fused silica)
Crossbond® 5% diphenyl/95% dimethyl
polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 330/350°C 10220
0.25mm 0.50 -60 to 330/350°C 10235
0.32mm 0.25 -60 to 330/350°C 10221 
0.32mm 0.50 -60 to 330/350°C 10236 
0.53mm 0.25 -60 to 320/340°C 10222 
0.53mm 0.50 -60 to 310/330°C 10237 
0.53mm 1.00 -60 to 310/330°C 10252 

✔ MXT®-5 (Silcosteel®)
Crossbond® 5% diphenyl/95% dimethyl
polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 360°C 70220
0.25mm 0.50 -60 to 350°C 70235
0.28mm 0.25 -60 to 360°C 70221 
0.28mm 0.50 -60 to 330°C 70236 
0.53mm 0.25 -60 to 360°C 70222 
0.53mm 0.50 -60 to 330°C 70237 
0.53mm 1.00 -60 to 325°C 70252 

Restek has Rtx®-1,
Rtx®-5, & Rtx®-Wax
columns in stock for
you! There’s no
waiting for the
columns you need.

✔ Rtx®-1 (fused silica)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 330/350°C 10120
0.25mm 0.50 -60 to 330/350°C 10135
0.32mm 0.25 -60 to 330/350°C 10121 
0.32mm 0.50 -60 to 330/350°C 10136 
0.53mm 0.25 -60 to 320/340°C 10122 
0.53mm 0.50 -60 to 310/330°C 10137 
0.53mm 1.00 -60 to 310/330°C 10152 

✔ MXT®-1 (Silcosteel®)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 360°C 70120
0.25mm 0.50 -60 to 350°C 70135
0.28mm 0.25 -60 to 360°C 70121 
0.28mm 0.50 -60 to 330°C 70136 
0.53mm 0.25 -60 to 360°C 70122 
0.53mm 0.50 -60 to 330°C 70137 
0.53mm 1.00 -60 to 320°C 70152 

✔ Stearyl Stearate Test Solution
stearyl stearate
2,000 µg/mL in cyclohexane, 10mL per ampule, (enough to
check one Florisil® cartridge)

Ea. 5-pk. 10-pk.
31636 31636-510 —

with data pack
31636-500 31636-520 31736 
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Filter Bundle Kit: two Fuel Gas Filters for FID
fuel gases and one Triple Filter for carrier gas.
cat.# 22031, (kit) 

Super-Clean™ Gas
Filters

Economical Gas Purification Made Easy**

✔ High-purity output (99.9999% purity).
✔ Features a “quick connect” for fast and simple cartridge changes.

✔ Full glass/metal design.

by Gary Barone, GC Accessories Product Marketing Manager

This line of Super-Clean™ gas filters is the latest in
cartridge gas filtration. Cartridge systems make
changing gas filters quick and easy. The system
works using a baseplate that allows cartridges to be
exchanged without introducing oxygen. The spring-
loaded check valves seal when a filter is removed
and open only when a new filter has been locked in
place. There is no longer a need for loosening and
tightening fittings every time a trap is changed.

The Triple Filter model is ideal for carrier gas
purification. This trap contains the oxygen, mois-
ture, and hydrocarbon scrubbers in one cartridge.
The gas purity of your carrier gas through the
Triple Filter is better than six-9s, ideal for mass
spectrometry (MS) and electron capture detection
(ECD), and for protecting your columns against
damage.

The Fuel Gas Filter cartridge is perfect for purifying
flame ionization detector (FID) fuel gases, and
removing moisture and hydrocarbons. Using the
Fuel Gas Filter for FID hydrogen and air will pro-
duce a stable baseline, improving overall repro-
ducibility and sensitivity.

Also available are 2- and 3-position baseplates. By
using the 2- and 3-position baseplates you can
purify all GC gas streams at one physical location
with multiple Super-Clean™ filter cartridges. Figure 1
shows some possible filter cartridge combinations
using these baseplates. Any combination of filters is
possible because all the Super-Clean™ filter car-
tridges can be used with any baseplate.

Carrier Gas Filter Kit: Buy one Triple Filter
and receive one single-position baseplate free!*
cat.# 22024, (kit) 

FID Fuel Gas Filter Kit: one Fuel Gas Filter and
one single-position baseplate.
cat.# 22021. (kit) 

All Super-Clean™ filter cartridges feature
easy-to-read indicators.

The indicator code is shown on every trap
so there is no confusion determining when

a trap needs to be replaced.

Replacement Triple Filter: removes
oxygen/moisture and hydrocarbon impurities.
cat.# 22020, (ea.) 

Replacement Fuel Gas Filter: removes mois-
ture and hydrocarbon impurities
cat.# 22022, (ea.) 

Replacement O-Rings: for Super-Clean Filter
cartridge baseplates. cat.# 22023, (2-pk.) 

Single-Position Baseplate
cat.# 22025, (ea.)

2-Position Baseplate
cat.# 22026, (ea.) 

3-Position Baseplate
cat.# 22027, (ea.)

Ultra-High Capacity Moisture Filter
cat.# 22028, (ea.) 

Ultra-High Capacity Oxygen Filter
cat.# 22029, (ea.) 

Ultra-High Capacity Hydrocarbon Filter
cat.# 22030, (ea.) 

Special offer!

buy this

get this too!

carrier gas

hydrogen

Triple Filter
hydrocarbons/

moisture/oxygen

Fuel Gas Filter
hydrocarbons/

moisture

air

Fuel Gas Filter
hydrocarbons/

moisture

carrier gas

Triple Filter
hydrocarbons/

moisture/oxygen

hydrogen

Fuel Gas Filter
hydrocarbons/

moisture

air

Fuel Gas Filter
hydrocarbons/

moisture

Complete Filter Bundle Kit for FID

Burner Gas Kit for FID

Triple Kit for MS, ECD, NPD

Figure 1
Configurations for different methods.

**These filters should last 10 months when used in a
typical application.

*Offer good
until 9/31/01
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New Reference Texts
For GC, GC/MS, HPLC, & More!

by Jack Crissman, Training & Education Manager

Atmospheric Chemistry and Physics
J. H. Seinfeld and S. N. Pandis, John Wiley, 1997,
1326pp., ISBN 0-471-17815-2
cat.# 20470

Chromatographic Analysis of Environmental
and Food Toxicants
T. Shibamoto, Marcel Dekker, 1998, 331pp.,
ISBN 0-8247-0145-3
cat.# 21085

Chromatographic Analysis of
Pharmaceuticals, 2nd Ed.
J. A. Adamovics, Marcel Dekker, 1997, 527pp.,
ISBN 0-8247-9776-0
cat.# 21089

GC/MS. A Practical User's Guide
M. McMaster and C. McMaster, John Wiley, 1998,
167pp., ISBN 0-471-24826-6
cat.# 20496

GC/MS Guide to Ignitable Liquids
R. Newman, M. Gilbert and K. Lothridge, CRC Press
LLC, 1998, 750pp., ISBN 0-8493-3107-2
cat.# 20471

Handbook of HPLC
E. Katz, R. Eksteen, P. Schoenmakers, and N. Miller,
Eds., Marcel Dekker, 1998, 989pp., 
ISBN 0-8247-9444-3
cat.# 21087

Hawley's Condensed Chemical Dictionary,
13th Ed.
R. J. Lewis, John Wiley, 1997, 1229pp.,
ISBN 0-471-29205-2
cat.# 21369

Introduction to Analytical Gas
Chromatography, 2nd Ed.
R. P. W. Scott, Marcel Dekker, 1998, 397pp.,
ISBN 0-8247-0016-3
cat.# 21084

Liquid Chromatography/Mass Spectrometry,
2nd Ed.
W. M. A. Niessen, Marcel Dekker, 1999, 634pp.,
ISBN 0-8247-1936-0
cat.# 21086

On-Column Injection in Capillary Gas
Chromatography, 2nd Ed.
K. Grob, Wiley-VCH, 1998, 591pp.,
ISBN 3-7785-2055-5
cat. # 20453

A Practical Guide to the Care, Maintenance,
and Troubleshooting of Capillary Gas
Chromatographic Systems, 3rd Ed.
D. Rood, Wiley-VCH, 1999, 323pp.,
ISBN 3-527-29750-2
cat.# 20450

Quantitative Chromatographic Analysis
T. E. Beesley, B. Buglio and R. P. W. Scott, Marcel
Dekker, 2001, 378pp., ISBN 0-8247-0503-3
cat.# 21093

Solid Phase Extraction. Principles and
Practice
E. M. Thurman and M. S. Mills, John Wiley, 1998,
344pp., ISBN 0-471-61422
ct.# 20494

Solid Phase Extraction. Principles,
Techniques, and Applications
N. J. K. Simpson, Marcel Dekker, 2000, 514pp.,
ISBN 0-8247-0021
cat.# 21091

Split and Splitless Injection for
Quantitative Gas Chromatography, 4th Ed.
K. Grob, John Wiley, 2001, 460pp.,
ISBN 3-527-29879-7
cat.# 20451

Static Headspace–Gas Chromatography,
Theory and Practice
B. Kolb and L. S. Ettre, Wiley-VCH, 1998, 298pp.,
ISBN 0-471-19238-4
cat.# 20495

Visit our website at
www.restekcorp.com for a complete
list of reference texts and details on other

educational materials.

Restek On-the-Road
GC, HPLC, & Environmental Training Coming to a Location Near You!

Restek “On-the-Road” presents a nationwide, three-
month tour to spread chromatographic knowledge!
We are offering three different courses this year:
Comprehensive GC, HPLC, and Environmental GC.
Each full-day course is presented in an engaging
multimedia format. We teach key chromatographic
concepts, tricks of the trade, and little known
secrets that are of benefit to the novice and the sea-
soned veteran. We are chromatographers talking
about chromatography, presenting the facts on how
to help improve your chromatographic analyses.
This is a great opportunity to learn tips for improving
the efficiency and effectiveness of your laboratory.

only $199 per person
materials, refreshments, and lunch included.

For more information or to
register, call 800-356-1688 or
814-353-1300, ext. 3, or go

online at www.restekcorp.com

These courses will help you:
• Improve chromatographic efficiencies.
• Identify and adjust variables to optimize

your system.
• Increase sample throughput.
• Identify and troubleshoot problems with your

analysis and instrument.

Courses start in early September
and seats fill quickly, so
register today!
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✔ Stable, long-term storage of sulfur VOCs.
✔ More accurate sampling.

✔ Accessories available.

SilcoCan® Canisters
Ideal for Low-Level (1ppb-20ppb) Reactive

Sulfur Compounds
by Dave Shelow, Air Monitoring Innovations Chemist

The analysis of low-level sulfur volatile organic com-
pounds (VOCs) has become important because of
odor complaints near manufacturing sites and
refineries. Collection and measurement of these com-
pounds in the atmosphere is very difficult because of
their low concentration and high reactivity. These sul-
fur compounds not only can react with each other
but also with the vessels in which they are collected.
This results in low recoveries of compounds such as
hydrogen sulfide (H2S), methyl mercaptan (CH3SH),
ethyl mercaptan (C2H3SH), and dimethyl disulfide
(CH3SSCH3). 

Tedlar bags traditionally have been used for collecting
sulfur VOCs; however, the stability of low-level
(100ppbv) sulfur VOCs is poor within 24 hours of
sampling.1 Electropolished canisters (e.g., SUMMA®

canisters) are excellent for storing VOCs in ambient
air; however, the sulfur compounds react with the
metal surface so these canisters are unsuitable for
collecting and storing low-level sulfur VOCs.2

SilcoCan™ air monitoring canisters, which feature a
Silcosteel®-treated surface, increase the storage stabil-
ity of low-level sulfur VOCs. We evaluated the stability
of sulfur VOCs within SilcoCan™ canisters at very low

60m, 0.53mm ID, 7.0µm Rtx®-1 (cat.# 10193) 
GC: Agilent 5890GC; Det.: Sievers Model 355 SCD

Oven temp.: 30°C (hold 1.0 min.) to 180°C @
10°C/min. (hold 5 min.); Flow rate: 8.5mL/min.

Sample: 1mL sample loop of 11ppbv

 
 

  

 

  

Standards: Dry standards were made by taking 2mL of a 100ppm stock sulfur standard and adding it to each precleaned and evacuated canister, then pressurizing to 30psig
with ultra-pure nitrogen. The resultant concentrations are listed in Applications Note #59347. Humidified standards were made by injecting the evacuated canisters with 100µL

of deionized water prior to adding the 2mL aliquot of stock standard. This resulted in 50% RH.

levels (1–20ppbv) for six days. A comparison study
of dry vs. humidified standards demonstrates the abil-
ity of SilcoCan™ canisters to store low-level sulfur
VOCs in real-world conditions. The results showed
excellent stability of each of the low-level sulfur VOCs
in the dry and the humidified standards when using
SilcoCan™ canisters. However, the electropolished
canisters exhibit rapid degradation of hydrogen sul-
fide, methyl mercaptan, and ethyl mercaptan during a
similar study (Figure 1).

When you need to perform sensitive air monitoring
analyses, use a SilcoCan™ canister to collect and store
your samples.

✔ SilcoCan™ Canisters
size (L) cat.#

1 24112
3 24113
6 24114
15 24115

References
1. Quang Tran, You-Zhi Tang; Stability of Reduced Sulfur Compounds in Whole Air Samplers, 1994 AWMA/EPA International Symposium of Measurement of Toxic and Related Air Pollutants.
2. Hoyt, Steven; Longacre, Vivian; and Stroupe, Michale; Measurement of Oxygenated Hydrocarbons and Reduced Sulfur Gases by Full Scan GC/MS: EPA TO-14; Sampling and Analysis of Airborne Pollutants, Eric Winegar,
Lawrence Keith.
References not available from Restek.

formoreinfo
For complete details on the analytical

system, request lit. cat.# 59347.

Dry SilcoCan™ (n=18)
Humidified SilcoCan™ (n=5)
Electropolished (n=2)

●

◆
▲

Figure 1
Stability data demonstrates the effectiveness of using SilcoCan™ canisters to store low-level organic sulfur compounds in real-world conditions.
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Improved Passive Air
Sampling Kits

Better Performance at a Better Value

Restek introduces a newly-designed passive air
sampling kit that incorporates all of the hardware
necessary to successfully collect air samples. These
kits are excellent for 8-, 12-, 24-, and 48-hour or
grab sampling, and are easy to assemble for field
sampling.*

This most recent improvement incorporates the
particulate filter inside the critical orifice fittings.
The original design used an in-line filter before the
critical orifice. By eliminating the in-line filter, the
number of potential leak sites was greatly reduced.
Also, reducing the amount of components in the kit
has allowed us to reduce the price, while improving
the quality and ease of use.

The new passive air sampling kit is available in a
wide range of sampling flow ranges, and in stain-
less steel or Silcosteel® coating. The stainless steel
passive air sampling kit is ideal to partner with the
Restek TO-Can™ air sampling canister for TO-14A
and TO-15 methods. The Silcosteel®-coated version
should be used with the Restek SilcoCan® air sam-
pling canister when collecting low-level volatile sul-
fur compounds (see previous page).

Canister Volume (L) Flow       Orifice Silcosteel® Non-Silcosteel®

1 3 6 15 Complete Sampling Kits Complete Sampling Kits
4 hour 12 hour 24 hour 60 hour 2-4 .0012 cat.# 24160 cat.# 24165 
2 hour 6 hour 12 hour 30 hour 4-8 .0016 cat.# 24161 cat.# 24166 
1 hour 4 hour 8 hour 20 hour 8-20 .0020 cat.# 24162 cat.# 24167

— 2 hour 3 hour 8 hour 20-40 .0030 cat.# 24163 cat.# 24168
— — 1 hour 3 hour 40-80 .0060 cat.# 24164 cat.# 24169

*Air sampling canisters sold separately.

✔ New design eliminates leaks at the filter. 
✔ Silcosteel®-treated components result in a very inert surface.

✔ Excellent for 8-, 12-, 24-, or 48-hour grab sampling.

by Dave Shelow, Air Monitoring Innovations Chemist

✔ SilcoCan™ Canisters
size (L) cat.#

1 24112
3 24113
6 24114
15 24115

✔ SilcoCan™ Canisters with
Vacuum/Pressure Guage

size (L) cat.#
1 24116
3 24117
6 24118
15 24119

✔ TO-Can™ Canisters
size (L) cat.#

1 24150
3 24152
6 24153
15 24154

✔ TO-Can™ Canisters with
Vacuum/Pressure Guage

size (L) cat.#
1 24155
3 24156
6 24157
15 24158

Questions?
Contact us at support@restekcorp.com. The
industry’s best technical service will be glad

to help you with Plus 1™ service!

new
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Figure 1
Achieve good peak shape and response of sympathomimetic amines using an

Rtx®-5 Amine column.

Analyzing ppm levels of basic compounds, such as
amines, by gas chromatography (GC) often requires
derivatization of the sample or column priming to
improve peak shape and sensitivity. Restek’s innova-
tive Rtx®-5 Amine capillary column features a
unique deactivation technology that reduces adsorp-
tion and peak tailing for a wide variety of amines
and other basic compounds without derivatizing or
priming, even at low ppm concentrations.  

Many drug compounds are basic because they con-
tain amine functional groups. The Rtx®-5 Amine col-
umn can analyze many of these drug compounds
successfully without costly derivatization. The ion
trap GC/MS analysis of underivatized sympath-
omimetic amines on the Rtx®-5 Amine column
shows excellent peak shapes and low column bleed,
making it ideal for trace-level analyses (Figure 1).  

Ethyleneamines are used as chemical intermediates
and solvents, and in the manufacture of chelating and
emulsifying agents. Analyzing trace impurities of these
basic compounds is difficult because most capillary
columns will adsorb them. The Rtx®-5 Amine column
is uniquely deactivated to be ideal for the analysis of
ppm-level basic impurities in ethyleneamines and
piperazines (Figure 2). Notice that tailing is minimal
and exceptional response is achieved.

Because some adsorption of basic compounds can
occur in the injection port, further improvements
to the peak shape and response of amines can be
obtained by using base-deactivated inlet liners.
Base-deactivated inlet liners are available for most
GC configurations. This ensures a completely inert
sample pathway from injection port to detector. For
consistently successful amine response, use this
base-deactivated system and the Rtx®-5 Amine
column.

1 2
3

4

5

6

7

25201510min. 5
GC_CH00298

30m, 0.25mm ID, 0.50µm Rtx-5
Amine (cat.# 12338); Sample: 3.0µL

split injection of ethyleneamine indus-
trial sample with on-column concen-
tration ~5-80ng.; Oven temp.: 40°C
(hold 4 min.) to 315°C @ 10°C/min.

(hold 5 min.); Inj. & det. temp.:
315°C; Carrier gas: hydrogen; Linear

velocity: 43cm/sec. set @ 40°C;
FID sensitivity: 6.4 x 10-11 AFS;

Split ratio: 20:1

1. isopropanol
2. monoethanolamine
3. ethylenediamine
4. piperazine
5. diethylenetriamine
6. aminoethylethanolamine
7. aminoethylpiperazine
remaining impurities consist of ethyle-

neamine and piperazine derivatives

Figure 2
The Rtx®-5 Amine column accurately analyzes trace impurities in ethyleneamines and piperazines.

Rtx®-5 Amine GC
Column

by Neil Mosesman, GC Columns Product Marketing Manager

✔ Deactivated tubing reduces sample adsorption.
✔ Eliminates costly derivatization procedures.
✔ Offers low bleed and excellent peak shape.

Ideal for Trace-Level Analyses of Basic Compounds

1

2

3
4

5

6

7 8

9

10

11,12

13

14

15

16

17

18

19

21

22

1. phenylethylamine
2. amphetamine
3. phentermine
4. methamphetamine
5. fenfluramine
6. mephentermine
7. cathinone
8. phenylpropanolamine
9. methcathinone

10. nicotine
11. ephedrine

30m, 0.25mm ID, 0.50µm Rtx-5 Amine
(cat.# 12338); Injections performed in the

split mode with a split vent flow rate of
45mL/min.; Analysis performed using a

Varian 3400 GC coupled with a
Varian Saturn 2000 MS detector;

Conc.: 1mg/mL; Oven temp.: 100°C to
310°C @ 10°C/min.; MS scan

range: 40-600 amu. Ionization was
performed in the EI Auto mode. 

7.5 10 12.5 15 17.5min. 5

12. pseudoephedrine
13. phenmetrazine
14. phendimetrazine
15. methylenedioxyamphetamine
16. diethylpropion
17. methylenedioxymethamphetamine
18. methylenedioxyethylamphetamine
19. 4-methyl-2,5-dimethoxyamphetamine
20. phenylephrine
21. caffeine
22. benzphetamine

Questions?
Contact us at

support@restekcorp.com.
The industry’s best technical service

will be glad to help you with
Plus 1™ service!

GC_PH00438

sample courtesy of a
Restek customer
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ChromGas Hydrogen &
N2 LC/MS Generators
The Best Value in Laboratory Gas Generators

✔ No high-pressure cylinders means improved lab safety. 
✔ Ultra-high purity for better chromatography.

by Gary Barone, GC Accessories Product Marketing Manager

Restek has developed a marketing alliance with
Parker Hannifin Corporation, Filtration and
Separation Division—formerly Whatman—to offer
gas generators world-wide. Parker Hannifin now
provides the best value in laboratory gas generators.

The ChromGas fuel-grade hydrogen generator is a
hazard-free alternative to high-pressure gas cylin-
ders. The ChromGas generators use an exclusive
solid polymer electrolyte to produce hydrogen on
demand. Deionized water and an electrical supply
is all that is needed to generate hydrogen for weeks
of continuous operation.

With an output capacity up to 500cc/min., this gen-
erator can supply 99.9995% pure hydrogen to over
ten gas chromatographs (GCs). Based on cylinder
gas savings alone, a ChromGas hydrogen generator
pays for itself in less than a year.

The Parker ChromGas hydrogen generators are cer-
tified for laboratory use by Canadian Standards
Association (CSA), Underwriters Laboratories (UL),
and International Electrotechnical Commission
(IEC) 1010. A built-in sensing circuit shuts the gen-
erator down if a hydrogen leak is detected.

Nitrogen Generator and Air Compressor All
in One—Ideal for LC/MS!
The Parker N2-15 generator incorporates an oilless
air compressor and membrane nitrogen generator
assembled as a package specifically to feed LC/MS
systems. The N2-15 produces 15 liters-per-minute
at 99% purity. The N2-15 generator is an ideal,
safe, and less expensive long-term alternative than
nitrogen cylinders or bulky dewars.

The N2-15 generator is a convenient, inexpensive
solution to high-volume nitrogen generation.
Previously a compressor and generator would have
to be purchased separately. Often the end-users

were responsible for installing and interfacing the
compressor and generator. The cost of a reason-
able system was well in excess of $20,000. Now the
N2-15 generator solves the installation and set-up
difficulties at a very attractive price.

✔ Hydrogen Generators
Model # Capacity cat.#

A9090 90 cc/min 22033

A9150 150 cc/min 22034

B9200 250 cc/min 22035

B9400 500 cc/min 22036

✔ Replacement deionizer bags and
desiccant cartridge for Models
A9090, A9150, B9200, and B9400
Deionizer bag:  cat.# 21670, (ea.) 
Desiccant cartridge:  cat.# 21671, (ea.) 

✔ Model N2-15 generator
cat.#  22037, (ea.) 

✔ Rtx®-5 Amine (fused silica) Crossbond® 5% diphenyl/95% dimethylpolysiloxane; Stable to 340°C
ID df (µm) temp. limits 15-Meter 30-Meter

0.25mm 0.50 -60 to 300/315°C 12335 12338
1.00 -60 to 300/315°C 12350 12353

0.32mm 1.00 -60 to 300/315°C 12351 12354
1.50 -60 to 290/305°C 12366 12369

0.53mm 1.00 -60 to 290/305°C 12352 12355
3.00 -60 to 280/295°C 12382 12385

✔ Base-Deactivated Inlet Liners for amines and basic compounds
Restek stocks the most requested base-deactivated liners for immediate delivery. However, if you do not see the liner you need,
orders can be placed by adding the appropriate suffix number: each (-210.1), 5-packs (-210.5), and 25-packs (-210.25).
For base-deactivated liners packed with base-deactivated wool: each (-211.1), 5-packs (-211.5), and 25-packs (-211.25).

Base-Deactivated Inlet Liners for Agilent GCs
each 5-pk. 25-pk.

4mm Split Straight with Wool 20781-211.1 20782-211.5 20783-211.25

Cyclosplitter® 20706-210.1 20707-210.5 —

4mm Splitless Straight 20772-210.1 20773-210.5 —

2mm Gooseneck 20795-210.1 20796-210.5 20797-210.25

4mm Gooseneck 20798-210.1 20799-210.5 20800-210.25

Base-Deactivated Inlet Liners for Varian GCs
each 5-pk.

Splitter with Wool 20792-211.1, (ea.) 20793-211.5, (5-pk.) 

Frit Splitter 20715-210.1, (ea.) 20716-210.5, (5-pk.)

Inlet Supplies
Guide

We’ve updated
and expanded the
convenient, pock-
et-size guide. This

highly-requested
booklet details

Restek’s extensive
selection of liners
and other inlet supplies—organized by

GC manufacturer. Request your free
copy today! (lit. cat.# 59893A)
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Trace Explosives
Analysis

Using an Rtx®-1 GC Column
by Gordon McMillen and Ann Irwin, Forensic Science Northern Ireland**

Background
For more than 30 years the forensic science labora-
tory in Northern Ireland has undertaken explosives
analysis to cope with the continual use of explosives
by terrorists. In many terrorist cases explosives and
firearms are used together, so the laboratory devel-
oped methods to collect and examine both types of
evidence. The trace residue from the discharge of
firearms (cartridge discharge residue [CDR]) com-
prises two components: the primer residue (e.g.,
inorganic metallic particles) and organic residue
(e.g., nitroglycerine from the propellant).

Collection procedure
Two types of laboratory swabbing kits1 are manufac-
tured for collecting CDR and explosive residue: one
for suspects and one for scene locations. They each
contain a ball of acrilan fiber moistened with iso-
propanol and heat-sealed in foil envelopes. Gloves
and a disposable boiler suit also are included to
prevent cross-contamination from the analyst during
the collection process. After use, each swab is
placed in a custom-made plastic swab holder
resembling a miniature syringe body, which is then
capped at both ends. Items in the laboratory, such
as clothing, are sampled with balls of acrilan fiber
or, more likely, vacuum sampled using a 25mm
diameter deldrin filter holder (Gelman cat.# 1109)
and a 0.5µm pore size Fluoropore® membrane filter
(Millipore cat.# FHLP02500).

Extraction procedure
The swabs and filter samples can be examined for
explosives only, or for particulate CDR residue and
explosives. An extract is produced for explosives
analysis by centrifuging the samples twice, once
after the addition of an internal standard (1,3-dini-
trobenzene) and once after the addition of an

aliquot of diethyl ether. The final 1mL extract is col-
lected in a 1.5mL gas chromatography (GC)
autosampler vial.

The inorganic extract for particulate CDR examina-
tion is produced by ultrasonicating the swabs or fil-
ter residue in petroleum ether 140-165 for 30 min-
utes. The suspension then is decanted through a
25µm wire mesh filter in a Swinnex® holder
(Millipore cat.# SX 0001300) to remove heavy
debris, then through a 12.5mm diameter Swinnex®

holder containing a 1µm pore size Fluoropore®

membrane filter (Millipore cat.# FALP01300). After
filtration, the 1µm filter is removed and placed on a
12.5mm diameter aluminium stub, carbon-coated
and examined by automated scanning electron
microscopy/energy dispersive x-ray (SEM/EDX)
analysis.

GC analysis for organic explosives
The ether extracts are analyzed by GC fitted with a
thermal energy analyzer (TEA®, Thermo Orion
Model 543). An Agilent 5890 Series II GC, which has
the pyrolyzer for the TEA® fitted through a hole cut
in the left side of the oven, was used. The pyrolyzer
and TEA® have been modified following some of the
suggestions by Douse.1 A Restek Rtx®-1 capillary col-
umn (cat.# 10120, 15m 0.25mm ID 0.25µm df) is
butt-connected to a length of deactivated, 0.25mm
ID fused silica tubing (Restek cat.# 10012) using a
universal Press-Tight® connector (Restek cat.#
20400). This passes through the pyrolyzer directly
into the reaction chamber of the TEA® detector,
alongside a similar length of uncoated fused silica
tubing originating directly from the ozone outlet.
The second inlet on the reaction chamber is sealed
with a blanking plug. 

1
2

3

4

5
6
7 8

9
10 11

1. nitrobenzene (NB)
2. orthonitrotuluene (ONT)
3. nitroglycerine (NG)
4. 1,3-dinitrobenzene (1,3-DNB) (internal standard)*
5. 2,6-dinitrotoluene (2,6-DNT)
6. 2,3-dinitrotoluene (2,3-DNT)
7. 2,4-dinitrotoluene (2,4-DNT)
8. 3,4-dinitrotoluene (3,4-DNT)
9. trinitrotoluene (TNT)*

10. penta erythritol tetranitrate (PETN)*
11. cyclo trimethylene trinitramine (RDX)*
Standards are injected at a concentration of 0.1ng/µL,
except for those marked *, which are 0.2ng/µL.

10 2 3 4 5 6 7 8

Oven temp: 100°C (hold 3 min.) to 165°C (hold 3 min.) at 35°C/min. to 195°C (hold 3 min.) at 30°C/min.; Carrier gas:
helium, 2.5mL/min.; Split ratio: 5.6:1; Inj.: 198°C; TEA® conditions: Interface temp.: 250°C; Pyrolyzer temp.: 800°C;

The signal output of the TEA® detector is fed to a chromatography data system, which comprises a 4-channel A/D con-
verter and Atlas software from Thermo Labsystems Ltd., a Thermo Electron Corporation Company

Figure 1
An Rtx-1® column is ideal for assessing performance and response for explosives standards.

Five microliters of sample and standard are injected
from the autosampler into an injector port fitted with
a cup-split liner containing a small amount of fused
silica wool (Restek cat.# 20790). The system is cali-
brated to assess performance and response with a
combined standard solution (Figure 1). Casework
samples are analysed without further cleanup and
those samples with peaks lying within a specified
retention time window are subject to confirmation. 

HPLC Confirmation analysis
Positive results indicated on the GC/TEA® system must
be confirmed by a second analytical system before the
results can be reported in a statement to the police.
The method of choice is high performance liquid
chromatography (HPLC) with electrochemical detec-
tion (ECD) at a pendant mercury drop electrode
using an autosampler.2 Prior to HPLC analysis, the
samples are cleaned using SPE extraction3 and a col-
umn containing 40mg of a mixture of Chromosorb®

104 and Amberlite® XAD®-4 in the ratio 3:1. 

Conclusion
The GC/TEA® system has been the Forensic Science
Northern Ireland “workhorse” for many years, pro-
cessing many thousands of samples a year during our
busiest periods.  We have been using Restek columns
and accessories for a number of years and have
found the products to be very reliable, producing a
consistent analysis. There also is a first-rate customer
backup service, provided by Restek Ireland.

References
1. Improved method for the trace analysis of explosives by silica
capillary column gas chromatography with thermal energy
analysis detection. J.M.F. Douse, Journal of Chromatography, 410
(1987) 181-189.
2. Automated method for the analysis of organic explosive
residues by HPLC with a pendant mercury drop electrode detector.
WJ McKeown and SJ Speers, Science & Justice 1996: 36: 15-20.
3. Evaluation of improved methods for the recovery and detec-
tion of organic and inorganic cartridge redsidues. Speers SJ,
Doolan K, McQuillan J and Wallace JS, Journal of Chromatography
1994; A, 674: 319-327.
References not available from Restek.

**Gordon McMillen and Ann Irwin, Forensic Science Northern Ireland, 151 Belfast Road, Carrickfergus, Co Antrim. Tel  +44 (0) 28 9036 1835; Fax +44 (0) 28 9036 1900. g.mcmillen@fsni.gov.uk

✔ Rtx®-1 (fused silica)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 330/350°C 10120

For a complete Restek GC column offering,
refer to the annual chromatography

products guide, lit. cat.# 59960.

GC_MS00513
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Porous layer open tubular (PLOT) columns com-
monly are used for the analysis of gases, low
molecular weight compounds, and volatile solvents.
In specific, PLOT columns coated with divinylben-
zene (e.g., Porapak® Q or HayeSep® Q polymers)
often are used for analyzing permanent gases such
as air, CO, CO2, and CH4; C1 to C5 hydrocarbons;
polar solvents; and C1 to C6 free fatty acids. While
most compounds exhibited symmetrical peak
shapes on the original Rt-QPLOT™ column, polar
compounds such as alcohols often resulted in tail-
ing peaks. Additionally, active compounds such as
free fatty acids could display poor response on
Rt-QPLOT™ columns that were not properly
deactivated.

New deactivation techniques were developed
recently to improve the performance of Restek’s
Rt-QPLOT™ columns. As a result, peak tailing of
polar solvents has been reduced significantly. The

analysis of 11 alcohols on an Rt-QPLOT™ column
proves that the enhanced inertness results in more
symmetrical peak shapes of alcohols and other
polar solvents (Figure 1).

Peak tailing and poor response often occur when
analyzing low molecular weight free fatty acids from
C1 to C5 on a divinylbenzene PLOT column.
Therefore, a highly inert PLOT column is required
to obtain good peak shape and response. The
improved deactivation on the Rt-QPLOT™ column
results in excellent peak shape and response for
low molecular weight free fatty acids (Figure 2).

The Rt-QPLOT™ column is not sensitive to moisture
and, therefore, can be used for direct aqueous
injections. To eliminate particle generation, which
can cause detector spiking, a special bonding
process immobilizes the stationary phase to pro-
duce strong, uniform particle adherence to the

✔ Improved peak shape of polar solvents. 
✔ Not sensitive to moisture—can be used for direct aqueous injections.

✔ Unique particle immobilization process eliminates detector spikes.

Rt-QPLOT™ GC Column
New Deactivation Improves Response

by Neil Mosesman, GC Columns Product Marketing Manager

Figure 1
Obtain improved peak shapes for alcohols and other polar solvents on the new

Rt-QPLOT™ column.

Figure 2
Excellent peak shapes and response for free
fatty acids are achieved with the improved

Rt-QPLOT™ column.

inside of the capillary tube. The Rt-QPLOT™

columns are available in 0.32 and 0.53mm internal
diameters and in 15- and 30-meter lengths. The
0.32mm ID column has a 10µm particle coating,
and the 0.53mm ID column has a 20µm particle
coating. The maximum operating temperature for
the Rt-QPLOT™ column is 250°C.  

PLOT columns are useful for the analysis of a wide
range of volatile compounds. Because tailing and
poor response of active compounds can occur on
improperly deactivated PLOT columns, it is critical
to select a column with adequate inertness. The
new and improved Rt-QPLOT™ column is specially
deactivated to produce excellent peak shape and
response for active polar compounds such as alco-
hols and free fatty acids. Also, the unique particle
immobilization process eliminates detector spikes.
Call the Restek Technical Service Team at ext. 4
with questions.

✔ Rt-QPLOT™ (fused silica PLOT)
divinylbenzene Stable to 250°C
ID df (µm) 15-Meter 30-Meter

0.32mm 10 19717 19718
0.53mm 20 19715 19716

✔ MXT®-QPLOT (metal Silcosteel®-coated PLOT)
divinylbenzene Stable to 250°C
ID df (µm) 15-Meter 30-Meter

0.53mm 20 79715 79716

min5 1010 1515 2020 2525 3030 35
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1.  acetic acid
2.  propionic
3.  isobutyric acid
4.  butyric acid
5.  isovaleric acid
6.  valeric acid

30m, 0.32mm ID, 10µm Rt-QPLOT™ (cat.# 19718); Sample: alcohol mix; Conc.: 1% of each compound in water;
Sample size: 1.0µL; GC: Agilent 6890; Oven program: 100°C  to 240°C @ 5°C/min. (hold 10min.);
Injector: split @ 250°C; Carrier gas: helium (constant pressure mode); Head pressure: 18.0psi;
Column flow rate: 1.1cc/min. @ 100°C; Linear velocity: 31cm/sec. @ 100C; Split ratio: 70:1;

Detector: FID @ 270°C; Make-up gas flow: 45cc/min.; Inlet liner: 4mm single gooseneck (cat.# 20798)

8 10 12 14 16

2

1
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6

30m, 0.32mm ID, 10µm Rt-QPLOT™ (cat.# 19718);
Sample: atty acids mix; Conc.: 5% of each compound

in water; Sample size: 0.5µL; GC: TRACE 2000;
Oven program: 75°C  to 240°C @ 10°C/min. (hold

15min.); Injector: split @ 240°C; Carrier gas: hydrogen
(constant pressure mode); Head pressure: 12.0psi;
Column flow rate: 1.1cc/min. @ 100°C; Split ratio:
100:1; Detector: FID @ 240°C; Make-up gas flow:

40cc/min.; Inlet liner: 3mm split w/glass wool
(cat.# 20936-202.1)

1. methanol
2. ethanol
3. 2-propanol
4. 1-propanol
5. tert-butanol
6. 2-butanol
7. isobutyl alcohol
8. 1-butanol
9. 2-methyl-2-butanol

10. 3-methyl-1-butanol
11. 4-methyl-2-pentanol

GC_CH00495

GC_FF00496
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Peak Performers
New GC Accessories to Make Your Analyses

Easier and More Reproducible
by Gary Barone, GC Accessories Product Marketing Manager

Thermolite® Septa

Septum Diameter 25-pk. 50-pk. 100-pk.
5mm (3/16") 20351 20352 20353

6mm (1/4") 20355 20356 20357

7mm 20381 20382 20383

8mm 20370 20371 —

9mm 20354 20358 20362

9.5mm (3/8") 20359 20360 20361

10mm 20378 20379 20380

11mm (7/16") 20363 20364 20365

11.5mm 22385 22386 22387

12.5mm (1/2") 20367 20368 20369

17mm 20384 20385 20386

Shimadzu Plug 20372 20373 20374

Restek Leak
Detective

The most-powerful, lowest-
cost thermal conductivity leak

detector available!

Replacement Inlet Seals for Agilent 5890/6890
and 6850 GCs

✔ Special grade of stainless steel that is softer and compresses more
easily, ensuring a completely leak-free seal.

✔ Increases column lifetime because oxygen cannot permeate into the
carrier gas.

✔ Reduced noise benefits high-sensitivity detectors (e.g. ECDs, MSDs).
✔ Silcosteel®-treated seal offers the inertness of glass.

Cross Disk for Agilent
5890/6890 GCs

(Similar to Agilent part #5182-9652.)

0.8mm ID Cross Disk Inlet Seal for Agilent GCs 2-pk 10-pk.
Gold-Plated 20477 20476

Silcosteel®-Treated 20475 20474

1.2mm ID Cross Disk Inlet Seal for Agilent GCs 2-pk. 10-pk.
Gold-Plated 21009 21010

Silcosteel®-Treated 21011 21012

(0.8mm ID stainless steel inlet seal is equivalent to Agilent part #18740-20880.)
(0.8mm ID gold-plated inlet seal is equivalent to Agilent part #18740-20885.)

Single-Column 0.25/0.32mm ID Dual- 0.53mm ID Dual-
Installation, Column Installation, Column Installation,
Opening Size Opening Size Opening Size

0.8mm ID 1.2mm ID 1/16-Inch

2-pk. 10-pk. 2-pk. 10-pk. 2-pk. 10-pk.

Stainless Steel Inlet Seal

21315 21316 20390 20391 20392 20393

Gold-Plated Inlet Seal

21317 21318 21305 21306 — —

Silcosteel® Inlet Seal

21319 21320 21307 21308 — —

*Refer to A Guide to Minimizing Septa Problems (lit. cat.# 59886).
**Not designed for use in explosive atmospheres.

✔ Compact, lightweight, hand-held design.
✔ Contamination-free leak detection.
✔ Detects helium or hydrogen trace leaks at
�3 x 10-4cc/sec. or �200ppm.

✔ Audible alarm and LED readout.
✔ Responds in less than 2 seconds to trace leaks

of gases.**
✔ Two 9-volt batteries provide 10-12 hours of

continuous operation.
✔ Unit can also be used with an AC adaptor

(both included).

(110 VAC): cat.# 21607, (ea.) 
(220 VAC): cat.# 21609, (ea.) 
(220 VAC with UK plug): cat.# 21382, (ea.) 

✔ Premium, low-bleed septa ✔ Excellent puncturability
✔ Lowest bleed on FIDs, ECDs, & MSDs* ✔ Preconditioned and ready to use
✔ Usable to 340°C inlet temperatures ✔ Do not adhere to hot metal surfaces

“Y” Vu-Union®

Connecotrs

✔ Combines the benefits of Press-Tight®

connectors and metal unions.
✔ Leak-free connections.
✔ Will not unexpectedly disconnect.
✔ Glass window allows visual confirmation of seal.
✔ Usable at temperatures up to 400°C.

“Y” Vu-Union connector: cat.# 20432, (ea.) 
Replacement “Y” inserts: cat.# 20433, (ea.) 

cat.# 20434, (3-pk.) 

So unique,
they're
patented!
(patent #5,487,569)
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New Thermal Gas Purifiers
✔ Remove oxygen, water, carbon monoxide, carbon dioxide and hydrocarbons.
✔ Purity in ppb levels.
✔ Mass Spec. purity carrier gas produced.
✔ Dual-tube model purifiers double capacity at less than double the price.
✔ Welded end-fittings on getter tubes eliminate leaks.
✔ Packed with reactor-grade, pure getter material for maximum efficiency and no contamination.

Introducing Restek’s line of re-engineered thermal gas purifiers. This line of purifiers works by producing
a chemical reaction between impurities in the carrier gas stream and the getter material. Because the reac-
tion is non-reversible, there is no possibility of contaminants breaking through the thermal gas purifier.

Gas purification is very economical when using a thermal gas purifier. After initial installation cost, getter
tubes only require changing once every year; heavy use and very impure feed gas may require more fre-
quent getter tube replacement.

Restek Single-Tube Thermal Gas Purifier, 110 Volt:
1�8" Fittings:  cat.# 21496, (ea.)
1�4" Fittings:  cat.# 21497, (ea.) 

Restek Dual-Tube Thermal Gas Purifier, 110 Volt:
1�8" Fittings:  cat.# 21498, (ea.) 
1�4" Fittings:  cat.# 21499, (ea.) 

Replacement Straight Getter Tubes:
1�8" Fittings:  cat.# 21661, (ea.) 
1�4" Fittings:  cat.# 21660, (ea.) 

Connect Fused Silica
Capillary Columns with

New MXT® Unions

✔ Low-dead-volume, leak-free connection.
✔ Reusable.
✔ Silcosteel® treatment ensures maximum

inertness.
✔ Ideal for connecting guard columns and

transfer lines.
✔ Usable to oven temperatures of 350°C.
✔ Available in union and “Y” configurations.

Previously only metal tubing could benefit from an
easy-to-use MXT® connector. Now the MXT® con-
nector can be used with fused silica capillary
columns because of the Valcon polyimide 1�32" one-
piece fused silica adaptor.  This unique graphite-
reinforced composite allows capillary columns to
slide and be locked into place simply by loosening
and tightening the MXT® union 1�32" fitting.

MXT®-Union Connector Kits
Each kit contains the MXT® union, 2- 1�32" nuts
and 2 one-piece fused silica adaptors
For 0.53mm columns: cat.# 21384, (kit) 
For 0.32mm columns: cat.# 21385, (kit) 
For 0.25mm columns: cat.# 21386, (kit) 

MXT® “Y”-Union Connector Kits
Each kit contains the MXT® union, 3- 1�32" nuts
and 3 one-piece fused silica adaptors
For 0.53mm columns: cat.# 21387, (kit) 
For 0.32mm columns: cat.# 21388, (kit)  
For 0.25mm columns: cat.# 21389, (kit)  

Replacement One-Piece Fused Silica
Adaptors for Fused Silica Capillary
Columns
For 0.25mm columns: cat.# 20137, (5-pk.) 
For 0.32mm columns: cat.# 20140, (5-pk) 
For 0.53mm columns: cat.# 20141, (5-pk) 
Replacement 1�32" nuts: cat.# 20389, (5-pk) 

HPLC Piston Seal
Insertion Tool

✔ Simplify your pump maintenance.
✔ One end removes old piston seal, and the other

easily and securely installs new seal.
cat.# 21356, (ea.) 

New Inlet Liners
For TRACE GCs
✔ Fully deactivated.
✔ Designed to meet original equipment specifications.
1mm ID: cat.# 21114, (ea.) cat.# 21115, (5-pk.) 
2mm ID: cat.# 21116, (ea.) cat.# 21117, (5-pk.) 

For Agilent GCs
✔ Designed for use with EPC-equipped Agilent 6890 GCs.
✔ Siltek™ deactivated.
✔ Low internal dead volume.
Each: cat.# 21390-214.1
5-pack: cat.# 21391-214.5
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Carol Moser, Receptionist/Administrative
Support

Craig Reitz, Graphic Designer

Restek
trademarks: Crossbond, Leak

Detective, MXT, Plus 1, Press-Tight, Rtx,
SilcoCan, SilcoSteel, Siltek, Sulfinert, Stx, Thermolite,
TO-Can, Trident, Vu-Union, XTI, and the Restek logo.

Other trademarks: DB-5MS (Agilent), Freon (E.I. du Pont
de Nemours & Co., Inc.), PEEK (Victrex plc), SUMMA
(Moletrics), Superclean (SGT Middleburg BV), and

Vocarb (Supelco).

Phyllis Johnson

Chicago Region
phyllis@restekcorp.com

ext. 2279

Doug Elliott

Northwest Region
doug@restekcorp.com

ext. 2189

Kim Holliday

Mountain &
Southwest Region
kimh@restekcorp.com

ext. 2115
Mike Zezzo

Southeast Region
mzezzo@restekcorp.com

ext. 2120

Shannon Matteo

New England Region
shan@restekcorp.com

ext. 2318

Steve Graham & Anne Sensel,
Lonestar Instruments

Texas Region
asensel@ix.netcom.com

512-863-0630

Contact the representative nearest you
for personal, Plus 1™ service!

Christine Vargo

Sales Manager
christine@restekcorp.com

ext. 2123

New
Sales

Manager!
Restek's own Christine Vargo

was promoted to Sales Manager
early in 2001. Christine began at

Restek in 1988 as the first Applications
Chemist. She then became involved in
technical marketing, moving into Field

Support Chemist and Sales Representative
positions for the New Jersey area. Most
recently, Christine handled Corporate

Accounts Management and Marketing of
the GC Column product line. She

brings hands-on laboratory experi-
ence, extensive Restek product

knowledge, and an intense
customer commitment

to her new role. 

Restek’s field representatives are trained to assist customers in choosing the right chromatography
supplies, optimizing method and instrument performance, and troubleshooting lab problems. As part of our

Plus 1™ service commitment, we strive to surpass your expectations every time you contact us. Come to a
Restek seminar  (see pg. 7) to meet your rep, or contact the one nearest you from the map below.

Lonestar Instruments welcomes Pat to their team. Pat, Steve, and Anne are your contacts
for the Gulf Coast region. Contact them for Plus 1™ service today!

Pat Follett



Figure 1
The MXT®-1HT Sim Dist column exhibits

low bleed, which gives accurate
quantitation at high temperatures.
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Low-Bleed, High-Temperature
Column for ASTM Method D-6352

MXT®-1HT Sim Dist GC Column

Advantage
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The American Society for
Testing and Materials
(ASTM) is an organiza-
tion that publishes con-
sensus standards for
materials, products, and
services. Because ASTM
methods are developed
by consensus from the
laboratories following the
method, they are recog-
nized worldwide. ASTM

Method D-6352 is a gas chromatography (GC)
method developed for the determination of petrole-
um distillates with a boiling point range of 174°C to
700°C. Often referred to as high-temperature simu-
lated distillation or Sim Dist, this method requires a
capillary column capable of withstanding high GC
oven temperatures, up to 430°C. This presents
many challenges for analysts because most capillary

✔ Durable metal tubing and high-temperature polymer
allows analysis of hydrocarbons up to C110.

✔ Low bleed at high temperatures help achieve accurate quantitation.
✔ Meets all criteria of ASTM Method D-6352.
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5m, 0.53mm ID, 0.10µm MXT®-1HT (cat.# 70100)
GC: Agilent 6890; Injector: on-column (track oven);

Carier gas: helium (constant pressure);
Head pressure: 1.0psi; Linear velocity: 60cm/sec.;

Flow rate: 7.8mL/min.; Detector: FID @ 430°C;
Make-up gas flow: 40cc/min.; Temp. program: 40°C

to 430°C @ 10°C/min. (hold 30 min.)

430°C

Figure 2
The MXT®-1HT Sim Dist column allows analysis of hydrocarbons up to C110

in less than one hour.
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5m, 0.53mm ID, 0.10µm MXT®-1HT Sim Dist
(cat.# 70100)

Sample: 1.0µL Polywax 1000 standard
(cat.# 36227); Solvent: carbon disulfide;

GC: Agilent 6890; Injector: on-column (track
oven); Carier gas: helium (constant pressure);

Head pressure: 1.0psi; Linear velocity:
60cm/sec.; Flow rate: 7.8mL/min.; Detector: FID

@ 430°C; Make-up gas flow: 40cc/min.;
Temp. program: 40°C to 430°C @ 10°C/min.

(hold 30 min.)

GC_PC00530
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The rugged Silcosteel® tubing will hold up indefi-
nitely to temperatures in excess of 430°C, so col-
umn lifetime is not limited by the tubing. To
demonstrate the utility of this innovative product,
we analyzed Polywax® 1000 using the MXT®-1HT
Sim Dist column (Figure 2). Notice the excellent
peak shape of hydrocarbons up to C110.

To maintain the low bleed and high performance of
the MXT®-1HT Sim Dist column, it is critical to pre-
vent oxygen from entering the column. This can be
achieved by electronically leak checking your entire
system. We also recommend the use of graphite fer-
rules; Vespel® or Vespel®/graphite ferrules are
more likely to loosen over time.

The MXT®-1HT Sim Dist column is available in a
5m, 0.53mm ID, 0.1µm film to conform to the
requirements of ASTM Method D-6352. It exceeds
the criteria for resolution, peak shape, and bleed
for hydrocarbons ranging up to C110.

columns are manufactured using polyimide-coated
fused silica tubing. At temperatures above 380°C,
even the best polyimide coating becomes brittle,
which leads to very short column lifetimes. In addi-
tion, the methyl silicone stationary phase recom-
mended in the method also must survive these high
temperatures.

Extensive research by scientists at Restek has led to
a major improvement in columns for high-tempera-
ture simulated distillation. By combining a new
proprietary polymer synthesis technology, Siltek™

deactivation chemistry, and rugged Silcosteel® tub-
ing, we developed a capillary column that meets all
the criteria of ASTM Method D-6352. Because the
MXT®-1HT Sim Dist column is coated with a 100%
dimethyl polysiloxane polymer, it will give the cor-
rect retention time/boiling point curve. The MXT®-
1HT Sim Dist column exhibits low bleed at 430°C
and excellent peak shape due to the unique poly-
mer synthesis and Siltek™ deactivation (Figure 1).

MXT®-1HT SimDist (metal column)
Length (m) ID (mm) df(µm) Temp. Limits cat.#

5 0.53 0.10 -60 to 430°C

Please note: For high-temperature analyses such as simulated distillation,
Restek strongly recommends the use of the following accessories to ensure low

bleed and maintain high performance.

Capillary Graphite Ferrules
For 1/16" compression-type fittings

Ferrule ID (mm) Fits Column ID (mm) 10-pack 50-pack
0.8 0.53

For Agilent GCs (compact ferrules)
Ferrule ID (mm) Fits Column ID (mm) 10-pack 50-pack

0.8 0.53

For M4 fittings for QCQ ThermoQuest 8000 & Trace GCs
Ferrule ID (mm) Fits Column ID (mm) 2-pack 10-pack

0.8 0.53

Standard Graphite Ferrules
For 1/4" fittings

Fitting Size (") Ferrule ID (") 10-pack
1/4 1/4

D6352-98 Polywax® Standards

These high molecular weight hydrocarbon
waxes are useful for simulated distillation
and other high-temperature GC work.

Ea. cat.# qty.
Polywax 500 36224 1 gram
Polywax 655 36225 1 gram
Polywax 850 36226 1 gram
Polywax 1000 36227 1 gram

Triple Filter: Removes oxygen/moisture and hydrocarbon impurities. cat.# 22020, (ea.) $130

Single-Position Baseplate:

Ultra-High Capacity Oxygen Filter:Leak Detective™ Electronic Leak Detector
• Compact, lightweight, hand-held design.
• Lowest-cost thermal conductivity leak detector available.
• Contamination-free leak detection.
• Detects helium or hydrogen trace leaks at �3 x 10-4cc/sec. or �200ppm.
• Audible alarm and LED readout.
• Responds in less than 2 seconds to trace leaks of gases.*
• Operates on two 9-volt batteries or AC adaptor, both included.

*Not designed for use in explosive atmospheres.

Many GC problems can be avoided by
electronic leak checking the system dur-
ing the plumbing process. Thorough leak
checking will prevent loss of GC gases,
damage to capillary columns, and
increased detector maintenance. Oxygen
can move into the system via a leak due
to the Venturi effect, and irreversible
damage can occur if a column is exposed
to oxygen at high temperatures, such as
those needed for simulated distillation.
Also, some detectors are very sensitive to
oxygen. Leak checking the instrument
before column installation and condition-
ing prevents column degradations indicat-
ed by high bleed and short lifetimes. Leak
checking should be performed on the
entire gas system and GC. Begin by
checking all fittings inside the GC. Next
check the external fittings along the carri-
er gas lines, all the way to the tanks.
Never use liquid leak detectors that con-
tain soap or surfactants because liquids
can be drawn inside the fitting at the site
of the leak and contaminate the system.

Hot Tech Tip

Super-Clean™ SGT Gas Filters
• High-purity output (99.9999% purity).
• Features a “quick connect” for fast and simple cartridge

changes.
• Full glass/metal design with easy-to-read indicators.

70100

2022420202

20252

20284 20285

20253

20210

European 2-prong plug (220 VAC): cat.# 21382 (ea.)

(110 VAC): cat.# 21607, (ea.)

cat.# 22029, (ea.)

cat.# 22025, (ea.)

(220 VAC): cat.# 21609, (ea.)
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by Greg France, HPLC Product Marketing Manager

Trace-Level Analysis of
Explosives by HPLC

Pinnacle II™ C18 & Cyano Columns

✔ Strictly controlled silica manufacturing ensures reproducible
chromatography.

✔ Sharp peak shape and excellent efficiency for explosives.
✔ Economically priced.

Pinnacle II™ high performance liquid chromatogra-
phy (HPLC) stationary phases were designed to
function well under the difficult matrices encoun-
tered in environmental samples. The original
Pinnacle™ columns served as benchmarks for the
selectivity and efficiency of these new Pinnacle II™

columns. While striving to create columns with
characteristics similar to Pinnacle™ columns,

Restek designed them using Restek silica. Now, we
can go a step further in providing consistent quality
and reproducibility by controlling the manufactur-
ing process back to the raw material stage.

The new Pinnacle II™ C18 and Cyano columns func-
tion as primary and confirmation columns (respec-
tively) to efficiently separate explosives according to

US Environmental Protection Agency (EPA) Method
8330A. Environmental methods frequently employ a
confirmation column for two reasons. First, many
environmental methods require scanning for a
large number of related compounds. Because of
their similarities, analysts often will encounter
coelutions when using a single type of stationary
phase. Second, the matrices encountered in many
environmental samples can contain components
that may interfere or obscure the analytes of inter-
est. By using two columns with different selectivi-
ties, analysts can more accurately identify the ana-
lytes of interest.

Selectivity for the 14 explosives of interest listed in
Method 8330A are similar on the original
Pinnacle™ and the new Pinnacle II™ C18 columns
(Figure 1). On these C18 columns, there are close-
ly eluting peaks or coelutions for the following
compounds: tetryl/nitrobenzene; 2-amino-4,6-dini-
trotoluene/4-amino-2,6-dinitrotoluene; and 2,6-
dinitrotoluene/2,4-dinitrotoluene. Closer examina-
tion shows that the new Pinnacle II™ C18 column
achieves better resolution for two of these pairs.
This may be caused by the slightly higher surface
area and carbon load, and the smaller pore size on
the Pinnacle II™ column (110Å) as compared to
the Pinnacle™ column (120Å). The higher carbon
load of 13% for the Pinnacle II™ column, versus
11% for the Pinnacle™ column, translates into
longer compound retention, and better resolution
and column lifetime.

According to Method 8330A, these 14 compounds
also need to be analyzed on a Cyano column for
confirmation (Figure 2). Changing from a reversed
phase C18 column to a normal phase Cyano col-
umn is fairly easy. The method recommends using
the same mobile phase for both columns, which
allows a quick changeover from the primary analy-
sis to the confirmation analysis. Because the mobile
phase is a simple mixture of water and methanol,
the process of switching from the C18 to the Cyano
column is only a matter of removing the primary
column and installing the confirmation column on
the same HPLC system. There is relatively little
downtime, only that required for the system to re-
equilibrate. 

Figure 1
The new Pinnacle II™ C18 column achieves better resolution for difficult-to-analyze

pairs of explosive compounds.

Peak List for Figure 1
1. HMX
2. RDX
3. 1,3,5-trinitrobenzene
4. 1,3-dinitrobenzene
5. tetryl
6. nitrobenzene
7. 2,4,6-trinitrotoluene
8. 2-amino-4,6-dinitrotoluene
9. 4-amino-2,6-dinitrotoluene

10. 2,6-dinitrotoluene
11. 2,4-dinitrotoluene
12. 2-nitrotoluene
13. 4-nitrotoluene
14. 3-nitrotoluene

Column: Pinnacle™ C18
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 120Å

LC_0194

Column: Pinnacle II™ C18 
Catalog #: 9214575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

LC_0189

min.

Conditions:
Mobile phase: water:methanol 

(50:50, v/v) 
Flow: 1.5 mL/min
Temp.: 27°C   
Det.: UV @ 254nm

Sample:
Inj.: 3µL
Conc.: 500µg/mL each component
Solvent: acetonitrile

Restek 8330 Calibration mix #1 (cat. # 31450)
Restek 8330 Calibration Mix #2: (cat. # 31451)

original
Pinnacle™

C18

New
Pinnacle™ II

C18
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Notice that all of the coeluting pairs from the C18
column are resolved from one another on the
Cyano column. There is a cluster of compounds: 2-
nitrotoluene, 3-nitrotoluene, 4-nitrotoluene, 1,3,5-
trinitrotoluene, and 1,3 dinitrotoluene on the Cyano
column, but these compounds are well resolved on
the C18 column. Again, the selectivity between the
original Pinnacle™ Cyano and the new Pinnacle II™

Cyano columns is similar, but the Pinnacle II™ col-
umn shows better resolution.

Restek controls the raw material quality from the
very beginning of the silica manufacturing process.
Add our phase bonding and column packing expe-
rience to this high level of quality control, and you
benefit from even better column-to-column repro-
ducibility. Because of this and their economical
production, Pinnacle II™ HPLC columns provide a
cost-effective analytical tool for many traditional
methods used in the environmental industry. 

Pinnacle II™ C18 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9214551 9214552 9214553 9214555
100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
250mm 9214571 9214572 9214573 9214575

Pinnacle II™ Cyano 5µm Columns
Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
50mm 9216551 9216552 9216553 9216555
100mm 9216511 9216512 9216513 9216515
150mm 9216561 9216562 9216563 9216565
250mm 9216571 9216572 9216573 9216575

Trident™ HPLC Guard Column Cartridges
Guard Column 10 x 2.1mm 10 x 4.0mm 20 x 4.0mm
Cartridge 3-pk. 3-pk. 2-pk.
Pinnacle II™ C18 921450212 921450210 921450220
Pinnacle II™ Cyano 921650212 921650210 921650220

Trident™ Direct Guard Column System*
Description qty. cat.#
High pressure filter each 25082
1cm guard cartridge holder with filter each 25084
2cm guard cartridge holder with filter each 25086
PEEK® connection tip for Waters®-style end fittings each 25088
Replacement cap frits: 4mm, 2.0µm 5-pack 25022
Replacement cap frits: 4mm, 0.5µm 5-pack 25023
Replacement cap frits: 2mm, 2.0µm 5-pack 25057

1
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0 2 4 6 8 10 12 14 min.

Column: Pinnacle II™ Cyano
Catalog #: 9216575
Dimensions: 250 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

LC_0188

Figure 2
The Pinnacle II™ Cyano column shows better resolution than the original

Pinnacle™ Cyano column for explosives compounds, and is an excellent confirmational column
to the Pinnacle II™ C18 for this analysis.

Peak List for Figure 2
1. nitrobenzene
2. 2-nitrotoluene
3. 4-nitrotoluene
4. 3-nitrotoluene
5. 1,3-dinitrobenzene
6. 1,3,5-trinitrobenzene
7. 2,6 dinitrotoluene
8. 2,4-dinitrotoluene
9. 2,4,6-trinitrotoluene

10. 4-amino-2,6-dinitrotoluene
11. 2-amino-4,6-dinitrotoluene
12. RDX
13. tetryl
14. HMX

Column: Pinnacle™ Cyano
Catalog #: 9116575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 120Å

LC_0193

original
Pinnacle™

Cyano

New
Pinnacle™ II

Cyano

Conditions:
Mobile phase: water:methanol 

(50:50, v/v) 
Flow: 1.5mL/min
Temp.: 27°C   
Det.: UV @ 254nm

Sample:
Inj.: 3µL
Conc.: 500 µg/mL 

each component
Solvent: acetonitrile

Restek 8330 Calibration mix #1 (cat.# 31450)
Restek 8330 Calibration Mix #2 (cat.# 31451)

*The standard PEEK® tip in Trident™ Direct systems is compatible
with Parker, Upchurch®, Valco®, and other CPI-style fittings. To use
Trident™ Direct systems with Waters®-style end fittings, the tip must
be replaced with cat.# 25088.

The Trident™ Direct guard column system
offers three levels of protection:

Trident™ Direct 2cm guard cartridge
holder with filter

Maximum protection against particulate
matter and irreversibly-adsorbed compounds

Trident™ Direct 1cm guard cartridge
holder with filter

Moderate protection against particulate
matter and irreversibly-adsorbed compounds

Trident™ Direct high-pressure filter 
Protection against particulate matter
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Restek has developed a fast GC/MS method for ana-
lyzing semivolatile compounds [e.g., US
Environmental Protection Agency (EPA) Method
8270] that will help increase productivity in the
lab. The changes include modification of the final
extract volume, use of the DI Uniliner with a hole,
shorter GC analysis time, and a modification of the
calibration curve to offset the increased extract vol-
ume. Following is an explanation of each modifica-
tion. For more detailed information, please request
application note #59125.

1) Increase the extract volume
Increase the final extract volume from 1mL to 5mL.
This will reduce preparation time and the amount
of low-boiling compounds lost from evaporation.
Also, one-fifth the amount of matrix imterferences
will be injected into the GC. The reduction of matrix
interferences will allow the instrument to stay cali-
brated for more sample windows. 

2) Use a Uniliner® DI injection port liner
with a hole
This unique inlet liner can be used for direct and
splitless injection. The column is fixed via a press-
tight connection at the bottom of the liner, eliminat-
ing any sample contact with metal parts below the
liner. In order for the carrier gas to be routed
through the split vent line, a hole has been drilled
into the side of the liner. This hole allows the carri-
er gas to be vented through the split vent line dur-
ing the split operation of the injection port. The
Uniliner® liner with a  hole provides a more inert
sample pathway that minimizes injection port dis-
crimination and active compound loss.

3) Use a thin-film Rtx®-5Sil MS column 
Lower concentration standards allow the use of a

Fast Semivolatile Analysis by
GC/MS Using Performance-

Based Measurement Systems
Rtx®-5Sil MS Columns and

Uniliner® Liners

✔ Decrease analysis time to 22 minutes for increased lab throughput.
✔ Resolve key analytes.
✔ Analytical conditions can be used for all MS detectors.

thinner-film column, which can reduce analysis
time. A thin-film Rtx®-5Sil MS column can achieve
improved resolution of difficult-to-analyze com-
pounds in less than 22 minutes. This column fea-
tures a silarylene stationary phase and optimized
dimensions that are ideal for the analysis of semi-
volatile compounds (Figure 1). 

4) Oven temperature programming
Adjusting the oven temperature program of the GC

will help optimize the separation of critical pairs.
Use of an initial hold time resolves early-eluting
compounds; then a fast ramp rate can be used
through non-critical areas, and a lower ramp rate
used to elute later compounds. 

5) Calibration curve
We used 1/5 the recommended concentration level
of Method 8270—1µL injection of 4, 10, 16, 24,
and 32ppm standard. Notice how the 4ppm (4ng
on-column) injection shows excellent signal-to-
noise ratio, and low column bleed and injection
port discrimination (Figure 1).

Conclusion
A number of techniques can be used to increase
sample throughput for the analysis of semivolatile
compounds according to US EPA Method 8270.
Increasing extract volume will reduce preparation
time and injection port contamination. Using a
Uniliner® injection port liner with a hole results in
a more inert sample pathway and eliminates injec-
tion port discrimination. In addition, the use of a
thin-film column reduces analysis time.

Figure 1
Fast analysis of Method 8270 semivolatile compounds with a Uniliner® liner achieves excellent

signal-to-noise ratio, and low bleed and injection port discrimination.

30m, 0.25mm ID, 0.25µm Rtx®-5Sil MS (cat.# 12723)
Inj.: 1µL splitless injection of 8270 Calibration Mix #1 (cat.# 31618), 8270 Calibration Mix #2

(cat.# 31619), 8270 Calibration Mix #3 (cat.# 31620), 8270 Calibration Mix #4 (cat.# 31621), 8270
Calibration Mix #5 (cat.# 31622), BN Surrogate (cat.# 31024), Acid Surrogate (cat.# 31025), SU Internal
Standard (cat.# 31006); Flow rate: helium, constant flow @ 1mL/min.; Oven temp.: 35°C (hold 2 min.)

to 260°C @ 20°C/min. to 330°C @ 6°C/min. (hold 1 min.); Inj. temp.: 300°C; Detector: Agilent 6890 w/
5973 MS;  MS transfer temp.: 280°C; Inlet liner: 4.0mm ID Uniliner® w/hole (cat.# 21054)

Rtx®-5Sil MS (fused silica)
Length (m) ID (mm) df(µm) Temp. Limits cat.#

30 0.25 -60 to 330/350°C
30 0.25 0.50 -60 to 330/350°C

Uniliner® Liner with Hole

4.0mm ID, 6.3mm OD, 78.5mm length
each 5-pk.

21054, $60

formoreinfo
on the analysis of semivolatile compounds,

request lit. cat.# #59411, A Guide to
Preparing and Analyzing Semivolatile

Organic Compounds.
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by Gary Stidsen, Innovations Team Manager

GC_EV00539

21055

127230.25
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The taste and aroma of a carbonated beverage can
be affected by trace impurities from the carbona-
tion process. Therefore, gas producers go to great
lengths to purify carbon dioxide (CO2). Carbon
dioxide, a by-product of oil refining, fermentation,
and power generating facilities, must be extremely
pure to be suitable for a beverage additive. The bev-
erage industry has spent much research time and
money monitoring the impurities in CO2.

The most common impurities in CO2 are hydrocar-
bons, alcohols, permanent gases, and sulfur com-
pounds. Sulfur impurities are the predominant
problem, adding unwanted taste and odor to bever-
ages. The most common volatile sulfur compounds
(VSC) impurities are targeted for monitoring by the
International Society of Beverage Technologists
(ISBT) (Table I). Of this group, hydrogen sulfide,
carbonyl sulfide, sulfur dioxide, dimethyl sulfide,
and methyl mercaptan are the ones most commonly
found in beverage-grade CO2. ISBT guidelines spec-
ify Total Sulfur Content* (TSC) as 0.1ppm (v/v)
maximum, excluding sulfur dioxide; the maximum
level of sulfur dioxide must not exceed 1ppm v/v
maximum.

The ability to measure reactive sulfur compounds at
these levels requires a highly inert chromatography
system. The Restek Rt-XLSulfur™ micropacked col-
umn is a powerful analytical tool that can detect

by Neil Mosesman, GC Columns Product Marketing Manager,
and Barry Burger, Innovations Chemist

Analyzing Trace Sulfur
Compounds in CO2

Rt-XLSulfur™ Packed Column and
Sulfinert™ System

✔ Detects sulfur compounds at low ppbv levels.
✔ Thermal stability to 300°C for longer column lifetime.

Table I
Sulfur compounds can affect the taste and

aroma of beer.

hydrogen sulfide isopropyl mercaptan
carbonyl sulfide methyl ethyl sulfide
methyl mercaptan n-propyl mercaptan
ethyl mercaptan tert-butyl mercaptan
sulfur dioxide sec-butyl mercaptan
dimethyl sulfide diethyl sulfide
dimethy disulfide isobutyl mercaptan
carbon disulfide n-butyl mercaptan

tert-amyl mercaptan

sulfurs in CO2 at levels of 20ppbv, far below the
ISBT guideline for total sulfur content. This column
also achieves the critical separation of hydrogen
sulfide, carbonyl sulfide, and sulfur dioxide as
defined in ISBT Procedure 14.0. The Rt-XLSulfur™

micropacked column contains a modified divinyl
benzene polymer packed into Sulfinert™ tubing,
which is a metal tubing specially deactivated for
monitoring ppbv levels of active sulfur compounds.
Other features of the Rt-XLSulfur™ column include
low bleed and thermal stability up to 300°C. 

Sample introduction into the column is another
critical aspect of obtaining accurate analytical
results for sulfur compounds. The sample is intro-
duced onto the column using a Valco® six-port
sampling valve, fitted with a 1mL sampling loop

*Total Sulfur Content seen with an asterisk indicates it is without SO2.

Figure 1
A sampling system was designed to optimize trace-level sulfur analysis without adsorption.

Sulfinert™

1mL
sample

loop

bulk CO2
cylinder

Sulfinert™

6-port Valco®

valve

orifice=0.0060"

rotor composition:
polyimide/PTFE/carbon

composite

Sievers
Chemiluminescence

Detector

1m x
0.75mm ID

micropacked
Rt-XLSulfur™

column

(cat. #22845). When the valve, sample loop, and
all other surfaces in the sample pathway are deacti-
vated using the Sulfinert™ process, the analyst will
see improved response compared to systems using
conventional deactivations. We suggest connecting
your bulk CO2 via this system (Figure 1). The spe-
cialized inertness of the Sulfinert™ process is criti-
cal for the system to achieve detection limits of
50ppbv for sulfur dioxide and the other target sul-
fur impurities.  

We evaluated the effectiveness of the RT-XLSulfur™

column and Sulfinert™ sampling system by analyz-
ing bulk CO2 and CO2 spiked with a sulfur standard
(Figure 2). Notice how even low ppbv of sulfurs
can be detected. We also sampled and measured
the TSC* of two top brands of cola and a domestic
beer (Figures 3 and 4). The colas show no sulfur
content, verifying that the CO2 used for carbonation
was clean. The beer sample shows sulfur com-
pounds that naturally occur during the fermentation
process.

This system is sensitive enough to monitor the lev-
els of sulfur in CO2 during the carbonation process,
or in the headspace of the beverage after carbona-
tion. The TSC* generated from headspace sampling
of these products demonstrates the ability of the
RT-XLSulfur™ column and the Sulfinert™-deactivated
GC system to easily detect sulfur compounds at the
20ppbv level. The combination of the Rt-XLSulfur™

micropacked column and a Sulfinert™-deactivated
sample introduction system provide a state-of-the-
art, robust sampling and analysis technique for ppb
levels of VSCs in beverage-grade CO2. 
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Figure 2
Easily achieve 20ppbv detection limits of

reactive sulfur compounds using the
Rt-XLSulfur™ packed column and

Sulfinert™-treated sample pathways.

Figure 4
A sample of domestic (US) beer contains
ppbv levels of hydrogen sulfide, dimethyl

sulfide and/or ethyl mercaptan, and methyl
mercaptan.

GC_FF00494

1m, 0.75mm ID  Sulfinert™ tubing
Rt-XLSulfur™ 100/120 mesh (cat.# 19806)

Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.);
Det. temp.: 800°C; Carrier gas: He;

Flow rate: 10mL/ min. @ ambient temp.; Detector sen-
sitivity: SCD (Sievers Chemiluminescence Detector)
Attn. x  1; Inj.: 1cc sample loop; Inj. method: 6-port

Valco® valve; Std. concentration: head space of a
domestic (US) beer sample

1. hydrogen sulfide
2. methyl mercaptan
3. dimethyl sulfide and/or

ethyl mercaptan
4. unknown

1m, 0.75mm ID  Sulfinert™ tubing
Rt-XLSulfur™ 100/120 mesh (cat.# 19806)

Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.);
Det. temp.: 800°C; Carrier gas: He;

Flow rate: 10mL/ min. @ ambient temp.; Detector sensi-
tivity: SCD (Sievers Chemiluminescence Detector)

Attn. x  1; Inj.: 1cc sample loop; Inj. method: 6-port
Valco® valve; Std. concentration: sulfur standard @

20ppb each in CO2

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan and/or dimethyl sulfide
5. dimethyl disulfide

Rt-XLSulfur™ Packed and Micropacked Columns
OD (in.) ID (mm) 1-Meter 2-Meter
1/16** 1.0
0.95mm** 0.75
1/8** 2.0
3/16 3.2

General 
Configuration: 
Suffix -800

Agilent 5880, 
5890, 5987: 
Suffix -810

Varian 3700, Vista 
Series, FID: 
Suffix -820

PE 900-3920, 
Sigma 1,2,3: 
Suffix -830

PE Auto System 
8300, 8400, 8700 
(Not On-Column):

Suffix -840

�

�
83/4"
�

�
61/2"

Installation Kits
for 0.75mm ID col. for 1mm ID col. for 2mm ID col.

For valve applications
For split applications — —
For all Agilent GCs — —

— —

Packed Column Configurations
Custom configurations are available. Please contact Customer Service (ext. 3) or your local Restek representative.

* Please include configuration suffix number when
ordering.

**Installation kit must be purchased with column when
using for valve applications.

Sulfinert™ Sample Loops
size cat.#
5µL 22840
10µL 22841
20µL 22842
25µL 22843
50µL 22844
100µL 22845
250µL 22846
500µL 22847

1cc 22848
2cc 22849
5cc 22850

GC_FF00491

6-Port Valco® Valve
The 6-port Valco® valve was coated with Sulfinert™

treatment on a custom basis. For custom Sulfinert™

quotes, call customer service at ext. 3, or contact
your local Restek representative.

Figure 3
Two samples of popular colas show

no sulfur compounds.

1m, 0.75mm ID  Sulfinert™ tubing
Rt-XLSulfur™ 100/120 mesh (cat.# 19806)

Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.);
Det. temp.: 800°C; Carrier gas: He;

Flow rate: 10mL/ min. @ ambient temp.; Detector sensi-
tivity: SCD (Sievers Chemiluminescence Detector)

Attn. x  1;Inj.: 1cc sample loop; Inj. method: 6-port
Valco® valve; Std. concentration: head space of colas

cola “A”

cola “B”

GC_FF00482

GC_FF00488

formoreinfo
on Restek’s complete line of packed and
micropacked columns, and bulk packing
materials, request the Packed Column

Catalog (lit. cat.# 59986A).

formoreinfo
on Sulfinert™ coating’s features and

benefits, and a detailed product listing,
Sulfinert™ Flyer (lit. cat.# 59203).

Sulfinert™ Tubing (Price-per-foot by length)
ID, OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
316 Seamless Stainless Steel Tubing (0.035" wall thickness)
0.011" (0.28mm), .022" (0.56mm), 22500
0.021" (0.53mm), .029" (0.74mm) 22501
0.010" (0.25mm), 1/16" (1.59mm) 22502
0.020" (0.51mm), 1/16" (1.59mm) 22503
0.030" (0.76mm), 1/16" (1.59mm) 22504
0.040" (1.02mm), 1/16" (1.59mm) 22505
0.085" (2.16mm), 1/8" (3.18mm)* 22506
0.210" (5.33mm), 1/4" (6.35mm)* 22507
316 Seamless Stainless Steel Tubing (0.035" wall thickness)
0.055" (1.40mm), 1/8" (3.18mm) 22508
0.180" (4.57mm), 1/4" (6.35mm) 22509

1980519804

80485*80484*
1980719806

80483*80482*

21067

21066
21064

21062

For direct injections

21063
21065



• 8 •www.restekcorp.com 800-356-1688

Many laboratories performing gas chromatography
(GC) analysis of chlorinated pesticides struggle with
endrin breakdown caused by the compound adsorb-
ing to active sites throughout the analytical system,
especially in the injection port and the analytical
column. Restek Siltek™ technology—used success-
fully to passivate injection port liners and guard
columns—is now available in Stx™-CLPesticides and
Stx™-CLPesticides2 capillary columns. The combina-
tion of a properly deactivated injection system and
inert analytical columns provides the lowest possible
level of endrin breakdown.

Method Requirements
Chlorinated pesticide analyses following US
Environmental Protection Agency (EPA) Methods
8081, 608, 505 and 508 recommend dual-column
confirmation using electron capture detection
(ECD). The most common analytes of interest are
analyzed in Figure 1. As in all analytical methods,
the instrument used for quantitative analysis must
be calibrated to ensure accurate results are report-
ed. For chlorinated pesticides this usually entails a
calibration curve of three to five points and check
standards injected at specified time intervals during
sample analysis. In addition, performance stan-
dards containing endrin are analyzed periodically
to ensure system inertness. Typically, endrin breaks
down to endrin aldehyde and endrin ketone when
there are active sites in the sample pathway, and
their presence must also be verified.

Endrin Breakdown
Maintaining a low breakdown level for endrin is
necessary for laboratories analyzing chlorinated pes-
ticides. Reduction of endrin breakdown generally
focuses on improving the inertness of the injection
port (see sidebar on page 9). Recently, liners treat-
ed with Siltek™ deactivation were designed to pre-
vent endrin breakdown in the injection port. This
innovative deactivation technology also was incorpo-
rated into capillary guard tubing so that the entire
sample introduction pathway is as inert as possible.

by Lydia Nolan, Environmental Innovations Chemist, and
Gary Stidsen, Innovations Team Manager

Reduced Endrin Breakdown
for Chlorinated Pesticides

Analysis
Stx™-CLPesticides GC Column Pairs

✔ Siltek™-deactivated analytical columns decrease endrin breakdown.
✔ Same selectivity as Rtx®-CLPesticides column pairs—no modification

to analysis parameters.
✔ Flow adjustments improve separation.

Endrin Response
In addition to breakdown, endrin response can be
reduced by irreversable adsorption onto active sites
in the sample pathway. To minimize on-column
adsorption of endrin, we incorporated Siltek™

deactivation technology into the analytical columns.

Figure 1
Highly inert Stx™-CLPesticides and Stx™-CLPesticides2 columns provide excellent response for

active pesticides such as endrin, DDT, and methoxychlor so you get accurate quantitation.

Combining Siltek™ deactivation with the unique
selectivity of Restek CLPesticides phases results in
the new Stx™-CLPesticides and Stx™-CLPesticides2
columns, and a significant improvement in endrin
response compared to “Rtx” columns (Figure 1).
Using the Stx™-CLPesticides and  Stx™-CLPesticides2
columns, the endrin peak response is now higher
than the analytes eluting in the same region—
something not seen consistently in columns using
traditional deactivations.

Column Installation and Optimizing
Resolution
The Stx™-CLPesticides2 column is the ideal confirma-
tional column to the Stx™-CLPesticides column. It
was designed to achieve resolution of the chlorinated
pesticides using the same flowrate and oven temper-
ature program. The columns can be installed in par-
allel using a universal Siltek™ Press-Tight® “Y” con-
nector or a metal MXT® “Y” connector. This parallel
set-up reduces downtime caused by maintenance of
multiple injection ports. Additionally, these columns
can be installed in separate injection ports and
mounted in the same GC oven.  

GC_EV00512

Oven temp.: 110°C (hold 1 min.) to 245°C @ 20°C/min. to 300°C @ 6°C/min.;
Inj. & det. temp.: 210°C / 310°C; Carrier gas: helium; Dead time: 0.8min. @ 120°C;
Inlet liner: Siltek™ Uniliner® w/hole (cat.# 21055-214.5); Inj.: 1µL direct injection of

20/40/200ng/mL std. concentration in hexane; Make-up gas: nitrogen
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Stx™-CLPesticides
30m, 0.32mm ID, 0.5µm

(cat.# 11544)
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1. 2,4,5,6 tetrachloro-m-xylene (IS)
2. �-BHC
3. �-BHC
4. �-BHC
5. �-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. �-chlordane

10. �-chlordane
11. 4,4' DDE

12. endosulfan I
13. dieldrin
14. endrin
15. 4,4' DDD
16. endosulfan II
17. 4,4' DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl (IS)

Stx™-CLPesticides Columns
ID (mm) df (µm) temp. limits 15-Meter 30-Meter

0.25 0.25 -60 to 310/330°C

0.32 0.50 -60 to 310/330°C

0.53 0.50 -60 to 310/330°C

Stx™-CLPesticides2 Columns
ID (mm) df (µm) temp. limits 15-Meter 30-Meter

0.25 0.20 -60 to 310/330°C

0.32 0.25 -60 to 310/330°C

0.53 0.42 -60 to 310/330°C

Siltek™ Guard Columns
ID 5-Meter (ea.) 10-Meter (ea.)

0.25mm

0.32mm

0.53mm

Siltek™ Inlet Liners
For Siltek™-deactivation, include the suffix number to the inlet liner catalog number.
Qty. Siltek™ Siltek™ Siltek™

w/Siltek™ Wool w/Carbofrit™

each -214.1, $5 addl. cost

5-pk. -214.5, $20 addl. cost

25-pk. -214.25, $90 addl. cost

Injection Port Maintenance

Using Siltek™-treated Stx™-CLPesticides
columns will improve your chlorinated pes-
ticide analyses, but routine instrument
maintenance will also help. The injection
port is where a majority of analytical prob-
lems occur in the analysis of pesticides.
The main problem is the cleanliness and
inertness of the injection port with which
the sample comes in contact. Endrin break-
down is usually indicative of a chemical
reaction taking place in the injection port.
The breakdown could be caused by impuri-
ties in the carrier gas, active metal sur-
faces, a non-deactivated inlet liner, or septa
particles.

The carrier gas is usually the last trou-
bleshooting area investigated and the hard-
est to eliminate. Endrin may react with a
contaminant being carried into the injection
port by the carrier gas. Having gas scrub-
bers in-line for the carrier gas will help
keep this problem from occurring.

The metal surfaces of the injection port
must be kept clean, including the inlet carri-
er gas line. Periodic rinsing of the carrier
gas lines and cleaning the inside of the
injection port may be necessary if endrin or
4,4'-DDT breakdown increases over short
periods of time or when only analyzing
standards. Rinsing of metal surfaces using
solvents (e.g., methylene chloride, hexane
or acetone), or in some cases silanizing the
injection port, has helped. Also, Restek can
coat your injection port with Sulfinert™

treatment for better inertness.

Improperly deactivated injection port liners
are the primary cause of endrin breakdown.
The best way to avoid this problem is to
replace the liner with a Siltek™-deactivated
liner when performing routine maintenance.
Also, there is a standard procedure for
deactivating liners that includes a process
of cleaning the liners in acid and deactivat-
ing with dichlorodimethylsilane.

Septa particles are another cause of endrin
breakdown. The septa particles will sit on
top of a glass wool plug or at the bottom of
the liner. To help eliminate septum coring,
make sure your syringe needle does not
have burrs. Another approach is to try dif-
ferent septa that features reduced coring,
such as InfraRed™ septa (see pg. 14), and
to change septa more often.

For more detailed information on chlorinat-
ed pesticide analysis, please request
A Guide to Preparing and Analyzing
Chlorinated Pesticides (lit. cat.# 59892).

Stx™-CLPesticides2
30m, 0.32mm ID, 0.25µm

(cat.# 11444)

Siltek™—by Restek

GC_EV00511
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by Rebecca E. Wittrig, Ph.D., Food, Flavor, and Fragrance Innovation Team Leader;
and Kevin MacNamara, Ph.D., Irish Distillers Ltd.*

GC Analysis of Acids, Esters,
and Other Flavor Components in

Distilled Liquor Products
Stabilwax®-DA GC Column—Part I

✔ High thermal stability (250°C) and solvent rinsibility result in long
column lifetime.

✔ Optimized configuration reduces analysis time by 4-fold.
✔ Low bleed for accurate quantitation.
Part I: The Separation
Distilled liquor products contain a wide range of
volatile and non-volatile compounds in an
ethanol/water matrix. The most abundant fusel
alcohols and esters can be determined by gas chro-
matography (GC) with a simple split injection,
which also minimizes the amount of matrix ethanol
and water transferred to the column. However,
many additional trace fatty acids and their esters—
often used to indicate quality of alcoholic beverages
such as whiskey and rum—cannot be determined
by this approach. Because the concentrations can
vary widely, splitless injection techniques with some
type of preconcentration step usually are necessary
to analyze fatty acids, esters, and other flavor com-
pounds.

Large ranges of volatility and acidity for the compo-
nent list make quantitating them in a single separa-
tion difficult to accomplish. The Stabilwax®-DA col-
umn, a bonded polyethylene glycol (PEG) phase, is
excellent for analyzing alcoholic beverage samples
(Figure 1). Using this column, flavor compounds in

distilled liquor products can be quantitated in a
single splitless injection. An optimized configuration
of 30m, 0.18mm ID, 0.18µm allows significantly
reduced analysis times. To improve the peak shape
and reproducibility of acidic components in these
samples, an acidic functionality has been added to
the backbone of the PEG stationary phase. This
results in less adsorption of free fatty acids and,
thus, significantly less peak tailing. Also, because of
the inertness of this stationary phase towards acidic
components present in the sample, greater repro-
ducibility and longer column lifetimes are possible.

One of the critical pairs in the GC analysis of esters
and acids in distilled liquor products is caproic
acid and ethyl laurate. These components can be
difficult to resolve on standard Carbowax®-type
columns. This is especially true if peak tailing or
broadening occurs, or if one component is present
at a significantly higher concentration. The
Stabilwax®-DA column achieves baseline resolution
of these two compounds within a reasonable analy-
sis time of 30 minutes (Figure 2).

*Irish Distillers Ltd., Bow Street Distillery, Smithfield, Dublin 7, Ireland

Part II of this article will appear in the
Winter '01/’02 Advantage. We will look at
the  Stabilwax®-DA column for alcoholic
beverage analysis. Trace-level components,
such as the ones displayed in Figure 1,
often can be used to "fingerprint" a particu-
lar type or brand of distilled liquor. The
application of this methodology to whiskey
products will be discussed in Part II.

Peak List for Figures 1 & 3

compound conc. (ppm)
1. ethyl octanoate 100
2. acetic acid 100
3. propionic acid 100
4. isobutyric acid 100
5. decanol 3 50
6. ethyl decanoate 50
7. ethyl laurate 50
8. cis-lactone 100
9. 2-phenylethanol 50

10. trans-lactone 100
11. methyl myristate 50
12. ethyl myristate 50
13. octanoic acid 100
14. ethyl palmitate 50
15. decanoic acid 100
16. dodecanoic acid 100
17. vanillin 100

Figure 1
The Stabilwax®-DA column provides excellent peak shape of free fatty acids, esters, and

other flavor compounds contained in an alcoholic beverage test mix. 

30m, 0.18mm ID, 0.18µm Stabilwax®-DA (cat.# 550752)
Oven temp.: 70 to 240°C at 12°C/min. (hold 3 min.); GC: ThermoQuest Trace 2000; Inj.: 1µL splitless at conc. shown

in peak list, in ethyl acetate; Detector: FID; Inj. & det. temp.: 240°C; Liner: 4mm ID splitless liner w/wool (cat.#
20814-202.1); Hold time: 0.5 min.; Carrier gas: hydrogen; Make-up gas: nitrogen; Linear velocity: 28psi @ 240°C

Figure 2
The Stabilwax®-DA column achieves

complete resolution of caproic acid and
ethyl laurate in 30 minutes.

30m, 0.18mm ID, 0.18µm Stabilwax®-DA (cat.# 550752)
Oven temp.: 80 to 230°C at 5°C/min.;

See Figure 1 for complete conditions.

1. caproic acid 100 ppm
2. ethyl laurate 100 ppm

Because alcoholic beverage samples often are
injected via splitless mode, the stability of the
Stabilwax®-DA column when exposed to aqueous
injections is important. We verified stability by per-
forming a splitless injection of the alcoholic bever-
age test mix, followed by five 1µL injections of
water. This process was repeated 10 times, followed
by a final injection of the test mix. The final test mix
injection can be seen in Figure 3. Even after repeat-
ed splitless injections of 100% water, very little
degradation occurs in the peak shapes of the test

min.

GC_FF00500

GC_FF00525

1

2



• 11 • www.restekcorp.com800-356-1688

mix components. Over the course of the study, the
variation in the peak retention times was 0.08-
0.22% RSD. This includes the polar free fatty acids,
which can be difficult to analyze under ideal condi-
tions. The excellent stability of this stationary phase
is proven by the reproducibility of the retention
times over the course of the water stability study.

The Stabilwax®-DA column is an excellent choice
for the analysis of acids, esters, and other flavor
components in alcoholic beverage products. This
highly stable column has been optimized for the
analysis of acidic compounds, making it possible to
analyze a wide range of compounds in a single
injection. In addition, the column configuration
shown in this article allows fast, efficient separation
of the test compounds.
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Figure 3
Excellent stability and peak shapes for free fatty acids after fifty 1µL splitless

injections of water demonstrates column ruggedness and long lifetime.

30m, 0.18mm ID, 0.18µm
Stabilwax®-DA (cat.# 5550752)

Oven temp.: 70 to 240°C at
12°C/min. (hold 3 min.);

See Figure 1 for complete
conditions and peak list.

Ethanol Standards 
All standards are available in a 5-ampul minimum purchase.
Expiration date for each solution is 36 months from the date of manufacture.
concentration cat.# minimum purchase of 5 ampuls
25mg/dL in water 550741
40mg/dL in water 550742
100mg/dL in water 550743
150mg/dL in water 550744
200mg/dL in water 550745
300mg/dL in water 550746

by Ken Herwehe, Analytical Reference Materials Product Marketing Manager

Ethanol Analytical
Reference Materials

For Blood Alcohol Testing

✔ Resolution control standard for calibration of whole analytical system.
✔ Custom mixes for 6-point calibration of your instrument.
✔ Confidence ensured with a Certificate of Analysis, raw materials test

results, statistical QA results, analytical balance printout, and a lot
sheet showing gravimetric weight of each analyte.

Resolution Control Standard 
The ethanol concentration will be a certified value.
The concentration of the other analytes will be
reported as gravimetric concentration only.
Expiration date is 18 months from the date of
manufacture.

Contains:
ethanol methyl ethyl ketone
methanol acetaldehyde
isopropanol acetonitrile
acetone ethyl acetate

concentration cat.#
100mg/dL each compound in water 550778

minimum purchase of 10 ampuls

Stabilwax®-DA Columns
ID (mm) df (µm) temp. limits 15-Meter 30-Meter 60-Meter
0.18 0.18 40 to 250°C — —
0.25 0.10 40 to 250°C

0.25 40 to 250°C
0.50 40 to 250°C

0.32 0.10 40 to 250°C
0.25 40 to 250°C
0.50 40 to 250°C
1.00 40 to 240/250°C

0.53 0.10 40 to 250°C
0.25 40 to 250°C
0.50 40 to 250°C
1.00 40 to 240/250°C
1.50 40 to 230/240°C

formoreinfo
request the Stabilwax®/MXT®-WAX Fast

Facts flyer (lit. cat.# #59316).

GC_FF00526

min.

4mm Splitless Inlet Liner for
ThermoQuest Trace GCs

4.0mm ID, 5.5mm OD, 79.5mm length
Add suffix -202.1 for wool packing.

each 5-pk. 25-pk.

Rtx®-BAC1 Columns
Temp. limits: -20 to 240/260°C
ID df (µm) 30-Meter
0.32mm 1.80
0.53mm 3.00

Rtx®-BAC2 Columns
Temp. limits: -20 to 240/260°C
ID df (µm) 30-Meter
0.32mm 1.20
0.53mm 2.00

formoreinfo request the Application Note Dual-Column Confirmational GC Analysis of Blood Alcohols Using the
Rtx®-BAC1 and Rtx®-BAC2 Columns (lit. cat.# #59598).

208162081520814

110111100811005
550752

11020 11023 11026
11038 1104111035
11009 1101211006
1102411021 11027
1103911036 11042
1105411051 11057
1101011007 11013
1102511022 11028
1104011037 11043
1105511052 11058
1106511062 11068

10 x 1mL ampuls

18003

18002

18001

18000

5 x 20mL ampuls

5 x 20mL ampuls

5 x 20mL ampuls

5 x 20mL ampuls

5 x 20mL ampuls

5 x 20mL ampuls
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Underground Storage Tank
(UST) Reference Materials

for the Latest Method Revisions

✔ Complete reference materials available for Alaska, Tennessee,
and Texas methods.*

✔ Analytical columns, sleeves, and accessories available from Restek.
✔ Custom chemical standards for unique requirements.
✔ Product listings for all states available soon.

State of Texas
Method and regulatory information is available from:
Texas Natural Resources Conservation Commission
Petroleum Storage Tank Division
Mailing address:
MC: 133
P.O. Box 13087
Austin, TX 78711-3087
(Street address:12100 Park 35 Circle, Austin, TX 78753)
Phone: (512) 239-2106
Fax: (512) 239-2177
UST: www.tnrcc.state.tx.us/permitting/r_e/pstta 
LUST:
www.tnrcc.state.tx.us/permitting/remed/rpr/index.html

TNRCC 1005 for TPH (revision 3,
6-1-2001); Draft TNRCC 1006

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard
hexane (C6)
octane  (C8)
decane  (C10)
dodecane  (C12)
hexadecane  (C16)
heneicosane  (C21
octacosane  (C28)
pentatriacontane  (C35)
hexatriacontane  (C36)
200µg/mL each in pentane
1mL per ampul

Ea. 5-pk. 10-pk.
—

with data pack

State of Tennessee
Method and regulatory information is available from:
Tennessee Dept. of Environment and Conservation
Division of Underground Storage Tanks
4th Floor, L & C Tower
401 Church Street
Nashville, TN 37243-1541
Phone: (615) 532-0945
Fax: (615) 532-0938
www.state.tn.us/environment/ust

TN GRO (v. 3-31-1999)

Gasoline Component Standard 
Component Concentration, (ug/mL)
2-methylpentane 1500
2,2,4-trimethylpentane 1500
heptane 500
benzene 500
toluene 1500
ethylbenzene 500
m-xylene 1000
p-xylene 1000
o-xylene 1000
1,2,4-trimethylbenzene 1000
10,000µg/mL total in P&T methanol
1mL per ampul 

Ea. 5-pk. 10-pk.
—

with data pack

*Products for 15 state methods listed in 2001 catalog. Call for information on other revisions and look for
even more UST information in the next Restek Advantage.

State of Alaska
Method and regulatory information is available from:
Alaska Department of Environmental Conservation
410 Willoughby Avenue
Juneau, AK 99801-1795
Phone: (907)465-5203
Fax: (907)465-5218
www.state.ak.us/dec/dspar/stp_home.htm

Alaska Method AK101 and
AK101AA (v. 3-1-99)

Retention Time Marker
hexane decane dodecane
1,000µg/mL each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
—

Surrogate Standard
1,4-bromofluorobenzene ���-trifluorotoluene
2,500µg/mL each in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
—

with data pack

Certified Aromatics in Gasoline 
An unleaded gasoline composite standard at
5,500µg/mL with certified concentration values for
the following aromatics:
benzene 1,3,5-trimethylbenzene
toluene isopropylbenzene
ethylbenzene m-ethyltoluene
o-xylene p-ethyltoluene
p-xylene o-ethyltoluene
m-xylene n-propylbenzene
1,2,3-trimethylbenzene methyl tert-butyl ether
1,2,4-trimethylbenzene naphthalene
1mL per ampul in P&T methanol

Ea. 5-pk. 10-pk.
—

with data pack

Alaska Methods AK 102, AK 103
(v. 3-1-99) and Methods
AK102AA, AK 103AA (v. 6-30-98)

Retention Time Marker Standard
(Methods AK102/103/102AA/103AA)
decane C10 pentacosane C25
hexatriacontane C36
1,000µg/mL each in hexane
1mL per ampul

Ea. 5-pk. 10-pk.
—

with data pack

Surrogate Standard
squalane o-terphenyl
tetrahydronaphthol
1,000µg/mL each in methylene chloride
1mL per ampul

Ea. 5-pk. 10-pk.
—

with data pack

by Jingzhen Xu, R&D Chemist, and Ken Herwehe, Analytical Reference Materials
Product Marketing Manager

New Stoddard Solvent
Standards
Stoddard solvent is also known as Type I mineral spirits,
Texsolve S®, or Varsol 1® mineral spirits. Restek now
offers this type of mineral spirits for those who need to
calibrate Stoddard solvent separately. This new standard is
dissolved in methanol for analysis by either direct injec-
tion or purge and trap.
10,000µg/mL in P&T methanol
1mL per ampul

Ea. 5-pk. 10-pk.
—

with data pack

Need something special?
Let Restek’s Analytical Reference Materials
Team prepare a custom solution for you.
We offer convenience, high quality, and

quick turnaround without “custom” prices.
Contact us at 800-356-1688, ext. 4, or

contact your local Restek representative for
more information.

3058330483-520

30584

30484-510

with data pack

30484-520

30483-51030483

30483-500

30484

30484-500

30485-51030485

3058530485-500 30485-520 

31738 

31639-500 3173931639-520

31639-51031639 

30486

30486-500 30486-520 30586 

30486-510

30487-51030487 

30487-500 30487-520 30587 

31638 

31638-500 31638-520 

31638-510

31737 

31637-51031637 

31637-520 31637-500 
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Restek now offers standards for natural gas and
refinery gas applications. Restek has developed
many unique columns and sampling equipment for
these industries and continues to expand product
offerings for analysts working in these fields.
These new standards are shipped in a DOT-4B-
240ET cylinder that is 3" in diameter and 9 3/8"
high. These cylinders use a CGA 170/110 connec-
tion. Restek also offers a mini-regulator specifically
made for these standards. 

by Gary Barone, GC Accessories, MPG, and Air Monitoring
Products Marketing Manager

Natural and Refinery Gas
Standards 

✔ Three different concentrations available to closely fit your method
regulations.

✔ Mini-regulator designed specially for the standards.

Natural Gas Natural Gas Natural Gas
Standard #1* Standard #2* Standard #3*

% of each compound % of each compound % of each compound
nitrogen 1.000 2.500 5.000
carbon dioxide 0.500 1.000 1.500
methane UHP 94.750 85.250 70.000
ethane UHP 2.000 5.000 9.000
propane 0.750 3.000 6.000
isobutene 0.300 1.000 3.000
n-butane 0.300 1.000 3.000
isopentane 0.150 0.500 1.000
n-pentane 0.150 0.500 1.000
hexanes plus EX2** 0.100 0.250 0.500
Concentration mole mole mole
Volume 13.16L @ 200psig 13.16L @ 200psig 5.5L @ 75psig
Ideal Heating Value 1048 gross* 1142 gross* 1317 gross*

Refinery Gas Refinery Gas Refinery Gas
Standard #1* Standard #2* Standard #3*

% of each compound % of each compound % of each compound
hydrogen 40.650 12.500 12.500
argon  0.500 1.000 1.000
nitrogen 4.000 37.250 37.250
carbon monoxide  1.000 1.000 1.000
carbon dioxide  3.000 3.000 3.000
methane  8.500 5.000 5.000
ethane  6.000 4.000 4.000
ethylene  2.000 2.000 2.000
acetylene  - 1.000 1.000
propane  7.000 6.000 6.000
propylene 3.000 3.000 3.000
propadiene  0.850 1.000 1.000
isobutane  6.000 5.000 5.000
n-butane  4.000 4.000 4.000
isobutylene  2.000 1.000 1.000
1,3 butadiene  3.000 3.000 3.000
cis-2-butene 2.000 2.000 2.000
trans-2-butene  2.000 3.000 3.000
butene-1  2.000 2.000 2.000
2-methyl-2-butene  - 0.200 0.200
isopentane  1.000 1.000 1.000
n-pentane  1.000 1.000 1.000
cis-2-pentene  - 0.400 0.400
trans-2-pentene  - 0.150 0.150
pentene-1  - 0.400 0.400
n-hexane   0.500 0.100 0.100
Concentration mole mole mole
Volume 5.2L @ 70psig 4.9L @ 60psig 4.6L @ 60psig

Natural Gas

Refinery Gas

From rich to
lean, each

natural gas mix
contains an
extended list

of C6+
compounds.

Each refinery
gas mix con-
tains varying
degrees of C5

unsaturates or
extended C6+
compounds.

*Dry BTU/SCF @ 14.696psia & 60°F.          **Contact Restek to get a complete list of hexanes plus EX2.

CGA 170 Mini-Regulator 
✔ For natural gas and refinery gas standards.
✔ Inlet pressure range: 0-300psig;

outlet pressure range: 0-15psig.
✔ Supplied with 0-15psig outlet pressure gauge,

brass CGA 170 nut, and nipple.
cat.# 22032, (ea.) $125

Gas-Tight Syringes 
✔ Teflon®-tipped plungers.
✔ Removable needles.
✔ Replaceable syringe barrels, plungers, and

plunger tips.

Hamilton Syringes
Volume Hamilton Hamilton Restek

(µL) Model cat.# cat.#
10 1701
25 1702 80265
50 1705 80965
100 1710 81065
250 1725 81165

SGE Syringes
Volume SGE SGE Restek

(µL) Model cat.# cat.#
10 10R-GT-LC 002313
25 25R-GT-LC 003312
50 50R-GT-LC 004312
100 100R-GT-LC 005312
250 250R-GT-LC 006312
500 500R-GT-LC 007312

cat.# 34440cat.# 34439cat.# 34438

cat.# 34441 cat.# 34442 cat.# 34443

80065 21260

21264

21262

24866

21261

21263

24868

24870

24867

24871

24869
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by Gary Barone, GC Accessories Product Marketing Manager

InfraRed™ Septa
New! High-Performance, Low Bleed

✔ Incredible high-quality.
✔ Stable to 325°C.
✔ Low bleed.
✔ Excellent puncturability.
✔ Do not adhere to injectors.

Restek introduces the new InfraRed™ septa. These
septa are formulated with silicone and filler that
maximize thermal stability to 325°C, and provide
smooth puncturability and very low bleed.
Experience low bleed and long lifetimes using these
new InfraRed™ septa.

InfraRed Septa
Septum Diameter 25-pk. 50-pk. 100-pk.
9mm
9.5mm (3/8")
10mm
11mm (7/16")
11.5mm
12.5mm (1/2")
17mm
Shimadzu Plug

Instrument Septum Size
Agilent (HP)

5880A, 5890, 6890,6850 11mm
5700, 5880 9.5/10mm
On-Column Injection 5mm

CE Instruments (TMQ)
TRACE GC 17mm

Finnigan (TMQ)
GC 9001 9.5mm
GCQ 9.5mm
GCQ w/TRACE 17mm
QCQ™ 9.5mm
TRACE 2000 9.5mm

Fisons/Carlo Erba (TMQ)
8000 series 17mm

Gow-Mac 
6890 series 11mm
All other models 9.5mm

Perkin-Elmer
Sigma series 11mm
900,990 11mm
8000 series 11mm
Auto SYS 11mm

Pye/Unicam
All models 7mm

Shimadzu
All models Plug

SRI
All models Plug

Tracor
540 11.5mm
550,560 9.5mm
220,222 12.5mm

Varian
Injector type:
Packed column 9.5/10mm
Split/splitless 1078/1079 10/11mm
1177 9mm

Septum Diameter 25-pk. 50-pk. 100-pk.
5mm (3/16")
6mm (1/4")
7mm
8mm
9mm
9.5mm (3/8")
10mm
11mm (7/16")
11.5mm
12.5mm (1/2")
17mm
Shimadzu Plug

Thermolite® Septa
✔ Usable to 340°C inlet temperatures.
✔ Each batch tested on FIDs, ECDs, & MSDs to ensure low bleed.
✔ Excellent puncturability.
✔ Preconditioned and ready to use.
✔ Packaged in non-contaminating glass jars.

IceBlue™ Septa
✔ General purpose septa.
✔ Excellent puncturability.
✔ Preconditioned and ready to use.
✔ Do not adhere to hot metal surfaces.
✔ Usable to 250°C inlet temperatures.
✔ Ideal for SPME.

Septum Diameter 50-pk. 100-pk.
9mm
9.5mm (3/8")
10mm
11mm (7/16")
11.5mm
12.5mm (1/2")
17mm
Shimadzu plug

Septum Size Chart
handy

Septum bleed occurs when volatile compounds are off-gassed from the septum. During a temperature-pro-
grammed analysis, you can see septum bleed in baseline rise and/or extraneous peaks not associated with the
sample or the column. Septum bleed is most noticeable during temperature-programmed analyses because the
volatiles off-gassed from the septum collect on the head of the analytical column during the cool-down period and
initial hold time. Then, these volatiles elute during subsequent runs. Under isothermal conditions, septum bleed is
a continuous, steady interference that appears as part of the normal background noise. Either way, septum bleed
interferes with quantitation and analysis accuracy. Septum bleed can be affected by inlet temperature, initial hold
time, compression, injection mode, etc.; but, the single most important variable is the septum quality. To maintain
analytical integrity, use high-quality septa for senstitive or high-temperature analyses.

What is
Septum
Bleed?

Hot Tech Tip

5

7

9

9.5

10

11

11.5

12.5

17

Measure
your old
septum

here
(size in

mm)

21419  21418  21417   

21426   21425   21424   

21432   21431  21430   

21438   21437   21436  

21421   21422   21423   

21429   21428  21427   

21433   21434   21435  

21441  21440   21439   

22381 22382 
22388 22389 
22390 22391
22392 22393 
22383 22384
22394 22395 
22396 22397 
22398 22399 

20351   20352   20353   
20355   20356   20357   
20381   20382  20383   
20370   20371   —      
20354   20358   20362   
20359   20360   20361   

20379   20378   20380   
20363   20365   20364   
22385  22387  22386   
20367   20368   20369  
20384   20386   

20374   
20385   

20372   20373  
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

Scoring Wafer with
Handle

Same great scoring,
better comfort!

✔ Unique, ergonomic
handle is made of soft,
comfortable plastic.

✔ Ceramic wafer is serrated
on one side and straight-
edged on the other.

✔ Cuts both fused silica and metal tubing cleanly.

GC Inlet Liner
Removal Tool

No more burnt fingers!

✔ Easily removes liners from injectors.
✔ Made from high-temperature silicone.
✔ Won’t crack or chip the liner

special
Buy a 25-pk. of inlet liners and receive a
free inlet liner removal tool!

Offer good through 1/31/02.

OFFER!

Gently push the liner removal tool
onto the liner in the injection port
with a slight circular motion. This
will ensure that the removal tool has
a firm grip on the liner.

Slowly pull the liner out of the injec-
tion port in a straight vertical
motion.

Use the liner removal tool to place a
new liner into the injection port,
carefully avoiding hot metal surfaces.

1 2 3

The inlet seal at the base of a split/splitless
injector allows a seal to form between the injec-
tion port and the inlet liner. This inlet seal wears
over time and may become scratched or pitted,
which compromises the sealing ability of the
injector. The new Restek injection port repair tool
allows the user to easily resurface the inlet seal
and remove contaminants; and it saves time and
money by preventing unwanted leaks.

If the tubing doesn’t
fall off on its own, it
should easily break at
the score with a slight
tap of the wafer. If it
doesn’t, score again.
Check the cut against
the white of the scor-
ing wafer for a clean,
square cut.

Hold tubing firmly in
one hand, allowing
about two inches to
extend freely for safe
cutting. Hold the
scoring wafer at a
45° angle to the tub-
ing Exert slight pres-
sure—just enough to
put a slight arc in the
tubing. Pull perpen-
dicularly across the

tubing. Move your whole arm, not just your hand.
This will help ensure a square, consistent score.

1 2

1 2

tools
Tired of burned fingers, leaking injection ports, and lost

scoring wafers? Try these new tools from Restek.

Try Restek’s

Injection Ports
For more information, request the catalog

Genuine Restek Replacement Parts for
Agilent GCs (lit. cat.# 59627B).

Injection Port
Repair Tool

Remove contaminants,
achieve a better seal!

✔ For Agilent split/splitless
injection ports.

✔ Resurfaces critical inlet seal
areas.

✔ Removes contaminants.

cat.# 20181, (3-pk.)

cat.# 21393, (ea.)

cat.# 23015, (2-pk.)
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Behind the ScenesBehind the Scenes

We all want to do what we can to help with the expenses incurred
from the September 11th terror attack. From now until December
31st, 2001, we will donate one US$ for each Wizard$ to the fund of
your choice.

If you choose to do so, you can donate the Wizard Dollars from
your current order simply by specifying which organization should
receive them. Also, you can donate accumulated Wizard Dollars
by mailing them to Restek with a Wizard Dollar order form
noting one of the listed charities.

Restek Corporation
Attn: Customer Service Wizard $
110 Benner Circle
Bellefonte, PA, 16823

Use your
Wizard Dollars
to help!

One way we can
help is by donating
Restek Wizard
Dollars to these
charities:

★ United Way 
★ Red Cross 
★ Salvation Army

Our Restek webmaster has designed an
interactive, multi-purpose tool that gives

you the optimization data specific to
your column configuration, carrier gas,
and detector. Handy when installing or
troubleshooting, and indispensable for
obtaining the best analytical perform-
ance; with reference data, calculators,
and procedural information. Find it on

our homepage:

www.restekcorp.com

Restek
Salutes Those in the

Military
We salute all individuals involved in

military and rescue efforts both at home
and abroad. We especially thank the

following members of the Restek family:

Roger Greene, Airforce 913th Security
Force Squadron (Restek Personal Trainer)

Ken Herwehe, Army Reserves (Restek
Analytical Reference Materials Product

Marketing Manager)
Alvira Peak, Civilian Air Corps (Restek

Environmental Health and Safety
Coordinator)

Matt Reilly, Army National Guard (Restek
Applied Technology Manufacturing

Technician)
Pete Zucco, Naval Reserves (Restek

Maintenance Technician)

New
Restek Wizards

Craig Hall, Customer Service
Representative

Debra Copenhaver, Customer Service
Representative

Diane Thompson, Analytical Reference
Materials Shipping Technician

James Weber, Maintenance Assistant
Courtney Johnson,

Personal Trainer



Figure 1
The Rtx®-35 Amine column prevents adsorption and improves response for amines.
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cyclics are used to manufacture
a wide variety of products
including dyes, chelating
agents, stabilizers, pesticides,
and pharmaceuticals. Analyzing
amines and other basic com-
pounds by gas chromatography
(GC) can be difficult as the
active nature of these com-

pounds causes adsorption and peak tailing. Several
years ago Restek introduced the Rtx®-5 Amine col-
umn, which uses a unique deactivation chemistry to
improve the response and peak symmetry of
amines, especially alkyl amines, diamines, tri-
amines, ethanolamines, and ethyleneamines. Now
Restek is introducing the new Rtx®-35 Amine col-

✔ Achieves symmetrical peaks for basic compounds.
✔ Improved response over traditional columns.
✔ Resolves low-molecular-weight primary amines.

new

AdvantageAdvantage

umn, which employs the same deactivation technol-
ogy as the Rtx®-5 Amine, but features a higher
polarity that is ideal for separating more polar
amines and lower molecular weight amines.

Enhanced Peak Symmetry for Amines
The proprietary deactivation of the Rtx®-35 Amine
results in improved response and better peak sym-
metry compared to other 35% phenyl columns
(Figure 1). A test mixture with a wide variety of
amines at concentrations of 10 to 15ng/µL was ana-
lyzed using an Rtx®-35 Amine column and a stan-
dard 35% phenyl column. While the Rtx®-5 Amine
column shows complete adsorption of
diethylenetriamine and diethanolamine, the
Rtx®-35 Amine offers excellent response and peak
shape for these compounds.    

30m, 0.53mm ID, 1.0µm Rtx®-35Amine (cat.# 11355)
30m, 0.53mm ID, 1.0µm Rtx®-35 (cat.# 10455)

Sample: amine test mix (cat.# 35002); Conc.: 450-
900ppm; Solvent: methanol/methylene chloride;

Sample size: 1.0µL; Inj. temp.: 250°C; Inj. mode:
split (10:1); Inlet liner: base-deactivated 4mm Single
Gooseneck (cat.# 20798-210.1); Carrier gas: helium;

Linear velocity: 30cm/sec.; Detector: FID/300°C;
Temp. program: 110°C (hold 4.0 min.) to 200°C  @

8°C/min. (hold 5.0 min.)

1.  pyridine
2.  1,2-butanediol
3.  C10
4.  2-nonanol

5.  diethylenetriamine
6.  C12
7.  diethanolamine
8.  2,6-dimethylaniline

GC_CH00577
GC_EX00579
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end of the spectrum in terms of polarity and selec-
tivity, and does not adequately resolve the primary
amines even though it has excellent stability and a
higher maximum operating temperature (315°C). 

The Rtx®-35 Amine column was designed to provide
a range of polarity and selectivity that falls between
the Stabilwax®-DB and Rtx®-5 Amine columns. The

Improved Resolution of Primary Amines
Primary amines normally are analyzed on a
Stabilwax®-DB column because it has a special
deactivation that helps to easily resolve these com-
pounds. However the maximum operating tempera-
ture of this column is 220°C, which limits the
molecular weight range of the amines that can be
analyzed.The Rtx®-5 Amine column is at the other

Rtx®-35 Amine (fused silica) Stable to 340°C
ID (mm) df(µm) temp. limits 15-Meter 30-Meter
0.25 0.50 0 to 290/310°C 11335 11338 

1.00 0 to 280/300°C 11350 11353 
0.32 1.00 0 to 280/300°C 11351 11354 

1.50 0 to 270/290°C 11366 11369 
0.53 1.00 0 to 260/280°C 11352 11355 

3.00 0 to 240/260°C 11382 11385 

Leak Detective™ Electronic Leak
Detector
• Compact, lightweight,

hand-held design.
• Contamination-free

leak detection.
• Detects helium or

hydrogen trace leaks at
�3 x 10-4cc/sec. or �200ppm.

• Audible alarm and LED readout.
• Responds in less than 2 seconds to trace leaks of

gases.*
• Operates on two 9-volt batteries or AC adaptor, both

included.
(110 VAC): cat.# 21607, (ea.) 
(220 VAC): cat.# 21609, (ea.) 
European 2-prong plug (220 VAC): cat.# 21382
(ea.) 
*Not designed for use in explosive atmospheres.

Many GC problems can be avoided by
electronically leak checking the system
during the plumbing process. Thorough
leak checking will prevent loss of GC
gases and reduce damage to capillary
columns, and will help decrease detector
maintenance. Oxygen can move into the
system via a leak due to the Venturi
effect, and irreversible damage can occur
if a column is exposed to oxygen at high
temperatures. Also, some detectors are
very sensitive to oxygen. Leak checking
the instrument before column installation
and conditioning prevents column degra-
dation indicated by high bleed and short
lifetime. Leak checking should be per-
formed on the entire gas system and GC.
Begin by checking all fittings inside the
GC. Next check the external fittings along
the carrier gas lines, all the way to the
gas tanks. Never use liquid leak detectors
that contain soap or surfactants because
liquids can be drawn inside the fitting at
the site of the leak and contaminate the
system.

from the Restek Wizards

Figure 2
The Rtx®-35 Amine column offers good resolution of primary amines compared to the more

polar Stabilwax®-DB column.

Base-Deactivated Guard Columns
For analyzing basic compounds, use base-deactivated guard columns. Order cat. #s 10000 ,
10001 , 10002 (0.25, 0.32, and 0.53mm ID respectively) for 5m base-deativated guard
columns. More information on guard columns can be found on page 7. For detailed pricing, refer to the
annual Chromatography Products Guide (lit. cat.# 59662).

New Electronic Leak Detector
Coming Soon!

Designed to be more sensitive, smaller,
and ergonomic. Watch the Restek

Advantage newsletter and
www.restekcorp.com for details.

Base-Deactivated Inlet Liners for Agilent GCs
Description ea. 5-pk. 25-pk.
4mm Split Straight w/Wool 20781-211.1 20782-211.5 20783-211.25 
Cyclosplitter® 20706-210.1 20707-210.5 —
4mm Splitless Straight 20772-210.1 20773-210.5 20774-210.25 
2mm Gooseneck 20795-210.1 20796-210.5 20797-210.25 
4mm Gooseneck 20798-210.1 20799-210.5 20800-210.25 

If you do not see the liner you need, orders can be placed on a custom basis with the appropriate suffix number added.
For base deactivation, each (-210.1), 5-pack (-210-5), 25-pack (-210.25). For base-deactivated liners with base-deactivat-
ed wool: each (-211.1), 5-pack (-211.5), 25-pack (-211.25). For a complete list of inlet liners, refer to the annual
Chromatography Products Guide (lit. cat.# 59662).

1.0µL direct injection of amines in water;
Oven temp.: 45°C isothermal;

Inj. & det. temp.: 250°C; Carrier gas: hydrogen;
Linear velocity: 40cm/sec. (flow rate: 5cc/min.);

FID sensitivity: 1 x 10-11 AFS

min. 1 2 3

benefits of the Rtx®-35 Amine column include
excellent thermal stability and good resolution for
primary amines as shown in Figure 2.

Because the Rtx®-35 Amine column offers excellent
response and peak symmetry for more polar
amines and has high thermal stability, laboratories
analyzing amines and other basic compounds can
benefit from better results.

1

2/3

4

5

6

7
8

9
1. methylamine
2. dimethylamine
3. trimethylamine
4. ethylamine
5. isopropylamine
6. tert-butylamine
7. n-propylamine
8. diethylamine
9. sec-butylamine

GC_CH00578

1

2

3

4

5

6

7

8
93

4

2

1

5

7

6

8 9

Sample: primary amines; Concentration: 50ppm
on-column; Solvent: water; Sample size: 1.0µL;
Inj. temp.: 250°C; Injection mode: split (10:1);

Inlet liner: base-deactivated 4mm Single Gooseneck
(cat.# 20798-210.1); Carrier gas: helium;

Linear velocity: 35.7cm/sec.; Detector: FID @ 300°C;
Oven temp.: 35°C (hold 5.0 min.)

30m, 0.53mm ID, 1.0µm
Rtx®-35 Amine
(cat.# 11355)

30m, 0.53mm ID, 1.0µm
Stabilwax®-DB
(cat.# 10855)

GC_CH00304

min. 1 2 3
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Low-Bleed Septa with
Less Coring
InfraRed™ Septa

✔ Stable to 325°C for high-
temperature analyses.

✔ Low bleed prevents baseline
disturbance.

✔ Excellent puncturability and
long life means you can make
hundreds of injections on one
septum.

✔ Does not adhere to injectors so
removal is easy.

InfraRed™ Septa
Septum Diameter 25-pk. 50-pk. 100-pk.
9mm 21417  21418   21419   
9.5mm (3/8") 21421   21422   21423   
10mm 21424   21425   21426   
11mm (7/16") 21427   21428   21429   
11.5mm 21430   21431   21432   
12.5mm (1/2") 21433   21434   21435   
17mm 21436   21437   21438   
Shimadzu Plug 21439   21440   21441   

Instrument Septum Size
Agilent (HP)

5880A, 5890, 6890, 6850 11mm
5700, 5880 9.5/10mm
On-Column Injection 5mm

CE Instruments (TMQ)
TRACE GC 17mm

Finnigan (TMQ)
GC 9001 9.5mm
GCQ 9.5mm
GCQ w/TRACE 17mm
QCQ™ 9.5mm
TRACE 2000 9.5mm

Fisons/Carlo Erba (TMQ)
8000 series 17mm

Gow-Mac 
6890 series 11mm
All other models 9.5mm

PerkinElmer
Sigma series 11mm
900, 990 11mm
8000 series 11mm
Auto SYS 11mm
Auto SYS XL 11mm

Pye/Unicam
All models 7mm

Shimadzu
All models Plug

SRI
All models Plug

Tracor
540 11.5mm
550, 560 9.5mm
220, 222 12.5mm

Varian
Injector type:
Packed column 9.5/10mm
Split/splitless 1078/1079 10/11mm
1075/1077 11mm
1177 9mm

5

7

9

9.5

10

11

11.5

12.5

17

Measure
your old
septum

here
(size in

mm)

✔ For Agilent 5890/6890/6850 GCs compatible with EPC.  
✔ High-pressure capability allows operation from 2 to 100psi.  
✔ A top wiper rib improves resistance to particulate contamination and

can be taken apart for cleaning.  
✔ Reduces shedding of septum particles into the injection port liner,

eliminating a major source of septum bleed and ghost peaks.  
✔ Reduces the risk of septum leaks occurring during extended auto-

mated runs.  
Microseal™ High-Pressure Septa 400 Series Merlin# Similar to Agilent# cat.#
Nut kit (1 nut, fits 300 & 400 series septa) 403 5182-3445 22809
Standard kit (nut, 2 high-pressure septa) 404 Not offered 22810
Starter kit (nut, 1 high-pressure septum) 405 5182-3442 22811
High-pressure replacement septum (1 septum) 410 5182-3444 22812

Septa Alternative Provides
Longer Life and Wear

Resistance
Merlin Microseal™ Septa

nut

septum

split/splitless
weldment

For a FREE
sample of InfraRed™ septa, call
800-356-1688 or 814-353-1300,

ext. 3, or contact your local
Restek representative.
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Dissolved gases in mobile phases can be the source
of several common HPLC system problems, such as
pump flow rate instability and irreproducible gradi-
ents.  Out-gassing from the mobile phases can
result in air bubbles in the check valves, observed

as cavitations
or pressure
fluctuations in
the pump
(remember
gases are com-
pressible while
liquids are
not). Air bub-
bles also may
form within the

detector flow cell leading to spikes in the resulting
chromatogram. Gases that remain dissolved in the
mobile phase can have a quenching effect when
using fluorescence detectors and can cause
increased background noise in UV-visible detectors.
This can result in lowered sensitivity. Therefore, in
order to optimize system performance, mobile
phases should be degassed prior to entering the
HPLC pumps.

Some of the traditional degassing techniques
include sonication with off-line vacuum degassing
or helium sparging. Each has varying degrees of
effectiveness, but neither approaches the level of
gas removal efficiency achieved through the use of
an in-line vacuum degasser.

Sonication in conjunction with off-line vacuum
degassing helps reduce the presence of dissolved
gases. But there is the possibility that gases can
redissolve into the mobile phase over time because,
once degassing is complete, the mobile phase is
reexposed to the atmosphere. Helium sparging also
is useful at removing dissolved gases. One benefit
over sonication/vacuum is that you can prevent
gases from redissolving by maintaining a helium
blanket over the mobile phase after sparging. A
drawback to helium sparging is dealing with bulky
gas tank cylinders in the lab. You must use chro-
matographic-grade helium so that the mobile phase
is not contaminated, which can be an expensive
proposition if used routinely.

Bubble Trouble in Your HPLC
Mobile Phase?

Degasys In-Line Mobile Phase Degasser

✔ Prevents out-gassing to improve flow rate stability and reduce
baseline noise.

✔ Quick equilibration and changeover of mobile phase solvents.
✔ Less solvent waste due to low internal volume (400µL).

In-line vacuum degassers minimize these problems.
Restek now carries an in-line degasser that offers
several advantages over other manufacturers—the
Degasys in-line mobile phase degasser.  These units
are more effective at removing dissolved gases than
either vacuum/sonication or helium sparging
(Figure 1), and because the mobile phase is being
degassed just prior to entering the HPLC system there
is significantly less opportunity for gases to redissolve
in the mobile phase. In addition, the units are easy to
install and take up very little bench-top space. 

In-line degassers work by passing the mobile phase
through a length of tubing made of a semi-perme-
able material, traditionally this has been PTFE. The
tubing is encased in a vacuum chamber and, as the
mobile phase passes through, the dissolved gases are
pulled through the semi-permeable membrane while
the liquid continues to flow through the tube. The
Degasys system uses an amorphous fluoropolymer,
rather than the traditional PTFE as the transfer tub-
ing. This material is 200 to 300 times more gas per-
meable than PTFE, which allows a shorter length of
tubing in the vacuum chamber and the use of lower
internal volumes. Most degassers have an internal
volume of 8 to 12mL. The Degasys has an internal
volume of only 400µL. The smaller internal volume
allows for quicker equilibration and changeover of
mobile phase solvents, resulting in less solvent waste.
Additionally, each of the four channels of the Degasys
system is encased within its own chamber to prevent
any type of cross-contamination.

Use the Degasys in-line mobile phase degasser to
effectively and conveniently reduce the problems
associated with dissolved gases in your mobile
phases.

Degasys In-Line Mobile Phase Degasser
Description each
110V Mobile phase degasser (4 channel, 7mL/min./channel) 25189
220V Mobile phase degasser (4 channel, 7mL/min./channel) 25194 

by Greg France, HPLC Product Marketing Manager

Figure 1
The Degasys in-line mobile phase degasser improves baseline stability.

Mobile phase: water:methanol (50:50)
Flow: 1.0 mL/min.
Det.: UV @ 210nm

LC_0196A

Degasys On

Degasys Off

Teflon® Tubing
Description cat.# 3-meter length
1/8" OD x 0.063" ID 25306
1/8" OD x 0.094" ID 25307

Degasys unit comes with all nuts
and ferrules needed for installation
and operation. Order Teflon® tubing
separately.

formoreinfo
on tubing and HPLC Accessories, request the
Fast Facts HPLC Mobile Phase Accessories

(lit. cat.# 59728A).



• 5 • www.restekcorp.com800-356-1688

Silica remains the most common support for HPLC
columns despite the more recent development of
alternative supports such as organic polymers and
zirconia. Since the introduction of silica supports
for HPLC approximately 30 years ago, the evolution
of silica manufacturing technology can be
described as having three generations. First genera-
tion silica (Type A) is synthesized from inorganic
sols. The second generation is base deactivated sili-
ca prepared by chemical treatment of Type A silica
to remove surface metal impurities. Third genera-
tion silica (Type B) is synthesized from an organic
sol starting material. Type B silica contains only
trace amounts (ppm levels) of metal impurities,
giving it attributes similar to those of base-deactivat-
ed silica without the chemical treatments needed to
remove metal impurities. 

by Terry Reid, HPLC Chemist

Restek HPLC Columns
Three Generations of Silica Technology

✔ Pinnacle II™ silica—columns packed using Restek-manufactured silica.
✔ Ultra silica—similar pore size, but greater retention compared to

Pinnacle II™ silica.
✔ Allure™ silica—largest surface area and greatest retention.

The evolution of silica from Type A to Type B was
largely driven by the desire for reversed phase sili-
ca supports that could analyze basic compounds
without mobile phase additives and without exces-
sive peak tailing. Because most HPLC analysts use
the reversed phase mode and a large proportion of
samples analyzed by reversed phase contain basic
analytes (e.g., most pharmaceuticals), base deacti-
vation of silica is an important issue. As a result,
many HPLC users prefer columns made from Type
B silica. However, many HPLC analysts still want to
buy columns made with Type A and/or base-deacti-
vated silica because they are using methods that
were developed with these types of columns. Also,
for some applications, first or second generation
silica can perform just as well as or even better
than Type B products. To satisfy all these needs,

Restek offers several lines of HPLC columns that
cover the three generations of silica.

In 2001 Restek introduced the Pinnacle II™ product
line, which is based on new Type A silica developed
and manufactured in our Bellefonte facility. The
Pinnacle II™ products are very similar to our origi-
nal Pinnacle™ product line, but are controlled by
Restek’s in-house silica production. The analysis of
phenolic compounds in Echinacea using a Pinnacle
II™ C18 column shows excellent performance for
neutral and acidic compounds (Figure 1).
Research is currently in progress to develop a sec-
ond-generation product from our Pinnacle II™ sili-
ca; one that will allow us to offer an alternative to
the well-established Pinnacle™ Amine (base-deacti-
vated) product line.

The Ultra and Allure™ product lines are manufac-
tured from Type B silica, but differ in their pore
sizes. Ultra silica is 100Å while Allure™ silica is
60Å. Type B silica typically is higher in surface area
than Type A silica. The Ultra silica has a similar
pore size to Pinnacle and Pinnacle II™ silica but has
a much greater surface area, making it consider-
ably more retentive. Because of its smaller pore
size, the Allure™ silica provides even greater surface
area and greater retention than the Ultra silica. The
Allure™ product line was developed for LC/MS
applications where it often is beneficial to have
maximum retention. A separation of an antibiotic
sample containing two basic compounds using an
Allure™ C18 column is shown in Figure 2. Although
this is UV detection, the completely volatile mobile
phase is compatible with MS detection.

LC_0067

Figure 2
The Allure™ C18 column separates two basic

compounds using a mobile phase that is
compatible with MS detection.

Figure 1
The Pinnacle II™ C18 analysis of Echinacea

shows excellent performance for neutral and
acidic compounds.

Allure™ C18 (cat.# 9164565)
Dimensions: 150 x 4.6mm
Particle size: 5µm; Pore size: 60Å

Conditions:
Mobile phase: 10mM ammonium formate,
pH to 3.0 with formic acid:methanol
(50:50, v/v)
Flow: 1.0mL/min.; Temp.: ambient
Det.: UV @ 220nm

Sample:
Inj.: 10µL; Conc.: 100µg/mL
Solvent: water:methanol (1:1, v/v)

1. trimethoprim
2. sulfamethoxazole
3. naphthoate

Pinnacle II™ C18 (cat.# 9214565)
Dimensions: 150 x 4.6mm
Particle size: 5µm; Pore Size: 110Å
Conditions:
Mobile phase: A=0.1% phosphoric acid, B=acetonitrile
Time %A %B
0 90 10
13 78 22
14 60 40
14.5 60 40
15 90 10
20 90 10

Sample: Echinacea capsule 
Inj.: 10µL
Conc.: 6.7mg/mL capsule

contents in sample diluent
Solvent: ethanol:water (70:30)
Sample temp.: 25°C

Flow: 1.5 mL/min.
Temp.: 35°C  
Det.: UV @ 330nm

1.  caftaric acid
2.  chlorogenic acid
3.   echinacoside
4.   cichoric acid 

1

2

3

2 min.4 6 8 10

LC_0195

1

2 3

4

2 min.2.5 5 7.5 10 12.5 15

Pinnacle II™ C18 5µm Columns
Length 4.6mm ID
50mm 9214555
100mm 9214515
150mm 9214565
250mm 9214575

Ultra C18 5µm Columns
Length 4.6mm ID
30mm 9174535
50mm 9174555
100mm 9174515
150mm 9174565
200mm 9174525
250mm 9174575

Allure™ C18 5µm Columns
Length 4.6mm ID
30mm 9164535
50mm 9164555
100mm 9164515
150mm 9164565
200mm 9164525
250mm 9164575

formoreinfo
including a complete product listing,

request lit. cat.# 59241, HPLC Columns
and Accessories Catalog.
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Marine oil products, such as fish oils, are generat-
ing a significant amount of interest based on recent
medical studies indicating health benefits from con-
suming these products. Of these oils, the long-chain
polyunsaturated fatty acids (PUFAs) such as eicos-
apentaenoic acid (EPA, C20:5) and docosa-
hexaenoic acid (DHA, C22:6) have been studied
extensively due to claims that they reduce the risk

by Rebecca E. Wittrig, Ph.D., Food, Flavor, and Fragrance
Innovations Team Manager 

Rapid Analysis of Marine
Oil-Based FAMEs

FAMEWAX™ Capillary GC Column

✔ Excellent resolution in less than 10 minutes!
✔ Ideal for all FAME analyses, particularly polyunsaturated FAMEs.

of a variety of diseases including hypertension, car-
diovascular disease, and autoimmune disorders.
These Omega-3 fatty acids are present in high
quantities in fish oils. Because the health benefits
are thought to be associated with these specific
PUFAs, it is necessary to accurately monitor their
levels in marine oil raw materials and finished
products.

30m, 0.32mm, 0.25µm FAMEWAX™ (cat.# 12498)
Oven temp.: 195°C to 240°C at 5°C/min. (hold 1 min.); Inj. & det. temp.: 250°C (inj.), 275°C (det.); Carrier gas:

hydrogen; Linear velocity: 3mL/min. (constant flow); Split ratio: 100:1; Injection volume: 1µL; Std. concentration:
10,000µg/mL in isooctane (total FAMES), see breakdown in peak list.

Figure 1
The FAMEWAX™ column shows excellent resolution of marine oil-based FAMEs

in less than 10 minutes! Note the excellent separation of peaks 18-20.

A typical procedure for analyzing marine oil-based
FAMEs involves saponifying the oils and forming the
methyl ester derivatives. The FAMEs then can be
separated and quantitated by GC using a polar poly-
ethylene glycol (PEG)-type capillary column. In
specific, the Omega-3 fatty acids (EPA, C20:5 and
DHA, C22:6) need to be completely resolved from
all of the other FAME species present. A standard
procedure requires a run time of 30-40 minutes to
achieve this separation. In comparison, the Restek
FAMEWAX™ column shows an excellent separation
in less than 10 minutes! Using the FAMEWAX™ capil-
lary GC column will give you much higher through-
put for your marine oil-based nutraceutical prod-
ucts and ingredients.

Restek offers several different FAME mixtures for
your food and nutraceutical testing needs. Refer to
the annual Chromatography Products Guide
(lit. cat.# 59662) or visit us online at
www.restekcorp.com for the complete listing.

✔ Marine Oil FAME Mix
Contains:
Chain Description % by Weight
C14:0 methyl myristate 6.0
C14:1 methyl myristoleate 1.0
C16:0 methyl palmitate 16.0
C16:1 methyl palmitoleate 5.0
C18:0 methyl stearate 8.0
C18:1 methyl oleate 13.0
C18:1 methyl vaccenate 4.0
C18:2 methyl linoleate 2.0
C18:3 methyl linolenate 2.0
C20:0 methyl arachidate 1.0
C20:1 methyl 11-eicosenoate 9.0
C20:2 methyl 11-14-eicosadienoate 1.0
C20:4 methyl arachidonate 3.0
C20:3 methyl 11-14-17-eicosatrienoate 1.0
C20:5 methyl eicosapentaenoate 10.0
C22:0 methyl behenate 1.0
C22:1 methyl erucate 3.0
C22:6 methyl docosahexaenoate 12.0
C24:0 methyl lingnocerate 1.0
C24:1 methyl nervonate 1.0

Description cat.#
100mg 35066

conc.
1. C14:0 FAME 600µg/mL
2. C14:1 FAME 100
3. C16:0 FAME 1600
4. C16:1 FAME 500
5. C18:0 FAME 800
6. C18:1 FAME (oleate) 1300
7. C18:1 FAME (vaccenate) 400
8. C18:2 FAME 200
9. C18:3 FAME 200

10. C20:0 FAME 100

✔ FAMEWAX™ (fused silica) (Crossbond® polyethylene glycol)

Length (m) ID (mm) df(µm) Temp. Limits cat.#
30 0.25 0.25 20 to 250°C 12497

30 0.32 0.25 20 to 250°C 12498

30 0.53 0.50 20 to 250°C 12499

conc.
11. C20:1 FAME 900
12. C20:2 FAME 100
13. C20:4 FAME 300
14. C20:3 FAME 100
15. C20:5 FAME 1000
16. C22:0 FAME 100
17. C22:1 FAME 300
18. C24:0 FAME 100
19. C22:6 FAME 1200
20. C24:1 FAME 100

GC_FF00499

Monitor Food Packaging?
Check out our new Applications Note

Monitoring Volatile Compounds in Food
Contact Packaging Using Purge and Trap

GC/MS and an Rtx®-5MS Capillary Column
(lit. cat.# 59348).

Watch...
for new food, flavor, and fragrance
reference materials coming soon.
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Why use a guard column? 
Capillary gas chromatography (GC) guard columns
protect analytical columns by trapping nonvolatile
residues, preventing them from collecting at the
front of the analytical column. These nonvolatile
residues may be very high molecular weight organic
compounds, inorganic salts, or particulates. If these
contaminants enter the analytical column, they can
cause adsorption of active compounds, retention
time drift, loss of resolution, and poor peak sym-
metry. When this contamination begins to affect
sample analysis, a small section of the analytical
column must be removed to restore proper per-
formance. Each time a section of the analytical col-
umn is removed, retention times change, and some
resolution is lost. By using a guard column and
removing contaminated loops from it instead of the
analytical column, the separation power of the ana-
lytical column remains intact.

When should a guard column be replaced?
The guard column should be replaced as it
becomes contaminated with nonvolatile residue. At
this point, the performance of the entire chromato-
graphic system will begin to deteriorate. This nor-
mally is exhibited as a drastic decrease in the
response of active compounds and peak tailing.

What is the life expectancy of a guard
column?
The life expectancy of a guard column depends on
its length, the amount of nonvolatile residue in the
samples, and the nature of samples injected on the
column. When analyzing dirty samples, the guard
column becomes contaminated quickly. Normally,
contamination deposits in the first meter of the
guard column. If a short guard column (1m) is
used, it must be completely replaced when it
becomes contaminated. If a longer guard column
(5m) is used, the contaminated sections can be
removed without having to reconnect it to the ana-
lytical column.

What length guard column do I need?
A guard column should be long enough to keep
non-volatile residue from entering the column, but
short enough so that the analysis time is not dra-
matically increased. Five-meter guard columns are
more cost effective, reduce the frustrations of mak-
ing constant connections between  shorter guard
columns and the analytical column. Ten-meter
guard columns often are used when analyzing very
dirty environmental samples. If a very long guard
column (>10 meters) is used, the residence time
of sample components increases, resulting in a
slightly longer analysis time. Guard columns over
30 meters long can cause peak distortion and a
loss in efficiency; they are not recommended. In
any case, it is important to adjust the column flow
rate to account for the length of the guard column
that is used, even though the guard column does
not have retention.

Selection Tips
Several types of guard columns are available. The choice of guard column should be made depending upon
the compatibility of the guard column type with the compounds of interest, or if the tubing is being used as a
transfer line to carry the sample from an inlet device to the column or from the column outlet to the detec-
tor.  Choosing a guard column that is compatible with your compounds of interest ensures focused sample
bands, and good peak shape with minimal peak tailing.

Integra-Guard™ Guard Columns
• Continuous length of tubing containing both the

guard column and the analytical column—no
connector required.

• Available in many phases.
• Guaranteed leak-free.

Specialized Deactivations
Siltek™ Guard Columns

Revolutionary deactivation lowers endrin break-
down to less than 1%.
Inertness retained over a wide range of sample pH.

• Minimal bleed.
• Ideal for chlorinated pesticide analysis.
• Individually tested for chlorinated pesticide

breakdown.
Recommended for difficult matrix and reactive
compound analysis
Ideal for use as transfer lines.

• Recommended for use with Rtx®-CLPesticides,
Stx®-CLPesticides, Stx®-1HT, and Rtx®-TNT
columns.

Base-Deactivated Guard Columns
• Provides excellent inertness for the analysis of

basic compounds.
• Tested with basic amine test mix (chromatogram

included).
• Recommended for use with Rtx®-5 Amine,

Rtx®-35 Amine, and Stabilwax®-DB columns

General-Purpose Deactivations
In most cases, the standard IP tubing should be
chosen. The IP surface contains methyl, as well as
phenyl groups, making this surface compatible with
most common solvents.    

Intermediate Polarity (IP) Tubing
• The most universal guard column tubing material.
• Phenylmethyl-deactivated surface provides

optimum compatibility for both polar and
non-polar compounds.

Polar-Deactivated Tubing
• Provides optimum wettability for polar com-

pounds.
• Minimizes peak splitting when using polar sol-

vents such as methanol and water.
• Uses a polyethylene glycol deactivation layer.
• Compatible with Stabilwax®, Rtx®-225, and

Rtx®-2330 capillary columns.

If methanol or water is the primary solvent, then
polar surfaces should be used such as our polar-
deactivated tubing. The polar-deactivated surface is
not resistant to harsh water vaporization, which
occurs when water in the liquid state is injected
onto the tubing surface and rapidly vaporized.

Hydroguard™ Tubing
• Provides excellent inertness for water-based

samples.
• Reduces effects of dirty samples on column

performance.
• Reduces downtime and maintenance.

Hydroguard™ tubing is preferred for situations
where there is harsh water vaporization. By using a
unique deactivation chemistry, the resulting high-
density surface is not readily attacked after an
aggressive hydrolysis treatment. The high-density
surface coverage effectively prevents water vapor
from reaching the fused silica surface beneath the
Hydroguard™ deactivation layer.

GC Capillary Guard
Column Options

✔ Save money by prolonging the lifetime of your analytical column.
✔ Ensure reproducible analyses by keeping nonvolatile residue from

collecting at the front of the analytical column.
✔ May improve sample focusing and separation efficiency.

by Christine Vargo, US Sales and Distribution Manager
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ASTM Method D-6352 is a gas chromatography
(GC) method developed for the determination of
petroleum distillates with a boiling point range of
174°C to 700°C. Often referred to as “high-temper-
ature simulated distillation,” this method requires a
capillary column capable of withstanding GC oven

by Neil Mosesman, GC Columns Product Marketing Manager

Fast, High-Temperature
Sim Dist Analysis

MXT®-1HT Sim Dist Capillary GC
Column and the GC Racer*

✔ Analysis time reduced by 75%, increases throughput.
✔ Meets all criteria of ASTM Method D-6352.
✔ Excellent peak shape for high-boiling compounds.

temperatures up to 430°C. This presents many
challenges for analysts because most capillary
columns are manufactured using polyimide-coated
fused silica tubing. At temperatures above 380°C,
even the best polyimide coating becomes brittle,
which leads to very short column lifetimes. In addi-
tion, the methyl silicone stationary phase recom-
mended in the method also must survive these high
temperatures. 

The MXT®-1 HT Sim Dist column is a major
improvement in column technology for high-tem-
perature simulated distillation. By combining a new,
proprietary polymer synthesis technology, Siltek™

deactivation, and rugged tubing, we developed a

Figure 1
The MXT®-1HT Sim Dist column exhibits

lower bleed and improved peak shape
compared to other columns used for

simulated distillation.

capillary column that meets all the criteria of ASTM
Method D-6352. This MXT®-1HT Sim Dist column is
available as a 5m, 0.53mm ID, 0.1µm film to con-
form to the requirements of this method. It exceeds
the resolution, peak shape, and bleed criteria for
hydrocarbons ranging up to C-110. Because the
MXT®-1HT Sim Dist column is coated with a 100%
dimethyl polysiloxane polymer, it will give the cor-
rect retention time/boiling point curve. The MXT®-
1HT Sim Dist column exhibits low bleed and excel-
lent inertness, and the rugged tubing will hold up to
temperatures in excess of 430°C. 

To demonstrate the lower bleed and improved peak
shape of this innovative column, a Polywax® 1000
reference material was analyzed using an MXT®-
1HT Sim Dist column and two other columns that
are commonly used for this application (Figure 1).
The MXT®-1HT Sim Dist column exhibits lower
bleed and improved peak symmetry compared to
other columns on the market.  

As part of cost reduction efforts, many laboratories
try to reduce individual sample analysis times in the
interest of increasing overall throughput. High-tem-
perature simulated distillation analyses can take as
long as an hour, especially when samples contain
hydrocarbons up to C110. An effective technique to
reduce analysis time is to use rapid temperature
programming. Unfortunately, most GC systems have
temperature-programming limitations of 20°C to
25°C/min. To overcome these limitations, Restek
offers the GC Racer, an attachment to your Agilent

GC_PC00542

GC_PC00541

Sample: 0.2µL Polywax® 1000 standard
(cat.# 36227); Solvent: carbon disulfide;

Injector: on-column (track oven); Carier gas: heli-
um (constant pressure); Head pressure: 1.0psi;

Linear velocity: 60cm/sec.; Flow rate: 7.8mL/min.;
Detector: FID @ 430°C; Make-up gas flow:

40cc/min.; Temp. program: 40°C to 430°C @
10°C/min. (hold 30 min.)

Brand Y

Brand X

Figure 2
Significantly reduce simulated distillation analysis time using the MXT®-1HT Sim Dist column

and the GC Racer attachment.
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5m, 0.53mm ID, 0.10µm MXT®-1HT Sim Dist (cat.# 70100)
Sample: Polywax 1000 (cat.# 36227); Solvent: carbon disulfide;

Sample size: 0.2µL; GC: HP5890 GC w/ GC Racer™ system;
Injector: on-column (track oven); Carrier gas: hydrogen;

Constant pressure: 1.0psi; Detector: FID @ 430°C;
Temp. program: 40°C to 430° C @   60°C/min.

D6352-98 Polywax® Standards
These high molecular weight hydrocarbon waxes are useful for simulated distillation and other
high-temperature GC work.
Description qty. cat.# Ea.
Polywax 500 1 gram 36224
Polywax 655 1 gram 36225
Polywax 850 1 gram 36226
Polywax 1000 1 gram 36227
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Single-Position Baseplate:
cat.# 22025, (ea.)

Ultra-High Capacity Oxygen Filter:
cat.# 22029, (ea.) 

Super-Clean™ SGT Gas Filters
• High-purity output (99.9999% purity).
• Features a “quick connect” for fast and simple

cartridge changes.
• Full glass/metal design with easy-to-read indicators.

To maintain the low bleed and high performance
of the MXT®-1HT Sim Dist column, it is critical
to prevent oxygen from entering the column.
This can be achieved by routinely checking your
entire system for leaks and using a high-quality
gas purifier such as the Super-Clean™ SGT gas
filter. We also recommend the use of graphite
ferrules; Vespel® or Vespel®/graphite ferrules
will not withstand the high temperatures
required for this analysis.

by Gary Barone, GC Accessories Product Marketing Manager

Fast GC Temperature
Programming
GC Racer System*

✔ Save time and money by increasing throughput.
✔ Makes fast GC possible with any capillary GC column.
✔ Easy to operate and install—truly a “plug and play” accessory.

Fast temperature pro-
grams are commonly
used in gas chro-
matographic applica-
tions to speed up elu-
tion of high boiling
point compounds and
late eluters. The most
common gas chro-
matograph, the
Agilent 5890, has a

maximum temperature programmable rate of
70°C/min. The factory heating elements in the 5890
only allow for this maximum temperature program
rate to be maintained up to a temperature of 100°C.
For analysts trying to push temperature ramps as fast
as possible, this inhibited program rate leads to
longer analysis time and broader peaks. Now, using
the GC Racer auxilliary heating unit, temperature pro-
gram rates of 70°C/min. can be maintained up to
350°C (Figure 1).

The Restek GC Racer temperature programmer
consists of a resistive heating element placed on the
floor of the GC oven. The heating element is con-
nected to a controller that is plugged into the main

PC board of the GC.
When the GC Racer
programmer detects
that the factory heat-
ing elements are not
keeping up with the
programmed heating
rate, the heater is
brought into the cir-
cuit to augment the
heat being supplied
to the oven. The GC
Racer system will

maintain temperature program rates of 70°C/min.
up to 350°C and 60°C/min. to temperatures as high
as 450°C.

The simplicity of its components and installation
makes the GC Racer system a must have add-on
accessory for every 5890 GC. The auxilliary heater
design is similar to that of the original GC heater.
The heater plugs into the GC-Racer controller,
which plugs into the main PC board on the GC. The

only other connection needed is plugging the GC
Racer controller into a 110V standard grounded
wall outlet. At no time during the installation of the
GC Racer system does the column need to be
removed from the oven, or disconnected from the
detector or injection port.

The GC Racer system is a new tool in the quest for
high-speed GC. The speed of analysis that now can
be achieved and the ease of installation will lead to
direct savings of time and money by decreasing run
time and increasing sample throughput.

Operate your Agilent
5890 as fast as a 6890!

GC Racer GC Temperature
Programmer**
Description each
For Agilent 5890 Series II (only) GC 23024
For Agilent 5890A (only) GC 23025

from the Restek Wizards

5890 GC that increases the rate of temperature pro-
gramming. Using the GC Racer, the analysis of  the
Polywax® 1000 reference material can be reduced
from over 50 minutes to less than 15 minutes by
temperature programming at 60°C/min. (Figure 2)!  

The Restek MXT®-1HT Sim Dist column is the ideal
choice for high-temperature simulated distillation.
It meets all the criteria of ASTM Method D-6352
while providing low bleed and excellent peak
shape. Combining the MXT®-1HT Sim Dist column
with the GC Racer attachment significantly reduces
overall analysis time and greatly increases sample
throughput.

Figure 1
The GC Racer allows temperature program
rates of 70°C/min. to be maintained up to

350°C!

GC: Agilent 5890; Service: 120V/15 amp; Start Temp:
20 °C; Set Oven to 400°C and monitor oven temp.

GC + GC Racer™

GC

new

MXT®-1HT Sim Dist (metal column)
Temp Limits: -60 to 430°C

Length (m) ID (mm) df(µm) cat.#

5 0.53 0.10 70100

*Patent pending
**The GC Racer is currently only available for sale in the US. For
availability in your area, contact your local Restek representative.

formoreinfo
on SGT Super-Clean™ Gas Filters,

request lit. cat.# 59280.
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by Gary Stidsen, Innovations Manager, and David Smith, Ph.D., R&D Senior Chemist

Improved GC Analysis of
Semivolatile Compounds

Using a Siltek™ Drilled Uniliner® Inlet
Liner & Rtx®-5Sil MS Column

✔ Sensitive enough for on-column concentrations down to 4ng.
✔ Siltek™ deactivation ensures reproducibility.
✔ Fast analysis for US EPA Method 8270.
✔ For Agilent GCs.
A new era in inlet liner inertness was realized with
the development of Siltek™ passivation. The inert
surface of Siltek™ inlet liners has been shown to
reduce the loss of basic and acidic compounds.1,2

To further investigate the benefits of Siltek™ deacti-
vation, semivolatile compounds listed in EPA
Method 8270 were analyzed to test for response
and linearity.  

The chromatographic system used for these liner
evaluations included an Agilent 6890 GC with a
5973 MS detector. Restek engineers have designed a

unique drilledUniliner® liner that can be used in the
split/splitless injection ports of 5890 and 6890 GCs
(Figure 1). A small hole drilled into the upper part
of the liner results in sample discrimination charac-
teristics of direct injection in combination with the
splitless injection technique. This equalizes the pres-
sure between the upstream and split vent pressure
sensors and eliminates pressure malfunctions. These
liners also reduce injection port discrimination and
prevent the injected sample from contacting metal
injection port parts. This is accomplished by sealing
the column into the press-tight taper in the
Uniliner® liner. The compounds are then completely
contained in the deactivated liner. Another important
characteristic in obtaining optimum inertness is
proper inlet liner deactivation. Siltek™ drilled
Uniliner® inlet liners were used to analyze the com-
plete Method 8270 list at five on-column concentra-
tion levels: 4, 10, 16, 24, and 32ng per component.  

Table I
Active compounds from the Method 8270 list were evaluated for relative response and linearity

(4, 10, 16, 24, 32ng on-column) using the Rtx®-5Sil MS with the Agilent 6890 GC/5973 MS. 

A subset of active compounds from the EPA Method
8270 compound list was used to determine the
effectiveness of these liners. This list contains the
most active compounds, which were evaluated for
response factors and linearity over the five different
concentrations. The compounds are listed in Table
I with response factors and linearity results.

At 4ng on-column concentration per component,
the Siltek™ liners show a high response with low
standard deviation for these active Method 8270
compounds.  Furthermore, the liners show excel-
lent linearity over the calibration curve. Figure 2
illustrates a sample chromatogram of 24ng per
component with an analysis time of less than 22
minutes. As this analytical system shows, the inert-
ness of Siltek™ deactivation in combination with the
fast analysis time using optimized run conditions
has the capability of improving sample output in the
laboratory. For more detailed information, request
Application Note #59125.

1Restek Applications Note #59111 Minimizing Breakdown of
Chlorinated Pesticides Using Siltek™-Deactivated GC
Accessories.
2Restek Applications Note #59113 Siltek™-Deactivation Delivers
Inertness to Analyte Breakdown and Reactivity, and Durability
to Physical and Chemical Challenges.

Figure 1
The drilled hole makes direct injection

possible with EPC systems.

4ppm 10ppm 16ppm 24ppm 32ppm

ISTD QIon RRF RRF RRF RRF RRF ave RRF %RSD

N-nitrosodimethylamine 1 74 0.700 0.682 0.684 0.691 0.682 0.686 1%

pyridine 1 79 0.594 0.738 0.701 0.916 0.823 0.711 16%

aniline 1 93 2.197 2.148 2.080 2.051 2.031 2.067 3%

N-nitroso-di-n-propylamine 1 70 0.635 0.684 0.617 0.654 0.599 0.609 5%

benzoic acid 2 122 0.291 0.185 0.196 0.221 0.215 0.209 19%

2,4-dichlorophenol 2 162 0.250 0.252 0.248 0.240 0.240 0.241 2%

2,4-dinitrophenol 3 184 0.105 0.152 0.160 0.172 0.163 0.155 17%

3-nitroanaline 3 138 0.322 0.359 0.358 0.363 0.342 0.347 5%

4-nitrophenol 3 109 0.157 0.186 0.190 0.183 0.175 0.177 7%

acenaphthene 3 152 1.200 1.160 1.130 1.030 1.010 1.110 8%

hexachlorocyclopentadiene 3 237 0.263 0.297 0.293 0.288 0.290 0.282 5%

azobenzene 3 77 1.358 1.460 1.396 1.296 1.246 1.296 6%

pentachlorophenol 4 266 0.169 0.189 0.191 0.183 0.172 0.181 5%

nitrosodiphenylamine 4 169 0.781 0.786 0.742 0.705 0.640 0.704 8%

benzidine 5 184 0.418 0.548 0.504 0.623 0.539 0.538 14%

benzo(b)fluoranthene 6 252 1.251 1.381 1.333 1.324 1.295 1.358 4%

benzo(g,h,i)perylene 6 276 1.347 1.472 1.441 1.427 1.372 1.446 4%

Siltek™ Guard Columns
ID 5-Meter (ea.) 10-Meter (ea.)
0.25mm 10026 10036
0.32mm 10027 10037
0.53mm 10028 10038

Siltek™—by Restek

Siltek™ Press-Tight® Connectors
5-pk. 25-pk. 100-pk.

straight
20480 20449 20481

angled
20482 20483 20484

ea. 3-pk.
“Y”

20485 20486
Angled “Y”

20487 20469

Integra-Guard™ Columns
Guard columns without press-tight connections—
protecting your analytical column has never been
this easy! Simply add the appropriate suffix number
and price to the analytical column’s catalog number
and price.
ID length suffix #
0.25mm 5m -124

10m -127
0.28mm 5m -243

10m -244
0.32mm 5m -125

10m -128
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Figure 2
The Rtx®-5Sil MS column, combined with the Siltek™ drilled Uniliner® inlet liner exhibits excellent peak shape and response for semivolatile

compounds listed in US EPA Method 8270.

Rtx®-5Sil MS (fused silica)
ID (mm) df(µm) temp. limits 15-Meter 30-Meter
0.25 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

Siltek™ Drilled Uniliner® Inlet Liner
for Agilent GCs

4.0mm ID, 6.3mm OD, 78.5mm length
each 5-pk.

21054-214.1 21055-214.5

1. N-nitrosodimethylamine
2. pyridine
3. methyl methanesulfonate
4. 2-fluorophenol
5. ethyl methanesulfonate
6. phenol-d6
7. phenol
8. aniline
9. bis(2-chloroethyl)ether

10. 2-chlorophenol
11. 1,3-dichlorobenzene
12. 1,4-dichlorobenzene-d4
13. 1,4-dichlorobenzene
14. 1,2-dichlorobenzene
15. benzyl alcohol
16. 2-methylphenol
17. bis(2-chloroisopropyl)ether
18. acetophenone
19. 4-methylphenol/3-methylphenol
20. N-nitroso-di-{n}-propylamine
21. hexachloroethane
22. nitrobenzene-d5
23. nitrobenzene
24. isophorone
25. 2-nitrophenol
26. 2,4-dimethylphenol
27. bis(2-chloroethoxy)methane
28. benzoic acid
29. 2,4-dichlorophenol
30. 1,2,4-trichlorobenzene
31. naphthalene-d8
32. naphthalene
33. 2,6-dichlorophenol
34. 4-chloroaniline
35. hexachloropropene

36. hexachlorobutadiene
37. 4-chloro-3-methylphenol
38. isosafrole
39. 2-methylnaphthalene
40. 1-methylnaphthalene
41. hexachlorocyclopentadiene
42. 1,2,4,5-tetrachlorobenzene
43. 2,4,6-trichlorophenol
44. 2,4,5-trichlorophenol
45. 2-fluorobiphenyl
46. safrole
47. 2-chloronaphthalene
48. 2-nitroaniline
49. 1,4-naphthoquinone
50. dimethylphthalate
51. 1,3-dinitrobenzene
52. 2,6-dinitrotoluene
53. acenaphthylene
54. acenaphthene-d10
55. 3-nitroaniline 
56. acenaphthene
57. 2,4-dinitrophenol
58. pentachlorobenzene
59. 4-nitrophenol
60. dibenzofuran
61. 2,4-dinitrotoluene
62. 2,3,4,6-tetrachlorophenol
63. diethyl phthalate
64. fluorene
65. 4-chlorophenyl phenyl ether
66. 4-nitroaniline
67. 4,6-dinitro-2-methylphenol
68. diphenylamine
69. azobenzene
70. 2,4,6-tribromophenol

71. phenacetin
72. 4-bromophenyl phenyl ether
73. hexachlorobenzene
74. pentachlorophenol
75. pentachloronitrobenzene
76. phenanthrene-d10
77. dinoseb
78. phenanthrene 
79. anthracene
80. di-{n}-butylphthalate
81. 4-nitroquinoline-1-oxide
82. isodrin
83. fluoranthene
84. benzidine
85. pyrene
86. {p}-terphenyl-d14
87. aramite
88. chlorbenzilate
89. kepone
90. butyl benzyl phthalate
91. benzo(a)anthracene
92. 3,3{‘}-dichlorobenzidine
93. chrysene-d12
94. chrysene
95. bis(2-ethylhexyl)phthalate
96. di-{n}-octyl phthalate
97. benzo(b)fluoranthene
98. benzo(k)fluoranthene
99. benzo(a)pyrene

100. perylene-d12
101. 3-methylcholanthrene
102. indeno(1,2,3-cd)pyrene
103. dibenzo(a,h)anthracene
104. benzo(ghi)perylene

GC_EV00576

30m, 0.25mm ID, 0.25µm Rtx®-5Sil MS (cat.# 12723)
Conc.: 24µg/mL in methylene chloride
(cat.#s: 31618, 31619, 31620, 31621, 31622, 31206,
31062, 31063) Note:  Internal standards at 8ppm

Inj. vol.: 1µL
Inj type: splitless
Hold time: 0.4  min.
Inlet liner: drilled Uniliner® liner, Siltek™

deactivation (cat# 21054-214.1)
Inj. temp.: 300°C

Carrier gas: helium (1mL/min. constant flow)
Linear velocity: 34cm/sec.
Oven temp.: 35°C (2 min.) to 260°C @ 20°C

min., to 330° @ 6°C/min.
(hold 1 min.)

Det. type: MS
Transfer line temp.: 280°C
Scan range: 35 to 550amu
Ionization: EI
Mode: full scan
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Haloacetic Acid Mixtures
For GC/ECD Analysis of Haloacetic

Acids in Water

✔ Meet requirements for US EPA Methods 552, 552.1 and 552.2.
✔ Prepared from purified neat reference materials for the highest quality.
✔ Lot-to-lot consistency ensures analytical reproducibility.
✔ Certificate of analysis available or data pack containing statistical QA

results for concentration and homogeneity, and a lot sheet with a
balance printout of each analyte.

Haloacetic acids and other disinfectant byproducts are formed during the chlorination of drinking water. The
US Environmental Protection Agency (EPA) has published Stage 1 Disinfectants and Disinfection
Byproducts Rule to regulate haloacetic acids at 60ppb on an annual average. This standard became effective
December 2001 for large surface water public systems. In December 2003, it will become effective for small
surface water and all ground water public water systems.

by Ken Herwehe, Analytical Reference Materials Product Marketing Manager

50 State
UST Methods

Latest Revisions for All
50 States Available Soon!
✔ Detailed product listing available for all 50

states in convenient Fast Facts format. 
✔ Completely updated with the latest method

revisions.
✔ Allows easy ordering and method setup.
✔ Convenient listing of analytical column,

sample preparation, reference material,
and other consumables needed for all
methods.

Fast Facts available at PittCon® 2002—UST
method product listings for California, Florida,
Massachusetts, Texas, Washington, and
Wisconsin. Call Technical Service at 800-356-
1688 or 814-353-1300, ext. 4, for more informa-
tion, or contact your local Restek representative.

✔ Haloacetic Acid Mix, 6 Components
bromochloroacetic acid
dibromoacetic acid
dichloroacetic acid
monobromoacetic acid
monochloroacetic acid
trichloroacetic acid
2,000µg/mL each in MTBE, 1mL per ampule

Ea. 5-pk. 10-pk.
31644 31644-510 —

with data pack
31644-500 31644-520 31744 

✔ Haloacetic Acid Methyl Ester Mix,
6 Components

methyl bromochloroacetate
methyl dibromoacetate
methyl dichloroacetate
methyl monobromoacetate
methyl monochloroacetate
methyl trichloroacetate 
1,000µg/mL each in MTBE, 1mL per ampule

Ea. 5-pk. 10-pk.
31645 31645-510 —

with data pack
31645-500 31645-520 31745 

✔ Haloacetic Acid Methyl Ester Mix,
9 Components

methyl bromochloroacetate 400µg/mL
methyl dibromoacetate 200
methyl dichloroacetate 600
methyl monobromoacetate 400
methyl monochloroacetate 600
methyl trichloroacetate 200
methyl bromodichloroacetate 400
methyl chlorodibromoacetate 1000
methyl tribromoacetate 2000
In MTBE, 1mL per ampule 

Ea. 5-pk. 10-pk.
31647 31647-510 —

with data pack
31647-500 31647-520 31747 

✔ Internal and Surrogate Standards
Description compound µg/mL in MTBE per ampul qty. cat.#
Internal Standard 1,2,3-trichloropropane 1000 1mL ea. 31648
Surrogate Standard 3,5-dichlorobenzoic acid methyl ester 1000 1mL ea. 31649
Surrogate Standard 2,3-dichloropropionic acid 1000 1mL ea. 31650
Surrogate Standard 2,3-dichloropropionic acid methy ester 1000 1mL ea. 31651
Surrogate Standard 3,5-dichlorobenzoic acid 1000 1mL ea. 31652
Surrogate Standard 2-bromoproionic acid 1000 1mL ea. 31653
Surrogate Standard methyl 2-bromopropionate 1000 1mL ea. 31654
Surrogate Standard 2,3-dibromoproionic acid 1000 1mL ea. 31655
Surrogate Standard methyl 2,3-dibromopropionate 1000 1mL ea. 31656

✔ Haloacetic Acid Mix, 9 Components
bromochloroacetic acid 400µg/mL
dibromoacetic acid 200
dichloroacetic acid 600
monobromoacetic acid 400
monochloroacetic acid 600
trichloroacetic acid 200
bromodichloroacetic acid 400
chlorodibromoacetic acid 1000
tribromoacetic acid 2000
In MTBE, 1mL per ampule 

Ea. 5-pk. 10-pk.
31646 31646-510 —

with data pack
31646-500 31646-520 31746 

Figure 1
The Rtx®-CLPesticides and Rtx®-CLPesticides2 columns resolve haloacetic acid methyl esters in one 12-minute, dual-column run.
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1. methyl monochloroacetate
2. methyl monobromoacetate
3. methyl dichloroacetate
4. 1,2,3-trichloropropane (IS)
5. methyl trichloroacetate
6. methyl bromochloroacetate
7. methyl dibromoacetate
8. methyl bromodichloroacetate
9. methyl chlorodibromoacetate

10. methyl 2,3-dibromoprionate (SURR)
11. methyl tribromoacetate

1 2 3 4 5 6 7 8 9 10 11 min.
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1 2 3 4 5 6 7 8 9 10 11 min.

Injection of Haloaetic Acid Methyl Ester
Mix, 9 Components (cat.# 31647),

1,2,3-trichloropropane Internal
Standard (cat.# 31648), methyl 2,3-

dibromopropionate Surrogate Standard
(cat.# 31656); Oven temp.: 40°C (hold

4 min.) to 200°C @ 14°C/min;
Inj.: 2µL, splitless; Inj. temp.: 200°C;

ECD det. temp.: 300°C;
Linear velocity: 46cm/sec.

30m, 0.32mm ID, 0.50µm
Rtx®-CLPesticides

(cat.# 11139)

30m, 0.32mm ID, 0.25µm
Rtx®-CLPesticides2

(cat.# 11324)

GC_EV00580
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Water Quality Testing
Standards & Columns

ISO/DIS 9377-4 describes a gas
chromatography/flame ionization detection
(GC/FID) method to analyze total petroleum
hydrocarbons (TPHs) in drinking, surface, waste,
and treated waste water. Previous methods used
Freon® extraction, which was harmful to the envi-
ronment. This new method uses less harmful sol-
vents such as pentane, hexane, or cyclohexane for
sample extraction.

Restek now offers mixtures for ISO/DIS 9377-4
analyses. Florisil® cleanup to remove polar com-
pounds is accomplished using a 150-250µm
(60/100 mesh) sample preparation column. The
analytical column suggested is either an Rtx®-1 or
an Rtx®-5 column with dimensions of 10-25m,
0.25-0.53mm ID, and 0.25-1.0µm film thickness.
See highlighted columns in product listing for rec-
ommended dimensions.

✔ Standard Mixture Stock Solution
diesel #2 (additive free)
motor oil (additive free bp 325–460 or

C18–C32 retention time range)
5,000 µg/mL each in cyclohexane, 1mL per ampule
(prepares 8mL of 1.25µg/µL calibration curve high point)
Total hydrocarbon concentration 10,000 µg/mL

Ea. 5-pk. 10-pk.
31640 31640-510 —

with data pack
31640-500 31640-520 31740 

✔ Quality Control Standard Mixture
diesel #2 (additive free)
motor oil (additive free bp 325–460 or

C18–C32 retention time range)
500µg/mL each in acetone, 1mL per ampule (enough to spike
one 900mL quality control sample)
Total hydrocarbon concentration 1,000µg/mL

Ea. 5-pk. 10-pk.
31641 31641-510 —

with data pack
31641-500 31641-520 31741 

✔ Florisil® Cartridge Quality Control
Standard Mixture

diesel #2 (additive free)
motor oil (additive free bp 325–460 or

C18–C32 retention time range)
1,000µg/mL each in cyclohexane, 10mL per ampule (enough to
check one 2g Florisil®/2g sodium sulfate cartridge)
Total hydrocarbon concentration 2,000µg/mL

Ea. 5-pk. 10-pk.
31642 31642-510 —

with data pack
31642-500 31642-520 31742 

✔ Standard Mixture of n-alkanes for
System Performance Test

n-decane n-hexacosane
n-dodecane n-octacosane
n-tetradecane n-triacontane
n-hexadecane n-dotriacontane
n-octadecane n-tetratriacontane
n-eicosane n-hexatriacontane
n-docosane n-octatriacontane
n-tetracosane n-tetracontane

50µg/mL each in cyclohexane, 1mL per ampule

Ea. 5-pk. 10-pk.
31633 31633-510 —

with data pack
31633-500 31633-520 31733 

✔ Extraction Solvent Stock Solution #1
n-decane 20µL/L
n-tetracontane 20mg/L

in n-hexane, 5mL per ampule (makes 50mL of extraction sol-
vent, enough for 1 sample)

Ea. 5-pk. 10-pk.
31634 31634-510 —

with data pack
31634-500 31634-520 31734 

✔ Extraction Solvent Stock Solution #2
n-decane 20µL/L
n-tetracontane 20mg/L

in n-hexane, 20mL per ampule (makes 200mL of extraction
solvent, enough for 4 samples)

Ea. 5-pk. 10-pk.
31635 31635-510 —

with data pack
31635-500 31635-520 31735 

✔ Rtx®-5 (fused silica)
Crossbond® 5% diphenyl/95% dimethyl
polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 330/350°C 10220
0.25mm 0.50 -60 to 330/350°C 10235
0.32mm 0.25 -60 to 330/350°C 10221 
0.32mm 0.50 -60 to 330/350°C 10236 
0.53mm 0.25 -60 to 320/340°C 10222 
0.53mm 0.50 -60 to 310/330°C 10237 
0.53mm 1.00 -60 to 310/330°C 10252 

✔ MXT®-5 (Silcosteel®)
Crossbond® 5% diphenyl/95% dimethyl
polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 360°C 70220
0.25mm 0.50 -60 to 350°C 70235
0.28mm 0.25 -60 to 360°C 70221 
0.28mm 0.50 -60 to 330°C 70236 
0.53mm 0.25 -60 to 360°C 70222 
0.53mm 0.50 -60 to 330°C 70237 
0.53mm 1.00 -60 to 325°C 70252 

✔ Stearyl Stearate Test Solution
stearyl stearate
2,000 µg/mL in cyclohexane, 10mL per ampule, (enough to
check one 2g Florisil®/2g sodium sulfate cartridge)

Ea. 5-pk. 10-pk.
31636 31636-510 —

with data pack
31636-500 31636-520 31736 

ISO/DIS 9377-4 & H53 Water Quality Testing for
Total Petroleum Hydrocarbons (TPH)

✔ Updated reference materials for GC analysis of TPH in water.
✔ Determination of hydrocarbon oil index—applicable to drinking,

surface, waste, and treated water.

by Ken Herwehe, Analytical Reference Materials Product Marketing Manager
Columns
Check the annual Chromatography Products Guide for
temp. limits. Highlight indicates a recommended
dimension for this analysis.

✔ Rtx®-1 (fused silica)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 330/350°C 10120
0.25mm 0.50 -60 to 330/350°C 10135
0.32mm 0.25 -60 to 330/350°C 10121 
0.32mm 0.50 -60 to 330/350°C 10136 
0.53mm 0.25 -60 to 320/340°C 10122 
0.53mm 0.50 -60 to 310/330°C 10137 
0.53mm 1.00 -60 to 310/330°C 10152 

✔ MXT®-1 (Silcosteel®)
Crossbond® 100% dimethyl polysiloxane
ID df (µm) temp. limits 15-Meter

0.25mm 0.25 -60 to 360°C 70120
0.25mm 0.50 -60 to 350°C 70135
0.28mm 0.25 -60 to 360°C 70121 
0.28mm 0.50 -60 to 330°C 70136 
0.53mm 0.25 -60 to 360°C 70122 
0.53mm 0.50 -60 to 330°C 70137 
0.53mm 1.00 -60 to 320°C 70152 

new

new

new



Figure 1
The analysis time of an industrial paint sample is reduced by 75% using the EZ-Flash® system

with a 10m, 0.25mm ID, 1.0µm Rtx®-5 column.
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A wide variety of petrochemical materials are used
in the synthesis and formulation of polymers and
plastics. Low molecular weight monomeric com-
pounds react with an “external” agent, such as a
catalyst, UV light, or IR radiation. The reaction cre-
ates a high molecular weight polymeric compound
by combining the monomers into long or branched
chains. If some of the monomer is left unreacted,
the small fragments cause physical and sensorial
changes in the final plastic. Cracks in structural

Fast, Accurate Analysis of
Petrochemicals in Polymers

and Plastics
Using an Rtx®-5 Column & EZ Flash® GC

✔ Reduce analysis time by 75%!
✔ Ideal for plastics or petrochemicals in packaging testing.

by Ellen Veenstra, Applications Chemist, Thermo Orion and
Christine Vargo, US Sales & Distribution Manager

plastic can form from the stresses due to incom-
plete polymerization. Discoloration can occur if the
reactive monomer interacts with other materials or
additives in the final product. Out-gassing can cause
an off-odor or "plastic" taste in packaging materials
used in foods or beverages.

To ensure product consistency from batch to batch,
laboratories must analyze petrochemicals in their
finished product. These volatile compounds typical-

1. vinyl acetate
2. ethyl acrylate
3. methyl methacrylate
4. t-butyl acrylate
5. ethyl methyl acrylate
6. isobutyl acrylate
7. allyl methacrylate
8. styrene
9. butyl acrylate

10. hydroxyethyl acrylate
11. isobutyl methacrylate
12. hydroxypropyl acrylate
13. butyl methacrylate
14. hydroxyethyl methacrylate
15. hydroxypropyl methacrylate
16. glycidyl methacrylate
17. dimethylaminoethyl methacrylate
18. Hydroxybutyl acrylate
19. cyclohexyl methacrylate
20. t-butylaminoethyl methacrylate
21. diethylaminoethyl methacrylate
22. 2-ethylhexyl acrylate
23. 2-ethylhexyl methacrylate
24. ethyleneglycol dimethacrylate
25. iso-bornyl acrylate
26. iso-bornyl methacrylate
27. lauryl methacrylate
28. �-methylstyrene dimer

ly are analyzed by capillary gas chromatography
(GC) using a 30-meter column. Analysis times often
must exceed 30 minutes to achieve sufficient reso-
lution of these volatile compounds. However, by
using a high efficiency, direct thermal transfer of
these compounds with an EZ-Flash® GC attachment
from Thermo Orion, analysis times can be reduced
greatly while still maintaining excellent separation.
For example, the typical analysis of plastics in a
paint sample on a 30m Rtx®-5 column takes almost
42 minutes. The same analysis using a 10m Rtx®-5
column and an EZ-Flash® system is accomplished in
less than 5 minutes (Figure 1).

Every minute counts when improving laboratory
throughput and efficiency. The EZ-Flash® system
uses resistive heating techniques and fast tempera-
ture programming to achieve increased productivi-
ty. The EZ-Flash® system is compatible with 0.53mm
ID, 0.32mm ID, and smaller ID (0.2 -0.10mm)
columns. 

10m, 0.25mm ID, 1.0µm Rtx®-5 (cat.# 10250-107)
Inj. temp.: 250°C; Inj. type: split; Inj. volume: 1µL; Split ratio: 100:1; Split flow: 100mL/min.; Carrier gas: helium; Mode: ramp pres-
sure: 4.74psi to 7.07psi @ 0.58psi/min. (hold 0.5 min.) to 8.29psi @ 1.05psi/min. to 10.82psi @ 13.38psi.min.; Nominal initial flow:

1mL/min.; Det. type: FID @290°C; Oven program: 40°C (hold 0.5 min.) to 150°C @20°C/min. (hold 2 min.)
Chromatogram courtesy of Thermo Orion, Beverly, MA, www.thermoorion.com.

EZ-Flash® Temperature Profile
Time (sec.) Temp (ºC)

0 40
240 140
270 140
340 190
350 280
480 280

1

2
3

4

5

6

7

8

9

10

11

12

13

14

15

16
17

18

19

20
21

23
22

262524

For more information on
the EZ Flash® system,

contact Thermo Orion at
1-888-EZFLASH or
www.ezflash.com

27 28

Our New Catalog Is Available!
It’s packed with innovative products for GC, HPLC, and Air Monitoring; Analytical Reference Materials; Metals
Passivation Technologies; and more! With over 450 Application chromatograms, dozens of reference tables and tech.
tips, it’s a must have for every lab. Order your free copy today (lit. cat.# 59662)! Call 800-356-1688 or 814-353-1300,
ext. 5, or contact your local Restek representative.
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

Rethreading Tool
Achieve a better seal!

✔ Save the cost of replacing
expensive injectors!

✔ Repair worn or damaged threads.

For 1/16" compression fittings (thread
size, 10-32): cat.# 23016, (ea.)

For 1/8" compression fittings (thread size, 5/16-20):
cat.# 23017, (ea.)

For 1/4" compression fittings and Agilent-style split/split-
less injection ports (thread size, 7/16-20):
cat.# 23018, (ea.)

For Varian injection ports: cat.# 23019, (ea.)

Capillary
Installation

Gauge
Easily pre-seat ferrules for

consistent installations!

✔ Pre-seats ferrule onto column for 
consistent installation distances.

✔ Made from high-quality stainless steel.
For Agilent-style fittings (0-100mm from
front of ferrule): cat.# 21034, (ea.)
For 1/16" fittings (15-115mm from back of
nut): cat.# 21399, (ea.)

Install the column nut and ferrule
onto the capillary column. Cut the col-
umn end squarely to prevent ferrule
particles from entering the column.
Slide the column into the installation
gauge to the recommended insertion
distance as specified by the instrument
manufacturer. Finger-tighten the col-
umn nut at the correct distance.

Using a 5/16" wrench on the installa-
tion gauge nut and a 1/4" wrench on
the column nut, tighten the assembly
with moderate force to ensure a
properly seated ferrule. 

With the same wrenches, loosen the
assembly and remove the column
and column nut with seated ferrule
from the installation gauge. The fer-
rule should be properly seated in the
column nut, and the column should
remain in place when light force is
applied. If it slides loosely in the fer-
rule, repeat steps 1 and 2.

1 2 3

Loosen the
nut on the
side of the
tool to
adjust the
gauge to the
manufactur-
er’s recom-
mended
depth.

Place a one-
centimeter
plug of
loosely
bound wool
at the top of
your inlet
liner.  Be
sure to wear
gloves when
handling
glass wool.

Insert the liner
packing tool
completely into
the liner until
the tool bottoms
out. Remove the
tool. The wool
is now posi-
tioned correctly
in the liner and
ready for use.

Due to constant installation,
removal, and exposure to
extreme temperature changes,
threads on GC parts easily
become worn and damaged.
This can cause a poor seal,
and oxygen can enter the sys-
tem, compromising analytical
results and possibly destroying
expensive analytical columns.

Screw the rethreading tool
completely onto the injection
port in a clockwise direction.
Depending on the severity of
thread damage, this may
require force. 

Unscrew the rethreading
tool and inspect the
threads. Repeat as neces-
sary. When done, wipe
clean with methanol to
remove any debris.

1 3

tools
Try These New Tools from Restek for Easier

GC Maintenance

Try Restek’s

Injection Ports
For more information, request the catalog

Genuine Restek Replacement Parts for
Agilent GCs (lit. cat.# 59627B).

Inlet Liner
Packing Tool

Easy and reproducible!

✔ Position wool correctly every time.
✔ Accurate to a specific, measured depth

(0-100mm).
cat.# 20339, (ea.)

1 2 3

2
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Seminar Tour 2002
Coming to a location near you! We offer four seminars: Environmental Analyses (ENV),

Food, Flavor, and Fragrance Analyses (FFF), Comprehensive HPLC (HPLC), and
Comprehensive GC (GC).  Each is an in-depth, one-day course in an engaging multime-
dia format taught by real-world chromatographers. For more information and the most

current dates and locations, visit www.restekcorp.com
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Thank You!
Thanks for donating your Wizard Dollars toward
disaster relief efforts. With your contributions,
Restek is donating $3,268 to the Red Cross, the
Salvation Army, and the United Way. On behalf of
those that will benefit from your generosity,
thank you for supporting the families affected
by the Sept. 11 tragedies.

Date Sem. State City

7/15 ENV AZ Phoenix
5/6 ENV CA Walnut Creek
7/18 ENV CA Buena Park
5/20 ENV FL Orlando
5/22 ENV GA Atlanta 
10/16 ENV IL Schaumburg 
9/12 ENV MA Braintree
10/21 ENV MD Baltimore
10/14 ENV MN Minneapolis
5/23 ENV NC Raleigh 
10/25 ENV NY Tarrytown
11/11 ENV OK Oklahoma City
10/23 ENV PA King of Prussia
11/13 ENV TX Austin
11/14 ENV TX Houston
5/9 ENV WA Seattle

6/14 FFF CA Buena Park 
8/26 FFF CT Danbury
5/13 FFF IL Schaumburg
4/15 FFF MD Baltimore
8/28 FFF MA Cambridge
5/10 FFF MN Minneapolis
4/17 FFF NJ Paramus 
8/13 FFF OH Cincinnati
9/19 FFF CA Sacramento

7/16 GC AZ Phoenix
5/7 GC CA Walnut Creek
7/19 GC CA Buena Park
9/12 GC CO Boulder
9/13 GC CT Hartford
11/11 GC FL Jacksonville
11/12 GC FL Orlando 
11/14 GC FL Miami
7/15 GC GA Atlanta
7/8 GC IL Waukegan
7/10 GC IN Indianapolis
8/9 GC LA Baton Rouge
9/16 GC MD Baltimore

Date Sem. State City

7/9 GC MO St. Louis
7/18 GC NC Raleigh
9/11 GC NH Portsmouth
9/19 GC NJ Princeton
9/20 GC NJ Paramus
9/9 GC NM Albuquerque
6/12 GC NY Rochester 
7/12 GC OH Cincinnati
8/5 GC OK Oklahoma City
6/10 GC PA Pittsburgh
9/17 GC PA King of Prussia
7/16 GC SC Columbia
11/15 GC TN Memphis
8/6 GC TX San Antonio
8/8 GC TX Houston
9/11 GC UT Salt Lake City
7/19 GC VA Richmond
9/9 GC VT Burlington
5/10 GC WA Seattle

4/16 HPLC IL Schaumburg
4/17 HPLC MO St. Louis
5/14 HPLC TX Houston
5/15 HPLC TX San Antonio
6/11 HPLC CO Boulder
6/13 HPLC CA LaJolla
7/8 HPLC NY Rochester 
7/10 HPLC NY Tarrytown
7/11 HPLC NJ Princeton
7/12 HPLC PA King of Prussia
8/5 HPLC CA Walnut Creek
8/8 HPLC WA Seattle
8/14 HPLC OH Cincinnati
8/27 HPLC CT Hartford
8/29 HPLC MA Marlborough 
12/9 HPLC FL Miami 
12/11 HPLC GA Atlanta
12/13 HPLC NC Raleigh

Our New
Catalog Is Here!

It’s packed with innovative products for
GC, HPLC, and Air Monitoring; Analytical
Reference Materials; Metals Passivation
Technologies; and more! With over 450
Application chromatograms, dozens of
reference tables and tech tips, it’s a must
have for every lab. Order your free copy
today (lit. cat.# 59662)!
Call 800-356-1688 or 814-353-1300,
ext. 5 or visit us online at
www.restekcorp.com
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Leak-Tight Seal for Agilent GCs
Vespel® Ring Inlet Seals

Advantage

Vespel® Ring
Inlet Seals
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Preservatives
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In Agilent split/splitless injection ports, the inlet
seal sits at the base of the injector. Dirt, non-volatile
residue, septum fragments, and other undesirable
particles contaminate the inlet seal and decrease
analytical linearity. The only way to maintain opti-
mum performance is by frequently changing the
inlet seal and ensuring the seal is leak-tight.

✔ Easy to use—Vespel® material seals the first time, every time, reducing variability
among operators.

✔ Better sensitivity—lower leak rate reduces detector noise.
✔ Saves money—prevents oxygen from permeating the carrier gas, increasing

column lifetime.
✔ Less maintenance—soft sealing area reduces wear on the injection port body.

Restek designed the Vespel® Ring Inlet Seal to
improve injection port performance on two levels.
First, the Vespel® Ring Inlet Seal is made from
high-quality stainless steel and features a Vespel®

ring embedded into its face. This soft Vespel® ring
will not harm the critical seal on the bottom of the
injector body, and is outside the sample flow path,
for worry-free chromatography. 

Second, the Vespel® Ring Inlet Seal is designed to
seal even after repeated temperature cycles and
without retightening the reducing nut! With tradi-
tional stainless steel inlet seals, it is difficult to
tighten to achieve a leak-tight seal. To determine
the variances between a traditional seal and the
new Vespel® Ring Inlet Seal, we compared the leak
rate for each type of seal at increasing torque
(Figure 1). Several inlet seals of each type were

Figure 1
The Vespel® Ring Inlet Seal achieves leak-tight seals even at low torque, reducing injection port

wear and the chances of damaging the injection port.
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tested using a high sensitivity helium leak detector
that can detect a helium leak rate as small as 
1 x 10-10 atm cc/s. Notice how well the Vespel® Ring
Inlet Seal performs at all levels, but especially at
the lower torque levels. This means changing seals
is now easier than ever, and the seal is reliable
every time.

by Brad Rightnour and Michael Goss, Instrument Innovations Team

tools For Easier GC
Maintenance Try These
New Tools from Restek

0.8mm ID Vespel Ring Inlet Seal (washers included) 2-pk./price 10-pk./price
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel Ring Inlet Seal (washers included) 2-pk./price 10-pk./price
Gold-Plated 21568 21569
Silcosteel® 21570 21571
Stainless Steel 21566 21567

These new seals are available in stainless steel,
gold-plated, or with a Silcosteel® coating. Use the
stainless steel seal for normal analyses. To reduce
breakdown and adsorption of active compounds,
use the gold-plated or Silcosteel®-treated seals. The
gold surface offers better inertness than standard
stainless steel, and the Silcosteel® treatment pro-

vides inertness similar to that of fused silica capil-
lary columns. Why trust a metal-to-metal seal when
you can make leak-tight seals quickly and easily—
and more reliably—with the Restek Vespel® Ring
Inlet Seal? 

Vespel® Ring Inlet Seals for Agilent 5890/6890 and 6850 GCs

Description qty. cat.# price
Inlet Maintenance Kit for Agilent 5890/6890/6850 GCs kit 21069
FID Maintenance Kit for Agilent 5890 GCs kit 21070
FID Maintenance Kit for Agilent 6890/6850 GCs kit 21071

Inlet kits include:
• Viton® o-rings.
• Capillary nuts.
• Inlet seals.
• Reducing nut.
• Scoring wafer.
• 11 mm

Thermolite®

septa.
• 4.0mm single gooseneck liner.
• 0.4, 0.5, and 0.8mm ID graphite ferrules.
• 4.0mm split liner with wool.
• Capillary column caps.
• 1/4- to 5/16-inch wrench.
• Septum puller.
• Installation gauge.
• Wire cleaning brush.
• Jet reamers/ferrule removers.
• Inlet liner removal tool.

FID kits include:
• 1/4-inch, 0.4, 0.5,

and 0.8mm ID
graphite ferrules.

• FID/NPD cap-
ilary adaptor.

• Capillary nuts.
• Jet reamers/fe-

rule removers.
• 1/4-inch nut.
• Scoring wafer.

• Ignitor for either Agilent 5890 or 6890/6850 GCs.
• Capillary column caps.
• FID flow measuring adaptor.
• 1/4- to 5/16-inch  wrench.
• Installation gauge.
• Wire cleaning brush.
• High-performance Silcosteel® FID jet for either

Agilent 5890 or 6890/6850 GCs.
• 1/4-Inch nut driver for jet removal.

Dislodge ferrules or remove silica
deposits with the
Jet Reamer/Ferrule Remover.

The Capillary Installation
Gauge makes seating the fer-
rule and installing the column
consistent and easy.

The Inlet Liner Removal Tool
safely removes an inlet liner from
a hot injection port without
cracking the liner—and you
won’t burn your fingers!

The Inlet Maintenance Kit includes these tools and many others.

FID maintenance made easy with
tools and replacement components
specifically matched to your instru-
ment.

The FID Ignitor meets original
equipment specifications.

The High-Performance
Silcosteel® FID Jet will stay
clean longer—even when exposed
to highly active compounds.

The FID Maintenance Kit includes these tools and many others.
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by Barry Burger, Petrochemical and Packed GC Innovations Chemist

High-Speed Analysis of
Petrochemicals

Using OPN Res-Sil™ C GC Packings
✔ Unique selectivity for saturated and unsaturated hydrocarbons.
✔ Innovative bonding chemistry for batch-to-batch reproducibility, excellent thermal

stability, and long life.
✔ Wide range of bonded phases available.
✔ Equivalent to Waters Durapack® packings.

For over 25 years the process GC and petrochemi-
cal industries have used bonded silica packings
such as Waters Durapak® packings for analysis of
C1 to C4 hydrocarbons. These phases provide
unique selectivity by modifying silica with a covalent
attachment of either n-octane or cyano-propyl
(OPN) functional groups. These phases have many
advantages over conventional gas liquid chromatog-
raphy packings because they yield faster separa-
tions, higher thermal stability, shorter conditioning
times, and longer lifetimes. In the past, these pack-

ings had inconsistent reproducibility and limited
availability. Restek’s research team has solved these
age old problems by developing Res-Sil™ C pack-
ings for consistent batch-to-batch performance and
immediate delivery.

Unique Selectivity for Process GC and High-
Speed Analysis of Petrochemicals
Speed of analysis is crucial for process GC, and in
laboratory gas analyzers using multiple columns
and valve switching for separation of complex gas

mixtures. The Res-Sil™ C bonded packings are ideal
for resolution of the saturated and unsaturated C4
hydrocarbons that are difficult to separate. The
chromatogram in Figure 1 demonstrates the unique
selectivity for separation of cis-2-butene before 1,3-
butadiene using the OPN on Res-Sil™ C packing.
This unique selectivity, when combined with other
columns in series, provides petroleum and petro-
chemical method developers with a powerful tool
for fast determination of C1 to C5 hydrocarbons.1

Innovative Research and Stringent QA
Provide Batch-to-Batch Consistency 
Historically, one of the problems with bonded phas-
es such as Carbowax®, n-octane, and OPN on
Porasil® packing has been batch-to-batch variations
in the amount of liquid stationary phase added to
solid silica support. Restek’s product development
team pulled together chemists with experience in
GC packings and HPLC phase development to inno-
vate a new synthesis procedure. Utilizing new syn-
thesis pathways, the amount of bonded liquid phase
is precisely controlled in every batch, resulting in
reproducible retention times and separations. Each
production batch of Res-Sil™ C packing is quality
assurance tested with a complex hydrocarbon mix-
ture to meet demanding retention time and reten-
tion index specifications. Column bleed also is eval-
uated at the recommended maximum temperature
of 150°C,  as part of the QA test to ensure that
retention shifts and high baselines are not
observed. 

A Full Line of Bonded GC Phases
Restek offers a wide range of bonded packings for
packed GC columns, including Rtx®-1 and
Stabilwax® phases, Carbowax® and n-octane phases
on Res-Sil™ C packing, and OPN on Res-Sil™ C
packing. Each of these packings has low bleed,
conditioning time of less than 30 minutes, long life-
time, and consistent batch-to-batch reproducibility.
Every batch of Restek’s bonded phases is tested for
bleed, efficiency, retention index and retention time
reproducibility. In addition, Restek offers a full
range of packed and micro-packed GC columns,
available with specially-deactivated Silcosteel® tub-
ing for improved inertness and efficiency. 

1. N.C Saha, S.K. Jain, and R.K. Dua. J. of
Chromat. Sci. 1978: 16, pp.323-328.

Reference not available from Restek.

Figure 1
OPN on Res-Sil™ C packing demonstrates unique selectivity for cis-2-butene and

1,3-butadiene.

Retention 
Indices

1. methane 100
2. ethane/ethylene 200
3. acetylene 260
4. propane 300
5. propylene 321
6. propadiene 345
7. isobutane 386
8. butane 400
9. butene-1 422

10. isobutylene/trans-2-butene 434
11. cis-2-butene 443
12. 1,3-butadiene 454
13. isopentane 488
14. pentane/3-methyl-1-butene 503
15. pentene-1 522
16. trans-2-pentene 533
17. cis-2-pentene 540
18. 2-methyl-2-butene 549
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OPN on Res-Sil™ C Packing, 80/100 mesh, 12' x 2mm ID x 1/8" OD in SilcoSmooth™

tubing (cat.# 80437). 20µL on-column injection of refinery gas. 
Concentration:  0.1-6 absolute mole %
Oven temp.:  50°C 
Inj. & det. temp.: 200°C
Carrier gas:  He
Flow rate:  30mL/min

Standard courtesy of AC Analytical Controls, Bensalem, PA.

GC_PC00373

Res-Sil™ C Packing Materials
Description

Temp.
Limit (°C) Mesh

Min.
Qty. cat.# price/g

Res-Sil™ C 300 60/80 10g 25400
300 80/100 10g 25028

Res-Sil™ B 300 60/80 10g 25401
300 80/100 10g 25080

1% TCEP on Res-Sil™ B 175 80/100 10g 25081
OPN on Res-Sil™ C 150 80/100 10g 25042
n-Octane on Res-Sil™ C 150 80/100 10g 25030
2% Carbowax® 1540 on Res-Sil™ C 150 80/100 10g 25044

Restek’s packed columns deliver the 

1-2-3 punch!
1. Bonded stationary phases mean short condi-

tioning times, low bleed levels, and unsur-
passed column lifetimes.

2. SilcoSmooth™ tubing provides the inertness
of glass and the durability of stainless steel.

3. Silcoport™ diatomaceous earth provides
unsurpassed inertness for trace analyses.
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Preservatives are chemical compounds that are used
in a wide range of applications to maintain overall
product quality.1 Some preservatives act as antimicro-
bial agents, some act as antioxidants, and some can
perform both functions. Of the chemical compounds
commonly used as preservatives, many can be effec-
tively analyzed by high performance liquid chro-
matography (HPLC).2 Because preservatives include
a number of different compound types, there are a
variety of HPLC stationary phases, mobile phases,
and detectors that can be used.

Chemical preservatives kill or prevent the growth of
microbes either by changing the microbes’ environ-
ment or by reacting directly with them.3 Antimicrobial
compounds include organic acids, benzoate and
sorbate salts, sulfur dioxide and sulfites, nitrites,
propionates, and parabens. Organic acids, such as
acetic acid and citric acid, can be used to control
the pH of a product. For example, in food products
these acidulants can lower the pH out of the opti-
mum pH range for bacteria, yeast, and/or molds.
Organic acids such as malic acid and citric acid can
be found naturally in fruits, oxalic acid can be found
in spinach and rhubarb, and tartaric acid can be
found in grapes. 

Using HPLC, concentrations of these preservatives
can be monitored. However, analyzing polar organic
acids can be difficult on conventional reversed phase
columns, even when using low pH, highly aqueous
mobile phases to suppress ionization of the acid
molecules and maximize retention. The Ultra
Aqueous C18 column provides enhanced retention
and selectivity for challenging applications such as
this. The novel bonding chemistry used for this phase
allows the alkyl groups to remain extended, even in
highly aqueous mobile phase, preventing the chain
folding that occurs with conventional C18 phases.
Therefore, stable and reproducible retention is pos-
sible even with 100% aqueous mobile phases. Notice
the excellent retention for a series of organic acids
using the Ultra Aqueous C18 column and UV detec-
tion (Figure 1).

Products containing fats and oils are prone to lipid
oxidation, which can limit shelf life by promoting
off-flavors, off-odors, and color changes. To inhibit
lipid oxidation, antioxidants can be added to the
product. Phenolic antioxidants include butylated
hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), propyl gallate (PG), and tert-butyl hydro-
quinone (TBHQ).  These four, plus the tocopherols,

are the primary antioxidants found in foods and bev-
erages produced in the U.S. Phenolic antioxidants,
such as BHT, are regulated by the US Food and Drug
Administration (FDA), and can be added to many
products at levels up to 200ppm, based on the fat
content. 

Phenolic antioxidants can be analyzed by reversed
phase HPLC using a Pinnacle II™ C18 column and
an acidified mobile phase. As with the analysis of
organic acids, an acidic mobile phase is used to
suppress ionization of the analytes. The HPLC sepa-
ration of BHA, BHT, PG, and TBHQ using UV detec-
tion at 280nm shows how effectively these com-
pounds can be separated using the Pinnacle II™ C18
column (Figure 2).

“Natural” antioxidants, such as tocopherols and
tocotrienols, are used to inhibit lipid oxidation and
to promote general health in the consumer. These
compounds are found naturally in products such as
fats and oils. When used as additives, however, they
are regulated. Antioxidants such as tocopherols can
be challenging to analyze, because they readily oxi-
dize when exposed to light or oxygen. The analysis
of four tocopherols by normal phase HPLC, using a
Pinnacle II™ Silica column, shows how effectively
these positional isomers can be separated (Figure
3). These compounds can be quantified using either
fluorescence or UV detection.

HPLC is a powerful tool for analyzing preservatives
in a wide range of consumer products. One of its
advantages is that many times only minimal sample
preparation is required. Chromatographic tech-
niques allow analysts to separate preservatives from
other compounds in the sample matrix, improving
the overall quality of the results. For analyzing
organic acids, the Ultra Aqueous C18 column is the
perfect choice, offering superior retention and
reproducibility for polar compounds, even when
using highly aqueous mobile phases. Pinnacle II™

C18 and silica HPLC columns are excellent choices
for analyses of preservative compounds such as
parabens, benzoate and sorbate salts, phenolic
antioxidants, and tocopherols. Pinnacle II™ columns
also are available with C8, phenyl, and amino sta-
tionary phases.

1. Fennema, Owen R. Food Chemistry (1996), Marcel Dekker,
New York.

2. Nollet (ed.), Food Analysis by HPLC (2000), 2nd edition,
Marcel Dekker, New York.

3. Foulke, Judith E. "A Fresh Look at Food Preservatives" in FDA
Consumer (October 1993), US. Food & Drug Administration.

by Rebecca Wittrig, Ph.D., Food, Flavors, and Fragrances Innovations Chemist

HPLC Analysis of Preservatives 
Using Ultra Aqueous and Pinnacle II™

Columns
✔ Minimal sample preparation saves time.
✔ Ultra Aqueous C18 column provides superior retention and reproducibility for polar

compounds.
✔ Pinnacle II™ Silica column resolves tocopherol isomers.

Figure 1
An Ultra Aqueous C18 column shows excellent retention of organic acids typically found

in foods, beverages, personal care products, etc.

LC_0140
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6

0 1 2 3 4 5 min.

Peak List: Conc. (µg/mL):
1. malonic acid 500
2. lactic acid 500
3. acetic acid 1000
4. citric acid 1000
5. succinic acid 2000
6. fumaric acid 10

Sample:
Solvent: HPLC-grade water
Inj.: 10µL

Column: Ultra Aqueous C18
Catalog #: 9178565 
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: 50mM potassium phosphate, pH 2.5: 

acetonitrile (99:1)
Flow: 1.5mL/min.
Temp.: 25°C
Det.: UV @ 210nm

Questions?
Contact the industry’s best Technical Service
Team at 800-356-1688 or 814-353-1300, ext.
4, or contact your local Restek representative.
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Figure 3
A Pinnacle II™ Silica column effectively sepa-

rates the positional isomers of tocopherol
by normal phase HPLC.

Figure 2
Phenolic antioxidants can be quantitated easily using a Pinnacle II™ C18 column and UV

detection at 280nm.

LC_0198

1
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4

0 2 4 6 8 10 12 14 16 18 min.

Peak List: conc.: (ppm)
1. propyl gallate 168
2. TBHQ 182
3. 2-BHA + 3-BHA 197
4. BHT 193

Sample:
Inj.:  10µL
Conc.:  see peak list
Solvent:  methanol

Column: Pinnacle II™ C18
Catalog #: 9214565  
Dimensions:  150 x 4.6mm
Particle Size: 5µm
Pore Size:     110Å

Conditions:
Mobile Phase:  A = 1% acetic acid in water

B = methanol
Time A B
(min.) (%) (%)

0 50 50
4 50 50
10 10 90
25 10 90
26 50 50

Flow: 1.0mL/min
Temp.: 30°C  
Det.: UV @ 280nm

1

2

3

4

0 2 4 6 8 10 12 14 min.

LC_0197

Peak List:
1. α-tocopherol
2. β-tocopherol
3. γ-tocopherol
4. δ-tocopherol

Column: Pinnacle II™ Silica
Catalog #: 9210565  
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase: isopropyl alcohol:hexane (0.5:99.5)
Flow: 0.6 mL/min
Temp.: 30°C  
Det.: UV @ 295nmPinnacle II™ C18 5µm Columns

Pinnacle II™ Silica 5µm Columns

Ultra Aqueous C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# price
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.# price
30mm 9210531 9210532 9210533 9210535
50mm 9210551 9210552 9210553 9210555

100mm 9210511 9210512 9210513 9210515
150mm 9210561 9210562 9210563 9210565
200mm 9210521 9210522 9210523 9210525
250mm 9210571 9210572 9210573 9210575

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.# price
30mm 9214531 9214532 9214533 9214535
50mm 9214551 9214552 9214553 9214555

100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
200mm 9214521 9214522 9214523 9214525
250mm 9214571 9214572 9214573 9214575

XF
Fitting

Guard
Cartridge

XG-XF
Fitting

Cap
Frit

End
Fitting

Trident™ Integral HPLC Guard Column System
Maximum protection against contaminants and particulate matter.

Trident™ Direct
HPLC Guard Column System
Three levels of protection!

Trident™ Direct high-pressure filter
Protection against particulate matter.

Trident™ Direct 1cm guard cartridge
holder with filter

Moderate protection against particulate matter and
irreversibly adsorbed compounds.

Trident™ Direct 2cm guard cartridge
holder with filter

Maximum protection against particulate matter and
irreversibly adsorbed compounds.

Sample:
Inj.: 10µL
Conc.: approx. 1.25% soy oil
Solvent: hexane

formoreinfo For additional information about Trident™ guard columns,
request the Trident™ Fast Facts (lit. cat.# 59314 and 59896).
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MTBE & Oxygenate Analysis
Using an Rtx®-VGC GC Column

Gasoline and other fossil fuels are derived from
petroleum and consist mainly of compounds con-
taining only carbon and hydrogen atoms.
Oxygenates are compounds that contain oxygen
atoms in addition to carbon and hydrogen. Methyl
tert-butyl ether (MTBE) is the most common fuel
oxygenate. MTBE was first introduced into gasoline
in 1979 to reduce overall emissions, replace lead
and increase octane. In 1992, gasoline with up to
15% MTBE content by volume was used nationally
to meet the first federally mandated wintertime
reduction of carbon monoxide. With over one mil-
lion underground fuel tanks in the United States
alone, contamination of ground and surface water
with oxygenates and gasoline components is a
major environmental concern. Potentially, storage
tanks worldwide will require cleanup. An equally
challenging task is the identification and quantita-
tion of these fuel-derived pollutants. 

The US Environmental Protection Agency (EPA) has
not sanctioned any method specifically for the
analysis of oxygenates in gasoline. However, envi-
ronmental laboratories have used a variety of meth-
ods to report these analytes, such as US EPA
Methods 8015, 8020, and 8260. The three methods
listed use a flame ionization detector (FID), pho-
toionization detector (PID) and mass spectrometry
(MS) respectively. Because gasoline range organic
(GRO) samples can contain both petroleum and
oxygenate components, chromatographic resolution
is preferred regardless of the method used. One
example involves the compounds MTBE and tert-
butyl alcohol (TBA). Regulatory agencies recom-
mend adding TBA to the target list for contaminated
sites known to contain MTBE because it is both a
breakdown product of MTBE and a gasoline addi-
tive. Both MTBE and TBA respond on the PID
(Method 8020) and they share ions (MS by Method
8260), so MTBE and TBA must be resolved regard-
less of which detector is used. 

The medium polarity Rtx®-VGC phase makes these
columns ideal for the analysis of both hydrocarbons
and oxygenates. The unique polarity of these
columns improves the separation of oxygenates,
which ensures more accurate detection when using
PID. Restek does not recommend using FID alone
for detecting these compounds.

A 30m, 0.45mm ID, 2.55µm Rtx®-VGC column
helps determine low concentrations of oxygenates
in the presence of aliphatic compounds, resolving
MTBE from 2-methylpentane, 3-methylpentane, and
TBA (Figure 1). Furthermore, these optimized col-
umn dimensions allow the correct desorb flow
rates from the purge and trap, faster analyses times,
and better resolution of closely eluting peaks, com-
pared to tradional 0.53mm ID columns.  The oxy-
genates can be identified by using MS detection
(Figure 2). 

One commonly overlooked compound in the analy-
sis of GRO samples is chlorobenzene. Figure 1 does
not include chlorobenzene, however another analy-

sis under identical conditions shows the retention
time of chlorobenzene relative to ethylbenzene and
m/p-xylene (Figure 3). Because the action limit for
chlorobenzene is many times lower than for ethyl-
benzene, these compounds must be resolved.
Environmental laboratories should keep in mind
that even if clients do not specifically request data
for chlorobenzene, these samples may require
reprocessing in the future to determine if
chlorobenzene is present. Without resolution of
these analytes, it may not be possible to use the PID
to provide such information.

The success of the GC/PID method is based on the
ability of the analytical column to resolve oxy-
genates from the early-eluting alkanes, alkenes,
and, to a lesser extent, alkynes. To minimize false
positive results for MTBE or other oxygenates, it is
important to separate 2-methylpentane and 3-
methylpentane. Non-polar phases (e.g., Rtx®-1 and
DB-MTBE columns) have been recommended for
separating these compounds. However, these phas-
es are incompatible with polar compounds, which
can result in broader peaks and lower capacity for
the alcohols. The Rtx®-VGC column will increase
your level of confidence in your analytical data and
prevent high bias. It is an ideal choice for analyzing
gasoline additives in GRO samples.

by Christopher English, Environmental Applications Chemist

✔ More accurate results through better resolution of target compounds.
✔ Determine low concentrations of oxygenates in the presence of aliphatic compounds.
✔ Resolve methyl-tert-butyl ether (MTBE) from target tert-butyl alcohol (TBA).
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Column: Rtx®-VGC 30m, 0.45mm, 2.55µm (cat.# 19408)
Inj.: Each component 100ppb in 5mL of RO water, except tert-butyl alcohol 5000ppb; 2/1-methynaphthalene 150ppb;

ethyl methyl benzene 50ppb. 
GC: Finnigan 9001 
Oven temp.: 40°C (hold 2 min.) to 130°C @ 6°C/min. (hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.). 
Carrier gas: helium @ ~8mL/min.
Detector: Finnigan PID, make up 7mL/min., purge 7mL/min., set @ 0.35mV, base temperature 200°C.

1. 2-methylpentane
2. 3-methylpentane
3. methyl-tert-buyl ether
4. tert-butyl alcohol
5. diisopropyl ether
6. ethyl-tert-butyl ether
7. isooctane
8. n-heptane
9. benzene

10. tert-amyl-methyl ether
11. α,α,α-trifluorotoluene
12. toluene
13. 1-chloro-3-fluorobenzene
14. ethylbenzene
15. m-xylene
16. p-xylene
17. o-xylene
18. isopropylbenzene
19. ethyl-methylbenzene
20. 1,3,5-trimethylbenzene
21. 1,2,4-trimethylbenzene
22. 4-bromochlorobenzene
23. naphthalene
24. 2-methylnaphthalene
25. 1-methylnaphthalene

GC_EV00465

19

min. 5 10 15 20

Figure 1
Use purge and trap concentration and an Rtx®-VGC column to resolve oxygenates
and other target gasoline compounds better than with other columns specifically

designed to resolve MTBE. 

MTBE resolved from
2-methylpentane,
3-methylpentane,

and TBA



Universal “Y” Press-Tight® Connector

with data pack

Figure 3
The Rtx®-VGC column resolves chlorobenzene from ethylbenzene, for reliable quantitation.

Figure 2
Methyl-tert-butyl-ether, tert-butyl alcohol, and closely eluting hydrocarbons separated for

identification by MS.
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Column: Rtx®-VGC 30m, 0.45mm ID,
2.55µm (cat.# 19408)

Inj.: splitless injection w/ 0.5 min.
purge off
Compounds at 100ppm

Oven temp.: 35°C (hold 5 min.)
Carrier gas: helium @ ~8mL/min.
Detector: Agilent 5971A
Scan range: 35 to 200amu

1. pentane
2. ethanol
3. 2-methylpentane
4. 3-methylpentane
5. methyl tert-butyl ether
6. tert-butyl alcohol
7. diisopropyl ether
8. ethyl-tert-butyl ether

GC_EV00466
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Column: Rtx®-VGC 30m, 0.45mm, 2.55µm (cat.# 19408)
Inj.: 100ppb in 5mL of RO water
Oven temp.: 40°C (hold 2 min.) to 130°C @ 6°C/min. 

(hold 0 min.) to 230°C @ 30°C/min. (hold 2 min.)
Carrier gas: helium @ ~8mL/min.
Detector: Finnigan PID, make up 7mL/min., purge 

7mL/min., set @ 0.35mV, base temperature 200°C

1. benzene
2. α,α,α-trifluorotoluene
3. toluene
4. ethylbenzene
5. chlorobenzene
6. m-xylene
7. p-xylene
8. o-xylene
9. 4-bromo-1-chlorobenzene

GC_EV00468

min.0 5 10 15 20

Rtx®-VGC (Fused Silica) Stable to 260°C

ID df (µm) temp. limits 30-Meter 60-Meter 75-Meter 105-Meter
0.25mm 1.40 -40 to 240/260°C 19415 19416
0.32mm 1.80 -40 to 240/260°C 19419 19420
0.45mm 2.55 -40 to 240/260°C 19408 19409
0.53mm 3.00 -40 to 240/260°C 19485 19488 19474 19489
ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -40 to 240/260°C 49414 49415

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000
tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000
In P&T methanol, 1mL/ampul

California Oxygenates Mix

Each 5-pk. 10-pk.
30465 30465-510 —

30465-500 30465-520 30565

Universal “Y” Press-Tight®

Connectors

• Split sample flow onto two different columns.
• Split a single column flow into two detectors.
• Perform confirmational analysis with a single

injection. 
• Fits 0.18, 0.25, 0.32, & 0.53mm ID columns.

qty. cat.# price
ea. 20405

3-pk. 20406

Straight Silcosteel® Tubing
• Ideal for transfer lines, adsorbent traps, and thermal desorption tubes.
• Available in 1/8- and 1/4-inch OD.
• Easily cut to specific lengths.
18" (457mm) Length

ID OD qty. cat.# price
0.085" (2.16mm) 1/8" (3.18mm) ea. 20575
0.085" (2.16mm) 1/8" (3.18mm) 5-pk. 20576
0.210" (5.33mm) 1/4" (6.35mm) ea. 20577
0.210" (5.33mm) 1/4" (6.35mm) 5-pk. 20578

Standards for Underground
Storage Tank Monitoring

(UST)

Monitoring underground storage tanks (UST)
for leaks continues. Many states continue to

modify existing analytical methods, with several
states now using risk-based management of

compounds involved. These new methods often
pose challenges to the analyst, and require
unique mixtures for calibration and matrix

spike samples.

Restek continues to monitor the situation and
respond with calibration mixtures to meet
these needs. For our extensive selection of

chemical standards for UST analyses, please
refer to our 2002 Chromatography Products
Catalog (lit. cat. #59662). For mixtures not

listed there, please contact Technical Service at
800-356-1688 or 814-353-1300, ext. 4, or
contact your local Restek representative.

Restek is your #1 source for pesticide reference materials!
✔ Extensive selection of stock mixtures and single-component solutions.
✔ Custom mixtures made to your exact specifications.
Fax our reference materials department (814-353-1309) or contact your local Restek
representative for more information.



• 8 •www.restekcorp.com

New Analytical Reference Materials
ASTM D2887-01, Certified PAHs in Diesel #2, Single Component Explosives,

US EPA 8270 Semivolatiles MegaMix™, Canadian PHC, and More!

ASTM Method
D2887-01
Calibration Mixes

pentane (C5)
hexane (C6)
heptane (C7)
octane (C8)
nonane (C9)
decane (C10)
undecane (C11)
dodecane (C12)
tetradecane (C14)
pentadecane (C15)

hexadecane (C16)
heptadecane (C17)
octadecane (C18)
eicosane (C20)
tetracosane (C24)
octacosane (C28)
dotriacontane (C32)
hexatriacontane (C36)
tetracontane (C40)
tetratetracontane (C44)

1% weight each in carbon disulfide, 1g solution/ampul

5% weight each, 1g/ampul

Certified PAHs in
Diesel #2

Certified PAHs Typical Certified Conc. (ppm)
acenaphthene 7
acenaphthylene 1
anthracene 13
fluorene 6
1-methylnaphthalene 110
2-methylnaphthalene 60
naphthalene 30
phenanthrene 13

50,000ppm diesel #2 in methylene chloride, PAH concentra-
tions listed above, 1mL/ampul

Certified Aromatics
in Gasoline

Certified for:
benzene
ethylbenzene
m-ethyltoluene
o-ethyltoluene
p-ethyltoluene
isopropylbenzene
methyl tert-butyl ether
naphthalene

n-propylbenzene
toluene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, certified components
listed, 1mL/ampul

Certified BTEX in
Unleaded Gas
Composite Standard

Certified for:
benzene
ethylbenzene
isopropyl benzene
methyl tert-butyl ether

naphthalene
toluene
m-xylene
o-xylene
p-xylene

5,500ppm gasoline in P&T methanol, certified components
listed, 1mL/ampul

Canadian PHC
• Meets CCME 2001 Petroleum Hydrocarbons in Soil

Method–Tier1.
• Primary reference calibration standards for quantifica-

tion of four fractions.

• Meet new requirements for the 2001
revision of ASTM 2887-01.

• Pentane added.
• Equal weight/weight concentrations of all

components—1% or 5%.
• Designed for both calibration and reso-

lution tests—one sample for both test
criteria.

• Confirm diesel #2 TPH and priority PAHs
in a single analysis.

• Certificate of Analysis includes concentra-
tion of TPH and certified concentrations of
individual PAHs.

• Complete data pack available. with data pack

Each 5-pk. 10-pk.
31673 31673-510 —

31673-500 31673-520 31773

• Confirm unleaded gasoline TPH, BTEX, and
aromatics in a single analysis.

• Certificate of Analysis includes concentration
of TPH and certified concentrations of BTEX
and individual aromatics.

• Complete data pack available.

with data pack

Each 5-pk. 10-pk.
30485 30485-510 —

30485-500 30485-520 30585

with data pack

Each
30237

30237-500

5-pk.
30237-510

30237-520

10-pk.
—

30337

with data pack

Each 5-pk. 10-pk.
31674 31674-510 —

31674-500 31674-520 31774

with data pack

Each 5-pk. 10-pk.
31675 31675-510 —

31675-500 31675-520 31775

decane (C10)
hexadecane (C16)
tetratriacontane (C34)
5,000µg/mL each in toluene, 1mL/ampul

CCME PHC Calibration Mix

pentacontane (C50)
10µg/mL in toluene, 1mL/ampul

C50 in Toluene

with data pack

Each 5-pk. 10-pk.
31684 31684-510 —

31684-500 31684-520 31784

with data pack

Each 5-pk. 10-pk.
31685 31685-510 —

31685-500 31685-520 31785

12steps

1. Review method requirements
2. Verify compatibility and stability
3. Test raw materials
4. Certify balance and weights
5. Prepare glassware and ampuls
6. Prepare and package mixture
7. Test to assure quality
8. Validate expiration dates and shelf-life
9. Product packaging

10. Restek documentation
11. ISO 9001 registration
12. Custom reference materials program

For details on these 12 steps, refer to the annual
Chromatography Products Catalog (lit. cat.#
59662) or contact Technical Service.

That put
Restek
Reference
Materials
above the rest!
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New Analytical Reference Materials
ASTM D2887-01, Certified PAHs in Diesel #2, Single Component Explosives,

US EPA 8270 Semivolatiles MegaMix™, Canadian PHC, and More!

Individual 5-pk. 10-pk.
Compound Solvent µg/mL Individual w/data pack 5-pk. w/data pack w/data pack
Packaged 1mL/ampul
2-amino-4,6-dinitrotoluene mix A 1,000 31670 31670-500 31670-510 31670-520 31770
4-amino-2,6-dinitrotoluene mx A 1,000 31671 31671-500 31671-510 31671-520 31771
3,5-dinitroaniline mix A 1,000 31661 31661-500 31661-510 31661-520 31761
1,3-dinitrobenzene mix A 1,000 31662 31662-500 31662-510 31662-520 31762
2,4-dinitrotoluene mix A 1,000 31663 31663-500 31663-510 31663-520 31763
2,6-dinitrotoluene mix A 1,000 31664 31664-500 31664-510 31664-520 31764
HMX mix A 1,000 31665 31665-500 31665-510 31665-520 31765
nitrobenzene mix A 1,000 31657 31657-500 31657-510 31657-520 31757
2-nitrotoluene mix A 1,000 31659 31659-500 31659-510 31659-520 31759
3-nitrotoluene mix A 1,000 31660 31660-500 31660-510 31660-520 31760
4-nitrotoluene mix A 1,000 31658 31658-500 31658-510 31658-520 31758
RDX mix A 1,000 31666 31666-500 31666-510 31666-520 31766
tetryl mix A 1,000 31667 31667-500 31667-510 31667-520 31767
1,3,5-trinitrobenzene mix A 1,000 31668 31668-500 31668-510 31668-520 31768
2,4,6-trinitrotoluene mix A 1,000 31669 31669-500 31669-510 31669-520 31769

Single-Component
Explosives Solutions

Semivolatiles MegaMix™

US EPA Method 8270

• Support the US Department of Defense base clo-
sures and remediation.

• Mixtures and singles to support HPLC US EPA
Method 8331.

• Mixtures and singles to support GC/ECD US EPA
Method 8095.

• Internal standards and surrogates to support
both methods.

Column: Rtx®-5 30m, 0.25mm ID, 0.25µm
(cat.# 10223-124)

Inj. temp.: 250°C
Carrier gas: helium 
Flow rate: 1mL/min.
Oven temp.: 35°C (hold 2 min.) to 330°C @ 4°C/min.
Det.: MS
Tranfer line temp.: 300°C

1. pyridine
2. N-nitrosodimethylamine
3. aniline
4. phenol
5. bis(2-chloroethyl)ether
6. 2-chlorophenol
7. 1,3-dichlorobenzene
8. 1,4-dichlorobenzene
9. 1,2-dichlorobenzene

10. benzyl alcohol
11. bis(2-chloroisopropyl)ether
12. 2-methylphenol
13. hexachloroethane

14. N-nitroso-di-n-propylamine
15. 4-methylphenol*
16. 3-methylphenol*
17. nitrobenzene
18. isophorone
19. 4-nitrophenol
20. 2,4-dimethylphenol
21. bis(2-chloroethoxy)methane
22. 2,4-dichlorophenol
23. 1,2,4-trichlorobenzene
24. naphthalene
25. 4-chloroaniline
26. hexachlorobutadiene

27. 2-methylnaphthalene
28. 4-chloro-3-methylphenol
29. 1-methylnaphthalene
30. hexachlorocyclopentadiene
31. 2,4,6-trichlorophenol
32. 2,4,5-trichlorophenol
33. 2-chloronaphthalene
34. 2-nitroaniline
35. 1,4-dinitrobenzene
36. acenaphthylene
37. 1,3-dinitrobenzene
38. dimethyl phthalate
39. 2,6-dinitrotoluene

40. 1,2-dinitrobenzene
41. acenaphthene
42. 3-nitroaniline
43. 2,4-dinitrophenol
44. dibenzofuran
45. 2,4-dinitrotoluene
46. 2-nitrophenol
47. 2,3,4,6-tetrachlorophenol
48. 2,3,5,6-tetrachlorophenol
49. fluorene
50. 4-chlorophenyl phenyl ether
51. diethyl phthalate
52. 4-nitroaniline

53. 4,6-dinitro-2-methylphenol
54. diphenylamine
55. azobenzene
56. 4-bromophenyl phenyl ether
57. hexachlorobenzene
58. pentachlorophenol
59. phenanthrene
60. anthracene
61. carbazole
62. di-n-butyl phthalate
63. fluoroanthene
64. pyrene
65. benzyl butyl phthalate

66. bis(2-ethylhexyl)adipate
67. benzo(a)anthracene
68. chrysene
69. bis(2-ethylhexyl)phthalate
70. di-n-octyl phthalate
71. benzo(b)fluoroanthene
72. benzo(k)fluoroanthene
73. benzo(a)pyrene
74. indeno(1,2,3-cd)pyrene
75. dibenzo(a,h)anthracene
76. benzo(ghi)perylene

GC_EV00610

Solvent A=acetonitrile

1,000µg/mL each in methylene chloride:benzene (75:25)
except where noted, 1mL/ampul

with data pack

Each 5-pk. 10-pk.
31686 31686-510 —

31686-500 31686-520 31786

See peak list for compounds.

• Fewest mixtures needed for calibration and matrix spikes.
• Mixtures formulated for maximum stability.
• Contains most routinely analyzed compounds.

*Concentration is 500µg/mL.

200µg/mL each in methanol:methylene chloride:benzene
(80:15:5) except where noted, 5mL/ampul

with data pack

Each 5-pk. 10-pk.
31687 31687-510 —

31687-500 31687-520 31787

8270 MegaMix™

8270 Matrix
Spike Mix
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The analytical column is the heart of your HPLC
system. Taking proper care of your column ensures
that you get reproducible results for a maximum
number of sample injections. By following the rec-
ommendations listed below, you can extend the life-
time of your column and improve the accuracy and
reproducibility of your results.

Sample Preparation
The cleaner your samples, the longer your column
will last. Obviously, there will be times when you
must compromise column lifetime in order to
reduce sample preparation efforts. At the very least,
though, you should filter samples through a 0.45µm
syringe tip filter to ensure they are free of particles.
Restek offers a range of syringe filters, from
0.20µm to 1.00µm, in either nylon or PTFE. Also,
make sure that all samples are completely soluble
in the mobile phase. If you are running a mobile
phase gradient, sample solubility should be verified
at the low and high extremes of organic content. 

Mobile Phases
Filter mobile phases (especially buffers) through a
0.45µm membrane. A 0.2µm filter removes bacteria
as well as other particles. If you are running a gradi-
ent with a buffer, make sure the buffer salt remains
in solution even at the highest percent organic.  

Column Storage
Store columns in an appropriate solvent that con-
tains at least 10% organic solvent and is free of
salts or buffers. Seal a stored column with end
plugs and label the column with the storage solvent,
to avoid inadvertently combining incompatible sol-
vents in the column when using it later.  If a column
is dedicated to a particular analysis, the analyte or
method name should be recorded on the column.

Column Protection
Use a guard filter and guard column. Change filters
and guard columns regularly or at the first signs of
impaired performance (e.g., increased pressure,

loss of efficiency or peak symmetry). The Trident™

guard system allows you to choose a configuration
that best suits the needs of your particular applica-
tion: a Trident™ in-line guard cartridge, the
Trident™ Direct system, or the Trident™ Integral
guard system. (For illustrations of Trident™ systems,
see page 5.) Each system can be built from a par-
ticulate filter frit, a filter frit with a 1cm guard col-
umn, or a filter frit with a 2cm guard column.
Alternatively, a Trident™ in-line or direct system can
be configured as a guard cartridge holder without
the filter frit.

Column Cleanup
Ben Franklin said, “An ounce of prevention is
worth a pound of cure.” The same rings true for
column maintenance: clean the column periodical-
ly. If you wait for column performance to signifi-
cantly deteriorate before cleaning, you may have to
repeat your analyses. The most effective cleanup
technique is to backflush the column to remove the
strongly adsorbed impurities that tend to accumu-
late at the head of the column. Do not flush into the
detector because particles from the inlet frit could
damage the detector. To clean the column, flush it
with a strong solvent (e.g., high organic for
reversed phase columns). If you are using a buffer,
make sure it is completely flushed from the column
and the system before switching to a mobile phase
with a high percentage of organic solvent. This will
prevent salts from precipitating. If you are doing
repetitive isocratic analyses, periodically (i.e., every
ten samples or so) use a gradient from weaker to
stronger solvent to prevent the accumulation of
strongly retained impurities. When cleaning
columns, flush with a minimum of ten column vol-
umes.

Avoid Extremes
Follow the column manufacturer’s recommenda-
tions for usable pH and temperature ranges. Most
silica-based columns will have a recommended pH
range of around 2.5-7.5. Lifetimes for these
columns will be maximized if the pH can be main-
tained between 3 and 7. Similarly, although most
silica-based columns can be operated at tempera-
tures up to 80°C, lifetime generally will be greatest
if the column temperature does not exceed 40°C.
Column manufacturers usually do not specify pres-
sure limits, but higher pressures decrease column
lifetime, especially as pressure exceeds 2000psi
(~140 bar). Pressures above 3000psi (~200 bar)
should be avoided if at all possible.

Conclusion
By following these recommendations, you will pro-
long the life of your analytical column and reduce
the chances for unpleasant surprises during your
routine analyses. If you have any questions, the
Restek Technical Service Team will be happy to
help you—call 814-353-1300 or 800-356-1688,
ext. 4, or contact your local Restek representative.

by Greg France, HPLC Product Marketing Manager, and Terry Reid, HPLC Applications Chemist

Tips for Maximizing HPLC
Column Lifetime

✔ Extend the lifetime of your analytical HPLC column.
✔ Achieve more reproducible analyses.
✔ Protect your chromatographic system.

Filter Diameter Porosity qty. Nylon PTFE
13mm 0.20µm 100-pk. 26066 26068
13mm 0.45µm 100-pk. 26067 26069
25mm 0.20µm 50-pk. 26070 26072
25mm 0.45µm 50-pk. 26071 26073
25mm 1.00µm 50-pk. — — 26074

Resprep™ SPE Syringe Filters

Trident™ Direct Guard Column System
Description qty. cat.# price
High-pressure filter ea. 25082
1cm guard cartridge holder with filter ea. 25084
2cm guard cartridge holder with filter ea. 25086
Connection tip for Waters®-style end fittings ea. 25088
PEEK® tip standard fittings ea. 25087
Replacement Cap Frits: 4mm, 2.0µm 5-pk. 25022
Replacement Cap Frits: 4mm, 0.5µm 5-pk. 25023
Replacement Cap Frits: 2mm, 2.0µm 5-pk. 25057

Inert PEEK® Tubing
Description qty. cat.# price
PEEK® Tubing, 1/16" OD x 0.0025" ID Natural 3m 25320
PEEK® Tubing, 1/16" OD x 0.005" ID Red Stripe 3m 25065
PEEK® Tubing, 1/16" OD x 0.007" ID Yellow Stripe 3m 25066
PEEK® Tubing, 1/16" OD x 0.010" ID Blue Stripe 3m 25067
PEEK® Tubing, 1/16" OD x 0.020" ID Orange Stripe 3m 25068

formoreinfo For additional information about Trident™ guard columns,
request the Trident™ Fast Facts (lit. cat.# 59314 and 59896).
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Figure 2
Quantitative analysis of Aroclor® standards
in less than 6 minutes, using an Rtx®-5 GC

column and the GC Racer system.

by Mike Goss, Instrument Innovations Engineer, Gary Stidsen, Innovations Manager,
and Donna Lidgett, GC Accessories Product Marketing Manager

Fast Analysis of Aroclor® PCBs
With the GC Racer* Temperature

Programming System

✔ Increase sample throughput without investing a large amount of capital.
✔ Easy to operate and install—truly a “plug and play” accessory.
✔ Operate your Agilent 5890 GC as fast as a 6890!

Figure 1
The GC Racer allows a temperature program

rate of up to 70°C/min. to be maintained
up to 350°C!

GC: Agilent 5890; Service: 120V/15 amp;
Start Temp: 20°C; set oven to 400°C and monitor

oven temp.

Fast temperature programs are commonly used in
gas chromatographic (GC) applications to speed up
elution of high boiling point compounds and late
eluters. The most common GC, the Agilent 5890,
has a maximum temperature program rate of
70°C/min., but heating elements in the 5890 only
allow this maximum temperature program rate to
be maintained up to a temperature of 100°C. For
analysts trying to push temperature ramps as fast as
possible, this inhibited program rate leads to longer
analyses times and broader peaks. Now, using the
GC Racer auxiliary heating unit, temperature pro-
gram rates of up to 70°C/min. can be maintained
up to 350°C (Figure 1).

Restek and Zip Scientific have teamed up to bring
you the GC Racer temperature programmer, which
consists of a program controller and a resistive
heating element placed on the floor of the GC oven.
The heating element is connected to the controller,
which is plugged into the main PC board of the GC.
When the GC Racer programmer detects that the
factory heating elements are not keeping up with
the programmed heating rate, the GC Racer heater
is brought into the circuit to augment the heat
being supplied to the oven. The GC Racer system
will maintain a temperature program rate of
70°C/min. up to 350°C, or a rate of 60°C/min. to
temperatures as high as 450°C.

The simplicity of GC Racer components and ease of
installation make the GC Racer system a “must
have” add-on accessory for every 5890 GC. 

The auxiliary heater design is similar to that of the
original GC heater. The auxiliary heater plugs into
the GC Racer controller, which plugs into the main
PC board on the GC. The only other connection
needed is to plug the GC Racer controller into a
120V electrical service. At no time during the instal-
lation of the GC Racer system does the column need
to be removed from the oven, or disconnected from
the detector or injection port.

As part of cost reduction efforts, many laboratories
try to reduce individual sample analysis times in the
interest of increasing overall throughput. High-
temperature simulated distillation analyses can take
as long as an hour, especially when samples contain
hydrocarbons up to C110. An effective technique to
reduce analysis time is to use rapid temperature pro-
gramming. By attaching the GC Racer to your Agilent
5890 GC, you can, for example, analyze Aroclor®

standards in less than 6 minutes (Figure 2). This 
can be up to an 80% reduction in analysis time.

The GC Racer system is a highly effective, easily
installed new tool in the quest for high-speed GC.
The analysis speed that now can be achieved will
lead to significant long-term savings of time and
money by decreasing run time and increasing sam-
ple throughput. 

Description qty. cat.# price
For Agilent 5890 Series II (only) GC ea. 23024
For Agilent 5890A (only) GC ea. 23025

Column: Rtx®-5 15m, 0.32mm ID, 0.50µm
(cat.# 10236)

Inj.:  1µL splitless (hold 0.5 min.), Siltek™

Drilled Uniliner® Liner (cat.# 21054-214.1)
Conc.: 400 ppb
Inj. temp.: 250°C 
Carrier gas: hydrogen
Linear velocity: head pressure at 5 psi
Oven temp.: 110°C (hold 1 min.), 60°C/min. to 

300°C, (hold 5 min.)
Det. temp.: 310°C

GC_EV00581

Aroclor®

1242
(cat.# 32009)

GC_EV00584

Aroclor®

1260
(cat.# 32012)

Aroclor®

1248
(cat.# 32010)

Aroclor®

1254
(cat.# 32011)

GC Racer Temperature Programming System

*Patent pending.

GC_EV00583

GC_EV00582

min. 2.0 3.0 4.0 5.0

min. 3.0 4.0 5.0

min. 3.0 4.0 5.0

min. 3.0 4.0 5.0

Reduce quantitative analysis 
time by up to 80%—increase sample

throughput up to 5 times!

For our large selection of Aroclor® PCB
standards, refer to our annual Chromatography
Products Guide (lit. cat.# 59662) or visit our
website.



Figure 2
Stx™-CLPesticides and Stx™-CLPesticides2 columns provide rapid, excellent separation of chlorinated pesticides, and a Siltek™-deactivated Drilled

Uniliner® inlet liner helps ensure high responses for sensitive analytes.
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by Gary Stidsen, Innovations Manager

Inert Inlet System Improves
Responses for Chlorinated

Pesticides
Using the Drilled Uniliner® Inlet Liner

✔ Inert sample path eliminates injection port discrimination.
✔ Reduce detection limits by using a splitless injection port without an on-column

injector.

For years, chemists analyzing chlorinated pesticides
have tried many different injection techniques in
attempts to find the best balance between inertness
and ability to contend with sample contamination.
Cool on-column, split, splitless, and direct injec-
tion, and variations of these injection techniques,
are used today. 

Now, a specially modified injection port liner, devel-
oped by Restek chemists, reduces sample contact
with active metal parts in split/splitless injection ports.
This Drilled Uniliner® liner, shown in Figure 1, gives
the benefits of both direct injection and splitless
injection. The advantage of this liner is that the col-

umn is connected to the liner by a press-fit connec-
tion, thus preventing the sample from contacting the
metal at the bottom of the injection port. Also, the
hole on the side of the liner allows the purge flow to
escape from the liner when the injection mode is
switched from splitless to split.

Inertness
With the Drilled Uniliner® liner, the sample is trans-
ferred directly from the injection port to the col-
umn and contacts only this glass inlet liner. The
configuration allows the sample to be "funneled"
into the column entrance, thereby eliminating the
need for vaporization aids such as fused silica

wool. The test probes endrin and 4,4'-DDT are
good indicators of injection port inertness. Analyses
of the performance evaluation mixture (PEM) show
low breakdown of these compounds when using
this liner. 

For maximum inertness, we recommend using the
Drilled Uniliner® liner in combination with an Stx™-
CLPesticides capillary column, as shown in Figure
2. Siltek™ surface deactivation in these columns fur-
ther ensures maximum responses for the labile pes-
ticides endrin, 4,4'-DDT, and methoxychlor. A spe-
cial polymer formulation designed for organochlo-
rine pesticides enables you to achieve excellent sep-
aration of the 22 chlorinated pesticides in Figure 2
in less than 15 minutes. Comparable analyses on
Rtx®-CLPesticides columns take up to 24 minutes
(Figure 2, inset).

Calibration 
Linearity and continuing calibration checks for the
chlorinated pesticides also are critical parameters
that must be monitored. Table 1 indicates typical

1. 2,4,5,6 tetrachloro-
m-xylene (IS)

2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE

12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl (IS)

Oven temp.: 110°C (hold 1 min.) to 245°C @ 20°C/min.
to 300°C @ 6°C/min.

Inj. & det. temp.: 210°C / 310°C
Carrier gas: helium
Dead time: 0.8min. @ 120°C
Inlet liner: Siltek™ Drilled Uniliner® liner (cat.# 21055-214.5)
Inj.: 1µL direct injection of 20/40/200ng/mL std.

concentration in hexane
Make-up gas: nitrogen

1
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30m, 0.32mm ID, 0.5µm Stx™-CLPesticides (cat.# 11544) 30m, 0.32mm ID, 0.25µm Stx™-CLPesticides2 (cat.# 11444)
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GC_EV00512

Figure 1
The drilled hole in a Uniliner® injection port
liner makes direct injection possible with

EPC systems by equalizing pressure in the
injection port.
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21

22

min. 10 24GC_EV00075

On-column concentration:
16–160pg organochloride
pesticide mix AB#2
(cat.# 32292)

Oven temp.: 120°C (hold 1 min.) to 300°C
(hold 10 min.) @ 9°C/min.

Inj. port: Direct, Uniliner® liner
(cat.# 20335), at 200°C

Detector: ECD, 300°C with Anode Purge 
Dead time: 1.9 min.
Head pressure: 8.7psi (constant)
Flow rate: 1.3mL/min. @ 120°C, helium.

30m, 0.32mm ID, 0.25µm
Rtx®-CLPesticides2

(cat.# 11324)

Traditional analyses on
Rtx®-CLPesticides columns take

up to 24 minutes.



with data pack

with data pack

• 13 • www.restekcorp.com• 13 •

Table I
Small relative standard deviations for calibration factors show a Drilled Uniliner® inlet liner efficiently

transfers the sample to the column.

Relative Standard Deviation (%)
CLPesticides CLPesticides2

Column Column
α-BHC 7.0 7.5
γ-BHC 3.3 3.8
β-BHC 10.2 9.6
δ-BHC 6.0 7.1
heptachlor 4.2 10.9
aldrin 2.3 1.2
heptachlor epoxide 10.7 8.6
γ-chlordane 6.8 6.7
α-chlordane 8.3 6.7
4,4' DDE 2.3 3.3
endosulfan I 9.2 8.3
dieldrin 7.6 6.6
endrin 4.9 5.3
4,4' DDD 2.7 4.1
endosulfan II 9.9 9.7
4,4' DDT 3.8 2.4
endrin aldehyde 12.3 13.3
methoxychlor 10.2 10.8
endosulfan sulfate 9.3 10.6
endrin ketone 7.9 5.3

DI Liners for Agilent 5890/6890 GCs 
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD &
Length (mm)

cat.#/price
ea.

cat.#/price
5-pk.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5

21390-214.1 21391-214.5

Standard: cat#. 32292,  8/16/80µg/mL
in hexane:toluene (1:1)

Calibration curve standards:
5/10/50ng/mL in hexane
20/40/200ng/mL in hexane
80/160/800ng/mL in hexane

Uniliner® Inlet Liners for Agilent GCs

Chlorinated pesticides listed in US EPA Method 8081.

Stx™-CLPesticides (Fused Silica with Siltek™ deactivation)
ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.25 -60 to 310/330°C 11540 11543
0.32mm 0.50 -60 to 310/330°C 11541 11544
0.53mm 0.50 -60 to 310/330°C 11542 11545

Stx™-CLPesticides2 (Fused Silica with Siltek™ deactivation)
ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.20 -60 to 310/330°C 11440 11443
0.32mm 0.25 -60 to 310/330°C 11441 11444
0.53mm 0.42 -60 to 310/330°C 11442 11445

*Nominal ID at syringe needle expulsion point.

decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene
200µg/mL each in acetone, 1mL/ampul

Pesticide Surrogate Mix

Each 5-pk. 10-pk.
32000 32000-510

32000-500 32000-520 32100

aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
α-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (B) 8
methoxychlor 80

In hexane:toluene (1:1), 1mL/ampul

Organochlorine
Pesticide Mix AB #2

Each 5-pk. 10-pk.
32292 32292-510

32292-500 32292-520 32392

The Drilled Uniliner® inlet liner is the
first inlet liner to allow direct injections

in EPC systems!INNOVATION

linearity values (% RSD) obtained using a Drilled
Uniliner® liner and Rtx®-CLPesticides columns.
Equivalent results are obtained with
Stx™-CLPesticides columns.

When using a Drilled Uniliner® liner, the efficient
transfer of sample from the injection port to the
column might allow more nonvolatile material to
enter the column. For many samples this will not be
an issue, especially if solid phase cleanup is per-
formed. Using a guard column will help maintain
the analytical column. When necessary, the guard
column can be trimmed to remove the portion
where the nonvolatile material collects (usually the
first 6-12 inches).

Conclusion
The Drilled Uniliner® liner provides the advantages
of both direct and splitless injection liners. The liner
provides a more inert sample pathway to transfer
the sample from the injector to the analytical col-
umn, and it helps eliminate injection port discrimi-
nation. A Drilled Uniliner® liner will reduce the
detection limits for injections made on a splitless
injection port, without the need for an on-column
injector.

O n l i n e   
a t w w w. r e s t e k c o r p . c o mOrdering



Figure 1
The Rtx®-OPPesticides 2 column shows excellent resolution of 53 organophosphorus pesticides.
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by Gary Stidsen, Innovations Manager

Analyzing Organophosphorus
Pesticides

Using an Rtx®-OPPesticides2 Column
and GC/MS

✔ Low column bleed improves resolution of OPPs.
✔ Fast analysis times.
✔ Allows GC/MS analysis of many OPPs.

Typically, organophosphorus pesticides (OPPs) are
analyzed using a dual-column gas chromatograph
with flame photometric detectors (FPD) or nitrogen
phosphorus detectors (NPD). These detectors pro-
vide the sensitivity needed for reporting limits, but
only for a finite number of compounds. However,
the list of compounds continues to increase, due to
the introduction of new pesticides.

As the list of compounds grows, the use of gas
chromatography/mass spectrometry (GC/MS)
becomes more desirable. GC/MS analysis requires
only one column and detector, thereby eliminating
the complexity of the dual-column GC system.
Column bleed and analyte resolution are important
factors in GC/MS analysis. Minimizing column bleed
is important to increase the signal-to-noise ratio for

GC_EV00602

1. dichlorvos
2. hexamethylphosphoramide
3. mevinphos
4. trichlorfon
5. TEPP
6. demeton-O
7. thionazin
8. tributyl phosphate (IS)
9. ethoprop

10. naled
11. sulfotepp
12. phorate
13. dicrotophos
14. demeton-S
15. monocrotophos
16. terbufos
17. dimethoate
18. dioxathion

19. fonophos
20. diazinon
21. disulfoton
22. phosphamidon isomer 
23. dichlorofenthion
24. chlorpyrifos methyl
25. phosphamidon
26. parathion-methyl
27. ronnel
28. fenitrothion
29. aspon
30. malathion
31. chlorpyrifos
32. trichloronate
33. parathion-ethyl
34. fenthion
35. merphos
36. chlorfenvinphos

37. crotoxyphos
38. stirofos
39. tokuthion
40. merphos oxon

(breakdown product) 
41. ethion
42. fensulfothion
43 bolstar
44. carbophenothion
45. famphur
46. triphenyl phosphate (SS)
47. EPN
48. phosmet
49. leptophos
50. tri-o-cresyl phosphate
51. azinphos-methyl
52. azinphos-ethyl  
53. coumaphos

Column: Rtx®-OPPesticides2 30m, 0.25mm ID, 0.25µm (cat.# 11243)
Sample: Custom Mix, plus:

8140/8141 OP Pesticides Calibration Mix A (cat.# 32277)
8141 OP Pesticides Calibration Mix B (cat.# 32278)
Triphenylphosphate Standard (cat.# 32281)
Tributylphosphate Standard (cat.# 32280)

1µL, 100ppm each (100ng on column) 
Inj.: 1.0µL splitless (hold 0.4 min.), 4mm double

gooseneck inlet liner (cat.# 20785)
Inj. temp.: 250°C

Carrier gas: helium, constant flow  
Flow rate: 1.0mL/min. 
Oven temp.: 80°C (hold 0.5 min.) to 140°C @ 20°C/min.

to 210°C @ 4°C/min. (hold 1 min.) to 
280°C @ 30°C (hold 5 min). 

Det: MS
Transfer line temp.: 280°C
Scan range: 35-400amu
Ionization: EI

the late-eluting compounds at the detection limits.
Although the MS can spectrally resolve the sample
components, fewer coelutions in the chromatogram
make data processing easier, including confirma-
tion by spectral identification.

Using sophisticated computer-assisted stationary
phase development (CASPD) software, Restek
chemists designed the Rtx®-OPPesticides2 column
to provide low bleed and improve resolution for
OPP analysis by MS (Figure 1). Not only are the
separations dramatically improved compared to tra-
ditional columns for this analysis, but also the
analysis time can be reduced by almost 50%.

The combination of an Rtx®-OPPesticides2 GC col-
umn with MS is an excellent system for analyzing
long lists of OPPs. The column exhibits very low
bleed and excellent resolution for these com-
pounds.
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ID df (µm) temp. limits 20-Meter 30-Meter
0.18mm 0.20 -20 to 310/330°C 11244
0.25mm 0.25 -20 to 310/330°C 11243
0.32mm 0.32 -20 to 310/330°C 11241
0.53mm 0.50 -20 to 310/330°C 11242

Rtx®-OPPesticides2 Columns (Fused Silica) Stable to 310°C

8140/8141 OP Pesticide Calibration Mix A
azinphos methyl
bolstar (sulprofos)
chlorpyrifos
coumaphos
demeton, O and S
diazinon
dichlorvos
disulfoton
ethoprop
fensulfothion

fenthion
merphos
methyl parathion
mevinphos
naled
phorate
ronnel
stirofos
tokuthion (prothiofos)
trichloronate

200µg/mL each in hexane:acetone (95:5), 1mL/ampul

8141 OP Pesticide Calibration Mix B
dimethoate
EPN
malathion
monocrotophos

parathion
sulfotepp
TEPP 

200µg/mL each in hexane:acetone (95:5), 1mL/ampul

with data pack

Each 5-pk. 10-pk.
32277 32277-510 —

32277-500 32277-520 32377

with data pack

Each 5-pk. 10-pk.
32278 32278-510 —

32278-500 32278-520 32378

8140/8141 Internal Standards &
Surrogates

Internal Standard: 1-bromo-2-nitrobenzene
Surrogate: 4-chloro-3-nitrobenzotrifluoride

NPD Detector:

1-bromo-2-nitrobenzene
1,000µg/mL in acetone, 1mL/ampul

4-chloro-3-nitrobenzotrifluoride
1,000µg/mL in acetone, 1mL/ampul

Internal Standard: none recommended
Surrogate: tributylphosphate and triphenylphosphate

FPD Detector:

tributylphosphate
1,000µg/mL in acetone, 1mL/ampul

triphenylphosphate
1,000µg/mL in acetone, 1mL/ampul

by Donna Lidgett, GC Accessories Product Marketing Manager

Septum Alternative Provides
Longer Life & Wear Resistance

Merlin Microseal™ Septa

with data pack

Each 5-pk. 10-pk.
32281 32281-510 —

32281-500 32281-520 32381

with data pack

Each 5-pk. 10-pk.
32280 32280-510 —

32280-500 32280-520 32380

with data pack

Each
32282

32282-500

5-pk.
32282-510

32282-520

10-pk.
—

32382

with data pack

Each
32279

32279-500

5-pk.
32279-510

32279-520

10-pk.
—

32379

Restek will create the
right solution for you!
“The Company Chromatographers Trust”

Restek should be your first
choice for custom-made
reference materials. Our
inventory of over 3,000
pure, characterized, neat
compounds ensures you of
maximum convenience,

maximum value, and minimum time spent blending
mixtures in your lab.

✔ Quotations supplied quickly.
✔ Mixtures made to your EXACT specifications.
✔ Most reference materials shipped within 5-7

days after receipt of your order.*

For our online custom reference material request
form, visit http://www.restekcorp.com/stdreq.htm

*Availability of raw materials and final product testing required
may affect delivery of some mixtures. International orders require
additional shipping time.

✔ For Agilent 5890/6890/6850 GCs compatible with EPC.  
✔ High-pressure capability allows operation from 2 to 100psi.  
✔ A top wiper rib improves resistance to particulate contamination and can be taken

apart for cleaning.  
✔ Reduces shedding of septum particles into the injection port liner, eliminating a

major source of septum bleed and ghost peaks.  
✔ Reduces the risk of septum leaks during extended automated runs.  

nut

septum

split/splitless
weldmentMerlin Microseal™ Septa

Microseal™ High-Pressure Septa 400 Series Merlin# Similar to Agilent# cat.# price
Nut kit (1 nut, fits 300 & 400 series septa) 403 5182-3445 22809
Standard kit (nut, 2 high-pressure septa) 404 Not offered 22810
Starter kit (nut, 1 high-pressure septum) 405 5182-3442 22811
Replacement high-pressure septum (1 septum) 410 5182-3444 22812

Microseal™ Septa, 300 Series Merlin# Similar to Agilent# cat.# price
Standard kit (nut, 2 septa) 304 5181-8833 22813
Starter kit (nut, 1 septum) 305 5181-8816 22814
Microseal replacement septum (1 septum) 310 5181-8815 22815
Replacement PTFE washers (2-pk.) 311 5181-0853 22808
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What's New from the
Analytical Reference
Materials Team?

In addition to adding new product formulations
to meet your changing requirements, we’ve been
very busy behind the scenes working for you. Visit
www.restekcorp.com/certfind.htm to view the
information you need at your convenience.

✔ All Material Safety Data Sheets (MSDSs) have
been converted to 16-part format.

✔ All 800+ stock product MSDSs are available
on-line.

✔ 1000s of Certificates of Analysis are available
on-line, too.

RESTEKBehind the Scenes
Restek air canisters are being used at Ground
Zero to monitor air quality. We are proud to
have our products used in the 9/11 clean-up
efforts at the Twin Towers site.

Thanks for a Great
Pittcon® ’02!

It was our best Pittcon® conference yet! We got to meet
many of you, showcase our new products, and learn
about advances in our industry. Thanks for stopping by
our booth and talking with the Chromatography
Wizards. Be sure to check out the technical presenta-
tions and posters at www.restekcorp.com. The win-
ners of our daily drawing are listed below.
Congratulations!

Monday, March 18: Pinnacle II™ HPLC Column of
your choice (up to $405 value)
Winner: Michael McCroan, The Minute Maid Company

Tuesday, March 19: SGT Triple Gas Filter & Single-
Position Baseplate (up to $320 value)
Winner: Gregory Ostrom, Naval Warfare Center

Wednesday, March 20: 30-Meter Fused Silica
Capillary GC Column of your choice (up to $525 value)
Winner: Wesley Wortham, BASF Agro

Thursday, March 21: $500 in stock Analytical
Reference Materials (up to $500 value)
Winner: Neil Springarn, S & N Labs 

New Literature

✔ Stx™-CLPesticides Columns Provide Improved
System Inertness for Chlorinated Pesticides
Analyses—Applications Note (lit. cat.# 59351B)

✔ HPLC Analyses of Preservatives—Applications Note
(lit. cat.# 59398)

✔ EPA 8100 Analysis Using Rtx®-5SIl MS, Rtx®-
CLPesticides and Rtx®-CLPesticides2 Columns—
Applications Note (lit. cat.# 59196A)

✔ Low ppb-Level Sulfur Analysis Using Sulfinert™

Sample Cylinders—Applications Note (lit. cat.#
59164A)

✔ GC Accessories Products—Flyer (lit. cat.# 59208B)
✔ Gas Purification Products for GCs—Flyer

(lit. cat.# 59216B)
✔ Products for the Petrochemical Market—Flyer

(lit. cat.# 59298)
✔ Ultra Aqueous C18 HPLC Column—Fast Facts

(lit. cat.# 59371)
✔ US EPA Method 8260B Standards—Fast Facts

(lit. cat.# 59332A)
✔ UST Products for the State of Texas—Fast Facts

(lit. cat.# 59394)
✔ Sulfinert™ Products—Fast Facts (lit. cat.# 59318A)
✔ GC Racer - Fast GC Temperature Programmer—

New Product Flyer (lit. cat.# 59297)
✔ Vespel® Ring Inlet Seals—New Product Flyer

(lit. ca.# 59431)
✔ Rtx®-200 GC Column—New Product Flyer

(lit. cat.# 59439)
✔ Integra-Guard® GC Columns—New Product Flyer

(lit. cat.# 59441)
✔ 2002 Seminar Tours—New Product Flyer

(lit. cat.# 59282A)
✔ Air Monitoring Products—Catalog (lit. cat.# 59661A)
✔ Genuine Restek Replacement Parts for Agilent

GCs—Catalog (lit. cat.# 59627C)

Restek France: Phone: 01 60 78 32 10
Fax: 01 60 78 70 90
restekfr@club-internet.fr

Restek GmbH: Phone: 49 06172 2797 0
Fax: 49 06172 2797 77
RESTEK-GMBH@t-online.de

Restek Ireland: Phone: 44 28 9081 4576
Fax: 44 28 9081 4576
restekeurope@cs.com

Thames Restek UK LTD: Phone: 01753 624111
Fax: 01753 624666
Sales@Thamesrestek.co.uk



At-a-Glance
Product
Information
from Restek

To help laboratories comply with and use
these analytical procedures, Restek has been
active in following the state guidance. Based
on our good knowledge of the methods, our
experienced chemists have developed a list
of the appropriate technical service tools
and analytical products to achieve success
with these methods. We offer quality chro-
matographic columns, analytical reference
materials, and sample preparation products.
In this comprehensive product listing, you
will find everything you need to quickly set
up or reorder consumables for these meth-
ods. Please refer to our latest product cata-
log, or call 800-356-1688 or 814-353-1300,
ext. 3, for more information. Also, we will
be happy to provide a quote on any custom
consumable you may need!

Regulatory and Analytical Methodology
Contact Information
California State Water Resources 
Control Board
Division of Clean Water Programs
P.O. Box 944212
Sacramento, CA 94244-2120
Phone: (916) 227-4313
Fax: (916) 227-4349

The California State Water Resources
Control Board web site is located at
http://www.swrcb.ca.gov/cwphome/ust/

✔ Comprehensive products listing for the latest UST methods used by
the State of California.

✔ Conveniently organized by method number.

✔ Easy method set-up and reorder of consumables, including:
Gas chromatography columns and accessories,
Analytical reference materials,
Sample preparation supplies,
Technical service.

In 1985, the California Department of Health Services and the State Water Resource Control
Board (SWRCB) formed the Leaking Underground Fuel Tank (LUFT) task force to establish
procedures for determining if an underground storage fuel tank site is clean and safe. In 1989
the task force published a LUFT field manual setting up guidelines for site assessment, cleanup,
and underground storage tank closure. Within the field manual, the task force mandated a DHS
analytical method for petroleum storage tank applications, known as LUFT method.

In 1993, SWRCB released the Underground Storage Tank (UST) Closure Guideline to com-
ply with the US Environmental Protection Agency (EPA) UST 1998 deadline. SWRCB
approved standard EPA methods for California UST analysis are listed in Table I. EPA 8015B
is for gasoline and gasoline range organics (GRO) by GC/FID/purge and trap, with optional
BTEX by PID; this is known as the California GRO method. EPA 8015B is for diesel range
organics (DRO) and motor oil range organics (MORO) by GC/FID; this is known as the
California DRO method. 

While SWRCB is the head agency for California’s UST program, and regulates the analytical
procedures, each of the eight regional UST offices requires specific analyses of its target list
of petroleum contaminants. The California UST program is diversified, in terms of contami-
nant lists that must be analyzed in different regions, but is unified under the guidelines of
SWRCB. For example, Los Angeles region requires TPHG (gasoline range), BTEX, and
MTBE. The central valley region, however, requires TPH and a list of oxygenates, methanol,
ethanol, tertiary butyl alcohol (TBA), methyl tert-butyl ether (MTBE), diisopropyl ether
(DIPE), ethyl tertiary butyl ether (ETBE) and tertiary amyl methyl ether (TAME).

800-356-1688
814-353-1300

www.restekcorp.com v i s i t  u s  o n l i n e  a t

www.restekcorp.com

Underground  Storage Tank Monitoring
State Of California

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127

Table I. California Guide for the Analysis of Petroleum Hydrocarbon Residues

Soil, solids, sludge Water
Gasoline 8015B 8015B

BTEX 8021B 8021B
8260B

(with PID in series) (with PID in series)

MTBE & Oxygenates 8021B 8021B, 8260B

Diesel 8015B 8015B

PAHs 8270D 8270D

Kerosene 8015B 8015B 

Motor oil 8015B 8015B



Analytical Reference Materials

EPA 8015B, 8021B, and 8260B
To determine gasoline and GRO in water, wastewater, soil and
solid waste based on solvent extraction, purge and trap, GC/FID
with optional PID in series for BTEX and GC/MS.

Gas Chromatography Columns & Accessories
For these items, see Restek’s Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
Guard and analytical column in one connectionless length.
*Add the appropriate suffix number to analytical column catalog number.

ID Length Suffix#*
0.25mm 5m -124

10m -127

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

California

California Gasoline Range Organics (GRO)

Unleaded Gasoline Composite Standard
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30081 30081-510 —

w/data pack
30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30205 30205-510 —

w/data pack
30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul
Each 5-pk. 10-pk.
30206 30206-510 —

w/data pack
30206-500 30206-520 30306

Certified for:
benzene*
ethylbenzene*
isopropyl benzene*

methyl tert-butyl ether*
naphthalene*
toluene*

m-xylene*
o-xylene*
p-xylene*

Certified BTEX in Unleaded Gas Composite Standard

5,500ppm gasoline in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30237 30237-510 —

w/data pack
30237-500 30237-520 30337

8015B

n-hexane (C6) n-decane (C10) n-dodecane (C12)
Retention Time Marker

1,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30483 30483-510 —

w/data pack
30483-500 30483-520 30583

Certified for:
benzene*
ethylbenzene*
m-ethyltoluene*
o-ethyltoluene*
p-ethyltoluene*
isopropylbenzene*

methyl tert-butyl ether*
naphthalene*
n-propylbenzene*
toluene*
1,2,3-trimethylbenzene*
1,2,4-trimethylbenzene*

1,3,5-trimethylbenzene*
m-xylene*
o-xylene*
p-xylene*

Certified Aromatics in Gasoline (16 components)

5,500ppm gasoline in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30485 30485-510 —

w/data pack
30485-500 30485-520 30585

*Concentration varies lot to lot. See Certificate of Analysis for certified 
concentrations. See http://www.restekcorp.com for current Certificate of Analysis.

*Concentration varies lot to lot. See Certificate of Analysis for certified 
concentrations. See http://www.restekcorp.com for current Certificate of Analysis.



benzene
ethylbenzene
methyl tert-butyl ether

toluene
m-xylene
o-xylene

p-xylene
PVOC Mix (California) (7 components)

1,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30231 30231-510 —

w/data pack
30231-500 30231-520 30331

benzene
chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene

1,4-dichlorobenzene
ethylbenzene
methyl tert-butyl ether
toluene

m-xylene
o-xylene
p-xylene

CA WIP VOA Standard (11 components)

2,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30236 30236-510 —

w/data pack
30236-500 30236-520 30336

1-Chloro-4-fluorobenzene Mix
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30066 30066-510 —

w/data pack
30066-500 30066-520 30166

α,α,α-Trifluorotoluene Mix
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30068 30068-510 —

w/data pack
30068-500 30068-520 30168

10,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30083 30083-510 —

w/data pack
30083-500 30083-520 30183

1-Chlorooctane Mix
10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30084 30084-510 —

w/data pack
30084-500 30084-520 30184

4-Bromofluorobenzene Mix
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30067 30067-510 —

w/data pack
30067-500 30067-520 30167

10,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30082 30082-510 —

w/data pack
30082-500 30082-520 30182

benzene
ethylbenzene

toluene
m-xylene

o-xylene
p-xylene

200µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30051 30051-510 —

w/data pack
30051-500 30051-520 30151

2,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30213 30213-510 —

w/data pack
30213-500 30213-520 30313

2,000µg/mL each in P&T methanol, except m-xylene and p-xylene at 1,000µg/mL,
1mL/ampul 

Each 5-pk. 10-pk.
30488 30488-510 —

w/data pack
30488-500 30488-520 30588

8021B
BTEX Standard

8260B (VOA)

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000
tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000
In P&T methanol, 1mL/ampul

California Oxygenates Mix

Each 5-pk. 10-pk.
30465 30465-510 —

w/data pack
30465-500 30465-520 30565

Surrogate and Internal Standards

acetonitrile
acrylonitrile
allyl chloride
benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon disulfide
carbon tetrachloride
chlorobenzene
2-chloroethanol
chloroform
chloroprene
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloropropane
1,2-dibromoethane
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene

cis-1,4-dichloro-2-butene
trans-1,4-dichloro-2-butene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
diethyl ether
1,4-dioxane
ethylbenzene
ethyl methacrylate
hexachlorobutadiene
iodomethane
isobutyl alcohol
isopropylbenzene
p-isopropyltoluene
methacrylonitrile
methyl acrylate
methyl methacrylate
methylene chloride

naphthalene
nitrobenzene
2-nitropropane
pentachloroethane
propionitrile
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,1,2-trichlorotrifluororethane

(Freon® 113)
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

2,000µg/mL each in P&T methanol, 1mL/ampul

8260B MegaMix™ Calibration Mix (76 + 1 components)

2-chloroethyl vinyl ether
2,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30475 30475-510 —

w/data pack
30475-500 30475-520 30575

Request a quote on customer ready-to-use
solutions. Use the convenient Custom

Reference Materials Request Form on-line
at www.restekcorp.com/stdreq.htm

Note: This product is provided as a two ampul set:

Ampule 1

Ampule 2



10,000µg/mL in DI water, 1mL/ampul
Methanol Mix

Each 5-pk. 10-pk.
30467 30467-510 —

w/data pack
30467-500 30467-520 30567

10,000µg/mL in DI water, 1mL/ampul
Ethanol Mix

Each 5-pk. 10-pk.
30466 30466-510 —

w/data pack
30466-500 30466-520 30566

chlorobenzene-d5 1,4-dichlorobenzene-d4 fluorobenzene
2,500µg/mL each in P&T methanol, 1mL/ampul

8260A/B Internal Standard Mix

Each 5-pk. 10-pk.
30241 30241-510 —

w/data pack
30241-500 30241-520 30341

4-bromofluorobenzene
dibromofluoromethane

1,2-dichloroethane-d4
toluene-d8

2,500µg/mL each in P&T methanol, 1mL/ampul

8260A/B Surrogate Mix

Each 5-pk. 10-pk.
30240 30240-510 —

w/data pack
30240-500 30240-520 30340

California Diesel Range Organics/Motor Oil
Range Organics
8015B

Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31093 31093-510 —

w/data pack
31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31258 31258-510 —

w/data pack
31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 5mL/ampul
Each 5-pk. 10-pk.
31259 31259-510 —

w/data pack
31259-500 31259-520 31359

Motor Oil Composite Standard
50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31464 31464-510 —

w/data pack
31464-500 31464-520 31564

n-hexane (C6)
n-octane (C8)
n-decane (C10)

n-dodecane (C12)
n-hexadecane (C16)
n-heneicosane (C21)

n-octacosane (C28)
n-pentatriacontane (C35)
n-hexatriacontane (C36)

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard (9 components)

200µg/mL each in pentane, 1mL/ampul
Each 5-pk. 10-pk.
31639 31639-510 —

w/data pack
31639-500 31639-520 31739

n-nonane (C9)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)

n-octadecane (C18)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)
n-hexacosane (C26)

n-octacosane (C28)
n-triacontane (C30)
n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)

Connecticut ETPH Calibration Mixture (15 components)

1,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31614 31614-510 —

w/data pack
31614-500 31614-520 31714

n-octane (C8)
n-decane (C10)

n-dodecane (C12)
n-hexadecane (C16)

n-heneicosane (C21)
n-tetratriacontane (C34)

WA EPH Aliphatic Hydrocarbon Mix

1,000µg/mL each in hexane, 1mL/ampul
Each 5-pk. 10-pk.
31489 31489-510 —

w/data pack
31489-500 31489-520 31589

Surrogate and Internal Standards

Certified PAHs Typical Certified
Conc. (ppm)

acenaphthene 20*
acenaphthylene 14*
fluorene 32*
1-methylnaphthalene 269*

2-methylnaphthalene 180*
naphthalene 90*
phenanthrene 47*

*Concentration varies lot to lot. See Certificate of Analysis for certified 
concentrations. See http://www.restekcorp.com for current Certificate of Analysis.

Certified PAHs in Diesel (7 components)

50,000ppm diesel #2 in methylene chloride, typical PAH concentrations listed
above, 1mL/ampul

Each 5-pk. 10-pk.
31673 31673-510 —

w/data pack
31673-500 31673-520 31773

p-Terphenyl Standard
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31095 31095-510 —

w/data pack
31095-500 31095-520 31195

o-Terphenyl Standard
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31097 31097-510 —

w/data pack
31097-500 31097-520 31197

5-α-Androstane
2,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31065 31065-510 —

w/data pack
31065-500 31065-520 31165

Surrogate and Internal Standards



8270 (SV)

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenz(a,h)anthracene

dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol
2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine2

fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone

1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

1,000µg/mL each (except where noted) in methylene chloride:benzene (75:25),
1mL/ampul

8270 MegaMix™
(76 components)

*3-methylphenol and 4-methylphenol concentration is 500µg/mL each.
11,2-diphenylhydrazine (8270-listed analyte) decomposes to azobenzene (mix compo-
nent).
2N-nitrosodiphenylamine (8270-listed analyte) decomposes to diphenylamine (mix
component).

Each 5-pk. 10-pk.
31686 31686-510 —

w/data pack
31686-500 31686-520 31786

acenaphthene-d10
chrysene-d12

1,4-dichlorobenzene-d4
naphthalene-d8

perylene-d12
phenanthrene-d10

2,000µg/mL each in methylene chloride, 1mL/ampul

SV Internal Standard Mix

Each 5-pk. 10-pk.
31206 31206-510 —

w/data pack
31206-500 31206-520 31306

4,000µg/mL each in methylene chloride, 1mL/ampul**

** Requires special handling (warming and sonication) before use.

Each 5-pk. 10-pk.
31006 31006-510 —

w/data pack
31006-500 31006-520 31106

2-fluorobiphenyl nitrobenzene-d5 p-terphenyl-d14
1,000µg/mL each in methylene chloride, 1mL/ampul

B/N Surrogate Mix (4/89 SOW)

Each 5-pk. 10-pk.
31024 31024-510 —

w/data pack
31024-500 31024-520 31124

5,000µg/mL each in methylene chloride, 1mL/ampul**

Each 5-pk. 10-pk.
31062 31062-510 —

w/data pack
31062-500 31062-520 31162

5,000µg/mL each in methylene chloride, 5mL/ampul**

Each 5-pk. 10-pk.
31086 31086-510 —

w/data pack
31086-500 31086-520 31186

2-fluorophenol phenol-d6 2,4,6-tribromophenol
2,000µg/mL each in methanol, 1mL/ampul

Acid Surrogate Mix (4/89 SOW)

Each 5-pk. 10-pk.
31025 31025-510 —

w/data pack
31025-500 31025-520 31125

10,000µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31063 31063-510 —

w/data pack
31063-500 31063-520 31163

10,000µg/mL each in methanol, 5mL/ampul

Each 5-pk. 10-pk.
31087 31087-510 —

w/data pack
31087-500 31087-520 31187

Surrogate and Internal Standards

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene

benzo(k)fluoranthene
chrysene
dibenz(a,h)anthracene
fluoranthene
fluorene
ideno(1,2,3-cd)pyrene
3-methylcholanthrene

1-methylnaphthalene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene

8270 Calibration Mix #5 (19 components)

2,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31622 31622-510 —

w/data pack
31622-500 31622-520 31722

Additional UST Publications
State/Region Lit. cat.#
Alaska 59503
Florida 59395
Iowa 59504
Massachusetts 59391
Oregon / Washington 59396
Texas 59394
Wisconsin 59392
USEPA OUST 59397

Request a quote on customer ready-to-use
solutions. Use the convenient Custom

Reference Materials Request Form on-line
at www.restekcorp.com/stdreq.htm

**Requires special handling (warming and sonication before use.
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Pesticide Standards

For complete lists of standards, columns
and current prices, visit our website at:

www.restekcorp.com

=

Lit. Cat. #59446

Pesticide CAS No. qty. cat.#
abamectin 71751-41-2 100mg PS-2068
Abate™ 3383-96-8 100mg PS-665
acephate 30560-19-1 1g PS-738
acetochlor 34256-82-1 100mg PS-2040
alachlor 15972-60-8 1g PS-357
aldicarb 116-06-3 1g PS-734
Aldrin™ 309-00-2 100mg PS-69
aminomethyl phosphonic acid 100mg MET-1051A
atrazine 1912-24-9 1g PS-380
atrazine desethyl 50mg MET-380B
atrazine desisopropyl 50mg MET-58A
atrazine-2-hydroxy 50mg MET-380F
azinphos-methyl oxon (100µg/mL in toluene) 5mL MET-666A
azoxystrobin 131860-33-8 250mg PS-2141
benomyl 17804-35-2 100mg PS-222
bentazon 25057-89-0 1g PS-1011
bifenthrin 82657-04-3 100mg PS-2003
carbaryl 63-25-2 1g PS-84
carbendazim 10605-21-7 100mg PS-1077
carbofuran 1563-66-2 1g PS-754
carbophenothion methyl (100µg/mL in methanol) 5mL MET-88A
chlorimuron ethyl 90982-32-4 100mg PS-1081
chlorothalonil 1897-45-6 1g PS-1020
chlorpyrifos 2921-88-2 1g PS-674
chlorpyrifos oxon 500mg MET-674B
chlorsulfuron 64902-72-3 100mg PS-1065
alpha-chlordane 5103-71-9 10mg PS-75-1
trans-chlordane 5103-74-2 10mg PS-75-2
coumaphos-O-analog 100mg MET-656D
cycloheximide 66-81-9 100mg PS-1002
cyfluthrin 68359-37-5 100mg PS-1090
lambda-cyhalothrin 91465-08-6 50mg PS-2018
cypermethrin 52315-07-8 100mg PS-1068
2.4-D 94-75-7 1g PS-41
o.p'-DDE 3424-82-6 50mg PS-695
p.p'-DDE 72-55-9 100mg PS-696

cat.#qty.CAS No.Pesticide
o.p'-DDT 789-02-6 50mg PS-698
deltamethrin 52918-63-5 100mg PS-2071
demeton S 126-75-0 100mg PS-662
diazinon 333-41-5 1g PS-90
diazinon-O-analog 100mg MET-90A
dicamba 1918-00-9 1g PS-346
dichlorvos 62-73-7 1g PS-89
o,p-dicofol (100µg/mL in acetonitrile) 5mL MET-82A
dieldrin 60-57-1 250mg PS-76
diethyl phosphate 100mg MET-90C
dimethoate 60-51-5 100mg PS-659
diuron 330-54-1 1g PS-60
Dyfonate™ 944-22-9 100mg PS-664
endrin 72-20-8 1g PS-77
ethion 563-12-2 1g PS-92
fenamiphos sulfone 100mg MET-612B
fenamiphos sulfoxide 50mg MET-612A
fenarimol 60168-88-9 100mg PS-1073
fenchlorphos 299-84-3 100mg PS-657
fenitrothion 122-14-5 1g PS-678
fenitrothion-O-analog (100µg/mL in hexane) 5mL MET-678A
fenthion 55-38-9 1g PS-655
fipronil 120068-37-3 1g PS-2136
glyphosate 1071-83-6 1g PS-1051
Guthion™ 86-50-0 1g PS-666
heptachlor 76-44-8 100mg PS-78
heptachlor epoxide (isomer B) 1024-57-3 50mg PS-700
imazethapyr 81335-77-5 100mg PS-2039
imidacloprid 138261-41-3 500mg PS-2086
Imidan™ 732-11-6 1g PS-653
Kelthane™ 115-32-2 100mg PS-82
lindane 58-89-9 1g PS-71
linuron 330-55-2 1g PS-372
malathion 121-75-5 1g PS-86
malathion-O-analog 100mg MET-86C
mecoprop 7085-19-0 100mg PS-324

*Orders in by 3pm Eastern time are shipped the same day, subject to product availability.

Restek’s
Customer
Commitment

PLUS ONE



cat.#qty.CAS No.PesticidePesticide CAS No. qty. cat.#
metalaxyl 57837-19-1 100mg PS-1099
methamidophos 10265-92-6 100mg PS-676
methane arsonate sesquihydrate (monosodium acid) 1g PS-429
methidathion 950-37-8 1g PS-679
methiocarb sulfoxide (100µg/mL in toluene) 5mL MET-543B
methoxychlor 72-43-5 1g PS-83
methyl isothiocyanate 1g MET-221A
3-methyl-4-nitrophenol 1g MET-678B
methyl parathion 298-00-0 1g PS-94
metolachlor 51218-45-2 1g PS-403
metsulfuron methyl 74223-64-6 100mg PS-1078
molinate 2212-67-1 100mg PS-501
N-1-naphthylphthalamic acid 132-66-1 1g PS-343
trans-nonachlor 25mg MET-75C
omethoate 1113-02-6 100mg PS-2017
oxychlordane (100µg/mL in methanol) 5mL MET-75A
oxydemeton-methyl 301-12-2 100mg PS-641
paraoxon 311-45-5 100mg PS-610
paraquat CL tetrahydrate 1910-42-5 1g PS-366
Parathion™ 56-38-2 1g PS-95
pentachloroaniline 100mg MET-150A
permethrin 52645-53-1 100mg PS-758

phorate 298-02-2 1g PS-654
phorate sulfone (100µg/mL in hexane) 5mL MET-654B
picloram 1918-02-1 100mg PS-274
Pinnacle™ 79277-27-3 100mg PS-2011
piperonyl butoxide 51-03-6 100mg PS-100
pirimiphos-methyl 29232-93-7 1g PS-644
Prowl™ 40487-42-1 1g PS-401
propoxur 114-26-1 1g PS-551
pyrethrum 8003-34-7 100mg PS-97
S, S, S,-tributylphosphorotrithioate 78-48-8 1g PS-562
sanmarton 51630-58-1 250mg PS-1032
simazine 122-34-9 100mg PS-58
STB 132827-25-9 500mg MET-222B
sulfometuron methyl 74222-97-2 100mg PS-1074
sulfotep 3689-24-5 50mg PS-2024
tetradifon 116-29-0 1g PS-80
Tilt™ 60207-90-1 100mg PS-1075
triadimefon 43121-43-3 1g PS-1013
3,5,6-trichloro-2-pyridinol 50mg MET-674A
trifluralin 1582-09-8 1g PS-393
vinclozolin 50471-44-8 1g PS-1049

To order, or for more information, contact Restek at: Phone: (800) 356-1688 or (814) 353-1300 ext. 3, FAX: (814) 353-1309 or email: standards@restekcorp.com

pesticide columns & chromatography accessories 

(Columns listed are 30 meters in length)

We invite you to visit the Restek website for a complete and searchable listing of our pesticide and metabolite reference materails at:
www.restekcorp.com

Chromatography Accessories

Syringes:
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers 

10µl, 23s needle: 6-pack: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20169
10µl, 23s-26s needle: 6-pack:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24600

Autosampler Vials (11mm crimp top, 2mL, 12 x 32mm):
1,000 pack clear w/graduated marking spot:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24384
1,000 pack amber w/graduated marking spot:  . . . . . . . . . . . . . . . . . . . . . . . . . . . 24386

Aluminum Crimp Seals w/Septa (11mm):
Silver seal, PTFE/natural rubber: 1,000pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21175
Silver seal, PTFE/Silicone: 1,000pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24360

High Temperature Septa (use to 340°C inlet temp.):
Thermolite® 11mm: 25pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20363

50pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20364
100pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20365

Vespel® Ring Inlet Seal:
Gold-plated, 0.8mm ID: 2pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21562

10pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21563

Inlet Liners for Agilent/Finnigan GCs:
Splitless:
4mm straight 5pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20773
4mm straight w/wool 5pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22401
4mm single gooseneck 5pk: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20799
4mm single gooseneck w/wool 5pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22406

Split:
4mm split w/ wool 5pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20782
4mm split Precision 5pk:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21023

Fused Silica Columns

Rtx®-CLPesticides:
ID df (µm) temp.limits Cat. #

0.25mm 0.25 -60 to 320/340ºC 11123
0.32mm 0.50 -60 to 320/340ºC 11139
0.53mm 0.50 -60 to 320/320ºC 11140

Stx®-CLPesticides:
0.25mm 0.25 -60 to 310/330ºC 11543
0.32mm 0.50 -60 to 310/330ºC 11544
0.53mm 0.50 -60 to 310/330ºC 11545

Rtx®-CLPesticides2:
ID df (µm) temp.limits Cat. #

0.25mm 0.20 -60 to 320/340ºC 11323
0.32mm 0.25 -60 to 320/340ºC 11324
0.53mm 0.42 -60 to 300/320ºC 11340

Stx®-CLPesticides2:
0.25mm 0.20 -60 to 310/330ºC 11443
0.32mm 0.25 -60 to 310/330ºC 11444
0.53mm 0.42 -60 to 310/330ºC 11445

Rtx®-OPPesticides:
ID df (µm) temp.limits Cat. #

0.32mm 0.50 -20 to 310/330ºC 11239
0.53mm 0.83 -20 to 310/330ºC 11240

Rtx®-OPPesticides2:
ID df (µm) temp.limits Cat. #

0.25mm 0.25 -20 to 310/330ºC 11243
0.32mm 0.32 -20 to 310/330ºC 11241
0.53mm 0.50 -20 to 310/330ºC 11242

Rtx, Stx, Thermolite, Restek logo are trademarks of Restek Corp. © Copyright 2002, Restek Corporation



Narcotics and APAP.

Figure 1
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Analysis of Narcotics and Narcotic / Acetaminophen Admixtures:
What to do When Compendium Methods Don't Work
At some point in their careers, especially if performing raw materials
or generic testing analyses for pharmaceuticals, analytical chemists
are referred to compendium methodologies, most often to the United
States Pharmacopoeia (USP), the European Pharmacopoeia (EP), or
the British Pharmacopoeia (BP), but occasionally to other volumes.
Often the methods described in these compendia provide less than the
desired robustness in separation and reproducibility, or the results
may be marginal—barely passing system suitability requirements.
Sometimes a particular delivery system formulation absolutely will
not work with a generic method, due to interference from other ingre-
dients in the sample. Modifications must be made to the problem
methodology, and the results compared statistically to the original. To
improve analysis efficiency and reduce laboratory supply costs asso-
ciated with revalidating and testing a method, it may be desirable to
create and validate a single analytical method for a wide range of
similar drug products.

Many narcotics are very similar in structure, often varying by only a
single substitution. Morphine, codeine, hydrocodone, and oxycodone
are quite similar, for example (Figure 1). Some of these closely relat-
ed compounds—all but morphine, in fact—might be blended with
other analgesics, such as acetaminophen (APAP). However, USP 25
describes more than 7 different methods to test these raw materials
and admixtures, and some of these older raw material methods do not
use HPLC as a primary test for purity.

One of the chromatographic applications in USP 25 is for the analy-
sis of oxycodone raw material. After reading the mobile phase sec-
tion, which lists sulfonic acids, triethylamine, water, phosphoric acid
and methanol as the constituents, we saw potential problems with the
method, including:

1) The use of methanol in this analysis can lead to high background
absorption and loss of linear range, because the analytical wavelength
is 206nm, and the UV cutoff point for methanol is 235nm. In extreme
cases this also can reduce sensitivity, because the lamp is a finite
energy source—the more energy the background absorbs, the less is
available to the sample.

2) An ion-pairing agent (heptane sulfonic acid) is introduced into the
mobile phase without a proper buffer to maintain pH at a known
level. This situation can lead to widened peaks, tailing peaks, and
retention time drift. The goal of ion pairing is to create a “neutral”
species.

3) TEA modifier is included in the method. When basic compounds
are analyzed on older-type HPLC columns, TEA often is added as
competing base, to reduce the tailing caused by acidic silanol activity.
If the analytical species are neutral, or have been “neutralized” by the
addition of an ion-pairing agent, the addition of TEA should have no
beneficial effect. Since TEA is a base, adding it to a mobile phase
containing sulfonic acids will instantly cause an acid/base neutraliza-
tion, producing a salt and water and reducing the effective concentra-
tion of the acidic ion-pairing agent. This reaction could lead to the
formation of undesirable side products in the mobile phase that also
will absorb in the low UV range, creating noisy baselines.
Furthermore, TEA is volatile, and its composition might change over
time if the mobile phase is sparged.

With these concerns in mind, we tested the USP method, using our
Ultra and Pinnacle II™ C-8 columns (Application 1).

Initial analyses were performed according to USP 25. The Ultra C8
column gave the better performance at the specified detection wave-

Oxycodone HCl raw material monograph performed per USP 25.

Application 1
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LC_0213

Peak List: Conc. (µg/mL)
1. codeine phosphate   13
2. oxycodone HCl 9

Sample:
Inj.: 10µL
Sample: resolution solution
Solvent: mobile phase

Conditions:
Mobile phase: A: 5mM hexane sulfonic acid 

with 2mL TEA and 3mL of 
phosphoric acid per liter. 
pH adjusted to 2.5

B: methanol
(90A:10B, v/v)

Flow: 1.5mL/min
Temp.: 40°C  
Det.: UV @ 206 and 284nm

LC_0214

Column: Pinnacle II™ C8
Catalog #: 9213564
Dimensions: 150 x 4.0mm
Particle size: 5µm
Pore size: 110Å

Column: Ultra C8
Catalog #: 9103564
Dimensions: 150 x 4.0mm
Particle size:5µm
Pore size: 100Å

284nm

206nm

1

2

206nm
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length, 206nm. The Pinnacle II™ C8 column performed well at
284nm, another wavelength commonly used for analyzing narcotics.
At 206nm the Pinnacle II™ C8 column exhibited significant noise
and took excessive time to equilibrate, due to the competing mobile
phase constituents. A longer equilibration might have solved the
problem. Both columns meet the criteria—with the exception of 
the wavelength change with the Pinnacle II™ column—for USP 25
system suitability.

Overall both columns behaved extremely well in performing the
USP 25 oxycodone HCl raw material method. However many
aspects of the method appear redundant and might actually be 
compromising the separation. In addition, some of the reagents,
such as TEA, might not be necessary for modern columns. The
fewer reagents a mobile phase contains, the smaller the control that
should be needed to affect a robust and practical separation. After
performing the USP 25 method as written, we made some tests to
determine actual needs to achieve the system suitability requirements
as specified.

The first step in simplifying a convoluted analysis is to apply the
KISS principle (Keep it Simple, Scientist!). With peak shape, separa-
tion, and proper analytical technique in mind, we attempted to elimi-

nate some of the perceived problems. We realized that by using 284
nm as the detection wavelength we might not see some impurities,
but in real life the material should be tested against some known
source for potency. Note that with the additional reagents removed,
both columns provided good results at the 206nm wavelength.

Next we removed the ion pairing agent and the TEA. We elected to
keep a 20 mmolar phosphate buffer system to maintain a pH of 2.5.
Then we reduced the temperature to 27°C. This reduced fluctuations
in retention time caused by changes in air temperature (i.e., air con-
ditioning), and prevented the increase in mass transfer and solubility
in the mobile phase from masking other potential problems. The
temperature change also helped promote column longevity; phos-
phate buffers tend to dissolve silica more readily at higher tempera-
tures.

These changes led to a slight increase in tailing for all compounds
on both columns, but the difference was acceptable, especially
because the run time for the analysis was reduced by a factor of 3
and resolution was improved by 59% to 79%(Application 2). The
system passed the system suitability requirements set forth in the
USP monograph.

In the next experiment, we re-introduced the ion pair reagent hexane

Ion pair agents and TEA removed—run time decreases 3x and resolution improves.

Application 2

Peak List: Conc. (µg/mL)
1. codeine phosphate 13
2. oxycodone HCl 9

Sample:
Inj.: 10µL
Sample: resolution solution
Solvent: mobile phase

Conditions:
Mobile phase: A: 20mM potassium 

phosphate monobasic 
pH=2.5

B: methanol
(90A:10B, v/v)

Flow: 1.5mL/min
Temp.: 27°C  
Det.: UV @ 206nm and 284nm

LC_0215

Column: Pinnacle II™ C8
Catalog #: 9213564
Dimensions: 150 x 4.0mm
Particle size: 5µm
Pore size: 110Å

LC_0210

Column: Ultra C8
Catalog #: 9103564
Dimensions: 150 x 4.0mm
Particle size: 5µm
Pore size: 100Å

Hexane sulfonic acid plus a controlled buffer system doubles analysis time.

Application 3

Peak List: Conc. (µg/mL)
1. codeine phosphate 13
2. oxycodone HCl 9

Sample:
Inj.: 10µL
Sample: resolution solution
Solvent: mobile phase

Conditions:
Mobile phase: A: 20mM potassium phosphate 

monobasic and 5mm hexane sulfonic acid 
in water pH adjusted to 2.5

B: methanol
(90A:10B, v/v)

Flow: 1.5mL/min
Temp.: 27°C  
Det.: UV @ 206nm and 284nm

LC_0217

Column: Ultra C8
Catalog #: 9103564
Dimensions: 150 x 4.0mm
Particle size: 5µm
Pore size: 100Å

LC_0216

Column: Pinnacle II™ C8
Catalog #: 9213564
Dimensions: 150 x 4.0mm
Particle size:5µm
Pore size: 110Å

206nm

284nm

284nm

206nm

284nm

284nm

206nm

1

2

1

2



Peak List: Ret. Time (min.) %Inj. RSD (n=5)
1. hydrocodone bitartrate 3.1 0.37%

Sample:
Inj vol: 20µL
Conc.: 1 mg/mL
Sample: assay standard
Solvent: mobile phase

Column: Pinnacle II™ Silica
Catalog #: 9210575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: 800mL acetonitrile; 

4mL water; 1mL diethylamine
B: methanol
(55A:45B, v/v)

Flow: 1.5mL/min.
Temp.: 27°C  
Det.: UV @ 280nm
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sulfonic acid into the system under the control of the pH 2.5 phos-
phate buffer system. The run time doubled, demonstrating that TEA
did affect the concentration of the ion-pairing agent. Reducing the
concentration of ion pairing agent, or using a shorter chain length
ion-pairing agent, might have been a better alternative to adding
TEA. The system still passed the system suitability requirements
listed by the USP, but the chromatogram was much noisier—and
equilibration problems returned (Application 3).

In addition to oxycodone HCl raw material, we chromatographed
hydrocodone bitartrate raw material, morphine sulfate, and an
admixture of hydrocodone bitartrate and acetaminophen. All meth-
ods followed USP 25 requirements and all chromatograms passed
system suitability requirements (Application 4).

After reviewing the monographs for admixtures containing struc-
turally related narcotics and acetaminophen, we created a single sep-
aration for morphine sulfate, acetaminophen, codeine phosphate,
oxycodone HCl, and hydrocodone bitartrate. The goal was to create
an adequate separation while keeping the method as simple as possi-
ble. For this purpose we chose an Ultra C18 column and set detec-
tion to 235nm. All components, including a small unknown peak,
were separated to baseline (Application 5).

Next, we increased the amount of buffer to 90% (a 5% increase), to
determine the effect on the separation. The separation was very sen-

sitive to the amount of buffer present; this simple 5% increase dou-
bled the analysis time. Resolution doubled between most compo-
nents, with the greatest change between acetaminophen and
codeine. The unknown peak disappeared, however, and probably
co-eluted with morphine (Application 6).

To further improve resolution for codeine and the other later eluting
components, we adjusted the mobile phase ratio to 85:15,
buffer:organic solvent, using a 90:10 mixture of acetonitrile and
methanol as the organic solvent. Resolution improved, relative to
the original mobile phase composition, analysis again was under 10
minutes, and the co-eluting unknown peak returned (Application 7).

In an effort to further improve peak shape, we heated the column to
35°C. The higher temperature reduced the analysis time by one
minute, at the sacrifice of resolution between analytes, and with fur-
ther distortion of the leading baseline for oxycodone and
hydrocodone (Application 8). For this analysis, the conditions used
to produce (Application 7) provided the most desirable results.

In summary, the goal of any method should be to achieve the most
stable and robust separation possible. Too often methods are made
more complicated than they need be, perhaps from lack of chro-
matographic experience or, possibly, to make analysis unnecessarily
difficult. Even troubleshooting such methods adds to production
costs. When preparing to follow a compendium method always

Analyses of morphine sulfate and a hydrocodone bitartrate / acetaminophen admixture according to USP 25

Application 4

LC_0209

Peak List: Conc. (mg/mL) Ret. Time (min.) RRT Tailing Resolution
1. unknown 7.1
2. phenol 0.15 9.8 0.88
3. morphine 0.24 11.0 1.00 1.17 3.2

Sample:
Inj.: 20.0µL
Solvent: mobile phase

Column: Pinnacle II™ C18
Catalog #: 9214575-700
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: 0.73g 1-heptane 

sulfonic acid and 10mL 
of glacial acetic acid diluted 
to 720mL with water, pH=2.33

B: methanol
(72A:28B, v/v)

Flow: 1.00mL/min
Temp.: 26.5°C 
Det.: UV @ 284nm

0 1 2 3 4 min.

LC_0211

Peak List: Conc. (mg/mL) Ret. Time (min.) RRT Tailing Resolution Inj. %RSD (n=5)
1. acetaminophen 0.76 3.304 1.0 1.1 — 1.1
2. hydrocodone bitartrate 0.0076 6.664 2.0 1.1 17.0 0.9

Sample:
Inj.: 25µL
Sample: 500mg acetaminophen with 5mg hydrocodone bitartrate (standard solution)
Solvent: mobile phase

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: 6.8 g potassium monobasic with 0.2 mL of TEA per liter

B: acetonitrile
(85A:15B, v/v)

Flow: 1.5mL/min.
Temp.: 27°C  
Det.: UV @ 210nm (hydrocodone bitartrate) and 295nm (acetaminophen).

210nm channel shown

LC_0212

Baseline is
stable

210nm



Restek Corporation • (800) 356-1688 • (814) 353-1300 • www.restekcorp.com

attempt to determine the reason a reagent would be added to a
mobile phase, but any change or modification should have an estab-
lished scientific purpose. By creating more universal methods for
analyses of structurally related compounds, it should be possible to
reduce inventory costs for supplies, increase laboratory analysis effi-
ciency, and reduce personnel training time.

Separation of Narcotic Analgesics and Acetaminophen 
on Ultra C18.

Application 5

Peak List: Conc. (µg/mL) Ret. Time (min.) Tailing Resolution
U.unknown unknown 3.0 NA NA
1.morphine sulfate 204 3.3 0.97 2.3
2.acetaminophen 92 5.0 1.1 14.9
3.codeine phosphate 216 5.3 1.8 2.1
4.oxycodone HCl 206 7.3 1.9 6.9
5.hydrocodone bitartrate 218 8.8 1.9 4.1

Sample:
Inj.: 10µL
Sample: raw material mix
Solvent: mobile phase

LC_0219

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile Phase: A: pH 2.8 10mm 

potassium 
phosphate

B: acetonitrile
(85A:15B, v/v)

Flow: 1.0 mL/min.
Temp.: 27°C  
Det.: UV @ 235nm

A small (5%) increase in the aqueous buffer doubles
resolution and retention.

Application 6

Peak List: Conc. (µg/mL) Ret. Time (min.) Tailing Resolution
1. morphine sulfate 204 3.3 1.2 NA
2. acetaminophen 92 5.0 1.1 15.0
3. codeine phosphate 216 5.3 1.7 11.3
4. oxycodone HCl 206 7.3 1.5 11.0
5. hydrocodone bitartrate 218 8.8 1.5 7.0

Sample:
Inj.: 4.0µL
Sample: raw material mix
Solvent: mobile phase

LC_0220

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile Phase: A: pH 2.8 10mm 

potassium phosphate
B: acetonitrile
(90A:10B, v/v)

Flow: 1.0mL/min
Temp.: 27°C  
Det.: UV @ 235nm

Further alteration of the organic phase improves resolution 
without increasing analysis time.

Application 7

Peak List: Conc. (µg/mL) Ret. Time (min.) Tailing Res.
U. unknown unknown 3.0 NA NA
1. morphine sulfate 204 3.2 0.90 1.9
2. acetaminophen 92 4.8 1.1 12.2
3. codeine phosphate 216 5.1 1.4 2.3
4. oxycodone HCl 206 6.9 1.4 8.2
5. hydrocodone bitartrate 218 8.0 1.4 4.8

Sample:
Inj.: 4.0µL
Sample: raw material mix
Solvent: mobile phase

LC_0221

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A:pH 2.8 10mm 

potassium phosphate
B: acetonitrile:methanol,

(90:10,v/v)
(85A:15B, v/v) 

Flow: 1.0mL/min.
Temp.: 35°C  
Det.: UV @ 235nm

Application 8

Some analysts may have neither the time nor the experience to trou-
bleshoot a problem methodology. If you encounter problems when
analyzing your samples according to an established method, our
experienced Technical Service chemists will be glad to help.
Contact them at 800-356-1688, ext. 4 or 814-353-1300, ext. 4, or
contact your Restek representative.

Increasing column temperature has detrimental effects on 
the chromatography of narcotic / acetaminophen admixtures.

Peak List: Conc. (µg/mL) Ret. Time (min.) Tailing Resolution
U. unknown unknown 3.1 NA NA
1. morphine sulfate 204 3.3 1.0 1.8
2. acetaminophen 92 5.0 1.1 14.1
3. codeine phosphate 216 5.5 1.4 2.6
4. oxycodone HCl 206 7.5 1.4 8.5
5. hydrocodone bitartrate 218 8.9 1.4 5.0

Sample:
Inj.: 4.0µL
Sample: raw material mix
Solvent: mobile phase

LC_0218

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: pH 2.8 10mm 

potassium phosphate
B: acetonitrile:methanol 
(85A:15B, v/v)

Flow: 1.0mL/min.
Temp.: 27°C  
Det.: UV @ 235nm
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Pinnacle II™ C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.#
30mm 9214531 9214532 9214533 9214535
50mm 9214551 9214552 9214553 9214555

100mm 9214511 9214512 9214513 9214515
150mm 9214561 9214562 9214563 9214565
200mm 9214521 9214522 9214523 9214525
250mm 9214571 9214572 9214573 9214575

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9210531 9210532 9210533 9210535
50mm 9210551 9210552 9210553 9210555

100mm 9210511 9210512 9210513 9210515
150mm 9210561 9210562 9210563 9210565
200mm 9210521 9210522 9210523 9210525
250mm 9210571 9210572 9210573 9210575

Pinnacle II™ Silica 5µm Columns

Pinnacle II™ C8 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.#
30mm 9213531 9213532 9213533 9213535
50mm 9213551 9213552 9213553 9213555

100mm 9213511 9213512 9213513 9213515
150mm 9213561 9213562 9213563 9213565
200mm 9213521 9213522 9213523 9213525
250mm 9213571 9213572 9213573 9213575

Pinnacle II™ C8 5µm Columns with Trident™ Inlet Fitting

Pinnacle II™ C18 5µm Columns with Trident™ Inlet Fitting

Pinnacle II™ Silica 5µm Columns with Trident™ Inlet Fitting

2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#
30mm 9213532-700 9213533-700 9213535-700
50mm 9213552-700 9213553-700 9213555-700

100mm 9213512-700 9213513-700 9213515-700
150mm 9213562-700 9213563-700 9213565-700
200mm 9213522-700 9213523-700 9213525-700
250mm 9213572-700 9213573-700 9213575-700

2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#
30mm 9214532-700 9214533-700 9214535-700
50mm 9214552-700 9214553-700 9214555-700

100mm 9214512-700 9214513-700 9214515-700
150mm 9214562-700 9214563-700 9214565-700
200mm 9214522-700 9214523-700 9214525-700
250mm 9214572-700 9214573-700 9214575-700

2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#
30mm 9210532-700 9210533-700 9210535-700
50mm 9210552-700 9210553-700 9210555-700

100mm 9210512-700 9210513-700 9210515-700
150mm 9210562-700 9210563-700 9210565-700
200mm 9210522-700 9210523-700 9210525-700
250mm 9210572-700 9210573-700 9210575-700
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Trident™ Direct Guard Column System
Unlike “one size fits all” guard systems, the Trident™ Direct system gives you the power to select the right level of protection for your
analysis. The system offers three levels of protection and guard cartridges in four dimensions, with a variety of bonded phases to match
your analytical column. The economical, leak-free cartridge design provides an unprecedented combination of convenience, economy, and
reliability. The foundation of the Trident™ Direct system is a reusable direct connect holder that easily attaches to any HPLC column using
CPI- or Waters®-style end fittings.* The system is available in the following configurations to match different protection level needs: in-
line filter, in-line filter with holder for 1cm guard cartridge, and in-line filter with holder for 2cm guard cartridge. The guard cartridges are
available in 2.1 and 4.0mm ID and are interchangeable within the appropriate length holder.
*Replace tip when using Waters®-style fittings–see our catalog.

Trident™ Direct provides three levels of protection

Trident™ Direct 
high-pressure filter
Protection against 
particulate matter.

cat.# 25082

Trident™ Direct 1cm guard cartridge 
holder with filter

Moderate protection against particulate matter
and irreversibly adsorbed compounds.

cat.# 25084

Trident™ Direct 2cm guard cartridge 
holder with filter

Maximum protection against particulate matter
and irreversibly adsorbed compounds.

cat.# 25086

Ultra C8 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9103531 9103532 9103533 9103535
50mm 9103551 9103552 9103553 9103555

100mm 9103511 9103512 9103513 9103515
150mm 9103561 9103562 9103563 9103565
200mm 9103521 9103522 9103523 9103525
250mm 9103571 9103572 9103573 9103575

Ultra C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9174531 9174532 9174533 9174535
50mm 9174551 9174552 9174553 9174555

100mm 9174511 9174512 9174513 9174515
150mm 9174561 9174562 9174563 9174565
200mm 9174521 9174522 9174523 9174525
250mm 9174571 9174572 9174573 9174575

Resprep™ SPE Syringe Filters
• Solvent-resistant polypropylene housing.
• Better flow characteristics because of a glass fiber prefilter.
• Available in the most popular filter sizes and membrane porosities.
• Available in non-leaching nylon or PTFE.

Filter Diameter Porosity qty. Nylon PTFE
13mm 0.20µm 100-pk. 26066 26068
13mm 0.45µm 100-pk. 26067 26069
25mm 0.20µm 50-pk. 26070 26072
25mm 0.45µm 50-pk. 26071 26073
25mm 1.00µm 50-pk. — 26074



The uniform spherical shape of Restek
silica allows optimal packing, for better
reproducibility and lower back pressure,
resulting in extended column life.

HPLC Column Selection Guide
INNOVATIVE PRODUCTS

Restek Corporation manufactures a variety of columns for reversed phase or normal
phase applications. The Allure™ and Ultra column product lines contain 19 different
phases, and we continue to develop additional unique HPLC products. Pinnacle
II™ and Pinnacle™ DB columns are based on silica we manufacture in our
own laboratories, so you can be assured of their quality, from raw material
synthesis through packing and testing.

We pack bonded phases into a wide range of column dimensions,
including standard  analytical columns in lengths of 30 to 250mm,
internal diameters of 1.0 to 4.6mm, and particle sizes of 3 or 5µm.
Preparative and semi-preparative columns are available, as well.
These hundreds of column choices can make column selection
overwhelming. The chart below, and the information on the back
of the chart, are general guidelines to help simplify the column
selection process.

20
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Turning Visions into Reality™
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Restek 
HPLC Column

End
Cap?

Pore
Size
(Å)

Carbon 
Load (%) Applications Chromatographic Properties Similar Phases

USP
Code

Pinnacle™ DB
C18

Y 140 11
Hydrophobic C18 phase suitable for a wide range of
compounds, neutral through weakly basic.

Highly base-deactivated spherical silica manufactured 
by Restek Corp. Monomeric C18 bonding.

Hypersil® BDS C18 L1

Pinnacle™ DB
C8

Y 140 6
Applications similar to Pinnacle™ DB C18, but with less
hydrophobic retention. Less retention can be useful for
shortening analysis time, if resolution is adequate.

Highly base-deactivated spherical silica manufactured by Restek Corp.
Monomeric C8 bonding. Similar to Pinnacle™ DB C18, but the shorter
alkyl chain provides less hydrophobic retention.

Hypersil® BDS C8 L7

Pinnacle™ DB
Cyano

Y 140 4

Suitable for a wide range of compounds, from acidic
through weakly basic. Also useful for confirmation of
analyses on C18 or C8. Can be used in normal phase or
reversed phase mode of separation.

Cyano bonding on highly base-deactivated spherical silica
manufactured by Restek Corp.

Hypersil® BDS Cyano L10

Pinnacle™ DB
Silica

NA 140 NA Normal phase separations.
Highly base-deactivated spherical silica manufactured 
by Restek Corp.

Hypersil® BDS L3

Pinnacle II™

C18
Y 110 13

Superior general purpose C18 for neutral and acidic
analytes.

Intermediate carbon load and surface area, suitable for a wide range
of neutral to acidic compounds. Silica manufactured by Restek Corp.

Hypersil® ODS;
Spherisorb® ODS

L1

Pinnacle II™

PAH
Y 110 P

Maximum resolution of polynuclear aromatic
hydrocarbons.

Proprietary stationary phase; resolves 16 PAHs in US EPA Method 610.
Silica manufactured by Restek Corp.

Unique

Pinnacle II™ C8 Y 110 7
Superior general purpose C8 for neutral and acidic
analytes.

Provides shorter retention times for hydrophobic compounds 
than C18. Silica manufactured by Restek Corp.

Hypersil® C8 L7

Pinnacle II™

Cyano
Y 110 4

Superior general purpose cyano for weakly basic
analytes. Can be used in normal phase or reversed
phase mode of separation.

More rugged than bare silica for normal phase analyses. 
Silica manufactured by Restek Corp.

Hypersil® Cyano;
Spherisorb® Cyano

L10

Pinnacle II™

Phenyl
Y 110 6

Superior general purpose phenyl for neutral to weakly
basic analytes. 

Offers unique selectivity versus traditional alkyl chain phases, 
especially for aromatic compounds. Silica manufactured 
by Restek Corp.

Hypersil® Phenyl;
Spherisorb® Phenyl

L11

Pinnacle II™

Amino
N 110 2

Excellent general purpose amino phase. 
Excellent choice for carbohydrate analysis.

Silica manufactured by Restek Corp.
Hypersil® Amino; 
Spherisorb® Amino

L8

Pinnacle II™

Silica
NA 110 NA

Superior value phase for normal phase separation
of polar analytes. 

Lower retention than Ultra C18. Silica manufactured by Restek Corp. Hypersil® Silica L3

Allure™ C18 Y 60 27
Ideal for MS and light-scattering detection of neutral
to slightly polar non-ionic solutes. Excellent for basic
compounds, explosives, or steroids.

Most retentive phase for hydrophobic and slightly polar analytes.
Mobile phase containing higher percentage of organic modifier
contributes to higher sensitivity in ESI-based LC/MS. Extensive
deactivation.

Ultracarb® C18;
Betamax® Neutral

L1

Allure™

Aqueous C18
N 60 P

Ideal for analyses that require >90% water in the
mobile phase. Excellent for highly water soluble or
poorly organic soluble compounds, water-soluble
vitamins, organic acids. More retention than Ultra
Aqueous columns.

Highly retentive and selective for reversed phase separations of
polar analytes. Highly base deactivated. Compatible with highly
aqueous (up to 100%) mobile phases. 

L1

Allure™ Basix Y 60 12
Ideal for LC/MS of basic solutes. Excellent for basic 
pharmaceuticals or other amine-containing compounds.

Highly retentive phase for analytes containing amino functionality.
Betamax® Base; 
Maxsil® CN

L10

Allure™ PFP
Propyl

Y 60 17

Excellent for beta-blockers, halogenated compounds,
nucleosides, nucleotides, pyridines, pyrimidines, or
tricyclic antidepressants. Ideal for MS, ELSD, or NPD
detection.

A pentafluorophenyl phase with a propyl spacer. Highly retentive
for basic analytes.

Discovery HS F5

Allure™ Organic
Acids

N 60 P Excellent resolution of challenging organic acids.
Single 30cm column performs equally to two C18 columns in series.
(AOAC Method 986.13)

Unique

Allure™ Silica NA 60 NA
Highly retentive phase for polar analytes by normal
phase separation.

High purity, very high surface area. Maxsil® Si L3

Ultra C18 Y 100 20
Ideal for anilines, barbiturates, carbonyls, fat-soluble
vitamins, fatty acids, glycerides, phthalates, PTH amino
acids, steroids, other acids.

Very retentive, high-purity packing material exhibits excellent
peak shape for a wide range of compounds. Excellent first choice
general purpose reversed phase column. 

Discovery C18;
Symmetry C18;  
Luna® C18; Zorbax® C18;
Kromasil® C18;
Lichrospher® RP-18;
Inertsil® ODS-2; Develosil® C18

L1

Ultra Aqueous
C18

N 100 15

Ideal for analyses that require >90% water in the
mobile phase. Excellent for highly water soluble or
poorly organic soluble compounds, water-soluble
vitamins, organic acids.

Highly retentive and selective for reversed phase separations of
polar analytes. Extensively base deactivated. Compatible with
highly aqueous (up to 100%) mobile phases. 

ODS-AQ
Aquasil C18
Zorbax® SB-AQ

L1

Ultra IBD N 100 12
A polar group assists in deactivating surface silanols
and contributes to unique selectivities for acids, bases,
zwitterions, and polar compounds. 

Intrinsically base-deactivated (IBD) phase, with a polar group
embedded in the alkyl bonded phase. Provides unique selectivity
while reducing or eliminating the need for mobile phase additives.

Symmetry Shield; 
Discovery ABZ & ABZ+;
Prism®; HyPurity Advance

Ultra C8 Y 100 12
Excellent peak shape for a wide range of compounds.
Selectivity and peak shape similar to Ultra C18, but less
hydrophobic retention.

Very retentive, high-purity, base-deactivated reversed phase 
packing.

Luna® C8; Symmetry C8; 
Kromasil® C8

L7

Ultra C4 Y 100 9 Ideal for peptides, small proteins, hormones. 
Exceptionally stable C4 packing, with high bonding coverage and
silanol base-deactivation. Shorter retention than C18 or C8.

Supelcosil Butyl (C4); 
Delta-Pak® C4

L26

Ultra C1 NA 100 5
Alternative selectivity to Ultra C18 or C8, especially for
polar analytes. Shortest chain alkyl phase available for
reversed phase separations.

Exceptionally stable C1 packing resists hydrolysis, even under acidic
mobile phase conditions. Least retentive reversed phase hydrocarbon
packing.

Spherisorb® C1 L13

Ultra Cyano Y 100 8
Excellent for basic pharmaceuticals, steroids (normal or
reversed phase conditions), or other basic compounds. 

High-purity cyano phase with reduced silanol activity. Often a better
choice than C18 for basic pharmaceuticals. Cyano is the most stable
bonded phase for normal phase separations.

Platinum® CN;
Develosil® Cyano;
Luna® CN

L10

Ultra Phenyl Y 100 10
Ideal for fatty acids, polynuclear aromatic hydrocarbons,
purines and pyrimidines, polar aromatics.

High-purity, highly retentive, base-deactivated phase with alternate
selectivity to hydrocarbon phases, especially for aromatic analytes.

Platinum® Phenyl;
Supelcosil Phenyl

L11

Ultra Amino N 100 2
Superior general purpose amino phase. 
Ideal for carbohydrates.

Recommended for normal phase analyses of mono- and disaccharides
and other similar compounds. Can also serve as a weak anion
exchanger, with aqueous buffers.

Platinum® Amino; 
Develosil® NH2

L8

Ultra PFP Y 100 7
Ideal for taxol and precursors, halogenated compounds,
amines, esters, or ketones.

A pentafluorophenyl phase. Unique selectivity by interaction with
functional groups of organohalogens or other basic analytes. 

Fluophase® PFP;
Fluosep-RP® Phenyl

L43

Ultra Silica NA 100 NA Ideal for normal phase applications. High purity, high surface area. Unique L3

Ultra
Carbamate

P 100 P Rapid analysis of carbamates.
Proprietary stationary phase can process up to twice as many 
samples per hour, compared to a conventional C18 phase.

Unique

Ultra Quat P 100 P
Proprietary phase for paraquat, diquat, and other
quaternary amines.

High purity silica. Requires a reagent solution. Unique —

Viva™ Wide Pore
C18

Y 300 6
Proteins and other higher molecular weight
compounds.

Silica manufactured by Restek Corp.

Symmetry® 300 C18;
Jupiter® 300 C18;
BioBasic® C18;
Zorbax® 300 SB-C18

Viva™ Wide Pore
Silica

NA 300 NA
Higher molecular weight compounds by normal
phase mode.

Silica manufactured by Restek Corp.
Symmetry® 300 silica; Jupiter®

300 silica; Zorbax® 300 silica

P= proprietary
NA= not applicable
All columns: recommended pH range is 2.5–7.5; temp. limit 80°C.  
Column lifetimes can be shortened by operating at pH and/or temperature extremes.

Call Restek Now for the Right Column for
Your Tough Analysis 1-800-356-1688 



Particle Size
• Analytical separations generally are on 5µm or

smaller particles.
• Semi-preparative and preparative analyses general-

ly are on 7µm or larger particles.
• Smaller particles provide greater efficiency (N)

than larger particles (a 3µm particle provides
~50% greater efficiency than a 5µm particle).

• Smaller particles create higher backpressure.

Pore Size
• Small molecules (<2000mw) generally analyzed on

material with pore size ≤ 200Å (typical size:
60Å–180Å).

• Large molecules (>2000mw) generally analyzed on
material with pore size ≥ 300Å.

• Surface area inversely related to pore size (the
smaller the pores the larger the surface area).

• Stationary phase loading directly related to surface
area (the larger the surface area the higher the sta-
tionary phase loading).

Column Dimensions
ID
• Theoretically, resolution and pressure are inde-

pendent of ID, if the mobile phase flow rate is
adjusted to maintain the same linear velocity.

• Smaller column ID can increase sensitivity if sam-
ple is limited.

• Smaller column ID can reduce / eliminate need for
flow splitting in LC/MS.

• Column ID <3.2mm requires reducing extra col-
umn volume (tubing, injector, detector flow cell).

Length
• If all else is equal: shorter columns provide faster

analyses and less backpressure; longer columns
provide greater resolution

• Efficiency (N) is directly related to column length,
but is a square root factor in resolution: therefore,
a 4-fold increase in length is needed to double res-
olution

[R = 1/
4

(α-1 / α) (√N) (k' / k'+1)]

α: selectivity       k': capacity

Choosing a Stationary Phase
• Most critical decision in column selection.
• Based on analyte solubility and chemical 

differences among analytes.
• Analyte solubility dictates mode of separation:

Reversed phase - analytes soluble in water and/or
polar organic solvent (e.g., acetonitrile, methanol).
Mobile phase more polar than stationary phase.
Normal phase - analytes soluble in nonpolar sol-
vent (e.g., hexane). Mobile phase less polar than
stationary phase.

Analyte Functional Group

Trident™ Direct Guard Column System
Unlike “one size fits all” guard systems, the Trident™ Direct system gives you
the power to select the right level of protection for your analysis. The system
offers three levels of protection and guard cartridges in four dimensions, with
a variety of bonded phases to match your analytical column. The economical,
leak-free cartridge design provides an unprecedented combination of conven-
ience, economy, and reliability. The foundation of the Trident™ Direct system
is a reusable direct connect holder that easily attaches to any HPLC column
using CPI- or Waters®-style end fittings.* The system is available in the fol-
lowing configurations to match different protection level needs: in-line filter,
in-line filter with holder for 10mm guard cartridge, and in-line filter with
holder for 20mm guard cartridge. The guard cartridges are available in 2.1 and
4.0mm ID and are interchangeable within the appropriate length holder. Use
4.0mm ID guard with 4.6 or 4.0mm ID analytical column, 2.1mm ID guard
with 2.1 - 3.2mm ID analytical column.

*The standard PEEK® tip in Trident™ Direct systems is compatible with Parker®, Upchurch®,
Valco®, and other CPI-style fittings. To use Trident™ Direct systems with Waters®-style end fittings,
the tip must be replaced with cat.# 25088.

Easy to Use, Low Dead Volume—The Ultimate
Combination of Convenience and Column
Protection

Trident™ Direct Guard Column System

Please see Restek’s
Chromatography
Products Catalog for
more HPLC columns
and accessories.

Steps in Scouting a Method
1.Choose stationary phase based on chemistry 

of analytes.
2.Use a 150 x 4.6mm, 5µm column; determine 

appropriate mobile phase strength needed 
(2<k<5) by using a gradient test run.

3.If resolution is close to requirements, optimize 
column dimensions and conditions. If large 
gain in resolution is needed change mobile 
phase composition or stationary phase.

55µµmm  PPaarrttiicclleess 33µµmm  PPaarrttiicclleess
IIDD  ((mmmm)) FFllooww  RRaattee  ((mmLL//mmiinn..)) FFllooww  RRaattee  ((mmLL//mmiinn..))

4.6 1.00 1.5
3.2 0.50 0.73
2.1 0.20 0.31
1.0 0.05 0.07

Optimum Flow Rate

Reversed Phase (RP)

Normal Phase (NP)

Choosing a Mode

RP - reversed phase 
SEC - size exclusion chromatography 
GFC - gel filtration chromatography 
RP-IP - reversed phase-ion pair ion exchange 
NP - normal phase
GPC - gel permeation chromatography
IEX - ion exchange

DDeessccrriippttiioonn qqttyy.. ccaatt..##

High-pressure filter ea. 25082
10mm guard cartridge holder without filter ea. 25083

10mm guard cartridge holder with filter ea. 25084
20mm guard cartridge holder without filter ea. 25085

20mm guard cartridge holder with filter ea. 25086

Connection tip for Waters®-style end fittings ea. 25088
PEEK® tip standard fittings ea. 25087

Replacement cap frits: 4mm, 2.0µm 5-pk. 25022

Replacement cap frits: 4mm, 0.5µm 5-pk. 25023

Replacement cap frits: 2mm, 2.0µm 5-pk. 25057

Ultra 100Å Pores

Allure™ 60Å Pores

Sample Characteristics
SSaammppllee  ssoolluubbllee  iinn:: IIoonniicc  SSttrreennggtthh AAnnaallyytteess  pprriimmaarriillyy  ddiiffffeerr  bbyy:: RReeccoommmmeennddeedd  MMooddee::
water and/or polar organics nonionic hydrophobicity/hydrophilicity RP

weakly ionic hydrophobicity/hydrophilicity RP with ion suppression
nonionic/weakly ionic size (>2000MW) SEC (GFC)
strongly ionic hydrophobicity/hydrophilicity RP-IP, IEX

nonpolar organics nonionic hydrophobicity/hydrophilicity NP
weakly ionic hydrophobicity/hydrophilicity NP with ion suppression
nonionic/weakly ionic size (>2000MW) SEC (GPC)

NeutralBaseAcid
Acids, Bases, & Neutrals

Mixed

Ultra IBD
Ultra Aqueous C18
Allure™ Aqueous C18
Allure™ Organic Acids

Allure™ Basix
Allure™ PFP Propyl
Ultra IBD
Ultra PFP
Pinnacle™ DB Cyano
Ultra Cyano
Ultra Amino
Pinnacle II™ Amino

Pinnacle™ DB C18
Ultra C18
Pinnacle II™ C18
Allure™ C18
Ultra C8
Pinnacle II™ C8
Pinnacle II™ Phenyl

Ultra IBD
Ultra  Aqueous C18
Allure™ Aqueous C18
Allure™ Organic Acids

Ultra IBD
Allure™ Basix

Hydrophobic Hydrophilic

HPLC Column Selection Guide
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Fast Analyses of Aroclor® PCBs, Using the Zip Scientific GC Racer*
Temperature Programming System
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Introduction
Analytical chemists using traditional gas chromatographs (GC)
have control of four fixed parameters (column length and internal
diameter, phase type and film thickness) and three variable param-
eters (carrier gas composition and velocity, and temperature pro-
gramming) that affect analytical run times. The maximum oven
temperature ramp rate has been limited, however, based on chro-
matograph design. Now, the temperature-programming rate can be
effectively increased, significantly shortening analysis time for
Aroclor® PCBs and thereby reducing instrument operating time
and increasing sample throughput.

Aroclor® PCBs
Aroclor® mixtures are mixtures of polychlorinated biphenyl (PCB)
congeners, each phenyl ring of which contains 1–5 chlorine atoms.
Since each PCB can contain up to 10 chlorine atoms, in any com-
bination of positions, there are 209 PCB congeners. Environmental
samples are commonly screened for seven Aroclor® mixtures that
are or were widely used, but there are other Aroclor® mixtures and
PCB mixtures are also manufactured under other tradenames.

The seven commonly analyzed Aroclor® mixtures are Aroclor®

1016, 1221, 1232, 1242, 1248, 1254, and 1260. Other Aroclor®

mixtures include “technical” Aroclor® 1254, Aroclor® 1262, and
Aroclor® 1268. The Aroclors® contain mixes of congeners based on
distillation fractions. The last two digits of the Aroclor® number
indicate the content of chlorine, by weight (e.g., Aroclor® 1232 is
32% chlorine by weight). The exception is Aroclor® 1016, which is
similar to Aroclor® 1242. The range of PCB congeners differs
among Aroclor® mixtures (e.g., Aroclor® 1242 is made up mainly
of congeners ranging from approximately dichlorobiphenyls to
tetrachlorobiphenyls; late eluting Aroclor® 1260 is made up mostly
of hexachlorobiphenyls to octachlorobiphenyls) and, since the
mixtures were made to weight percent chlorine, not to specific
composition standards, the exact mixture of congeners varies
among various manufacture lots. All Aroclor® mixtures have some
PCB congeners in common, so retention times among Aroclor®

mixtures overlap, but each Aroclor® mixture has an identifiable fin-
gerprint pattern.

Reducing Analysis Time
Because the chromatographic patterns of the various Aroclor® mix-
tures are easily differentiated, the chromatographer could acceler-
ate the GC analysis, and thereby accomplish more analyses during
a set period of time. To reduce analysis time without changing the
column, the chromatographer has three options: change carrier gas
(from helium to hydrogen), increase the velocity at which the car-
rier gas passes through the column, or increase the oven tempera-
ture program rate.

Changing the carrier gas might not be a practical option. To
increase the velocity of the carrier gas the backpressure at the col-
umn inlet must be increased. Generally, 30m x 0.32mm columns
are operated at a pressure of 5-10psig, but the pressure can be

increased to 25 psig without a loss of column efficiency that would
affect Aroclor® quantification.

The third option, increasing the oven temperature program rate, has
been a problem until now: oven temperature ramp rates are limited.
Most older chromatograph models have a maximum reliable pro-
gramming rate of 20°C/minute; newer models allow programming
rates of up to 70°C/minute, but only to relatively low maximum
temperatures.

Now, by using the Zip Scientific GC Racer auxiliary heating unit,
temperature program rates of up to 70°C/min. can be maintained to
temperatures up to 350°C—conditions that allow analyses of
Aroclor® PCB mixtures to be accelerated.

The GC Racer consists of a program controller and a resistive heat-
ing element that is placed on the floor of the GC oven (Figure 1).
The heating element is connected to the controller which, in turn,
is plugged into the main PC board of the GC. When the GC Racer
programmer detects that the factory heating elements are not keep-
ing up with the programmed heating rate, the GC Racer heater is
brought into the circuit to augment the heat being supplied to the
oven. Oven temperature with and without supplementation from a
GC Racer has been empirically tested with an Agilent 5890 chro-
matograph; results are shown in Figure 1.

Faster Aroclor® Analyses

Figure 1—The GC Racer allows a temperature program
rate of up to 70°C/min. to be maintained up to 350°C.

GC: Agilent 5890; Service: 120V/15 amp;
Start Temp: 20°C; set oven to 400°C and

monitor oven temp.

The GC Racer consists of a
control unit and a resistive
heating element placed on
the floor of the GC oven.

*Patent pending.

control unit

heating
element
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Figure 2—Analysis of mixed Aroclor® standards is significantly faster with the GC Racer temperature programmer.

Aroclor® 1221, 1242, 1254, 1260 Mix
with GC Racer

GC_EV00624

Aroclor® 1221, 1242, 1254, 1260 Mix
without GC Racer

GC_EV00625

Oven temp.: 120°C (hold 1 min.) to 300°C @ 20°C/min. (hold 20 min.)

Column: Rtx®-CLPesticides2 30m, 0.32mm ID, 0.25µm (cat.# 11324)
Sample: 400ng/mL Aroclor® 1221, 1242, 1254, 1260 mix in hexane
Inj.: 1.0µL direct, Uniliner® inlet liner  (cat.# 20335)
Inj. temp.: 210°C
Carrier gas: helium, constant pressure  
Linear velocity: 46cm/sec. @ 120°C
Det.: ECD @ 310°C
Guard Column: Siltek™-Deactivated 5m, 0.32 ID (cat.# 10027)
Connector: Universal Angled Press-Tight® (cat.# 20446)

More than
40% reduction

in analysis
time with fast
temperature

programming!

Structure of polychlorinated
biphenyls. Each molecule
can have 1 to 10 chlorine

atoms.

Oven temp.: 120°C (hold 0.5 min.) to 300°C @ 60°C/min. (hold 6.5 min.)
Zip Scientific GC Racer for Agilent 5890 Series II (cat.# 23024)



Using a GC Racer, the oven temperature program for an Agilent
5890 chromatograph can be tripled, from 20°C/min. to 60°C/min.
With all other chromatographic parameters the same, analysis time
will be reduced significantly. Figure 2 shows chromatograms of a
mixture of Aroclor® standards analyzed at both programming rates.
Time savings that accrue from the five-minute shorter analysis are
significant. Using a common GC cool-down time of two minutes,
total cycle times at the two programming rates are 14 minutes and
9 minutes. In an 8-hour period 34 cycles can be made at a 14-
minute cycle time, versus 53 cycles with the GC Racer—a 56%
increase in sample throughput!

Typical chromatographic patterns for the seven common Aroclor®

mixtures analyzed under fast temperature programming are shown

in Figure 3.

Conclusion
The Zip Scientific GC Racer system is a highly effective, easily
installed tool that enhances the performance of a gas chromato-
graph. By decreasing run time and increasing sample throughput,
the higher analysis speeds that can be achieved can lead to signifi-
cant long-term savings of time and money. PCB analyses are shown
here, but this example application is a good model for analyses of
long-chain hydrocarbons, high molecular weight compounds, low-
volatility molecules, and other late eluting analytes that require
long analysis times at slow temperature program rates.

Restek Corporation • (800) 356-1688 • (814) 353-1300 • www.restekcorp.com

Figure 3—Typical chromatographic patterns for Aroclor® PCBs analyzed under fast temperature programming.

Aroclor® 1016
Sample: 400ng/mL
Aroclor® 1016 standard
(cat.# 32006) in hexane

GC_EV00617

Aroclor® 1221
Sample: 400ng/mL
Aroclor® 1221 standard
(cat.# 32007) in hexane

GC_EV00618

Aroclor® 1232
Sample: 400ng/mL
Aroclor® 1232 standard
(cat.# 32008) in hexane

GC_EV00619

Aroclor® 1242
Sample: 400ng/mL
Aroclor® 1242 standard
(cat.# 32009) in hexane

GC_EV00620

Aroclor® 1248
Sample: 400ng/mL
Aroclor® 1248 standard
(cat.# 32010) in hexane

GC_EV00621

Aroclor® 1254
Sample: 400ng/mL
Aroclor® 1254 standard
(cat.# 32011) in hexane

GC_EV00622

Aroclor® 1260
Sample: 400ng/mL
Aroclor® 1260 standard
(cat.# 32012) in hexane

GC_EV00623

Rtx®-CLPesticides2 30m, 0.32mm ID, 0.25µm (cat.# 11324)
Inj.: 1.0µL direct, Uniliner® inlet liner  (cat.# 20335)
Inj. temp.: 210°C
Carrier gas: helium, constant pressure  
Linear velocity: 46cm/sec. @ 120°C
Oven temp.: 120°C (hold 0.5 min.) to 300°C @ 60°C/min. (hold 6.5 min.)
Det.: ECD @ 310°C
Guard Column: Siltek™-Deactivated 5m, 0.32 ID (cat.# 10027)
Connector: Universal Angled Press-Tight® (cat.# 20446)
Zip Scientific GC Racer for Agilent 5890 Series II (cat.# 23024)
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Restek will create the
right solution for you!

Restek
should be
your first
choice for
custom-
made refer-
ence materi-
als. Our
inventory of

over 3,000 compounds ensures you of
maximum convenience, maximum
value, and minimum time spent
blending mixtures in your lab.

For our online custom reference 
material request form, visit
http://www.restekcorp.com/stdreq.htm

Rtx®-CLPesticides2 Columns (Fused Silica)
ID df (µm) temp. limits 15-Meter 20-Meter 30-Meter 60-Meter
0.10mm 0.10 -60 to 310/330°C 43302
0.18mm 0.14 -60 to 310/330°C 42302
0.25mm 0.20 -60 to 320/340°C 11320 11323 11326
0.32mm 0.25 -60 to 320/340°C 11321 11324
0.53mm 0.42 -60 to 300/320°C 11337 11340

Rtx®-5 Columns (Fused Silica)
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

*The maximum temperatures listed are for 15- and 30-meter lengths. 
Longer lengths may have a slightly reduced maximum temperature.

ID df (µm) temp. limits* 15-Meter 30-Meter 60-Meter
0.25mm 0.25 -60 to 330/350°C 10220 10223 10226

0.50 -60 to 330/350°C 10235 10238 10241
1.00 -60 to 320/340°C 10250 10253 10256

0.32mm 0.25 -60 to 330/350°C 10221 10224 10227
0.50 -60 to 330/350°C 10236 10239 10242
1.00 -60 to 330/350°C 10251 10254 10257

0.53mm 0.25 -60 to 320/340°C 10222 10225 10228
0.50 -60 to 310/330°C 10237 10240 10243
1.00 -60 to 310/330°C 10252 10255 10258
1.50 -60 to 310/330°C 10267 10270 10273

Aroclor® Solutions
Compound Individual 5-pk. 10-pk. 
Packaged 1mL/ampul Solvent µg/mL Individual w/data pack 5-pk. w/data pack w/data pack
Aroclor® 1016 hexane 1,000 32006 32006-500 32006-510 32006-520 32106
Aroclor® 1221 hexane 1,000 32007 32007-500 32007-510 32007-520 32107
Aroclor® 1232 hexane 1,000 32008 32008-500 32008-510 32008-520 32108
Aroclor® 1242 hexane 1,000 32009 32009-500 32009-510 32009-520 32109
Aroclor® 1248 hexane 1,000 32010 32010-500 32010-510 32010-520 32110
Aroclor® 1254 hexane 1,000 32011 32011-500 32011-510 32011-520 32111
Aroclor® 1260 hexane 1,000 32012 32012-500 32012-510 32012-520 32112
Aroclor® 1016/1260 hexane 1,000 32039 32039-500 32039-510 32039-520 32139
Aroclor® 1262 hexane 1,000 32409 32409-500 32409-510 32409-520 32509
Aroclor® 1268 hexane 1,000 32410 32410-500 32410-510 32410-520 32510

Compound Individual 5-pk. 10-pk. 
Packaged 1mL/ampul Solvent µg/mL Individual w/data pack 5-pk. w/data pack w/data pack
Aroclor® 1016 isooctane 200 32064 32064-500 32064-510 32064-520 32164
Aroclor® 1221 isooctane 200 32065 32065-500 32065-510 32065-520 32165
Aroclor® 1232 isooctane 200 32066 32066-500 32066-510 32066-520 32166
Aroclor® 1242 isooctane 200 32067 32067-500 32067-510 32067-520 32167
Aroclor® 1248 isooctane 200 32068 32068-500 32068-510 32068-520 32168
Aroclor® 1254 isooctane 200 32069 32069-500 32069-510 32069-520 32169
Aroclor® 1260 isooctane 200 32070 32070-500 32070-510 32070-520 32170
Aroclor® 1016/1260 isooctane 200 32299 32299-500 32299-510 32299-520 32399

GC Racer by Zip Scientific*

*Patent pending.

CE pending

Operate Your Agilent
5890 as fast as a 6890!

1,000µg/mL each in hexane, 1mL/ampul

32006: Aroclor® 1016
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32012: Aroclor® 1260

PCB Kit #1

Kit Kit w/Data Pack
32089 32089-500

200µg/mL each in isooctane, 1mL/ampul

32064: Aroclor® 1016
32065: Aroclor® 1221
32066: Aroclor® 1232
32067: Aroclor® 1242
32068: Aroclor® 1248
32069: Aroclor® 1254
32070: Aroclor® 1260

PCB Kit #2

Kit Kit w/Data Pack
32090 32090-500

1,000µg/mL each in hexane, 1mL/ampul

32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32039: Aroclor® 1016/1260

PCB Kit #3

Kit Kit w/Data Pack
32400 32400-500

200µg/mL each in isooctane, 1mL/ampul

32065: Aroclor® 1221
32066: Aroclor® 1232
32067: Aroclor® 1242
32068: Aroclor® 1248
32069: Aroclor® 1254
32299: Aroclor® 1016/1260

PCB Kit #4

Kit Kit w/Data Pack
32401 32401-500

Uniliner® Inlet Liner For Agilent GCs
(for 0.32/0.53mm ID columns)

Restek offers GC columns in virtually any bore, film thickness, and
length. Also, we stock thousands of inlet liners for all major GC
models for immediate shipment! For a complete product listing,

request our annual Chromatography Products Guide.

(4.0mm ID, 6.3mm OD, 78.5mm length)

20335 (ea.) 20336 (5-pk.)

Description qty. cat.#
GC Racer for Agilent 5890 Series II (only) GC 120 volt ea. 23024
GC Racer for Agilent 5890A (only) GC 120 volt ea. 23025
GC Racer for Agilent 6890 (only) GC 120 volt ea. 23028
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✔ Elutes decabromodiphenyl ether in 30 minutes.
✔ Low bleed for sensitive ECD and MS analyses.

✔ Separates other higher molecular weight compounds.

new

Brominated flame retardants are an emerging envi-
ronmental concern that present a unique challenge
to analysts. One of the most heavily used types of
brominated flame retardants are the polybrominat-
ed diphenyl ethers (PBDEs). These compounds
have the structure shown in Figure 1, with 1 to 10
bromines substituted on the two rings. This makes
these compounds fairly heavy (up to approximately
1000amu), thus placing difficult requirements on
the gas chromatographic (GC) analytical system.
While the analysis may be performed using either
electron capture detection (ECD) or mass spectro-
metric detection (MS), the compounds require a
high oven temperature to elute in a reasonable
amount of time. This requires an analytical GC col-
umn featuring high-temperature fused silica or
metal tubing and a high-temperature stationary
phase that has both low bleed and the selectivity
necessary to separate the PBDE congeners.

Restek chemists, working in conjunction with Karen
MacPherson and Eric Reiner at the Ontario Ministry
of the Environment, have developed a new fused sil-
ica capillary GC column and analytical procedure
for separating PBDE congeners in a reasonable

time. The new Rtx®-500 column incorporates a
carborane-stabilized polydimethylsiloxane polymer
in special high-temperature fused silica tubing. The
column can be heated to 380°C, and exhibits very
low bleed at this extreme temperature. The column
combines the stability required for separating high-
er molecular weight compounds with the sensitivity
required for ECD or MS analysis.

PBDE congeners up to decabromodiphenyl ether
(PBDE 209) are separated in less than 45 minutes

Figure 1
PBDEs can have high molecular weight, due

to bromine substitution around the two rings.

using the new Rtx®-500 column in a GC-high resolu-
tion MS analysis (Figure 2). In a GC-ECD analysis of
the same PBDE congeners, decabromodiphenyl
ether is eluted in 30 minutes. This same system has
been used for baseline separation of toxic PCB con-
geners and is currently under investigation for analy-
ses of the brominated and chlorinated dioxins and
furans. If you must analyze PBDEs or other high
molecular weight compounds, we highly recommend
the Rtx®-500 column for fast separations and reli-
able quantitation.

(contd. on page 2)
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Column: Rtx®-500 30m, 0.25mm, 0.15µm (cat.# 10750); GC: Agilent 6890+; Sample: Wellington Laboratories BDE Mix C (300pg/µL each in nonane); Inj.: 1µL splitless injection,
drilled Uniliner® (cat.# 21054); Oven temp.: 100°C (hold 0.64 min.) to 110°C @ 10°C/min. (hold 0 min.) to 180°C @ 80°C/min. (hold 23 min.) to 350°C @ 5°C/min.; Flow rate:
constant @ 1.5mL/min; Injector temp.: 300°C; Instrument configuration: Micromass Autospec-UltimaNT (High Resolution Mass Spectrometer); Source Temperature: 300°C

NB DecaBDE (last elutor)
elutes at ~43 min.

Figure 2
The Rtx®-500 column completely separates PBDE congeners in less than 45 minutes in a GC/MS analysis.

Chromatogram courtesy of Ontario
Ministry of the Environment

Reference materials courtesy of
Wellington Laboratories, Guelph,
Ontario, Canada
www.well-labs.com
US Distributor:
TerraChem Inc. U.S.A.
8600 Shawnee Mission Pkwy.,
Suite 305
Shawnee Mission, KS  66202
Phone: 913-722-4919
Toll-free: 877-809-7039
Fax: 913-722-4669
Website: http://www.terrachem.com
Email: info@terrachem.com

Ordering Information | Rtx®-500 Columns (Fused Silica)
(Crossbond® carborane/dimethyl polysiloxane)  Stable to 380°C

ID df (µm) temp. limits 30-Meter 60-Meter
0.25mm 0.15 -60°C to 380°C 10750 10751
0.53mm 0.15 -60°C to 380°C 10752

GC_EV00616

Column: Rtx®-500 30m, 0.53mm ID, 0.15µm
(cat.# 10752)

GC: Agilent 5890
Sample: Wellington Laboratories BDE-Mix C (300pg/µL

each in nonane)
Inj.: 1.0µL direct injection, drilled Uniliner®

(cat.# 21054)
Inj. temp.: 380°C
Carrier gas:  hydrogen, constant pressure  
Linear velocity: 7.69mL/min. (66.7 cm/sec.) @ 100°C
Dead time: CH2Cl2 headspace 0.76 min. @ 100°C
Make-up gas: 40mL/min.
Oven temp.: 100°C (hold 1 min.) to 260°C @ 15°C 

(hold 5 min.) to 380°C @ 15°C
(hold 15 min.)

Peak IUPAC #
1. 4-bromodiphenyl ether 3
2. 4,4'-dibromodiphenyl ether 15
3. 2,4-dibromodiphenyl ether 7
4. 2,2',4-tribromodiphenyl ether 17
5. 2,4,4'-tribromodiphenyl ether 28
6. 2,2',4,5'-tetrabromodiphenyl ether 49
7. 2,3',4',6-tetrabromodiphenyl ether 71
8. 2,2',4,4'-tetrabromodiphenyl ether 47
9. 2,3',4,4'-tetrabromodiphenyl ether 66

10. 3,3',4,4'-tetrabromodiphenyl ether 77
11. 2,2',4,4',6-pentabromodiphenyl ether 100
12. 2,3',4,4',6-pentabromodiphenyl ether 119
13. 2,2',4,4',5-pentabromodiphenyl ether 99
14. 2,2',3,4,4'-pentabromodiphenyl ether 85
15. 3,3',4,4',5-pentabromodiphenyl ether 126
16. 2,2',4,4',5,6'-hexabromodiphenyl ether 154
17. 2,2',4,4',5,5'-hexabromodiphenyl ether 153
18. 2,2',3,4,4',5'-hexabromodiphenyl ether 138
19. 2,2',3,4,4',5',6-heptabromodiphenyl ether 183
20. decabromodiphenyl ether 209

Figure 3
When used with less expensive ECD methodology, an Rtx®-500 column resolves PBDEs in 30 minutes.

formoreinfo
request Applications Note 59389A.
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Vespel® Ring Inlet Seal
Seals the First Time, Every Time

0.8mm ID Vespel Ring Inlet Seal (washers included) 2-pk. 10-pk.
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel Ring Inlet Seal (washers included)* 2-pk. 10-pk.
Gold-Plated 21568 21569
Silcosteel® 21570 21571
Stainless Steel 21566 21567

Ordering Information | Vespel® Ring Inlet Seals for Agilent 5890/6890 and 6850 GCs

Gas leaks in your GC system can increase detector
noise, cause baseline instability, waste carrier gas,
and damage valuable analytical columns. Leak
checks should be a regular part of your GC mainte-
nance program. The new Leak Detective™ II elec-
tronic leak detector is the affordable solution for
detecting gas leaks. It will identify minute gas leaks
that might go undetected by liquid leak detectors.*

The Leak Detective™ II electronic leak detector
incorporates micro-chip technology and a new

by Donna Lidgett, GC Accessories Product Marketing Manager

A Compact, Sensitive Leak
Detector For Every GC Analyst

The Restek Leak Detective™ II
✔ Fast results—responds to trace leaks in less than 2 seconds.
✔ Sensitive—detects trace leaks at 1 x 10-4cc/sec.; as low as 100ppm.
✔ Micro-chip design improves sensitivity and response time over previous models.
✔ Compact, ergonomic design is easy to hold and operate with one hand.
✔ Battery-operated for portability (one 9 volt) instant auto-zeroing.

Description qty. cat.#

Leak Detective™ II Leak
Detector
(9 volt, Battery-Operated) ea. 20413

Ordering Information | Leak Detective II™

✔ Easy-to-use, patent-pending design makes a better seal, easily.
✔ Prevents oxygen from damaging your columns.
✔ Reduces wear on the injection port body.

by Donna Lidgett, GC Accessories Product Marketing Manager

In Agilent split/splitless injection ports, it can be dif-
ficult to make and maintain a good seal with a con-
ventional metal inlet disk. The metal-to-metal seal
dictates that the analyst apply considerable torque to
the reducing nut, and, based on our testing, this
does not ensure a leak-tight seal.  Over the course
of oven temperature cycling, metal seals are prone
to leaks, which ultimately can degrade the capillary
column, and cause other analytical difficulties.

Our Vespel® Ring Inlet Seal greatly improves injec-
tion port performance—it seals even after repeated
temperature cycles and without retightening the
reducing nut! This seal features a Vespel® ring

embedded into its face. This soft Vespel® ring will
not harm the critical seal on the injector body, and
is outside the sample flow path. Tests using a high
sensitivity helium leak detector indicate the Vespel®

Ring Inlet Seal seals equally effectively at torques of
5lb. or 60lb. (Figure 1).

Why trust a metal-to-metal seal when you can make
leak-tight seals quickly and easily—and more reli-
ably—with the Restek Vespel® Ring Inlet Seal? Use
the stainless steel seal for analysis of unreactive
compounds. To reduce breakdown and adsorption
of active compounds, use the gold-plated or

design, to give you better sensitivity and faster
response time in a more compact unit. An auto-zero
feature allows you to instantly zero the leak detector
with a push of a button, and the ergonomic design
brings all the controls to your fingertips for easy use.
The unit responds in less than two seconds to trace
leaks of gases with thermal conductivities different
than air. Leaks are indicated by an audible alarm, as
well as by an LED readout. For easy, sensitive, and
reliable leak detection, order a new Leak Detective™

II electronic leak detector today.

*Never use liquid leak detectors on a capillary system
because liquids can be drawn into the column.
Caution: NOT designed for determining leaks of com-
bustible gases. A combustible gas detector should be
used for determining combustible gas leaks in possibly
hazardous conditions.

new

*For dual-column installations.

Figure 1
The Vespel® Ring Inlet Seal achieves

leak-tight seals even at low torque, reducing
the chance of leaks.
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Vespel® ring
minimizes leaks

Silcosteel®-treated seals. The gold surface offers
better inertness than standard stainless steel;
Silcosteel® treatment provides inertness similar to
that of fused silica capillary columns. 
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For years column manufacturers have proclaimed
that packed GC columns have gone the way of the
dinosaurs. While packed columns do not fill every
need, in some situations their use is dictated by
methodology, and, for some analysts, they are the
column of preference. Restek innovations have
brought new life to the “expired” packed column in
all three aspects of column technology: the support,
the phase, and the tubing. Silcoport™ support pro-
vides unsurpassed inertness for trace analyses. Our
bonded phase packings are a revolution in packed
column technology. They significantly shorten con-
ditioning times, greatly reduce column bleed, and
prolong column lifetimes. SilcoSmooth™ tubing
combines the inertness of glass with the durability
of stainless steel.

The great sensitivity of modern detection systems
and a progressing need to reduce detection limits
place challenging demands on a chromatography
column. Silcoport™ diatomaceous earth support is
the modern solid support that we developed to
meet these demands. Unlike conventional DMDCS

by Neil Mosesman, GC Columns Product Marketing Manager

Packed Column Technology
Has New Life

With Restek Innovations
✔ Optimized tubing and support ensure unsurpassed inertness for trace analyses.
✔ Bonded phases shorten conditioning times, greatly reduce bleed, and prolong

column lifetimes.

deactivation, we use a proprietary fused silica deac-
tivation technology and a special mixture of deacti-
vants to ensure the greatest inertness (Figure 1)
without changing the polarity of the stationary
phase. Each batch of support is carefully tested to
confirm a uniform particle size distribution that
ensures columns with maximum efficiency.

By applying our experience in stationary phase syn-
thesis in conjunction with our unique Silcoport™

packing deactivation process we create completely
bonded packing materials. To encompass a wide
range of applications, we offer Rtx®-1 and Rtx®-5,
bonded methyl silicone phases, and Stabilwax®, a
bonded Carbowax® phase. Each phase is completely
cross-linked on Silcoport™ support. In side-by-side
comparisons with conventional nonbonded methyl
silicone phase columns, Rtx®-1 and Rtx®-5 columns
have lower bleed, improved peak shape, and longer
useful lives (Figure 2). Evaluations with an Rtx®-1
column show retention times are repeatable after
only 30 minutes of conditioning.

If your analysis involves reactive compounds, you
probably have used fragile, inflexible glass
columns, but now you can do better. Made from
ultra-smooth, seamless 304 stainless steel, and
treated with our innovative Silcosteel® deactivation
process, SilcoSmooth™ tubing combines the inert-
ness of glass with the strength and flexibility of
stainless steel. SilcoSmooth™ tubing can replace
glass tubing in virtually any application. For analy-
ses of ppb levels of sulfur-containing compounds,
use Sulfinert™ tubing packed with Rt-XLSulfur™

packing. For undemanding applications we can
make columns from conventional tubing: stainless
steel, Hastelloy®, nickel, copper, or Teflon®.

In combination, Silcoport™ support, our bonded
phase packings, and SilcoSmooth™ tubing make
packed column GC a viable alternative in many
applications in which the technique had been
endangered. If you use packed columns, and think
that you have to live with limitations, call us. We
can provide the column that will give you the sepa-
ration you need, but with convenience, inertness,
and column lifetimes you never expected from a
packed column.

2
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0

Non-Bonded
Methyl Silicone
Bleed interferes

with analysis

1817161514

13

12

11109876541
32

Bonded Rtx®-1
Low bleed after 170

cycles to 350°C!

GC_PC00369Ordering Information | Bonded Packed Column Stationary Phases:
Stainless Steel Tubing SilcoSmooth™ Tubing

Liquid Phases Bonded L OD ID cat.#* L OD ID cat.#*
on 100/120 Silcoport™ P (ft.) (in.) (mm) (m) (in.) (mm)
3% Rtx®-1 6 1/8 2.1 80441- 2 1/8 2 80401-
10% Rtx®-1 6 1/8 2.1 80442- 2 1/8 2 80405-
20% Rtx®-1 6 1/8 2.1 80443- 2 1/8 2 80409-
3% Rtx®-5 6 1/8 2.1 80444- 2 1/8 2 80477-
10% Rtx®-5 6 1/8 2.1 80445- 2 1/8 2 80478-
20% Rtx®-5 6 1/8 2.1 80446- 2 1/8 2 80479-
5% Rtx®-Stabilwax® 6 1/8 2.1 80447- 2 1/8 2 80415-
10% Rtx®-Stabilwax® 6 1/8 2.1 80448- 2 1/8 2 80416-
20% Rtx®-Stabilwax® 6 1/8 2.1 80449- 2 1/8 2 80417-
Rtx®-1 SimDist 2887 25" 1/8 2.1 80450 25" 1/8 2 80000

3 4 5 6 7 8 9 10 11

12
13

14 15 16
17 18

10 20 30 min.

0 10 20 30 min.

Figure 2
Bonded packed columns exhibit longer life-

times than nonbonded columns.

1. C5
2. C6
3. C7
4. C8
5. C9
6. C10
7. C11
8. C12
9. C14

10. C16
11. C18
12. C20
13. C24
14. C28
15. C32
16. C36
17. C40
18. C44

Rtx®-1 SimDist 2887 25" x 1/8"
Silcosteel® column (cat.# 80000)
1.0µL direct injection of 1-12%

(w/w) each component cat.# 31647
(1% each listed analyte in CS2) and
cat.# 31675 (5% each, neat) meet
requirements of ASTM D2887-01.

Oven temp.: 35°C to 350°C @
10°C/min. (hold 5 min.)
Inj. & det. temp.: 350°C

Carrier gas: helium @ 25mL/min.
FID sensitivity: 256 x 10-11 AFS

Figure 1
A trace level analysis of pesticides, including labile endrin and DDT, demonstrates the

inertness of Silcoport™ support.1

2

GC_EV00370

1. aldrin
2. 4,4'-DDE
3. endrin
4. 4,4'-DDD
5. 4,4'-DDT
6. endrin aldehyde
7. endrin ketone

1.5% Rt-608Pkd 2m, 2mm ID (cat.# 80221-)
Concentration: 50pg each analyte on-column

Oven temp.: 200°C isothermal
Inj. & det. temp.:  250°C

Det.: ECD
Column flow: nitrogen, 30cc/min.

5 10 15min.

3

4

5

6 7

*Please include configuration suffix number (refer to our catalog, lit. cat.# 59662).



Figure 2
Permanent gases rapidly and effectively resolved from methane by an

Rt-Msieve™ 5A PLOT column.

Figure 1
Oxygen and argon resolved to baseline at above ambient temperature, using an

Rt-Msieve™ 5A PLOT column.
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Gas-liquid chromatography (GLC), the most com-
mon mode of gas chromatography, has limited
application in analyses of gases. Subambient tem-
peratures often are required to achieve a separa-
tion, and cryogenic cooling systems are costly and
inconvenient. Gas-solid chromatography (GSC), in
which gaseous analytes are absorbed into the pack-
ing particles, rather than into a surface coating, is
far more effective for separating gases. Difficult-to-
separate small molecules, such as argon and oxy-
gen, butene isomers, and many others, can be sep-
arated by GSC at above ambient temperatures.

Just as capillary columns offer important advan-
tages over packed GLC columns, porous layer open
tubular columns—PLOT columns—offer signifi-
cant advantages over packed GSC columns. Their
open design gives PLOT columns greater perme-
ability, and their narrow diameter ensures sharper
peaks. The open construction also affords a smaller
pressure drop per unit length, so longer columns
can be used. This means much higher column effi-
ciency and, therefore, superior resolution. In brief,
PLOT columns provide faster and more sensitive
analyses than packed GSC columns.

Restek PLOT columns are especially effective for
separating mixtures of gaseous analytes. Rt-Msieve™

5A and MXT®-Msieve 5A PLOT columns contain
molecular sieve 5A particles that are bonded to the
inner surface of the tubing, using a proprietary
process that prevents particle dislocation that could
damage valves and detection systems. They are
designed for fast, efficient separation of argon and
oxygen, hydrogen and helium, and other permanent
gases, including permanent gases admixed in refin-
ery or natural gas. Special coating and deactivation
procedures ensure chromatographic efficiency and
the integrity of the porous layer bonding. Finely

by Neil Mosesman, GC Columns Product Marketing Manager

Rt-Msieve™ 5A & MXT®-5A
PLOT Columns

Superior Analyses of Permanent Gases
✔ Fast, efficient separations at above ambient temperatures.

✔ 100% bonding process eliminates the need for particle traps.
✔ Stainless steel columns for durability.

controlled pore size allows selective adsorption of
specific target compounds, ensuring difficult sepa-
rations can be made without subambient tempera-
tures. Figure 1 shows an Rt-Msieve™ 5A column can
separate oxygen from argon to baseline, at above
ambient temperature, in approximately 2 min.
Figure 2 shows the permanent gases resolved from
methane in 4 minutes.* Stainless steel MXT®-Msieve
5A PLOT columns offer the same powerful separat-
ing capabilities as fused silica Rt-Msieve™ 5A PLOT
columns, plus high resistance to physical damage
and ability to be coiled to diameters as small as
3.5" (<9cm), making MXT® columns ideal for
portable GCs, process control applications, and
other demanding situations.

In addition to Rt-Msieve™ 5A and MXT®-Msieve 5A
columns, we manufacture PLOT columns for a wide
range of other applications. Rt-Alumina™ PLOT
columns (Al2O3 solid phase) offer fast, reproducible

performance for determining hydrocarbon purity or
monitoring hydrocarbon streams. Porous polymer
Rt-QPLOT™ and MXT®-QPLOT columns (nonpolar),
Rt-SPLOT™ and MXT®-SPLOT columns (intermedi-
ate polarity), and Rt-UPLOT™ and MXT®-UPLOT
columns (highly polar) are particularly useful for
situations in which water is likely to be encoun-
tered. Applications for these columns include per-
manent gases at subambient temperatures, carbon
dioxide and other inorganic gases, hydrocarbon
mixtures, and many nonpolar, intermediate polarity,
and polar solvents. For more information and
example analyses on Restek PLOT columns, refer to
our current chromatography products catalog or
our website, or request our new PLOT column flyer
(lit. cat. #59456).

If your analyses call for difficult separations of
gaseous analytes, and neither conventional packed
GC columns nor WCOT capillary columns are pro-
viding the separations you want, or your analyses
depend on costly or time-consuming conditions, a
Restek PLOT column can make your work simpler.

Restek PLOT columns are superior
for 5 reasons:

Most efficient and consistent analyses.
No need for particle traps.
Reproducible quality at affordable prices.
Most effective phase for your separation:
alumina, molecular sieve 5A, or porous
polymer.
Fused silica columns for most applications,
metal columns for exceptional durability.

Rt-Msieve™ 5A PLOT 30m, 0.53mm ID (cat. # 19723) 
Sample: 0.5mL sample loop injection; Column temp.: 27°C; Carrier

gas: helium; Linear velocity: 34 cm/sec.; Det.: Valco HID
1. hydrogen, 29.1 ppm
2. argon, 53.4 ppm
3. oxygen, 31.3 ppm1

2

3
Chromatogram courtesy of Larry McElmurry, Mobile Analytical Labs.

GC_PC00170

1

6
5

3

4

min. 1 2 3 4

Rt-Msieve™ 5A PLOT 15m, 0.32mm ID (cat. # 19720)
Sample conc.: 2-5 mol%; Column temp.: 70°C; Carrier gas:

hydrogen; Linear velocity: 64cm/sec.; 
Inj. temp.: 70°C; Det.: HP µTCD; Det. temp.: 200°C ;

Sensitivity: high

1. helium
2. argon
3. oxygen
4. nitrogen
5. methane
6. carbon monoxide

2

GC_PC00165

Ordering Information | Rt-Msieve™ 5A
(Fused Silica PLOT) Temp. limit to 300°C

Ordering Information | MXT®-Msieve 5A
(Metal PLOT) Temp. limit to 300°C

ID df (µm) 15-Meter 30-Meter
0.53mm 50 79721 79723

ID df (µm) 15-Meter 30-Meter
0.32mm 30 19720 19722
0.53mm 50 19721 19723

1.
2.
3.
4.

5.

1 2 3  min.

*Carbon dioxide is difficult to elute from a molecular sieve column, but is isolated easily on an Rt-QPLOT™ porous poly-
mer column at 30°C. Request lit. cat.# 59540 for details.

For gas reference standards for
these applications, see page 10.



Figure 2
A single, modified USP procedure for separating structurally similar narcotic analgesics and

acetaminophen on an Ultra C18 column.

Figure 1
Chemical structures of narcotics and acetaminophen.
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Sometimes methods described in the United States
Pharmacopoeia (USP), the European
Pharmacopoeia (EP), the British Pharmacopoeia
(BP), or other compendia do not provide the
desired robustness in separation or reproducibility,
or results barely pass system suitability require-
ments. Modifications can be made to improve the
methodology, and the results compared statistically
to the original. To improve analysis efficiency and
reduce costs associated with revalidating and test-
ing, it may be desirable to create and validate a sin-

gle analytical method for a range of similar drug
products.

Many narcotics are very similar in structure, often
varying by only a single substitution. Morphine,
codeine, hydrocodone, and oxycodone are quite
similar, for example (Figure 1). Some of these
closely related compounds—all but morphine, in
fact—might be blended with other analgesics, such
as acetaminophen (APAP). USP 25 describes more
than 7 different methods to test these raw materials

and admixtures; some of the older methods do not
use HPLC as a primary test for purity.

One of the chromatographic applications in USP 25
is for the analysis of oxycodone raw material. After
reading the mobile phase section, we saw some
potential problems with the method, including:

1) The use of methanol in this analysis could lead
to high background absorption and loss of linear
range, because the analytical wavelength is 206nm,
and the UV cutoff for methanol is 235nm. In
extreme cases this also can reduce sensitivity—the
more energy the background absorbs, the less is
available to the analyte.

2) An ion-pairing agent (hexane sulfonic acid) is
introduced into the mobile phase without a buffer
to maintain pH. This could lead to widened peaks,
tailing peaks, and retention time drift.

3) Triethylamine (TEA) modifier is included in the
method. When basic compounds are analyzed on
older-type HPLC columns, TEA often is added as
competing base, to reduce the tailing caused by
acidic silanol activity. If the analytical species are
neutral, or have been “neutralized” by an ion-pair-
ing agent, TEA should have no beneficial effect.
Adding TEA, a base, to a mobile phase containing
sulfonic acids will cause acid/base neutralization,
producing a salt and water and reducing the effec-
tive concentration of the acidic ion-pairing agent.
This could lead to the formation of undesirable side
products in the mobile phase that also will absorb
in the low UV range, creating noisy baselines.
Furthermore, TEA is volatile, and its composition
might change over time if the mobile phase is
sparged.

Thus, some aspects of the method appear redundant
and some might actually compromise the separation.
In addition, some of the reagents, such as TEA, might
not be necessary for modern columns. After per-
forming the USP 25 method as written, we made
some tests to determine actual needs to achieve the
system suitability requirements as specified.

With peak shape, separation, and proper analytical
technique in mind, we attempted to eliminate some
of the perceived problems. We realized that by
using 284nm as the detection wavelength, rather
than 206nm as used in USP 25, we might not see
some impurities, but in real life the material should
be tested against some known source for potency.
(Note that with the additional reagents removed,
both Ultra C8 and Pinnacle II™ C8 columns provid-
ed good results at the 206nm wavelength.)

Next we removed the ion pairing agent and the TEA.
We elected to keep a 20 mM phosphate buffer sys-
tem to maintain a pH of 2.5. Then we reduced the
temperature from 35°C to 27°C, to determine
whether the greater mass transfer and analyte solu-
bility in the mobile phase at 35°C had been masking
other potential problems.

by Vernon Bartlett, HPLC Innovations Manager

HPLC Analysis of Narcotic/
Acetaminophen Admixtures
What to Do If a Compendium Method

Doesn’t Work

✔ Make changes or modifications stepwise, with defined purpose in mind.
✔ When possible, create and validate a single method for a range of similar analytes.

HO

N

H

CH3

O

Acetaminophen

OCH3O OH

NCH3
H

H

Codeine Phosphate

H3PO4 H2O

OCH3O

NCH3
H

O

Bitartrate
H

Hydrocodone Bitartrate

O OH

NCH3
H

H

HO

H2SO4 H2O

Morphine Sulfate

OCH3O

NCH3
H

O

HCl
HO

Oxycodone HCl

Peak Conc. (µg/mL) Ret. Time (min.) Tailing Resolution
U. unknown unknown 3.0 NA NA
1. morphine sulfate 204 3.3 0.97 2.3
2. acetaminophen 92 5.0 1.1 14.9
3. codeine phosphate 216 5.3 1.8 2.1
4. oxycodone HCl 206 7.3 1.9 6.9
5. hydrocodone bitartrate 218 8.8 1.9 4.1

Sample:
Inj.: 10µL
Sample: raw material mix
Solvent: mobile phase

LC_0219

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile Phase: A: pH 2.8 10mm 

potassium phosphate
B: acetonitrile
(85A:15B, v/v)

Flow: 1.0 mL/min.
Temp.: 27°C  
Det.: UV @ 235nm



Figure 3
A small amount of methanol finely tunes the separation of narcotic analgesics and acetaminophen

on an Ultra C18 column, as indicated by less peak tailing.
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These changes led to a slight increase in tailing for
all compounds on both Ultra C8 and Pinnacle II™

C8 columns, but this was acceptable, especially
because the run time for the analysis was reduced
by a factor of 3 and resolution was improved by
59% to 79%. The system passed the system suitabil-
ity requirements in the USP monograph.

In the next experiment, we re-introduced the ion
pair reagent hexane sulfonic acid into the system
under the control of the pH 2.5 phosphate buffer
system. The run time doubled, relative to the origi-
nal procedure, demonstrating that TEA did affect
the concentration of the ion-pairing agent.
Reducing the concentration of ion pairing agent, or

using a shorter chain length ion-pairing agent,
might have been a better alternative to adding TEA.
The system still passed the system suitability
requirements listed by the USP, but the chro-
matogram was much noisier—and equilibration
problems seen in the USP 25 analysis returned.

After reviewing the monographs for admixtures con-
taining structurally related narcotics and acetamino-
phen, we created a single separation for morphine
sulfate, acetaminophen, codeine phosphate, oxy-
codone HCl, and hydrocodone bitartrate. The goal
was to create an adequate separation while keeping
the method as simple as possible. We chose an Ultra
C18 column and set detection to 235nm. All compo-
nents, including a small unknown peak, were sepa-
rated to baseline (Figure 2).

Next, we increased the amount of buffer to 90% (a
5% increase). This simple increase doubled the
analysis time. Resolution doubled between most
components, with the greatest change between acet-
aminophen and codeine. The unknown peak disap-
peared and probably co-eluted with morphine.

We adjusted the mobile phase ratio to 85:15,
buffer:organic solvent, using a 90:10 mixture of
acetonitrile and methanol as the organic solvent.
Resolution improved, relative to the original mobile
phase composition, analysis again was under 10
minutes, and the unknown peak returned (Figure
3). For this analysis, these conditions provided the
most desirable results.

In summary, the goal of any method should be to
achieve the most stable and robust separation.
Sometimes methods are more complicated than they
need to be, and this can make analysis unnecessari-
ly difficult. Even troubleshooting such methods adds
to production costs. When preparing to follow a
method always attempt to determine the reason a
reagent would be included in a mobile phase. Any
change or modification should have an established
scientific purpose. By creating more universal meth-
ods for analyses of structurally related compounds,
it should be possible to reduce costs for supplies,
increase laboratory analysis efficiency, and reduce
personnel training time.

For chromatograms illustrating the changes in sep-
aration that occur with each change in the mobile
phase, please request Applications Note #59453. If
you encounter problems when analyzing your sam-
ples according to an established method, our expe-
rienced Technical Service chemists will be glad to
help. Contact them at 800-356-1688, ext. 4 or 814-
353-1300, ext. 4, or contact your Restek represen-
tative.

Peak List: Conc. (µg/mL) Ret. Time (min.) Tailing Resolution
U. unknown unknown 3.1 NA NA
1. morphine sulfate 204 3.3 1.0 1.8
2. acetaminophen 92 5.0 1.1 14.1
3. codeine phosphate 216 5.5 1.4 2.6
4. oxycodone HCl 206 7.5 1.4 8.5
5. hydrocodone bitartrate 218 8.9 1.4 5.0

Sample:
Inj.: 4.0µL
Sample: raw material mix
Solvent: mobile phase

LC_0218

Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: A: pH 2.8 10mm 

potassium phosphate
B: acetonitrile:

methanol (90:10 v/v)
(85A:15B, v/v)

Flow: 1.0mL/min.
Temp.: 27°C  
Det.: UV @ 235nm

Ordering Information | Ultra C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.0mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# cat.# 
30mm 9174531 9174532 9174533 — 9174535
50mm 9174551 9174552 9174553 — 9174555

100mm 9174511 9174512 9174513 9174514 9174515
150mm 9174561 9174562 9174563 9174564 9174565
200mm 9174521 9174522 9174523 — 9174525
250mm 9174571 9174572 9174573 — 9174575

Trident™ Direct HPLC Guard Column System
Choose from three levels of protection!

Trident™ Direct
high-pressure filter
✔ Protection against

particulate matter.

Trident™ Direct 1cm guard
cartridge holder with filter

✔ Protection against
particulate matter.

✔ Moderate protection against
irreversibly adsorbed compounds.

Trident™ Direct 2cm guard
cartridge holder with filter

✔ Protection against
particulate matter.

✔ Maximum protection against
irreversibly adsorbed compounds.

formoreinfo For information about Trident™ guard columns,
request the Trident™ Fast Facts (lit. cat.# 59314 and

59896).

compare
values to
Figure 2
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by Christopher English, Environmental Innovations Chemist

More Reliable Results From
Semivolatiles Analysis

Using Restek Columns and Standards
✔ Rtx®-5Sil MS columns resolve critical pairs and minimize bleed.

✔ Integral guard column available.
✔ 8270MegaMix™ minimizes mixtures needed, has maximum stability.

✔ Monitor all relevant semivolatiles at one detector sensitivity—8270 MegaMix™

includes 3 and 4 methylphenol at 0.5x concentrations of other components.

Complex mixtures of semivolatile organic compounds
are extracted from water, soil, or solid waste samples,
concentrated, and analyzed by gas chromatography.
The current compound list for US EPA Method
8270D, for example, includes basic, neutral, and
acidic compounds with boiling points from 150°C to
500°C. Other semivolatiles methods are similarly
complex. Because these analyses encompass a broad
range of compound classes and require low detection
limits, and because sample extracts can include non-
target contaminants, significant demand is placed on
the efficiency, inertness, thermal stability, and sample
capacity of the analytical column. These parameters
must be optimized to provide good resolution, fast
analysis times, and high sample throughput. The col-
umn must have adequate sample capacity to handle
the high concentrations of contaminants sometimes
found in these extracts, while exhibiting the high
inertness needed for accurate quantification of target
analytes down to low ng/µL levels.

Restek has designed Rtx®-5Sil MS capillary columns
to address the demands of semivolatile by GC/MS.
Silarylene polymer technology stiffens the siloxane
chain, preventing its thermal breakdown (column
bleed). The content of this aryl functionality has been
adjusted to give excellent efficiency and lower bleed,
compared to conventional 5% diphenyl/95%dimethyl
phases; Rtx®-5Sil MS columns exhibit excellent inert-
ness and low bleed, even at 330°C. The optimized
stationary phase, proprietary deactivations, and inher-
ently low bleed of the Rtx®-5Sil MS phase, combined
with the integral guard column, overcome the prob-
lems presented by the compounds and conditions
inherent to semivolatiles analysis. High column effi-
ciency ensures the resolution needed to quantify criti-
cal pairs and structural isomers, as shown by the sep-
aration of benzo(b)- and  benzo(k)fluoranthene
(peaks 83/84) in Figure 1.

Rtx®-5Sil MS columns are available with an integral,
deactivated 5- or 10-meter Integra-Guard™ guard col-
umn that prevents non-volatile residues from collect-
ing in the analytical column, where they could inter-
fere with the analytes. Made from a continuous length
of tubing, innovative Integra-Guard™ columns offer
the column-protecting advantages of a guard column
without the potential for leaks at the interface.*

Our 8270 MegaMix™ eliminates mixing and mini-
mizes preparation time for calibration and laboratory
control samples—it combines all current target ana-
lytes in EPA Method 8270D. 8270 MegaMix™ compo-
nents are indicated in bold in the list of analytes in
Figure 1. A unique feature of this mix is the inclusion
of 3-methyl- and 4-methylphenol at 0.5x the concen-
tration of the other components, so you won't have to
adjust reporting limits when analyzing for these com-
pounds. A long shelf life for unopened ampuls of
8270 MegaMix™ minimizes ordering and inventory
problems.

If you are monitoring semivolatile analytes according
to US EPA Method 8270D, or similar methods, trust
Restek Rtx®-5Sil MS columns and 8270 MegaMix™ to
help you obtain reliable, consistent results.

GC_EV00628

Figure 1
High efficiency Rtx®-5Sil MS columns provide the resolution needed to quantify structural

isomers and critical pairs of semivolatiles.

*For more information about Integra-Guard™ columns,
request lit. cat.# 59441.
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New Analytical Reference
Materials

FAMEs, Acetates, BTEX, Glycols

n-amyl acetate
butyl acetate
ethyl acetate
isopropyl acetate

methyl acetate
propyl acetate
vinyl acetate

8260B Acetate Mix (7 components)

• Includes methyl acetate and n-amyl acetate.

benzene
ethylbenzene
toluene

m-xylene*
o-xylene
p-xylene*

2,000µg/mL each in P&T methanol, 1mL/ampul

BTEX Standard  (6 components)

• m- and p-xylene at 1/2 concentration.
• Contact Restek for future formulations.

Each 5-pk. 10-pk.
30488 30488-510

w/data pack 30488-500 30488-520 30588

Each 5-pk. 10-pk.
30489 30489-510

w/data pack 30489-500 30489-520 30589

ethylene glycol propylene glycol
50,000µg/mL each in DI water, 1mL/ampul

Glycols Standard

Each 5-pk. 10-pk.
30471 30471-510

w/data pack 30471-500 30471-520 30571

Ordering Information | Rtx®-5Sil MS Columns (Fused Silica)
(Equivalent selectivity of Crossbond® 5% diphenyl/95% dimethyl polysiloxane)  Stable to 360°C

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

8

GC_EV00629

1. N-nitrosodimethylamine
2. pyridine
3. 2-fluorophenol
4. phenol-d6
5. phenol
6. aniline
7. bis(2-chloroethyl)ether
8. 2-chlorophenol
9. 1,3-dichlorobenzene

10. 1,4-dichlorobenzene-d4
11. 1,4-dichlorobenzene
12. benzyl alcohol
13. 1,2-dichlorobenzene
14. 2-methylphenol 
15. bis(2-chloroisopropyl)ether
16. 4-methylphenol/

3-methylphenol*
17. N-nitroso-di-n-

propylamine
18. hexachloroethane
19. nitrobenzene-d5
20. nitrobenzene
21. isophorone
22. 2-nitrophenol
23. 2,4-dimethylphenol
24. bis(2-chloroethoxy)methane
25. benzoic acid
26. 2,4-dichlorophenol
27. 1,2,4-trichlorobenzene
28. naphthalene-d8
29. naphthalene
30. 4-chloroanaline
31. hexachlorobutadiene
32. 4-chloro-3-methylphenol
33. 2-methylnaphthalene
34. 1-methylnaphthalene
35. hexachlorocyclopenta-

diene
36. 2,4,6-trichlorophenol
37. 2,4,5-trichlorophenol
38. 2-fluorobiphenyl
39. 2-chloronaphthalene
40. 2-nitroaniline
41. 1,4-dinitrobenzene
42. dimethylphthalate
43. 1,3-dinitrobenzene
44. 2,6-dinitrotoluene
45. acenaphthylene
46. 1,2-dinitrobenzene
47. 3-nitroaniline
48. acenaphthene-d10
49. acenaphthene
50. 2,4-dinitrophenol

51. 4-nitrophenol
52. dibenzofuran
53. 2,4-dinitrotoluene
54. 2,3,4,6-tetrachlorophenol
55. 2,3,5,6-tetrachlorophenol
56. diethyl phthalate
57. 4-chlorophenyl phenyl

ether
58. fluorene
59. 4-nitroaniline
60. 4,6-dinitro-2-methylphenol
61. diphenylamine**
62. azobenzene***
63. 2,4,6-tribromophenol
64. 4-bromophenyl phenyl

ether
65. hexachlorobenzene
66. pentachlorophenol
67. phenanthrene-d10
68. phenanthrene
69. anthracene
70. carbazole
71. di-n-butylphthalate
72. fluoranthene
73. benzidine
74. pyrene
75. p-terphenyl-d14
76. butyl benzyl phthalate
77. bis(2-ethylhexyl)adipate
78. benzo(a)anthracene
79. chrysene-d12
80. chrysene
81. bis(2-ethylhexyl)phthalate
82. di-n-octyl phthalate
83. benzo(b)fluoranthene
84. benzo(k)fluoranthene
85. benzo(a)pyrene
86. perylene-d12
87. indeno(1,2,3-cd)pyrene
88. dibenzo(a,h)anthracene
89. benzo(ghi)perylene

*Each at 0.5x concentration of other components.

**N-nitrosodiphenylamine (8270-listed analyte) decomposes
to diphenylamine (mix component).

***1,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).

Column: Rtx®-5Sil MS w/ 5-meter Integra-Guard™

30m, 0.25mm ID, 0.25µm
(cat.# 12723-124)

Instrument: Agilent 5973 GC/MS
Sample: US EPA Method 8270D Mix 1µL, 

16 ppm each component (16ng on column) 
8270 MegaMix™ (cat.# 31686)
Benzoic Acid Standard (cat.# 31415)
Benzidine Standard (cat.# 31441)
Acid Surrogate Mix (4/89 SOW)(cat.# 31063)
B/N Surrogate Standard Mix
(4/89 SOW) (cat.# 31062)
SV Internal Standard Mix (cat.# 31006)

Solvent: dichloromethane
Inj.: 1.0µL splitless (hold 0.3 min.),

4mm Drilled Uniliner® (cat.# 21055) 
Inj. temp.: 300°C
Carrier gas: helium, constant flow  
Flow rate: 1.1mL/min. 
Dead Time: 1.8 minutes @ 35°C
Oven temp.: 35°C (hold 4 min.) to 245°C @

25°C/min. (no hold) to 330°C @
6°C/min.(hold 3 min.) 

Det: GC/MS
Transfer line temp.: 280°C
Scan range: 35–550 amu
Solvent Delay: 5 min.
Tune: DFTPP
Ionization: EI

Bold indicates a component
of the 8270D MegaMix™

1,000µg/mL each (except noted) in methylene chloride:ben-
zene (75:25), 1mL/ampul

8270 MegaMix™ (76 components)

Each 5-pk. 10-pk.
31686 31686-510 —

31686-500 31686-520 31786

8270 Matrix Spike Mix (76 components)

Each 5-pk. 10-pk.
31687 31687-510 —

31687-500 31687-520 31787

200µg/mL each (except noted) in methanol:methylene
chloride:benzene (80:15:5), 5mL/ampul

See bold compounds in Figure 1 peak list. See bold compounds in Figure 1 peak list.

Chain % by Weight
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9.12) 2.0
C18:2(all-cis-9,12) 2.0
C18:3(all-cis 6,9,12) 2.0
C18:3(all-cis 9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis 11,14) 2.0
C20:3 (all-cis 8,11,14) 2.0
C20:3(all-cis 11,14,17) 2.0
C20:4(all-cis 5,8,11,14) 2.0
C20:5(all-cis 5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis 13) 2.0
C22:2(all-cis 13,16) 2.0
22:6(all-cis 4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0
30mg/mL in methylene chloride, 1mL/ampul

Food Industry FAME Mix
(37 components)

ea.
35077

2,000µg/mL each in P&T methanol, 1mL/ampul

*1,000µg/mL

• Assay for de-icing compounds.

• Includes trans FAMEs.
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Shelf Scotty 4 Scotty 14 Scotty 48
Life (4 Liter) (14 Liter) (48 Liter)

Description cat.# cat.# cat.#
Pure Gases
Air, zero (THC <1ppm) 2 yrs. 34447 34448 34449
Argon, 99.995% 2 yrs. 34456 34457 —
Carbon dioxide, 99.80% 2 yrs. 34450 34451 34452
Hydrogen, 99.99% 2 yrs. — 34453 —
Methane, 99.00% 2 yrs. — 34454 —
Oxygen, 99.60% 2 yrs. — 34455 —
Two-Component Mixtures
Benzene in air (1ppm) 1 yr. — — 34458
Benzene in air (100ppm) 1 yr. — — 34459
1,3-Butadiene in nitrogen (10ppm) 2 yrs. — 34460 34461
Carbon dioxide in helium (100ppm) 2 yrs. — 34462 —
Carbon dioxide in nitrogen (100ppm) 2 yrs. — 34463 34464
Carbon dioxide in nitrogen (1000ppm) 2 yrs. — 34465 34466
Ethylene in air (8-10ppm) 2 yrs. — 34467 34468
Ethylene in helium (100ppm) 2 yrs. — 34489 —
Hydrogen in helium (100ppm) 2 yrs. — 34469 —
Hydrogen in nitrogen (1%) 2 yrs. 34470 34471 34472
Hydrogen in nitrogen (100ppm) 2 yrs. — 34473 34474
Methane in helium (100ppm) 2 yrs. 34475 34476 34477
Methane in nitrogen (100ppm) 2 yrs. — 34478 —
Methane in nitrogen (1%) 2 yrs. 34481 34482 34483
Nitrogen in helium (100ppm) 2 yrs. — 34479 —
Nitrous oxide in nitrogen (1ppm) 2 yrs. — 34484 34485
Oxygen in helium (100ppm) 2 yrs. — 34480 —
Oxygen in nitrogen (2%) 2 yrs. 34486 34487 34488
Oxygen in nitrogen (6%) 2 yrs. 34490 34491 34492
1,1,1-Trichloroethane in nitrogen (10ppm) 2 yrs. — — 34493
Trichloroethylene in nitrogen (10ppm) 2 yrs. — 34494 34495
Vinyl chloride in nitrogen (1ppm) 2 yrs. — 34496 34497
Vinyl chloride in nitrogen (10ppm) 2 yrs. — 34498 34499
Vinyl chloride in nitrogen (50ppm) 2 yrs. — 34500 —
Vinyl chloride in nitrogen (100ppm) 2 yrs. — 34501 —
Vinyl chloride in nitrogen (1000ppm) 2 yrs. — 34502 —

Multi-Component Mixtures
Carbon monoxide, carbon dioxide, hydrogen and oxygen in nitrogen (0.5% each) 2 yrs. 34503 34504 34505
Carbon monoxide, carbon dioxide, hydrogen and oxygen in nitrogen (1% each) 2 yrs. 34506 34507 34508
Carbon monoxide, carbon dioxide, methane, ethane, ethylene and acetylene in nitrogen (1% each) 1 yr. 34509 34510 34511
Carbon monoxide, carbon dioxide, nitrogen, and oxygen, (5% each) and methane and hydrogen (4% each) in helium 2 yrs. — 34512 —
Carbon monoxide (7%), carbon dioxide (15%) and oxygen (5%) in nitrogen 2 yrs. 34513 34514 —
Carbon monoxide (7%),  oxygen (7%), carbon dioxide (15%) and methane (4.5%) in nitrogen 2 yrs. — 34515 34516
C1-C6 n-Paraffins:  methane, ethane, propane, butane, pentane, hexane in nitrogen (15ppm each) 2 yrs. 34517 34518 34519
C1-C6 n-Paraffins:  methane, ethane, propane, butane, pentane, hexane in helium (100ppm each) 2 yrs. 34520 34521 34522
C1-C6 n-Paraffins:  methane, ethane, propane, butane, pentane, hexane in helium (1000ppm each) 2 yrs. 34523 34524 34525
C1-C6 n-Paraffins:  methane, ethane, propane, butane, pentane, hexane in nitrogen (100ppm each) 2 yrs. 34526 34527 34528
C2-C4 Alkynes:  acetylene, propylene, 1-butylene, 2-butylene in nitrogen (15ppm each) 2 yrs. 34535 — —
C2-C6 Olefins:  ethylene, propylene, 1-butene, 1-pentene, 1-hexene in helium (100ppm each) 2 yrs. — 34529 34530
C2-C6 Olefins:  ethylene, propylene, 1-butene, 1-pentene, 1-hexene in nitrogen (100ppm each) 2 yrs. — 34531 34532
Branched Paraffins:  2,2-dimethylbutane, 2,2-dimethylpropane, iso-butane, 2-methylbutane, 2-methylpentane, 3-methylpentane
in nitrogen (15ppm each) 2 yrs. 34533 34534 —

Methane, ethane, ethylene, acetylene, propane, propylene, n-butane in nitrogen (15ppm each) 1 yr. 34536 — 34537
n-butane, iso-butane, cis-2-butene, trans-2-butene, 1-butene, iso-butylene, 1,3-butadiene, ethyl acetylene in nitrogen (15ppm each) 1 yr. 34538 — 34539

new
Restek now offers a broad selection of Scotty®

Transportables, ranging from pure gases to multi-
component mixes. These standards have found

many uses in the analytical lab, including purging,
calibrating, and peak identification.

We offer three sizes to choose from. The 4-liter
container has a delivery tube for purge gas or con-
nection to sample loop or bag. The 14-liter con-
tainer has a CGA 160 fitting for connection to an
analytical system. The 48-liter cylinder has a CGA
165 connection, and can deliver large volumes of
sample.

Description qty. cat.# price
Regulator with
CGA 160 inlet
connection for
14L Scott
container ea. 22690 $110
Regulator with
CGA 165 inlet
connection for
48L Scott
container ea. 22691 $110

Regulators for Scott
Transportable Gases

by Donna Lidgett, Air Monitoring Product Marketing Manager

✔ Portability makes your job easier.
✔ 4-Liter, 14-liter, and 48-liter sizes.

✔ Long shelf life.

Specifications
Maximum Inlet Pressure:  300psig
Outlet Pressure Range:  2–10psig
Operating Temperature Range:  35°F
to 150°F (2°C to 65°C)
Outlet Connection:  1/4" Female NPT

Materials of Construction
Body:  Brass
Diaphragm:  Viton®

Seat:  Acetal
Seal:  Viton®
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*Orders we receive by 3PM Eastern Time are shipped the same
day, subject to product availability.

Order ChemService Pesticides
from Restek

Partners in Pesticides Analysis
✔ More than 900 pesticides and pesticide metabolites.

✔ Same day / next day shipping with Plus 1™ Service, always.*
✔ Convenient and economical—one order, one call.

The ChemService product line of pesticide and pes-
ticide metabolite reference standards is known for
comprehensiveness and high quality. Now, this
entire line of standards is available from Restek.
When you order ChemService pesticide standards
from Restek, you get important time- and money-
saving advantages: fast shipping; the convenience
and economy of combining reference materials,
columns, and chromatography accessories in one
order; the helpful, courteous, and competent
Plus 1™ service you expect from us.

The highly requested pesticides and metabolites list-
ed here are only a fraction of the more than 900
ChemService materials available. For a complete list
of these standards, and ordering information, visit
www.restekcorp.com/csi. Note that Restek offers
pesticide standards formulated for US EPA, other
domestic, or international assays. We also will pre-
pare custom formulations of pesticides to meet
your unique needs. Our extensive selection of capil-
lary GC columns for pesticide analyses enables you
to choose from 9 phases and more than 50 combi-
nations of column ID and phase film thickness.
Descriptions and ordering information for pesticide
mixtures and stock capillary columns are available
at www.restekcorp.com. Also available at our web-
site are numerous example chromatograms of pes-
ticides analyses. If you would like advice in making
a selection, contact our technical service chemists
at 814-356-1688 or 800-353-1300, ext. 4. We look
forward to helping you with your pesticide analysis
needs.

Pesticide CAS No. qty. cat.#
Acetochlor 34256-82-1 100mg PS-2040
Aldrin® 309-00-2 100mg PS-69
Aramite (5ml at 0.1mg/ml in hexane) 140-57-8 5ml PS-850
Aspon® 3244-90-4 1g PS-663
Atrazine 1912-24-9 1g PS-380
BHC mixed isomers 608-73-1 1g PS-70
Bladex 21725-46-2 1g PS-387
Buprofezin 69327-76-0 100mg PS-2067
Carbaryl 63-25-2 1g PS-84
Chlormephos 24934-91-6 250mg PS-2209
Chloroxynil 1891-95-8 500mg PS-2090
Chlorpyrifos 2921-88-2 1g PS-674
Crotoxyphos 7700-17-6 50mg PS-603
o,p'-DDT 789-02-6 50mg PS-698
Demeton S 126-75-0 100mg PS-662
Diazinon 333-41-5 1g PS-90
Dicamba 1918-00-9 1g PS-346
Dichlorprop 120-36-5 1g PS-44
Dieldrin 60-57-1 250mg PS-76
Dikegulac acid 18467-77-1 250mg PS-2190
Dimehypo 52207-48-4 250mg PS-2184
Dioxathion 78-34-2 100mg PS-658
Fenchlorphos 299-84-3 100mg PS-657
Flutriafol 76674-21-0 100mg PS-2177
tau-Fluvalinate 102851-06-9 100mg PS-1071
Gibberellic acid 77-06-5 100mg PS-49
Glyphosate 1071-83-6 1g PS-1051
Heptachlor 76-44-8 100mg PS-78
trans-Heptachlor epoxide 28044-83-9 50mg PS-700-1
Imazamethabenz-methyl 81405-85-8 100mg PS-2195
Isopropyl-4,4'-dichloro-benzilate 5836-10-2 1g PS-857
2-Isovaleryl-1,3-indanedione 83-28-3 250mg PS-911
Lindane 58-89-9 1g PS-71
Malathion 121-75-5 1g PS-86
Metasystox® (i) 919-86-8 50mg PS-1096
Methamidophos 10265-92-6 100mg PS-676
Metribuzin 21087-64-9 1g PS-398
Metsulfuron methyl 74223-64-6 100mg PS-1078
cis-Mevinphos 26718-65-0 100mg PS-87-1
Monolinuron 1746-81-2 250mg PS-2210
Parathion® 56-38-2 1g PS-95
Phenmedipham 13684-63-4 250mg PS-1014
Phosalone 2310-17-0 1g PS-682
Pirimicarb 23103-98-2 1g PS-757
Pirimiphos-methyl 29232-93-7 1g PS-644
Sulfosulfuron 141776-32-1 500mg PS-2224
Tebufenozide 112410-23-8 100mg PS-2188
Terbutol 1918-11-2 100mg PS-550
2,3,5-Trimethylphenyl methyl carbamate 2655-15-4 1g PS-541
Vinclozolin 50471-44-8 1g PS-1049

+
Pesticide Standards

Restek’s
Customer
Commitment

PLUS ONE

=

by Ken Herwehe, Analytical Reference Materials Marketing Manager

Ordering Information | ChemService Pesticides (popular examples)

Restek will create the
right solution for you!
“The Company Chromatographers Trust”

Restek should be your first
choice for custom-made
reference materials. Our
inventory of over 3,000
pure, characterized, neat
compounds ensures you of
maximum convenience,

maximum value, and minimum time spent blending
mixtures in your lab.

✔ Quotations supplied quickly.
✔ Mixtures made to your EXACT specifications.
✔ Most reference materials shipped within 5-7

days after receipt of your order.**

For our online custom reference material request
form, visit http://www.restekcorp.com/stdreq.htm

**Availability of raw materials and final product testing required
may affect delivery of some mixtures. International orders require
additional shipping time.
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by Terrence Reid, HPLC Applications Team Chemist

Enhanced Retention of Polar
Analytes by HPLC

Using the New
Ultra Aqueous C18 Column

✔ Excellent peak shape for basic analytes.
✔ Compatible with 100% aqueous to 100% organic mobile phases.

✔ Compatible with MS detection.

The newest addition to our selection of HPLC
columns, the Ultra Aqueous C18 column, is
designed to enhance the retention of polar com-
pounds by reversed phase HPLC. The Ultra Aqueous
C18 stationary phase is a true C18 chain (USP L1),
but it is immobilized on the silica surface through a

new

unique chemistry that creates polar groups on the
silica surface, between the C18 chains (Figure 1).
This secondary polar character has several benefits.
First, polar analytes that are insufficiently retained
on a conventional C18 column interact with the
polar groups in an Ultra Aqueous C18 column, pro-
ducing enhanced retention. Second, the polar
groups aid the retention of polar compounds by
keeping the stationary phase completely wetted,
even in 100% aqueous mobile phases. In theory,
eliminating organic solvent from the mobile phase
should maximize retention in reversed phase HPLC,
and this is true for Ultra Aqueous C18 columns. In
contrast, many conventional C18 columns lose abil-
ity to retain analytes in highly aqueous mobile phas-
es because the C18 chains self-associate or fold
down on the silica (Figure 1), a phenomenon
sometimes referred to as chain folding. Third, the
polar groups on the Ultra Aqueous C18 stationary
phase shield analytes from active silanol sites on
the silica surface, ensuring excellent peak shape for
basic analytes (Figure 2).

Although they were designed to be used with highly
aqueous mobile phases, Ultra Aqueous C18
columns also are completely compatible with highly
organic mobile phases. The ability to cover the full
range of mobile phase composition, from 100%
aqueous to 100% organic, is useful for developing
gradient methods for analyzing samples containing

Figure 1
An Ultra Aqueous C18 column is compatible

with mobile phases from 100% organic
content to 100% aqueous.

Ultra Aqueous
C18 phase is
stable in highly
organic or
highly aqueous
mobile phase

Conventional
C18 chains
collapse and
lose capacity
for retention in
highly aqueous
mobile phases

C18
chains

polar
groups

both highly polar and nonpolar analytes. For exam-
ple, Figure 3 shows water-soluble vitamins are elut-
ed from an Ultra Aqueous C18 column with excel-
lent resolution and as sharp, symmetric peaks.

Ultra Aqueous C18 columns also are compatible
with MS detection-the minimal noise generated by
an Ultra Aqueous C18 column is comparable to
background in a blank analysis with no column in
line (Figure 4). LC/MS is the analytical approach
for a steadily increasing variety of analytes, and the
versatile Ultra Aqueous C18 column is an obvious
column choice.

If you are analyzing samples containing polar ana-
lytes, or mixtures of polar and nonpolar analytes,
and are contending with unsatisfactory resolution,
insufficient retention of polar compounds, poorly
shaped peaks, and/or complicated mobile phases,
an Ultra Aqueous C18 column can be the solution
to your problems.

Peak Conc. (mg/mL)
1. thiamin (B1) 250
2. ascorbic acid (C) 1000
3. unknown n/a
4. nicotinic acid (B3) 1000
5. unknown n/a
6. pantothenic acid (B5) 1000
7. folic acid (B9) 500
8. riboflavin (B2) 250
9. methyl paraben 0.2

Sample: Analytes in water; initial dilutions of
B1 and B2 basified with ammonium
hydroxide

Column: Ultra Aqueous C18 (cat.# 9178575 )
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Mobile Phase: A: 25mM potassium phosphate, pH 2.00:
methanol (95:5, v/v)
B: methanol:25mM potassium phosphate, 
pH 3.5 (60:40, v/v)
Time (min.) %B

0-6 Hold 0
6.01 Step to 25
6.01-11 25-100
11-16 Hold 100

Flow: 1.0mL/min.
Temp.: 27°C
Det.: UV @ 254nm

LC_0141

Figure 2
Silanol-shielding polar groups on the Ultra Aqueous C18 stationary phase ensure symmetric

peaks for basic analytes, compared to other C18 phases.

Column: Ultra Aqueous C18 (cat.# 9178565)
Dimensions: 150 x 4.6mm; Particle Size: 5µm
Pore Size: 100Å

1

2

3

2 6 10 min.

Column: Base-deactivated C18
Dimensions: 150 x 4.6mm; Particle Size: 5µm
Pore Size: 100Å

1

2

3

2 6 10 min.

1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

LC_0143

Sample: 5µL
Mobile Phase: 20mM potassium

phosphate pH 7.0:
acetonitrile (80:20)

Flow: 1.0mL/min.
Temp: 25°C
Det.: UV @ 254nm

Figure 3
Excellent resolution and peak shapes for

water-soluble vitamins eluted from an Ultra
Aqueous C18 column.

1

2

3

4

5 6 9

7
8

0 2 4 6 8 10 12 14 min.
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Figure 4
Minimal background makes Ultra Aqueous C18 columns ideal for LC/MS.

Ordering Information | Ultra Aqueous C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Replacement Parts for Waters HPLC Instruments
Designed to Meet Original Specifications

Our replacement
parts for Waters,
Agilent, and
Shimadzu instru-
ments are built to
meet or exceed the
original equipment
manufacturers'

(OEM) specifications. To ensure instrument com-
patibility and the quality you expect from an OEM
product, we obtain many of the components from
the same suppliers the OEMs use. Currently we offer
detector, autosampler, and pump parts. As we learn
what additional needs you have we will continue to
expand this line. Listed here is a partial selection of
Waters parts. For other Waters parts, or for Agilent
or Shimadzu parts, please visit our website or call
customer service or HPLC technical service. If we
don't stock what you need, just ask-we'll do our
best to get it for you.

HPLC Piston Seal Insertion Tool
• Simplify your pump maintenance.
• One end removes old piston seal, other easily and

securely installs new seal.

Description qty. cat.#
HPLC Piston Seal
Insertion Tool ea. 21356

Description Waters Instrument Model #
Waters™

part # qty. cat.#
Inlet Check Valve Assembly M6KA, 501, 510, 515, 590, 600E 33679, 25214 ea. 25360
Inlet Check Valve Housing M6KA, 501, 510, 515, 590, 600E 25203 ea. 25361
Inlet Check Valve Rebuild Kit M6KA, 501, 510, 515, 590, 600E 60495 2-pk. 25362
Outlet Check Valve Assembly (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25030 ea. 25363
Outlet Check Valve Housing  (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25212 ea. 25364
Outlet Check Valve Rebuild Kit (Actuator Style) M6KA, 501, 510, 515, 590, 600E 26016 2-pk. 25365
Outlet Chack Valve Assembly (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25216 ea. 25366
Outlet Check Valve Housing (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25207 ea. 25367
Outlet Check Valve Rebuild Kit (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 26014 2-pk. 25368
Inlet Check Valve Assembly, 225µL (Extended Flow) M6KA, 501, 510, 515, 590, 600E 60307 ea. 25369
PerformancePLUS™ Check Valve Housing M6KA, 501, 510, 515, 590, 600E 700000254 2-pk. 25370
Check Valve Rebuild Kit (Extended Flow) M6KA, 501, 510, 515, 590, 600E 88223 2-pk. 25371
PerformancePLUS™ Check Valve Housing M6KA, 501, 510, 515, 590, 600E — ea. 25372
Round Pump Head w/ Actuator Outlets M6KA, 510, 590, 600 60058 ea. 25413
Round Pump Head, Ball & Seat Check Valves M6KA, M45, 501 — ea. 25414
Check Valve Cartridges Alliance™ WAT270941 2-pk. 25373
Super Seal™ for Analytical Heads M6KA, 501, 510, 515, 590, 600E 22946, 22934 ea. 25374
Plunger Seal, Gold (Analytical Heads) M6KA, 501, 510, 515, 590, 600E 22934 ea. 25375
Plunger Seal, Tan M6KA, 501, 510, 515, 590, 600E 25384 ea. 25376
Plunger Seal, Black M6KA, 501, 510, 515, 590, 600E 26613 ea. 25378
Plunger Seal, Gold (EF Heads) 510, 590, 600E 26644 ea. 25380
Seal Wash Plunger Seal Alliance™ WAT271018 2-pk. 25386
Head Plunger Seal Kit Alliance™ WAT270938 2-pk. 25387
Insert Seal Parts Kit M6KA, 501, 510, 515, 590, 600E 60012 kit 25389
Sapphire Plunger M6KA, 510, 590, 600 25656 ea. 25381
Sapphire Plunger M45, M501 26524 ea. 25383
Sapphire Plunger M515 WAT207069 ea. 25384
Sapphire Plunger 616, 625, 626 31788 ea. 25420
Sapphire Plunger Alliance™ WAT270959 ea. 25385
Single Solvent Inlet Manifold 600E 60034, 60042 ea. 25390
Gradient Proportioning Valve, 12Volt 600E 62037 ea. 25419
Wash Face Seal Alliance™ 2690 WAT271017 ea. 25428
Wash Tube Seal Kit Alliance™ 2690 WAT270940 4-pk. 25429
Proportioning Valve Alliance™ 2690 WAT270927 ea. 25430
Xenon Lamp 474 — ea. 25405
Deuterium Lamp (UV/Vis) 484 80357 ea. 25406
Deuterium Lamp 996, 2996 WAT052586 ea. 25408
Deuterium Lamp 2487 WAS081142 ea. 25409

by Greg France, HPLC Product Marketing Managernew

LC_0224

FREE HPLC poster!
This helpful poster features step-by-step
instructions on HPLC setup and storage

and many useful reference charts. Request
lit. cat.# 59894.

Blank

With Aqueous C18 column in line
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by Donna Lidgett, GC Accessories Product Marketing Manager

Super-Clean™ Gas-Trapping
System for LC/MS

New Quick-Change System Removes
Hydrocarbon Impurities from Nitrogen

✔ Fast, easy cartridge changes—no tools, no purge time, no potential contamination.
✔ Durable, patented full glass/metal design.

new

The Super-Clean™ Gas-Trapping System is the latest
technology in cartridge systems for gas purification,
and is ideal for purifying nitrogen for LC/MS sys-
tems. Changing cartridges is quick and easy. A two-
position base plate, installed in the gas line, allows
you to exchange cartridges without introducing oxy-
gen into the system: spring-loaded check valves seal
when a cartridge is removed and open only when a
new cartridge has been locked in place. There is no
need for loosening and tightening fittings every time
you change cartridges, and your system cannot
become contaminated during the changing process.

To meet the high flow needs of an LC/MS system,
the two cartridges are positioned and connected in
parallel. The incoming gas stream is split equally
between the two cartridges, and the two streams
are rejoined after purification but before the gas
exits the base plate. This approach allows longer
contact between the nitrogen and the charcoal
adsorbent, ensuring higher gas purity. The system
can deliver up to 20L of 99.9999% pure nitrogen
per minute, at a maximum pressure of 11 bar
(160psi). Estimated cartridge lifetime is 3 to 6
months.

Description qty. cat.#
LC/MS 2-Position Base Plate with
1/4" Fittings ea. 22060
Charcoal Replacement Filters 2-pk. 22061

Super-Clean™ Gas-Trapping System
(includes 2-position base plate and
2 charcoal replacement filters) ea. 22062

Ordering Information | Super-Clean™

Gas-Trapping for LC/MS

A Wealth of Practical
Chromatography
Experience, at a

Location Near You
Again this year the chromatography wizards from
Restek are presenting comprehensive
seminars designed to help you minimize down-
time and obtain the results you want. We keep
these seminars to one day, and hold them at sites
all around the country, to minimize the time you
spend away from your lab and conserve your
travel budget. The low cost of the seminar is an
investment that can be quickly returned, because
you will improve your lab throughput and spend
less time dealing with problems. Choose the topic
that suits your work:

Comprehensive Capillary GC
Environmental GC Analysis

Comprehensive HPLC
Food, Flavor, and Fragrance Analysis

Our brochure 2002 Seminars (lit. cat.# 59282A)
provides details about these seminars and lists
dates and locations. Call, fax, or e-mail your
request for the seminars brochure today, or view it
on our website. We look forward to meeting you.

by Jack Crissman, Seminar and Educational Products Manager

New Reference Books
Higher Education Doesn’t have to be

Expensive
The Merck Index. 13th Edition: S. Budvari, Merck, 2001,
2560pp., ISBN 0-91-191013-1 cat.# 21383 (ea.),

A Century of Separation Science: Haleem J. Issaq, Marcel
Dekker, Inc., 2002, 755pp., ISBN 0-8247-0576-9 cat.# 20473
(ea.), 

Chromatography Theory: Jack Cazes and Raymond P.W. Scott, Marcel Dekker, Inc., 2002, 475pp.,
ISBN 0-8247-0778-8 cat.# 21573 (ea.), 

HPLC of Biological Macromolecules: Second Edition, Revised and Expanded: Karen M.
Gooding and Fred E. Regnier, Marcel Dekker, Inc., 2002, 777pp., ISBN 0-8247-0665-X cat.# 21574 (ea.), 

Advances in Chromatography, Volume 41: Phyllis R. Brown and Eli Grushka, Marcel Dekker, Inc.,
2001, 425pp., ISBN 0-8247-0509-2 cat.# 21575 (ea.), 

Milestones in the Evolution of Chromatography: Leslie S. Ettre, ChromSource, Inc., 2002,
220pp., ISBN 0-9717144-0-1 cat.# 20472 (ea.), 

Chromatography in Food Science and Technology: Tibor Cserháti and Esther Forgács, CRC
Press, LLC, 1999, 552pp., ISBN 1-56676-749-0 cat.# 21492 (ea.), 

Gas Chromatographic Techniques and Applications: Alan J. Handley and Edward R. Ardlard,
CRC Press, LLC, 2001, 320pp., ISBN 0-8493-0521-7 cat.# 21491 (ea.), 

Handbook of Chemistry and Physics, 83rd Edition: D. R. Lide, CRC Press, LLC, 2002, 2,672pp.,
ISBN 0-8493-0483-0 cat.# 21442 (ea.), 

Multidimensional Chromatography: L. Mondello, A. C. Lewis and K. D. Bartle, John Wiley, 2002,
436pp., ISBN 0-471-98869-3 cat.# 21443 (ea.), 

Modern Derivatization Methods for Separation Sciences: T. Toyo’oka, John Wiley, 1999,
298pp., ISBN 0-471-98364-0 cat.# 21444 (ea.), 

Special Offer!
Capillary Column
Installation Video (CD-
ROM)
Covers the critical points in
installing a capillary GC

column: instrument preparation, setting gas
flows, leak checks, etc.; produced by the techni-
cal wizards of Restek.
cat.# 20499, (ea.) 

For review of
these books, visit

our website.

Special Offer
Two Super-Clean™ filtration systems:

(2) 2-Position baseplates & (4) charcoal filters
cat.# 22063 Offer ends 12/31/02.
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

tools For Easier GC
Maintenance Try These
New Tools from Restek

Pre-Cleaned Sample Vials
Ready to Use for Volatiles Analyses

✔ Container, liner, and closure cleaned, assembled, and ready to use.
✔ Open-top caps.

✔ Teflon®-faced 0.125” silicone septa.
✔ Each case lot numbered.

✔ Available in clear or amber.

Mini Wool
Puller/Inserter

A wool plug that is incorrectly positioned or con-
taminated with finger oils can be more hindrance
than help. This inexpensive little tool greatly simpli-
fies the chore of consistently placing contaminant-
free wool plugs in an inlet liner, and retrieving a
plug when its time to replace it. We suggest you
order several packages-or be ready to spend time
trying to find out who's borrowed yours.
cat.# 20114, (2-pk.) 

Description qty. cat.#
20ml CLEAR Pre-Cleaned VOA Vials 72-pk. 21798
20ml AMBER Pre-Cleaned VOA Vials 72-pk. 21799
40ml CLEAR Pre-Cleaned VOA Vials 72-pk. 21796
40ml AMBER Pre-Cleaned VOA Vials 72-pk. 21797

new

MS Installation
Gauge

Easily pre-seat ferrules for
consistent installations in

Agilent 5973 MS!

✔ Prevents damage to the column end
✔ Ensures leak-free connection
cat.# 21894, (ea.) 

1 2

Place a 1cm plug of loosely bound wool in the liner.
Adjust its position with the puller/inserter tool.

Use the hooked end of the puller/inserter to retrieve
the plug when it’s time to replace it.

by Donna Lidgett, GC Accessories Product Marketing Manager

1 2 3 4

Install the nut and ferrule onto
the column, then insert the
column through the installa-
tion tool, exposing several
centimeters at the exit end.

Tighten the nut. Score and remove the
exposed end of the col-
umn making sure of a
clean, square cut, then
loosen the nut.

The ferrule will be
properly seated and
should remain in place
when light force is
applied. Install the col-
umn into the GC/MS
interface.

Use with conventional 2mm ID or 4mm ID liners and most other liner configurations, but not with
double gooseneck liners.

new
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Restek Wins Healthy
Workplace Award
Restek Corporation has been awarded the Healthy
Workplace Award for Small Sized Companies by
the Pennsylvania Psychological Association. This
award is given annually to companies that demon-
strate a commitment to family support, employee
development, employee involvement, community
involvement, and health and safety in the work-
place. Last year, Restek was awarded honorable
mention. The award was presented on June 21 at
an official award ceremony in Lancaster.

Restek offers numerous employee-friendly benefits,
including contributions toward child care costs,
reimbursement for continuing education and devel-
opment, on-site fitness and recreational facilities
with subsidized personal trainers, 401k and employ-
ee stock ownership programs, open-book manage-
ment, and a casual dress code. For the last 2 years,
the company has won awards for being among the
100 Best Companies to Work for in Pennsylvania.

Behind the Scenes

Restek Employees Prove
They're Healthy and
Involved
Proving our Healthy Workplace Award was no accident,
two Restek employees, Becky Wittrig (Innovations Team
chemist) and Matt Reilly (ATM technician) took first
place in their divisions in a 5K run benefiting a local
library, in June. Becky's son, James, Matt's daughter,
Leena, and Alex Reid, son of HPLC Applications Team
chemist Terry Reid, ran in the children's divisions. Our
Employee Action Group made a $100 sponsorship
donation.

Also in June, Restek's Relay for Life team won the
Bronze Award at the local Relay event by raising more
than $1500 for the American Cancer Society.

New Literature
✔ Narcotics / Acetaminophen by HPLC

Applications Note (lit. cat.# 59453)
✔ Organophosphorus Pesticides by Capillary GC

Applications Note (lit. cat.# 59359)
✔ Calibration Standards for ASTM Method D2887-01

Fast Facts (lit. cat.# 59383A)
✔ Certified PAHs in Diesel Fuel #2

Fast Facts (lit. cat.# 59384A)
✔ Environmental Gas Standards

Fast Facts (lit. cat.# 59276)
✔ Pesticide Reference Materials

Fast Facts (lit. cat.# 59446)
✔ Pinnacle II™ Amino HPLC Columns

Fast Facts (lit. cat.# 59385A)
✔ Rtx®-5Sil MS Capillary Columns

Fast Facts (lit. cat.# 59323)
✔ UST Products for Massachusetts

Fast Facts (lit. cat.# 59391)
✔ UST Products for the Northwest Region

Fast Facts (lit. cat.# 59396)
✔ UST Products for Wisconsin

Fast Facts (lit. cat.# 59392)
✔ Rtx®-VMS Capillary Columns

New Product Flyer (lit. cat.# 59209A)
✔ Bonded PLOT Columns—Flyer (lit. cat.# 59456)
✔ Integra-Guard™ Capillary Columns

Flyer (lit. cat.# 59441)
✔ Review of Restek Literature for Pharmaceuticals

Analyses—Flyer (lit. cat.# 59450)
✔ Genuine Restek Replacement Parts for Agilent

GCs—Catalog (lit. cat.# 59627C)
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Happy Birthday, USA
Restek continues to be a major sponsor of one of the world's largest fireworks displays-Centre County, PA's 4th
Fest. More than 100,000 people participated in part or all of the day-long festivities, which culminated in an
aerial display of 12,000 shells. Restek also supplied the birthday cake—all 6 feet by 121/2 feet of it.
Approximately 1100 people had a slice, in celebration of our country's 226th birthday. Restek's founder and
head coach, Paul Silvis, is a long-time supporter and co-chair of the event.
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Introduction
The volatile component profiles of alcoholic beverage products consist of a wide range of
compounds, including acids, alcohols, aldehydes, and other trace level flavor compounds.
Analysts trained in the sensory evaluation of distilled liquors, wines, or beers tell us no
two products are exactly alike. The unique sensory properties of different types and
brands of distilled liquor products often are due to minor differences among the volatile
components present. By using instrumental methods for qualitatively or quantitatively
evaluating these differences, in addition to sensory techniques, quality assurance analysts
can obtain a wealth of information about their products.

In addition to alcohols and flavor compounds, impurities such as sulfur gases occasional-
ly are present, and might lead to off odors or flavors in the product. Because even parts
per billion (ppb) levels of sulfur compounds can impact product quality, a sensitive and
selective method of analysis is needed to detect these impurities. The majority of these
contaminants are present in the gas phase, necessitating a gas phase sampling and analy-
sis system. Because sulfur compounds also can be very reactive, an inert analysis system
is highly desirable.

Gas chromatography (GC) is a powerful tool in the analysis of alcoholic beverage prod-
ucts. Minimal sample preparation, in general, is required, since the samples are in the liq-
uid state in an alcohol or alcohol/water matrix. The flavor compounds tend to be volatile
in nature, which fulfills one of the main requirements of GC. General detectors, such as
the flame ionization detector (FID), or more information-rich detectors, such as the mass
selective detector (MSD), can be used. Additionally, the ability to automate the analysis
makes GC a very practical tool in a QA/QC environment. In this guide, we will discuss
how GC can be used to (1) monitor alcohol content in alcoholic beverages, (2) determine
the volatile profile of a product, and (3) detect trace level impurities.

Analysis of Alcohols and Aldehydes in Alcoholic Beverages
Alcoholic beverages contain a wide range of volatile compounds, including alcohols and
short-chain aldehydes. Gas chromatography can be used to analyze these compounds
without preliminary extractions. For example, AOAC International has published methods
for the analysis of fusel oils, methanol, ethanol, and higher alcohols by GC.1

Traditionally, packed columns prepared from glass tubing have been used for alcoholic
beverage analysis, but these are prone to breakage and can adsorb some of the more reac-
tive compounds. Restek's Silcosteel®-treated CarboBlack™ columns are made from stain-
less steel which has been treated to provide it with a deactivated silica surface. This con-
ditioning significantly improves inertness and flexibility, relative to traditional glass
packed columns.

CarboBlack™ packed columns can be used to quantify the various alcohols in alcoholic
beverages. For example, ethanol can be monitored to determine the proof value of the
beverage, while methanol and isopropanol can be quantified to determine the levels of
denaturants present.2 While poor methanol peak shapes often are associated with columns
of limited sample capacity, a CarboBlack™ B packed column with 5% Carbowax® 20M
provides an excellent peak shape for methanol, and completely resolves methanol from
ethanol, as shown in Figure 1. In addition, the two predominant fusel oils, active amyl
alcohol and isoamyl alcohol, can be resolved and monitored by using this column.

Alcohols and aldehydes in alcoholic beverages also can be monitored by capillary GC.
Since capillary columns offer efficient separations, capillary GC is especially useful in
analyses of structurally similar compounds, such as the fusel alcohols.The unique polari-
ty of the Rtx®-1301 stationary phase ensures excellent resolution of a range of alcohols
and fusel oils. An example of a rum analysis is shown in Figure 2.

Fusel Alcohols
Fusel alcohols are higher-order (i.e.,
secondary or tertiary) alcohols, traces
of which usually are present in all
beers. They are produced through a
pathway very similar to the pathway
for ethanol, the preferred alcohol of
beer. Fusel alcohols contribute a hot,
spicy, solvent-like flavor and an alco-
hol "burn". Small amounts of these
components can be desirable in a
strong ale or barley wine, but they can
be offensive, and therefore are
unwanted, in a Pilsner or other lager. In
addition to their influence on flavor,
they usually cause low carbonation
and poor head retention in bottle-con-
ditioned beers, because they are dead-
ly to yeast. Higher fermentation tem-
peratures can produce excessively
rapid yeast growth, and yeast muta-
tions, which, in turn, stimulate the for-
mation of these components.
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1. acetaldehyde
2. methanol
3. ethanol
4. acetone
5. ethyl formate
6. isopropanol
7. n-propanol
8. ethyl acetate

9. sec-butanol
10. isobutanol
11. isoamyl alcohol
12. active amyl alcohol
13. n-amyl alcohol

60m, 0.25mm ID, 1.4µm Rtx®-1301 (cat.# 16016)
1.0µL split injection using a Cyclosplitter® sleeve (cat.# 20706).
Concentration: neat

Oven temp.: 35°C (hold 5 min.) to 100°C @ 1°C/min.
Inj./det. temp.: 150°C / 200°C
Carrier gas: hydrogen @ 40cm/sec.
Split ratio: 100:1

min. 5 10 15 20 25
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3
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10
11

12

13

GC_FF00110

5% Carbowax® 20M 80/120 CarboBlack™ B (cat.# 80105)
2m, 1/8" OD x 2mm ID SilcoSmooth™ tubing
0.5µL on-column injection of fusel oils in rum,
Concentration: neat

Oven temp.: 65°C (hold 5 min.) to 150°C @
4°C/min.

Inj./det. temp.: 200°C / 250°C
Det.: FID
Carrier gas: nitrogen
Column flow rate: 20mL/min.
FID sensitivity: 1.28 x 10-10 AFS
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10

min. 10 20
GC_FF00111

1. acetaldehyde
2. methanol
3. acetone
4. ethyl formate
5. ethanol
6. ethyl acetate
7. n-propanol
8. sec-butanol
9. isobutanol

10. active amyl alcohol
11. isoamyl alcohol
12. n-amyl alcohol

An Rtx® -1301 capillary column offers excellent resolution of alcohols and fusel oils.

Difficult-to-monitor alcoholic beverage components methanol, active amyl alcohol, and isoamyl alcohol can be quantified
from a packed column analysis, using 5% Carbowax® on CarboBlack™ B.

Figure 1

Figure 2

Baseline Separation!
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Flavor Compounds in Distilled Liquor Products
Distilled liquor products contain a wide range of volatile and non-volatile compounds in
an ethanol/water matrix. The most abundant fusel alcohols and esters can be determined
by simple split injection, which also minimizes the amount of matrix ethanol and water
transferred to the column. However, many trace-level fatty acids and their esters, which
often are used to indicate product quality in alcoholic beverages such as whiskey and rum,
cannot be determined by this approach. Capillary gas chromatography is a powerful tool
for the analysis of these compounds, but the large ranges in volatilities and acidities can
make it difficult to quantify all of the components in a single chromatographic separation.
In addition, because the concentrations can vary widely, a splitless injection technique
with some type of preconcentration step often is necessary. One example of this is large
volume injection (LVI) with a venting step, which can be optimized to remove most of
the matrix ethanol and water. Since some water will enter the chromatographic column,
a stabilized phase, such as the Stabilwax®-DA phase, should be used.

By using a bonded polyethylene glycol (PEG) capillary column, flavor compounds in dis-
tilled liquor products can be quantified in a single splitless injection. A Stabilwax®-DA
column was selected for this application, to improve peak shape and reproducibility for
acidic components. An acidic functionality added to the PEG stationary phase reduces
adsorption of acidic components and significantly reduces peak tailing. An optimized
configuration of 30m, 0.18mm ID, and 0.18µm film thickness minimizes analysis times.

To optimize the chromatographic conditions for this analysis, we used a test mixture con-
taining acids, esters, and flavor compounds typically found in alcoholic beverages (Figure
3). A computer modeling program, ezGC™, was used to optimize the column configura-
tion, temperature program, and inlet flow for this system. 

To test the applicability of this column in these dimensions, the critical pair of caproic
acid and ethyl laurate was studied. These components can be very difficult to resolve on
standard Carbowax®-type columns, especially if peak tailing or broadening occurs, or if
one component is present at a significantly higher concentration. The Stabilwax®-DA col-
umn achieves baseline resolution of these two compounds in a reasonable analysis time
(Figure 4).

Peak List Conc. (ppm)
1. ethyl octanoate 100
2. acetic acid 100
3. propionic acid 100
4. isobutyric acid 100
5. decanol 3 50
6. ethyl decanoate 50
7. ethyl laurate 50
8. cis-lactone 100
9. 2-phenylethanol 50

10. trans-lactone 100
11. methyl myristate 50
12. ethyl myristate 50
13. octanoic acid 100

14. ethyl palmitate 50
15. decanoic acid 100
16. dodecanoic acid 100
17. vanillin 100

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)
Inj.: 1µL splitless (hold 0.5 min.) at conc. shown 

in peak list, in ethyl acetate, 4mm ID splitless 
liner w/wool (cat.# 20814-202.1)

Inj. temp.: 240°C
Carrier gas: hydrogen
Make-up gas: nitrogen
Linear velocity: 28psi @ 240°C
Oven temp.: 70°C to 240°C at 12°C/min. (hold 3 min.)
Det.: FID GC_FF00500

Acids, esters, and flavor compounds typically found in alcoholic beverages are well resolved on a Stabilwax® -DA column.

www.restekcorp.com

Figure 3

Performance information on
six polyethylene glycol (PEG)
columns—free on request.

Lit. Cat. #59890

Additional Restek
Literature
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GC_FF00526

min.

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)
Inj.: 1µL splitless (hold 0.5 min.) at conc. shown in peak list, in ethyl 

acetate, 4mm ID splitless liner w/wool (cat.# 20814-202.1)
Inj. temp.: 240°C
Carrier gas: hydrogen
Make-up gas: nitrogen
Linear velocity: 28psi @ 240°C
Oven temp.: 70°C to 240°C at 12°C/min. (hold 3 min.)
Det.: FID

Peak List Conc. (ppm)
1. ethyl octanoate 100
2. acetic acid 100
3. propionic acid 100
4. isobutyric acid 100
5. decanol 3 50
6. ethyl decanoate 50
7. ethyl laurate 50
8. cis-lactone 100
9. 2-phenylethanol 50

10. trans-lactone 100
11. methyl myristate 50
12. ethyl myristate 50
13. octanoic acid 100
14. ethyl palmitate 50
15. decanoic acid 100
16. dodecanoic acid 100
17. vanillin 100

Peak List Conc. (ppm)
1. caproic acid 100
2. ethyl laurate 100

GC_FF00525

1

2

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)
Inj.: 1µL splitless (hold 0.5 min.) at conc. shown in 

peak list, in ethyl acetate, 4mm ID splitless liner 
w/wool (cat.# 20814-202.1)

Inj. temp.: 240°C
Carrier gas: hydrogen
Make-up gas: nitrogen
Linear velocity: 28psi @ 240°C
Oven temp.: 80°C to 230°C at 5°C/min.
Det.: FID

Because alcoholic beverage samples often are injected via splitless mode, it was impor-
tant to ascertain the stability of the Stabilwax®-DA column when exposed to aqueous
injections. We verified stability by performing a splitless injection of the alcoholic bev-
erage test mix, followed by five 1µL injections of water. We repeated this process 10
times, then made a final injection of the test mix. The chromatogram for the final test mix
injection is shown in Figure 5. Even after repeated splitless injections of 100% water,
there is very little degradation in the peak shapes for the test mix components. Over the
course of the study, the variation in the peak retention times was 0.08-0.22% RSD. These
data include retention times for the polar free fatty acids, which can be difficult to ana-
lyze under ideal conditions. The excellent stability of this stationary phase is demon-
strated by the reproducibility of the retention times.

A Stabilwax® -DA column resolves the caproic acid / ethyl laurate critical pair to baseline.

Stabilwax® -DA columns are well named: repeated injections of water produce very little degradation in the peak
shapes for alcoholic beverage test mix components.

Figure 4

Figure 5
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Large volume injections (LVI) can be used to determine flavor compounds in alcoholic
beverages such as malt whiskeys and grappas. Whiskey is distilled from a fermented
mash of grain, such as corn, rye, barley, or wheat. The whiskey is aged in barrels or casks,
and it is during the aging process that whiskey obtains its characteristic color, flavor, and
aroma. Factors that influence the flavor of the final product include the characteristics of
the grain, the recipe, and how the whiskey is distilled. The flavor profiles of whiskeys
contain hundreds of compounds, including fatty acids, esters, alcohols, and aldehydes, in
a wide range of concentrations. An example of a malt whiskey profile, determined by
GC/MS, is shown in Figure 6.

Malt whiskey profile, determined by GC/MS, using a Stabilwax® -DA column and a large volume injection technique.

Figure 6

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)

Inj.: 10µL large volume injection (splitless),
at 10µL/min.

Std. conc.: neat
Gerstel CIS Injector: 35°C (hold 2 min.), to 300°C @

10°C/sec. (hold 5 min.)
Helium vent flow: 600mL/min with 1.8 min. vent end time
Carrier gas: helium
Linear velocity: 45cm/sec.
Oven temp.: 60°C (hold 2 min.) to 100°C @

20°C/min., to 240°C @ 5°C/min.
(hold 10 min.)

Det.: MSD
Transfer line temp.: 240°C
Quadrupole temp.: 150°C
MS source temp.: 230°C
Scan range: 30–400amu
Ionization: 70eV
Mode: EI

Chromatogram courtesy of Kevin MacNamara, Ph.D., Irish Distilleries, Ltd.

1. ethyl octanoate
2. acetic acid
3. siloxane
4. 1-hydroxy-2,3-butadione
5. 1-hydroxy-2-propanone

acetate
6. furfural
7. formic acid
8. propionic acid
9. isobutyric acid

10. dimethyl sulfoxide
11. 5-methyl furfural
12. methyl decanoate +

unknown
13. butyric acid
14. siloxane
15. ethyl decanoate
16. furfuryl alcohol
17. isoamyl octanoate
18. isovaleric acid
19. 2-methylbutyric acid
20. diethyl succinate

21. 3-methyl-2(5H)-furanone 
(possible)

22. valeric acid
23. ethyl undecanoate
24. isobutyl decanoate
25. 2(5H)-furanone
26. unknown
27. di(ethyleneglycol) butyl

ether
28. siloxane
29. methyl dodecanoate
30. 2-phenylethyl acetate
31. methylcyclopentenolone
32. hexanoic acid
33. ethyl dodecanoate
34. isoamyl decanoate
35. guaiacol
36. dodecyl acetate (possible)
37. whiskey lactone (1)
38. 2-phenylethanol
39. heptanoic acid
40. siloxane

41. dimethoxybenzene or 
4-methylguaiacol

42. whiskey lactone (2)
43. dodecanol
44. unknown
45. phenol
46. methyl tetradecanoate
47. nerolidol
48. diethyl malate
49. ethyl tetradecanoate
50. octanoic acid
51. unknown
52. p-cresol
53. siloxane
54. diethyl octanedioate
55. monomethyl succinate (possible)
56. 3,5-dimethyl-2,4(5H)

furandione
57. nonanoic acid
58. diethyl 2-hydroxyglutarate
59 unknown
60. tetradecanol

61. 4-vinylguaiacol
62. diethyl nonanedioate
63. methyl hexadecanoate
64. ethyl γ-lactone

2-hydroxyglutarate
65. ethyl hexadecanoate
66. decanoic acid
67. ethyl 9-hexadecenoate
68. triacosan
69. unknown
70. phthalide
71. diethylphthalate
72. hexadecanol
73. 4-hydroxycinnamic acid

(decomp.)
74. methyl stearate
75. benzoic acid
76. methyl 8-octadecenoate
77. ethyl stearate
78. dodecanoic acid
79. hydroxymethylfurfural
80. ethyl linoleate

81. 4-allyl-2,6-dimethoxyphenol
82. diisobutyl phthalate
83. vanillin
84. sinapic acid (decomp.)
85. 2-phenylethyl decanoate +

2 unknowns
86. 4-propenyl-2,6-

dimethoxyphenol
87. ethyl vanillate
88. acetovanillone
89. vanillin methyl ketone
90. tetradecanoic acid
91. ethyl homovanillate
92. propiovanillone
93. fatty acid ester
94. (similar to 4-allyl-2,6-

dimethoxyphenol)
95. unknown
96. hexadecanoic acid
97. syringealdehyde

GC_FF00603
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Grappa is the spirit produced from grape marc, or the skins of the grapes after they have
been pressed during wine production. Grape marc is fermented and distilled either direct-
ly or by water vapor. Grappas generally do not require the same amount of aging as other
alcoholic beverages, although, for example, Italian law requires at least six months of
aging. Flavored grappas can be produced by adding ingredients such as herbs and fruits.
Flavor profiles of grappas contain hundreds of compounds at a wide range of concentra-
tions. The chromatographic profile of an example grappa is shown in Figure 7.

Grappa profile, determined by GC/MS, using a Stabilwax® -DA column and a large volume injection.

GC_FF00558

GC_FF00559
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1. ethyl octanoate
2. acetic acid
3. siloxane
4. furfural
5. propionic acid
6. benzaldehyde + linalool
7. isobutyric acid
8. methyl decanoate
9. butyric acid

10. siloxane
11. ethyl decanoate
12. isoamyl octanoate
13. isovaleric acid + 2-methylbutyric acid
14. susquiterpene (shoulder)
15. diethyl succinate
16. ethyl 9-decenoate
17. α-terpineol
18. (possible 3-methyl-2(5H)- furanone)
19. valeric acid + susquiterpene
20. linalool oxide
21. susquiterpene
22. isobutyl decanoate
23. 1-decanol
24. β-citronellol
25. susquiterpene
26. methyl salicylate + unknown
27. siloxane
28. methyl dodecanoate
29. hexyl octanoate + 2-tridecanone
30. trans-2, trans-4-decadienol
31. 2-phenylethyl acetate
32. hexanoic acid

33. ethyl dodecanoate
34. unknown
35. isoamyl decanoate
36. benzyl alcohol
37. unknown
38. 2-phenylethanol
39. 2-ethylhexanoic acid
40. heptanoic acid
41. dodecanol
42. phenol
43. γ-nonalactone
44. octanoic acid
45. siloxane
46. ethyl cinnamate
47. γ-decalactone + unknown
48. nonanoic acid
49. phenylethyl hexanoate
50. diethyl nonanedioate
51. methyl hexadecanoate
52. dimethyl naphthalene
53. ethyl hexadecanoate
54. decanoic acid
55. ethyl 9-hexadecenoate
56. geranic acid
57. 2-phenylethyl octanoate
58. dodecanoic acid
59. ethyl linoleate
60. diisobutyl phthalate
61. ethyl linolenate
62. phenylethyl decanoate
63. dibutyl phthalate

Stabilwax®-DA 30m, 0.18mm ID, 0.18µm (cat.# 550752)
Inj.: 10µL large volume injection (split

less), at 10µL/min.
Std. conc.: neat
Gerstel CIS Injector: 35°C (hold 2 min.), to 300°C @

10°C/sec. (hold 5 min.)
Helium vent flow: 600mL/min with 1.8 min. vent end time
Carrier gas: helium
Linear velocity: 45cm/sec.
Oven temp.: 60°C (hold 2 min.) to 100°C @ 

20°C/min., to 240°C @ 5°C/min. (hold 
10 min.)

Det.: MSD
Transfer line temp.: 240°C
Quadrupole temp.: 150°C
MS source temp.: 230°C
Scan range: 30–400amu
Ionization: 70eV
Mode: EI

Chromatogram courtesy of
Kevin MacNamara, Ph.D.,
Irish Distilleries, Ltd.

Figure 7
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Determining Trace Sulfur Compounds In Beer
Trace sulfur compounds that are generated during the fermentation process can affect
the taste and aroma of malted products such as beers. Several common volatile sulfur
compounds might be present in beer at ppb or ppm levels (Table 1).

1m, 0.75mm ID  Sulfinert™ tubing
Rt-XLSulfur™ 100/120 mesh (cat.# 19806)
Conc.: sulfur standard @ 20ppb each in CO2

Inj.: 1cc sample loop, 6-port Valco® valve
Carrier gas: helium
Flow rate: 10mL/ min. @ ambient temp.
Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.) 
Det. sensitivity: SCD, attn. x  1
Det. temp.: 800°C

GC_FF00491

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan and/or 

dimethyl sulfide
5. dimethyl disulfide

Volatile sulfur-containing compounds found in beer at ppm to ppb levels.

Accurate measurement of reactive sulfur compounds at these levels requires a highly inert
chromatographic system. Restek's Rt-XLSulfur™ micropacked column contains a modi-
fied divinyl benzene polymer packed into Sulfinert™ tubing, and is specifically designed
for monitoring ppb levels of active sulfur compounds. The Rt-XLSulfur™ column exhibits
low bleed and thermal stability to 300°C. This column provides excellent resolution of
hydrogen sulfide, carbonyl sulfide and sulfur dioxide.

Sample introduction into the column is a critical step in obtaining accurate analytical
results for sulfur compounds. In this application, a beer headspace sample was introduced
onto the column using a Valco six-port sampling valve fitted with a 1mL sample loop. The
valve, sample loop, and all other surfaces in the sample pathway were deactivated using
our Sulfinert™ deactivation process. The use of Sulfinert™-treated hardware is critical to
achieving a 20ppb detection level for sulfur dioxide and the other target sulfur com-
pounds (Figure 8).

hydrogen sulfide
isopropyl mercaptan
carbonyl sulfide
methyl ethyl sulfide
methyl mercaptan
n-propyl mercaptan

ethyl mercaptan
t-butyl mercaptan
sulfur dioxide
sec-butyl mercaptan
dimethyl sulfide
diethyl sulfide

dimethyl disulfide
isobutyl mercaptan
carbon disulfide
n-butyl mercaptan
t-amyl mercaptan

Low levels of reactive sulfur compounds in CO2 (i.e., 20ppb) easily can
be detected using an Rt-XLSulfur™ micropacked column and a Sulfinert™

treated sample pathway.

Sample, Transfer, and Analyze Sulfur
Compounds at Parts-per-Billion Levels 
Our exclusive Sulfinert™ process is the
next generation of metals passivation
treatments, developed specifically for
deactivating metal surfaces that contact
organo-sulfur compounds. Untreated
stainless steel adsorbs or reacts with
hydrogen sulfide, mercaptans, and other
active sulfur-containing compounds.
Applied to a stainless steel surface, a
Sulfinert™ layer prevents these com-
pounds, and other active compounds
(e.g., amines), from contacting the reac-
tive metal surface. Combine custom-
deactivated sample storage and transfer
components with stock Sulfinert™ -treated
parts to passivate your entire system, and
obtain highly accurate information about
sulfur compounds in your samples.

Additional Important Features
 Durable and flexible - will not crack 
or flake.

 Stable to 400° C.
 No memory effects, as seen with 
polymeric surfaces.

Table 1

Figure 8
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We evaluated the effectiveness of the Rt-XLSulfur™ column by measuring trace sulfur
compounds in one domestic (US) and two imported brands of beer. The results from
headspace sampling of these products demonstrate the capability of the RT-XLSulfur™

column and the Sulfinert™ deactivated GC system to easily detect sulfur compounds at
the 20ppb level (Figure 9).

GC_FF00494

1m, 0.75mm ID  Sulfinert™ tubing
Rt-XLSulfur™ 100/120 mesh (cat.# 19806)
Conc.: headspace of a domestic (US) or imported 

beer sample
Inj.: 1cc sample loop, 6-port Valco® valve
Carrier gas: helium
Flow rate: 10mL/ min. @ ambient temp.
Oven temp.: 60°C to 260°C @ 15°C/min. (hold 5 min.) 
Det. sensitivity: SCD, attn. x  1
Det. temp.: 800°C

1. hydrogen sulfide
2. methyl mercaptan
3. dimethyl sulfide and/or

ethyl mercaptan
4. unknown

Domestic Beer

ppb levels of hydrogen sulfide, dimethyl sulfide, and/or ethyl mercaptan and methyl mercaptan in beer.

GC_FF00483

Higher amounts of dimethyl sulfide
and/or ethyl mercaptan, lower

amounts of hydrogen sulfide and
methyl mercaptan, compared to

the domestic beer.

GC_FF00487

Equivalent amounts of dimethyl sul-
fide and/or ethyl mercaptan, lower
amounts of hydrogen sulfide and

methyl mercaptan, compared to the
domestic beer.

Imported Beer (Mexico) Imported Beer (Canada)

Figure 9
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Summary
Gas chromatography is a simple, sensitive way to characterize the volatile compounds in
alcoholic beverage products. Alcohols and aldehydes in alcoholic beverages can be ana-
lyzed by packed column GC or capillary GC, depending on the target analytes and their
concentrations. Capillary GC provides very efficient separations, thereby resolving
closely-related compounds, but the higher capacity of packed column GC systems some-
times makes it easier to detect trace levels of alcohols and short-chain aldehydes in the
presence of high levels of ethanol. Ultimately, the choice of technique will depend on the
needs of the analyst and the equipment available.

A Stabilwax®-DA capillary column is an excellent choice for analyses of acids, esters,
and other flavor components in alcoholic beverage products. This highly stable column
has been optimized for analyses of acidic compounds, making it possible to analyze a
wide range of compounds. Large volume injection (LVI) techniques accomodate a wide
range of concentrations in a single run. As shown in this guide, analytes at higher con-
centrations, such as alcohols and esters, and trace level flavor compounds can be ana-
lyzed simultaneously. The venting step during the large volume injection can be opti-
mized to remove most of the ethanol/water matrix. 

Low levels of reactive sulfur compounds in malted beverages also can be monitored reli-
ably by gas chromatography. The combination of an Rt-XLSulfur™ micropacked column
and a Sulfinert™ deactivated sample introduction system provides a state-of-the-art,
robust, sampling and analysis approach for monitoring trace levels of volatile sulfur com-
pounds in beer. This system also can be used to detect sulfur compounds in carbon diox-
ide used for artificial carbonation of carbonated beverages, such as soda waters and soft
drinks. For information about this application, and example chromatograms, visit the fol-
lowing page on our website: www.restekcorp.com/advntage/d01four.htm

References

1. AOAC Official Methods of Analysis (2000), 17th edition, AOAC International.

2. Deman, Principles of Food Chemistry (1990), 2nd edition, Van Nostrand Reinhold, New York.

Foods Flavors
Fragrances minicatalog Preservatives by HPLC

Flavor Volatiles in
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Ordering Information | CarboBlack™ Packed Columns

Stainless Steel Tubing SilcoSmooth™ Tubing
On CarboBlack™ B Mesh L OD ID cat.#* L OD ID cat.#*

(ft.) (in.) (mm) (m) (in.) (mm)
5% Carbowax® 20M 80/120 — — — — 2 1/8 2 80105-
5% Carbowax® 20M 60/80 6 1/8 2.1 88012- 1.8 1/8 2 80106-
6.6% Carbowax® 20M 80/120 6 1/8 2.1 80451- 2 1/8 2 80107-

Ordering Information | Rtx®-1301 (G43) Capillary GC Columns (Fused Silica)
(Crossbond® 6% cyanopropylphenyl/94% dimethyl polysiloxane)

Ordering Information | Stabilwax®-DA Capillary GC Columns (Fused Silica)
(Crossbond® Carbowax® for acidic compounds)

CarboBlack™ Solid Supports
Graphitized carbon black offers unique selectivity and very little adsorption for alcohol
analyses. Two CarboBlack supports are available, CarboBlack™ B and CarboBlack™ C.
CarboBlack™ B support, with its higher surface area, can support up to a 10% loading of a
non-silicone liquid phase. CarboBlack™ C support can hold up to a 1% loading of a non-
silicone liquid phase.

ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter
0.18mm 0.18 40 to 250°C 550752
0.25mm 0.10 40 to 250°C 11005 11008 11011

0.25 40 to 250°C 11020 11023 11026
0.50 40 to 250°C 11035 11038 11041

0.32mm 0.10 40 to 250°C 11006 11009 11012
0.25 40 to 250°C 11021 11024 11027
0.50 40 to 250°C 11036 11039 11042
1.00 40 to 240/250°C 11051 11054 11057

0.53mm 0.10 40 to 250°C 11007 11010 11013
0.25 40 to 250°C 11022 11025 11028
0.50 40 to 250°C 11037 11040 11043
1.00 40 to 240/250°C 11052 11055 11058
1.50 40 to 230/240°C 11062 11065 11068

ID df (µm) temp. limits* 15-Meter 30-Meter 60-Meter
0.25mm 0.10 -20 to 280°C 16005 16008 16011

0.25 -20 to 280°C 16020 16023 16026
0.50 -20 to 270°C 16035 16038 16041
1.00 -20 to 260°C 16050 16053 16056
1.40 -20 to 240°C 16016

0.32mm 0.10 -20 to 280°C 16006 16009 16012
0.25 -20 to 280°C 16021 16024 16027
0.50 -20 to 270°C 16036 16039 16042
1.00 -20 to 260°C 16051 16054 16057
1.50 -20 to 250°C 16066 16069 16072

0.53mm 0.10 -20 to 280°C 16007 16010 16013
0.25 -20 to 280°C 16022 16025 16028
0.50 -20 to 270°C 16037 16040 16043
1.00 -20 to 260°C 16052 16055 16058
1.50 -20 to 250°C 16067 16070 16073
3.00 -20 to 240°C 16082 16085 16088

Configurations
General
Configuration
SSuuffffiixx -880000

Agilent 
5880, 5890,
5987, 6890:
SSuuffffiixx -881100

Varian 3700,
Vista Series, FID:
SSuuffffiixx -882200

PE 900-3920
Sigma 1,2,3:
SSuuffffiixx -883300

83/4"

PE Auto System
8300, 8400, 8700
(Not On-Column):
SSuuffffiixx -884400

6 1/2"

Leak Detective™ II
Leak Detector*
• Affordable thermal conductivity leak

detector—every analyst can have one.
• Compact, ergonomic design is easy to

hold and operate with one hand.
• Helium, hydrogen, and nitrogen can be

detected at 1x10-4cc/sec. or at an
absolute concentration as low as
100ppm.**

• Fast results—responds in less than 2
seconds to trace leaks of gases with
thermal conductivities different than air.

• Micro-chip design improves sensitivity
and response timover
previous models.

• Auto zeroing with
the touch of a 
button. 

• Battery-operated
for increased 
portability (one 9-volt).

*Never use liquid leak detectors on a capillary
system because liquids can be drawn into the 
system.

**Caution: NOT designed for determining leaks
of combustible gases. A combustible gas detector
should be used for determining combustible gas
leaks in possibly hazardous conditions.

Description qty. cat.#
Leak Detective™ II Leak Detector ea. 20413

See our catalog for custom configurations

Capillary Columns for Alcoholic Beverage Analysis

* Please include configuration suffix number when ordering.
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Micropacked Columns
• Higher efficiency than packed columns.
• Higher capacity than capillary columns.
• Made from inert, flexible Silcosteel® tubing.

Micropacked columns are inexpensive, rugged, and easy to install and to operate. With our
inert Silcosteel® treatment, micropacked columns are a powerful tool for solving many dif-
ficult application problems. Because the Silcosteel® coating is thin, the column can be
flexed and coiled without any fear of damage to the inert surface. 

Micropacked columns fit packed or capillary injection systems. 1mm ID, (1/16-inch OD)
micropacked columns improve efficiency of packed column instruments, without the
expense of converting to a capillary injection system. 0.75mm ID (0.95mm OD)
micropacked columns  install easily into a capillary injector, using slightly larger ferrules.
Micropacked columns operate at flows exceeding 10cc/min., for trouble-free operation.
Packed with 100/120 mesh particles.

Ordering Information | Rt-XLSulfur™ Micropacked Columns
Purchase installation kit separately.

Ordering Information | Micropacked Columns Installation Kits
for 0.75mm ID col. for 1mm ID col. for 2mm ID col.

For valve applications 21062 21065 21067
For split applications 21063 — —
For all Agilent GCs 21064 — —
For direct injections — 21066 —

Headspace Vials

6.0mL Headspace Vial

Headspace Autosampler Vials
Description 100-pk. 1000-pk.
6mL Clear Vial 21166 21167
10mL Clear Vial, Flat Bottom 24683 24684
10mL Clear Vial, Rounded Bottom 21164 21165
20mL Clear Vial, Flat Bottom 24685 24686
20mL Clear Vial, Rounded Bottom 21162 21163
27mL Clear Vial 21160 21161

Silver Seal with
PTFE/Gray Butyl
Rubber Septum

20mm Aluminum Seals w/Septa, Assembled
Description 100-pk. 1000-pk.
Silver Seal w/ PTFE/Gray Butyl Rubber 21761 21762
Silver Seal w/ PTFE/Silicone 21763 21764
Pressure Release Silver Seal w/ PTFE/Gray Butyl Rubber Septum <125°C 21765 21766
Pressure Release Silver Seal w/ PTFE/Silicone Septum >125°C 21767 21768

A common problem with micropacked
columns is the integrity of the end
plug. Glass wool is difficult to insert
into an opening less than 1mm wide
and can be dislodged easily by carrier
gas pressure surges that occur during
valve switching. Restek’s chemists
insert braided wire into the column
bore, then make a small crimp near
the column outlet. End plugs are
Silcosteel® -treated to ensure that the
sample contacts only inert surfaces.

OD ID (mm) 1-Meter 2-Meter
1/16" 1.0mm 19804 19805
0.95mm 0.75mm 19806 19807
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Syringes
Restek offers complementing lines of syringes from Hamilton & SGE.
• Hamilton: The historical leader in precision fluid measuring devices for over 40 years,

with a commitment to precision, quality, and accuracy.
• SGE: Over 25 years of providing a comprehensive range of analytical syringes unsur-

passed in design, quality, and performance.

SuperfleX™ Flexible Plunger Syringe
Agilent 7673 Syringe

Gas-Tight Luer-lock Syringe

23s—Single Gauge Needle
• The most popular gauge for Agilent 7673.
• Stocked for same-day shipment.
• Best for Merlin Microseal® septum and 

standard septum-equipped GCs.
• Packed column injection ports.
• Split/splitless injection ports.

Hamilton 10µL, Autosampler Cemented Needle
for Agilent 7673 Autosampler

Hamilton Syringes
Volume Needle Needle Needle Point Hamilton Restek

Term. Gauge Length Style Model cat.# qty. cat.#
5µL ASN* 23s 1.71" Agilent 75 87990 6-pk. 20170
5µL ASN 26s 1.71" Agilent 75 87989 6-pk. 21230
5µL ASN 23s–26s 1.71" Agilent 75 87994 6-pk. 24594
10µL ASN 23s 1.71" Agilent 701 80390** 6-pk. 20169
10µL ASN 26s 1.71" Agilent 701 80389 6-pk. 24599
10µL ASN 23s–26s 1.71" Agilent 701 80391 6-pk. 24600

SGE Removable Needle for Agilent 7673 Autosampler

SGE Syringes
Volume Needle Needle Needle Point SGE Restek

Term. Gauge Length Style Model cat.# qty. cat.#
5µL F* 23 42mm Cone SK-5F-HP-0.63 001814 6-pk. 24783
5µL F 26 42mm Cone SK-5F-HP-0.47 001804 6-pk. 24782
5µL F 23-26s 42mm Cone SK-5F-HP-0.63/0.47 001822 6-pk. 21214
10µL F 23 42mm Cone SK-10F-HP-0.63 002814 6-pk. 24787
10µL F 26 42mm Cone SK-10F-HP-0.47 002804 6-pk. 24786
10µL F 23–26s 42mm Cone SK-10F-HP-.063/0.47 002822 6-pk. 21215

23s 
(0.64mm)

26s 
(0.47mm)

26s

23s

26s—Single Gauge Needle
• On-column injection ports.
• Split/splitless injection ports.

23s-26s—Dual Gauge (tapered) Needle
• Durability of a 23s gauge needle.
• Ability of a 26s gauge needle to perform 

split/splitless and on-column injections.

Needle Gauge for Agilent 7673 Syringes

Drawings reproduced with permission from Hamilton.

* Autosampler cemented needle.

** Designated by Agilent as #80397.

* Fixed needle.



Benefits/Uses:
ID**/OD &

Length (mm)
Similar to

APEX part #
cat.#
ea.

Mega IV (4.0mm ID)
injections <125µL 4.0 ID

6.0 OD x 243 L-00410 21075

Micro I (1.0mm ID)
injections <5µL 1.0 ID

6.0 OD x 243 L-00110 21073

MIDI II (2.0mm ID)
injections <25µL 2.0 ID

6.0 OD x 243 L-00210 21074

Shimadzu 17A Split Precision™ Liner
3.5 ID

5.0 OD x 95 21020 21021

PerkinElmer Auto SYS Split Precision™ Liner
4.0 ID

6.2 OD x 92.1 21026 21027

Precision™ Liners
ID**/OD &

Length (mm) ea. 5-pk. 25-pk.

Agilent 4mm Split Precision™ Liner
4.0 ID

6.3 OD x 78.5 21022 21023 20979

Varian 1078/1079 Split Precision™ Liner
3.4 ID

5.0 OD x 54 21024 21025

Varian 1075/1077 Split Precision™ Liner
4.0 ID

6.3 OD x 72 21030 21031

Thermo Finnigan 5mm Split Precision™ Liner
5.0 ID

8.0 OD x 105 21028 21029

14
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Siltek™ Deactivation—The Next Generation
• Maximizes the inertness of the sample pathway.
• Minimizes breakdown.
• Low bleed.
• Thermally stable.
• “Clean and green”—manufactured without the use of harmful organic solvents.

Restek offers the next generation of deactivation. The Siltek™ deactivation process (patent
pending) produces a highly-inert glass surface, which features high temperature stability,
extreme durability, and low bleed. Try Siltek™ liners, guard columns, wool, and connectors
for better recovery of sample analytes.

For Siltek™ inlet liners, add the corresponding suffix number to your liner 
catalog number.

Siltek™ Inlet Liners
Siltek™ with Siltek™ with

qty. Siltek™ Siltek™ wool CarboFrit™

each -214.1 -213.1 -216.1
5-pk. -214.5 -213.5 -216.5
25-pk. -214.25 -213.25 -216.25

Inlet Liners for APEX ProSep™ 800 & ProSep™ 800 Plus GCs

**Nominal ID at syringe needle expulsion point.

• Wool minimizes vaporization and helps wipe the needle during injection.
• No guessing where the wool should be placed; easy to change wool.
• Wool stays in position during pressure pulses in the inlet during an injection.
• 100% deactivation ensures inertness.*
* Not Siltek™ deactivation.

Benefits of wool-packed Precision™ Liners
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0.8mm ID Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21568 21569
Silcosteel®

Vespel® Ring Inlet Seals for Agilent 5890/6890 and 6850 GCs
• Easy-to-use, patent-pending design saves time.
• Vespel® material seals the first time, every time.
• Very little torque is required to make a seal—

reduces operator variability.
• Lower leak rate versus OEM metal inlet seals—

reduces detector noise.
• Increases column lifetime by preventing oxygen

from leaking into the carrier gas. 
• Soft sealing area reduces wear on the critical

seal of the injection port base. 

21570 21571
Stainless Steel 21566 21567

Replacement Inlet Seals for Agilent 5890/6890/6850 Split/Splitless
Injection Ports
• Special grade of stainless steel that is softer and

deforms more easily, ensuring a completely leak-
tight seal.

• Increases column lifetime because oxygen can-
not leak into the carrier gas.

• Reduced noise benefits high-sensitivity detectors
(e.g., ECDs, MSDs).

• Silcosteel® seal offers the inertness of glass.

*0.8mm ID stainless steel inlet seal is equivalent to Agilent part #18740-20880,
0.8mm ID gold-plated inlet seal is equivalent to Agilent part #18740-20885.
Note: All seals include washers.

Single-Column Installation,
0.8mm Opening*

0.25/0.32mm ID Dual-Column 
Installation, 1.2mm Opening

0.53mm ID Dual-Column Installation
1/16-inch Opening

2-pk. 10-pk. 2-pk. 10-pk. 2-pk. 10-pk.

Stainless Steel Inlet Seal
21315 21316 20390 20391 20392 20393

Gold-Plated Inlet Seal
21317 21318 21305 21306 — —

Silcosteel® Inlet Seal
21319 21320 21307 21308 — —

Washers included.

Vespel® ring ensures a
leak-tight seal the first

time, every time.
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Reach for Restek—the company that chromatographers trust.

Replacement FID Jets
• Standard Version: Engineered with a fluted tip to guide the capillary column into the jet.
• High-Performance Version: Identical to the standard version, except that it has been

Silcosteel®-treated. Extremely inert, use with active compounds.

Capillary Adaptable FID Jet for Agilent 5890/6890/6850 GCs
(0.011-inch ID tip)
(Similar to Agilent part # 19244-80560.)

Description qty. cat.# qty. cat.#
Standard ea. 20670 3-pk. 20671
High-Performance Silcosteel® ea. 20672 3-pk. 20673

Capillary Dedicated FID Jet for Agilent 6890/6850 GCs
(Similar to Agilent part # G1531-80560.)

Description qty. cat.# qty. cat.#
Standard ea. 21621 3-pk. 21682
High-Performance Silcosteel® ea. 21620 3-pk. 21683

Capillary FID Jet for Agilent 5880 GCs
(Similar to Agilent part # 19301-80500.)

Description qty. cat.#
Standard ea. 21637

ea. 21638

Packed Column FID Jets for Agilent 5890/6890/6850 GCs
0.018-Inch ID
(Similar to Agilent part # 18710-20119.) qty. cat.# qty. cat.#
Standard ea. 21694 3-pk. 21695

ea. 21696 3-pk. 21697
0.030-Inch ID
(Similar to Agilent part # 18789-80070.) qty. cat.# qty. cat.#
Standard ea. 21688 3-pk. 21689

ea. 21686 3-pk. 21687

Our regular technical service hours are
8:00 a.m. to 7:00 p.m., Monday through
Thursday, and 8:00 a.m. to 5:00 p.m. on

Fridays.

Our extended hours are 8:00 a.m. to 
6:00 p.m. EST, Monday thru Friday.

20670

21682

21637

21694
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In Agilent split/splitless injection ports, it can be difficult to make and
maintain a good seal with a conventional metal inlet disk. The metal-
to-metal seal dictates that the analyst apply considerable torque to the
reducing nut, and, based on our testing, this does not ensure a leak-
tight seal. Over the course of oven temperature cycling, metal seals are
prone to leaks, which ultimately can degrade the capillary column, and
cause other analytical difficulties.

Restek designed the Vespel® Ring Inlet Seal to greatly improve injec-
tion port performance. The Vespel® Ring Inlet Seal is made from high-
quality stainless steel and features a Vespel® ring embedded into its
face (Figure 1). This soft Vespel® ring will not harm the critical seal on
the bottom of the injector body, and is outside the sample flow path,
for worry-free chromatography. 

The Vespel® Ring Inlet Seal is designed to seal even after repeated 
temperature cycles and without retightening the reducing nut! To deter-
mine the variances between traditional seals and the Vespel® Ring Inlet
Seal, we compared the leak rate for each type of seal at increasing
torque (Figure 2), using a high sensitivity leak detector. Notice how
well the Vespel® Ring Inlet Seal performs at all levels; it seals equally
effectively at torques of 5lb. or 60lb. (Figure 2). Why trust a metal-to-
metal seal when you can get leak-tight seals quickly, easily, and more
reliably with a Restek Vespel® Ring Inlet Seal?  

Vespel® Ring Inlet Seals are available in stainless steel, gold-plated,
or with a Silcosteel® coating. Use the stainless steel seals for analyses
of unreactive compounds. To reduce breakdown and adsorption of
active compounds, use gold-plated or Silcosteel®-treated seals. The
gold surface offers better inertness than standard stainless steel;
Silcosteel® treatment provides inertness similar to that of fused silica
capillary columns.

Feature Benefit

Lower leak rate than OEM 
metal seals.

Low torque, soft seal, 
patent pending design.

Exclusive Vespel® ring seals first
time, every time.

Leak-tight connections:
no oxygen leaks into your 
carrier gas.

Greater sensitivity (less detector
noise) and longer column life 
(no phase oxidation).

Reduces wear, prevents damage 
at critical seal: no unexpected 
downtime.

Features & Benefits

Figure 2.
A Vespel® Ring Inlet Seal achieves
leak-tight seals even at low torque, reducing the
chance of leaks.
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the 

advantage

The soft ring in a Vespel®

Ring Inlet Seal will not harm the
critical seal or contaminate your sample,
and you’ll get a leak-tight seal every time!

®
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Original Equipment
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Vespel® Ring Inlet Seals

Restek is your free 
technical literature source!

(#59627C) Genuine Restek Replacement 
Parts for Agilent GCs

(#59882A) Direct Injection Guide

For literature:
•  Call 814-353-1300 or 

800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com

Note: All seals include washers.
*For dual-column installations (0.25 or 0.32mm ID fused silica columns)

Vespel® Ring Inlet Seals
0.8mm ID Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel® Ring Inlet Seal* 2-pk. 10-pk.
Gold-Plated 21568 21569
Silcosteel® 21570 21571
Stainless Steel 21566 21567

the best
for Agilent 5890/6890 and 6850 GCs!

inlet seal available
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by Christopher English, Environmental Innovations Chemist

Optimized Analysis of Volatile
Organics in Hazardous Waste

Using an Rtx®-VMS GC/MS Column and New
Restek Reference Materials

✔ Rtx®-VMS polymer formulated specifically for volatiles analysis by GC/MS.
✔ Greater throughput—excellent separations and faster analyses for 100+ volatiles

and associated compounds.
✔ Excellent sensitivity—high thermal stability minimizes bleed.

✔ Convenience—8260B Calibration Mix #1A is a stable mixture of 76 + 1 volatiles.

Accurate and rapid analyses of over 100 volatile
organic compounds (VOCs), in a wide range of
matrices, are a major challenge to environmental
laboratories. US EPA Method 8260B, described in
US EPA SW-846, is widely used as a guideline for
analyses of VOCs in hazardous waste, sludges, or
other discarded material, prior to depositing these
materials in hazardous waste facilities. The method
also is followed for monitoring ground water at
these facilities.

Restek chemists designed the Rtx®-
VMS column to address the

large—and increasing—
number of analytes listed
in US EPA Methods 8260
and 524.2, plus unlisted
but commonly encoun-
tered compounds, such

as acetates and oxy-
genates (ethers). With the

aid of computer modeling,
we tuned the stationary phase in

the Rtx®-VMS column specifically
toward resolving compounds that share common
quantification ions. This has improved selectivity,
reduced bleed, and shortened analysis time, relative
to traditional “624/1301” phases. In designing this
stationary phase we considered performance for
compounds that are not listed in the usual test
methods (e.g., acetates and oxygenates). We added
these compounds to the design criteria for the
Rtx®-VMS phase because many of them have been
discovered in ground water, and analysts in envi-
ronmental laboratories often add them to calibra-
tion mixes.

A 40m x 0.18mm ID x 1.0µm Rtx®-VMS column, and
the chromatographic conditions used to obtain
Figure 1 (page 2), are optimal for a 14-minute
analysis, which is less than the cycle time for a stan-
dard purge and trap unit. The conservative initial
temperature enhances the resolution between tert-
butyl alcohol and methyl tert-butyl ether (peaks 21
& 22)—the two analytes are baseline resolved under
these conditions. An initial temperature of 50°C or
lower enhances the resolution between
chloromethane and vinyl chloride (peaks 4 and 5).
Alternatively, an initial temperature of up to 60°C can
be used, to promote faster oven cycling and to pre-
vent large amounts of methanol from condensing at
the head of the column.

The Rtx®-VMS column is available in a wide variety
of internal diameters. Base your choice of ID and
column length on the number of target analytes in
your samples, and on your instrumentation.

We now offer a comprehensive acetates mix (cat.#
30489) and a comparable oxygenates mix (cat.#
30465), which complement our 8260B Calibration
Mix #1 of VOCs (cat.# 30475). These three refer-
ence solutions account for more than 80% of the
most common target compounds shown in Figure 1.

In volatiles analysis, oven cycle time and/or purge
and trap cycle time, not analysis time, are the fac-
tors that limit productivity. Because Rtx®-VMS
columns are designed for higher starting tempera-
tures, they shorten oven cycle times - and thus
increase sample throughput - without sacrificing
resolution of gaseous analytes. To see example
chromatograms, request a copy of our Rtx®-VMS
capillary columns flyer (lit. cat.# 59209A).
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Ordering Information | Rtx®-VMS Columns (Fused Silica)

ID df (µm) temp. limits 30-Meter 60-Meter 75-Meter
0.25mm 1.40 -40 to 240/260°C 19915 19916
0.32mm 1.80 -40 to 240/260°C 19919 19920
0.45mm 2.55 -40 to 240/260°C 19908 19909
0.53mm 3.00 -40 to 240/260°C 19985 19988 19974

ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -40 to 240/260°C 49914 49915

GC_EV00641

GC_EV00640

Column: Rtx®-VMS 40m, 0.18mm ID, 1.0µm
(cat.# 49915)

Sample: 5ppb each compound in 25mL of RO
water

Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb™ 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min. (MCS by-passed 

with Silcosteel® tubing, cat.# 21035)
Desorb preheat: 245°C
Desorb: 2 min. @ 250°C 
Desorb flow rate: 45mL/min. helium.
Bake: 8 min. @ 260°C 
Interface: plumbed through injection port
Transfer line: Silcosteel® transfer line (cat.# 20591)
Mount Temp: 40°C
Split ratio: 1:40 split 
Inlet liner: 1mm split (cat.# 20972)  
Inj. temp.: 250°C
Carrier gas:  1.1mL/min. helium, constant flow
Linear velocity: 32cm/sec. @ 40°C 
Oven temp.: 35°C (hold 2 min.) to 60°C @ 

4°C/min. (hold 0 min.) to 225°C 
@ 40°C/min. (hold 5 min.)

Detector: 5973 GC/MS w/ turbomolecular pump
Source Temp.: 280°C
Scan range: 35–260amu
Ionization: EI

1. carbon dioxide
2. dichlorodifluoromethane
3. Freon® 114
4. chloromethane
5. vinyl chloride
6. bromomethane
7. chloroethane
8. trichlorofluoromethane
9. ethanol

10. diethyl ether
11. 1,1-dichloroethene
12. iodomethane
13. carbon disulfide
14. Freon® 113
15. acrolein
16. allyl chloride
17. methylene chloride
18. acetone
19. trans-1,2-dichloroethene
20. methyl acetate
21. methyl tert-butyl ether
22. tert-butyl alcohol
23. acetonitrile

24. diisopropyl ether
25. chloroprene
26. 1,1-dichloroethane
27. acrylonitrile
28. vinyl acetate
29. ethyl-tert-butyl ether
30. cis-1,2-dichloroethene
31. 2,2-dichloropropane
32. bromochloromethane
33. chloroform
34. carbon tetrachloride
35. ethyl acetate
36. methyl acrylate
37. dibromofluoromethane
38. tetrahydrofuran
39. 1,1,1-trichloroethane
40. 2-butanone
41. 1,1-dichloropropene
42. benzene
43. propionitrile
44. methacrylonitrile
45. pentafluorobenzene
46. tert-amyl-methyl ether

47. 1,2-dichloroethane
48. isobutyl alcohol
49. isopropyl acetate
50. trichloroethene
51. 1,4-difluorobenzene
52. dibromomethane
53. 1,2-dichloropropane
54. bromodichloromethane
55. methyl methacrylate
56. n-propyl acetate
57. 2-chloroethyl vinyl ether*
58. cis-1,3-dichloropropene
59. toluene-d8
60. toluene
61. 2-nitropropane
62. tetrachloroethene
63. 4-methyl-2-pentanone
64. trans-1,3-dichloropropene
65. 2-bromo-1-chloropropane
66. 1,1,2-trichloroethane
67. ethyl methacrylate
68. dibromochloromethane
69. 1,3-dichloropropane

70. 1,2-dibromoethane
71. n-butyl acetate
72. 2-hexanone
73. chlorobenzene-D5
74. chlorobenzene
75. ethylbenzene
76. 1,1,1,2-tetrachloroethane
77. m-xylene
78. p-xylene
79. o-xylene
80. stryrene
81. bromoform
82. isopropylbenzene
83. n-amyl acetate
84. 4-bromo-1-fluorobenzene (ss)
85. cis-1,4-dichloro-2-butene
86. n-propylbenzene
87. bromobenzene
88. 1,4-dichlorobutane
89. 1,1,2,2-tetrachloroethane
90. 2-chlorotoluene
91. 1,3,5-trimethylbenzene
92. 1,2,3-trichloropropane

93. trans-1,4-dichloro-2-butene
94. 4-chlorotoluene
95. tert-butylbenzene
96. pentachloroethane
97. 1,2,4-trimethylbenzene
98. sec-butylbenzene
99. p-isopropyltoluene

100.1,3-dichlorobenzene
101.1,4-dichlorobenzene-d4
102.1,4-dichlorobenzene
103.n-butylbenzene
104.1,2-dichlorobenzene
105. 1,2-dibromo-3-chloropropane
106.nitrobenzene
107.hexachlorobutadiene
108.1,2,3-trichlorobenzene
109.naphthalene
110.1,2,4-trichlorobenzene

Standards: 
8260B Calibration Mix #1 cat.# 30475
502.2 Calibration Mix #1 (gases) cat.# 30042
VOA Calibration Mix #1 (ketones) cat.# 30006
8260 Internal Standard Mix cat.# 30074
8260 Surrogate Mix cat.# 30073
8260 Acetate Mix cat.# 30489
California Oxygenates Mix cat.# 30465
Acrolein Mix cat.# 30478
Ethanol Mix cat.# 30466
Freon® 114 cat.# 30476

Note: 2-chloroethanol is in 8260B mix, but requires lower scan range for identification; 1,4-dioxane is in 8260B mix, but requires fortification or
identification using single point high calibration standard.
*Component of 8260B Calibration Mix #1, packaged in a separate ampul.

Figure 1
Rtx®-VMS columns improve selectivity, minimize bleed, and shorten cycle time for VOCs.

formoreinfo
For more information about
Rtx®-VMS columns, request

lit. cat.# 59209A.
2,000µg/mL each in P&T methanol, 1mL/ampul

8260B Calibration Mix #1
(76 +1 components)
Ampul 1: 8260B Calibration Mix #1A

Components in bold in peak list below.
Ampul 2: 2-chloroethyl vinyl ether

with data pack

Each 5-pk. 10-pk.
30475 30475-510 —

30475-500 30475-520 30575

Analytes in bold are components
of 8260B Calibration Mix #1A
(cat.# 30475).
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Vespel® Ring Inlet Seal
Seals the First Time, Every Time

0.8mm ID Vespel® Ring Inlet Seal (washers included) 2-pk. 10-pk.
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel® Ring Inlet Seal* (washers included) 2-pk. 10-pk.
Gold-Plated 21568 21569
Silcosteel® 21570 21571
Stainless Steel 21566 21567

Ordering Information | Vespel® Ring Inlet Seals for Agilent 5890/6890 and 6850 GCs

Gas leaks in your GC system can increase detector
noise, cause baseline instability, waste carrier gas,
and damage valuable analytical columns. Leak
checks should be a regular part of your GC mainte-
nance program. The new Leak Detective™ II elec-
tronic leak detector is the sensitive, affordable solu-
tion for detecting gas leaks.*

Microchip technology and a new design give you bet-
ter sensitivity and faster response time in a more
compact unit. You can instantly zero the leak detector

by Donna Lidgett, GC Accessories Product Marketing Manager

A Compact, Sensitive Leak
Detector For Every GC Analyst

The Restek Leak Detective™ II
✔ Fast results—responds to trace leaks in less than 2 seconds.
✔ Sensitive—detects trace leaks at 1 x 10-4cc/sec.; as low as 100ppm.
✔ Microchip design improves sensitivity and response time over previous models.
✔ Compact, ergonomic design is easy to hold and operate with one hand.
✔ Battery-operated for portability (one 9 volt); instant auto-zeroing.

Description qty. cat.# price

Leak Detective™ II Leak
Detector ea. 20413

Ordering Information | Leak Detective II™

✔ Easy-to-use, patent-pending design makes a better seal, easily.
✔ Prevents oxygen from damaging your columns.
✔ Reduces wear on the injection port body.

by Donna Lidgett, GC Accessories Product Marketing Manager

In Agilent split/splitless injection ports, it can be dif-
ficult to make and maintain a good seal with a con-
ventional metal inlet disk. The metal-to-metal seal
dictates that the analyst apply considerable torque to
the reducing nut, and, based on our testing, this
does not ensure a leak-tight seal.  Over the course
of oven temperature cycling, metal seals are prone
to leaks, which ultimately can degrade the capillary
column, and cause other analytical difficulties.

Our Vespel® Ring Inlet Seal greatly improves injec-
tion port performance—it stays sealed even after
repeated temperature cycles, without retightening
the reducing nut! This seal features a Vespel® ring

embedded into its face. This soft Vespel® ring will
not harm the critical seal on the injector body, and
is outside the sample flow path. Tests using a high
sensitivity helium leak detector indicate the Vespel®

Ring Inlet Seal seals equally effectively at torques
from 5 in. lb. to 60 in. lb. (Figure 1).

Why trust a metal-to-metal seal when you can make
leak-tight seals quickly and easily—and more reli-
ably—with the Restek Vespel® Ring Inlet Seal? Use
the stainless steel seal for analysis of unreactive
compounds. To reduce breakdown and adsorption
of active compounds, use the gold-plated or

with a push of a button, and the ergonomic design
brings all the controls to your fingertips for easy
use. The unit responds in less than two seconds to
trace leaks of gases with thermal conductivities dif-
ferent than air: detect helium, hydrogen, or nitro-
gen at 1x10-4cc/sec or at an absolute concentration
as low as 100ppm. Leaks are indicated by an audi-
ble alarm, as well as by an LED readout. For easy,
sensitive, and reliable leak detection, order a new
Leak Detective™ II electronic leak detector today.

*Never use liquid leak detectors on a capillary system
because liquids can be drawn into the column.
Caution: NOT designed for determining leaks of com-
bustible gases. A combustible gas detector should be
used for determining combustible gas leaks in possibly
hazardous conditions.

new

*For dual-column installations.
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Vespel® Ring Inlet Seal

stainless steel
original equipment

inlet seal

Torque (in. lbs.)

Vespel® ring
minimizes leaks

Silcosteel®-treated seals. The gold surface offers
better inertness than standard stainless steel;
Silcosteel® treatment provides inertness similar to
that of fused silica capillary columns. 

Figure 1
The Vespel® Ring Inlet Seal achieves

leak-tight seals even at low torque, reducing
the chance of leak-related problems.



Over the past several years, HPLC column manufac-
turers have been creating new stationary phases in
attempts to address some of the separation prob-
lems encountered by analytical chemists.

Stationary phases in traditional reversed phase
columns are strictly non-polar alkyls, like C18. In
contrast, many newer specialty reversed phase
columns have stationary phases that are primarily
alkyls, but with some secondary polar functionality.
The polar functionality offers several advantages,
including: unique selectivity, enhanced retention of
polar compounds, and compatibility with complete-
ly aqueous mobile phases.

These specialty reversed phase columns can differ
either in the type of polar group they incorporate
or in how the polar group is incorporated into the
stationary phase. Restek offers two specialty
reversed phase columns that represent two different
approaches to introducing secondary polar groups
into a straight chain alkyl ligand (Figure 1). The
stationary phase in the Ultra Aqueous C18 column
has small polar groups attached to the silica sur-
face, between the C18 chains. In contrast, the Ultra
IBD stationary phase is a “polar embedded” type

• 4 •www.restekcorp.com 800-356-1688

by Terrence S. Reid, HPLC Innovations Chemist

Specialty Reversed Phase HPLC
Columns for Polar Analytes

Ultra Aqueous C18 and Ultra IBD Columns
Solve Retention Dilemmas

✔ Both columns provide sharp peaks for basic analytes.
✔ Both columns compatible with 100% aqueous mobile phases.

✔ Complementary selectivity for acidic and basic analytes.

stationary phase, because its polar groups are
embedded within a straight alkyl chain.

One drawback to these specialty columns is that
their potential for mixed mode interactions makes
it more difficult to predict which column will per-
form best for a particular application. With this in
mind, we used a series of simple tests to directly
compare the performance characteristics of Ultra
Aqueous C18 and Ultra IBD columns. From the
results of these tests, we can offer some useful
guidelines for selecting a specialty reversed phase
column.

The first test measured the hydrophobic retention
of each column, using a sample mixture of com-
pletely nonpolar analytes and a mobile phase con-
taining a high proportion of organic solvent. For
pure alkyl stationary phases, hydrophobic retention
usually is directly proportional to the percent car-
bon (%C) in the bonded phase silica, if the phases
are bonded on silica particles of comparable sur-
face area. Figure 2 shows that the hydrophobic
retention of Ultra Aqueous C18 columns is approxi-
mately twice that of Ultra IBD columns, based on

capacity factors for pyridine, despite the two bond-
ed phases' similar surface area and %C (Ultra
Aqueous C18: 100Å pores, 14%C; Ultra IBD: 100Å
pores, 12%C). The hydrophobic retention of Ultra
Aqueous C18 columns is equivalent to that of con-
ventional C18 columns with the same surface area
and %C. The considerably reduced hydrophobic
retention of Ultra IBD columns can be attributed to
the embedded polar group in the stationary phase
shielding the lower portion of the alkyl chain from
the nonpolar analytes.

We compared the columns’ base deactivation by
measuring the peak shape for a basic analyte, pyri-
dine (Figure 3). Both Ultra Aqueous C18 and Ultra
IBD columns show excellent base deactivation, with
pyridine peak symmetry values better than those for
highly base-deactivated C18 phases made through
conventional chemistry. Although they are similarly
base-deactivated, Ultra Aqueous C18 columns
exhibit much greater retention of pyridine than do
Ultra IBD columns.

Next, we compared Ultra Aqueous C18 and Ultra
IBD columns’ ability to separate small carboxylic
acids. It is difficult for conventional reversed phase
columns to retain these molecules. A very weak,
highly aqueous mobile phase is required. Many C18
phases are not compatible with highly aqueous
mobile phases, and show a gradual or sudden loss
of retention that is attributed to “chain folding” or
“phase collapse.” Both Ultra Aqueous C18 and Ultra
IBD columns are completely compatible with 100%
aqueous mobile phases, as shown in Figure 3A.
Neither column showed any loss of retention, even
after mobile phase flow was temporarily stopped.
(Absence of pressure maximizes the potential for
phase collapse, thus exposure to 100% aqueous
mobile phase under no flow is the most extreme
test of phase integrity.) This comparison did reveal

Conventional Alkyl

Ultra Aqueous C18

Ultra IBD

Figure 1
The stationary phase in an Ultra Aqueous

C18 column has small polar groups attached
to the silica surface; in the Ultra IBD station-
ary phase polar groups are embedded in the

alkyl chain.

Peak List: Conc. (mg/mL)
1. uracil  0.02
2  benzene 3.00
3. naphthalene  0.50
4. biphenyl  0.06

LC_0233

1

2

3

4Sample: Inj.: 1.3µL
Solvent: methanol:water

(75:25, v/v)
Mobile Phase: A: water

B: methanol
Isocratic: 80%B

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm LC_0234

Column: Ultra Aqueous C18 Ultra IBD
Catalog #: 9178565 9175565
Dimensions: 150 x 4.6mm 150 x  4.6mm
Particle Size: 5µm 5µm
Pore Size: 100Å 100Å

Figure 2
Hydrophobic retention for Ultra Aqueous C18 columns is approximately twice that for Ultra IBD

columns, despite similar surface areas and % carbon.

polar group

polar group
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some differences between Ultra Aqueous C18 and
Ultra IBD columns, however. Note that the elution
orders in Figure 3B are different, demonstrating
significant differences in selectivity. Also, the mal-
onic acid peak tails on the Ultra IBD column. We
believe this is because malonic acid has two car-
boxylic acid groups—several dicarboxylic acids tail
on Ultra IBD columns and similar columns.

Finally, we used the same 100% aqueous mobile
phase to evaluate selectivity and retention for mix-
tures containing both an acid (ascorbic
acid/Vitamin C) and a base (thiamin/Vitamin B1).
Note in Figure 3C that Ultra Aqueous C18 and Ultra
IBD columns produce opposite elution order, again
demonstrating their complementary selectivity. Of
several columns evaluated from various manufac-
turers, the Ultra Aqueous C18 column was the only
column to exhibit significant retention of thiamin.
This is consistent with the enhanced retention of
pyridine shown in Figure 3A. Thiamin is barely
retained by an Ultra IBD column, using the uracil
peak in Figure 2 as the measure of column void
volume (t0).

Highly base-deactivated Ultra Aqueous C18 and
Ultra IBD columns are powerful tools for analyzing
polar compounds by reversed phase HPLC. They
offer alternate selectivity to each other, as well as to
conventional C18 stationary phases. Their second-
ary polar functionalities enhance retention of polar
analytes, contribute to their unique selectivity, and
make them compatible with a complete spectrum of
mobile phase compositions, from 100% organic to
100% aqueous. An Ultra Aqueous C18 column is
the better choice for small dicarboxylic acids, or
for maximum retention of bases in a highly aque-
ous mobile phase.

Figure 3
Ultra IBD and Ultra Aqueous C18 columns share important characteristics.

Ordering Information | Ultra Aqueous C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Ordering Information | Ultra IBD 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9175531 9175532 9175533 9175535
50mm 9175551 9175552 9175553 9175555

100mm 9175511 9175512 9175513 9175515
150mm 9175561 9175562 9175563 9175565
200mm 9175521 9175522 9175523 9175525
250mm 9175571 9175572 9175573 9175575

Column: Ultra IBD Ultra Aqueous C18 Ultra Aqueous C18
Catalog #: 9175565 9178565 9178565 
Dimensions: 150 x 4.6mm 150 x 4.6mm 150 x 4.6mm
Particle Size: 5µm 5µm 5µm
Pore Size: 100Å 100Å 100Å

LC_0232

Peak List: Conc.
1. uracil 50µg/mL
2  pyridine 0.1µL/mL
3. phenol 1.86mg/mL

LC_0230

LC_0231

Sample: Inj: 5µL
Solvent: mobile phase

Mobile phase: A: 20mM potassium phosphate, pH 7.0
B: acetonitrile
Isocratic: 20%B

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 254nm

2
1

2

3

Sample: Inj.: 10µL
Solvent: mobile phase

Mobile Phase: A: 50mM potassium phosphate, pH 2.5
Isocratic: 100%A

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 210nm

Peak List Conc. (mg/mL)
1. glycolic acid 2.0
2. lactic acid 3.3
3. acetic acid 2.1
4. malonic acid 1.8

Column: Ultra IBD Ultra Aqueous C18
Catalog #: 9175565 9178565 
Dimensions: 150 x 4.6mm 150 x 4.6mm
Particle Size: 5µm 5µm
Pore Size: 100Å 100Å

LC_0228
LC_0229

Column: Ultra IBD Ultra Aqueous C18
Catalog #: 9175565 9178565 
Dimensions: 150 x 4.6mm 150 x  4.6mm
Particle Size: 5µm 5µm
Pore Size: 100Å 100Å

Peak List: Conc. (mg/mL)
1. thiamin 2.5
2. ascorbic acid 2.5

Sample: Inj.: 1.0µL
Solvent: mobile phase

Mobile Phase: A: 50mM potassium phosphate, pH 2.5
Isocratic: 100%A

Flow: 1.0 mL/min.
Temp.: ambient
Det.: UV @ 254nm

A) Excellent Deactivation for Bases

B) Compatible with 100% Aqueous
Mobile Phases

C) Complementary Selectivity

1

2

LC_0226
LC_0227

formoreinfo
For our complete line of HPLC

columns and HPLC accessories,
request the 2003

Chromatography Products Guide
(lit. cat.# 59473)

1

2

4

3



Sulfinert™-Treated Silcosteel®-Treated
Fitting Type Size qty. cat.# qty. cat.#

Plug Valve
1/8" ea. 21586 ea. 21576

1/4" ea. 21587 ea. 21577

Ball Valve
1/8" ea. 21588 ea. 21578

1/4" ea. 21589 ea. 21579
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We are pleased to introduce Restek’s new
Sulfinert™-treated and Silcosteel®-treated plug
valves and ball valves with 1/8" and 1/4" fittings. Until
now, the only way to obtain these deactivated parts
was to supply Restek with disassembled valve com-
ponents for custom coating. Now, the newest prod-
uct offerings from our Metals Passivation Group
give you the benefits of these stable, flexible surface
treatments on stock items.

Sulfinert™-treated or Silcosteel®-treated valves are
logical components in a system that incorporates
Sulfinert™- or Silcosteel®-treated tubing and fittings.

by Gary Barone, Metals Passivation Marketing Manager

Sulfinert™- & Silcosteel®-Treated
Ball & Plug Valves

Helping Complete the Inert Sample Pathway

✔ No adsorption of active compounds at low ppb concentrations.
✔ Stable, flexible surface deactivation that will not crack or flake.

✔ Commonly used pathway components now available from stock.

Combine deactivated valving with our other stock
deactivated sample pathway components to create
the most inert pathway available.

Our Sulfinert™- or Silcosteel®-treated plug valve is
made by Parker, and is rated for service up to
3000psig at 21ºC. It can be used in environments
having temperatures up to 205ºC.

The Sulfinert™- or Silcosteel®-treated ball valve also
is a Parker valve. The construction of this valve
allows us to completely coat all sample-wetted steel
components. The Sulfinert™- or Silcosteel®-treated

ball “floats” on dual seats to reduce operating
torque and provide leak-tight bi-directional sealing.
The ball valve is rated for pressures up to 1500psig
at 21ºC.

How do you decide which parts you need? Use
Sulfinert™-treated valves, fittings, and tubing when
creating pathways for extremely low-level (i.e.,
parts-per-billion) organics. Also, use Sulfinert™-
treated pathway components when designing a sys-
tem for sulfur-, phosphorus- and/or nitrogen-con-
taining organics. Application areas that benefit from
a Sulfinert™-treated sample pathway include analy-
ses of sulfurs in air, in natural gas, in
ethylene/propylene, or in beverage-grade carbon
dioxide, any flowpath for pesticides or herbicides,
and chemical weapons analyzers.

Silcosteel® treatment continues to be a highly popu-
lar choice for passivating systems and flowpaths
that carry target analytes at parts-per-million levels.
Time-proven Silcosteel® passivation is used to deac-
tivate components in virtually all of today’s leading
sampling systems and instruments.

Price-per-foot by length
ID OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.

0.011" (0.28mm) 0.022" (0.56mm) 22500
0.021" (0.53mm) 0.029" (0.74mm) 22501
0.010" (0.25mm) 1/16" (1.59mm) 22502
0.020" (0.51mm) 1/16" (1.59mm) 22503
0.030" (0.76mm) 1/16" (1.59mm) 22504
0.040" (1.02mm) 1/16" (1.59mm) 22505
0.085" (2.16mm) 1/8" (3.18mm)* 22506
0.210" (5.33mm) 1/4" (6.35mm)* 22507

Ordering Information | Coiled Sulfinert™-Treated Welded 304 Grade Stainless Steel Tubing

Price-per-foot by length
ID OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.

0.011" (0.28mm) 0.022" (0.56mm) 20590
0.021" (0.53mm) 0.029" (0.74mm) 20591
0.010" (0.25mm) 1/16" (1.59mm) 20592
0.020" (0.51mm) 1/16" (1.59mm) 20593
0.030" (0.76mm) 1/16" (1.59mm) 20594
0.040" (1.02mm) 1/16" (1.59mm) 20595
0.085" (2.16mm) 1/8" (3.18mm)* 20596
0.210" (5.33mm) 1/4" (6.35mm)* 20597

Ordering Information | Coiled Silcosteel®-Treated Welded/Drawn 304 Grade Stainless Steel
Tubing

Ordering Information | Sulfinert™- and Silcosteel®-Treated Valves

*0.020" wall thickness

formoreinfo
Request the 2003 Product Guide

(lit. cat.# 59473) or visit
www.restekcorp.com for complete
listing of Silcosteel®- and Sulfinert™-

treated fittings.

Paul Silvis, Restek Head Coach
and Founder, Named

Entrepreneur of the Year (2002)
PA Business Central chose Restek’s Head Coach

in the For-Profit, Large Business category.
“Paul’s innovative approach to business and the
results speak for themselves. He created a com-

pany out of nowhere and has been successful
beyond all expectations. Paul epitomizes the
model by which many entrepreneurs should
compare themselves,” said Todd A. Erdley of

Videon Central, one of this year’s contest judges
and a recipient of the newspaper's Entrepreneur

2001 award in the Small Business category.
Congratulations, Paul!
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by Christopher English, Environmental Innovations Chemist

Analysis of European
Organophosphorus Pesticides

Fast, Complete Resolution Using an
Rtx®-CLPesticides Column

✔ Fastest analysis of 21 target OPPs and surrogates.
✔ Extremely low column bleed at temperatures >300ºC.

✔ Use Rtx®-CLPesticides columns with FPDs, NPDs, or GC/MS systems.

Our European customers provided us with a list of
organophosphorus compounds and asked us to help
develop a GC analysis. Restek offers the analytical
reference standards, and we now have determined
the chromatography column and conditions needed
for a problem-free analysis of these materials.

Organophosphorus pesticide (OPP) is a general term
that includes all phosphorus-containing insecticides.
Because these compounds eliminate target insects

effectively, then break down into non-toxic derivatives,
they have replaced many of the environmentally per-
sistent organochlorine pesticides. By 1959 over
50,000 different OPPs had been prepared. OPPs are
hydrolyzed by bases and acids and are photosensitive,
which makes them ideal for agricultural applications.

The main concern OPPs pose is the intact mole-
cules’ high toxicity to mammals—these chemicals

are considered the most toxic of all pesticides to
vertebrates. Further, at low levels, OPPs can be
endocrine-disrupting compounds (EDC) - materials
that interfere with hormone activities in mammals.
Dimethoate and malathion have been shown to be
in this category. Consequently, dimethoate and
malathion are on the European Priority List; further
study is required to determine if use of these two
pesticides should be suspended.

We used computer modeling software to design the
Rtx®-CLPesticides column for analyses of chlorinat-
ed pesticides, but this column also is well suited for
analyses of electronegative species, such as OPPs.
We evaluated many columns for resolving this
selection of compounds, and we found that the
Rtx®-CLPesticides column resolves these com-
pounds to baseline in the least amount of time.

The 30m x 0.25mm x 0.25µm Rtx®-CLPesticides col-
umn configuration is best suited for GC/MS applica-
tions; a 30m x 0.32mm x 0.50µm column can be
used with direct injections and FPD or NPD detec-
tion. The GC/MS analysis is shown in Figure 1. For
the application shown we added the surrogates most
commonly used with FPD or NPD detectors and
optimized conditions so that all compounds, includ-
ing the four added surrogates, are baseline resolved.

The high temperature stability of Rtx®-CLPesticides
columns enabled us to bring the oven temperature
to 330°C, following each analysis, to bake out high
molecular weight contaminants commonly found in
OPP-containing extracts. The ability to condition
these columns at higher temperatures, not attain-
able with commonly used cyano phases, will enable
you to make more injections with an 
Rtx®-CLPesticides column.

In most laboratories, fast, efficient sample through-
put is important. In analyses of organophosphorus
pesticides, an Rtx®-CLPesticides column is an
important part of attaining—and maintaining—this
goal.

Rtx®-CLPesticides columns are available in
convenient and economical kits

that include a deactivated guard column and
a connector. Refer to our general catalog, or

contact your local Restek representative.

Figure 1
An Rtx®-CLPesticides column provides sharp, fast resolution of organophosphorus pesticides.

Ordering Information | Rtx®-CLPesticides Columns (Fused Silica)
ID df (µm) temp. limits 10-Meter 15-Meter 20-Meter 30-Meter 60-Meter
0.10mm 0.10 -60 to 310/330°C 43101
0.18mm 0.18 -60 to 310/330°C 42101 42102
0.25mm 0.25 -60 to 320/340°C 11120 11123 11126
0.32mm 0.50 -60 to 320/340°C 11136 11139
0.53mm 0.50 -60 to 300/320°C 11137 11140

GC_EV00648
Column: Rtx®-CLPesticides, 30m, 0.25mm ID, 0.25µm (cat.# 11123)
Sample: Custom European Standard Mix call for details

1-bromo-2-nitrobenzene cat.# 32279
4-chloro-3-nitrobenzotrifluoride cat.# 32282
tributylphosphate cat.# 32280
triphenylphosphate cat.# 32281 

Inj.: 1.0µL splitless (hold 0.4 min.)
4mm double gooseneck inlet liner (cat.# 20785)

Inj. temp.: 250°C
Carrier gas: helium, constant flow, 6 psi head pressure 
Flow rate:  0.75mL/min.
Linear velocity: 28cm/sec.
Dead time: 1.82 min. @ 80°C  
Oven temp.: 80°C (hold 1.0 min.) to 150°C @ 7°C/min. (no

hold) to 280°C @ 15°C/min. (hold 7 min.) 
Det.: Agilent 5971A GC/MS
Transfer line temp.: 280°C
Scan range: 35–400 amu
Solvent Delay: 5 min.
Tuning compound: PFTBA
Ionization: EI

Compound Conc. on-column (ng)*
1. 4-chloro-3-nitrobenzotrifluoride (surr.) 100
2. methamidophos 50
3. dichlorvos 50
4. 1-bromo-2-nitrobenzene (surr.) 100
5. acephate 20
6. demeton-S-methyl 20
7. tributylphosphate (surr.) 100
8. omethoate 100
9. dimethoate 20

10. tolclofos-methyl 10
11. pirimiphos methyl 10

Compound Conc. on-column (ng)*
12. chlorpyrifos 10
13. malathion 20
14. quinalphos 10
15. tokuthion (prothiofos) 20
16. methidathion 20
17. profenfos 20
18. ethion 20
19. triphenylphosphate (surr.) 100
20. azinphos-methyl 40
21. pyrazophos 50

*This mix was prepared for FPD analyses. Peaks will be approximately equivalent in height with FPD
detection (0.32mm ID column).
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*Orders in by 3pm Eastern Time are shipped the
same day, subject to product availability.

What's New in ’02
This Year’s New Reference Materials

By Ken Herwehe, Product Marketing Manager, Analytical Reference Materials

formoreinfo
for more information on any reference

material listed here, contact the Technical
Service Team at 800-356-1688 or

814-353-1300, ext. 4, contact your local
Restek representative, or visit us online at

www.restekcorp.com.

Certified PAHs Typical Certified
Conc.** (ppm)

acenaphthene 20
acenaphthylene 14
fluorene 32
1-methylnaphthalene 269
2-methylnaphthalene 180
naphthalene 90
phenanthrene 47
50,000ppm diesel #2 in methylene chloride, typical PAH
concentrations listed above, 1mL/ampul

Certified PAHs in Diesel

**Concentration varies lot to lot. See Certificate of Analysis for certified concentrations.

with data pack

Each 5-pk. 10-pk.
31673 31673-510 —

31673-500 31673-520 31773

• Confirms diesel #2 TPH and priority PAHs in
a single analysis.

• Certificate of Analysis includes concentration
of TPH and certified concentrations of indi-
vidual PAHs.

• Complete data packs available.

Column: 30m, 0.25mm ID, 0.25µm Rtx®-5
with 5-meter Integra-Guard™

guard column
(cat.# 10223-124)

Carrier gas: helium @ 1mL/min.
Temp. program: 75°C to 275°C @ 4°C/min.
Inj. temp: 250°C
Det. temp.: 300°C
Detector type: MSD

1. naphthalene
2. 1-methylnaphthalene
3. 2-methylnaphthalene
4. acenaphthylene
5. acenaphthene
6. fluorene
7. phenanthrene

Environmental Reference Standards
✔Haloacetic acid and methyl ester mixtures

(US EPA Method 552)
- 4 mixtures, internal standard, 3 surrogate stan-

dards, each as acid and methyl ester solutions.
- Formulation compliant with 12/01 Disinfectants

and Disinfection Byproducts Rule.
✔8270 MegaMix™ and 8270 Matrix Spike Mix

- MegaMix™ of 76 compounds has 18-month 
shelf life.

- Includes 3- and 4-methylphenol at 0.5x
concentration of other components.

- Eliminates mixing/minimizes preparation
time for calibration and laboratory control
samples.

✔Benzidines Mix
✔8270 System Performance Check C (SPCC) Mix
✔Skinner Volatiles Mixture
✔Skinner Semivolatiles Mixture
✔8260B Acetates Mixture
✔EPA 526 Semivolatiles in Drinking Water
✔EPA 528 Phenols in Drinking Water
✔Organochlorine Pesticides Mix AB #3
✔EPA 8082 PCB Congeners Mixture
✔ChemService Pesticides

- More than 900 pesticides and pesticide
metabolites.

- Same day/next day shipping with Plus 1™

Service, always.*
- Convenient and economical—one order, one

call.

Underground Storage Tank Monitoring
✔Octacosane Standard
✔Certified PAH in Diesel #2
✔BTEX Standard

- m- and p-xylene at 0.5x concentration of
other components.

Petroleum Reference Standards
✔ASTM-2887-01 Calibration Mixes

- Meet requirements for revision ASTM 2887-01.
- C5-C44 at equal weight/weight concentrations.

Food, Flavor and Fragrance Mixtures
✔Food Industry FAMEs Mixture
✔NLEA FAMEs Mixture
✔cis/trans FAMEs Mixture

Forensics and Toxicology
✔Blood Alcohol Ethanol Standard

- Eight concentrations, 0.015 g/dL to 0.30 g/dL.
- Package sizes 5x1mL, 5mL, 20mL.

✔Explosives Solutions
- 15 single component solutions for US EPA

8095 and 8331.

International Environmental Reference
Standards
✔ISO/DIS 9377-4 & H53 (in hexane)
✔Diesel #2/Mineral Oil
✔Diesel #2/Motor Oil
✔Extraction Solvent Stock Solution #1
✔Extraction Solvent Stock Solution #2
✔Florisil® Cartridge Quality Control Mix with Diesel

#2/Mineral Oil
✔Florisil® Cartridge Quality Control Mix with Diesel

#2/Motor Oil
✔Quality Control Standard Mixture (in acetone)
✔Stearyl Stearate Test Solution
✔System Performance Test Standard Mixture

(n-alkanes)
✔International Petroleum Reference Standards
✔Canadian PHC / Pentacontane (in hexane)

- Meets CCME 2001 Petroleum Hydrocarbons in
Soil Method-Tier 1.

- Primary calibration standards for quantifying 
four fractions.

Certified PAHs
in Diesel
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2,000µg/mL each in methanol, 1mL/ampul
*(m- & p-xylene at 1,000µg/mL each)

Skinner List - Volatiles (19 components)
benzene
2-butanone (MEK)
carbon disulfide
chlorobenzene
chloroform
1,2-dibromoethane (EDB)
1,1-dichloroethane
1,2-dichloroethane
1,4-dioxane
ethylbenzene

methyl tert-butyl ether (MTBE)
styrene
tetrachloroethylene
toluene
1,1,1-trichloroethane
trichloroethylene
m-xylene*
o-xylene
p-xylene*

with data pack

Each 5-pk. 10-pk.
30491 30491-510 —

30491-500 30491-520 30591

2,000µg/mL each in methylene chloride, 1mL/ampul
*(3- & 4-methylphenol at 1,000µg/mL each)

Skinner List - SV (33 components)

with data pack

Each 5-pk. 10-pk.
31690 31690-510 —

31690-500 31690-520 31790

acenaphthene
anthracene
benzo(a)anthracene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a)pyrene
bis(2-ethylhexyl)phthalate 

(dioctylphthalate)
chrysene
dibenzo(a,h)acridine
dibenzo(a,h)anthracene
di-n-butylphthalate
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
diethylphthalate
2,4-dimethylphenol

dimethylphthalate
2,4-dinitrophenol
fluoranthene
fluorene
indene
indeno(1,2,3-cd)pyrene
1-methylnaphthalene
2-methylphenol (o-cresol)
3-methylphenol (m-cresol)*
4-methylphenol (p-cresol)*
naphthalene
4-nitrophenol
phenanthrene
phenol
pyrene
pyridine
quinoline

2,4-dinitrophenol
hexachlorocyclopentadiene

4-nitrophenol
N-nitroso-di-n-propylamine

2,000µg/mL each in methylene chloride, 1mL/ampul

SV System Performance Check
Mix (SPCC), US EPA Method 8270C/D
(4 components)

with data pack

Each 5-pk. 10-pk.
31689 31689-510 —

31689-500 31689-520 31789

Organochlorine Pesticide Mix AB #3
(20 components)

2,000µg/mL each in hexane:toluene (1:1), 1mL/ampul

aldrin
α-BHC
β-BHC
δ-BHC
γ-BHC (lindane)
α-chlordane
γ-chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT

dieldrin
endosulfan I
endosulfan II
endosulfan sulfate
endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (isomer B)
methoxychlor

with data pack

Each 5-pk. 10-pk.
32415 32415-510 —

32415-500 32415-520 32515

PCB Congener Mix, Method 8082A
(19 components)

100µg/mL each in isooctane, 1mL/ampul

with data pack

Each 5-pk. 10-pk.
32416 32416-510 —

32416-500 32416-520 32516

2-chlorobiphenyl (BZ #1)
2,3-dichlorobiphenyl  (BZ #5)
2,2',5-trichlorobiphenyl (BZ #18)
2,4',5-trichlorobiphenyl (BZ #31)
2,2',3,5'-tetrachlorobiphenyl (BZ #44)
2,2',5,5'-tetrachlorobiphenyl (BZ #52)
2,3',4,4'-tetrachlorobiphenyl (BZ #66)
2,2',3,4,5'-pentachlorobiphenyl (BZ #87)
2,2',4,5,5'-pentachlorobiphenyl (BZ #101)
2,3,3',4',6-pentachlorobiphenyl (BZ #110)
2,2',3,4,4',5'-hexachlorobiphenyl (BZ #138)
2,2',3,4,5,5'-hexachlorobiphenyl (BZ #141)
2,2',3,5,5',6-hexachlorobiphenyl (BZ #151)
2,2',4,4',5,5'-hexachlorobiphenyl (BZ #153)
2,2',3,3',4,4',5-heptachlorobiphenyl (BZ #170)
2,2',3,4,4',5,5'-heptachlorobiphenyl (BZ #180)
2,2',3,4,4',5',6-heptachlorobiphenyl (BZ #183)
2,2',3,4',5,5',6-heptachlorobiphenyl (BZ #187)
2,2',3,3',4,4',5,5',6-nonachlorobiphenyl (BZ #206)

Compound Conc. (%)
C4:0 1.5
C6:0 1.5
C8:0 2.0
C10:0 2.5
C11:0 2.5
C12:0 5.0
C13:0 2.5
C14:0 2.5
C14:1(cis-9) 1.5
C15:0 1.5
C16:0 10.0
C16:1(cis-9) 5.0
C17:0 2.5
C18:0 5.0

Compound Conc. (%)
C18:1(trans) 2.5
C18:1(cis) 15.0
C18:2(trans) 2.5
C18:2(cis) 10.0
C18:3 5.0
C20:0 2.5
C20:1 1.5
C20:5 2.5
C22:0 2.5
C22:1 1.5
C22:6 2.5
C23:0 1.5
C24:0 2.5
C24:1 2.5

NLEA FAME Mix (28 components)

30mg/mL each in methylene chloride, 1mL/ampul
ea.

35078

Compound Conc. (%)
methyl elaidate (C18:1 trans-9) 10.0
methyl linoleate (C18:2 cis-9,12) 20.0
methyl oleate (C18:1 cis-9) 10.0
methyl petroselinate (C18:1cis-6) 8.0
methyl petroselaidate (C18:1trans-6) 8.0
methyl stearate (C18:0) 20.0
methyl transvaccenate (C18:1 trans-11) 12.0
methyl vaccenate (C18:1 cis-11) 12.0
10mg/mL total in methylene chloride, 1mL/ampul

cis/trans FAME Mix (8 components)

ea.
35079

www.restekcorp.com

GC_FF00652

Column: Rt-2560, 100m, 0.25mm ID,
0.2µm (cat.# 13199)

Sample: 10mg/mL total FAMEs in
methylene chloride 

Inj.: 1.0µL split (split ratio 20:1),
4mm inlet liner (cat.# 20814)

Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2mL/min.
Oven temp.: 100°C (4 min. hold)

to 240°C @ 3°C/min.
(10 min. hold) 

Det.: FID @ 250°C

Compound % in Mix
1. C18:0  methyl stearate 20.0
2. C18:1 methyl petroselaidate (trans-6) 8.0
3. C18:1 methyl elaidate (trans-9) 10.0
4. C18:1 methyl transvaccenate (trans-11) 12.0
5. C18:1 methyl petroselinate (cis-6) 8.0
6. C18:1 methyl oleate (cis-9) 10.0
7. C18:1 methyl vaccenate (cis-11) 12.0
8. C18:2 methyl linoleate (cis-9,12) 20.0

See page 11
for more

information on
FAME analysis

What’s New in This Issue
Skinner Semivolatiles & VOAs, Chlorinated Pesticides, PCBs, FAMEs

• Use as a calibration standard for AOAC
Method 996.06.

• Use to identify the isomers of octadecenoic acid.
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Figure 2
An Ultra Carbamate column provides rapid, excellent results in LC/MS analyses.

Figure 1
An Ultra Carbamate column reduces

analysis time by 70%.
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The traditional HPLC column for analyses of carba-
mates is a 250 x 4.6mm column containing a 5µm
C18 packing. This column separates 10 target carba-
mates and an internal standard, but the price paid
for the separation is steep—the analysis time is
approximately 35 minutes. Several column manufac-
turers have managed to reduce the analysis time by
packing a 4µm C18 particle in a 150mm column.
This configuration reduces the analysis time to
approximately 25 minutes.

by Greg France, HPLC Marketing Manager, Rebecca Wittrig, Ph.D., Food, Flavor, & Fragrance Innovations Chemist,
and Vernon Bartlett, HPLC Innovations Manager

New Ultra HPLC Column for
Carbamates Analysis

Unique Stationary Phase Separates
10 Carbamates in 10 Minutes

✔ Reduce analysis time by 70% versus a C18 column.
✔ Greatly reduce solvent purchase and disposal costs.

✔ Compatible with LC/MS detection.*
Changing the physical parameters of a column is a
brute force way to improve analyte separation or
reduce analysis time. A better way to improve a
method is to examine the analytes and determine if
an alternative stationary phase or mobile phase
composition would provide a better or faster sepa-
ration. After the optimum stationary phase and
mobile phase are selected, the analysis can be fine-
tuned by adjusting the column length and/or the
particle size.

With a chemistry-based approach in mind, Restek
chemists developed the Ultra Carbamate column
specifically for carbamates analysis. The new col-
umn has a unique stationary phase that, when
bonded to 3µm silica, creates a packing that sepa-
rates 10 target carbamates in under 10 minutes
(Figure 1). The new stationary phase is compatible
with LC/MS detection (Figure 2). The mobile phas-
es used to obtain these separations are binary gra-
dients consisting of water, methanol, and acetoni-
trile, without (Figure 1) or with ammonium for-
mate (Figure 2).

An Ultra Carbamate column can process as many as
3 to 4 samples per hour, versus less than 2 samples
per hour on a traditional C18 column. In addition
to increased sample throughput, faster analyses sig-
nificantly reduce solvent usage—and the costs of
disposing of the solvent waste after the analysis. If
you have been analyzing carbamates with a general-
purpose C18 column, we think you will be highly
impressed with the performance of an Ultra
Carbamate column—and the increased sample
throughput and solvent savings will quickly pay for
your new column.

*Also compatible with post-column derivitization and fluores-
cence detection, if total system dead volume is less than 650µL,
inclusive of post-column reactors.

Column: Ultra Carbamate
Catalog #: 9177355
Dimensions: 50 x 4.6mm
Particle size: 3µm
Pore size: 100Å
Conditions:
Inj.: 5µL
Conc.: 50µg/mL
Solvent: methanol
Restek standards: 
Catalog# 32274 (IS) and 32273 mixed 50:50
Mobile Phase: A: 90:10 water:methanol

B: 90:10 methanol:acetonitrile
Time (min): %B

0 10
10 90

Flow: 1.5mL/min
Temp.: 27°C  
Det.: UV @ 220nm

LC_0225

1. aldicarb sulfone
2. aldicarb sulfoxide
3. oxamyl
4. methomyl
5. 3-hydroxycarbofuran
6. aldicarb
7. propoxur
8. carbofuran
9. carbaryl

10. methiocarb
11. 4-bromo-3,5-dimethyl-

phenyl-N-methyl-
carbamate (BDMC) (IS)

70%
faster!

Column: Ultra Carbamate
Catalog #: 9177315
Dimensions: 100 x 4.6mm
Particle size: 3µm
Pore size: 100Å
Inj.: 10µL
Sample: 531.1 Carbamate

Pesticide Calibration Mix
(cat.# 32273)

Conc.: 100µg/mL each
Solvent: methanol
Mobile Phase:

A: 90:10 water:methanol + 10mM
ammonium formate
B: 10:90 acetonitrile:methanol + 10mM
ammonium formate

Gradient: 90:10 A:B to 10:90 A:B
from 0-15 min.

Flow: 1mL/min. (0.75mL/min. to
UV, 0.25mL/min. to MS)

Temp.: ambient

MS Conditions:
Det.: Micromass ZMD
Mode: ESI+
Capillary V: 3.50
Extractor: 4.0
Ion Energy: 0.4
Multiplier: 650
Source Temp.: 100ºC
Desolv. Temp.: 250ºC
Gas Flow: 490 L/hr.

Compound Ion Cone V
1. aldicarb sulfone 223.3 25V
2. aldicarb sulfoxide 207.3 18V
3. oxamyl 237.2* 10V
4. methomyl 163.2 15V
5. 3-hydroxycarbofuran 238.3 15V
6. aldicarb 191.2 8V
7. propoxur 210.2 18V
8. carbofuran 222.3 22V
9. carbaryl 202.2 18V
10. methiocarb 226.3 19V

*Ammonium adduct;
others [M+H]+ ions.

Ordering Information | 3µm Ultra Carbamate
HPLC Columns
Description Length 4.6mm ID
Ultra Carbamate 50mm 9177355
Ultra Carbamate 100mm 9177315

aldicarb
aldicarb sulfone
aldicarb sulfoxide
carbaryl
carbofuran

3-hydroxycarbofuran
methiocarb
methomyl
oxamyl
propoxur (baygon)

100µg/mL each in methanol, 1mL/ampul

531.1 Carbamate Pesticide Calibration
Mixture (10 components)

Each 5-pk. 10-pk.
32273 32273-510 —

32273-500 32273-520 32373

4-bromo-3,5-dimethylphenyl-N-methylcarbamate (BDMC)
100µg/mL in methanol, 1mL/ampul

Internal Standard

Each 5-pk. 10-pk.
32274 32274-510 —

32274-500 32274-520 32374
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by Rebecca Wittrig, Ph.D., Food, Flavor, & Fragrance Innovations Chemist

Analyzing Fatty Acid Methyl Esters
(FAMEs) by GC

Using Restek Capillary Columns and
Analytical Reference Materials

✔ Resolve individual cis and trans isomers on our new 100-meter Rt-2560 column.
✔ Separate saturated/unsaturated FAMEs on a FAMEWAX™ column.

✔ New Food Industry FAME Mix includes methyl esters of 37 common fatty acids in
animal, vegetable, and marine oils.

✔ Use new qualitative cis/trans FAME Mix to identify C18:1 isomers.

Fatty acid methyl ester (FAME) analyses are an
important tool for characterizing fats and oils and for
determining the total fat content in foods. A new cap-
illary GC column and three new reference mixtures
from Restek can help you obtain the best results for
these challenging assays.

Individual cis and trans isomers of unsaturated
FAMEs, such as octadecenoic acid (C18:1) or
octadecadienoic acid (C18:2), are resolved on an 

Rt-2560 column—our new 100-meter 
biscyanopropyl phase column. An analysis of C18:1
cis and trans isomers is shown on page 9 of this
Advantage. The ability to resolve these isomers makes
an Rt-2560 column the column of choice for analyz-
ing partially hydrogenated fats and oils; the column
meets the requirements of AOAC Method 996.06.
Figure 1 shows a separation of 37 FAMEs commonly
encountered by food quality chemists, obtained by
using an Rt-2560 column.

   

GC_FF00649

Column: Rt-2560, 100m, 0.25mm ID, 0.2µm
(cat.# 13199)

Sample: 30mg/mL total FAMEs in methylene chloride 
Inj.: 2.0µL split (split ratio 200:1), 4mm inlet

liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2mL/min.
Oven temp.: 100°C (4 min. hold)

to 240°C @ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

Compound % in Mix
1. C4:0  methyl butyrate 4.0
2. C6:0  methyl hexanoate 4.0
3. C8:0  methyl octanoate 4.0
4. C10:0  methyl decanoate 4.0
5. C11:0  methyl undecanoate 2.0
6. C12:0  methyl laurate 4.0
7. C13:0  methyl tridecanoate 2.0
8. C14:0  methyl myristate 4.0
9. C14:1  methyl myristoleate (cis-9) 2.0

10. C15:0  methyl pentadecanoate 2.0
11. C15:1  methyl pentadecenoate (cis-10) 2.0
12. C16:0  methyl palmitate 6.0
13. C16:1  methyl palmitoleate (cis-9) 2.0
14. C17:0  methyl heptadecanoate 2.0
15. C17:1  methyl heptadecenoate (cis-10) 2.0
16. C18:0  methyl stearate 4.0
17. C18:1  methyl elaidate (trans-9) 2.0
18. C18:1  methyl oleate (cis-9) 4.0
19. C18:2  methyl linoleaidate (trans-9,12) 2.0

20. C18:2  methyl linoleate (cis-9,12) 2.0
21. C18:3  methyl γ-linolenate (cis-6,9,12) 2.0
22. C20:0  methyl arachidate 4.0
23. C20:1  methyl eicosenoate (cis-11) 2.0
24. C18:3  methyl linolenate (cis-9,12,15) 2.0
25. C21:0  methyl heneicosanoate 2.0
26. C20:2  methyl eicosadienoate (cis-11,14) 2.0
27. C20:3  methyl eicosatrienoate (cis-11,14,17) 2.0
28. C22:0  methyl behenate 4.0
29. C22:1  methyl erucate (cis-13) 2.0
30. C20:3  methyl eicosatrienoate (cis-11,14,17) 2.0
31. C20:4  methyl arachidonate (cis-5,8,11,14) 2.0
32. C23:0  methyl tricosanoate 2.0
33. C22:2  methyl docosadienoate (cis-13,16) 2.0
34. C20:5  methyl eicosapentaenoate 2.0

(cis-5,8,11,14,17)
35. C24:0  methyl lignocerate 4.0
36. C24:1  methyl nervonate (cis-15) 2.0
37. C22:6  methyl docosahexaenoate 2.0

(cis-4,7,10,13,16,19)

For analyzing mixtures of saturated and unsaturated
fatty acid methyl esters, stationary phases consisting
of polyethylene glycol (e.g., Carbowax®) typically are
used. FAMEWAX™ columns offer excellent selectivity
for analyses of polyunsaturated fatty acids. The poly-
ethylene glycol stationary phase is especially capable
of resolving Omega-3 polyunsaturated FAMEs, such as
eicosapentenoic acid (C20:5) and docosahexenoic
acid (C22:6). FAMEWAX™ columns combine excellent
resolution of polyunsaturated FAMEs with significantly
reduced analysis times, compared to traditional
Carbowax® stationary phases.

In addition to our new Rt-2560 capillary column
for cis and trans isomers analysis, we are introduc-
ing three new FAMEs mixtures to support food and
nutraceuticals testing. Our 37-component Food
Industry FAME Mix is a complete profile of the
common fatty acids in animal, vegetable, and
marine oils, including many polyunsaturated
FAMEs, such as C20:5 and C22:6. Figure 1 is a
chromatographic separation of this mix. New NLEA
FAME Mix was designed with AOAC Method 996.06
in mind; it can be used as the calibration standard
for this Fat by Fatty Acid Composition method. Use
our qualitative cis/trans FAME Mix to identify the
cis and trans isomers of octadecenoic acid
(C18:1). For descriptions and ordering information
for the latter two mixes, and an analysis of the
cis/trans FAME Mix, see page 9.

Before you attempt to characterize a fat or oil, contact
Restek for capillary columns and reference materials
that can help you obtain the data you need.

Figure 1
37-Component Food Industry FAME Mix includes common components of animal, vegetable,

and marine oils.

Ordering Information | Rt-2560 Column (Fused Silica)

Component
C4:0 
C6:0 
C8:0 
C10:0 
C11:0 
C12:0 
C13:0
C14:0 
C14:1(cis-9)
C15:0 
C15:1(cis-10) 
C16:0 
C16;1(cis-9) 
C17:0 
C17:1(cis-10) 
C18:0 
C18:1(trans-9) 
C18:1(cis-9) 
C18:2(all-trans-9.12)

Component
C18:2(all-cis-9,12)
C18:3(all-cis 6,9,12)
C18:3(all-cis 9,12,15)
C20:0 
C20:1(cis-11) 
C20:2(all-cis 11,14)
C20:3 (all-cis 8,11,14)
C20:3(all-cis 11,14,17)
C20:4(all-cis 5,8,11,14)
C20:5 (all-cis 5,8,11,14,17) 
C21:0 
C22:0 
C22:1(cis 13) 
C22:2(all-cis 13,16)
C22:6 (all-cis 4,7,10,13,16,19)
C23:0
C24:0
C24:1(cis-15) 

In methylene chloride, 1mL/ampul. For concentrations, see
Figure 1.

Food Industry FAME Mix (37 components)

ea.
35077

Descriptions and ordering
information for our NLEA

and cis/trans FAMEs mixes
are on page 9 of this

Advantage.

Ordering Information | FAMEWAX™ Columns (Fused Silica)
ID df (µm) temp. limits 30-Meter
0.25mm 0.25 20 to 250°C 12497
0.32mm 0.25 20 to 250°C 12498
0.53mm 0.50 20 to 250°C 12499

ID df (µm) temp. limits 100-Meter
0.25mm 0.20 20 to 250°C 13199
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Inlet activity is the primary drawback to using hot
flash injection when analyzing chlorinated pesticides
by GC. Residues of heavier and non-volatile materi-
als often build up throughout the injection port,
leaving a reactive surface that can cause compounds
such as endrin and DDT to break down. An inlet
liner that provides a press-fit connection between
the column and the liner eliminates reactive surface
problems associated with the bottom portion of the
injection port. A physical connection between the
column and the liner also improves sensitivity, by
minimizing injection port discrimination.

This article summarizes the advantages of using a
Restek Drilled Uniliner® inlet liner (Figure 1) and an
Rtx®-CLPesticides/Rtx®-CLPesticides2 column pair for
chlorinated pesticides analysis. Included are com-
parisons of data obtained using a Drilled Uniliner®

inlet liner to data obtained using a conventional split-
less inlet liner, and a splitless inlet liner packed with
fused silica wool.
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by Lydia Nolan, Environmental Innovations Chemist

Improved Responses for
Chlorinated Pesticides

Using a Drilled Uniliner® GC Inlet Liner and
Rtx®-CLPesticides Columns

✔ Less breakdown of active compounds, for more accurate results.
✔ Greater sensitivity, for lower detection limits.

✔ Minimal injection port discrimination.
✔ Liner accommodates direct or splitless injections.

Procedures detailed in US EPA Methods 8081 and
8000 require each laboratory to document that the
quantification results they generate are reliable,
precise, and accurate. Beginning with a five-point
calibration curve, a calibration factor is calculated
for each analyte. The relative standard deviation
(RSD) should be no more than 20% for each ana-
lyte. Using a Drilled Uniliner® inlet liner, mean RSD
values for 20 chlorinated pesticides for the Rtx®-
CLPesticides column and for the Rtx®-CLPesticides2
column were 4.1% and 4.5% respectively. High val-
ues were 12.5% and 14.2%.

A calibration standard must be analyzed and quanti-
fied regularly. The concentration of each analyte in
this standard should be within ±15% of the “true”
value. The accuracy of data obtained by using a
Drilled Uniliner® inlet liner was tested with pesti-
cide standard mix at the 20/40/200ng/mL concen-
tration level (Figure 2). For either column, the
mean percent difference from the “true” value for
each analyte was only ±2.2%, well within the
acceptable limits.

Finally, because some analytes readily break down
as the injection port inlet becomes more contami-
nated (e.g., endrin and DDT in this analysis), a per-
formance evaluation mix must be analyzed and
breakdown for each analyte calculated. Breakdown

should not exceed 15%. The Drilled Uniliner® inlet
liner reduces endrin and DDT breakdown, relative
to the splitless liners (Table 1), because it shields
the analytes from contact with active surfaces out-
side the inlet liner. Wool packing in the splitless
liner makes this problem worse, because it greatly
increases the surface area and potential active sites.

In addition to reducing variability and increasing
accuracy of calibration data, the Drilled Uniliner®

inlet liner increases overall response for individual
analytes, because injection port discrimination is
greatly reduced. This enhances minimum detection
levels, compared to standard splitless inlet liners.
This is most apparent from the area counts for the
last eluting analyte, decachlorobiphenyl, which
were greater by 18-39%, relative to area counts for
injections made on the splitless liners (Table 1).

By eliminating the bottom of the injector from the
sample pathway, a Drilled Uniliner® inlet liner
makes the pathway more inert. This reduces break-
down of labile analytes, such as endrin and DDT
and increases accuracy and precision. For analysts
using hot flash injection techniques in analyses of
chlorinated pesticides, or other labile analytes,
these results clearly indicate that the Drilled
Uniliner® inlet liner is the liner of choice.

% Breakdown
Drilled 4mm splitless 4mm splitless

Analyte Column Uniliner® with wool
Endrin Rtx®-CLPesticides 4.4 4.7 9.8

Rtx®-CLPesticides2 4.9 6.9 8.3
DDT Rtx®-CLPesticides 0.2 0.3 2.6

Rtx®-CLPesticides2 0.3 0.9 3.1

Response*
Drilled 4mm splitless 4mm splitless

Analyte Column Uniliner® with wool
Tetrachloro-m- Rtx®-CLPesticides 147 111 106

xylene (TCMX) Rtx®-CLPesticides2 191 167 162
Decachloro- Rtx®-CLPesticides 150 119 108

biphenyl (DCB) Rtx®-CLPesticides2 209 177 166

*Mean response (n=2); value in table x 103 = response units.

Figure 1
The drilled hole in a Uniliner® injection port
liner makes direct injection possible with

EPC systems by equalizing pressure in the
injection port.

Table I
Lowest breakdown of endrin and DDT, and highest responses for analytes, using a Drilled

Uniliner® inlet liner.

aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
α-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (B) 8
methoxychlor 80

In hexane:toluene (1:1), 1mL/ampul

Organochlorine Pesticide Mix AB #2
(20 components)

Each 5-pk. 10-pk.
32292 32292-510 —

32292-500 32292-520 32392

decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene
200µg/mL each in acetone, 1mL/ampul

Pesticide Surrogate Mix
04.1, 3/90, 4/89, and 2/88 SOW

Each 5-pk. 10-pk.
32000 $18.60 32000-510 —

32000-500 $28.90 32000-520 32100

α-BHC 1µg/mL
β-BHC 1
γ-BHC (lindane) 1
4,4'-DDT 10
decachlorobiphenyl 2
endrin 5
methoxychlor 25
2,4,5,6-tetrachloro-m-xylene 2
In hexane, 1mL/ampul

Pesticide Performance Evaluation Mix
w/Surrogates (8 components)
04.1 and 3/90 SOW

Each 5-pk. 10-pk.
32074 $28.90 32074-510 —

32074-500 $39.20 32074-520 32174



DI Liners for Agilent 5890 & 6890 GCs 
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD &
Length (mm)

cat.#/price
ea.

cat.#/price
5-pk.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5

21390-214.1 21391-214.5
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Figure 2
Chlorinated pesticides show excellent response using the Drilled Uniliner® inlet liner and Rtx®-CLPesticides columns—even at the

20/40/200ng/mL concentration level.

Hole makes
direct injection
possible with
EPC-equipped
Agilent 6890

GCs!

Ordering Information | Rtx®-CLPesticides2 Columns (Fused Silica)
ID df (µm) temp. limits 10-Meter 15-Meter 20-Meter 30-Meter 60-Meter
0.10mm 0.10 -60 to 310/330°C 43301 43302
0.18mm 0.14 -60 to 310/330°C 42301 42302
0.25mm 0.20 -60 to 320/340°C 11320 11323 11326
0.32mm 0.25 -60 to 320/340°C 11321 11324
0.53mm 0.42 -60 to 300/320°C 11337 11340

Ordering Information | Rtx®-CLPesticides Columns (Fused Silica)

GC_EV00635

Column: Rtx®-CLPesticides  30m, 0.32 ID, 0.50µm (cat.# 11139)
Sample: 20–400µg/mL Organochlorine Pesticide Mix AB #2 (cat.# 32292) 

in hexane:toluene (1:1)
200µg/mL Pesticide Surrogate Mix (cat.#32000 ) in acetone

Inj.: 1.0µL direct, open-top drilled Uniliner® inlet liner (cat.# 21054) 
Inj. temp.: 225°C
Carrier gas:  helium, constant pressure  
Linear velocity: 53cm/sec. @ 110°C
Oven temp.: 110°C (hold 1min.) to 245°C @ 20°C/min. to 310°C (hold 1 min.)
Det.: ECD @ 330°C

1. 2,4,5,6-tetrachloro-m-xylene (TCMX)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl (DCB)

GC_EV00636

Column: Rtx®-CLPesticides2  30m, 0.32 ID, 0.25µm (cat.# 11324)
Sample: 20–400µg/mL Organochlorine Pesticide Mix AB #2 (cat.# 32292) 

in hexane:toluene (1:1)
200µg/mL Pesticide Surrogate Mix (cat.#32000 ) in acetone

Inj.: 1.0µL direct, open-top drilled Uniliner® inlet liner (cat.# 21054) 
Inj. temp.: 225°C
Carrier gas: helium, constant pressure  
Linear velocity: 53cm/sec. @ 110°C
Oven temp.:  110°C (hold 1min.) to 245°C @ 20°C/min. to 310°C (hold 1 min.)
Det.:  ECD @ 330°C

formoreinfo
for additional data from these
analyses, request Applications

Note 59487.

ID df (µm) temp. limits 10-Meter 15-Meter 20-Meter 30-Meter 60-Meter
0.10mm 0.10 -60 to 310/330°C 43101
0.18mm 0.18 -60 to 310/330°C 42101 42102
0.25mm 0.25 -60 to 320/340°C 11120 11123 11126
0.32mm 0.50 -60 to 320/340°C 11136 11139
0.53mm 0.50 -60 to 300/320°C 11137 11140

Rtx®-CLPesticides columns are available in
convenient and economical kits

that include a deactivated guard column and
a connector. Refer to our general catalog, or

contact your local Restek representative.

Plus 1™ means that we will surpass your
expectations every time you contact us.

Looking for the solution to your tough ana-
lytical problem or placing a late-day order?

Contact us to experience Plus 1™ service
today! 

*Nominal ID at syringe needle expulsion point.
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by Donna Lidgett, GC Accessories Marketing Manager

Peak Performers
GC/MS Tools and Supplies

MSD Conversion Fitting
• A flat, soft aluminum sealing ring deforms and butt-seals against the MSD interface.
• A standard Vespel® ferrule seals the column and 1/16-inch stainless steel nut.
• Fitting is constructed of nickel-plated brass for longevity and softness.
• Use any standard Vespel® or Vespel®/graphite 1/16-inch ferrule.
• Includes a 1/16-inch stainless steel nut and two replacement sealing rings. Order ferrules separately.

The butt-seal in Agilent’s MSD interface also seals the MSD source to the
capillary column. This system is prone to leakage. Restek’s MSD conver-
sion fitting is designed with two separate seals to reduce the chance of
leaks: a crunch washer seals the MSD conversion fitting to the source,
and a ferrule seals the capillary tubing to the conversion fitting.

Description qty. cat.#
MSD Conversion Fitting ea. 21314
MSD Conversion Fitting Replacement Ring Seals 2-pk. 21313

so
u

rc
e

so
u

rc
e

butt-seal
with ferrule

column seals
only at taper

crunch washer
forms leak-free
seal—easier to

remove

shoulder
strength
increased

ferrule seals
against both
column and

fitting

Agilent MSD Interface

Improved Restek Design

MSD Source Nut
The nut bore has been changed from 0.8mm to 1.2mm to permit easy removal
of ferrules with a standard tapered-needle file (cat.# 20106). The nuts match
the manufacturer’s original part specifications and are made of brass to pre-
vent thread-stripping on the transfer line.
(Similar to Agilent part # 05988-20066.)

Description qty. cat.#
(Detector) MSD Source Nut 2-pk. 20643

Description Similar to Agilent part # qty. cat.#
Capillary Installation Tool for Agilent 5973 MS G1099-20039 ea. 21894

1 2 3 4

Install the nut and ferrule
onto the column, then
insert the column through
the installation tool, expos-
ing several centimeters at
the exit end.

Tighten the nut. Score and remove the
exposed end of the col-
umn making sure of a
clean, square cut, then
loosen the nut.

The ferrule will be
properly seated and
should remain in place
when light force is
applied. Install the col-
umn into the GC/MS
interface.

Rough Pump Oil #19 for MSD
Pumps, Oil Vacuum Pump

• Formulated from crude oil stocks
known for durability and line lubri-
cating qualities.

• Use in Agilent 5973/5972/5971/ and
GCD mass spec systems, or in other
manufacturers’ MSD systems that
require rough pump oil.

• Replace oil in the foreline rough
pump every six months (average
use).

Description qty. cat.#
Rough Pump Oil for MSD
Pumps 1 liter 22687

(Similar to Agilent part# 6040-0834.)

Ion Source Cleaning Powder
• Use to clean the ion source when

you encounter poor sensitivity and
inadequate abundances at high
masses.

• Clean surfaces that contact the sam-
ple or ion beam with a slurry of this
powder and reagent-grade
methanol on a cotton swab, or an
abrasive paper.

Description qty. cat.#
Aluminum Oxide Powder 1 kg. 22685

(Similar to Agilent part# 8660-0791.)

Autosampler Syringe Pulley Belt

Autosampler Supplies for Agilent 7673A & 7673B

Plunger Motor Belt

Description qty. cat.#
Autosampler Syringe Pulley Belt for Agilent 7673A and 7673B ea. 22695

Description
Similar to

Agilent part # qty. cat.#
Plunger Motor Belt for Agilent 7673A and 7673B 1500-1010 ea. 22692

✔ Meet OEM specifications.

Capillary Installation Tool for Agilent 5973 MS
• Pre-seats ferrule onto column for consistent installations.
• Made from high-quality stainless steel.
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

tools For Easier GC & HPLC
Maintenance Try These
New Tools from Restek

Injector Wrench for Agilent
5890/6890/6850 GCs

• Use to remove the septum nut and weldments
during GC maintenance.

• High-quality stainless steel construction.
(Similar to Agilent part #19251-00100.)
cat.# 22065, (ea.) $28

1 2

Use the smaller end to remove the septum nut. Use the larger end to tighten the split/split-
less weldment nut.

GC Accessories Organizer
• Ideal for keeping GC accessories and supplies

easy to find.
• Built-in syringe and vial holders.
• Mounts on the GC for easy access.
• For Agilent 5890/6890 and Varian GCs.
• Includes all mounting hardware.
cat.# 22681, (ea.) GC accessories and supplies not included;

to order items shown, please refer to our
catalog.

HPLC Piston Seal Insertion
Tool

Top: Using the tool to remove the old piston
seal from the housing.
Insert the threaded end of the tool into the exposed
seal and turn in a clockwise direction until the tool
grips the seal. Pull it straight out of the housing.
Bottom: Using the tool to insert a new seal.
Insert the smooth end of the tool into the new piston
seal. Firmly push the seal straight into the pump
housing. The stepped tip of the tool ensures a pre-
cise depth fit into the pump housing. This prevents
expansion/deformation of the seal on insertion and
helps maximize the life of the seal.
cat.# 21356, (ea.)

PEEK® Fitting Extractor
1. PEEK® nut or column plug has snapped off in

the analytical HPLC column.
2., 3. Use the hand drill to enlarge the bore in the fit-

ting.
4. Turn the reverse threaded, tapered bit into the

fitting in a counterclockwise direction.
5. The bit will grab the PEEK® fitting and remove

it from the column—saving your column.
cat.# 25325, (ea.) 

1 2 3 4 5

Correction—please note:
In the formula on page 8 of the
technical guide Operating Hints for
Using Split/Splitless Injectors included
with this Advantage, the calculation for
P should read:
P = absolute column headpressure =
gauge pressure (atm) + 1atm
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A High-Temperature Polydimethylsiloxane-Phase Column for 
ASTM D-6352-98 Simulated Distillation Analyses: MXT® 1HT Sim Dist

#59479

� Stable to 430ºC.

� Low bleed.

� Long lifetime at high temperatures.

� Symmetrical hydrocarbon peaks.

� Consistent resolution and retention times.

� Boiling point elution of hydrocarbons.

� Polarity equivalent to existing liquid phases.

Simulated distillation per ASTM D-6352-98 is used for determin-
ing the boiling point range distribution of petroleum distillate frac-
tions with initial boiling points (BP) > 174ºC and final boiling
points < 700ºC at atmospheric pressure. High temperature SimDist
presents many challenges. The stationary phase must meet rigid
resolution and retention time requirements, yet be stable at high
temperatures. Further, the polyimide protective coating on the
outer surface of most capillary columns has a maximum working
temperature of about 380ºC. Above this temperature the polyimide
rapidly deteriorates. When repeatedly programmed to temperatures
above 400ºC, or allowed to cool below 50ºC, the aluminum sheath
on most aluminum-clad fused silica columns separates from the
underlying fused silica surface. The tubing becomes extremely
brittle, and column lifetime is significantly shortened.

To conform to the critical criteria set forth by ASTM, Restek
chemists have developed the MXT® 1HT Sim Dist simulated distil-
lation column. The MXT® 1HT polymer is a 100% polydimethyl-
siloxane (PDMS) material that is thermally stable to 430ºC,
requires minimal conditioning, and is 100% crosslinked. The
MXT® 1HT phase is coated onto highly deactivated stainless steel
tubing that has the inertness of fused silica without the temperature
limitations. The MXT® 1HT Sim Dist column has a lifetime of at
least 400 injections under typical SimDist conditions.

To demonstrate the robustness of MXT® 1HT Sim Dist columns,
we made a series of 400 injections of Polywax® 1000 (cold on-col-
umn, CS2 solvent, 1µL each) onto a randomly chosen column, and
monitored critical performance characteristics over the course of
these injections: resolution, retention times, stationary phase bleed.
Figure 1 illustrates the Polywax® 1000 analysis after 400 injec-
tions. The hydrocarbon components still are well resolved and are
easily quantified. Figure 2 plots the reproducibility of C50/C52
resolution and Figure 3 shows retention time reproducibility. After
400 injections, both of these critical characteristics still meet simu-
lated distillation specifications. Figure 4 plots the consistently low
bleed at 430ºC over the series of 400 injections.

The stainless steel tubing used to make MXT® 1HT Sim Dist
columns incorporates state-of-the-art Sulfinert™ deactivation. The
deactivation layer is incorporated into the framework of atoms on
the tubing surface, and therefore will not fracture or flake off, even
if the column is flexed or bent. MXT® 1HT Sim Dist columns do
not exhibit higher selectivity toward aromatics than toward normal
hydrocarbons, thus they provide true boiling point values.

Figure 1
Polywax® 1000 hydrocarbons well resolved on an 
MXT® 1HT Sim Dist column after 400 injections.

Figure 2
C50/C52 resolution is stable over a series of 400 

injections on an MXT® 1HT Sim Dist column.
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Figure 3
C52 retention shows little change after 400 injections 

on an MXT® 1HT Sim Dist column.
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Product Listing

Restek Trademarks: Leak Detective, MXT, Sulfinert, Restek logo.
Other Trademarks: Polywax - Petrolite Specialty Polymers Group.

MXT®-1HT Sim Dist (metal column)
ID df (µm) temp. limits 5-Meter
0.53mm 0.10 -60 to 430°C 70100

Polywax Standards
Description qty. cat.#
Polywax® 500 1 gram 36224
Polywax® 655 1 gram 36225
Polywax® 850 1 gram 36226
Polywax® 1000 1 gram 36227

Leak Detective™ II Leak Detector

Never use liquid leak detectors on a capillary system because liquids can be
drawn into the system.

Caution: NOT designed for determining leaks of combustible gases. 
A combustible gas detector should be used for determining combustible gas
leaks in possibly hazardous conditions.

The compact, affordable tool every analyst should have!
Description qty. cat.#
Leak Detective™ II Leak Detector ea. 20413

Figure 4
An MXT® 1HT column produces less than 
20pA bleed over a series of 400 injections.
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These excellent performance characteristics make MXT® 1HT Sim
Dist columns the columns of choice for ASTM D-6352-98 SimDist
analyses. Note that the demanding temperature conditions of simu-
lated distillation analyses make GC system integrity a prime con-
cern. It is imperative that the GC system be oxygen-free, to prevent
phase degradation and maintain the highest level of chromato-
graphic performance. We strongly recommend using oxygen-free
carrier gas and routinely leak-testing your system with an electron-
ic leak detection device, such as our Leak Detective™ II electronic
leak detector (cat.# 20413), to ensure protection from oxygen.

www.restekcorp.comwww.restekcorp.com
v i s i t  u s  o n l i n e  a t
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Acrylamide Analysis by Gas Chromatography

Introduction
How much acrylamide is in that French fry? Is this potato chip
safe to eat? Since the release of a report by Sweden’s National
Food Administration in April 2002, consumers have had something
else to think about when choosing what to eat. Acrylamide is a
toxic and potentially cancer-causing chemical, although the toxico-
logical effects on humans are still under investigation. The topic of
acrylamide in foods, especially in fried and baked goods, has gen-
erated a significant amount of interest in 2002. The United
Kingdom’s Food Standards Agency, the Center for Science in the
Public Interest (CSPI), and the US Food & Drug Administration
(FDA) are among the groups that have begun testing for acry-
lamide in food products.

Researchers are postulating that acrylamide is formed in relatively
high concentrations when carbohydrate-rich foods such as potatoes,
rice, and cereals are cooked at high heat.1,2 This seems to be particu-
larly true when the products are fried. Raw or boiled starchy foods do
not seem to form detectable amounts of acrylamide. Of the products
tested, the highest levels of acrylamide were found in potato chips
and French fries, on the order of 400 - 1200 ppb. By comparison, the
World Health Organization (WHO) has specified a maximum con-
centration of 0.5 µg/L (0.5 ppb) acrylamide in drinking water.1

The FDA has published a draft method for the analysis of acry-
lamide in foods by LC/MS/MS.3 The procedure calls for a reversed
phase C18 column and a highly aqueous mobile phase (0.1%
acetic acid, 0.5% methanol). Because many of the sample matrices
can be quite complex, solid phase extraction is used to remove
interferences prior to the chromatographic analysis. Positive ion
electrospray is used for the mass spectral interface, with quantifi-
cation based on comparison to a 13C isotopically labeled internal
standard. The method has been validated for a limited number of
matrices, such as potato chips and French fries, and public and pri-
vate researchers are in the process of validating the LC/MS/MS
approach for other food products.

Gas chromatography (GC) has been used to quantify acrylamide in
a variety of industrial and environmental applications. With
increasing interest in acrylamide analysis, we investigated the fea-
sibility of using GC to screen for this compound in food samples.
GC is a low-cost, efficient way to detect semivolatile compounds,
and as an analytical tool is available in many food laboratories. In
this note, we describe a GC approach to analyzing acrylamide, and
discuss sample pretreatment using solid phase extraction.

Methodology & Results
We used the following GC conditions in analyzing both acrylamide
standards and food samples:

Column: Stabilwax® - 15m, 0.53 ID, 0.50µm film (cat.# 10637)
Inj.: 1.0µL, 0.5min. hold
Liner: 2mm splitless with wool (cat.# 20830)
Injector temp.: 260°C
Carrier gas: helium, constant pressure
Linear velocity: 62cm/sec. @ 100°C
Oven temp.: 100°C (hold 0.5min.) to 200°C @15°C/min.
Detector: FID @260°C

#59485

Figure 1
A Stabilwax® column is an excellent choice for 

acrylamide analysis by capillary GC.

Figure 2
Acrylamide standard solutions were tested over a concentration
range of 0.02 - 5 ppm (20 - 5000 µg/L) in water. A plot of peak

counts vs. concentration shows a wide linear range for the 
GC assay, with R2 = 0.99996.
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The chromatogram produced by injecting 1µL of a 25µg/mL (25
ppm) acrylamide standard is shown in Figure 1. Figure 2 is the lin-
earity plot for standard solutions over a range of 20 - 5000 ppb.

The sample preparation method we followed was based on the
draft U.S. Food & Drug Administration method Detection and
Quantitation of Acrylamide in Foods dated June 20, 2002.3

Stabilwax® 15m, 0.53 ID, 0.50µm (cat.# 10637)
Sample: 25µg/mL acrylamide standard in water
Inj.: 1.0µL, 0.5min hold  
Liner: 2mm splitless with wool (cat.# 20830)
Inj. temp.: 260°C
Carrier gas: helium, constant pressure
Linear velocity: 62cm/sec. @ 100°C
Oven temp.: 100°C (hold 0.5 min.) to 200°C @ 15°C/min.
Det.: FID @ 260°C

GC_FF00642

1. acrylamide

Chromatographic conditions listed in text.
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Product Listing

CarboPrep, and Restek logo are trademarks of Restek Corporation.

Figure 3
Acrylamide can be detected in reduced fat potato chips, 

using a Stabilwax® capillary GC column.

CarboPrep™ SPE Cartridges

SPE Cartridge
Tube Volume, 
Bed Weight Surface Area qty. cat#

CarboPrep™ 200 3mL, 250mg 200 m2/gm 50-pk. 26088
CarboPrep™ 200 6mL, 500mg 200 m2/gm 30-pk. 26087
CarboPrep™ 90 3mL, 250mg 90 m2/gm 50-pk. 26091
CarboPrep™ 90 6mL, 500mg 90 m2/gm 30-pk. 26092

Ordering Information | Stabilwax® Columns (Fused Silica)
(Crossbond® Carbowax®—provides oxidation resistance) Stable to 250°C

The procedure we used in our analysis of potato chips was as follows:

1. Analytically weigh 1g crushed potato chips.
2. Combine chip sample with 10mL 0.1% formic acid solution

and mix on a wrist action shaker for 20 minutes.
3. Refrigerate extract for easier removal of oily top layer.
4. Filter supernatant through a 0.45µm nylon syringe filter

(cat.#26071); remove and store for cleanup and analysis.
5. Condition CarboPrep™ 200 SPE tube, 6mL, 500mg (cat.#26087):

a. 2mL acetone
b. 2mL 0.1% formic acid

6. Apply 2mL of filtered, extracted chip solution to SPE tube.
Allow sample solution to pass through tube with only gravity
flow.

7. Wash SPE tube:
a. 0.5 - 1.0mL water; pass through tube quickly.
b. Use vacuum for up to 1 minute to dry excess water from tube.

8. Elute with 2mL of acetone, using gravity only. Eluate is ready
for GC-FID analysis.

The chromatogram we obtained from the analysis of a reduced fat
potato chip extract is shown in Figure 3. The chip sample was
spiked with 100µg (50µg/mL) of acrylamide for this analysis. The
amount of acrylamide in the reduced fat chip sample alone was
below the quantitation limit of this procedure.

Discussion
Gas chromatography offers a rapid, cost-effective approach to
screening for acrylamide in food samples such as potato chips. The
Stabilwax® capillary column exhibits excellent selectivity for acry-
lamide, even when analyzing complex matrices, such as food sam-
ples. Detection limits on the order of 0.01µg/mL (10 ppb) in solu-
tion can be achieved. CarboPrep™ 200 sample preparation car-
tridges provide excellent flow properties for rapid cleanup of sam-
ples, using either vacuum pressure or gravity. The chromatographic
grade, graphitized carbon packing material demonstrates repro-
ducible recovery. This strong adsorbent has a wide range of selec-
tivity, resulting in high capacity, even for analytes not usually well
retained by reversed phase C18 adsorbents. For additional sensitiv-
ity, extracted acrylamide can be brominated, then quantified using
an electron capture detector (ECD).4

References
1. Hileman, Bette, C&E News, July, 2002.
2. Schildhouse, Jill, Food Product Design, July, 2002.
3. http://www.cfsan.fda.gov/~dms/acrylami.html
4. US EPA Method 8032A

ID df (µm) temp. limits 15-Meter 30-Meter 30-Meter 6/pk. 60-Meter
0.25mm 0.10 40 to 250°C 10605 10608 10611

0.25 40 to 250°C 10620 10623 10626
0.50 40 to 250°C 10635 10638 10641

0.32mm 0.10 40 to 250°C 10606 10609 10612
0.25 40 to 250°C 10621 10624 10627
0.50 40 to 250°C 10636 10639 10642
1.00 40 to 240/250°C 10651 10654 10654-600 10657

0.53mm 0.10 40 to 250°C 10607 10610 10613
0.25 40 to 250°C 10622 10625 10628
0.50 40 to 250°C 10637 10640 10643
1.00 40 to 240/250°C 10652 10655 10655-600 10658
1.50 40 to 230/240°C 10666 10669 10672
2.00 40 to 220/230°C 10667 10670

Stabilwax® 15m, 0.53 ID, 0.50µm (cat.# 10637)
Sample: 1g of potato chip spiked with 100µg acrylamide
Inj.: 1.0µL, 0.5min hold
Liner: 2mm splitless with wool  (cat.# 20830)
Inj. temp.: 260°C
Carrier gas: helium, constant pressure
Linear velocity: 62cm/sec. @ 100°C
Oven temp.: 100°C (hold 0.5 min.) to 200°C @ 15°C/min.
Det.: FID @ 260°C

1. acrylamide

blank

GC_FF00643
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Higher Responses for Chlorinated Pesticides, Using a Drilled Uniliner® GC
Inlet Liner and Rtx®-CLPesticides Columns
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Inlet reactivity is the primary drawback to using hot flash injection
when analyzing chlorinated pesticides by GC. Residues of heavier
and non-volatile materials often build up on the inner surface of
the injection port, leaving a reactive surface that can cause com-
pounds such as endrin and DDT to break down. An inlet liner that
makes a press-fit connection with the analytical column prevents
analytes from coming in contact with a major portion of this reac-
tive surface—the bottom of the injection port. The physical con-
nection between the column and the liner also improves the accu-
racy of the analysis, by minimizing injection port discrimination.

Used together, a Drilled Uniliner® inlet liner (Figure 1), an Rtx®-
CLPesticides column, and an Rtx®-CLPesticides2 column ensure
excellent responses in analyses of chlorinated pesticides. Markedly

better results are apparent from comparisons of calibration data
obtained by using a Drilled Uniliner® inlet liner and an Rtx®-
CLPesticides/Rtx®-CLPesticides2 column pair to data obtained by
using a conventional splitless inlet liner, or by using a conventional
splitless inlet liner packed with fused silica wool.

Laboratories following US EPA Method 8081 and 8000 must docu-
ment the quantification results they generate, to ensure reliability,
precision, and accuracy. Beginning with a five-point calibration
curve, a calibration factor must be calculated for each analyte. The
relative standard deviation (RSD) for each analyte should be no
more than 20%. In evaluations made using a Drilled Uniliner® inlet
liner, RSD values were between 1.0 and 12.5% for an Rtx®-
CLPesticides column and between 1.2 and 14.2% for an Rtx®-
CLPesticides2 column (Table 1).

Analysts following Method 8081 and 8000 also must regularly ana-
lyze and quantify a calibration standard. In the analysis, the con-
centration of each analyte in the calibration standard should be
within ±15% of the “true” value. The accuracy of data obtained
from a system that included a Drilled Uniliner® inlet liner was test-
ed with a pesticide standard mix at the 20/40/200ng/mL concentra-
tion level (Figure 2). The percent difference from the “true” value
for each analyte ranged from 0 to a maximum of only 6.2%, well
within the acceptable limit. Table 2 summarizes the data.

Because some analytes readily break down as the injection port
inlet becomes contaminated (e.g., endrin and DDT in this analysis),
a performance evaluation mix must be analyzed and breakdown for
each analyte calculated. Breakdown should not exceed 15%. The
Drilled Uniliner® inlet liner reduced endrin and DDT breakdown,
relative to the splitless or splitless/wool-packed liners (Table 3),
because the latter liners allow the analytes to contact more of the
reactive surface in the inlet. Wool packing in the splitless liner
makes this problem worse; it greatly increases the surface area
within the liner and introduces additional activity.

In addition to reducing variability and increasing the accuracy of
calibration data, a Drilled Uniliner® inlet liner increases overall
response for individual analytes, enhancing minimum detection
levels compared to splitless or splitless/wool-packed inlet liners.
This is most apparent from the area counts for the last eluting peak,
decachlorobiphenyl, which were greater by 18–39%, relative to
area counts for injections made on the splitless liners (Table 3).
Finally, a Drilled Uniliner® inlet liner ensures greater sensitivity,
because less of the injected sample remains in the inlet when the
inlet is swept clean to prepare it for the next sample.

By eliminating the bottom of the injector from the sample pathway,
a Drilled Uniliner® inlet liner makes the pathway more inert. This
reduces breakdown of labile analytes, such as endrin and DDT, and
increases accuracy and precision. For analysts using hot flash
injection techniques in analyses of chlorinated pesticides, or other
labile analytes, these results clearly show that a Drilled Uniliner®

inlet liner is the liner of choice.

Figure 1—The drilled hole in a Uniliner® injection port
liner makes direct injection possible with EPC systems

by equalizing pressure in the injection port.

Table 1—RSD values for chlorinated pesticides are well
within acceptable limits (20%) when the inlet is fitted

with a Drilled Uniliner® inlet liner.

% RSD %RSD
Rtx®-CLPesticides Rtx®-CLPesticides2

Analyte Column Column
TCX* 2.3 2.0
α-BHC 7.8 9.5
γ-BHC 6.3 5.1
β-BHC 1.5 2.5
δ-BHC 8.5 3.3
heptachlor 3.2 11.6
aldrin 2.2 5.6
heptachlor epoxide 4.4 1.2
γ-chlordane 2.5 1.4
α -chlordane 3.8 2.9
4,4'-DDE 2.6 5.0
endosulfan I 3.2 2.8
dieldrin 1.0 2.1
endrin 1.7 3.5
4,4'-DDD 4.9 3.9
endosulfan II 3.5 2.8
4,4'-DDT 2.1 1.5
endrin aldehyde 4.8 4.8
methoxychlor 12.5 14.2
endosulfan sulfate 3.4 2.5
endrin ketone 1.9 3.3
DCB** 6.7 6.5

*2,4,5,6-tetrachloro-m-xylene
**decachlorobiphenyl  
Columns and conditions listed in Figure 2.
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Table 2—Measured analyte concentrations are very near true values, using a Drilled Uniliner® inlet liner.

True Rtx®-CLPesticides Column Rtx®-CLPesticides2 Column
Analyte Value Measured Value % Difference* Measured Value% Difference*
TCX 20.0 20.4 2.0 20.4 2.0
α-BHC 20.0 20.0 0 20.5 2.5
γ-BHC 20.0 20.2 1.0 20.4 2.0
β-BHC 20.0 20.3 1.5 20.5 2.5
δ-BHC 20.0 20.0 0 20.7 3.5
heptachlor 20.0 20.3 1.5 19.0 5.0
aldrin 20.0 20.2 1.0 20.3 1.5
heptachlor epoxide 20.0 20.5 2.5 20.4 2.0
γ-chlordane 20.0 20.3 1.5 20.4 2.0
α-chlordane 20.0 20.4 2.0 20.6 3.0
4,4'-DDE 40.0 40.6 1.5 40.4 1.0
endosulfan I 20.0 20.2 1.0 20.7 3.5
dieldrin 40.0 40.7 1.8 41.5 3.8
endrin 40.0 40.6 1.5 42.4 6.0
4,4'-DDD 40.0 41.3 3.2 42.5 6.2
endosulfan II 40.0 40.6 1.5 42.2 5.5
4,4'-DDT 40.0 40.4 1.0 41.1 2.8
endrin aldehyde 40.0 41.0 2.5 40.9 2.2
methoxychlor 200.0 203.1 1.5 206.2 3.1
endosulfan sulfate 40.0 40.8 2.0 40.3 0.8
endrin ketone 40.0 41.2 3.0 41.6 4.0
DCB 20.0 20.7 3.5 20.6 3.0

*Allowed maximum = 15%.     Columns and conditions listed in Figure 2.

% Breakdown*
Drilled 4mm splitless 4mm splitless

Analyte Column Uniliner® with wool
Endrin Rtx®-CLPesticides 4.4 4.7 9.8

Rtx®-CLPesticides2 4.9 6.9 8.3
DDT Rtx®-CLPesticides 0.2 0.3 2.6

Rtx®-CLPesticides2 0.3 0.9 3.1

Area Response**
Drilled 4mm splitless 4mm splitless

Analyte Column Uniliner® with wool
Tetrachloro-m-xylene (TCX) Rtx®-CLPesticides 147 111 106

Rtx®-CLPesticides2 191 167 162
Decachlorobiphenyl (DCB) Rtx®-CLPesticides 150 119 108

Rtx®-CLPesticides2 209 177 166

*Allowed maximum = 15%.
**Mean response (n=2); value in table x 103 = response units.
Columns and conditions listed in Figure 2, except:
Inj.: direct, open-top Drilled Uniliner® inlet liner (cat.# 21054) 

splitless (hold 1 min.), 4mm single gooseneck inlet liner (cat.# 20798) 
splitless (hold 1 min.), 4mm single gooseneck inlet liner w/ fused silica wool (cat.# 22405)

Table 3—Lowest analyte breakdown, and highest responses, are obtained by using a Drilled Uniliner® inlet liner.



Figure 2—Chlorinated pesticides show excellent response, using the Drilled Uniliner® inlet liner and Rtx®-CLPesticides
columns—even at the 20/40/200ng/mL concentration level.

GC_EV00635

Rtx®-CLPesticides  30m, 0.32 ID, 0.50µm (cat.# 11139)
Sample: 20/40/200ng/mL Organochlorine Pesticide Mix AB #2 (cat.# 32292) 

in hexane:toluene (1:1)
20ng/mL Pesticide Surrogate Mix (cat.#32000 ) in acetone

Inj.: 1.0µL direct, open-top drilled Uniliner® inlet liner (cat.# 21054) 
Inj. temp.: 225°C
Carrier gas: helium, constant pressure  
Linear velocity: 53cm/sec. @ 110°C
Oven temp.: 110°C (hold 1min.) to 245°C @ 20°C/min. to 310°C (hold 1 min.)
Det.: ECD @ 330°C

1. 2,4,5,6-tetrachloro-m-xylene (TCX)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE

12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl (DCB)

GC_EV00636

Rtx®-CLPesticides2  30m, 0.32 ID, 0.25µm (cat.# 11324)
Sample: 20/40/200ng/mL Organochlorine Pesticide Mix AB #2 (cat.# 32292) 

in hexane:toluene (1:1)
20ng/mL Pesticide Surrogate Mix (cat.#32000 ) in acetone

Inj.: 1.0µL direct, open-top drilled Uniliner® inlet liner (cat.# 21054) 
Inj. temp.: 225°C
Carrier gas: helium, constant pressure  
Linear velocity: 53cm/sec. @ 110°C
Oven temp.: 110°C (hold 1min.) to 245°C @ 20°C/min. to 310°C (hold 1 min.)
Det.: ECD @ 330°C
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Restek will create the right
solution for you!
Restek should be your first choice for cus-
tom-made reference materials. Our inventory
of over 3,000 compounds ensures you of
maximum convenience, maximum value, and
minimum time spent blending mixtures in
your lab.

For our online custom reference  material
request form, visit
http://www.restekcorp.com/stdreq.htm

aldrin 8µg/mL
α-BHC 8
β-BHC 8
δ-BHC 8
γ-BHC (lindane) 8
α-chlordane 8
γ-chlordane 8
4,4'-DDD 16
4,4'-DDE 16
4,4'-DDT 16

dieldrin 16
endosulfan I 8
endosulfan II 16
endosulfan sulfate 16
endrin 16
endrin aldehyde 16
endrin ketone 16
heptachlor 8
heptachlor epoxide (B) 8
methoxychlor 80

In hexane:toluene (1:1), 1mL/ampul

Organochlorine Pesticide Mix AB #2
(20 components)

Each 5-pk. 10-pk.
32292 32292-510 —

w/data pack 32292-500 32292-520 32392

α-BHC 1µg/mL
β-BHC 1
γ-BHC (lindane) 1
4,4'-DDT 10
decachlorobiphenyl 2
endrin 5
methoxychlor 25
2,4,5,6-tetrachloro-m-xylene 2
In hexane, 1mL/ampul

Pesticide Performance Evaluation Mix
w/Surrogates (8 components)
04.1 and 3/90 SOW

Each 5-pk. 10-pk.
32074 32074-510 —

w/data pack 32074-500 32074-520 32174

decachlorobiphenyl
2,4,5,6-tetrachloro-m-xylene
200µg/mL each in acetone, 1mL/ampul

Pesticide Surrogate Mix
04.1, 3/90, 4/89, and 2/88 SOW

Ordering Information | Rtx®-CLPesticides Columns (Fused Silica)
ID df (µm) temp. limits 10-Meter 15-Meter 20-Meter 30-Meter
0.10mm 0.10 -60 to 310/330°C 43101
0.18mm 0.18 -60 to 310/330°C 42101 42102
0.25mm 0.25 -60 to 320/340°C 11120 11123
0.32mm 0.50 -60 to 320/340°C 11136 11139
0.53mm 0.50 -60 to 300/320°C 11137 11140

Ordering Information | Rtx®-CLPesticides2 Columns (Fused Silica)
ID df (µm) temp. limits 10-Meter 15-Meter 20-Meter 30-Meter 60-Meter
0.10mm 0.10 -60 to 310/330°C 43301 43302
0.18mm 0.14 -60 to 310/330°C 42301 42302
0.25mm 0.20 -60 to 320/340°C 11320 11323 11326
0.32mm 0.25 -60 to 320/340°C 11321 11324
0.53mm 0.42 -60 to 300/320°C 11337 11340

Each 5-pk. 10-pk.
32000 32000-510 —

w/data pack 32000-500 32000-520 32100

Ordering Information | Rtx®-CLPesticides Kits

0.32mm ID Rtx®-CLPesticides Kit cat.# 11198 (kit)
Includes: cat.#
30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides Column 11139
30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 Column 11324
Siltek™ Universal Angled “Y” Press-Tight® Connector 20487
5m, 0.32mm ID Siltek™ Guard Column 10027

0.25mm ID Rtx®-CLPesticides Kit cat.# 11199 (kit)
Includes: cat.#
30m, 0.25mm ID, 0.25µm Rtx®-CLPesticides Column 11123
30m, 0.25mm ID, 0.20µm Rtx®-CLPesticides2 Column 11323
Siltek™ Universal Angled “Y” Press-Tight® Connector 20487
5m, 0.25mm ID Siltek™ Guard Column 10026

0.53mm ID Rtx®-CLPesticides Kit cat.# 11197 (kit)
Includes: cat.#
30m, 0.53mm ID, 0.50µm Rtx®-CLPesticides Column 11140
30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 Column 11340
Siltek™ Universal Angled “Y” Press-Tight® Connector 20487
5m, 0.53mm ID Siltek™ Guard Column 10028

DI Liners for Agilent 5890 & 6890 GCs 
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD &
Length (mm)

cat.#
ea.

cat.#
5-pk.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

Allows splitless injections
as well as direct injections with

EPC-equipped GCs!

Columns are not pre-connected in these kits.

*Nominal ID at syringe needle
expulsion point.
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Restek Corporation Performance

Coatings Division specializes in

innovative surface treatments for

stainless steel, steel, alloys, glass,

and other materials. Our patented,

exclusive processes reduce

interactions between pathway 

surfaces and active compounds,

inhibit coking, resist corrosion, and

offer other important advantages.



Restek’s experience with surface coatings began in 1987. A client contacted us to pacify the metal surfaces of
their new explosives detector because we were known in the analytical industry as the silicone coating experts.
It “could not be done” according to the literature—but we developed technology to coat intricate metal parts
with an inert layer, preventing low ppt levels of explosives from adsorbing to the metal surface. Driven by this
success, we applied our
technology to capillary gas
chromatography columns,
essentially duplicating the
inertness of glass within metal tubing. Our highly robust stainless steel columns were perfect for process analyses.
The end product from this work was Silcosteel® treatment for stainless steel tubing. Silcosteel® treated tubing
currently is used in analytical testing apparatus made by all major manufacturers of gas chromatography
sampling and analysis equipment.

It “could not be done” according to the literature, but we did it.

Restek Performance Coatings  •  800-356-1688  •  814-353-1300  • www.restekcoatings.com 5



Restek surface treatment

processes do not rely on

line-of-sight deposition.

The chemical vapor 

deposition process

ensures all surfaces are

treated uniformly—even

in corners, at holes, or at

machined ridges.



Since our initial project, Restek’s coatings experts have developed a family of surface treatments to
address specific needs and thereby enhance the performance of system components in many applications,
spanning multiple industries and market areas. Restek treated components increase the lifetime of stack
monitoring equipment exposed to sulfuric acid. Silcosteel®-AC treated injector nozzles have longer service
life because coking is inhibited. Sulfinert® treated sampling equipment increases the reliability of process
measurements in refineries and petrochemical plants. A mass spectrometer manufacturer demands
Silcosteel® treated parts to increase instrument sensitivity for analyzing pesticides. Restek air sampling
equipment has been used in diverse environments, from city air to submarine cabins to NASA space shuttles.

Some 17 years ago we were a small group of young, eager chemists willing to try anything. Now, there are
many Restek scientists eager to advance our surface treatment technology, and our visions have evolved
into highly reproducible, patented surface treatments applied with computer-controlled precision. The
Performance Coatings Division has evolved into a separate division of Restek, devoting its energies exclu-
sively to meeting your surface passivation needs. This brochure highlights applications that exhibit marked
improvement because of Restek technologies. Discover our capabilities here, then challenge us. Give us
your toughest surface activity problems, and watch our team innovate. Restek has been turning visions into
reality since the earliest days of our company. Let us do what “cannot be done” for you.

Restek Performance Coatings  •  800-356-1688  •  814-353-1300  • www.restekcoatings.com 7



Restek’s surface treatments are:

Silcosteel® A general-purpose passivation layer for steel and stainless
steel. U.S. patent 6,511,760.

Silcosteel®-AC Dramatically reduces carbon buildup on stainless steel
components. U.S. patent 6,444,326.

Silcosteel®-CR A corrosion resistant layer that increases the lifetime of
system components in acidic environments containing
hydrochloric acid, nitric acid, sulfuric acid, or seawater.
Patent pending.

Silcosteel®-UHV Greatly reduces outgassing from components of ultra-high
vacuum systems. Patent pending.

Siltek™ The ultimate passivation for treated components, from
glass to high nickel alloys of steel. U.S. patent 6,444,326.

Sulfinert® A required treatment for metal components when analyzing
for parts-per-billion levels of organo-sulfur compounds.
U.S. patent 6,444,326.



Restek passivation and surface protection layers are deposited using a chemical vapor deposition
(CVD) process in which the item to be treated is heated under vacuum in a large oven. Our current

capacity enables us to treat items up to 6 feet long, or
continuous lengths of coiled tubing exceeding 2000 feet
(600 meters). Items that can be evacuated, such as gas
chambers, can have a volume of up to 3.5 cubic feet.

When the item has been heated to the appropriate temperature, the reacting gases that form the
protective surface are introduced, depositing a durable, amorphous layer that grows and overlays
itself multiple times. The reaction layer penetrates into the lattice of the treated piece and binds
solidly. Consequently, it is possible to work a piece, such as bending a length of treated tubing,
without creating cracks, flakes, or other flaws in the layer. By controlling the variables in the
process, we control the layer type and thickness. Layer thickness ranges from 0.03µm to 30µm,
controlled to our specifications.

Restek Surface Treatments

Restek Performance Coatings  •  800-356-1688  •  814-353-1300  • www.restekcoatings.com 9



surface passivation

Surface Passivation



The surface of a system component might be made inert to reduce adsorption or to eliminate the potential
for catalyzing reactions. Traditionally, glass linings have been employed to reduce surface activity.
Problems with preparing a glass-lined system include the need for careful handling and the difficulty of
coating corners, weld seams, and bends, with consequent occurrence of coating flaws. Operating a system
with glass-lined components introduces other difficulties, not the least of which is fragility.

Restek offers two treatments, Siltek™ and
Silcosteel®, that are ideal alternatives to
glass linings for passivating many types of
surfaces. A Siltek™ or Silcosteel® layer pro-
vides complete surface isolation while
maintaining all the ruggedness of the untreated component. These layers are applied over the entirety of
the surface, using a chemical vapor deposition process that does not depend on line-of-sight; corners,
bends, and seams are uniformly coated.

As strong as steel, as inert as glass.

Restek Performance Coatings  •  800-356-1688  •  814-353-1300  • www.restekcoatings.com 11



In most situations Siltek™ treatment is the ideal choice for ultimate
inertness. The Siltek™ layer is applied at a thickness of up to 0.12µm.
At this thickness even parts-per-billion levels of reactive materials will
be stable during storage or transfer. A Silcosteel® layer provides
equivalent protection for parts-per-million levels of reactive materials.

A selection of Silcosteel®- and Siltek™-treated tubing and fittings are
available from stock. All coatings are applied to customer supplied
items on a custom basis—see Custom Coating Services on page 32.



Excellent Good Poor
Aldehydes •
Acetic Acid •
Acetone •
Alcohol •
Amines •
Ammonium Hydroxide •
Arsenic •
Aromatics •
Atmospheric/Humidity

Corrosion •
Benzene •
Brine •
Carbon Dioxide •
Carbon Disulfide •
Carbon Monoxide •
Dimethyl Disulfide •
Dimethyl Sulfide •
Ethyl Mercaptan •
Fatty Acids •

Excellent Good Poor
Ferric Chloride •
Formaldehylde •
Hydrocarbons •
Hydrochloric Acid •
Hydrofluoric Acid •
Hydrogen Peroxide •
Hydrogen Sulfide •
Ketones
Marine Environments •
Mercury •
Mercury Oxides •
Methyl Mercaptan •
Nitric Acid •
Phosphoric Acid •
Potassium Hydroxide •
Salt Spray •
Sodium Hydroxide •
Toluene •

Compatibility with Restek Performance Coatings
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Inertness to Sulfur Compounds



Because they contribute to air pollution and are known catalyst poisons, sulfur compounds are increas-
ingly being targeted for monitoring to extremely low levels in air and in ethylene/propylene. Strict limits
for sulfur content in gasoline and diesel fuel are to be achieved by 2007.

Many key organo-sulfur compounds are adsorbed to or react with steel or stainless steel surfaces. To
address this issue Restek developed the Sulfinert® surface treatment process. Sulfinert® treatment
eliminates interaction between organo-sulfur compounds and steel. The figures on the next two pages

demonstrate the benefit of using Sulfinert®-treated compo-
nents for sampling and storing organo-sulfur compounds

Refineries and petrochemical plants use Sulfinert®-treated
components for sampling, and for transferring sample streams.
Natural gas and liquid propane gas manufacturers and transfer
companies rely on Sulfinert®-treated systems to accurately
quantify sulfur-containing odorants in natural and liquid propane
gas streams. Sulfinert®-treated sampling equipment is specified
in International Society of Beverage Technologists methods for
determining sulfur impurities in beverage grade carbon dioxide.
(ISBT procedure 1.0)  

A wide variety of Sulfinert®-treated items are available from stock, including tubing, fittings, sample cylinders,
valves and sampling components. If you have other requirements, please see Custom Coating Services
on page 32.

Prevent surface 
interactions with 

reactive organo-sulfur
compounds at 

parts-per-billion 
levels.
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The Ideal Substrate for Holding and Transferring Reactive Sulfur Compounds

Sulfinert®-treated sample vessel outperforms electropolished stainless steel under dry and
humid sampling conditions.
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Excellent Long-Term Stability of Sulfur Compounds

Sulfinert®-treated sample cylinders show good recovery of sulfur compounds at 17ppbv. Untreated 
cylinders exhibit complete loss within 1 day.
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Purity Control



In many purity-critical applications the potential for contamination created by contact of the process
stream with sample transfer components such as tubing, fittings, and valves is a major concern. For exam-

ple, the slightest contamination in gases used in manufacturing semi-
conductor devices can create high failure rates in end products.

Siltek™, Sulfinert®, or Silcosteel® treatment can eliminate interactions
between process gases and transfer system components. Our exten-
sive evaluations in the fields of passivation, corrosion resistance, and
ultra-high vacuum show that these treatments eliminate outgassing of

impurities into the sample stream and will not react with process stream components.

See our website for descriptions of the many Sulfinert®- and Silcosteel®-treated items available from stock.
Refer to page 32 for information about custom treatment.

Eliminate 
system component-

process stream
interactions.
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Coking Control



A major problem in hydrocarbon processing systems is the buildup of carbon on the surface of steel or
stainless steel components—coking. Coking often is initiated by catalytic action of nickel or carbon impu-
rities or additives in the steel used to construct the processing system components.

Restek chemists are working in conjunction with the Fuel Science Program at the Pennsylvania State
University to quantify the effects of Siltek™ and Silcosteel® treatments on the formation of coke.1 A

Silcosteel®-treated system exhibits a 4-fold reduction in coke formation, com-
pared to untreated stainless steel, but a modified Silcosteel® treatment,
Silcosteel®-AC, can provide an 8-fold reduction. The Silcosteel®-AC or
Silcosteel® layer forms a barrier between the hot hydrocarbon stream and the
coking-susceptible steel substrate, and eliminates catalytic breakdown in the
hydrocarbon stream. With the elimination of surface catalytic activity, carbon
will not chemically adhere to the surface.

Current work indicates that the only mechanism of carbon formation in a Restek-treated system is the
result of coking within the fluid phase. This material settles on the surface without adhering, and is easi-
ly removed by agitating the surface. Now, instead of “burning” out coke with oxygen at high temperatures,
deposited carbon can simply be rinsed away.

Applications for Silcosteel®-AC coking control treatment include fuel injection nozzles, jet engine noz-
zles, engine valves, and engine cylinders.

Reduce coking
up to 8-fold
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1Altin, O.; Venkataraman,
A.; Eser, S. Analysis of Solid
Deposits from Thermal
Stressing of a JP-8 Fuel on
Different Surfaces in a Flow
Reactor Symposium on
Structure of Jet Fuel V,
Division of Petroleum
Chemistry, Inc., 216th
National Meeting, ACS,
August 23-27, 1998).



We continue to investigate other
coatings specifically designed to
reduce coking. The figures on the
opposite page demonstrate the
amount of coking occurring on various
substrates. Silcosteel®-AC-treated

304 stainless steel shows dramatic reduction in coking vs.
non-treated 304 stainless steel, and the table compares the
performance of Silcosteel®-AC, Silcosteel®, and Sulfinert® to
prototype treatments.

Silcosteel®-AC treatment

eliminates the need for

“burning out” hydrocarbon

processing equipment.



Silcosteel®-AC-treated 304 grade stainless steel 
components exhibit the greatest reduction in coking.

SSuurrffaaccee CCaarrbboonn  BBuuiilldduupp  ((µµgg//ccmm22))
Silcosteel® 15.4
Sulfinert® 11.9
Prototype B 7.8
Silcosteel®-AC 7.4
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Carbon Build-up Tests

Carbon deposit from JP-8 fuel on various types of
tubing (500°C, 500psi, 1cc/min. flow rate).

Silcosteel®-AC prevents catalytic formation of metal sulfides and
filamentous carbon deposits. (JP-8 fuel stressed at 500°C,
500psi, for 5 hours.)

Silcosteel®-AC 304 Stainless Steel Competitor A



Corrosion Control



Corrosion currently costs the United States economy $276 billion per year1 and costs the world economy
even more. In acidic environments it is critical to engineer solutions to account for the depreciation of
equipment caused by corrosion. Current commercial solutions that address corrosion are specialized
alloys, such as Inconel®, Monel® and Hastelloy®—or coatings.

We developed Silcosteel®-CR treatment to protect
equipment exposed to hydrochloric acid, nitric acid,
sulfuric acid, or marine environments. Silcosteel®-
CR treatment upgrades the corrosion resistance of
300-grade stainless steels by an order of magnitude.

An advantage of Silcosteel®-CR treatment over super-alloy solutions is cost. Many of the high nickel super-
alloys, such as Inconel®, Monel® and Hastelloy® are expensive and machining costs are higher for these
soft materials than for 300-grade stainless steels.

Silcosteel®-CR treatment also offers major advantages over traditional coatings. Our chemical vapor dep-
osition process incorporates the treatment into the stainless steel lattice. Traditional overlay coatings rely
primarily on primers or surface tension to remain in contact. The Silcosteel®-CR process eliminates delam-
ination, a common problem with overlay coatings.

Silcosteel®-CR, an effective, durable solution
at lower cost than specialty alloys.

1Corrosion Costs and Preventive
Strategies in the United States U.S.
Department of Transportation Federal
Highway Administration, Publication No.
FHWA-RD-01-156.
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A Silcosteel®-CR layer is both
durable and flexible. The layer
builds from many starting points
on the steel surface. Repeated
overlaying as the deposition

grows on the surface creates a dense, impenetrable
layer. This layering process also creates flexibility—
treated components can be worked into place without
cracking, chipping, or otherwise damaging the layer.

A selection of Silcosteel®-CR treated fittings and tubing
are available from stock. For custom treatment, refer to
Custom Coating Services on page 32.

Silcosteel®-CR treatment

protects equipment exposed

to hydrochloric acid, nitric

acid, sulfuric acid, or marine

environments. 



Pitting and Crevice Corrosion Tests

In studies of exposure to 6% w/w ferric
chloride, Silcosteel®-CR treated 316L 
stainless steel outperformed untreated 
316L steel by a factor of 10. This test was 
conducted per ASTM G48, Method B.

1000 Hour Salt
Spray Tests

Silcosteel®-CR treated
316L steel showed no
sign of attack after 
1000 hours of salt
spray exposure , 
per ASTM B117.

Condensing
Humidity Tests

Silcosteel®-CR treated
316L steel withstands
environments 
simulating outdoor
exposure, per
ASTM D 4585.

Cyclic Polarization Electrochemical Tests

Electrochemical corrosion testing of Silcosteel®-CR 
treated 316L stainless steel yielded the following 
corrosion and pitting potentials in neutral and acidic 
conditions, per ASTM G61.

Breakdown or pitting potential, Eb, in millivolts.

NNeeuuttrraall  SSoolluuttiioonn SSiillccoosstteeeell®®--CCRR BBaarree  SStteeeell
100ppm chloride >3000 674
3000ppm chloride 1460 370
5000ppm chloride 1590 285

AAcciiddiicc  SSoolluuttiioonn  ((11NN  HH22SSOO44))
100ppm chloride 1128 580
3000ppm chloride 927 370
5000ppm chloride 983 563

Corrosion of Silcosteel®-CR treated 316L stainless steel versus
bare stainless steel at 3000ppm Cl- concentration.

NNeeuuttrraall  SSoolluuttiioonn SSiillccoosstteeeell®®--CCRR BBaarree  SStteeeell IImmpprroovveemmeenntt
Corrosion Rate, mpy 0.0009 0.04 50X
Breakdown Potential, Eb 1460 370

AAcciiddiicc  SSoolluuttiioonn  ((11NN  HH22SSOO44))
Corrosion Rate, mpy 0.05 0.83 10X
Breakdown Potential, Eb 927 370
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Ultra-High Vacuum

R&D Magazine recognized
Silcosteel®-UHV as one of the 100
most technologically significant
products introduced in 2003.



Ultra-high vacuum (UHV) environments are critical for many analytical instruments and particle accelerators
used to analyze the properties of materials and atoms. UHV systems are characterized as requiring a vacu-

um of 10-9 torr or better. At this level of vacuum even steel components
outgas large quantities of moisture. Massive pumping systems are need-
ed to remove molecules as they are generated.

We developed Silcosteel®-UHV treatment specifically to significantly
reduce outgassing by steel components in UHV systems. A Silcosteel®-UHV
layer over the steel surface is a barrier that keeps moisture isolated from
the UHV environment. The Silcosteel®-UHV layer does not liberate any
atmosphere of its own. The figures on page 31 demonstrate the superior

evacuation profile sustained by using Silcosteel®-UHV-treated components vs. non-treated components in a UHV
assembly. Clearly, Silcosteel®-UHV treatment makes it possible to maintain a UHV environment with less pump-
ing capacity.

Further, when not under vacuum, the Silcosteel®-UHV surface is far less likely to accrue a coating of water
and other airborne molecules than is a non-treated surface. This greatly reduces the length of time required
to re-attain a UHV environment.

Silcosteel®-UHV treatment is available as a custom service. For information, refer to Custom Coating Services
on page 32.

Dramatically reduce
outgassing and 

pump-down time
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Maintain Seal Integrity

The durable Silcosteel®-UHV layer will
withstand the sealing requirements of
UHV, maintaining knife edge integrity.



Significantly Reduce Pump-Down Time

Silcosteel®-UHV-treated vacuum system components show
significantly less outgassing, compared to heat-cleaned
components.

Pressure Increase with Heat After 1 hr Under Vacuum Pressure Increase with Heat After 10 hr Under Vacuum

heat-cleaned

Silcosteel®-UHV

heat-cleaned

Silcosteel®-UHV

14-fold decrease in
outgassing rate!

Significantly Reduce Outgassing

After 10hr under vacuum, Silcosteel®-UHV-treated com-
ponents continue to show significantly less outgassing.
Note change in y-axis scale compared to figure at left.
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Custom Coating Services



We will work with you to meet your surface treatment needs. Please contact us to discuss unique requirements.
See next page for obtaining a quote for custom treatment.

What can we treat?
Parts that can tolerate a sustained temperature of 400ºC, with pressurization/evacuation.
Substrates stainless steels, steels, steel alloys, high-performance nickel alloys, glass, ceramics
Parts fittings, valves, frits, custom parts with complex topography (inside and out)

largest vessel: 1ft. ID x 4ft. cylinder w/ 10in. opening (30.5 x 122cm, 25.4cm opening)
Tubing 0.004in. to 0.5in. ID (0.10–12.7mm); continuous lengths to 2000+ ft. / 600+ meters*

What can’t we treat?
aluminum (heat-dependent), copper, brass, gold- or silver-plated components, magnesium, nickel (we can treat

most high-performance alloys); elastomers

Process
Receive Document receipt of items—first customer contact
Clean standard: caustic ultrasonic bath, two systems; custom: as needed or requested
Process silicon-based materials, chemical vapor deposition—vacuum, 400ºC
Clean standard: ultrasonic bath; custom: as needed or requested
Ship document process—second customer contact—pack and ship

*Please allow 6 inches of
extra tubing on each end if
the final tubing length is
critical.
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To obtain a quote for custom surface treatment, please follow these instructions:

1. Visit the home page of our website: www.restekcoatings.com
• Navigate to the custom treatment request forms.
• Choose the treatment form you need and print it.

2. Check the box next to the description matching that of the items to be treated.
Indicate quantity to be sent for treatment. If the item cannot be matched with any
of the listed options:
• Prepare a dimensional drawing or scaled photograph.
• Indicate composition of item (stainless steel, alloy type, etc.).

3. Initial the disclaimer on the request form. This initialed disclaimer is required
before we can begin to process your items.

4. Fax the completed form to Restek Corporation at 814-353-1309 or contact your
local Restek representative.

Quotations will be prepared and returned within 24 hours of our receipt.

If you accept our quote, contact Restek Corporation for an authorization number.
This number is required for any package shipped to Restek. Any package received
without an authorization number will be returned to the sender.

Turnaround time for most custom treated items is 10 days or less.
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The Restek Performance Coatings Division has developed the 2-Touch™ Program
to ensure that customers are kept up to date with progress of their parts dur-
ing the treatment process. The first touch will be contact on receipt of your job,
to discuss questions or anticipate concerns that could arise during processing,
and to give you a completion date. The second touch will be at the completion of
the treatment process, to notify you of the results and give you an option to update return shipment information.

Many of our current customers have found this service very helpful, and we will continue to adapt the 2-Touch™

Program to meet the needs of all customers.

Other highlights of the 2-Touch™ Program:

• Each job is tracked and recorded, using a unique lot number. Digital photos are taken of all items in each job at
arrival and prior to return shipment. These records will be available to you, should you ever have need of them.

• Each item is individually packaged for maximum protection.

• Treatment certifications are supplied for each job.

2-Touch™ Program
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by Greg France, HPLC Products Marketing Manager

New Pinnacle™ DB HPLC Columns
Superior Performance for Basic Compounds

✔ Silica manufactured in Restek facilities, for total control of product quality.
✔ Unique manufacturing process ensures sharp, symmetric peaks for basic analytes.

✔ Columns available in narrow bore through preparative-scale formats.

In 2001 our Pinnacle II™ line of columns put Restek
among the select few HPLC column manufacturers
who manufacture their own silica. We believe that to
truly control HPLC variables, a manufacturer must
control the entire column manufacturing process,
beginning at the initial step—making a well-charac-
terized, consistently-performing silica.

Now, we are pleased to introduce a new line of
HPLC columns, Pinnacle™ DB columns, prepared
from our newest silica support. Pinnacle™ DB silica

is a highly base-deactivated silica,
suitable for a wide range of

challenging applications. It
is ideal for analyses of
basic compounds, or
mixtures of varied func-
tionality. Part of our
manufacturing process

for Pinnacle™ DB silica is
a unique processing step

that creates a base-deactivat-
ed particle with excellent per-

formance characteristics. The base
deactivation and attractive mass transfer capabilities
of the particles enable Pinnacle™ DB silica to

resolve and elute basic compounds (e.g., pharma-
ceuticals) without severe peak tailing—with mini-
mal or no need for mobile phase modifiers such as
tetrabutylammonium (TBA). Physical characteris-
tics of Pinnacle™ DB silica are listed in Table I
(page 2).

Column manufacturers often use an analysis of a
pyridine/phenol test mix to demonstrate a column's
separation capabilities and indicate the peak shape
that can be anticipated for basic compounds.
Figure 1 shows pyridine/phenol separations from a
Pinnacle™ DB C18 and a non-base-deactivated C18
column. The sharp, symmetric peaks from the
Pinnacle™ DB C18 column—without a mobile
phase modifier—are what an analyst can expect for
many pharmaceutical or other basic analytes.
Figure 2 shows an array of basic pharmaceutical
compounds analyzed, with excellent results, on a
Pinnacle™ DB C18 column. Note the consistent
peak symmetry. Often, neutral or acidic compounds
can be present with basic pharmaceutical com-
pounds as impurities or degradation products.
Pinnacle™ DB columns are highly suited to these
challenges as well. Along with the monomeric C18
bonded phase, the Pinnacle™ DB line currently

Figure 1
Pinnacle™ DB C18 columns provide sharp, symmetric peaks for basic analytes, without a

mobile phase modifier.

LC_0247

Peak List: Conc.
1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

Sample:
Inj.: 5.0µL
Sample Diluent: mobile phase
Conditions:
Mobile Phase: A: 20mM potassium

phosphate, pH 7.0
B: acetonitrile
Isocratic: 80%A:20%B

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

LC_0248
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Pinnacle™ DB C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# price
30mm 9414531 9414532 9414533 9414535
50mm 9414551 9414552 9414553 9414555

100mm 9414511 9414512 9414513 9414515
150mm 9414561 9414562 9414563 9414565
200mm 9414521 9414522 9414523 9414525
250mm 9414571 9414572 9414573 9414575

Pinnacle™ DB C8 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# price
30mm 9413531 9413532 9413533 9413535
50mm 9413551 9413552 9413553 9413555

100mm 9413511 9413512 9413513 9413515
150mm 9413561 9413562 9413563 9413565
200mm 9413521 9413522 9413523 9413525
250mm 9413571 9413572 9413573 9413575

Pinnacle™ DB Cyano 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# price
30mm 9416531 9416532 9416533 9416535
50mm 9416551 9416552 9416553 9416555

100mm 9416511 9416512 9416513 9416515
150mm 9416561 9416562 9416563 9416565
200mm 9416521 9416522 9416523 9416525
250mm 9416571 9416572 9416573 9416575

Pinnacle™ DB Silica 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# price
30mm 9410531 9410532 9410533 9410535
50mm 9410551 9410552 9410553 9410555

100mm 9410511 9410512 9410513 9410515
150mm 9410561 9410562 9410563 9410565
200mm 9410521 9410522 9410523 9410525
250mm 9410571 9410572 9410573 9410575

includes a C8 and a cyano bonded phase, and bare
silica. Each of the bonded phases is endcapped.

To ensure the same high quality and reliability as
offered by all other Restek HPLC columns, we
established demanding quality control procedures
to ensure each column performs as expected.
Figure 3 is an example analysis of the test mix we
use to individually quality check every Pinnacle™

DB column.

The Pinnacle™ DB line is available in a wide range
of column dimensions, from 1mm narrow bore
columns through 50mm preparative-scale columns.
Please call our Technical Service Team for addition-
al information about this new column line, or call
our Customer Service representatives to place an
order.

Figure 2
Excellent peak shapes for basic pharmaceuticals help ensure accurate quantification.

2 3 4 5 6 7 min.

1
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Peak List: Conc.
1. theobromine 225µg/mL
2. theophylline 418µg/mL
3. ß-hydroxyethyltheophylline 418µg/mL
4. caffeine 400µg/mL

Table I
Physical characteristics of Pinnacle™ DB silica.

LC_0241

Particle: 5µm, spherical
Pore size: 140Å
Pore volume: 0.65mL/g
Carbon load: C18 - 11%

C8 - 6%
cyano - 4%

Figure 3
Every Pinnacle™ DB column must pass

stringent efficiency criteria.

To order preparative-scale Pinnacle™ DB
columns, please contact our Technical Service
Team at 800-356-1688 or 814-353-1300, ext. 4
or contact your local Restek Representative.

LC_0249

Sample: Reversed Phase Test Mix
Inj.: 5µL
Sample Diluent: methanol:water (75:25 v/v)

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: water

B: methanol
Isocratic: 20%A:80%B

Run Time: 8 min.
Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Peak List: Conc.
1. uracil 0.02mg/mL
2. benzene 3.0mg/mL
3. naphthalene 0.5mg/mL
4. biphenyl 0.06mg/mL

Sample:
Inj.: 2µL
Sample Diluent: mobile phase

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6 mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A:20 mMolar 

KH2PO4 buffer, pH 3.0
B:acetonitrile
Isocratic: 90%A:10%B

Flow: 1.0 mL/min
Temp.: 27°C
Det.: UV @ 254nm
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by Christopher English, Environmental Innovations Chemist, & Brad Rightnour, Instrument Innovations Manager

EZ No-Vent™ GC Column-
Mass Spectrometer Connector
Change Columns in Minutes, Without Venting
✔ Easy to install and maintain—no special tools or extra plumbing required.

✔ Gold plated for inertness.
✔ 100µm ID transfer line keeps analytes focused.

✔ Lower cost than other “no-vent” fittings.

We designed our new EZ No-Vent™ GC column-mass
spectrometer connector to be simple and easy to
use. After studying user feedback concerning our
EZ-Vent™ 2000 connector, we re-engineered the
connector fitting for even better performance.

A critical orifice in the EZ No-Vent™ connector min-
imizes the amount of oxygen allowed into the MS
source, eliminating the need for purge gas and
enabling you to skip the lengthy vent and pump-
down cycle otherwise required when you make a
column change. This can save nearly a day of
downtime with each column change. The EZ No-
Vent™ connector easily attaches to the MS source
without special tools or extra plumbing. Figure 1
shows the fitting installed and ready for use.

We tested the EZ No-Vent™ connector, using highly
volatile gaseous sample components that are very
susceptible to tailing in the presence of dead vol-
ume. We operated the system as a purge-and-trap
GC/MS system, initially with a split at the injection
port and the column inserted directly into the MS
interface. Next, we included the EZ No-Vent™ con-
nector at the MS interface. We anticipated that any
dead volume in this fitting would produce signifi-
cant tailing and broader peaks, relative to the direct
connection. Peak shape was excellent using the new
fitting.

Similarly, we used an application-specific test to
evaluate the ability of the MS to stabilize after we
changed columns without venting. Again we used a
purge-and-trap system, halogenated volatiles as the
sample, and an Rtx®-624 column to separate the
analytes. We acquired Figure 2a at 08:12 AM, then
changed the column. We acquired Figure 2b 76
minutes later, at 09:28 AM. Note the excellent peak
shapes and responses. In the interval between the
two analyses we verified MSD tuning, and the sys-
tem passed bromofluorobenzene (BFB) criteria.
Subsequent detailed investigations have established
that the EZ No-Vent™ connector will allow several
column changes in a single day, with no harm to
the MS or loss of data quality.

If you’re tired of waiting for your MS to stabilize, we
highly recommend you use an EZ No-Vent™ connec-
tor. It will reduce your MS downtime, saving you
money, and increase your sample throughput—
making you money.

Figure 1
MS transfer line installed in an EZ No-Vent™

connector. Connection can be made quickly,
without special tools.

Figure 2
Acquire a sample within two hours of changing columns, using an EZ No-Vent™ connector.

expanded view

Description qty. cat.# price
EZ No-Vent™ Connector Kit for Agilent 5971/5972 and 5973 GC/MS
(Kit includes: EZ No-Vent™ Connector, 0.4mm ID ferrules for connecting capillary
column, 0.4mm ID ferrules for connecting transfer line, 100µm deactivated transfer
line (3 ft.), and EZ No-Vent™ column plug and nut.) kit 21323
Replacement ferrules for connecting capillary column to EZ No-Vent™:
0.4mm ID 2-pk. 21015
0.5mm ID 2-pk. 21016
Replacement ferrules for connecting transfer line to
EZ-No Vent™: 0.4mm ID 2-pk. 21043
Replacement deactivated transfer line: 100µm ID 3 ft. 21018
Replacement EZ No-Vent™ Column Nut 5-pk. 21900
Replacement EZ No-Vent™ Plug 2-pk. 21915
Open-end Wrenches (1/4" x 5/16") 2-pk. 20110

3 4 5 6 7 8 9 10 11 12 20 min.13 14 15 19181716

5 643 7 8 9 10 11 12 13 14 15 16 17 18 19 min.20
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Restek

Innovation!

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969) 
Halogenated Volatiles @ 200 ppb in 5mL/RO water.
502.2 Calibration Mix#1 (gases) cat# 30042
502.2 Calibration Mix#2 cat# 30043
BTEX standard cat# 30213

2b—acquired at 9:28am
Ez-No Vent™, acquired 76 min. after installing new column

Inj.: purge & trap
GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas:  helium, constant flow  
Flow rate: 1.0mL/min. 
Oven temp.: 60°C  (hold 15 min.) to

220°C @ 30°C/min.
(hold 1 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Tune: BFB
Ionization: EI

formoreinfo
request lit. cat.# 59498.

2a—acquired at 8:12am

Did you know?
Restek offers supplies and inno-
vative tools for your MS. Refer to
the Instrument Supplies section
of the annual Chromatography
Products Guide (lit. cat.# 59473).
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The US EPA recently developed GC/MS methodology
for screening finished drinking water for selected
semivolatile organic compounds not addressed by
the Safe Drinking Water Act (SDWA). These
Unregulated Contaminant Monitoring Rule (UCMR)
List 2 contaminants are part of a screening survey
established to determine whether in the future these
contaminants should be regulated by standard drink-
ing water methods. Method 526 is applicable for 11
of the 15 contaminants on List 2.* Compounds mon-
itored by Method 526 are effectively extracted from
water, using 47mm polystyrene divinylbenzene
(SDVB) solid phase sorbent, and are sufficiently
volatile and thermally stable for GC. The minimum
reporting level (MRL) concentration for UCMR List
2 is 0.5µg/L—the value of the lowest concentrations
at which precision and accuracy determinations
were made during method development.

After careful review of the method we have pre-
pared a new Restek calibration standard, as recom-
mended in Method 526, that includes all 11 semi-
volatile organic compounds at 200µg/mL each in
ethyl acetate. We also developed internal and surro-
gate standards, and we offer a GC/MS tuning solu-
tion at a convenient 2500µg/mL concentration in
methylene chloride (SV Tuning Compound, cat.#
31001; see page 7 of this newsletter). This set of
Restek reference materials will meet all chemical
standards needs for Method 526.

The majority of the target compounds analyzed
through EPA Method 526 are pesticides. Low-level
injections reduce sensitivity for many of these com-
pounds, due to degradation or irreversible adsorp-
tion in the injection port. Cyanazine, 2,4,6-
trichlorophenol, and prometon, for example, are

susceptible to adsorption or thermal degradation in
the GC inlet. To circumvent inlet problems, we use
a deactivated, Drilled Uniliner® liner in the inlet, to
significantly reduce sample exposure to the hot
metal surfaces of the injection port.**

In addition, when analyzing pesticides there are
demands on the capillary GC column for higher
inertness and lower GC/MS bleed: active sites in the
inlet liner or column can cause complete loss of
prometon and excessive tailing of 2,4-dichlorophe-
nol and 2,4,6-trichlorophenol peaks. Our silarylene
polymer-based Rtx®-5Sil MS column provides opti-
mal separation of the new reference materials and
exhibits very low column bleed, compared to tradi-
tional phenyl/methyl phases. The 30m, 0.25mm ID,
0.25µm column (cat.# 12723) used to obtain Figure
1 is an optimal combination of internal diameter
and film thickness, making it the choice for analyz-
ing many semivolatile compounds. It also is an
excellent choice for EPA Method 8270. The thin
phase film reduces analysis time, and high tempera-
ture stability (330/350ºC) enables an analyst to use
a rapid temperature program during the analysis,
and to bake high boiling contaminants out of the
column after each analysis, without significant
bleed.

We highly recommend these new reference materi-
als, a Drilled Uniliner® inlet liner, and an Rtx®-5Sil
MS column to anyone conducting analyses accord-
ing to Method 526.

See product listing on the next page.

by Katia May, Ph.D., R&D Chemist, and Christopher English, Environmental Innovations Chemist

GC/MS Screening of Semivolatile
Organic Compounds in Drinking Water

Using New Restek Reference Materials and a
Capillary Column with Optimized Dimensions

✔ Full complement of new reference materials for EPA Method 526: calibration standard,
internal standard, surrogate standard.

✔ Rtx®-5Sil MS column offers low GC/MS bleed and excellent inertness.
✔ Styrene/divinylbenzene extraction disks for sample preparation.

Figure 1
An inert, low-bleed Rtx®-5Sil MS column is an effective analytical tool for unregulated drinking water contaminants.

*For information about UCMR limits, see http://www.epa.gov/safewater/methods/unregtbl.html
**For more information about Drilled Uniliner® inlet liners, see page 13.
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Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 526 analytes, 1µL, 10ppm (20ppm IS)  
Semivolatile Calibration Mix, EPA 526 cat.# 31691
Surrogate Standard Mix, EPA 526 cat.# 31693
Internal Standard Mix, EPA 526 cat.# 31692

Inj.: 1.0µL splitless (hold 0.3 min.), 4mm Drilled
Uniliner® (cat.# 21055)

GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas: helium, constant flow
Flow rate: 0.8 mL/min.
Oven temp.: 50°C (hold 1 min.) to 200°C @ 20°C/min.

(hold 5 min.)  to 310°C @ 30°C/min.
(hold 3 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent delay: 5.5 min.
Tune: DFTPP
Ionization: EI

1. nitrobenzene
2. 2,4-dichlorophenol
3. 1,3-dimethyl-2-nitrobenzene (ss)
4. 2,4,6-trichlorophenol
5. acenaphthene-d10 (IS#1)
6. 1,2-diphenylhydrazine†

7. prometon
8. terbufos
9. diazinon

10. fonofos
11. phenanthrene-d10 (IS#2)
12. disulfoton
13. acetochlor
14. cyanazine
15. triphenylphosphate (ss)
16. chrysene-d12

† Mix component 1,2-diphenylhydrazine is oxidized to
azobenzene, the analyte in the figure, on injection onto
the heated column.



Leak Detective™ II
A Compact, Sensitive Leak Detector for Every Analyst
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Ordering Information | Rtx®-5Sil MS Columns (Fused Silica)
(Similar selectivity to Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

ID df (µm) temp. limits 15-Meter 30-Meter
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

DI Liners for Agilent 5890 & 6890 GCs
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD &
Length (mm)

cat.#/price
ea.

cat.#/price
5-pk.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5

21390-214.1 21391-214.5

acetochlor
cyanazine
diazinon
2,4-dichlorophenol
1,2-diphenylhydrazine
disulfoton

fonofos
nitrobenzene
prometon
terbufos
2,4,6-trichlorophenol

200µg/mL each in ethyl acetate, 1mL/ampul

Semivolatile Calibration Mix, EPA 526
(11 compounds)

Each 5-pk. 10-pk.
31691 31691-510 —

w/data pack
31691-500 31691-520 31791

acenaphthene-d10
chrysene-d12

phenanthrene-d10

500µg/mL each in acetone, 1mL/ampul

Internal Standard Mix, EPA 526

Each 5-pk. 10-pk.
31692 31692-510 —

w/data pack
31692-500 31692-520 31792

2-nitro-m-xylene
triphenylphosphate

500µg/mL each in acetone, 1mL/ampul

Surrogate Standard Mix, EPA 526

Each 5-pk. 10-pk.
31693 31693-510 —

w/data pack
31693-500 31693-520 31793

Hole makes
direct injection
possible with
EPC-equipped
Agilent 6890

GCs!

Resprep™ Resin SPE Disks
• For chlorinated, benzidene-containing, or nitrogen-containing pesticides.
• Meet description in EPA Methods 515.2, 553, and 526.
• 47mm glass fiber embedded with styrene/DVB resin.
Description qty. cat.# price
Resprep™ Resin SPE Disks 20-pk. 26023

Diskcover™-47 Extraction Disk Holder
• Compatible with most vacuum manifold systems that accept 1/8-inch male luer fittings.
• Sample can be automatically introduced via 1/8-inch Teflon® tubing or by the optional Diskcover™-47 reservoir.
Description qty. cat.# price
Diskcover™-47 ea. 24020
Diskcover™-47 6-pk. 24021

Refer to our Chromatography Products
Catalog (lit. cat.# 59473) for manifolds.

Ordering Information | Drilled Uniliner® Inlet Liners

Gas leaks in your GC system can increase detector
noise, cause baseline instability, waste carrier gas,
and damage valuable analytical columns. Leak
checks should be a regular part of your GC mainte-
nance program. The new Leak Detective™ II elec-
tronic leak detector is the affordable solution for
detecting gas leaks. It will identify minute gas leaks
that might go undetected by liquid leak detectors.

The Leak Detective™ II electronic leak detector
incorporates microchip technology and a new design,
to give you better sensitivity and faster response time
in a more compact unit. An auto-zero feature allows

*Never use liquid leak detectors on a capillary system because liquids can be drawn into the column.
Caution:  NOT designed for determining leaks of combustible gases. A combustible gas detector should be used for determining com-
bustible gas leaks in possibly hazardous conditions.

Description qty. cat.# price
Leak Detective™ II Leak Detector ea. 20413

✔ Affordable thermal conductivity leak detector—every analyst should have one.
✔ Compact, ergonomic design is easy to hold and operate.

✔ Detects helium, hydrogen, and nitrogen at 1x10-4cc/sec. or at an absolute concentration as
low as 100ppm.*

you to instantly zero the leak detector with a push of
a button, and the ergonomic design brings all the
controls to your fingertips for easy use. The unit
responds in less than two seconds to trace leaks of
gases with thermal conductivities different than air.
Helium, hydrogen, and nitrogen can be detected at

1x10-4cc/sec or at an absolute concentration as low
as 100ppm.* Leaks are indicated by an audible
alarm, as well as by an LED readout. For easy, sensi-
tive, and reliable leak detection, order a new Leak
Detective™ II electronic leak detector today.

*Nominal ID at syringe needle expulsion point.
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by Barry Burger, Petroleum Chemist, and Neil Mosesman, GC Columns Marketing Manager

Simplify Analyses of Permanent
Gases and Light Hydrocarbons

Using ShinCarbon ST Micropacked Columns

✔ Separate permanent gases, including CO/CO2, in 10 minutes, without cryogenic cooling.
✔ Rapid separations of permanent gas / light hydrocarbon mixtures.

✔ Excellent compatibility with most GC detectors—minimal bleed, minimal baseline rise.
✔ Pre-conditioned, less than 30 minutes to stabilize.

Analyzing the permanent gases oxygen, nitrogen,
methane, carbon monoxide, and carbon dioxide
has been virtually impossible for a single gas chro-
matography (GC) or gas solid chromatography
(GSC) column, without sub-ambient temperatures.
Porous layer open tubular (PLOT) or molecular
sieve-packed columns are capable of separating the
small molecules, such as oxygen and nitrogen, but

adsorb larger-molecule gases, such as carbon diox-
ide. Porous polymer-packed columns, such as
Hayesep® Q, D, or A or Porapak® Q, can be used to
analyze methane, carbon monoxide, and carbon
dioxide, but column lengths in excess of six meters
(20ft.) and sub-ambient conditions are required to
separate oxygen and nitrogen.

Now, Restek's new ShinCarbon ST material, a high
surface area carbon molecular sieve (~1500 m2/g),
is the ideal medium for separating gases and highly
volatile compounds by GSC. A 2-meter by 1mm ID

Ordering Information | ShinCarbon ST 100/120 Micropacked Columns
OD ID 1-Meter 2-Meter
1/16" 1.0mm 19809 19808

0.95mm 0.75mm 19810 —

OD ID 2-Meter
1/8" SilcoSmooth™ 2.0mm 80486-xxx

Figure 1
A ShinCarbon ST micropacked column sepa-

rates permanent gases in 10 minutes,
without cryogenic cooling.

Figure 2
ShinCarbon ST columns rapidly separate

light hydrocarbon / permanent gas mixtures.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det. HID @ 200°C

1. hydrogen
2. oxygen
3. nitrogen
4. carbon monoxide
5. methane
6. carbon dioxide

GC_PC00666

micropacked column containing ShinCarbon ST
separates the permanent gases in 10 minutes, with-
out need for cryogenic cooling (Figure 1).

In addition to providing a breakthrough in analyses
of permanent gases, ShinCarbon ST columns can be
used to separate light hydrocarbon / permanent gas
mixtures. Figure 2 shows an analysis of permanent
gases plus acetylene, ethylene, and ethane, complet-
ed in less than 20 minutes. Other potential applica-
tions for ShinCarbon ST include analyses of low
molecular weight sulfur compounds or Freon® fluo-
rocarbons.

ShinCarbon ST is a highly stable material. Its 330ºC
upper temperature limit minimizes bleed and base-
line rise during temperature programming, making
the material compatible with most detection sys-
tems used for gas analysis, including TCD or HID.
All ShinCarbon ST columns are fully conditioned in
an oxygen/moisture free environment to prevent
contamination. This minimizes stabilization time
(less than 30 minutes) when installing a new col-
umn which, in turn, minimizes downtime.

The unique properties of ShinCarbon ST make it an
ideal packing material for analyses of gases and
highly volatile compounds, including permanent
gases, low molecular weight hydrocarbons and sul-
fur compounds, and Freon® gases. The rapid,
above-ambient analyses these columns provide will
be a great convenience. Excellent thermal stability
of the high surface area carbon, combined with
careful conditioning during column manufacture,
ensures low-bleed operation and rapid stabilization
when installing a new column. Custom-made
ShinCarbon ST columns are available on request.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases plus C1+C2

hydrocarbons 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas:  helium
Flow rate:  10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det.: HID @ 200°C

1. oxygen
2. nitrogen
3. carbon monoxide
4. methane
5. carbon dioxide
6. acetylene
7. ethylene
8. ethane

GC_PC00665

General
Configuration:
SSuuffffiixx -880000

Agilent  5880,
5890, 5987, 6890:
SSuuffffiixx -881100

Varian 3700, Vista
Series, FID:
SSuuffffiixx -882200

PE 900-3920
Sigma 1,2,3:
SSuuffffiixx -883300

83/4"

PE Auto System
8300, 8400, 8700
(Not On-Column):
SSuuffffiixx -884400

6 1/2"

Ordering Information | ShinCarbon ST 80/100 Packed Columns

Column Configurations
Add the appropriate
suffix to the catalog
number when ordering
packed columns.
Contact us for custom
configurations.

Refer to our catalog or
website for

Scott gas standards for
permanent gases and

light hydrocarbons

2 3 4

Ordering Information | Installation Kits

Exclusive!

for 0.75mm
ID col.

for 1mm
ID col.

For valve applications 21062 21065
For split applications 21063 —
For all Agilent GCs 21064 —
For direct injections — 21066
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EPA Method 528 is a solid phase extraction
(SPE)/gas chromatography/mass spectrometry
screening method developed to measure 12 envi-
ronmentally important phenols in drinking water
and determine whether to regulate these contami-
nants in order to protect public health. Method 528
is an improvement over previous methods because

MS affords positive identification of all 12 phenols
without need for confirmation.*

Method 528 detection limits for phenols range from
0.02-0.58µg/L—concentrations below those need-
ed for drinking water monitoring, based on current
health effect information. Figure 1 illustrates an

analysis of the 12 phenols, at a concentration of
5ng/L. Several critical steps enable us to obtain
excellent peak shape and sensitivity at this low con-
centration:
1.Phenols tend to break down in the injection port

and exhibit excessive tailing and poor sensitivity.
We minimized contact with metal surfaces by
using a Drilled Uniliner® liner.** A press-tight
seal between the column and the liner eliminates
sample contact with the inlet seal. This improves
peak shape and increases sensitivity, relative to
other hot injection techniques.

2.Reducing the injection port temperature from
330°C to 220°C also contributed to transfer of
the phenols to the column with minimal thermal
degradation.

3.A pulsed splitless injection (50psi, 0.5 min.) rap-
idly transfers the analytes to the column inlet.

4.We set the initial temperature to 40°C to prevent
excessive tailing for the early eluting phenols.

5. All 12 phenols elute during the first temperature
ramp of 12°C/min.; the second ramp to 300°C
bakes out high molecular weight contamination.
The Rtx®-5Sil MS column performs at this high tem-
perature with low bleed and excellent inertness.***

We have developed a full set of standards for
Method 528—calibration standard, internal stan-
dard, analyte fortification solution, surrogate stan-
dard, and GC/MS tune check solution. MS sensitivity
to four of the phenols is significantly less than for
the others, so we incorporate these at a higher con-
centration, 500µg/mL, in the fortification solution.
Some of the substituted phenols exist as isomers
that have similar mass spectra, but can be differen-
tiated by retention time. The only coelutions are
deuterated surrogates, which do not share common
ions with the target analytes.

Because of the potential problems associated with
these analytes, Method 528 calls for a low bleed
column that provides adequate analyte separation.
Rtx®-5Sil MS column performance is characterized
by low bleed, excellent inertness, and high maxi-
mum operating temperature. A Drilled Uniliner®

liner significantly reduces the loss of active com-
pounds and ensures more precise results.

by Christopher English, Environmental Innovations Chemist, and Katia May, Ph.D., R&D Chemist

GC/MS Screening for Phenols
Using an Optimized Analysis

✔ Full complement of reference materials for US EPA Method 528.
✔ Fortification solution formulated based on MS sensitivity to each analyte.

✔ Rtx®-5Sil MS column allows phenols identification at 5ng on-column.

4-chloro-3-methylphenol
2-chlorophenol
o-cresol
2,4-dichlorophenol
2,4-dimethylphenol
2,4-dinitrophenol

2-methyl-4,6-dinitrophenol
2-nitrophenol
4-nitrophenol
pentachlorophenol
phenol
2,4,6-trichlorophenol

2,000µg/mL each in methylene chloride, 1mL/ampul

Phenol Calibration Mix 1, EPA 528

Each 5-pk. 10-pk.
31694 31694-510

w/data pack
31694-500 31694-520 31794

3-nitro-o-xylene 1,000µg/mL
2,3,4,5-tetrachlorophenol 2,000µg/mL
In methylene chloride, 1mL/ampul

Internal Standard Mix, EPA 528

Each 5-pk. 10-pk.
31696 31696-510 —

w/data pack
31696-500 31696-520 31796

4-chloro-3-methylphenol 100µg/mL
2-chlorophenol 100
o-cresol 100
2,4-dichlorophenol 100
2,4-dimethylphenol 100
2,4-dinitrophenol 500
2-methyl-4,6-dinitrophenol 500
2-nitrophenol 100
4-nitrophenol 500
pentachlorophenol 500
phenol 100
2,4,6-trichlorophenol 100
In methanol, 1mL/ampul

Phenols Fortification Mix, EPA 528

Each 5-pk. 10-pk.
31695 31695-510

w/data pack
31695-500 31695-520 31795

2-chlorophenol-d4 1,000µg/mL
2,4-dimethylphenol-d3 1,000
2,4,6-tribromophenol 2,000
In methanol, 1mL/ampul

Surrogate Standard Mix, EPA 528

Each 5-pk. 10-pk.
31697 31697-510

w/data pack
31697-500 31697-520 31797

decafluorotriphenylphosphine (DFTPP)
2,500µg/mL in methylene chloride, 1mL/ampul

SV Tuning Compound

Each 5-pk. 10-pk.
31001 31001-510

w/data pack
31001-500 31001-520 31101

Figure 1
Excellent sensitivity and peak shape for phenols at 5ng on-column, using an Rtx®-5Sil MS column

and Restek reference materials.
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1. phenol
2. 2-chlorophenol-3,4,5,6-d4 (SS)
3. 2-chlorophenol
4. 2-methylphenol
5. 2-nitrophenol
6. 2,4-dimethylphenol-3,5,6-d3 (SS)
7. 2,4-dimethylphenol
8. 2,4-dichlorophenol
9. 4-chloro-3-methylphenol

10. 1,2-dimethyl-3-nitrobenzene (IS#1)
11. 2,4,6-trichlorophenol
12. 2,4-dinitrophenol
13. 4-nitrophenol
14. 2,3,4,5-tetrachlorophenol (IS#2)
15. 2-methyl-4,6-dinitrophenol
16. 2,4,6-tribromophenol (SS)
17. pentachlorophenol

* Requirements for testing and analysis are outlined in Number 40 Code of Federal Regulations (CFR), Chapter 1, Part 141.40.
**For more information about Drilled Uniliner® inlet liners, see page 13.
***Rtx®-5Sil MS columns are listed on page 5.

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 528 analytes, 1µL, 5ppm 
Phenol Calibration Mix 1, EPA 528 (cat# 31694)
Internal Standard Mix, EPA 528 (cat# 31696)
Surrogate Standard Mix, EPA 528 (cat# 31697)

Inj.: 1.0µL pulsed splitless (hold 0.5
min.), 4mm Drilled Uniliner®

(cat.# 21055), pulsed pressure
50psi for 0.5 min.

GC: Agilent 6890 
Inj. temp.: 220°C
Carrier gas: helium, constant flow  
Flow rate: 1.3  mL/min. 
Oven temp.: 40°C (hold 1 min.) to 220°C @

12°C/min. (hold 0 min.) to 300°C
@ 30°C/min  (hold 1 min.) 

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 5.5 min.
Tune: DFTPP
Ionization: EI
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by Katia May, Ph.D., R&D Chemist, and Rebecca Wittrig, Ph.D., Food, Flavor, & Fragrance Innovations Chemist

New Reference Materials for Environmental and
Fragrance Analyses

System Evaluation Mix for Organochlorine Pesticides Analyses: US EPA Methods
508/508.1, 608, 617, 625, 1618, 1656, 8080A/8081, 8250A/8270B, CLP
✔ Designed for daily assessment of system performance.
✔ Reveals active sites in the injection port and/or GC column.
✔ Prepared in MTBE—low expansion volume helps minimize backflash.

Approximate Boiling Point/Carbon Number Distribution Marker Stock Standard:
Method TNRCC 1005 for TPH
✔ Easily determine the retention time window for each boiling point range.
✔ Prepared in n-pentane, according to EPA requirements.

New Fragrance Materials Association GC Performance Evaluation Test Mixture
✔ Performance evaluation for essential oils and fragrance chemicals.
✔ System Suitability Mixture for GC systems and analytical columns.
✔ Convenient 0.5mL quantity for easy dilution to recommended working solution.

Daily testing for DDT and endrin degradation, a
requirement of US EPA Methods 508/508.1, 608,
617, 625, 1618, 1656, 8080A/8081, 8250A/8270B,
and CLP, typically is performed by injecting the cali-

Aldehydes/Ketones DNPH Standard for US EPA Method TO-11A and 8315
✔ Use with HPLC analysis of carbonyl compounds in air.
✔ Convenient 15µg/mL concentration, similar to the concentration of interest in most ambient

air work.
✔ Certificate of Analysis lists both aldehyde/ketone and -DNPH derivative concentrations.

We offer this new fifteen-component standard for
Method TO-11A and Method 8315. A 150 x 4.6 mm
Ultra C18 HPLC column (cat.# 9174565) provides

n-hexane (C6)
n-dodecane (C12)

n-octacosane (C28)
n-pentatriacontane (C35)

200µg/mL each in pentane, 1mL/ampul

TNRCC 1005 Retention Time Markers Mix

Each 5-pk. 10-pk.
31698 31698-510 —

w/data pack
31698-500 31698-520 31798

4,4'-DDT 200µg/mL
endrin 100µg/mL
In MTBE, 1mL/ampul

Each 5-pk. 10-pk.
32417 32417-510 —

w/data pack
32417-500 32417-520 32517

Organochlorine Pesticide System Evaluation Mix

benzyl salicylate 362 parts*
cinnamic aldehyde 5 parts
cinnamic alcohol 3 parts
cinnamyl acetate 3 parts
ethyl butyrate 362 parts
eucalyptol 5 parts

geraniol 6 parts
hydroxycitronellal 50 parts
d-limonene 200 parts
thymol crystal 3 parts
vanillin 1 part
benzoic acid 1% of mix

Neat, 0.5mL in an amber ampul

Fragrance Materials Association Test Mix

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde

DNPH

formaldehyde-DNPH
hexaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

15µg/mL each in acetonitrile, 1mL/ampul

Aldehyde-Ketone-DNPH TO-11A Calibration Mix

Each
31808 $50

fast, reliable separations of formaldehyde, many
other aldehydes, and ketones.

bration mix and checking for degradation products.
Because we designed this new reference material
specifically for degradation testing, it provides bet-
ter quality control.

Complete set of Restek standards for Method TNRCC
1005 also includes: TPH Locator Mix (cat.# 31482),

TX TPH Calibration Mix (cat.# 31483), TX TPH
Matrix Spike Mix (cat.# 31484).

*parts per thousand

Figure 1
New test mix for essential oils and fragrance chemicals.

 

GC_FF00658

Rtx®-1701, 60m, 0.25mm ID, 0.25µm (cat.# 12026)
Sample: 5% FMA Test Mix (cat.# 31807) in acetone 
Inj.: 1.0µL split (split ratio 40:1), 4mm inlet

liner (cat.# 20814)
Inj. temp.: 285°C
Carrier gas: helium, constant flow  
Flow rate: 0.6mL/min.
Oven temp.: 50°C to 270°C @ 3°C/min. 
Det.: FID @ 300°C
Compound % in FMA Mix

1. ethyl butyrate 35.7
2. limonene 20.0
3. eucalyptol 0.5
4. geraniol 0.6
5. benzoic acid 1.0
6. cinnamic aldehyde 0.5
7. hydroxycitronellal 5.0
8. thymol 0.3
9. cinnamyl alcohol 0.3

10. cinnamyl acetate 0.3
11. vanillin 0.1
12. benzyl salicylate 35.7

The Fragrance Materials Association (FMA) has pro-
posed a standardized method that calls for analyzing
essential oils by capillary GC on both polar and non-
polar analytical columns. A performance evaluation
mixture should be used to determine the condition
of the chromatographic system, to aid in the detec-
tion of inlet problems, stationary phase degradation,
loss of resolution, changes in sensitivity, and the
presence of reactive sites in the sample pathway. We
have developed a performance evaluation test mix-
ture consistent with the mixture proposed by the
FMA. The required 5% test solution can be conve-
niently made by diluting the entire 0.5mL of neat
mixture to 10mL with acetone. The working solution
will be stable for up to one week if transferred to a
dark container and stored refrigerated.

Each 5-pk.
31807 31807-510
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Column Performance Test Mixture
✔ Five-component mix for characterizing HPLC column parameters.
✔ Simple, easy, reliable approach to QC evaluations or column classification.

by Vernon Bartlett, HPLC Innovations Manager, and Katia May, Ph.D., R&D Chemist

New Performance Test Mixtures
for Liquid Chromatography

HPLC Operational Qualification Test Mix for UV Detector Linearity
✔ Simple test of a detector's ability to produce a linear response to varied concentrations.
✔ Concentrations suitable for clear indication of linear range.

Sugar Column Performance Qualification Check Mix
✔ For simple sugar analysis by HPLC with refractive index detection.
✔ Use with a silica column with amino functionality, as recommended by AOAC International.
✔ Use as a calibration standard for AACC Method 80-04.
✔ Offered dry, for enhanced stability.

The National Institute of Standards and Technology
(NIST) has formulated a mixture of five organic
compounds that is highly effective for characteriz-
ing HPLC columns. The primary column parameters
measured by using the mixture are: efficiency, void
volume, methylene selectivity, retentiveness, and
activity toward chelators and organic bases. Results
obtained by using the mix can be used for column
classification, column selection during method
development, for monitoring column performance
over time, or for quality control during column
manufacturing.

We follow the NIST method for producing this mix,
and we test our material against the NIST 870 stan-
dard. Figure 1 shows the chromatographic profiles
for the Restek reference material and the NIST 870
standard are nearly identical.

Peak List: Conc. (mg/mL)
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

Column: Pinnacle II™ Amino
Catalog #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å
Conditions:
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C

LC_0223

AOAC International recommends an HPLC method
using refractive index (RI) detection and an amino-
based stationary phase for analyses of simple sugars,
i.e., the monosaccharides fructose and glucose and
the disaccharides sucrose, maltose, and lactose.

The performance qualification test (PQ), part of
laboratory instrument validation, determines the
precision of the HPLC system. Usually the PQ test
results show the retention time variations. Our new
performance check mix for PQ of HPLC / RI con-
sists of five simple sugars in varied concentrations.
Because sugar solutions are subject to bacteriologi-
cal degradation, we prepare the reference material
in water, lyophilize it, and pack it dry in small
(4mL) vials, for enhanced stability. To perform the
performance test, dissolve the material in 1mL ace-
tonitrile/water (75:25, v/v).

Figure 2 shows an excellent resolution of the sim-
ple sugars, achieved by using a Pinnacle II™ Amino
HPLC column (cat.# 9217365)—a propylamino
stationary phase bonded to 3µm silica. Because we
manufacture this new column from in-house syn-
thesized materials, we have strict control of col-
umn-to-column reproducibility.

Regulatory documentation for installation qualifica-
tion (IQ), operation qualification (OQ), and per-
formance qualification (PQ) verifies the system's
performance for regulatory agencies. An important
part of OQ for HPLC instruments is detector lineari-
ty. Analyzed compounds can vary in concentration,
so it is important that the detector produce linear
responses to concentration variations. Response
should be proportional to the concentration of the
analyte at constant injection volume.

For this purpose, Restek chemists developed a new
analytical standards kit consisting of 1mL each of five
aqueous solutions of caffeine at concentrations of 5,
25, 125, 250 and 500 µg/mL. These solutions are
convenient for linearity measurements, and can be
used to generate simple plots of response versus
concentration. Further, the correlation coefficient
between sample concentration and response is easily
calculated. Our Certificate of Analysis includes caf-
feine concentration (5–500µg/mL), calculated vari-
ance in preparing each mixture, a linearity plot, and
coefficient of determination (r2) for the linear plot.

Contains 1mL each of these mixtures.

HPLC OQ Linearity Test Mix Kit
Caffeine at five concentrations in a five ampul kit at 5.0, 25.0,
125.0, 250.0, 500.0 µg/mL in water. Used to determine UV detector
linearity. Sold only as a kit.

Kit
31805

amitriptyline
hydrochloride 2800µg/mL

ethylbenzene 1700

quinizarin 94
toluene 1400
uracil 28

In methanol, 1mL/ampul

HPLC Performance Test Mix

Each 5-pk. 10-pk.
31699 31699-510 —

w/data pack
31699-500 31699-520 31799

glucose 2.0µg/mL*
fructose 2.1
lactose 4.4

maltose 4.5
sucrose 4.0

Dry components in 4mL screw-cap vial.

Sugar Column Performance Check Mix

Each
31809

Figure 2
Excellent performance for simple sugars, using a

Pinnacle II™ Amino HPLC column.
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Peak List: Conc. (µg/mL)
1. uracil 28
2. toluene 1400
3. ethylbenzene 1700
4. quinizarin 94
5. amitriptyline 2800

Sample: HPLC Performance Text Mix (cat.# 31699)
Inj.: 5.0µL
Sample diluent: methanol

Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions: Mobile phase: A: 5mM potassium
phosphate, pH 7.0
B: MeOH
20%A: 80%B

Flow: 2.0mL/min.
Temp.: 23°C
Det.: UV @ 254nm

LC_0242

LC_0244

Figure 1
Restek HPLC Column Performance Test Mixture

matches NIST 870 standard.

NIST Mix

Restek
Mix

*Final concentration when reconstituted in 1mL ace-
tonitrile:water (75:25) v/v.

Sample: Sugar Column
Performance Check Mix
(cat.# 31809)
Inj.: 5µL



Figure 1
Silcosteel®-CR coated 316L stainless steel

shows greater than 10-fold better resistance
to HCl, compared to untreated stainless steel,

and a 4-fold improvement, compared to
Silcosteel®-coated stainless steel.
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by Gary Barone, Metals Passivation Group Product Marketing Manager

Silcosteel®-CR Tubing & Fittings
Enhanced Resistance to Inorganic Acids

✔ Use to resist hydrochloric, sulfuric, and nitric acids.
✔ Reduces system maintenance and downtime.

✔ Tubing and many fittings in stock; custom coating service available.

In our continuing program of developing surface
technologies, Restek introduces this line of highly

corrosion resistant fittings
and tubing. Silcosteel®-CR*
coating is optimized to
enhance resistance to
hydrochloric, sulfuric, and
nitric acids (Figure 1).

Tubing and fittings used in
the presence of these

destructive acids require frequent inspection and
replacement. The Silcosteel®-CR coating, applied to
widely-used Parker A-lok fittings and seamless 316L
stainless steel tubing, adds an order of magnitude of
protection against corrosive attack.

Silcosteel®-CR treatment involves a unique deposi-
tion process that completely covers the exposed sur-
face of the tubing or fitting and prevents contact
between the acids and the surface. The Silcosteel®-
CR coating itself is insoluble in these acids, and its
application provides an unmatched layer of protec-
tion to stainless steel.

Custom Silcosteel®-CR coating service is available.
Please contact our technical service department or
your local Restek representative to inquire about
having your items Silcosteel®-CR protected.

Description qty. cat.# price
1/16" Union ea. 22863
1/8" Union ea. 22864
1/4" Union ea. 22865
1/16" Tee ea. 22866
1/8" Tee ea. 22867
1/4" Tee ea. 22868

1/8" to 1/16" Reducer ea. 22869
1/4" to 1/16" Reducer ea. 22870
1/4" to 1/8" Reducer ea. 22871

1/8" Cross ea. 22872
1/4" Cross ea. 22873
1/16" Elbow ea. 22874
1/8" Elbow ea. 22875
1/4" Elbow ea. 22876
1/16" Plug ea. 22877
1/8" Plug ea. 22878
1/4" Plug ea. 22879
1/8" to 1/16" Tube End Reducer ea. 22880
1/4" to 1/16" Tube End Reducer ea. 22881
1/8" to 1/4" Tube End Reducer ea. 22882
1/4" to 1/8" Tube End Reducer ea. 22883
1/8" Port Connector ea. 22884
1/4" Port Connector ea. 22885
1/8" to 1/4" Port Connector ea. 22886
1/8" to 1/8" Male NPT Union ea. 22887
1/4" to 1/4" Male NPT Union ea. 22888
1/16" to 1/8" Male NPT Union ea. 22889
1/8" to 1/4" Male NPT Union ea. 22890
1/4" to 1/8" Male NPT Union ea. 22891
1/8" to 1/8" Female NPT Union ea. 22892
1/4" to 1/4" Female NPT Union ea. 22893
1/4" to 1/8" Female NPT Union ea. 22894
1/8" to 1/4" Female NPT Union ea. 22895

Ordering Information | Silcosteel®-CR Fittings

Ordering Information | Silcosteel®-CR Seamless 316L Stainless Steel Tubing

*Patent pending.

Please note: An extra charge is applied for cutting
Silcosteel®-CR tubing. The charge is calculated from the
total number of pieces produced from cutting, for each
line item, as follows:

5 to 15 pieces $50 additional
16 to 30 pieces $100 additional
31 to 75 pieces $150 additional
76 to 99 pieces $200 additional
100 to 200 pieces $250 additional

Price-per-foot by length
ID OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.

0.055" (1.40mm) 1/8" (3.18mm)** 22896
0.180" (4.57mm) 1/4" (6.35mm)** 22897

**0.035" wall thickness

Corrosion Rates: ASTM G31-72(99),
Immersion in 37.1% HCl

New Restek Catalog
By the time you receive this Advantage, the corners
of your 2003 Restek catalog should already be dog-
eared. Bigger and better than last year, it features
chromatography columns, accessories, and refer-
ence chemicals introduced throughout 2002 in the
RESTEK Advantage, plus many other items to make
life in your laboratory easier. And, it's not too soon
to start thinking of good, practical gifts for your co-
workers—the 2003 holiday season will be here
before you know it!

If you haven't received your catalog, it's lost in the
mail, or your colleagues have it. Call or fax us, and
we’ll be sure you get one (lit. cat.# 59473).
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Mutagenic, carcinogenic, and pervasive in the mod-
ern environment, polynuclear aromatic hydrocar-
bons (PAHs) are emitted by many sources of com-
bustion, including heating devices that burn fossil
fuels and internal combustion engines in motor

vehicles. Because they are universal, PAHs are ana-
lyzed in many air, water, and soil matrices.
Environmental samples often contain complex mix-
tures of PAHs that are difficult to resolve, due to
considerable structural similarity among the various

Reproducible Analyses of
Polynuclear Aromatic Hydrocarbons
Using Pinnacle II™ PAH HPLC Columns and

Restek Reference Standards
by Terrence S. Reid, Innovations Team Chemist

✔ Special-purpose HPLC columns resolve 16 PAHs to baseline.
✔ In-house-manufactured silica ensures reproducible column performance.

✔ Three reference standards—choose the concentrations best suited to your need.

Pinnacle II™ PAH 5µm Columns
2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# price
100mm — 9219513 9219515
150mm — 9219563 9219565
200mm — 9219523 9219525
250mm 9219572 9219573 9219575

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

2,000µg/mL each in methylene chloride, 1mL/ampul

SV Calibration Mix #5 (16 components)
3/90 and 4/89 SOW

Each 5-pk. 10-pk.
31011 31011-510 —

w/data pack
31011-500 31011-520 31111

acenaphthene 1000µg/mL
acenaphthylene 1000
anthracene 1000
benzo(a)anthracene 500
benzo(a)pyrene 500
benzo(b)fluoranthene 500
benzo(k)fluoranthene 500
benzo(ghi)perylene 500

chrysene 500
dibenzo(a,h)anthracene 500
fluoranthene 500
fluorene 1000
indeno(1,2,3-cd)pyrene 500
naphthalene 1000
phenanthrene 500
pyrene 500

In methylene chloride, 1mL/ampul

610 PAH Calibration Mix A
(16 components)

Each 5-pk. 10-pk.
31264 31264-510 —

w/data pack
31264-500 31264-520 31364

acenaphthene 1000µg/mL
acenaphthylene 2000
anthracene 100
benzo(a)anthracene 100
benzo(a)pyrene 100
benzo(b)fluoranthene 200
benzo(k)fluoranthene 100
phenanthrene 100

benzo(ghi)perylene 200
chrysene 100
dibenzo(a,h)anthracene 200
fluoranthene 200
fluorene 200
indeno(1,2,3-cd)pyrene 100
naphthalene 1000
pyrene 100

In methylene chloride:methanol (1:1), 1mL/ampul

610 PAH Calibration Mix B
(16 components)

Each 5-pk. 10-pk.
31455 31455-510 —

w/data pack
31455-500 31455-520 31555

Figure 1
Pinnacle II™ PAH columns provide reproducible, baseline resolution of the 16 PAHs listed in US

EPA Method 610.

Sample:
Inj.: 610 PAH Calibration Mix A (cat.# 31264), 5µL
Sample diluent: methylene chloride:acetonitrile (1:9, v/v)
Column: Catalog #: 9219563

Dimensions: 150 x 3.2mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: water; B: acetonitrile

Time: %B
0 40
30 100
40 100
41 40
51 40

Flow: 0.5mL/min
Temp.: 30°C (or ambient)
Det.: UV @ 254nm

LC_0243

Ret. Time (min.) Conc.
Peak List: Lot 1 Lot 2 Lot 3 (µg/mL)

1. naphthalene 11.95 12.17 11.80 100
2. acenaphthylene 13.41 13.65 13.26 100
3. acenaphthene 15.61 15.89 15.45 100
4. fluorene 16.09 16.31 15.92 100
5. phenanthrene 17.41 17.61 17.23 50
6. anthracene 18.80 18.92 18.61 100
7. fluoranthene 20.23 20.39 20.03 50
8. pyrene 21.31 21.46 21.11 50
9. benzo(a)anthracene 24.88 24.87 24.65 50

10. chrysene 25.64 25.54 25.40 50
11. benzo(b)fluoranthene 28.62 28.53 28.35 50
12. benzo(k)fluoranthene 29.97 29.74 29.70 50
13. benzo(a)pyrene 31.26 31.02 30.97 50
14. dibenzo(a,h)anthracene 33.09 32.74 32.81 50
15. benzo(ghi)perylene 34.46 34.24 34.16 50
16. indeno(1,2,3-cd)pyrene 35.19 34.85 34.91 50

analytes. Reversed phase HPLC is the favored
approach for analyses of PAHs because this tech-
nique can discriminate among the closely related
compounds, on the basis of molecular shape. US
Environmental Protection Agency Method 610, for
example, calls for reversed phase HPLC for analyses
of the 16 PAHs listed in Figure 1.

We developed the newest addition to our Pinnacle
II™ HPLC product line, the Pinnacle II™ PAH col-
umn, specifically for these demanding analyses. The
Pinnacle II™ PAH stationary phase is a specialized
polymeric C18 bonding that uses unique shape
selectivity to provide baseline resolution of all 16
PAHs in EPA Method 610. Further, we make
Pinnacle II™ PAH columns using silica we manufac-
ture ourselves, at our Bellefonte, PA facility. By mak-
ing our own silica, we have greater control over
both quality and reproducibility. Pinnacle II™ PAH
columns provide the same selectivity as our original
Pinnacle™ PAH columns, but greater reproducibility.

Lot-to-lot reproducibility of performance for
Pinnacle II™ PAH columns is excellent, as shown in
Figure 1. Each of the three lots of columns repre-
sented has provided baseline resolution of the 16
PAHs listed in Method 610, using a simple, linear
water/acetonitrile mobile phase gradient.

In addition to these special-purpose HPLC columns,
Restek manufactures three analytical reference mixes
for EPA Method 610. The mixes differ in concentra-
tions, but each contains all 16 listed PAHs, packaged
in convenient 1mL ampuls. The sample used to
obtain Figure 1 is 610 PAH Calibration Mix A.

If you are analyzing PAHs, the information present-
ed here shows Restek can provide both the reliable,
cost-effective HPLC columns and the chemical stan-
dards you need.

(Mix A)

lot 1

lot 2

lot 3
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by Rebecca Wittrig, Ph.D., Food, Flavor & Fragrance Innovations Chemist

High-Resolution Analysis of Fatty
Acid Methyl Esters (FAMEs)

Using an Rt-2560 Capillary GC Column to
Resolve cis and trans Isomers

✔ Highly polar Rt-2560 column meets analysis requirements of AOAC Method 996.06.
✔ Column suitable for determining fatty acid composition or total trans fat.

✔ Reference materials formulated for calibrating the GC system and identifying isomers.

Modern requirements for characterizing fats and
oils and determining the total fat content in foods
call for highly efficient separations offered by capil-
lary GC columns. A properly chosen column can
provide accurate information about complex fat or
oil samples, e.g., total fat content, trans fat content,
or total omega-3 polyunsaturated fatty acid content.
Carbowax®-type (polyethylene glycol) stationary
phases typically are used for separating, identifying,
and quantifying saturated and unsaturated fatty acid
methyl esters (FAMEs). More polar biscyanopropyl
phases, typically in longer columns, are needed to
resolve cis and trans isomers of polyunsaturated
components, for determining total fat content, or
for quantifying total trans fat.

Individual cis and trans FAME isomers are effective-
ly resolved on a 100-meter Rt-2560 column, making
this the column of choice for analyzing partially
hydrogenated oils. The highly polar biscyanopropyl
phase gives the selectivity needed for resolving these
isomers, such as the cis and trans forms of C18:1.
The trans isomers elute before the cis isomers,
opposite of their elution order on Carbowax®-based
phases such as Rtx®-Wax or FAMEWAX®.

AOAC Method 996.06, the specified method for
determining the total fat content of a food for nutri-
tional labeling purposes, calls for determining total
fat content based on fatty acid content, after the
fatty acids are converted to methyl esters.1 The 100-

meter Rt-2560 column meets the requirements of
this procedure. An Rt-2560 column also allows
quantification of total trans content. Note that Rtx®-
2330 columns, our slightly less polar 90% bis-
cyanopropyl phase columns, also resolve cis and
trans FAME isomers. On Rtx®-2330 columns, as on
Rt-2560 columns, the trans forms of the FAMEs
elute before the cis forms.

To calibrate the GC system for assays of this type,
use a FAME mixture such as our Food Industry
FAME Mix, a 37-component mixture of FAMEs typi-
cally encountered in vegetable, animal, and marine
fats and oils, or our 28-component NLEA FAME Mix
(Figure 1). Each of these standards includes a gravi-
metric certificate of analysis to help ensure accurate
quantification. To ensure correct identifications of
individual cis and trans isomers of C18:1, use our
cis/trans Isomer Mix.

Whatever your fat or oil analysis requirements,
Restek can provide high-performance analytical
columns and reference standards that will help you
to accurately characterize your materials.

1. Official Methods of Analysis, 17th edition, AOAC International, 2000.

Ordering Information | Rt-2560 Column (Fused Silica)
ID df (µm) temp. limits 100-Meter

0.25mm 0.20 20 to 250°C 13199

Compound Qty. (%)
C4:0 1.5%
C6:0 1.5%
C8:0 2.0%
C10:0 2.5%
C11:0 2.5%
C12:0 5.0%
C13:0 2.5%
C14:0 2.5%
C14:1(cis-9) 1.5%
C15:0 1.5%
C16:0 10.0%
C16;1(cis-9) 5.0%
C17:0 2.5%
C18:0 5.0%

Compound Qty. (%)
C18:1(trans) 2.5%
C18:1(cis) 15.0%
C18:2(trans) 2.5%
C18:2(cis) 10.0%
C18:3 5.0%
C20:0 2.5%
C20:1 1.5%
C20:5 2.5%
C22:0 2.5%
C22:1 1.5%
C22:6 2.5%
C23:0 1.5%
C24:0 2.5%
C24:1 2.5%

30mg/mL total in methylene chloride, 1mL/ampul

NLEA FAME Mix (28 components)

ea.
35078

Compound Qty. (%)
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9.12) 2.0

Compound Qty. (%)
C18:2(all-cis-9,12) 2.0
C18:3(all-cis 6,9,12) 2.0
C18:3(all-cis 9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis 11,14,) 2.0
C20:3 (all-cis 8,11,14) 2.0
C20:3(all-cis 11,14,17) 2.0
C20:4(all-cis 5,8,11,14) 2.0
C20:5(all-cis 5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis 13) 2.0
C22:2(all-cis 13,16) 2.0
22:6(all-cis4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0

30mg/mL total in methylene chloride, 1mL/ampul

Food Industry FAME Mix (37 components)

ea.
35077

Compound Qty. (%)
methyl elaidate (C18:1 trans-9) 10.0%
methyl linoleate (C18:2 cis-9,12) 20.0%
methyl oleate (C18:1 cis-9) 10.0%
methyl petroselinate (C18:1cis-6) 8.0%
methyl petroselaidate (C18:1trans-6) 8.0%
methyl stearate (C18:0) 20.0%
methyl transvaccenate (C18:1 trans-11) 12.0%
methyl vaccenate (C18:1 cis-11) 12.0%
10mg/mL total in methylene chloride, 1mL/ampul

cis/trans FAME Mix (8 components)

ea.
35079

Figure 1
NLEA FAME Mix contains the components needed to standardize fat-by-fatty acid composition

methods, such as AOAC Method 996.06.

   

Column: Rt-2560 100m, 0.25mm ID, 0.2µm  (cat.# 13199)
Sample: NLEA FAME Mix (cat.# 35078) 30mg/mL total FAMEs in

methylene chloride 
Inj.: 1.0µL split (split ratio 100:1), 

4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2 mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C 

@ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

1. C4:0  methyl butyrate
2. C6:0  methyl heanoate
3. C8:0  methyl octanoate
4. C10:0  methyl decanoate
5. C11:0  methyl undecanoate
6. C12:0  methyl laurate
7. C13:0  methyl tridecanoate
8. C14:0  methyl myristate
9. C14:1  methyl myristoleate (cis-9)

10. C15:0  methyl pentadecanoate

11. C16:0  methyl palmitate
12. C16:1  methyl palmitoleate (cis-9)
13. C17:0  methyl heptadecanoate
14. C18:0  methyl stearate
15. C18:1  methyl elaidate (trans-9)
16. C18:1  methyl oleate (cis-9)
17. C18:2  methyl linoelaidate (trans-9,12)
18. C18:2  methyl linoleate (cis-9,12)
19. C20:0  methyl arachidate
20. C20:1  methyl eicosenoate (cis-11)

21. C18:3  methyl linolenate (cis-9,12,15)
22. C22:0  methyl behenate
23. C22:1  methyl erucate (cis-13)
24. C23:0  methyl tricosanoate
25. C24:0  methyl lignocerate
26. C20:5  methyl eicosapentaenoate 

(cis-5,8,11,14,17)
27. C24:1  methyl mervonate (cis-15)
28. C22:6  methyl docosahexaenoate 

(cis-4,7,10,13,16,19)

GC_FF00651
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Plus 1™ means that we will surpass your expec-
tations every time you contact us. Looking for

the solution to your tough analytical problem or
placing a late-day order? Contact us to

experience Plus 1™ service today! 

Articles on pages 4 and 7 of this Advantage
describe analyses of phenols and active semivolatile
organic compounds that are notoriously difficult to
analyze, particularly at low concentrations. Low-
level injections reduce sensitivity for these com-

pounds, due to degradation or irreversible adsorp-
tion in the injection port. Residues of heavier and
non-volatile materials often build up at the bottom
of the injection port, leaving a reactive surface that
can cause active compounds to break down.

To circumvent this problem, we use a deactivated,
Drilled Uniliner® inlet liner (Figure 1) in the inlet,
in place of a standard splitless inlet liner, to mini-
mize sample exposure to the hot metal surfaces of
the injection port. A Drilled Uniliner® liner makes a
press-fit connection between column and liner,
eliminating the primary source of analyte break-
down. This physical connection between column
and liner also improves sensitivity, by minimizing
injection port discrimination. Further, with a Drilled
Uniliner® inlet liner less of the injected sample is
vented, should you need to switch from splitless to
split mode to sweep remaining solvent from the
inlet. This too contributes to greater sensitivity.

We tested the performance of a system that included
a Drilled Uniliner® inlet liner, using a mixture of
chlorinated pesticides at 20, 40, and 200ng/mL con-
centrations (Restek Advantage 2002v4). The per-
cent difference between the observed value and the
"true" value for each analyte ranged from 0% to a
maximum of only 6.4%. The system that included the
Drilled Uniliner® inlet liner reduced endrin and DDT
breakdown, relative to systems that included splitless
liners (Table 1), because a splitless liner allows the
analytes to contact active surfaces in the inlet. Wool
packing in the splitless liner aggravates this problem,
by greatly increasing the surface area within the liner
and introducing additional active sites.

In addition to reducing variability and increasing
accuracy of calibration data, a Drilled Uniliner®

inlet liner increased overall response for individual
analytes, enhancing minimum detection levels com-
pared to standard splitless inlet liners. In the pesti-
cides test, area counts for the last eluting peak,
decachlorobiphenyl, were greater by 18-39% when
a Drilled Uniliner® inlet liner was used, relative to
area counts for injections made on splitless liners
(Table 1).

By eliminating the bottom of the injector from the
sample pathway, a Drilled Uniliner® inlet liner
makes the pathway more inert. This can increase
accuracy and precision, and reduce breakdown of
active analytes, relative to hot flash injection tech-
niques. If you are conducting analyses of phenols,
chlorinated pesticides, or other active analytes,
these results clearly show that a Drilled Uniliner®

inlet liner could be the liner of choice.

by Gary Stidsen and Lydia Nolan, Innovations Team

Improved Responses for Active
Analytes

Using a Drilled Uniliner® GC Inlet Liner
✔ Less breakdown of active compounds, for more accurate results.

✔ Greater sensitivity, for lower detection limits.
✔ Minimal injection port discrimination.

DI Liners for Agilent 5890 & 6890 GCs
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD &
Length (mm)

cat.#/price
ea.

cat.#/price
5-pk.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5

21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5

21390-214.1 21391-214.5

Hole makes
direct injection
possible with
EPC-equipped
Agilent 6890

GCs!

% Breakdown Drilled 4mm splitless 4mm splitless
Analyte Column Uniliner® with wool
Endrin Rtx®-CLPesticides 4.4 4.7 9.8

Rtx®-CLPesticides2 4.9 6.9 8.3
DDT Rtx®-CLPesticides 0.2 0.3 2.6

Rtx®-CLPesticides2 0.3 0.9 3.1

Response— Mean response; value in table x 103 = response units.
Drilled 4mm splitless 4mm splitless

Analyte Column Uniliner® with wool
Tetrachloro-m- Rtx®-CLPesticides 147 111 106

xylene (TCMX) Rtx®-CLPesticides2 191 167 162
Decachloro- Rtx®-CLPesticides 150 119 108

biphenyl (DCB) Rtx®-CLPesticides2 209 177 166

Table I
Lowest breakdown of endrin and DDT, and highest responses for analytes, using a Drilled

Uniliner® inlet liner.

*Nominal ID at syringe needle expulsion point.

Figure 1
Reduce the loss of active analytes—use a Drilled Uniliner® inlet liner.

Visit us at Pittcon® 2003!
Booth #6151

See our website for more information about
• Technical presentations

• Workshops
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by Donna Lidgett, GC Accessories Marketing Manager

Peak Performers
Injection Ports for Agilent GCs

Is it time to replace your injector? Restek’s high-quality stainless steel split/splitless injectors are direct
replacements for Agilent 5890 and 6890/6850 GCs. Our replacement parts meet or exceed Agilent original
equipment performance. For a truly inert sample pathway, we offer Silcosteel®-treated injectors. Silcosteel®

treatment passivates the metal surface to deliver superior performance.

Direct Replacement Split/Splitless Injection Port for Agilent 5890 GCs

*For use with manual flow or EPC on Agilent 5890 GCs. For use with manual flow only on Agilent 6890/6850 GCs.
**Coated with Restek’s exclusive Silcosteel® coating for increased inertness.

Direct Replacement Split/Splitless Injection Port for Agilent 6890/6850 GCs

A

B

C

D

E

F

Injector Wrench for Agilent 5890/6890/6850 GCs
• Use to remove the septum nut and weldments during GC maintenance.
• High-quality stainless steel construction.
• Meets original equipment specifications.

Description
Similar to 

Agilent part # qty. cat.# price
Injector Wrench for Agilent 5890/6890/6850 GCs 19251-00100 ea. 22065

Heater Cartridge & PRT Sensor for Agilent 5890 GCs
• Use with 5890 FID and split/splitless weldments.
• Meets or exceeds OEM specifications.
Description

Similar to 
Agilent part # qty. cat.# price

Injector/FID Heater/PRT Sensor Assembly 05890-61140 ea. 22068
A) Injector/FID Heater 19231-60620 ea. 22069
B) Injector/FID PRT Sensor 19231-60660 ea. 22070

B

A

To eliminate possible leaks and damage to the weldment, always replace split vent line, nut, and ferrule when
installing a new shell weldment.

Replacement Chemical Trap for Agilent GCs
• Easy to install.
• Replaces original equipment.
Description

Similar to
Agilent part # qty. cat.# price

G) Optional Split Vent Trap Assembly (for use with large
canister-type filter) G1544-60610 kit 23031
H) Replacement Traps (2) and O-rings (4) G1544-80530 kit 23032

G

H

Similar to
Description Agilent part # qty. cat.# price
A) Replacement Weldment* 19251-60575 ea. 20265
Silcosteel® Weldment* 19251-60575** ea. 20267
B) Replacement Shell Weldment 19251-80570 ea. 20266
Silcosteel® Shell Weldment 19251-80570** ea. 20268
O-rings for Agilent Trap Fittings 5180-4181 25-pk. 22064

Similar to
Description Agilent part # qty. cat.# price
C) Replacement Weldment with EPC G1544-60575 ea. 22674
Silcosteel® Weldment with EPC G1544-60575** ea. 22672
D Replacement Weldment* 19251-60575 ea. 20265
Silcosteel® Weldment* 19251-60575** ea. 20267
E) Replacement Shell Weldment G1544-80570 ea. 22673
Silcosteel® Shell Weldment G1544-80570** ea. 22671
F) Optional Split/Splitless Weldment (for use with large
canister type filter) G1544-60585 ea. 22686
Silcosteel® Optional Split/Splitless Weldment (for use with large
canister type filter) G1544-60585** ea. 22670
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

tools For Easier GC
Maintenance Try These

Tools from Restek

Sapphire Scribe

• Four long-lived sapphire cutting edges.
• Produces a clean, square cut in fused silica tubing.
• Clips in shirt or lab coat pocket—no hunting for a

scribe when you need one.

Septum Puller

• Ideal to keep on hand in your laboratory—can be used in so
many different ways.

• Hooked end can be used for removing septa and O-rings;
sharp, pointed end works well for removing stuck ferrule
fragments.

Dislodge a stuck ferrule quickly and easily - with-
out scoring the fitting.

Remove septa without damaging an
expensive weldment.

One quick stroke... ...and tap leaves a clean, square end.

These small canisters are designed for controlled
sampling, such as personal air sampling, as an alter-
native to tube and pump samplers. The 1000cc canis-
ter is suitable for sampling volatile organic com-
pounds in air according to US EPA Methods TO-14
and TO-15.

Miniature Air Sampling Canisters with Quick Connect Stem Fitting
Description Volume qty. cat.# price
Electro-Polished Miniature Canister with Quick-Connect Stem Fitting 400cc ea. 24188
Sulfinert™-Coated Miniature Canister with Quick-Connect Stem Fitting 400cc ea. 24189
Sulfinert™-Coated Miniature Canister with Sulfinert™-Treated Quick-Connect Stem Fitting 400cc ea. 24190
Electro-Polished Miniature Canister with Quick-Connect Stem Fitting 1000cc ea. 24194
Sulfinert™-Coated Miniature Canister with Quick-Connect Stem Fitting 1000cc ea. 24195
Sulfinert™-Coated Miniature Canister with Sulfinert™-Treated Quick-Connect Stem Fitting 1000cc ea. 24196

Miniature Air Sampling Canisters with Metal-Seated Diaphragm Valve
Description Volume qty. cat.# price
Electro-Polished Miniature Canister with Metal-Seated Diaphragm Valve 400cc ea. 24191
Sulfinert™-Coated Miniature Canister with Metal-Seated Diaphragm Valve 400cc ea. 24192
Sulfinert™-Coated Miniature Canister with Sulfinert™-Treated Diaphragm Valve 400cc ea. 24193
Electro-Polished Miniature Canister with Metal-Seated Diaphragm Valve 1000cc ea. 24197
Sulfinert™-Coated Miniature Canister with Metal-Seated Diaphragm Valve 1000cc ea. 24198
Sulfinert™-Coated Miniature Canister with Sulfinert™-Treated Diaphragm Valve 1000cc ea. 24199

by Donna Lidgett, Air Monitoring Products Marketing Manager

Mini Air Sampling Canisters
Available with Sulfinert™ Treatment

✔ Ideal for indoor air, personal, emergency response, or soil gas sampling.
✔ 400cc or 1000cc.

✔ Available with quick-connect fitting (compatible with sampling and analysis instru-
ments) or diaphragm valve.

Restek offers these products in stainless steel or with
Sulfinert™ coating for greatest inertness. We continue
to offer passive coating technologies that are
unmatched in the air sampling industry—try a
Sulfinert™-treated canister and achieve the ultimate
in analyte stability.

✔ Assembling a
sampling train.

✔ Field sampling.
✔ Cleaning and certifying

the sampling train and
canister.

Request our new, free technical guide, A Guide to
Passive Air Sampling, Using Canisters (lit.
cat.#59977A).

Helpful information
about air sampling!

cat.# 20182, (ea.) 

cat.# 20117, (ea.) 
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Roger Greene Returns
from Service in Kuwait

Restek gratefully salutes Roger, per-
sonal trainer, who has just returned
from a tour of duty with the US Air
Force 913th Security Force
Squadron, in Kuwait. A letter to
Restek from the Air Force expressed
thanks to Roger for his service. We
thank you too, Roger.

Other Restekians also have completed tours with
our armed forces: Ken Herwehe, Tad Lucas, Alvira
Peak, and Pete Zucco.

Want to Help Military
Families Overseas?
Living overseas on military pay is not easy, and
these families don’t receive Sunday newspaper
coupon inserts to help them stretch their budgets.
Here's an easy way to help those that are serving
away from home: Visit
www.siteforsavings.com/content_mas/hlphand.htm
for details, then clip the manufacturers' coupons
from your newspaper inserts and send the ones you
won't use to one of the addresses listed on the web-
site—they are accepted in military commissaries,
which carry many of the same brands offered in the
States. If you have coupons that recently expired,
they're still good—the commissaries will accept
coupons up to six months after the expiration date.

RESTEKBehind the Scenes

Restek Supports
Region’s Cyclists
The Nittany Velo Club is a bicycle racing club/team
whose membership includes just about every “seri-
ous” cyclist in Centre County, PA. For the past two
years, Restek has sponsored the NVC, helping to
defray the costs of traveling to races, entry fees, jer-
seys, equipment, etc., and helping the club stage
their own cycling events and activities. The NVC
performs about 500 man-hours of trail mainte-
nance work in Rothrock State Forest annually and
organizes the “Mount Nittany Classic,” a 70 mile
road race that will be held on April 27, 2003, on a
circuit of Centre County back roads in the shadow
of Mount Nittany. If you're in the neighborhood,
stop by to watch—or join the race.

Recommendations for Living, from the Dalai Lama
We couldn't persuade our colleagues to share their New Year's resolutions, so we went with an expert's advice.
More in our next Advantage!
1. Take into account that great love and great achievements involve great risk.
2. When you lose, don't lose the lesson.
4. Remember that not getting what you want is sometimes a wonderful stroke of luck.
7. When you realize you've made a mistake, take immediate steps to correct it.
8. Spend some time alone every day.

10. Remember that silence is sometimes the best answer.
14. Share your knowledge. It’s a way to achieve immortality.
15. Be gentle with the earth.
16. Once a year, go someplace you've never been before.
17. Remember that the best relationship is one in which your love for each other exceeds your need for each other.
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Produits innovants pour 
la chromatographie.

by Greg France, HPLC Products Marketing Manager

Nouvelles colonnes HPLC Pinnacle™ DB
Excellentes performances pour l’analyse 

des composés basiques
✔ Afin de contrôler totalement la qualité de ses colonnes, Restek fabrique sa propre silice.
✔ Un procédé de fabrication spécifique assure des pics fins et symétriques pour les analytes basiques.
✔ Une large gamme de colonnes disponibles, des colonnes “narrow bore” à la préparative.

Avec le développement des colonnes Pinnacle II™,
Restek a rejoint le cercle très fermé des quelques
sociétés qui fabriquent leur propre silice. Nous pen-
sons que pour réellement maîtriser la qualité de ses
colonnes HPLC, un fabricant doit contrôler dans son
ensemble le processus de fabrication, à commencer
par la silice dont les caractéristiques et performan-
ces doivent être constantes.

Restek a récemment développé les colonnes
Pinnacle™ DB en utilisant sa propre silice. La silice

Pinnacle™ DB bénéficie d’un traitement de
désactivation basique performant

qui est indispensable à un
grand nombre d’applications

difficiles. Elle est idéale
pour les analyses de com-
posés basiques ou des
mélanges polyfonctionnels.

Le procédé utilisé pour la
fabrication de la silice

Pinnacle™ DB permet de créer
un support désactivé vis-à-vis des

bases ayant des caractéristiques très
intéressantes. La désactivation vis-à-vis des bases et
la bonne capacité de transfert de masse des parti-
cules de la silice Pinnacle™ DB lui permettent de

séparer et d’éluer les composés basiques et notam-
ment de nombreux produits pharmaceutiques, sans
traînée de pics notable et sans recourir à des modi-
ficateurs de phase mobile comme le tétrabutylam-
monium (TBA). Le tableau I (page 2) résume les
caractéristiques physiques de la silice Pinnacle™ DB.

Un mélange test pyridine/phénol est couramment
utilisé pour démontrer l’aptitude de la colonne à
séparer les pics et prévoir la forme des pics des
composés basiques. La Figure 1 compare la sépara-
tion pyridine/phénols obtenue avec une colonne
Pinnacle™ DB C18 à celle produite avec une colonne
C18 sans désactivation basique. Les pics fins et
symétriques obtenus avec la colonne Pinnacle™ DB C18
— sans modificateur de phase mobile — cons-
tituent un bon exemple des résultats que peut pro-
duire cette colonne pour l’analyse de nombreux
produits pharmaceutiques et autres analytes
basiques. La Figure 2 montre une série de composés
pharmaceutiques basiques analysés avec d’excel-
lents résultats sur une colonne Pinnacle™ DB C18.
La symétrie de l’ensemble des pics est notable.
Souvent, des composés acides et neutres peuvent
être présents avec les composés pharmaceutiques
basiques sous forme d’impuretés ou de produits de
dégradation. Les colonnes Pinnacle™ DB constituent

Français

Figure 1
Les colonnes Pinnacle™ DB C18 permettent d’obtenir (sans modificateur de phase mobile) des

pics fins et symétriques lors de l’analyse de composés basiques.

LC_0247

Peak List: Conc.
1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

Sample:
Inj.: 5.0µL
Sample Diluent: mobile phase
Conditions:
Mobile Phase: A: 20mM potassium

phosphate, pH 7.0
B: acetonitrile
Isocratic: 80%A:20%B

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

LC_0248
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Colonnes Pinnacle™ DB C18 (5 µm)
DI (mm) 1mm 2.1mm 3.2mm 4.6mm

L(mm) Réf.
30mm 9414531 9414532 9414533 9414535
50mm 9414551 9414552 9414553 9414555

100mm 9414511 9414512 9414513 9414515
150mm 9414561 9414562 9414563 9414565
200mm 9414521 9414522 9414523 9414525
250mm 9414571 9414572 9414573 9414575

Colonnes Pinnacle™ DB C8 (5µm)
DI (mm) 1.0mm 2.1mm 3.2mm 4.6mm

L(mm) Réf. Réf. Réf. Réf.
30mm 9413531 9413532 9413533 9413535
50mm 9413551 9413552 9413553 9413555

100mm 9413511 9413512 9413513 9413515
150mm 9413561 9413562 9413563 9413565
200mm 9413521 9413522 9413523 9413525
250mm 9413571 9413572 9413573 9413575

Colonnes Pinnacle™ DB Cyano (5µm)

9416531 9416532 9416533 9416535
9416551 9416552 9416553 9416555
9416511 9416512 9416513 9416515
9416561 9416562 9416563 9416565
9416521 9416522 9416523 9416525
9416571 9416572 9416573 9416575

Colonnes Pinnacle™ DB Silica (5µm)

9410531 9410532 9410533 9410535
9410551 9410552 9410553 9410555
9410511 9410512 9410513 9410515
9410561 9410562 9410563 9410565
9410521 9410522 9410523 9410525
9410571 9410572 9410573 9410575

une excellente solution à ce difficile problème. En
complément de la phase greffée C18 monomérique,
la gamme Pinnacle™ DB comprend également des
phases greffées C8 et Cyano ainsi qu’une silice non
greffée. Chacune des phases greffées est “endcap-
pée”.

Pour garantir aux colonnes Pinnacle DB les mêmes
qualité et fiabilité que celles des autres colonnes
HPLC Restek, des procédures de contrôle qualité
très contraignantes ont été développées. Elles per-
mettent de vérifier le parfait fonctionnement de
chaque colonne. La Figure 3 décrit les conditions
opératoires utilisées pour contrôler individuelle-
ment chaque colonne Pinnacle™ DB.

La colonne Pinnacle™ DB est disponible dans une
large gamme de dimensions depuis les colonnes de
1 mm “narrow bore”, jusqu’aux colonnes prépara-
tives de 50 mm de diamètre.

2 3 4 5 6 7 min.

1

2

3

4

Peak List: Conc.
1. theobromine 225µg/mL
2. theophylline 418µg/mL
3. ß-hydroxyethyltheophylline 418µg/mL
4. caffeine 400µg/mL

LC_0241

Particules : 5 µm, sphériques
Ø pores : 140Å
Porosité : 0,65 ml/g
Taux de carbone : C18 - 11 %

C8 - 6 %
Cyano - 4 %

LC_0249

Sample: Reversed Phase Test Mix
Inj.: 5µL
Sample Diluent: methanol:water (75:25 v/v)

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: water

B: methanol
Isocratic: 20%A:80%B

Run Time: 8 min.
Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Peak List: Conc.
1. uracil 0.02mg/mL
2. benzene 3.0mg/mL
3. naphthalene 0.5mg/mL
4. biphenyl 0.06mg/mL

Sample:
Inj.: 2µL
Sample Diluent: mobile phase

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6 mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A:20 mMolar 

KH2PO4 buffer, pH 3.0
B:acetonitrile
Isocratic: 90%A:10%B

Flow: 1.0 mL/min
Temp.: 27°C
Det.: UV @ 254nm

Figure 2
L’excellente forme de pic permet un dosage précis des produits pharmaceutiques basiques.

Figure 3
Chaque colonne Pinnacle™ DB est 

testée individuellement.

Caractéristiques physiques 
de la silice Pinnacle™ DB.

Tableau I

Réf. Réf. Réf.

DI (mm) 1.0mm 2.1mm 3.2mm 4.6mm
L(mm) Réf. Réf. Réf. Réf.
30mm
50mm

100mm
150mm
200mm
250mm

DI (mm) 1.0mm 2.1mm 3.2mm 4.6mm
L(mm) Réf. Réf. Réf. Réf.
30mm
50mm

100mm
150mm
200mm
250mm
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Connecteurs pour GC/MS EZ No-Vent™

pour changer une colonne en quelques
minutes sans casser le vide

✔ Facile à installer sans aucun outil spécial ni montage particulier.
✔ Inertie chimique : plaqué or.
✔ La ligne de transfert de 100 µm de DI permet une bonne focalisation des analytes.
✔ Un système simple et d’un prix abordable.

De par sa conception, le nouveau connecteur pour
GC/MS EZ No-Vent™ GC est simple et facile à utiliser. Il
répond aux attentes des utilisateurs de systèmes GC/MS
qui souhaitent changer fréquemment leur colonne en
un minimum de temps.

Le connecteur EZ No-Vent™ comprend un restricteur
qui permet de réduire la quantité d’oxygène qui
pénètre dans la source MS. Il élimine de ce fait la
nécessité de recourir à un gaz de purge et évite le long
cycle de mise à la pression atmosphérique/évacuation
normalement nécessaire pour changer de colonne. Ce
système permet de diminuer considérablement le
temps d’immobilisation habituel lié au changement de
colonne. Le connecteur EZ No-Vent™ s’installe facile-
ment sur la source SM sans outil spécifique ni montage
particulier. La Figure 1 montre le système EZ No-Vent™

installé ainsi qu’une vue éclatée.

La Figure 2 illustre le test effectué avec le système 
EZ No-Vent™ et un échantillon de composés gazeux
très volatils dont les pics sont susceptibles de traîner
en présence d’un volume mort. Le système GC/MS
utilisé comportait un injecteur “purge-and-trap”
avec “Split”. La colonne entrait directement dans la
source. Le connecteur EZ No-Vent™ a ensuite été
installé sur l’interface MS. Tout volume mort au
niveau du raccord aurait entraîné l’apparition de
traînée et d’élargissement des pics par rapport au
montage précédent avec connexion directe. La
forme des pics s’est avérée irréprochable avec le
connecteur EZ No-Vent™.

vue éclatée

Description Qté. Réf.
Kit de connexion EZ No-Vent™ pour Agilent GC/MS 5971/5972 et 5973
(Le kit comprend : un connecteur EZ No-Vent™, des ferrules de 0,4 mm de DI pour connecter
la colonne capillaire, des ferrules de 0,4 mm de DI pour connecter la ligne de transfert, une
ligne de transfert désactivée de DI 100 µm de 90 cm, un bouchon EZ No-Vent™ et un écrou). Kit 21323
Ferrules de rechange pour la connexion de la colonne capillaire sur le raccord EZ No-Vent™ :
0.4mm ID Lot de 2 21015
0.5mm ID Lot de 2 21016
Ferrules de rechange pour la connexion de la ligne de transfert sur le raccord 
EZ-No Vent™ : 0,4 mm de DI Lot de 2 21043
Ligne de transfert désactivée de rechange : 100 µm de DI 3 ft. 21018
Ecrou de colonne EZ No-Vent™ de rechange Lot de 5 21900
Bouchon de rechange EZ No-Vent™ Lot de 2 21915
Clé plate (1/4” x 5/16”) Lot de 2 20110

3 4 5 6 7 8 9 10 11 12 20 min.13 14 15 19181716

5 643 7 8 9 10 11 12 13 14 15 16 17 18 19 min.20

GC_EV00659c

GC_EV00659d

Restek

Innovation!

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969) 
Halogenated Volatiles @ 200 ppb in 5mL/RO water.
502.2 Calibration Mix#1 (gases) cat# 30042
502.2 Calibration Mix#2 cat# 30043
BTEX standard cat# 30213

2b—acquired at 9:28am
Ez-No Vent™, acquired 76 min. after installing new column

Inj.: purge & trap
GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas:  helium, constant flow  
Flow rate: 1.0mL/min. 
Oven temp.: 60°C  (hold 15 min.) to

220°C @ 30°C/min.
(hold 1 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Tune: BFB
Ionization: EI

2a—acquired at 8:12am

Le saviez-vous ?
Restek propose des accessoires et
des outils innovants pour les sys-
tèmes GC/MS.

Retrouvez-les dans le catalogue
général (disponible sur simple
demande).

Figure 1
Ligne de transfert de MS connectée au sys-
tème EZ No-Vent™. La connexion s’effectue

rapidement sans outil spécial.

Figure 2
Avec le système EZ No-Vent™, le GC/MS est de nouveau opérationnel 76 minutes après le

changement de la colonne.

Un autre test a été réalisé pour évaluer la capacité du
système GC/MS à se stabiliser après le changement
de colonne sans mise à la pression atmosphérique.
Les mêmes système d’injection et échantillon de
composés halogénés volatils ainsi q’une colonne
Rtx®-624 ont été utilisés. Le chromatogramme de la
Figure 2a a été enregistré le matin à 8 h 12, la
colonne a ensuite été changée. La Figure 2b montre
le chromatogramme enregistré 76 minutes plus tard
à 9 h 28. L’excellente forme de pic et l’intensité de
réponse sont remarquables. Entre les deux analyses,
le réglage (“tuning”) du détecteur de masse a été
contrôlé : le système était conforme aux spécifica-
tions du bromofluorobenzène (BFB). Il a été de véri-
fié que le connecteur EZ No-Vent™ permettait de
changer plusieurs fois la colonne au cours de la
même journée sans risque pour le MS ni perte de
qualité des données.

Le système EZ No-Vent™ est une solution simple et
économique pour tous les laboratoires désireux de
changer une colonne sur un GC/MS sans perte de
temps.

★nouveau!
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L’EPA (Agence américaine de Protection de
l’Environnement) a récemment développé la métho-
de GC/MS 526 pour le screening de certains com-
posés organiques semi-volatils. Les composés con-
cernés par la méthode 526 sont efficacement extraits
de l’eau par adsorption en phase solide sur des dis-
ques de polystyrène divinylbenzène (SDVB) de 47 mm.
Ils sont suffisamment volatils et stables pour être
analysés par GC. La concentration minimale
indiquée dans la méthode 526 est de 0,5 µg/l. La
précision et l’exactitude de la préparation d’échan-
tillon et de l’anlalyse ont été déterminées à partir de
cette valeur.

Restek a développé l’ensemble des étalons internes
et de substitution ainsi qu’une solution pour le tu-
ning du système GC/MS nécessaire à l’application de
la méthode 526.

La majorité des composés visés par la méthode EPA 526
sont des pesticides. Pour nombre de ces composés,
la sensibilité pour de faibles concentrations est
réduite en raison d’une dégradation ou d’une
adsorption irréversible dans l’injecteur.  La
cyanazine, le 2,4,6 trichlorophénol et le prométon
sont thermolabiles et susceptibles d’être adsorbés
dans l’injecteur. Pour éviter ces problèmes liés à l’in-
jection, nous utilisons un insert désactivé percé
Drilled Uniliner®, permettant de réduire considé-
rablement le contact de l’échantillon avec des parties
métalliques chauffées de l’injecteur.**

En outre, lors de l’analyse de pesticides, il est indis-
pensable que la colonne capillaire présente une très
grande inertie et un faible “bleeding” : les sites ac-
tifs de l’insert ou de la colonne peuvent être à l’ori-
gine de la disparition complète du prométon et de
traînées excessives des pics du 2,4 dichlorophénol et

Screening des composés organiques semi-
volatils dans l’eau potable par GC/MS

avec les nouveaux étalons de référence Restek et
une colonne capillaire de dimension optimisée.

Un ensemble complet de consommables : 
✔ Etalons de référence pour la méthode EPA 526 : mélange d’étalonnage, étalon interne, étalon

de substitution.
✔ Colonne Rtx®-5Sil MS à faible “bleeding”.
✔ Disques d’extraction styrène/divinylbenzène pour la préparation des échantillons.

**Pour plus d'information sur les inserts d'injecteur percés Drilled Uniliner®, voir page 13.
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GC_EV00656

Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 526 analytes, 1µL, 10ppm (20ppm IS)  
Semivolatile Calibration Mix, EPA 526 cat.# 31691
Surrogate Standard Mix, EPA 526 cat.# 31693
Internal Standard Mix, EPA 526 cat.# 31692

Inj.: 1.0µL splitless (hold 0.3 min.), 4mm Drilled
Uniliner® (cat.# 21055)

GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas: helium, constant flow
Flow rate: 0.8 mL/min.
Oven temp.: 50°C (hold 1 min.) to 200°C @ 20°C/min.

(hold 5 min.)  to 310°C @ 30°C/min.
(hold 3 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent delay: 5.5 min.
Tune: DFTPP
Ionization: EI

1. nitrobenzene
2. 2,4-dichlorophenol
3. 1,3-dimethyl-2-nitrobenzene (ss)
4. 2,4,6-trichlorophenol
5. acenaphthene-d10 (IS#1)
6. 1,2-diphenylhydrazine†

7. prometon
8. terbufos
9. diazinon

10. fonofos
11. phenanthrene-d10 (IS#2)
12. disulfoton
13. acetochlor
14. cyanazine
15. triphenylphosphate (ss)
16. chrysene-d12

† Mix component 1,2-diphenylhydrazine is oxidized to
azobenzene, the analyte in the figure, on injection onto
the heated column.

Figure 1
La colonne Rtx®-5Sil MS caractérisée par son inertie et son faible "bleeding", convient parfaitement à l'analyse

des composés organiques semi-volatils dans l'eau potable.

du 2,4,6 trichlorophénol. La colonne Rtx®-5Sil MS à
base de polymère silarylène permet une séparation
optimale des nouveaux étalons de référence et ne
produit qu’un très faible “bleeding” en comparaison
des phases phényle/méthyle classiques. La colonne
de 30 m, 0,25 mm de DI, 0,25 µm (cat.# 12723)
utilisée pour les résultats illustrés Figure 1
représente la combinaison optimale de diamètre
interne et d’épaisseur de film, pour l’analyse 
de nombreux composés semi-volatils. La faible
épaisseur de film réduit le temps d’analyse et
améliore la stabilité à haute température
(330/350ºC) autorisant un gradient de température
rapide et permettant l’élimination des contaminants
à point d’ébullition élevé en fin d’analyse sans éléva-
tion notable de la ligne de base.

Les nouveaux étalons de référence, l’insert d’in-
jecteur percé Drilled Uniliner® et la colonne 
Rtx®-5Sil MS sont particulièrement bien adaptés au
screening des composés semi-volatils dans l'eau
potable selon la méthode EPA 526.

Voir la liste des produits en page suivante.
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Leak Detective™ II
Détecteur de fuite électronique, simple, compact et sensible

Colonnes Rtx®-5Sil MS
(Sélectivité comparable à une phase 5% diphényl-/ 95 % diméthyl-polysiloxane)

DI Epaisseur du film (µm) Températures limites Réf. Réf.
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

Inserts pour injection directe GC Agilent 5890 & 6890 (pour
colonnes de 0,25/0,32/0,53 mm de d.i.)

DI*/DE &
Longueur

Réf.
L’unité

Réf.
Lot de 5

Inserts percés Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054 21055

Inserts percés désactivés Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Inserts percés de 1 mm désactivés Siltek™ Drilled Uniliner

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

acetochlor
cyanazine
diazinon
2,4-dichlorophenol
1,2-diphenylhydrazine
disulfoton

fonofos
nitrobenzene
prometon
terbufos
2,4,6-trichlorophenol

200µg/mL de chaque composé dans l’ethyl acetate, 1mL/ampoule

Mélange étalon de semi-volatils 
EPA 526 (11 composés)

L’unité Lot de 5 Lot de 10
31691 31691-510 —

avec livret de certification
31691-500 31691-520 31791

acenaphthene-d10
chrysene-d12

phenanthrene-d10

500µg/mL de chaque composé dans l’acetone, 1mL/ampoule

Mélange d’étalons internes, EPA 526

L’unité Lot de 5 Lot de 10
31692 31692-510 —

avec livret de certification
31692-500 31692-520 31792

2-nitro-m-xylene
triphenylphosphate

500µg/mL de chaque composé dans l’acetone, 1mL/ampoule

Mélange d’étalons de substitution, EPA 526

L’unité Lot de 5 Lot de 10
31693 31693-510 —

avec livret de certification
31693-500 31693-520 31793

Un trou permet 
l’injection directe 

avec les CPG Agilent
6890 GC équipés du

système EPC (contrôle
électro-pneumatique

pression).

Disques SPE Resin Resprep™

• Idéaux pour les pesticides chlorés contenant du benzidène ou de l’azote.
• Conformes aux descriptions des méthodes EPA 515.2, 553, et 526.
• Composés de fibres de verre (47 mm) imprégnées de résine styrène/DVB.
Description Qté. Réf.
Disques SPE Resin Resprep™ Lot de 20 26023

Support de disque d’extraction Diskcover™-47
• Compatible avec la plupart des systèmes d’extraction pouvant recevoir les raccords Luer mâles de1/8’’.
• L’échantillon peut être automatiquement introduit à l’aide d’un tube Teflon® de 1/8’’ ou avec le réservoir optionnel 

Diskcover™-47.
Description Qté. Réf.
Diskcover™-47 L’unité 24020
Diskcover™-47 Lot de 6 24021

Retrouvez notre gamme complète 
d’accessoires SPE dans 
notre catalogue général

Inserts d’injecteur percés Drilled Uniliner®

Les fuites de gaz dans un système GC contribuent à
augmenter le bruit de fond du détecteur, perturber la
ligne de base, endommager les colonnes et alourdir
les factures de gaz. Il convient donc de vérifier
régulièrement l’absence de fuites. Le nouveau
détecteur électronique Leak Detective™ II est une
solution abordable pour la détection des fuites
gazeuses. Il permet d’identifier en quelques instants
les fuites qui pourraient passer inaperçues avec les
liquides de détection*.

Le détecteur électronique Leak Detective™ II offre
une meilleure sensibilité et permet un temps de

*Ne jamais utiliser de liquide moussant pour chercher une fuite sur les connexions de la colonne. En cas de fuite, ce liquide s’introduirait
dans la colonne par rétrodiffusion et pourrait sérieusement l’endommager.

Description Qté. Réf.
Détecteur de fuites Leak Detective™ II L’unité 20413

✔ Détecteur de fuite à thermoconductivité à prix abordable.
✔ Compact et ergonomique. Son utilisation est des plus aisée.
✔ Détecte l’hélium et l’hydrogène à 1x10-4 cm3/s ou à une concentration absolue de seulement

100 ppm.

réponse plus court que son prédécesseur, le Leak
Detective. Il est de plus bien plus compact. Le
réglage de zéro se fait automatiquement par simple
pression sur un bouton et sa conception
ergonomique permet de l’utiliser d’une seule main
dans les espaces les plus réduits tels les fours de GC.
Les fuites de gaz dont la conductivité est différente de
celle de l’air sont détectées en moins de 2 secondes.

L’hélium, l’hydrogène et l’azote sont détectés à 
1x10-4 cm3/s ou à une concentration absolue de
seulement 100 ppm. Une alarme sonore et un
afficheur digital signalent les fuites. Le détecteur
Leak Detective™ II est un outil de sécurité indispen-
sable à tout laboratoire utilisant les gaz et notam-
ment l’hydrogène.

*Diamètre interne à hauteur de la pointe de l’aiguille de la seringue.

15-Mètres 30-Mètres
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Analyse des gaz permanents et des 
hydrocarbures légers

avec les colonnes "Micropacked" ShinCarbon ST

✔ Séparation des gaz permanents y compris CO/CO2, en 10 minutes, 
sans système cryogénique.

✔ Séparation rapide des mélanges de gaz permanents et d'hydrocarbures légers.
✔ Excellente compatibilité avec la plupart des détecteurs GC - faible "bleeding" et dérive de

ligne de base minimale.
✔ Préconditionnées, moins de 30 minutes sont nécessaires à leur stabilisation.

L'analyse des gaz permanents (hydrogène, oxygène,
azote, méthane, monoxyde et dioxyde de carbone),
s'avère pratiquement impossible avec une seule
colonne sans recourir à un dispositif cryogénique.
Les colonnes PLOT (Porous Layer Open Tubular) ou
les colonnes remplies de tamis moléculaire sont
capables de séparer les petites molécules comme
l'oxygène et l'azote mais adsorbent les molécules de

plus grande taille comme le dioxyde de carbone. Les
colonnes remplies de polymères poreux du type
Hayesep® Q, D, ou A ou Porapak® Q, peuvent être
utilisées pour analyser le méthane, le monoxyde et le
dioxyde de carbone, mais des longueurs supérieures
à 6 m et une température subambiante sont néces-
saires pour séparer l'oxygène de l'azote.

Le nouveau remplissage ShinCarbon ST de Restek,
un tamis moléculaire de carbone à très grande sur-
face d'échange (~1500 m2/g), est la solution de
choix pour la séparation des gaz. Une colonne

Les colonnes "micropacked" ShinCarbon ST 100/120
DE DI 1-mètre 2-mètres
1/16" 1.0mm 19809 19808

0.95mm 0.75mm 19810 —

DE DI 2-mètres
1/8" SilcoSmooth™ (acier inox désactivé) 2.0mm 80486-xxx

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det. HID @ 200°C

1. hydrogen
2. oxygen
3. nitrogen
4. carbon monoxide
5. methane
6. carbon dioxide

GC_PC00666

"micropacked" (colonne remplie de faible
diamètre) de 2 mètres et de 1 mm de DI ShinCarbon
ST sépare les gaz permanents en dix minutes sans
recours à la cryogénie (Figure 1).

Outre l'analyse des gaz permanents, les colonnes
ShinCarbon ST peuvent être utilisées pour la sépara-
tion des hydrocarbures légers mélangés à des gaz
permanents. La Figure 2 illustre une analyse d'un
mélange de gaz permanents, d'acétylène, d'éthylène
et d'éthane réalisée en moins de 20 minutes.
L'analyse des petites molécules soufrées ou des fluo-
rocarbones du type Freon® sont d'autres applica-
tions potentielles des colonnes ShinCarbon ST.

Le remplissage ShinCarbon ST est stable jusqu'à
330°C. Il ne produit qu'un très faible "bleeding" et
de ce fait est parfaitement compatible avec la plupart
des détecteur spécifiques TCD ou HID. Les colonnes
ShinCarbon ST sont conditionnées en usine dans un
environnement exempt d'oxygène et d'eau pour
éviter toute contamination. Cela réduit le temps de
stabilisation (inférieur à 30 minutes) lors de l'instal-
lation d'une colonne neuve.

De part ses caractéristiques, le ShinCarbon ST est un
remplissage idéal pour l'analyse des gaz, des com-
posés très volatils dont les gaz permanents, des
hydrocarbures, des composés organo-soufrés et des
Freon®. L'intérêt de ces colonnes tient à la rapidité
des analyses effectuées à une température
supérieure à l'ambiante. L'excellente stabilité ther-
mique de ce matériau, sa surface spécifique impor-
tante associées au conditionnement réalisé en usine,
permettent d'obtenir une mise en service rapide avec
un très faible "bleeding". Des colonnes ShinCarbon ST
peuvent être fabriquées sur mesure.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases plus C1+C2

hydrocarbons 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas:  helium
Flow rate:  10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det.: HID @ 200°C

1. oxygen
2. nitrogen
3. carbon monoxide
4. methane
5. carbon dioxide
6. acetylene
7. ethylene
8. ethane

GC_PC00665

Configuration
générale :
Suffixe -800

Agilent  5880,
5890, 5987, 6890:
Suffixe -810

Varian 3700, Vista
Series, FID:
Suffixe -820

PE 900-3920
Sigma 1,2,3:
Suffixe -830

83/4"

PE Auto System
8300, 8400, 8700
(non “On-Column”):
Suffixe -840

6 1/2"

Les colonnes remplies ShinCarbon ST 80/100

Configurations de colonne
Pour commander les
colonnes remplies, ajoutez
le suffixe approprié à
la référence 80486 (ex :
80486-800). Interrogez-
nous pour une fabrication
sur mesure.

Retrouvez les étalons
de gaz permanents et

d'hydrocarbures légers
dans notre catalogue

général.

2 3 4

Kits d'installation

Exclusif!

0.75mm 1mm
Pour les injections avec vannes 21062 21065
Pour les injections "Split" 21063 —
Pour les GC Agilent 21064 —
Pour l'injection directe — 21066

Figure 1
Une colonne "micropacked" ShinCarbon ST
sépare les gaz permanents en 10 minutes,

sans recours à la cryogénie.
Figure 2

Les colonnes ShinCarbon ST séparent rapi-
dement les hydrocarbures légers mélangés

aux gaz permanents.

★nouveau!

pour colonne de DI
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La méthode EPA 528 est une méthode de screening
par extraction en phase solide (SPE) / chromatogra-
phie en phase gazeuse / spectrométrie de masse
développée pour analyser 12 phénols pouvant être
présents dans l'eau potable. La méthode 528 cons-
titue une amélioration par rapport aux méthodes
précédentes car l'utilisation de la GC/MS permet 
l'identification des 12 phénols sans recourir à l'util-
isation d'une colonne de confirmation.

Les limites de détection décrites dans la méthode
528 pour l'analyse des phénols s'échelonnent de 0,02
à 0,58 µg/l. Ces concentrations sont plus faibles que
celles imposées pour la surveillance de l'eau potable
qui ont été déterminées en fonction des données 
toxicologiques connues. La Figure 1 montre une
analyse de 12 phénols à une concentration de 5ppm.
Il a été possible d'obtenir des pics fins et symétriques
et d'améliorer la sensibilité à ces concentrations en
modifiant certains paramètres et conditions :

1.D'ordinaire, les phénols tendent à se dégrader
dans l'injecteur ce qui provoque une traînée des
pics et une perte de sensibilité. Le contact de
l'échantillon avec les surfaces métalliques a été
réduit en utilisant un insert percé Drilled
Uniliner®*. Avec ce liner, la colonne est connectée
à l'insert pour éliminer totalement le contact de
l'échantillon avec la base de l'injecteur. Cette con-
nexion colonne/liner permet d'augmenter la 
sensibilité et d’améliorer la forme des pics.

2.La diminution de la température de l'injecteur de
330°C à 220°C réduit également la dégradation
thermique.

3.Une injection "Splitless" sous pression (3,5 bars,
0,5 min.) permet un transfert rapide d'analytes
dans la colonne.

4.La température initiale est de 40°C pour éviter la
traînée des pics des phénols les plus volatils.

5.Les 12 phénols sont élués pendant la première
rampe de température à 12°C/min. La seconde
rampe de 220°C à 300°C à 30°C/min permet
d'éliminer les contaminants à haut poids molécu-
laire. A cette température élevée, la colonne 
Rtx-5Sil MS ne produit qu'un très faible "bleeding"
et garde toute son inertie**.

Restek propose un ensemble complet d'étalons pour
la méthode 528, comprenant le mélange d'étalon-
nage, les étalons internes, le mélange à concentra-
tions modifiées, les étalons de substitution, ainsi
qu'une solution pour le tuning du GC/MS. La sensibi-
lité pour 4 de ces phénols étant plus faible en GC/MS,
leur concentration a été augmentée (500 µg/ml) dans
la solution à concentrations modifiées. Certains des
phénols substitués présentent des isoméries ayant des
spectres de masse similaires, mais leur temps de
rétention permet de les distinguer. Les seuls
phénomènes de co-élution sont dus aux étalons de
substitution deutériés, dont les ions spécifiques sont
différents de ceux des analytes.

En raison des problèmes potentiels associés à ces
analytes, la méthode 528 requiert l'utilisation d'une
colonne à faible "bleeding" permettant une sépara-
tion complète des analytes. La colonne Rtx®-5Sil MS
associe un faible "bleeding" à une grande inertie à
température élevée. Un insert percé Drilled
Uniliner® réduit considérablement les pertes de
composés chimiquement actifs et garantit des résul-
tats plus précis.

Une méthode optimisée pour le
screening des phénols par GC/MS

✔ Ensemble complet d'étalons de référence pour la méthode EPA 528.
✔ Concentrations adaptées à la sensibilité en GC/MS pour chaque analyte.
✔ Identification des phénols à partir de 5 ng injectés avec la colonne Rtx5-Sil MS.

4-chloro-3-methylphenol
2-chlorophenol
o-cresol
2,4-dichlorophenol
2,4-dimethylphenol
2,4-dinitrophenol

2-methyl-4,6-dinitrophenol
2-nitrophenol
4-nitrophenol
pentachlorophenol
phenol
2,4,6-trichlorophenol

2,000µg/mL de chaque composé dans le chlorure de méthylène,
1mL/ampoule

Mélange 1 d'étalonnage des phénols , EPA 528

L’unité Lot de 5 Lot de 10
31694 31694-510 —

avec livret de certification
31694-500 31694-520 31794

3-nitro-o-xylene 1,000µg/mL
2,3,4,5-tetrachlorophenol 2,000µg/mL
Dans le chlorure de méthylène, 1mL/ampoule

Mélange d'étalons internes, EPA 528

L’unité Lot de 5 Lot de 10
31696 31696-510 —

avec livret de certification
31696-500 31696-520 31796

4-chloro-3-methylphenol 100µg/mL
2-chlorophenol 100
o-cresol 100
2,4-dichlorophenol 100
2,4-dimethylphenol 100
2,4-dinitrophenol 500
2-methyl-4,6-dinitrophenol 500
2-nitrophenol 100
4-nitrophenol 500
pentachlorophenol 500
phenol 100
2,4,6-trichlorophenol 100
Dans le methanol, 1mL/ampoule

Mélange à concentrations modifiées, EPA 528

L’unité Lot de 5 Lot de 10
31695 31695-510 —

avec livret de certification
31695-500 31695-520 31795

2-chlorophenol-d4 1,000µg/mL
2,4-dimethylphenol-d3 1,000
2,4,6-tribromophenol 2,000
Dans le methanol, 1mL/ampoule

Mélange d'étalons de substitution, EPA 528

L’unité Lot de 5 Lot de 10
31697 31697-510 —

avec livret de certification
31697-500 31697-520 31797

decafluorotriphenylphosphine (DFTPP)
2,500µg/mL dans le chlorure de méthylène, 1mL/ampoule

Solution de tuning

L’unité Lot de 5 Lot de 10
31001 31001-510 —

avec livret de certification
31001-500 31001-520 31101

6 7 8 9 10 11 12 13 14 15

15

16
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14
17

9 11

10 12
5

1

2,3

4 8

6  7

GC_EV00664

1. phenol
2. 2-chlorophenol-3,4,5,6-d4 (SS)
3. 2-chlorophenol
4. 2-methylphenol
5. 2-nitrophenol
6. 2,4-dimethylphenol-3,5,6-d3 (SS)
7. 2,4-dimethylphenol
8. 2,4-dichlorophenol
9. 4-chloro-3-methylphenol

10. 1,2-dimethyl-3-nitrobenzene (IS#1)
11. 2,4,6-trichlorophenol
12. 2,4-dinitrophenol
13. 4-nitrophenol
14. 2,3,4,5-tetrachlorophenol (IS#2)
15. 2-methyl-4,6-dinitrophenol
16. 2,4,6-tribromophenol (SS)
17. pentachlorophenol

*Pour plus d'information sur les inserts percés Drilled Uniliner®, voir page 13.
**Les références et prix des colonnes Rtx®-5Sil MS sont listées en page 5.

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 528 analytes, 1µL, 5ppm 
Phenol Calibration Mix 1, EPA 528 (cat# 31694)
Internal Standard Mix, EPA 528 (cat# 31696)
Surrogate Standard Mix, EPA 528 (cat# 31697)

Inj.: 1.0µL pulsed splitless (hold 0.5
min.), 4mm Drilled Uniliner®

(cat.# 21055), pulsed pressure
50psi for 0.5 min.

GC: Agilent 6890 
Inj. temp.: 220°C
Carrier gas: helium, constant flow  
Flow rate: 1.3  mL/min. 
Oven temp.: 40°C (hold 1 min.) to 220°C @

12°C/min. (hold 0 min.) to 300°C
@ 30°C/min  (hold 1 min.) 

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 5.5 min.
Tune: DFTPP
Ionization: EI

Figure 1
La colonne Rtx-5Sil MS garantit une grande sensibilité pour l'analyse des phénols
(5 ng injectés). Les pics fins et symétriques témoignent de l'inertie de la colonne.
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Nouveaux étalons de référence pour les analyses de
l'environnement et des parfums et arômes.

Mélange pour l'évaluation du système chromatographique pour l'analyse des pesticides organochlorés
selon les méthodes EPA 508/508.1, 608, 617, 625, 1618, 1656, 8080A/8081, 8250A/8270B, CLP
✔ Conçu pour la vérification quotidienne des performances d'un système.
✔ Met en évidence les sites actifs des injecteurs et des colonnes.
✔ Préparé dans du MTBE dont le faible volume expansé réduit le risque de surpression dans l'injecteur.

Marqueur étalon pour le calcul approximatif de la distribution des points d'ébullition par 
rapport au nombre de carbones selon la méthode TNRCC 1005 pour les TPH
✔ Permet de déterminer la fenêtre de rétention pour chaque gamme de points d'ébullition.
✔ Préparé dans le n-pentane, selon l'exigence de l'EPA.

Nouveau mélange pour la vérification des systèmes chromatographiques utilisés pour
l'analyse des arômes et parfums.
✔ Permet de vérifier la conformité du système et des colonnes.
✔ Conditionné en ampoule de 0.5ml pour une dilution rapide à la concentration idéale.

Le test quotidien type de la dégradation du DDT et de l'endrin (exigé par les méthodes EPA 508/508.1, 608,
617, 625, 1618, 1656, 8080A/8081, 8250A/8270B, et CLP) est effectué en injectant le mélange d'étalonnage
et en contrôlant l'absence de produits de dégradation. Ce mélange de référence a été spécialement conçu pour
mesurer la dégradation et permet à ce titre un meilleur contrôle qualité.

Mélange étalon de DNPH aldéhydes / cétones pour les méthodes EPA TO-11A et 8315
✔ Conçu pour l'analyse HPLC des carbonyles dans l'air.
✔ Concentration de 15 µg/ml comparable à celle des composés recherchés dans l'air ambiant.
✔ Certificat d'analyse indiquant la concentration des aldéhydes et cétones et des dérivés DNPH.

Ce nouveau mélange étalon de 15 composés convient pour les méthodes TO-11A et 8315. La colonne HPLC
Ultra C18 de 150 x 4,6 mm (cat.# 9174565) assure une séparation rapide et fiable du formaldéhyde et de bien
d'autres aldéhydes et cétones.

n-hexane (C6)
n-dodecane (C12)

n-octacosane (C28)
n-pentatriacontane (C35)

200µg/mL de chaque composé dans le pentane, 1mL/ampoule

Marqueur étalon TNRCC 1005

L’unité Lot de 5 Lot de 10
31698 31698-510 —

avec livret de certification
31698-500 31698-520 31798

4,4'-DDT 200µg/mL
endrin 100µg/mL
Dans le MTBE, 1mL/ampoule

L’unité Lot de 5 Lot de 10
32417 32417-510 —

avec livret de certification
32417-500 32417-520 32517

Mélange pour l'évaluation du système chro-
matographique pour l'analyse des pesticides
organochlorés

benzyl salicylate 362 ppm*
cinnamic aldehyde 5 ppm
cinnamic alcohol 3 ppm
cinnamyl acetate 3 ppm
ethyl butyrate 362 ppm
eucalyptol 5 ppm

geraniol 6 ppm
hydroxycitronellal 50 ppm
d-limonene 200 ppm
thymol crystal 3 ppm
vanillin 1 ppm
benzoic acid 1% of mix

Pur, 0,5mL en ampoule ambré

Mélange pour la vérification des systèmes
chromatographiques

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde-DNPH
formaldehyde-DNPH

hexaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

15µg/mL de chaque composé dans l’acétonitrile, 1ml/ampoule

Mélange étalon de DNPH aldéhydes / cétones pour 
la méthode TO-11A 

L’unité
31808

Restek propose l'ensemble des étalons pour la méthode TNRCC 1005 qui comprend un mélange de localisation TPH
(cat.# 31482), un mélange d'étalonnage TX TPH (cat.# 31483), un mélange pour ajouts dosés TX TPH (cat.# 31484).

*parties par millier

 

GC_FF00658

Rtx®-1701, 60m, 0.25mm ID, 0.25µm (cat.# 12026)
Sample: 5% FMA Test Mix (cat.# 31807) in acetone 
Inj.: 1.0µL split (split ratio 40:1), 4mm inlet

liner (cat.# 20814)
Inj. temp.: 285°C
Carrier gas: helium, constant flow  
Flow rate: 0.6mL/min.
Oven temp.: 50°C to 270°C @ 3°C/min. 
Det.: FID @ 300°C
Compound % in FMA Mix

1. ethyl butyrate 35.7
2. limonene 20.0
3. eucalyptol 0.5
4. geraniol 0.6
5. benzoic acid 1.0
6. cinnamic aldehyde 0.5
7. hydroxycitronellal 5.0
8. thymol 0.3
9. cinnamyl alcohol 0.3

10. cinnamyl acetate 0.3
11. vanillin 0.1
12. benzyl salicylate 35.7

La Fragrance Materials Association (FMA) a proposé
une méthode standardisée  pour l'analyse des huiles
essentielles en GC capillaire sur colonne polaire ou
apolaire. Un mélange d'évaluation des performances
doit être utilisé pour vérifier le système chro-
matographique et notamment repérer les pro-
blèmes, d'injection, de dégradation de phase sta-
tionnaire, de perte de résolution, de perte de sensi-
bilité et de présence de sites actifs sur le circuit de
l'échantillon. Le mélange de vérification proposé ici
est conforme au mélange décrit par la FMA. La solu-
tion test à 5% requise s'obtient facilement en diluant
la totalité de l'ampoule de 0,5 ml dans un flacon de
10 ml d'acétone. La stabilité de la solution obtenue
est de l'ordre d'une semaine à condition de la con-
server au froid et à l'abri de la lumière.

L’unité Lot de 5
31807 31807-510

Figure 1
Nouveau mélange test pour les huiles essentielles et les parfums.

★nouveau!
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Mélange test pour le contrôle des colonnes
✔ Mélange de 5 composés pour la caractérisation des paramètres de la colonne HPLC.
✔ Une approche simple, pratique et fiable pour le contrôle qualité ou la classification d'une colonne.

Nouveaux mélanges 
tests pour HPLC

Mélange pour le contrôle des performances des colonnes utilisées pour l'analyse
des sucres
✔ Pour l'analyse des sucres par HPLC avec un détecteur à indice de réfraction et une colonne

de silice amino greffée préconisée par l'AOAC.
✔ Mélange de composés secs pour une meilleure stabilité.

Le NIST (National Institute of Standards and
Technology) recommande un mélange de 5 composés
organiques idéal pour caractériser les colonnes HPLC.
Les paramètres fondamentaux de la colonne mesurés
avec ce mélange sont : l'efficacité, le volume mort, la
sélectivité pour le méthylène, la rétention et l'inertie
vis-à-vis des agents chélatants et des bases. Ce mélange
peut être utilisé pour classifier les colonnes, choisir
une colonne pour le développement d'une méthode,
suivre les performances de la colonne dans le temps
ou en vérifier la qualité après fabrication.

Le mélange proposé ici est conforme à la méthode
NIST 870 comme l'indique la Figure 1 où les chro-
matogrammes obtenus avec les mélanges Restek et
NIST sont pratiquement identiques.

Peak List: Conc. (mg/mL)
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

Column: Pinnacle II™ Amino
Catalog #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å
Conditions:
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C

LC_0223

L'AOAC recommande une méthode HPLC avec détec-
tion d'indice de réfraction (RI) et une phase station-
naire amino greffée pour l'analyse des sucres et
notamment des monosaccharides (fructose, glucose)
et des disaccharides (sucrose, maltose, et lactose).

Le mélange développé par Restek est constitué de 5
sucres simples à différentes concentrations. Il permet
de contrôler les performances d'une colonne amino
utilisée avec un détecteur à indice de réfraction. Étant
donné que les solutions sucrées sont sujettes à une
dégradation bactérienne, les étalons de référence ont
été préparés en solution aqueuse puis lyophilisés et
conditionnés en flacon de 4 ml pour garantir leur sta-
bilité. Pour leur mise en œuvre, il suffit de dissoudre
les étalons dans 1 ml d'un mélange acétonitrile:eau
(75:25, v/v).

La Figure 2 montre l'excellente résolution des sucres
simples obtenue avec la colonne HPLC Pinnacle II™

Amino (cat.# 9217365) - phase stationnaire propy-
lamino-greffée sur particules de silice de 3 µm. Cette
nouvelle colonne étant entièrement fabriquée à partir
de matériaux synthétisés dans ses laboratoires, Restek
maîtrise la reproductibilité d'une colonne à l'autre.

La linéarité de la réponse des détecteurs utilisés en HPLC est un paramètre essentiel qu'il convient de vérifier
périodiquement. Les concentrations pour un même composé pouvant varier, il est important que la réponse
du détecteur soit proportionnelle à ces concentrations pour un même volume injecté.

Le kit de solutions développé par Restek est composé de 5 ampoules de 1 ml contenant chacune une solution
aqueuse de caféine à 5 concentrations de 5, 25, 125, 250 et 500 µg/ml. Ces solutions permettent de réaliser
facilement des mesures de linéarité et peuvent être utilisées pour établir des courbes de réponse en fonction
de la concentration. Le coefficient de corrélation entre la concentration de l'échantillon et la réponse se cal-
cule facilement. Le certificat d'analyse fourni avec chaque kit indique les concentrations en caféine visées (5 à
500 µg/ml), la concentration réelle de chaque solution, une courbe de linéarité et le coefficient de corrélation
de la courbe.

Kit de solutions pour le contrôle de la linéarité
des détecteurs UV
Comprend 5 ampoules de 1 ml de caféine en solution aqueuse à 5
concentrations de 5,0 ; 25,0 ; 125,0 ; 250,0 et 500,0 µg/ml. Ces
ampoules ne peuvent être vendues séparément.

Kit
31805

amitriptyline hydrochloride 2800 µg/mL
ethylbenzene 1700
quinizarin 94
Dans le methanol, 1mL/ampoule

Mélange pour le contrôle des colonnes

L’unité Lot de 5 Lot de 10
31699 31699-510 —

avec livret de certification
31699-500 31699-520 31799

glucose 2.0µg/mL*
fructose 2.1
lactose 4.4

maltose 4.5
sucrose 4.0

Mélange de composés secs en flacon de 4 ml avec bouchon à vis.

Mélange pour le contrôle des performances des
colonnes utilisées pour l'analyse des sucres

L’unité
31809

0 1 2 3 4 5 6

1
2
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5

Peak List: Conc. (µg/mL)
1. uracil 28
2. toluene 1400
3. ethylbenzene 1700
4. quinizarin 94
5. amitriptyline 2800

Sample: HPLC Performance Text Mix (cat.# 31699)
Inj.: 5.0µL
Sample diluent: methanol

Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions: Mobile phase: A: 5mM potassium
phosphate, pH 7.0
B: MeOH
20%A: 80%B

Flow: 2.0mL/min.
Temp.: 23°C
Det.: UV @ 254nm

LC_0242

LC_0244

NIST Mix

Restek
Mix

*Concentration finale après mise en solution dans 
1 ml de mélange acétonitrile:eau (75:25 v/v).

Sample: Sugar Column
Performance Check Mix
(cat.# 31809)
Inj.: 5µL

Figure 1
Le mélange test Restek est conforme à la

norme NIST 870.

Figure 2
Excellente résolution des sucres simples avec

la colonne de HPLC Pinnacle II™ Amino.

★

toluene 1400
uracil 28

Kit de solutions pour le contrôle de la linéarité des détecteurs UV.
✔ Test simple pour vérifier qu'un détecteur produit une réponse linéaire en fonction 

de la concentration.
✔ Les concentrations utilisées permettent une évaluation probante de la linéarité.

nouveau!



Figure 1

L'acier inox 316L traité
Silcosteel®-CR fait preuve
d'une résistance à l'acide

chlorhydrique 12 fois supérieure
à celle de l'acier inox 316L brut.
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Tubes et raccords traités par 
le procédé Silcosteel®-CR

pour une meilleure résistance aux acides inorganiques
✔ Résiste aux acides chlorhydrique, sulfurique et nitrique.
✔ Longévité accrue
✔ Un choix important de tubes et de raccords disponibles de suite
✔ Possibilité de traiter d'autres pièces sur demande

Le traitement Silcosteel®-CR est une version
améliorée du traitement de surface Silcosteel

développé précédemment
par Restek. Le revêtement
Silcosteel®-CR* a été optimisé
pour mieux résister aux
ac ides  ch lorhydr ique ,  
sul fur ique e t  n i t r ique
(Figure 1).

Les tubes et raccords soumis
à la présence de ces acides corrosifs nécessitent un con-
trôle et un remplacement fréquents. Le revêtement
Silcosteel®-CR appliqué sur les raccords Parker A-lok et

les tubes en acier inox 316L, augmente considérable-
ment leur résistance à la corrosion.

Le traitement Silcosteel®-CR fait appel à un procédé
exclusif qui consiste à recouvrir entièrement d'un film
protecteur la surface exposée du tube pour empêcher
toute attaque des acides. Le revêtement Silcosteel®-CR est
lui-même insoluble dans ces acides et assure à toute
pièce en acier inox traitée une protection inégalée.

Outre une large gamme de tubes et raccords traités
Silcosteel®-CR présentée ci-dessous, Restek peut réaliser
le traitement de pièces sur demande. 

Description Qté. Réf.
Union 1/16" L’unité 22863
Union 1/8" L’unité 22864
Union 1/4" L’unité 22865
Té 1/16" L’unité 22866
Té 1/8" L’unité 22867
Té 1/4" L’unité 22868
Réducteur 1/8" à 1/16" L’unité 22869
Réducteur 1/4" à 1/16" L’unité 22870
Réducteur 1/4" à 1/8" L’unité 22871

Croix 1/8" L’unité 22872
Croix 1/4" L’unité 22873
Coude 1/16" L’unité 22874
Coude 1/8" L’unité 22875
Coude 1/4" L’unité 22876
Bouchon 1/16" L’unité 22877
Bouchon 1/8" L’unité 22878
Bouchon 1/4" L’unité 22879
Réducteur 1/8" à tube 1/16" L’unité 22880
Réducteur 1/4" à tube 1/16" L’unité 22881
Réducteur 1/8" à tube 1/4" L’unité 22882
Réducteur 1/4" à tube 1/8" L’unité 22883
Tube connecteur 1/8" L’unité 22884
Tube connecteur 1/4" L’unité 22885
Tube connecteur 1/8"à 1/4" L’unité 22886
Union 1/8" / 1/8" NPT mâle L’unité 22887
Union 1/4" / 1/4" NPT mâle L’unité 22888
Union 1/16" / 1/8" NPT mâle L’unité 22889
Union 1/8" / 1/4" NPT mâle L’unité 22890
Union 1/4" / 1/8" NPT mâle L’unité 22891
Union 1/8" / 1/8" NPT femelle L’unité 22892
Union 1/4" / 1/4" NPT femelle L’unité 22893
Union 1/4" / 1/8" NPT femelle L’unité 22894
Union 1/8" / 1/4" NPT femelle L’unité 22895

Raccords Silcosteel®-CR

Tube en acier inox 316L traité Silcosteel®-CR

* Brevet déposé

Remarque : Un supplément de prix est appliqué au tube
Silcosteel®-CR. Ce supplément dépend du nombre de
pièces produites (pour un même type de tube)

de 5 à 15 pièces. Supplément
de 16 à 30 pièces. Supplément
de 31 à 75 pièces. Supplément
de 76 à 99 pièces. Supplément
de 100 à 200 pièces. Supplément

DI DE Réf. 5-24 pieds 25-199 ft. 200-399 ft. >400 ft.
0.055" (1.40mm) 1/8" (3.18mm)** 22896
0.180" (4.57mm) 1/4" (6.35mm)** 22897

** épaisseur de la paroi : 0.89mm

Corrosion Rates: ASTM G31-72(99),
Immersion in 37.1% HCl

★

Le catalogue
général est
disponible sur
simple demande

nouveau!
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Les hydrocarbures aromatiques polycycliques (HAP)
sont connus pour leur caractère mutagène et car-
cinogène. Ces composés sont présents dans l'air,
l'eau, les sols, la plupart du temps en mélanges très
complexes. La chromatographie liquide haute per-

formance (HPLC) est la technique la plus perfor-
mante pour la séparation de HAP dont un grand
nombre présentent des analogies structurelles
importantes. La HPLC s'avère plus sensible que la
GC. Ainsi, les méthodes EPA 610 et AFNOR 90115

Analyse reproductible des hydrocarbures
aromatiques polycycliques (HAP) par HPLC

avec la colonne Pinnacle II™ PAH et les étalons 
de référence Restek

✔ Une colonne spécialement développée pour une séparation
complète de 16 HAP avec une parfaite reproductibilité.

✔ Des mélanges étalons aux concentrations adaptées 
à la réponse de chaque composé.

Colonnes Pinnacle II™ PAH 5 µm
DI 2.1mm DI 3.2mm DI 4.6mm

Longueur Réf. Réf. Réf.
100mm — 9219513 9219515
150mm — 9219563 9219565
200mm — 9219523 9219525
250mm 9219572 9219573 9219575

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

2,000µg/mL de chaque composé dans le chlorure de méthylène,
1mL/ampoule

Mélange étalon SV #5 (16 composés)
3/90 and 4/89 SOW

L’unité Lot de 5 Lot de 10
31011 31011-510 —

avec livret de certification
31011-500 31011-520 31111

acenaphthene 1000µg/mL
acenaphthylene 1000
anthracene 1000
benzo(a)anthracene 500
benzo(a)pyrene 500
benzo(b)fluoranthene 500
benzo(k)fluoranthene 500
benzo(ghi)perylene 500

chrysene 500
dibenzo(a,h)anthracene 500
fluoranthene 500
fluorene 1000
indeno(1,2,3-cd)pyrene 500
naphthalene 1000
phenanthrene 500
pyrene 500

Dans le chlorure de méthylène, 1mL/ampoule

Mélange étalon 610 PAH A
(16 composés)

L’unité Lot de 5 Lot de 10
31264 31264-510 —

avec livret de certification
31264-500 31264-520 31364

acenaphthene 1000µg/mL
acenaphthylene 2000
anthracene 100
benzo(a)anthracene 100
benzo(a)pyrene 100
benzo(b)fluoranthene 200
benzo(k)fluoranthene 100
phenanthrene 100

benzo(ghi)perylene 200
chrysene 100
dibenzo(a,h)anthracene 200
fluoranthene 200
fluorene 200
indeno(1,2,3-cd)pyrene 100
naphthalene 1000
pyrene 100

Dans le chlorure de méthylène:methanol (1:1), 1mL/ampoule

Mélange étalon 610 PAH B
(16 composés)

L’unité Lot de 5 Lot de 10
31455 31455-510 —

avec livret de certification
31455-500 31455-520 31555

Sample:
Inj.: 610 PAH Calibration Mix A (cat.# 31264), 5µL
Sample diluent: methylene chloride:acetonitrile (1:9, v/v)
Column: Catalog #: 9219563

Dimensions: 150 x 3.2mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: water; B: acetonitrile

Time: %B
0 40
30 100
40 100
41 40
51 40

Flow: 0.5mL/min
Temp.: 30°C (or ambient)
Det.: UV @ 254nm

LC_0243

Ret. Time (min.) Conc.
Peak List: Lot 1 Lot 2 Lot 3 (µg/mL)

1. naphthalene 11.95 12.17 11.80 100
2. acenaphthylene 13.41 13.65 13.26 100
3. acenaphthene 15.61 15.89 15.45 100
4. fluorene 16.09 16.31 15.92 100
5. phenanthrene 17.41 17.61 17.23 50
6. anthracene 18.80 18.92 18.61 100
7. fluoranthene 20.23 20.39 20.03 50
8. pyrene 21.31 21.46 21.11 50
9. benzo(a)anthracene 24.88 24.87 24.65 50

10. chrysene 25.64 25.54 25.40 50
11. benzo(b)fluoranthene 28.62 28.53 28.35 50
12. benzo(k)fluoranthene 29.97 29.74 29.70 50
13. benzo(a)pyrene 31.26 31.02 30.97 50
14. dibenzo(a,h)anthracene 33.09 32.74 32.81 50
15. benzo(ghi)perylene 34.46 34.24 34.16 50
16. indeno(1,2,3-cd)pyrene 35.19 34.85 34.91 50

recommandent-elles l'utilisation de la HPLC en
phase inverse pour la séparation des 16 ou 6 HAP
respectivement listés dans ces méthodes.

L'analyse des HAP par HPLC requiert une colonne
spécifique. Si elle offre une assez bonne résolution
des 6 HAP de la méthode AFNOR, une colonne con-
ventionnelle de type C18 ne permet pas de séparer
les 16 HAP de la liste EPA, couramment recherchés
en France. La colonne Pinnacle II PAH a été spéci-
fiquement développée pour cette application. La
phase stationnaire de cette colonne, une phase à
greffage C18 polymérique modifié, offre une sélec-
tivité unique permettant la séparation des 16 HAP à
la ligne de base (Figure 1). La séparation est excel-
lente et autorise des changements de longueurs
d'ondes d'excitation et d'émission en cours
d'analyse. Ceux-ci permettent d'augmenter la
réponse de certains HAP.

Par ailleurs, la reproductibilité d'un lot à l'autre de
la colonne Pinnacle II™ PAH est excellente comme le
démontre la Figure 1. Chacun des trois lots de
colonnes testés permet de résoudre complètement
les 16 HAP de la méthode 610 en utilisant comme
phase mobile un simple gradient linéaire eau / acé-
tonitrile.

En complément des colonnes Pinnacle II PAH,
Restek propose trois mélanges de référence des 16
HAP de la méthode EPA 610. Ces mélanges condi-
tionnés en ampoule de 1 ml sont de concentrations
différentes, adaptées aux besoins de l'analyse et à la
réponse des composés. Le mélange d'étalonnage
610 PAH A a été utilisé pour obtenir le chro-
matogramme de la Figure 1.

Les colonnes Pinnacle II PAH, proposées en 4
longueurs et 3 diamètres différents, constituent une
solution de choix pour tous les laboratoires
impliqués dans l'analyse des HAP. 

(Mix A)

lot 1

lot 2

lot 3

Figure 1
Les colonnes Pinnacle II™ PAH séparent les 16 HAP à la ligne de base avec une 

excellente reproductibilité d'un lot à l'autre.

★nouveau!
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Analyse haute résolution des esters
méthyliques d'acides gras (FAME)
Séparation des isomères cis/trans avec la

colonne Rt-2560
✔ Colonne hautement polaire, conforme aux exigences de la méthode AOAC 996.06.
✔ Idéale pour la détermination de la composition en acides gras ou de la teneur totale en graisse trans.
✔ Etalons de référence pour l'étalonnage des GC et l'identification des isomères.

Les exigences actuelles de caractérisation des graisses
et des huiles et de détermination de la teneur totale de
graisse dans les aliments, requièrent l'utilisation
d'une colonne capillaire GC hautement résolutive.
Une colonne adaptée permet de caractériser des
échantillons complexes de graisse et d'huile et notam-
ment de déterminer les teneurs totales en graisse, en
graisse trans, ou encore en acides gras omega-3
polyinsaturés. Les phases stationnaires de type
Carbowax® (polyéthylène-glycol) sont couramment
utilisées pour la séparation, l'identification et la quan-
tification des esters méthyliques d'acides gras saturés
et non saturés (FAME). Les phases biscyanopropyl
plus polaires, généralement des colonnes plus
longues, sont nécessaires pour séparer les isomères
cis et trans des composés polyinsaturés afin de déter-
miner la teneur totale en graisse ou pour quantifier la
teneur totale en graisse trans.

Les isomères cis et trans individuels des FAME sont
effectivement résolus sur une colonne Rt-2560 de 
100 mètres, ce qui en fait la colonne de choix pour
l'analyse d'huiles partiellement hydrogénées. La phase
biscyanopropyl très fortement polaire garantit la
sélectivité nécessaire à la résolution de ces isomères,
en particulier des formes cis et trans en C18:1. Les
isomères trans sont élués avant les isomères cis, c'est-
à-dire en ordre d'élution inverse par rapport aux
colonnes de type Carbowax® comme les Rtx®-Wax ou
FAMEWAX®.

La méthode AOAC 996.06 est la méthode officielle
pour la détermination de la teneur totale en graisse
d'un aliment. Cette valeur est indiquée sur l'emballage
de l'aliment. La teneur totale en graisse est déterminée
à partir de la teneur en acides gras analysés sous

forme d'esters méthyliques. La colonne Rt-2560 de
100 mètres est conforme aux exigences de cette métho-
de. La colonne Rt-2560 permet également la quantifi-
cation de la teneur totale en graisse trans. Les
colonnes Rtx®-2330 à phase 90 % biscyanopropyl,
légèrement moins polaires, permettent également de
séparer les isomères FAME cis et trans. Avec les
colonnes Rtx®-2330 et Rt-2560, les formes trans des
FAME sont éluées avant les formes cis.

Le mélange "Food Industry FAME" de 37 composés
FAME rencontrés habituellement dans les graisses
végétales et animales (mammifères et poissons) et
dans les huiles ou le mélange de 28 composés "NLEA
FAME" (Figure 1) permettent un étalonnage sûr.
Chacun de ces étalons est fourni avec un certificat de
contrôle gravimétrique et garantit une quantification
précise. Le mélange d'isomères cis/trans (8 com-
posés) permet de vérifier l'identification des isomères
du C18:1.

Restek propose une large gamme de colonnes capil-
laires à haute résolution et d'étalons de référence
pour l'analyse des matières grasses.

Colonne Rt-2560 (silice fondue)
DI Epaisseur du film (µm) Températures limites 100-mètres

0.25mm 0.20 20 to 250°C réf. 13199

Composé Qté. (%)
C4:0 1.5%
C6:0 1.5%
C8:0 2.0%
C10:0 2.5%
C11:0 2.5%
C12:0 5.0%
C13:0 2.5%
C14:0 2.5%
C14:1(cis-9) 1.5%
C15:0 1.5%
C16:0 10.0%
C16;1(cis-9) 5.0%
C17:0 2.5%
C18:0 5.0%

Composé Qté. (%)
C18:1(trans) 2.5%
C18:1(cis) 15.0%
C18:2(trans) 2.5%
C18:2(cis) 10.0%
C18:3 5.0%
C20:0 2.5%
C20:1 1.5%
C20:5 2.5%
C22:0 2.5%
C22:1 1.5%
C22:6 2.5%
C23:0 1.5%
C24:0 2.5%
C24:1 2.5%

30mg/mL dans le chlorure de méthylène, 1mL/ampoule

Mélange NLEA FAME (28 composés)

L’unité
réf. 35078

30mg/mL dans le chlorure de méthylène, 1mL/ampoule

Mélange Food Industry FAME
(37 composés)

L’unité
réf. 35077

Composé Qté. (%)
methyl elaidate (C18:1 trans-9) 10.0%
methyl linoleate (C18:2 cis-9,12) 20.0%
methyl oleate (C18:1 cis-9) 10.0%
methyl petroselinate (C18:1cis-6) 8.0%
methyl petroselaidate (C18:1trans-6) 8.0%
methyl stearate (C18:0) 20.0%
methyl transvaccenate (C18:1 trans-11) 12.0%
methyl vaccenate (C18:1 cis-11) 12.0%
10mg/mL dans le chlorure de méthylène, 1mL/ampoule

Mélange cis/trans FAME (8 composés)

L’unité
réf. 35079

   

Column: Rt-2560 100m, 0.25mm ID, 0.2µm  (cat.# 13199)
Sample: NLEA FAME Mix (cat.# 35078) 30mg/mL total FAMEs

in methylene chloride 
Inj.: 1.0µL split (split ratio 100:1), 

4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2 mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C 

@ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

1. C4:0  methyl butyrate
2. C6:0  methyl heanoate
3. C8:0  methyl octanoate
4. C10:0  methyl decanoate
5. C11:0  methyl undecanoate
6. C12:0  methyl laurate
7. C13:0  methyl tridecanoate
8. C14:0  methyl myristate
9. C14:1  methyl myristoleate (cis-9)

10. C15:0  methyl pentadecanoate

11. C16:0  methyl palmitate
12. C16:1  methyl palmitoleate (cis-9)
13. C17:0  methyl heptadecanoate
14. C18:0  methyl stearate
15. C18:1  methyl elaidate (trans-9)
16. C18:1  methyl oleate (cis-9)
17. C18:2  methyl linoelaidate (trans-9,12)
18. C18:2  methyl linoleate (cis-9,12)
19. C20:0  methyl arachidate
20. C20:1  methyl eicosenoate (cis-11)

21. C18:3  methyl linolenate (cis-9,12,15)
22. C22:0  methyl behenate
23. C22:1  methyl erucate (cis-13)
24. C23:0  methyl tricosanoate
25. C24:0  methyl lignocerate
26. C20:5  methyl eicosapentaenoate 

(cis-5,8,11,14,17)
27. C24:1  methyl mervonate (cis-15)
28. C22:6  methyl docosahexaenoate 

(cis-4,7,10,13,16,19)

GC_FF00651

Figure 1
Analyse des acides gras avec la colonne Rt-2560 et le mélange étalon NLEA FAME.

Composé Qté. (%)
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9.12) 2.0

Composé Qté. (%)
C18:2(all-cis-9,12) 2.0
C18:3(all-cis 6,9,12) 2.0
C18:3(all-cis 9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis 11,14,) 2.0
C20:3 (all-cis 8,11,14) 2.0
C20:3(all-cis 11,14,17) 2.0
C20:4(all-cis 5,8,11,14) 2.0
C20:5(all-cis 5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis 13) 2.0
C22:2(all-cis 13,16) 2.0
22:6(all-cis4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0
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Plus 1™ signifie que nous ferons tout 
notre possible pour répondre à votre 

attente, voire la dépasser, chaque 
fois que vous nous contacterez.

Les articles en pages 4 et 7 de ce numéro du Restek
Advantage décrivent l'analyse de phénols et de com-
posés organiques semi-volatils actifs difficiles à
analyser, en particulier à faible concentration. Pour
nombre de ces composés, l'injection de faibles
quantités se traduit par une sensibilité insuffisante en
raison d'une dégradation ou d'une adsorption
irréversible dans l'injecteur. Les résidus de produits
plus lourds et non volatils s'accumulent au fond de
l'injecteur, créant une surface réactive au contact de
laquelle peuvent se décomposer les produits les plus
actifs.

Un insert désactivé percé "Drilled Uniliner®" 
(Figure 1) élimine ce problème. Placé dans 
l'injecteur à la place de l'insert standard "Splitless",

l'insert percé "Drilled Uniliner®" réduit le contact de
l'échantillon avec les parties métalliques chauffées. 

Le diamètre interne de l'insert "Drilled Uniliner®" est
rétréci à sa base. C'est à cet endroit que la colonne
est connectée à l'injecteur. L'échantillon n'est donc
plus en contact avec le fond de l'injecteur éliminant
ainsi la première cause de décomposition des com-
posés actifs. La connexion insert/colonne améliore
également la sensibilité en réduisant les
phénomènes de discrimination dûs à l'injecteur.

Avec un insert percé "Drilled Uniliner®", une quan-
tité d'échantillon plus faible est évacuée de l'in-
jecteur lors de la commutation du mode "Splitless"
au mode "Split". Ceci contribue également à aug-
menter la sensibilité.

Une étude a été menée pour vérifier les avantages de
l'insert "Drilled Uniliner®". Un mélange de pesticides
chlorés à des concentrations de 20, 40 et 200 ng/ml
a été utilisé. Les résultats obtenus (Tableau 1) con-
firment que l'insert "Drilled Uniliner®" permet de
réduire la décomposition de l'endrin et du DDT par
rapport à un insert "Splitless" classique. Les taux de
décomposition les plus importants sont obtenus avec
un insert garni de laine. Ce phénomène s'explique
par le fait que la laine augmente la surface de con-
tact avec l'échantillon et peut présenter des sites 
actifs.

Outre l'amélioration de la reproductibilité et de la
précision des résultats, l'insert "Drilled Uniliner®"
favorise une meilleure réponse de l'ensemble des
composés du mélange et contribue donc à abaisser
les limites de détection par rapport aux inserts
"Splitless" classiques. Pour le dernier composé élué,
le décachlorobiphényl, les réponses avec l'insert
"Drilled Uniliner®" sont ainsi de 18 à 39%
supérieures (Tableau 1).

En évitant tout contact entre l'échantillon et la base
métallique de l'injecteur, l'insert percé "Drilled
Uniliner®" réduit notablement les risques de décom-
position des composés actifs. Cet insert constitue
une solution de choix pour l'analyse de pesticides
chlorés, de phénols ou de la plupart des composés
actifs recherchés à l'état de traces.

Le nouvel insert "Drilled Uniliner®"
pour une meilleure réponse avec 

les composés actifs

✔ Limite la dégradation des composés actifs et garantit une quantification plus précise.
✔ Meilleure sensibilité. Limites de détection plus basses.
✔ Réduction des phénomènes de discrimination dûs à l'injecteur.

Liners pour Agilent 5890 et 6890 
(pour colonnes de DI 0,25/0,32/0,53mm)

DI*/DE &
Longueur (mm)

Réf.
L’unité

Réf.
Lot de 5

Drilled Uniliner®

4.0 DI
6.3 DE x 78.5 21054 21055

Siltek™ Drilled Uniliner®

4.0 DI
6.3 DE x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 DI
6.3 DE x 78.5 21390-214.1 21391-214.5

Hole makes
direct injection
possible with
EPC-equipped
Agilent 6890

GCs!

% décomposition Drilled 4mm splitless 4mm splitless
Analyte Colonne Uniliner® avec laine
Endrin Rtx®-CLPesticides 4.4 4.7 9.8

Rtx®-CLPesticides2 4.9 6.9 8.3
DDT Rtx®-CLPesticides 0.2 0.3 2.6

Rtx®-CLPesticides2 0.3 0.9 3.1

Réponse—Réponse moyenne : valeur du tableau x 10³ = réponse mesurée
Drilled 4mm splitless 4mm splitless

Analyte Colonne Uniliner® avec laine
Tetrachloro-m- Rtx®-CLPesticides 147 111 106

xylene (TCMX) Rtx®-CLPesticides2 191 167 162
Decachloro- Rtx®-CLPesticides 150 119 108

biphenyl (DCB) Rtx®-CLPesticides2 209 177 166

*DI nominal à la pointe de l'aiguille de la seringue.

Figure 1
Un insert percé "Drilled Uniliner®" réduit le contact entre l'échantillon et l'injecteur métallique.

Tableau I
Réduction du taux de décomposition de l'endrin et du DDT et meilleures réponses 

avec l'insert Drilled Uniliner®

Le trou latéral des
inserts "Drilled

Uniliner®" rend  possible
leur utilisation avec les

GC 6890 équipés de
l'EPC
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Les "Innovants" de Restek
Injecteurs pour GC Agilent

Restek fabrique un grand nombre de pièces détachées pour GC Agilent, parfaitement conformes aux pièces 
d'origine et souvent innovantes. Ainsi, Restek propose un injecteur pour GC Agilent 5890 et 6890/6850 entière-
ment traité Silcosteel (traitement de surface) pour une meilleure inertie vis-à-vis des composés actifs de
l'échantillon. Cette grande inertie limite les phénomènes d'adsorption.

Injecteur split/splitless Restek pour GC Agilent 5890

*Peut être utilisé en mode EPC sur GC 5890 mais sans EPC sur GC 6890/6850.
**Silcosteel : traitement de surface pour une meilleure inertie.

Injecteur split/splitless Restek pour GC Agilent 6890/6850

A

B

C

D

E

F

Clé pour l'injecteur des GC Agilent 5890/6890/6850
• Permet de démonter l'écrou et le corps d'injecteur.
• Fabriquée en acier inox de haute qualité.
• Caractéristiques conformes à celles de la pièce d'origine.

Description
Equivalent à la
réf. Agilent # Qté. Réf.

Clé pour GC Agilent 5890/6890/6850 19251-00100 L’unité 22065

Ensemble pour le chauffage de l'injecteur et FID pour GC 5890.
• Convient aux détecteurs FID et injecteurs split/splitless des 5890
• Caractéristiques conformes à celles des pièces d'origine.

Description
Equivalent à la
réf. Agilent # Qté. Réf.

Ensemble chauffant avec sonde 05890-61140 L’unité 22068
A) Elément chauffant seul 19231-60620 L’unité 22069
B) Sonde seule 19231-60660 L’unité 22070

B

A

Toujours utiliser de nouveaux écrous d'injecteur et ferrules lors 
de l'installation d'un corps d'injecteur neuf.

Piège chimique pour GC Agilent
• Facile à installer.
• Identique à la pièce d'origine.
Description

Equivalent à la
réf. Agilent # Qté. Réf.

G) Piège optionnel complet pour sortie de "split" (pour utilisation avec
les filtres de grande capacité) G1544-60610 Kit 23031
H) Cartouches (2) et joints toriques (4) de rechange G1544-80530 Kit 23032

G

H

Equivalent à la
réf. Agilent #Description Qté. Réf.

A) Ecrou d'injecteur avec lignes d'alimentation* 19251-60575 L’unité 20265
Ecrou d'injecteur traité Silcosteel®* 19251-60575** L’unité 20267
B) Corps d'injecteur 19251-80570 L’unité 20266
Corps d'injecteur traité Silcosteel® 19251-80570** L’unité 20268
Joints toriques pour piège 5180-4181 Lot de 25 22064

Equivalent à la
réf. Agilent #Description Qté. Réf.

C) Ecrou d'injecteur avec lignes d'alimentation* G1544-60575 L’unité 22674
Ecrou d'injecteur traité Silcosteel®* G1544-60575** L’unité 22672
D) Ecrou d'injecteur avec lignes d'alimentation* 19251-60575 L’unité 20265
Ecrou d'injecteur traité Silcosteel®* 19251-60575** L’unité 20267
E) Corps d'injecteur G1544-80570 L’unité 22673
Corps d'injecteur traité Silcosteel® G1544-80570** L’unité 22671
F) Ecrou d'injecteur optionnel split/splitless (pour utilisation avec
les filtres de grande capacité) G1544-60585 L’unité 22686
Ecrou d'injecteur optionnel traité Silcosteel® (pour utilisation avec
les filtres de grande capacité) G1544-60585** L’unité 22670

★

★

★nouveau!

nouveau!

nouveau!
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Accessoires et outils 
pour la maintenance 

de votre GC

Coupe colonne à lame saphir

• Lame saphir à 4 arêtes.
• Permet une coupe nette, à 90° du tube de silice fondue.
• Facile à utiliser.

réf.# 20182, (l'unité)

Extracteur de septum

• Utile dans de nombreuses circonstances.
• D'un côté un crochet pour extraire les septa et les joints

toriques, de l'autre une pointe idéale pour déloger les frag-
ments de ferrule restés collés dans l'écrou.

réf.# 20117, (l'unité) Pour chasser une ferrule d'un écrouPour extraire un septum sans endom-
mager l'injecteur

Un simple geste… … pour obtenir une coupe nette à 90°.

Ces mini canisters peuvent remplacer les systèmes de
prélèvement  (tubes, échantillonneurs, …) nécessi-
tant l'utilisation d'une pompe. Petits et légers, ils con-
viennent parfaitemement aux prélèvements néces-
saires aux contrôles d'hygiène industrielle.

Mini canister avec raccords rapides
Description Volume Qté. Réf.
Mini canister, électropoli, avec raccords rapides 400cc L’unité 24188
Mini canister, traité Sulfinert™, avec raccords rapides 400cc L’unité 24189
Mini canister, traité Sulfinert™, avec raccords rapides traités Sulfinert™ 400cc L’unité 24190
Mini canister, électropoli, avec raccords rapides 1000cc L’unité 24194
Mini canister, traité Sulfinert™, avec raccords rapides 1000cc L’unité 24195
Mini canister, traité Sulfinert™, avec raccords rapides traités Sulfinert™ 1000cc L’unité 24196

Mini canister avec vanne à diaphragme à siège métallique
Description Volume Qté. Réf.
Mini canister, électropoli, avec vanne à diaphragme à siège métallique 400cc L’unité 24191
Mini canister, traité Sulfinert™, avec vanne à diaphragme à siège métallique 400cc L’unité 24192
Mini canister, traité Sulfinert™, avec vanne à diaphragme traitée Sulfinert™ 400cc L’unité 24193
Mini canister, électropoli, avec vanne à diaphragme à siège métallique 1000cc L’unité 24197
Mini canister, traité Sulfinert™, avec vanne à diaphragme à siège métallique 1000cc L’unité 24198
Mini canister, traité Sulfinert™, avec vanne à diaphragme traitée Sulfinert™ 1000cc L’unité 24199

Mini canisters pour l'échantillonnage de gaz
traités Sulfinert™ pour une meilleure inertie

✔ Conviennent à de multiples applications : environnement, hygiène industrielle, préparation de gaz…
✔ Capacité de 400 ou 1000 cc.
✔ Proposés avec des raccords rapides (compatibles avec les appareils de prélèvement 

et d'analyse des gaz) ou une vanne à diaphragme.

Deux versions sont proposées : passivation par élec-
tropolissage ou par traitement Sulfinert. Le traite-
ment Sulfinert offre une inertie supérieure et garan-
tit donc une meilleure stabilité de l'échantillon
prélevé.

✔ Description du matériel.
✔ Prélèvement sur site.
✔ Nettoyage et certification 

du matériel.

Demandez-nous le guide technique gratuit intitulé
"A Guide to Passive Air Sampling, Using Canisters"
(Guide de l'échantillonnage passif avec des canis-
ters - réf. #59977A).

Un guide complet
concernant le
prélèvement d'air

Les “Pratiques”
de Restek

★nouveau!
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Die Innovatoren auf dem Gebiet
hochauflösender Chromatographie

by Greg France, HPLC Products Marketing Manager

Neue Pinnacle™ DB HPLC-Säulen
Bessere Trennleistung für basische Verbindungen

✔ Kieselgel aus eigener Herstellung, lückenlose Qualitätskontrolle
✔ Neuartiger Herstellungsprozess garantiert scharfe, symmetrische Peaks für basische Analyten

✔ Innendurchmesser von 1.0mm ID bis präparativ.

Durch unsere Pinnacle II™-Reihe gehört Restek nun
zu den wenigen Herstellern von HPLC-Säulen, die
Kieselgel in eigener Produktion herstellen. Wir sind
davon überzeugt, dass ein Hersteller für die voll-
ständige und zuverlässige Kontrolle der HPLC-
Parameter den gesamten Herstellungsprozess der
Säulen kontrollieren muss und dabei mit dem ersten
Schritt, der Herstellung eines hochwertigen, konsis-
tent leistungsfähigen Kieselgels, beginnen sollte.

Wir freuen uns, Ihnen nun die Pinnacle™ DB-Säulen,
eine neue Reihe an HPLC-Säulen, vorzustellen, die mit

unserem neuesten Kieselgel hergestellt
wurden. Pinnacle™ DB-Kieselgel ist

ein extrem basisch deaktiviertes
Material, das für eine breite

Auswahl an Anwendungen
geeignet ist. Es ist ideal für
die Analyse basischer
Verbindungen oder
Komponenten mit unter-

schiedlichen funktionellen
Gruppen. Teil unseres

Herstellungsprozesses für das
Pinnacle™ DB-Kieselgel ist ein neuar-

tiger Verarbeitungsschritt, bei dem  basisch-deak-
tivierte Partikel mit hervorragenden
Leistungsmerkmalen erzeugt werden. Durch die
besondere Deaktivierung und dadurch bedingten

außergewöhnlichen Wechselwirkungen  dieses
Pinnacle™ DB-Kieselgels werden basische
Verbindungen (z. B. Pharmazeutika) ohne nen-
nenswertes Peaktailing aufgelöst. Dafür sind nur
geringe Konzentrationen oder gar keine Amin-modi-
fier wie Tetrabutylammonium (TBA) notwendig. Die
physikalischen Eigenschaften von Pinnacle™ DB-
Kieselgel sind in Tabelle I (Seite 2) aufgeführt.

Hersteller von HPLC Säulen verwenden häufig ein
Pyridin/Phenol-Standardgemisch, um die
Trennleistung der Säule und die für basische
Verbindungen zu erwartende Peakform zu zeigen.
Abbildung 1 zeigt die Analyse eines solchen
Pyridin/Phenol-Standards auf einer Pinnacle™ DB
C18- und einer nicht-basisch deaktivierten C18-
Säule. Die scharfen, symmetrischen Peaks der
Pinnacle™ DB C18-Säule – ohne Modifier in der
mobilen Phase – erfüllen die Erwartungen eines
Analytikers an die Analyse vieler pharmazeutischer
oder anderer basischer Analyten. 
Abbildung 2 zeigt die Trennung einiger basischer
pharmazeutischer Verbindungen, die mit hervorra-
genden Ergebnissen auf einer Pinnacle™ DB C18-
Kapillarsäule analysiert wurden. Beachten Sie auch
die gleichbleibende Peaksymmetrie. Oft können neu-
trale oder saure Verbindungen als Verunreinigungen
oder Abbauprodukte zusammen mit basischen phar-
mazeutischen Wirkstoffen vorliegen. Pinnacle™ DB-

Deutsch

Abbildung 1
Pinnacle™ DB C18-Säulen zeigen scharfe, symmetrische Peaks für basische Analyten ohne

Modifier für mobile Phasen.

LC_0247

Peak List: Conc.
1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

Sample:
Inj.: 5.0µL
Sample Diluent: mobile phase
Conditions:
Mobile Phase: A: 20mM potassium

phosphate, pH 7.0
B: acetonitrile
Isocratic: 80%A:20%B

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

LC_0248
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Pinnacle™ DB C18 5µm Säulen
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Länge Kat.-Nr. Kat.-Nr. Kat.-Nr. Kat.-Nr.
30mm 9414531 9414532 9414533 9414535
50mm 9414551 9414552 9414553 9414555

100mm 9414511 9414512 9414513 9414515
150mm 9414561 9414562 9414563 9414565
200mm 9414521 9414522 9414523 9414525
250mm 9414571 9414572 9414573 9414575

Pinnacle™ DB C8 5µm Säulen
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Länge Kat.-Nr. Kat.-Nr. Kat.-Nr. Kat.-Nr.
30mm 9413531 9413532 9413533 9413535
50mm 9413551 9413552 9413553 9413555

100mm 9413511 9413512 9413513 9413515
150mm 9413561 9413562 9413563 9413565
200mm 9413521 9413522 9413523 9413525
250mm 9413571 9413572 9413573 9413575

Pinnacle™ DB Cyano 5µm Säulen
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Länge Kat.-Nr. Kat.-Nr. Kat.-Nr. Kat.-Nr.
30mm 9416531 9416532 9416533 9416535
50mm 9416551 9416552 9416553 9416555

100mm 9416511 9416512 9416513 9416515
150mm 9416561 9416562 9416563 9416565
200mm 9416521 9416522 9416523 9416525
250mm 9416571 9416572 9416573 9416575

Pinnacle™ DB Silica 5µm Säulen
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Länge Kat.-Nr. Kat.-Nr. Kat.-Nr. Kat.-Nr.
30mm 9410531 9410532 9410533 9410535
50mm 9410551 9410552 9410553 9410555

100mm 9410511 9410512 9410513 9410515
150mm 9410561 9410562 9410563 9410565
200mm 9410521 9410522 9410523 9410525
250mm 9410571 9410572 9410573 9410575

Säulen sind auch für diese Herausforderungen
bestens geeignet. Zusammen mit der C18 Phase
umfasst die Pinnacle™ DB-Reihe derzeit eine C8- und
eine cyano-gebundene Phase sowie reines Kieselgel.
Alle DB-Phasen sind endcapped.

Um die bekannte hohe Qualität und Zuverlässigkeit
unserer anderen Restek HPLC-Säulen zu erreichen,
haben wir anspruchsvolle Qualitätskontrollverfahren
eingeführt. So wird gewährleistet, dass jede Säule
erwartungsgemäß den Anforderungen entspricht.
Abbildung 3 zeigt ein Chromatogramm der
Testmischung, die wir für individuelle
Qualitätsprüfungen an jeder Pinnacle™ DB-Säule ver-
wenden.

Die Pinnacle™ DB-Reihe ist in einer großen Auswahl
an Säulendurchmessern erhältlich, von Säulen mit
schmalen 1-mm Innendurchmessern bis 50-mm-
Säulen für den präparativen Maßstab. Wenn Sie weit-
ere Informationen über diese neue HPLC-Säulen-
Linie wünschen, wenden Sie sich telefonisch an
unser technisches Serviceteam oder rufen Sie die
Vertreter unseres Kundendienstes an, um eine
Bestellung aufzugeben.

2 3 4 5 6 7 min.

1

2

3

4

Peak List: Conc.
1. theobromine 225µg/mL
2. theophylline 418µg/mL
3. ß-hydroxyethyltheophylline 418µg/mL
4. caffeine 400µg/mL

LC_0241

Partikel: 5µm, spherisch
Porengröße: 140Å
Porenvolumen: 0,65 ml/g
Kohlenstoffbeladung: C18 - 11 %

C8 - 6 %
Cyano - 4 %

LC_0249

Sample: Reversed Phase Test Mix
Inj.: 5µL
Sample Diluent: methanol:water (75:25 v/v)

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: water

B: methanol
Isocratic: 20%A:80%B

Run Time: 8 min.
Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Peak List: Conc.
1. uracil 0.02mg/mL
2. benzene 3.0mg/mL
3. naphthalene 0.5mg/mL
4. biphenyl 0.06mg/mL

Sample:
Inj.: 2µL
Sample Diluent: mobile phase

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6 mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A:20 mMolar 

KH2PO4 buffer, pH 3.0
B:acetonitrile
Isocratic: 90%A:10%B

Flow: 1.0 mL/min
Temp.: 27°C
Det.: UV @ 254nm

Abbildung 2
Hervorragende Peakformen für basische Pharmazeutika garantieren eine genaue

Quantifizierung.

Abbildung 3
Jede Pinnacle™ DB-Säule muss strenge

Leistungskriterien erfüllen.

Physikalische Eigenschaften
von Pinnacle™ DB-Kieselgel.

Tabelle I
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by Christopher English, Environmental Innovations Chemist, & Brad Rightnour, Instrument Innovations Manager

EZ No-Vent™ GC-Verbinder für GC/MS
Säulenwechsel in Minutenschnelle ohne 

Abschalten des Gerätes

✔ Leichte Installation und Wartung – keine speziellen Werkzeuge oder zusätzliche
Gasversorgung  erforderlich.

✔ Hohe Inertheit durch Goldbeschichtung.
✔ 100µm Transferleitung gewährleistet Analytfokussierung

✔ Niedrigere Kosten als bei anderen „no-vent“ GC MS Verbindern
Wir haben bei der Konstruktion unseres neuen EZ
No-Vent™ GC-Verbinders für GC/MS auf eine einfache
und problemlose Anwendung geachtet. Der Verbinder
wurde von uns mit Hilfe von Rückmeldungen der
Benutzer des EZ-Vent™ 2000-Verbinders überarbeitet
und ist jetzt noch leistungsstärker.

Eine winzige Öffnung im EZ No-Vent™-Verbinder
minimiert die in die MS-Quelle geleitete
Sauerstoffmenge so, dass die Zuführung von Spülgas
überflüssig wird und das GC/MS beim Wechsel der
Kapillarsäulen nicht mehr abgeschaltet werden
muss. Damit können Sie bei jedem Austauschen
einer Kapillarsäule fast einen Tag an Ausfallszeit ver-
meiden. Der EZ No-Vent™-Verbinder kann problem-
los und ohne spezielle Werkzeuge oder zusätzliche
Trägergasversorgung mit der MS-Quelle verbunden
werden. Abbildung 1 zeigt die installierten und
gebrauchsfertigen Anschlussstücke.

Wir haben den EZ No-Vent™-Verbinder mit leicht-
flüchtigen, gasförmigen Proben getestet, die beim
Auftreten von Totvolumen sehr leicht zu Tailing
neigen. Dazu wurde ein Purge & Trap GC/MS
System eingesetzt. Zunächst wurde im Splitmodus
die Kapillare direkt in die MS Quelle eingeführt. Für
den direkten Vergleich wurde dann das EZ No-
Vent™ installiert. Sollte in diesem Verbinder ein
Totvolumen vorhanden sein, so erwarteten wir
deutlich tailende und breite Peaks im Vergleich
zum ersten Chromatogramm. Mit dem neuen EZ
No-Vent™ war die Peakform jedoch hervorragend.

expanded view

Beschreibung Menge Kat.-Nr.
EZ No-Vent™-Set für Agilent 5971/5972 und 5973 GC/MS (Das Set umfasst: EZ No-
Vent™ Verbinder, 0,4mm ID Ferrules mit Anschluss an die Kapillarsäule, 0,4mm ID
Ferrules zum Anschluss an die Transferleitung, deaktivierte 100-µm-Transferleitung
(ca. 1 m) sowie Stecker und Mutter für die EZ No-Vent™-Kapillarsäule.) Satz 21323
Ersatzferrules zum Anschluss der Kapillarsäule an EZ No-Vent™:
0.4mm ID 2-er Pck. 21015
0.5mm ID 2-er Pck. 21016
0,4mm ID Ersatzferrules zum Anschluss der Transferleitung an
EZ-No Vent™: 0.4mm ID 2-er Pck. 21043
Deaktivierte Ersatz-Transferleitung: Innendurchmesser 100 µm 3 ft. 21018
Ersatzmutter für EZ No-Vent™-Kapillarsäule 5-er Pck. 21900
Ersatzstecker für EZ No-Vent™-Kapillarsäule 2-er Pck. 21915
Einmaulschlüssel (1/4” x 5/16”) 2-er Pck. 20110

3 4 5 6 7 8 9 10 11 12 20 min.13 14 15 19181716

5 643 7 8 9 10 11 12 13 14 15 16 17 18 19 min.20

GC_EV00659c

GC_EV00659d

Restek
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Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969) 
Halogenated Volatiles @ 200 ppb in 5mL/RO water.
502.2 Calibration Mix#1 (gases) cat# 30042
502.2 Calibration Mix#2 cat# 30043
BTEX standard cat# 30213

2b—acquired at 9:28am
Ez-No Vent™, acquired 76 min. after installing new column

Inj.: purge & trap
GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas:  helium, constant flow  
Flow rate: 1.0mL/min. 
Oven temp.: 60°C  (hold 15 min.) to

220°C @ 30°C/min.
(hold 1 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Tune: BFB
Ionization: EI

2a—acquired at 8:12am

Schon gewusst?
Restek bietet Zubehör und innova-
tive Werkzeuge für Ihr MS. Lesen
Sie dazu den Abschnitt Instrument
Supplies (GC Zubehör) im jährlichen
Restek Produkt Gesamtkatalog (Lit.-
Katalog # 59473).

Abbildung 1
In einem EZ No-Vent™-Verbinder installierte

MS-Transferleitung. Die Verbindung kann
schnell und ohne spezielle Werkzeuge

hergestellt werden.

Abbildung 2
Schon zwei Stunden nach dem Kapillarsäulenwechsel mit einem EZ No-Vent™-Anschluss kön-

nen Sie eine neue Probe analysieren.

Wir führten darüber hinaus einen anwendungsspez-
ifischen Test aus, um das Stabilisierungsvermögen
der MS nach dem Austauschen der Kapillarsäulen
mit dem EZ No-Vent™ zu bewerten. Auch hier ver-
wendeten wir ein Purge & Trap System, setzten
halogenierte, flüchtige Stoffe als Probe ein und
trennten die Analyten mit einer Rtx®-624-
Kapillarsäule. Abbildung 2a zeigt das Ergebnis um
08.12 Uhr, danach tauschten wir die Kapillarsäule
aus. 76 Minuten später, um 09.28 Uhr, erzielten wir
das Ergebnis in Abbildung 2b. Beachten Sie hier die
ausgezeichneten Peakformen und die Response.
Zwischen beiden Analysen wurde das MSD neu
getunt und entsprach den Bromofluorbenzol (BFB)
–Kriterien. Nachfolgende detaillierte
Untersuchungen ergaben, dass das neue EZ No-
Vent™ das mehrmalige Austauschen einer
Kapillarsäule pro Tag ermöglicht, ohne dass dabei
das Massenspektrometer Schaden nimmt oder die
Qualität der Analysen beeinträchtigt wird.

Wenn Sie in Zukunft auf das Abschalten Ihres
GC/MS Systems verzichten wollen, empfehlen wir
Ihnen die Verwendung eines EZ No-Vent™-
Verbinders. Sie können MS-Ausfallzeiten verringern,
Kosten sparen und den Probendurchsatz steigern –
und so Ihre Einnahmen erhöhen.

★neu!
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Die US-Umweltschutzbehörde (Environmental
Protection Agency - EPA) hat vor kurzem eine GC/MS-
Methode für das Screening von aufbereitetem
Trinkwasser für ausgewählte, halbflüchtige organis-
che Verbindungen entwickelt, die vom Safe Drinking
Water Act (SDWA - Gesetz zur Trinkwasserkontrolle)
nicht erfasst wurden. Diese Verunreinigungen gemäß
Liste 2 der Unregulated Contaminant Monitoring Rule
(UCMR – Überwachungsregeln für nicht erfasste
Verunreinigungen) sind Teil einer Kontrollstudie, mit
der bestimmt werden soll, ob diese Verbindungen
zukünftig durch standardgemäße
Trinkwassermethoden reguliert werden sollen.
Methode 526 ist anwendbar auf 11 der 15
Verunreinigungen auf Liste 2*. Die in Methode 526
erfassten Verbindungen werden mit 47-mm-SPE
Adsorbentien aus Polysyrol-Divinylbenzol (SDVB)
wirksam aus dem Wasser extrahiert und weisen eine
ausreichende Flüchtigkeit und thermische Stabilität
für die Bestimmung in der GC auf. Die kleinste
meldepflichtige Konzentration (minimum reporting
level - MRL) gemäß der UCMR-Liste 2 beträgt 0,5 µg/l

– der Wert der niedrigsten Konzentration, bei der
präzise Bestimmungen während der Entwicklung der
Methode vorgenommen wurden.

Nach einer genauen Überprüfung der Methode haben
wir einen neuen Restek-Kalibrierstandard wie in
Methode 526 empfohlen hergestellt. Dieser umfasst
11 halbflüchtige organische Verbindungen, jeweils in
einer Konzentration von 200 µg/ml in Ethylacetat. Wir
entwickelten auch interne Standards und Surrugate-
Standards, und wir bieten eine GC/MC-Tuninglösung
mit einer  Konzentration von 2500 µg/ml in
Methylenchlorid (SV-Tuningkomponenten, Kat.-Nr. #
31001; siehe Seite 7 dieses Newsletters). In diesem
Referenzstandard-Set von Restek sind alle  für
Methode 526 erforderlichen chemischen Standards
enthalten.

Die meisten der in der EPA-Methode 526 zu
analysierten Targetverbindungen sind Pestizide. Diese
Komponenten sind besonders anfällig gegenüber
Probenabbau und Adsorptionseffekten im

by Katia May, Ph.D., R&D Chemist, and Christopher English, Environmental Innovations Chemist

GC/MS-Screening halbflüchtiger
organischer Verbindungen in Trinkwasser
Neue Referenzstandards von Restek und eine 

optimale Kapillarsäule

✔ Vollständige Palette neuer Referenzstandards für EPA-Methode 526: Kalibrierstandard,
interner Standard, Surrgate-Standard.

✔ Rtx®-5Sil MS-Kapillarsäule bietet niedrigstes GC/MS-Bluten und ausgezeichnete Inertheit.
✔ Styrol/Divinylbenzol-Extraktionsdisks für die Probenvorbereitung.

*Informationen über UCMR-Begrenzungen finden Sie unter http://www.epa.gov/safewater/methods/unregtbl.html
**Weitere Informationen über den Drilled Uniliner®finden Sie auf Seite 13.
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Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 526 analytes, 1µL, 10ppm (20ppm IS)  
Semivolatile Calibration Mix, EPA 526 cat.# 31691
Surrogate Standard Mix, EPA 526 cat.# 31693
Internal Standard Mix, EPA 526 cat.# 31692

Inj.: 1.0µL splitless (hold 0.3 min.), 4mm Drilled
Uniliner® (cat.# 21055)

GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas: helium, constant flow
Flow rate: 0.8 mL/min.
Oven temp.: 50°C (hold 1 min.) to 200°C @ 20°C/min.

(hold 5 min.)  to 310°C @ 30°C/min.
(hold 3 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent delay: 5.5 min.
Tune: DFTPP
Ionization: EI

1. nitrobenzene
2. 2,4-dichlorophenol
3. 1,3-dimethyl-2-nitrobenzene (ss)
4. 2,4,6-trichlorophenol
5. acenaphthene-d10 (IS#1)
6. 1,2-diphenylhydrazine†

7. prometon
8. terbufos
9. diazinon

10. fonofos
11. phenanthrene-d10 (IS#2)
12. disulfoton
13. acetochlor
14. cyanazine
15. triphenylphosphate (ss)
16. chrysene-d12

† Mix component 1,2-diphenylhydrazine is oxidized to
azobenzene, the analyte in the figure, on injection onto
the heated column.

Abbildung 1
Eine inerte Rtx®-5Sil MS-Kapillarsäule mit geringem Bluten ist ideal für die Analyse der bis jetzt noch nicht in Methode 526 erfassten

Verunreinigungen im Trinkwasser dar.

Injektorport, so dass bei geringen Konzentrationen
häufig Nachweisprobleme auftreten.  Cyanazin, 2,4,6-
Trichlorphenol und Prometon sind Beispiele für
solche Komponenten. Um Injektionsprobleme zu
umgehen, verwenden wir einen deaktivierten Drilled
Uniliner®-Liner und verringern so die
Probenexponierung an die warme Metalloberfläche
des Injektionsports.**

Außerdem entstehen bei der Analyse von Pestiziden
Anforderungen an die GC-Kapillarsäule bezüglich
einer höheren Inertheit und niedrigerem GC/MS-
Bluten: aktive Stellen im Inlet-Liner oder in der Säule
können zu einem vollständigen Verlust von Prometon
und übermäßigem Tailing von 2,4-Dichlorphenol und
2,4,6-Trichlorphenol-Peaks führen. Unsere Rtx®-5Sil
MS-Kapillarsäule auf Silarylen-Polymerbasis bietet
eine optimale Trennung der neuen Referenzstoffe und
weist im Vergleich mit herkömmlichen
Phenyl/Methyl-Phasen ein sehr niedriges Säulenbluten
auf. Die optimale Kombination von
Innendurchmesser und Filmdicke dieser 30m x
0.25mm ID x 0.25µm Rtx-5 Sil MS Kapillarsäule
(Kat.-Nr. 12723), die für die Analyse in Abbildung 1
verwendet wurde, macht sie somit zur ersten Wahl
bei der Analyse vieler halbflüchtiger Verbindungen.
Sie ist auch hervorragend geeignet für EPA-Methode
8270. Die geringe Filmdicke verringert die
Analysenzeit, und durch die hohe Temperaturstabilität
(330/350 °C) kann der Analytiker auch mit steileren
Temperaturprogrammen seine Analysendauer
verkürzen. Zusätzlich können auch Verunreinigungen
mit hohem Siedepunkt nach jedem Analysenlauf ohne
Bluten ausgeheizt werden.

Wir empfehlen für Analysen nach Methode 526 diese
neuen Referenzstandards, einen Drilled Uniliner®und
eine Rtx®-5Sil MS-Kapillarsäule einzusetzen.

Siehe Produktauflistung auf nächster Seite.
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Leak Detective™ II
Ein handliches, empfindliches Lecksuchgerät für jeden Analytiker

Bestellinformationen | Rtx®-5Sil MS-Kapillarsäulen (Fused Silica)
(Vergleichbare Selektivität wie Crossbond®-Silikon mit 5 % Diphenyl und 95 % Dimethyl)

ID df (µm) Temp.-Grenzen 15-Meter 30-Meter
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

DI-Liner für Agilent 5890 & 6890 GCs (für Kapillarsäulen mit einem
Innendurchmesser von 0,25/0,32/0,53 mm)

ID*/OD &
Länge Kat.-Nr./Stück

Kat.-Nr./
5-er Pck.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

acetochlor
cyanazine
diazinon
2,4-dichlorophenol
1,2-diphenylhydrazine
disulfoton

fonofos
nitrobenzene
prometon
terbufos
2,4,6-trichlorophenol

200µg/mL each in ethyl acetate, 1mL/ampul

Halbflüchtige Kalibriermischung, EPA 526
(11 Verbindungen)

Stück 5-er Pck. 10-er Pck.
31691 31691-510 —

mit Datenpaket
31691-500 31691-520 31791

acenaphthene-d10
chrysene-d12

phenanthrene-d10

500µg/mL each in acetone, 1mL/ampul

Interne Standardmischung, EPA 526

Stück 5-er Pck. 10-er Pck.
31692 31692-510 —

mit Datenpaket
31692-500 31692-520 31792

2-nitro-m-xylene
triphenylphosphate

500µg/mL each in acetone, 1mL/ampul

Surrogate-Standardmischung, EPA 526

Stück 5-er Pck. 10-er Pck.
31693 31693-510 —

mit Datenpaket
31693-500 31693-520 31793

Öffnung
ermöglicht 

direkte Injektion
mit Agilent 6890-

GCs mit EPC!

Resprep™ Resin SPE-Disks
• Für chlorierte, benzidin- oder stickstoffhaltige Pestizide.
• Erfüllt Bedingungen laut EPA-Methoden 515.2, 553 und 526.
• 47-mm-Glasfaser ausgelegt mit Styrol/DVB-Harz.
Beschreibung Menge Kat.-Nr.
Resprep™-Harz-SPE-Disks 20-er Pck. 26023

Diskcover™-47-Disk-Halter
• Kompatibel mit den meisten Vakuum-Extraktionsgeräten mit 1/8“ male Luer-Anschlüssen.
• Probe kann automatisch über eine 1/8“ Teflon®-Leitung oder den entsprechenden Diskcover™-47-Behälter 

aufgebracht werden.
Beschreibung Menge Kat.-Nr.
Diskcover™-47 Jeweils 24020
Diskcover™-47 6-er Pck. 24021

Weitere Informationen über die SPE
Manifolds finden Sie in unserem Restek
Gesamtkatalog (Lit.-Katalog Nr. 59473).

Bestellinformationen | Drilled Uniliner®

Gaslecks im GC-System führen zu erhöhtem
Detektorrauschen, einer instabilen Basislinie,
Verschwendung von Trägergas und zur Beschädigung
wertvoller analytischer Kapillarsäulen. Leckprüfungen
sollten ein regelmäßiger Bestandteil Ihres GC-
Wartungsprogramms sein. Das neue elektronische
Lecksuchgerät Leak Detective™ II ist die kostengün-
stige Lösung für das Erkennen von Gaslecks. Damit
können auch kleinste Gaslecks erkannt werden, die
von flüssigen Lecksuchgeräten eventuell übersehen
werden.

Das neue elektronische Lecksuchgerät Leak
Detective™ II verbindet Mikrochip-Technologie mit

*Verwenden Sie niemals flüssige Lecksuchgeräte in einem GC-System, da Flüssigkeiten in die Säule gelangen können.
Achtung:  NICHT für die Lecksuche brennbarer Gase geeignet. Für die Lecksuche brennbarer Gase unter möglicherweise gefährlichen
Bedingungen sollte ein Suchgerät für brennbare Gase eingesetzt werden.

Beschreibung Menge Kat.-Nr.
Lecksuchgerät Leak Detective™ II Stück 20413

✔ Kostengünstiges Wärmeleitfähigkeits-Lecksuchgerät – ein Muss für jeden Analytiker.
✔ Das kompakte, ergonomische Gerät ist einfach zu halten und bedienen.

✔ Erkennt Helium, Wasserstoff und Stickstoff bei 1x10-4 cm³/Sek. oder einer absoluten
Konzentration von bis zu 100 ppm.*

einem neuen Design und bietet Ihnen so größere
Sensibilität und kürzere Reaktionszeiten in einem
kompakteren Gerät. Eine automatische Zero-Funktion
ermöglicht das sofortige Einstellen des Nullpunkts des
Lecksuchgeräts per Kopfdruck. Durch das
ergonomische Design liegen alle Steuerungen direkt
unter Ihren Fingerspitzen und die Bedienung ist
äußerst einfach. Das Gerät reagiert in weniger als
zwei Sekunden auf Leckspuren von Gasen mit einer

anderen Wärmeleitfähigkeit als Luft. Helium,
Wasserstoff und Stickstoff können bei 1x10-4
cm³/Sek. oder bei einer absoluten Konzentrationen
von bis zu 100 ppm erkannt werden.* Lecks werden
durch einen akustischen Alarm und eine LED-Anzeige
angezeigt. Bestellen Sie noch heute das neue elektro-
nische Lecksuchgerät Leak Detective™ II für eine
leichte, empfindliche und verlässliche Lecksuche.

*Nominal ID at syringe needle expulsion point.
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by Barry Burger, Petroleum Chemist, and Neil Mosesman, GC Columns Marketing Manager

Vereinfachen Sie Analysen von permanenten
Gasen und leichten Kohlenwasserstoffen

Durch den Einsatz von  ShinCarbon ST mikrogepackten Säulen

✔ Trennen Sie permanente Gase, einschließlich CO/CO2, 
innerhalb von 10 Minuten ohne Kryofokkusierung.

✔ Schnelle Analyse von Gasgemischen aus Permantgasen und leichten Kohlenwasserstoffen.
✔ Ausgezeichnete Kompatibilität mit den meisten GC-Detektoren – 

minimale Blutung, minimaler Basislinienanstieg.
✔ Vorkonditioniert, weniger als 30 Minuten bis zur Stabilisierung der Basislinie.

Die Analyse der permanenten Gase Sauerstoff,
Stickstoff, Methan, Kohlenmonoxid und
Kohlendioxid war bisher bei einzelnen
Gaschromatographie-Säulen (GC-Säulen) oder Gas-
Fest-Chromatographiesäulen (GSC-Säulen) nur bei
Temperaturen unter der Umgebungstemperatur
möglich. PLOT-Säulen oder Säulen mit
Molekularsieb können kleine Moleküle wie
Sauerstoff und Stickstoff trennen, adsorbieren

jedoch Gase mit größeren Molekulargewichten wie
beispielsweise Kohlendioxid. Poröse Säulen mit
Polymeren wie z. B. Hayesep® Q, D oder A bzw.
Porapak® Q können für die Analyse von Methan,
Kohlenmonoxid und Kohlendioxid verwendet wer-
den. Zur Trennung von Sauerstoff und Stickstoff
sind jedoch Säulenlängen von über sechs Metern
und Temperaturen unter der Umgebungstemperatur
erforderlich.

Das neue Packungsmaterial ShinCarbon ST von
Restek, ein Kohlenmolekularsieb mit großer
Oberfläche (~1500 m²/g), ist für die Trennung von

Bestellinformation | ShinCarbon ST 100/120 mirogepackte Säulen
OD ID 1-Meter 2-Meter
1/16" 1.0mm 19809 19808

0.95mm 0.75mm 19810 —

OD ID 2-Meter
1/8" SilcoSmooth™ 2.0mm 80486-xxx

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det. HID @ 200°C

1. hydrogen
2. oxygen
3. nitrogen
4. carbon monoxide
5. methane
6. carbon dioxide

GC_PC00666

Gasen und leichtflüchtigen Verbindungen mit GSC
ideal. Eine 2 m ShinCarbon ST mikrogepackte Säule
mit 1mm ID trennt die permanenten Gase in 10
Minuten ohne Kryofokkusierung (Abbildung 1).

Mit ShinCarbon ST-Säulen kann nicht nur ein
Durchbruch bei Analysen von Permantgasen erzielt
werden, sondern können auch Mischungen aus
leichten Kohlenwasserstoffen und Permanentgasen
getrennt werden. Abbildung 2 zeigt eine Analyse
permanenter Gase plus Acetylen, Ethylen und Ethan,
die in weniger als 20 Minuten durchgeführt wurde.
Andere potentielle Anwendungsgebiete für
ShinCarbon ST sind Analysen von niedermoleku-
laren Schwefelverbindungen oder Freon®-
Fluorkohlenwasserstoffen.

ShinCarbon ST ist ein hochstabiles Material. Die
obere Temperaturgrenze von 330 °C verringert
Bluten und einen Basislinienanstieg während der
Temperaturprogramms, so dass der Stoff zusammen
mit den meisten in der Gasanalyse verwendeten
Detektoren, einschließlich WLD oder HID, eingeset-
zt werden kann. Alle ShinCarbon ST-Säulen wurden
vollständig in einer sauerstoff- und feuchtigkeits-
freien Umgebung konditioniert, um
Verschmutzungen zu verhindern. Dadurch wird bei
Installation einer neuen Säule die
Stabilisierungsdauer verringert (unter 30 Minuten),
was wiederum die Ausfallzeit reduziert.

Durch seine besonderen Eigenschaften ist
ShinCarbon ST hervorragend geeignet als
Packungsmaterial für Analysen von Gasen und
hochflüchtigen Verbindungen, einschließlich per-
manenten Gasen, niedermolekularen
Kohlenwasserstoffen und Schwefelverbindungen
sowie Freon®-Gasen. Die schnellen Analysen dieser
Kapillarsäulen, die bei Temperaturen oberhalb der
Umgebungstemperatur ausgeführt werden, erle-
ichtern die Arbeit erheblich. Die ausgezeichnete
Temperaturbeständigkeit des Molekularsiebs in
Kombination mit dieser großen Oberfläche sowie
der vorsichtigen Vorkonditionierung gewährleistet
Analysen mit niedrigem Bluten und eine schnelle
Stabilisierung bei Installation einer neuen Säule.
Auf Anfrage sind auch individuell gefertigte
ShinCarbon ST-Säulen erhältlich.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases plus C1+C2

hydrocarbons 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas:  helium
Flow rate:  10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det.: HID @ 200°C

1. oxygen
2. nitrogen
3. carbon monoxide
4. methane
5. carbon dioxide
6. acetylene
7. ethylene
8. ethane

GC_PC00665

Allgemeine
Konfiguration:
SSuuffffiixx -880000

Agilent  5880,
5890, 5987, 6890:
SSuuffffiixx -881100

Varian 3700, Vista
Series, FID:
SSuuffffiixx -882200

PE 900-3920
Sigma 1,2,3:
SSuuffffiixx -883300

83/4"

PE Auto System
8300, 8400, 8700
(nicht Oncolumn):
SSuuffffiixx -884400

6 1/2"

Bestellinformation | gepackte ShinCarbon ST 80/100-Säulen

Säulenkonfigurationen
Fügen Sie bei der
Bestellung von gepackten
Säulen den entsprechenden
Zusatz zur Katalognummer
hinzu. Wenden Sie sich
wegen Sonderanfertigungen
an uns.

In unserem Katalog
finden Sie

Scott Gasstandards für
permanente Gase und

leichtflüchtige
Kohlenwasserstoffe

2 3 4

Bestellinformation | Installation Kits

Exklusiv!

for 0.75mm
ID kapillarsäule

for 1mm
ID kapillarsäule

Für Ventilanwendungen 21062 21065
Für Splitanwendungen 21063 —
Für alle Agilent-GCs 21064 —
Für Direktinjektionen — 21066

Abbildung 1
Eine ShinCarbon ST mikrogepackte Säule

trennt Permanentgase in 10 Minuten
ohne Kryofokkusierung.

Abbildung 2
ShinCarbon ST-Säulen trennen Gemische aus

leichtflüchtigen Kohlenwasserstoffen/
Permanentgasen in kürzester Zeit.

★neu!
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Die EPA-Methode 528 ist eine Screeningmethode
(Festphasen-Extraktion (SPE)/Gaschromatographie
/Massenspektrometrie) zum Nachweis von 12 umwel-
trelevanten Phenolen im Trinkwasser. Sie stellt
gegenüber bisherigen Methoden eine deutliche
Verbesserung dar, da durch die positive
Identifizierung aller 12 Phenole im MS keine
Bestätigungsanalyse mehr notwendig ist.

Die Nachweisgrenzen von Phenolen liegen zwischen
0,02 - 0,58 µg/l, die damit noch unter den
Konzentrationen für die Trinkwasserkontrolle liegen.
Diese Werte basieren auf dem derzeitigen
Informationsstand zu gesundheitlichen
Auswirkungen. Abbildung 1 zeigt eine Analyse der 12
Phenole bei einer Konzentration von 5 ng/l. Durch
mehrere wichtige Schritte können wir bereits bei
dieser geringen Konzentration ausgezeichnete

Peakformen und Sensibilität erreichen.
1.Phenole werden leicht im Injektorport abgebaut 

oder adsorbiert, so dass tailende Peaks und eine 
geringe Sensibilität die Folge sind. Wir minimierten
den Kontakt mit Metalloberflächen, indem wir
einen Drilled Uniliner® verwendeten.** Eine druck-
dichte Dichtung zwischen der Kapillarsäule und
dem Liner verhindert den Kontakt der Probe mit
dem Injektorport. Dadurch wird im Vergleich zu
anderen Injektionsverfahren die Peakform
verbessert und die Sensibilität erhöht.

2.Ein Verringern der Temperatur des Injektorports
von 330 °C auf 220 °C trug auch dazu bei, dass
temperatursensitive Phenole jetzt ohne signifikanten
Abbau auf die Säule überführt werden.

3.Eine pulsierte splitlose Injektion (50 psi, 0,5 Min.)
transferiert die Analyten schnell zum Säulenanfang.

4.Wir stellten die Anfangstemperatur auf 40 °C ein,
um ein übermäßiges Tailing der früh eluierenden
Phenole zu verhindern.

5. Alle 12 Phenole eluieren während des ersten
Temperaturanstiegs von 12 °C/Min., beim zweiten
Anstieg auf 300 °C werden hochmolekulare
Verunreinigungen entfernt. Die Rtx®-5Sil MS-
Kapillarsäule zeichnet sich bei dieser hohen
Temperatur durch extrem niedriges Bluten und
eine hohe Inertheit aus.***

Wir haben ein vollständiges Standard-Set für Methode
528 entwickelt – Kalibrierstandard, interner
Standard, Fortifikations-Lösung, Surrogate-Standard
und GC/MS-Tune Checklösung. Die MS-
Empfindlichkeit im Nachweis von vier Phenolen ist
bedeutend geringer als die der anderen, daher setzen
wir diese in einer höheren Konzentration der
Fortifikationslösung zu. Einige der substituierten
Phenole sind Isomere, die über ähnliche
Massenspektren verfügen, jedoch an Hand der
Retentionszeit unterschieden werden können. Die
einzigen Koelutionen treten mit deuterierten
Surrogates auf, die mit den Targetkomponenten keine
Ionen gemeinsam haben.

Wegen der potentiellen Probleme mit diesen Analyten
ist bei Methode 528 eine Säule mit niedrigem Bluten
erforderlich, die eine entsprechende Trennleistung
bietet. Die Rtx®-5Sil MS-Kapillarsäule zeichnet sich
durch niedriges Bluten, ausgezeichnete Inertheit und
hohe maximale Betriebstemperaturen aus.*** Ein
Drilled Uniliner® verringert den Verlust aktiver
Verbindungen signifikant und gewährleistet zuverläs-
sige Ergebnisse.

by Christopher English, Environmental Innovations Chemist, and Katia May, Ph.D., R&D Chemist

GC/MS-Screening von Phenolen
Die optimierte Analyse

✔ Vollständige Ergänzung der Referenzstandards für US-EPA-Methode 528.
✔ Fortifikationslösung auf Grundlage der MS-Sensibilität für jeden Analyten formuliert.

✔ Rtx®-5Sil MS-Säule ermöglicht den Nachweis von Phenolen bei 5 ng on-column.

4-chloro-3-methylphenol
2-chlorophenol
o-cresol
2,4-dichlorophenol
2,4-dimethylphenol
2,4-dinitrophenol

2-methyl-4,6-dinitrophenol
2-nitrophenol
4-nitrophenol
pentachlorophenol
phenol
2,4,6-trichlorophenol

2,000µg/mL jeweils in methylene chloride, 1mL/ampulle

Phenol-Kalibriermischung 1, EPA 528

Jeweils 5-er Pck. 10-er Pck.
31694 31694-510 —

mit Datenpaket
31694-500 31694-520 31794

3-nitro-o-xylene 1,000µg/mL
2,3,4,5-tetrachlorophenol 2,000µg/mL
In methylene chloride, 1mL/ampulle

Interne Standardmischung, EPA 528

Jeweils 5-er Pck. 10-er Pck.
31696 31696-510 —

mit Datenpaket
31696-500 31696-520 31796

4-chloro-3-methylphenol 100µg/mL
2-chlorophenol 100
o-cresol 100
2,4-dichlorophenol 100
2,4-dimethylphenol 100
2,4-dinitrophenol 500
2-methyl-4,6-dinitrophenol 500
2-nitrophenol 100
4-nitrophenol 500
pentachlorophenol 500
phenol 100
2,4,6-trichlorophenol 100
In methanol, 1mL/ampulle

Phenol-Fortifikationsmischung EPA 528

Jeweils 5-er Pck. 10-er Pck.
31695 31695-510 —

mit Datenpaket
31695-500 31695-520 31795

2-chlorophenol-d4 1,000µg/mL
2,4-dimethylphenol-d3 1,000
2,4,6-tribromophenol 2,000
In methanol, 1mL/ampulle

Surrogate-Standardmischung, EPA 528

Jeweils 5-er Pck. 10-er Pck.
31697 31697-510 —

mit Datenpaket
31697-500 31697-520 31797

decafluorotriphenylphosphine (DFTPP)
2,500µg/mL in methylene chloride, 1mL/ampulle

SV-Tuningkomponente

Jeweils 5-er Pck. 10-er Pck.
31001 31001-510 —

mit Datenpaket
31001-500 31001-520 31101
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1. phenol
2. 2-chlorophenol-3,4,5,6-d4 (SS)
3. 2-chlorophenol
4. 2-methylphenol
5. 2-nitrophenol
6. 2,4-dimethylphenol-3,5,6-d3 (SS)
7. 2,4-dimethylphenol
8. 2,4-dichlorophenol
9. 4-chloro-3-methylphenol

10. 1,2-dimethyl-3-nitrobenzene (IS#1)
11. 2,4,6-trichlorophenol
12. 2,4-dinitrophenol
13. 4-nitrophenol
14. 2,3,4,5-tetrachlorophenol (IS#2)
15. 2-methyl-4,6-dinitrophenol
16. 2,4,6-tribromophenol (SS)
17. pentachlorophenol

*Anforderungen an Tests und Analysen sind im 40. Code of Federal Regulations (Föderaler Regelungskodex – CFR) in Kapitel 1, Teil
141.40 aufgeführt.
**Weitere Informationen über Drilled Uniliner®-Inlet-Liner finden Sie auf Seite 13.
***Rtx®-5Sil MS-Kapillarsäulen-Informationen auf Seite 5.

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 528 analytes, 1µL, 5ppm 
Phenol Calibration Mix 1, EPA 528 (cat# 31694)
Internal Standard Mix, EPA 528 (cat# 31696)
Surrogate Standard Mix, EPA 528 (cat# 31697)

Inj.: 1.0µL pulsed splitless (hold 0.5
min.), 4mm Drilled Uniliner®

(cat.# 21055), pulsed pressure
50psi for 0.5 min.

GC: Agilent 6890 
Inj. temp.: 220°C
Carrier gas: helium, constant flow  
Flow rate: 1.3  mL/min. 
Oven temp.: 40°C (hold 1 min.) to 220°C @

12°C/min. (hold 0 min.) to 300°C
@ 30°C/min  (hold 1 min.) 

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 5.5 min.
Tune: DFTPP
Ionization: EI

Abbildung 1
Ausgezeichnete Sensitivität und Peakform für Phenole bei Konzentrationen von 5 ng on-column

bei Verwendung einer Rtx®-5Sil MS-Säule und Referenzstandards von Restek.
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by Katia May, Ph.D., R&D Chemist, and Rebecca Wittrig, Ph.D., Food, Flavor, & Fragrance Innovations Chemist

Neue Referenzstandards für Umwelt- und
Duftanalysen

System Check-Standard für Organochlorpestizid-Analysen: US-EPA-Methoden
508/508.1, 608, 617, 625, 1618, 1656, 8080A/8081, 8250A/8270B, CLP
✔ Für die tägliche Überprüfung des Systems.
✔ Zeigt aktive Stellen im Injektorport und/oder in der GC-Kapillarsäule an.
✔ Gelöst in MTBE – geringes Dampfvolumen  unterstützt die Vermeidung von Backflash.

Siedepunkt/Kohlenstoffindex-Verteilungsmarker:
Method TNRCC 1005 für TPH
✔ Bestimmen Sie problemlos das Retentions-Zeitfenster für jeden Siedepunktbereich.
✔ Vorgelegt in n-Pentan gemäß EPA-Anforderungen.

Neuer Fragrance Materials Association Standard zur Systemeignungsprüfung
✔ Systemüberprüfung für die Analyse ätherischer Öle und Duftstoffe.
✔ Systemeignungstest für GC-Systeme und analytische Kapillarsäulen.
✔ Anwenderfreundliche Füllmenge von 0,5 ml zur Herstellung der Arbeitslösung.

Tägliche Tests zur Überprüfung auf  DDT und Endrin-Abbau, eine Anforderung der US-EPA-Methoden 508/508.1,
608, 617, 625, 1618, 1656, 8080A/8081, 8250A/8270B und CLP, werden gewöhnlich durch Injektion der
Kalibriermischung und Überprüfung auf Abbauprodukte ausgeführt. Da wir diesen neuen Referenzstandard
speziell für Abbauprodukt-Tests entwickelt haben, sind damit bessere Qualitätskontrollen möglich.

DNPH-Standard von Aldehyden/Ketonen für US-EPA-Methode TO-11A und 8315
✔ Zur Bestimmung von Carbonylverbindungen in Luft mittels HPLC.
✔ Anwenderfreundliche 15 µg/ml-Konzentration, in Anlehnung an die meist angetroffenen 

Konzentrationen in der Umgebungsluft.
✔ Im Analysenzertifikat werden neben der Konzentration der DNPH-Derivaten auch die 

entsprechenden der freien Aldehyde/Ketone aufgeführt.
Wir bieten diesen neuen fünfzehn Komponenten umfassenden Standard für Methode TO-11A und Methode
8315 an. Eine 150 x 4,6 mm Ultra C18 HPLC-Säule (Kat.-Nr. 9174565) bietet eine schnelle, verlässliche
Trennung von Formaldehyd, vielen anderen Aldehyden und Ketonen.

n-hexane (C6)
n-dodecane (C12)

n-octacosane (C28)
n-pentatriacontane (C35)

200µg/mL jeweils in pentane, 1mL/ampulle

TNRCC 1005-Retentionszeitmarker-Standard

Stück 5-er Pck. 10-er Pck.
31698 31698-510 —

mit Datenpaket
31698-500 31698-520 31798

4,4'-DDT 200µg/mL
endrin 100µg/mL
In MTBE, 1mL/ampulle

Stück 5-er Pck. 10-er Pck.
32417 32417-510 —

mit Datenpaket
32417-500 32417-520 32517

System Check-Standard für die Analyse von
Organochlorpestiziden

benzyl salicylate 362 parts*
cinnamic aldehyde 5 parts
cinnamic alcohol 3 parts
cinnamyl acetate 3 parts
ethyl butyrate 362 parts
eucalyptol 5 parts

geraniol 6 parts
hydroxycitronellal 50 parts
d-limonene 200 parts
thymol crystal 3 parts
vanillin 1 part
benzoic acid 1% of mix

Neat, 0.5mL in an amber ampulle

Fragrance Materials Association Standard

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde

DNPH

formaldehyde-DNPH
hexaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

15µg/mL jeweils in acetonitrile, 1mL/ampulle

Aldehyd-Keton-DNPH TO-11A-Kalibrierstandard

Stück
31808

Ein vollständiges Set an Restek-Standards für Methode TNRCC 1005 umfasst ebenfalls: TPH-Locator –Standard
(Kat.-Nr. 31482), TX TPH-Kalibrierstandard (Kat.-Nr. 31483), TX TPH-Standard, matrix-gespikt (Kat.-Nr. 31484).

*Teile pro Tausend

 

GC_FF00658

Rtx®-1701, 60m, 0.25mm ID, 0.25µm (cat.# 12026)
Sample: 5% FMA Test Mix (cat.# 31807) in acetone 
Inj.: 1.0µL split (split ratio 40:1), 4mm inlet

liner (cat.# 20814)
Inj. temp.: 285°C
Carrier gas: helium, constant flow  
Flow rate: 0.6mL/min.
Oven temp.: 50°C to 270°C @ 3°C/min. 
Det.: FID @ 300°C
Compound % in FMA Mix

1. ethyl butyrate 35.7
2. limonene 20.0
3. eucalyptol 0.5
4. geraniol 0.6
5. benzoic acid 1.0
6. cinnamic aldehyde 0.5
7. hydroxycitronellal 5.0
8. thymol 0.3
9. cinnamyl alcohol 0.3

10. cinnamyl acetate 0.3
11. vanillin 0.1
12. benzyl salicylate 35.7

Die Fragrance Materials Association (FMA –
Vereinigung für Duftstoffe) hat eine standardisierte GC
Methode vorgeschlagen, mit der ätherische Öle auf
polaren und unpolaren analytischen Kapillarsäulen
analysiert werden. Zur Eignungsprüfung des GC
Systems soll ein entsprechender Standard verwendet
werden, so dass Probleme im Injektionssystem,
Schäden an der stationären Phase und damit verbun-
dener Auflösungsverlust, Auftreten von aktiven Stellen
im gesamten System rechtzeitig erkannt und behoben
werden können. Wir entwickelten einen
Systemeignungsstandard, der mit der von der FMA
vorgeschlagenen Mischung übereinstimmt. Die
erforderliche 5%-ige Testlösung kann einfach durch
Verdünnen der 0,5 ml Testlösung mit Aceton auf
10ml Endvolumen hergestellt werden. Die
Arbeitslösung ist bis zu einer Woche lang stabil, wenn
sie in einem dunklen Behälter und gekühlt aufbe-
wahrt wird.

Stück 5-er Pck.
31807 31807-510

Abbildung 1
Neuer Standard für ätherische Öle und Duftstoffe.

★neu!
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HPLC Säulen Test-Standards
✔ Fünfkomponenten-Standard zur Charakterisierung der HPLC-Säulenparameter.
✔ Einfacher, problemloser und verlässlicher Ansatz für QC-Evaluierungen oder Säulenklassifizierungen.

by Vernon Bartlett, HPLC Innovations Manager, and Katia May, Ph.D., R&D Chemist

Neue HPLC Säulen
Test-Standards

Zucker-Teststandard zur Überprüfung des Leistungsgrads von HPLC Säulen
✔ Für einfache HPLC Analysen von Kohlenhydraten mit RI Detektion.
✔ Verwenden Sie eine aminomodifizierte Kieselgel HPLC Säule, wie von AOAC International

empfohlen.
✔ Verwenden Sie diesen Standard als Kalibrierstandard für die AACC-Methode 80-04.
✔ Wird aus Stabilitätsgründen auch als Trockensubstanz angeboten.

Das National Institute of Standards and Technology
(nationales Institut für Standards und Technologie -
NIST) stellte einen Standard aus fünf organischen
Verbindungen her, die für die Klassifizierung von
HPLC-Säulen sehr gut geeignet ist. Die mit dem
Standard gemessenen, primären Säulen-Parameter
sind: Leistung, Hohlraumvolumen, Methylenselektivität,
Retention und Aktivität gegenüber Chelatbildnern und
organischen Basen. Mit dem Standard erhaltene
Ergebnisse können für die Säulenklassifizierung,
Säulenauswahl während der Methodenentwicklung,
Überwachung der Säulenleistung über einen längeren
Zeitraum oder für die Qualitätskontrolle während der
Herstellung der HPLC Säule verwendet werden.

Wir arbeiten nach der NIST-Methode für die
Herstellung dieses Standards und vergleichen unsere
Komponentengemische mit dem NIST 870-Standard.
Gemäß Abbildung 1 sind die chromatographischen
Profile des Referenzstandards von Restek und dem
des NIST 870-Standard fast identisch.

Peak List: Conc. (mg/mL)
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

Column: Pinnacle II™ Amino
Catalog #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å
Conditions:
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C

LC_0223

AOAC International empfiehlt eine HPLC-Methode, bei
der ein RI Detektor und eine aminomodifizierte sta-
tionäre Phase für die Analyse einfacher Zucker, d.h. die
Monosaccharide Fruktose und Glukose sowie die
Disaccharide Sacharose, Maltose und Laktose verwendet
wird.

Der PQ-Test ist Teil der Bewertung der Laborinstrumente
und bestimmt die Genauigkeit des HPLC-Systems. Die
PQ-Testergebnisse zeigen gewöhnlich die Abweichung
bei den Retentionszeiten an. Unsere neuen Testgemische
für PQ von HPLC/RI (refractive index – Brechungszahl)
besteht aus fünf einfachen Zuckern in unterschiedlichen
Konzentrationen. Da es bei Zuckerlösungen zu bakteriol-
ogischem Abbau kommt, präparieren wir die
Referenzstoffe in Wasser, gefriertrocknen sie und ver-
packen sie trocken in kleine (4 ml) Flaschen für eine
erhöhte Stabilität. Lösen Sie die Substanzen in 1 ml
Acetonitril/Wasser (75:25, v/v) auf.

Abbildung 2 zeigt eine hervorragende Trennung der ein-
fachen Zucker, die mit einer Pinnacle II™ Amino HPLC-
Kapillarsäule (Kat.-Nr.  9217365) erreicht wurde – eine
stationäre Propylamin-Phase auf 3µm-Kieselgel. Da wir
das Kieselgel und die Phase für diese HPLC Säule in
unserem Haus selbst hergestellt haben, können wir die
Reproduzierbarkeit von Säule zu Säule genauestens
steuern.

Mit einer Regulierungsdokumentation für Installationsqualifikation (IQ), Betriebsqualifikation (operation quali-
fication – OQ) und Leistungsqualifikation (performance qualification – PQ) wird die Systemleistung für
Regulierungsbehörden geprüft. Ein wichtiger Teil der OQ bei HPLC-Instrumenten ist die Sicherstellung der
Detektorlinearität. Die Konzentration der zu analysierender Verbindungen kann schwanken, daher muss der
Detektor bei Konzentrationsabweichungen eine lineare Response erzeugen können. Die Response sollte bei gle-
ichbleibendem Injektionsvolumen proportional zur Konzentration des Analyten sein.

Chemiker von Restek haben für diesen Zweck ein neues analytisches Standardset, bestehend aus fünf wässrigen
Koffein-Lösungen, jeweils 1 ml, in Konzentrationen von 5, 25, 125, 250 und 500 µg/ml, entwickelt. Diese
Lösungen eignen sich für Linearitätsmessungen und können für die Erzeugung einfacher Grafiken von Response
versus Konzentration verwendet werden.  Der Korrelationskoeffizient zwischen Probenkonzentration und
Response ist dann leicht zu berechnen. Unser Analysenzertifikat umfasst die Koffeinkonzentration (5 - 500
µg/ml), die berechnete Abweichung bei der Vorbereitung jeder Mischung, eine Linearitätsgrafik und das
Bestimmtheitsmaß (r2) für die lineare Grafik.

Enthält je 1 ml dieser Mischungen.

Set zur Bestimmung der HPLC-OQ-Linearität
Koffein mit fünf Konzentrationen in einem Satz mit fünf Ampullen
bei 5, 25, 125, 250 und 500 µg/ml. Wird für die Bestimmung der
UV-Detektor-Linearität verwendet. Nur als Set erhältlich.

Satz
31805

amitriptyline hydrochloride 2800 µg/mL
ethylbenzene 1700
quinizarin 94
In methanol, 1mL/ampulle

HPLC-Säulen Test-Standard

Stück 5-er Pck. 10-er Pck.
31699 31699-510 —

mit Datenpaket
31699-500 31699-520 31799

glucose 2.0µg/mL*
fructose 2.1
lactose 4.4

maltose 4.5
sucrose 4.0

Getrockene Komponenten in einem 4-ml-Vial mit
Schraubverschluss.

Zucker-Teststandard für Leistungstests von
Kapillarsäulen

Stück
31809
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Peak List: Conc. (µg/mL)
1. uracil 28
2. toluene 1400
3. ethylbenzene 1700
4. quinizarin 94
5. amitriptyline 2800

Sample: HPLC Performance Text Mix (cat.# 31699)
Inj.: 5.0µL
Sample diluent: methanol

Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions: Mobile phase: A: 5mM potassium
phosphate, pH 7.0
B: MeOH
20%A: 80%B

Flow: 2.0mL/min.
Temp.: 23°C
Det.: UV @ 254nm

LC_0242

LC_0244

NIST Mix

Restek
Mix

*Endgültige Konzentration bei Auflösung in 1 ml
Acetonitril:Wasser (75:25) v/v.

Sample: Sugar Column
Performance Check Mix
(cat.# 31809)
Inj.: 5µL

Abbildung 1
HPLC Säulen Test-Standard für HPLC-

Kapillarsäulen von Restek entspricht den NIST
870-Vorgaben.

Abbildung 2
Ausgezeichnete Trennleistung für einfache Zucker bei
Verwendung einer Pinnacle II™ Amino HPLC-Säule.

★neu!

toluene 1400
uracil 28

HPLC-Testmischung für UV-Detektor-Linearität
✔ Einfacher Test zur Überprüfung der Detektorleistung: linearer Response-Bereich  bei

Injektion unterschiedlicher Konzentrationen.
✔ Konzentrationen für eindeutige Indikation eines linearen Bereichs geeignet..



Figure 1
Silcosteel®-CR-beschichteter, rostfreier 316L-

Stahl weist eine über 10 Mal höhere
Resistenz gegenüber HCI auf im Vergleich zu
unbehandeltem rostfreien Stahl und eine 4-

fache Verbesserung im Vergleich zu mit
Silcosteel®-beschichtetem rostfreiem Stahl.
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by Gary Barone, Metals Passivation Group Product Marketing Manager

Silcosteel®-CR-Leitungen & Anschlussstücke
Verbesserte Resistenz gegenüber anorganischen Säuren

✔ Resistent gegen Chlorwasserstoff-, Schwefel- und Salpetersäure.
✔ Verringert die Wartung und Ausfallzeit des Systems.

✔ Leitungen und viele Anschlussstücke auf Lager; individuelle Beschichtungen erhältlich.

Restek nimmt diese neue Produktlinie an hoch kor-
rosionsbeständigen Anschlussstücken und Leitungen

in das fortlaufende
Programm für die
Entwicklung von
Oberflächentechnologien
auf. Silcosteel®-CR*-
Beschichtungen werden
optimiert, um die
Resistenz gegenüber
Chlorwasserstoff-,
Schwefel- und

Salpetersäure zu verbessern (Abbildung 1).
Leitungen und Anschlussstücke, die mit diesen zer-
setzenden Säuren verwendet werden, müssen häufig
geprüft und ersetzt werden. Die Silcosteel®-CR-
Beschichtung, die bei den weit verbreiteten Parker
A-Lok-Anschlussstücken und nahtlos gezogene

316L-Rohren aus rostfreiem Stahl verwendet wur-
den, erhöht den Schutz vor Korrosion bedeutend.

Die Silcosteel®-CR-Behandlung umfasst einen
besonderen Anreicherungsprozess, mit dem die
Oberfläche der Leitungen oder Anschlussstücke
vollständig abgedeckt und der Kontakt zwischen
den Säuren und der Oberfläche verhindert wird.
Die Silcosteel®-CR-Beschichtung ist in diesen
Säuren nicht löslich und bietet eine einzigartige
Schutzschicht für rostfreie Stähle.

Es ist auch eine individuelle Silcosteel®-CR-
Beschichtung verfügbar. Bei Fragen zur
Beschichtung Ihrer Artikel mit Silcosteel®-CR wen-
den Sie sich an unsere technische Service-Abteilung
oder Ihren Vertreter von Restek vor Ort.

Beschreibung Menge Kat.-Nr.
1/16" Verbindung (0,158 cm) Stück 22863
1/8" Verbindung Stück 22864
1/4" Verbindung Stück 22865
1/16" T-Stück (0,158 cm) Stück 22866
1/8" T-Stück Stück 22867
1/4" T-Stück Stück 22868

1/8" bis 1/16" Übergangsstück (0,3175 cm – 0,158 cm) Stück 22869
1/4" bis 1/16" Übergangsstück Stück 22870
1/4" bis 1/8" Übergangsstück Stück 22871

1/8" Kreuzstück (0,3175 cm) Stück 22872
1/4" Kreuzstück Stück 22873
1/16" Winkelstück (0,158 cm) Stück 22874
1/8" Winkelstück Stück 22875
1/4" Winkelstück Stück 22876
1/16" Verschlussverschraubung (0,158 cm) Stück 22877
1/8" Verschlussverschraubung Stück 22878
1/4" Verschlussverschraubung Stück 22879
1/8" bis 1/16" Rohranschlussreduzierstück (0,3175 cm – 0,158 cm) Stück 22880
1/4" bis 1/16" Rohranschlussreduzierstück Stück 22881
1/8" bis 1/4" Rohranschlussreduzierstück Stück 22882
1/4" bis 1/8" Rohranschlussreduzierstück Stück 22883
1/8" Anschlussverbindung (0,3175 cm) Stück 22884
1/4" Anschlussverbindung Stück 22885
1/8" bis 1/4" Anschlussverbindung Stück 22886
1/8" bis 1/8" NPT-Verbindung mit Außengewinde (0,3175 cm) Stück 22887
1/4" bis 1/4" NPT-Verbindung mit Außengewinde Stück 22888
1/16" bis 1/8" NPT-Verbindung mit Außengewinde Stück 22889
1/8" bis 1/4" NPT-Verbindung mit Außengewinde Stück 22890
1/4" bis 1/8" NPT-Verbindung mit Außengewinde Stück 22891
1/8" bis 1/8" NPT-Verbindung mit Innengewinde (0,3175 cm) Stück 22892
1/4" bis 1/4" NPT-Verbindung mit Innengewinde Stück 22893
1/4" bis 1/8" NPT-Verbindung mit Innengewinde Stück 22894
1/8" bis 1/4" NPT-Verbindung mit Innengewinde Stück 22895

Bestellinformation | Silcosteel®-CR-Anschlussstücke

Bestellinformation | Nahtlos gezogene Silcosteel®-CR 316L-Leitungen aus rostfreiem Stahl

*Patent beantragt.

Bitte beachten Sie: für das Schneiden von Silcosteel®-
CR-Leitungen wird eine zusätzliche Gebühr verlangt. Die
Kosten berechnen sich aus der Gesamtanzahl der beim
Schneiden erhaltenen Teile für jeden Artikel der Reihe wie
folgt:

5 bis 15 Teile zusätzlich
16 bis 30 Teile zusätzlich
31 bis 75 Teile zusätzlich
76 bis 99 Teile zusätzlich
100 bis 200 Teile zusätzlich

Preis pro Meter nach Länge
Innendurchmesser Außendurchmesser Kar.-Nr. 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.

0.055" (1.40mm) 1/8" (3.18mm)** 22896
0.180" (4.57mm) 1/4" (6.35mm)** 22897

**0,09 cm Wanddicke

Corrosion Rates: ASTM G31-72(99),
Immersion in 37.1% HCl

Neuer Restek-Katalog

★neu!
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Polyzyklische, aromatische Kohlenwasserstoffe
(PAKs) haben eine mutagene und karzinogene
Wirkung auf die Umwelt. Sie werden von vielen
Verbrennungsquellen abgegeben, wozu auch
Verbrennungsmaschinen in Kraftfahrzeugen sowie

Heizvorrichtungen gehören, die fossile Brennstoffe
verbrennen. PAKs sind vielseitig und können daher in
vielen Matrices, wie Luft, Wasser und Schmutz,
untersucht werden. Umweltproben enthalten oft
komplexe PAK-Mischungen, die aufgrund der großen

Reproduzierbare Analysen polyzyklischer,
aromatischer Kohlenwasserstoffe
Pinnacle II™ PAH HPLC-Säulen und

Referenzstandards von Restek
by Terrence S. Reid, Innovations Team Chemist

✔ Spezielle HPLC-Säulen lösen 16 PAKs bis zur Grundlinie auf.
✔ Selbsthergestelltes Kieselgel gewährleistet eine reproduzierbare Leistung der Säulen.

✔ Drei Referenzstandards – wählen Sie die Konzentration, die am 
besten für Ihre Anforderungen geeignet ist.

Pinnacle II™ PAH 5-µm-Säulen
2.1mm ID 3.2mm ID 4.6mm ID

Länge Kat.-Nr. Kat.-Nr. Kat.-Nr.
100mm — 9219513 9219515
150mm — 9219563 9219565
200mm — 9219523 9219525
250mm 9219572 9219573 9219575

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

2,000µg/mL jeweils in methylene chloride, 1mL/ampulle

Halbflüchtiger Kalibrierstandard
Nr. 5 (16 Komponenten) 3/90 and 4/89 SOW

Stück 5-er Pck. 10-er Pck.
31011 31011-510 —

mit Datenpaket
31011-500 31011-520 31111

acenaphthene 1000µg/mL
acenaphthylene 1000
anthracene 1000
benzo(a)anthracene 500
benzo(a)pyrene 500
benzo(b)fluoranthene 500
benzo(k)fluoranthene 500
benzo(ghi)perylene 500

chrysene 500
dibenzo(a,h)anthracene 500
fluoranthene 500
fluorene 1000
indeno(1,2,3-cd)pyrene 500
naphthalene 1000
phenanthrene 500
pyrene 500

In methylene chloride, 1mL/ampulle

610 PA-Kalibrierstandard A
(16 Komponenten)

Stück 5-er Pck. 10-er Pck.
31264 31264-510 —

mit Datenpaket
31264-500 31264-520 31364

acenaphthene 1000µg/mL
acenaphthylene 2000
anthracene 100
benzo(a)anthracene 100
benzo(a)pyrene 100
benzo(b)fluoranthene 200
benzo(k)fluoranthene 100
phenanthrene 100

benzo(ghi)perylene 200
chrysene 100
dibenzo(a,h)anthracene 200
fluoranthene 200
fluorene 200
indeno(1,2,3-cd)pyrene 100
naphthalene 1000
pyrene 100

In methylene chloride:methanol (1:1), 1mL/ampulle

610 PAH-Kalibrierstandard B
(16 Komponenten)

Stück 5-er Pck. 10-er Pck.
31455 31455-510 —

mit Datenpaket
31455-500 31455-520 31555

Sample:
Inj.: 610 PAH Calibration Mix A (cat.# 31264), 5µL
Sample diluent: methylene chloride:acetonitrile (1:9, v/v)
Column: Catalog #: 9219563

Dimensions: 150 x 3.2mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: water; B: acetonitrile

Time: %B
0 40
30 100
40 100
41 40
51 40

Flow: 0.5mL/min
Temp.: 30°C (or ambient)
Det.: UV @ 254nm

LC_0243

Ret. Time (min.) Conc.
Peak List: Lot 1 Lot 2 Lot 3 (µg/mL)

1. naphthalene 11.95 12.17 11.80 100
2. acenaphthylene 13.41 13.65 13.26 100
3. acenaphthene 15.61 15.89 15.45 100
4. fluorene 16.09 16.31 15.92 100
5. phenanthrene 17.41 17.61 17.23 50
6. anthracene 18.80 18.92 18.61 100
7. fluoranthene 20.23 20.39 20.03 50
8. pyrene 21.31 21.46 21.11 50
9. benzo(a)anthracene 24.88 24.87 24.65 50

10. chrysene 25.64 25.54 25.40 50
11. benzo(b)fluoranthene 28.62 28.53 28.35 50
12. benzo(k)fluoranthene 29.97 29.74 29.70 50
13. benzo(a)pyrene 31.26 31.02 30.97 50
14. dibenzo(a,h)anthracene 33.09 32.74 32.81 50
15. benzo(ghi)perylene 34.46 34.24 34.16 50
16. indeno(1,2,3-cd)pyrene 35.19 34.85 34.91 50

strukturellen Ähnlichkeit zwischen den verschiedenen
Analyten schwer aufzulösen sind. Umkehrphasen-HPLC
wird als bevorzugte Methode zur Analyse von PAKs ver-
wendet, da diese Technik zwischen den eng miteinan-
der verwandten Verbindungen auf Grundlage der
Molekülstruktur unterscheiden kann. Die EPA-
Methode 610 schreibt beispielsweise eine
Umkehrphasen-HPLC für die Analyse der 16 in
Abbildung 1 aufgelisteten PAKs vor.

Wir haben unser neuestens Mitglied zur Pinnacle II™
HPLC-Produktfamilie, die Pinnacle II™ PAK-Säule,
speziell für diese anspruchsvollen Analysen entwickelt.
Bei der stationären Phase von Pinnacle II™ PAH han-
delt es sich um eine spezielle polymere C18-Bindung,
die eine auf speziellen Formen basierende Selektivität
verwendet, um die Basislinientrennung aller 16 PAKs
in der EPA-Methode 610 zu ermöglichen. Darüber hin-
aus stellen wir Pinnacle II™ PAH-Säulen aus unserem
selbsthergestelltem Kieselgel her. Dadurch haben wir
eine deutlich zuverlässigere Kontrolle über Qualität
und Reproduzierbarkeit. Die Pinnacle II™ PAH-
Kapillarsäulen bieten nicht nur dieselbe Selektivität wie
die Original-Pinnacle™ PAH-Säulen, sondern auch
eine größere Reproduzierbarkeit.

Die Lot-zu-Lot-Reproduzierbarkeit der Pinnacle II™
PAH-Säulen ist hervorragend (siehe Abbildung 1). Alle
drei abgebildeten Lots bieten eine Basislinienauflösung
der 16 unter Methode 610 aufgeführten PAKs, wobei
sie einen einfachen, linearen Wasser/Acetonitril-
Gradienten als mobile Phase verwenden.

Außer diesen speziellen HPLC-Säulen stellt Restek drei
analytische Referenzmischungen für die EPA-Methode
610 her. Die Mischungen weisen unterschiedliche
Konzentrationen auf, wobei jede Mischung jedoch alle
16 aufgeführten PAKs enthält, die in praktischen 1-ml-
Ampullen abgefüllt sind. Bei der Probe, die für
Abbildung 1 verwendet wurde, handelt es sich um die
610 PAH Kalibriermischung A.

Wenn Sie PAKs analysieren, so wird aus den hier
aufgeführten Informationen ersichtlich, dass Restek
zuverlässige, kostengünstige HPLC-Säulen und alle
erforderlichen chemischen Standards anbieten kann.

(Mix A)

lot 1

lot 2

lot 3

Abbildung 1
Pinnacle II™ PAH-Säulen bieten eine reproduzierbare Basislinientrennung der 16 in der US-EPA-

Methode 610 aufgeführten PAKs.

★neu!
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by Rebecca Wittrig, Ph.D., Food, Flavor & Fragrance Innovations Chemist

Hochauflösende Analyse von
Fettsäuremethylestern (FAMEs)

Einsatz einer Rt-2560 GC-Kapillarsäule zur
Trennung der cis- und trans-Isomeren

✔ Stark polare Rt-2560-Kapillarsäule; erfüllt die Analyseanforderungen der AOAC-Methode 996.06.
✔ Kapillarsäule zum Bestimmen der Fettsäurezusammensetzung oder des Gesamt-trans-Fettgehalts.

✔ Referenzstandards zum Kalibrieren des GC-Systems und Identifizierung von Isomeren.

Moderne Anforderungen zur Charakterisierung von
Fetten und Ölen sowie zur Bestimmung des Gesamt-
Fettgehalts in Lebensmitteln erfordern hoch wirksame
Trennungen, die mit Hilfe von GC-Kapillarsäulen
durchgeführt werden können. Eine richtig ausgewählte
Kapillarsäule kann genaue Informationen über kom-
plexe Fett- oder Ölproben liefern, wie beispielsweise
den Gesamt-Fettgehalt, den Trans-Fettgehalt oder den
Gesamtgehalt von 3 mehrfach ungesättigten Fettsäuren.
Stationäre Phasen vom Typ Carbowax® (polyethyleng-
lykol) werden in der Regel zum Trennen, Identifizieren
und Quantifizieren gesättigter und ungesättigter
Fettsäuremethylester (FAMEs) verwendet. Höher polare
Biscyanopropyl-Säulen, meistens in Längen bis zu 100m
im Einsatz, werden zur Trennung von cis- und trans-
Isomeren von mehrfach ungesättigten Komponenten,
zur Bestimmung des Gesamt-Fettgehalts oder zur
Quantifizierung des Gesamt-trans-Fettgehalts benötigt.

Einzelne cis- und trans-FAME-Isomere werden in einer
100 Meter Rt-2560-Kapillarsäule wirksam aufgetrennt.
Diese Kapillarsäule sollte daher zum Analysieren teil-
weise hydrierter Öle verwendet werden. Die stark
polare Biscyanopropyl-Phase verfügt über die
Selektivität, die zum Auflösen dieser Isomere erforder-
lich ist, wie beispielsweise die cis- und trans-Formen
von C18:1. Die trans-Isomere eluieren vor den cis-
Isomeren, im Gegensatz zu ihrer Elutionsanordnung in
Carbowax®- Phasen wie Rtx®-Wax oder FAMEWAX®.

Bei der AOAC-Methode 996.06, also der angegebenen
Methode zur  Bestimmung des Gesamt-Fettgehalts eines
Nahrungsmittels zwecks Angabe der Nährwerte auf dem
Etikett, muss der auf dem Fettsäuregehalt basierende
Gesamt-Fettgehalt bestimmt werden, nachdem die
Fettsäuren zu Methylester umgewandelt wurden. Die

100 Meter Rt-2560-Kapillarsäule erfüllt die
Anforderungen dieses Verfahrens. Eine Rt-2560-
Kapillarsäule ermöglicht ferner die Quantifizierung des
Gesamt-trans-Gehalts. Beachten Sie, dass die etwas
weniger polareren Rtx®-2330-Kapillarsäulen, unsere
90% Biscyanopropylphasen-Säulen, auch cis- und
trans-FAME-Isomere trennen. Bei den Rtx®-2330-
Säulen eluieren die trans-Formen der FAMEs, genau wie
bei den Rt-2560-Kapillarsäulen, vor den cis-Formen.

Wenn Sie das GC-System für Proben dieses Typs kalibri-
eren möchten, so verwenden Sie eine FAME-Mischung,
die von uns für die Nahrungsmittelindustrie hergestellt
wird, eine aus 37 Komponenten bestehende Mischung
aus FAMEs, die man normalerweise in pflanzlichen und
tierischen Fetten und Ölen sowie in Fetten und Ölen von
Meerestieren vorfindet, oder unsere aus 28 Bestandteilen
bestehende Mischung NLEA FAME (Abbildung 1). Diese
Standards werden mit einem gravimetrisches
Analysenzertifikat geliefert, das eine genaue
Quantifizierung gewährleisten soll. Verwenden Sie unsere
cis/trans-Isomer-Mischung C18:1, um die einzelnen cis-
und trans-Isomere richtig zu identifizieren.

Restek kann, unabhängig von den Anforderungen an Ihre
Fett- oder Ölanalysen, hoch leistungsfähige analytische
Kapillarsäulen und Referenzstandards anbieten, mit deren
Hilfe Sie Ihre Proben genau charakterisieren können.

1. Official Methods of Analysis, 17th edition, AOAC International, 2000.

Bestellinformationen | Rt-2560-Kapillarsäule (Fused Silica)
Innendurchmesser df (µm) Temp.-Grenzen 100-Meter

0.25mm 0.20 20 to 250°C 13199

Verbindung Menge (%)
C4:0 1.5%
C6:0 1.5%
C8:0 2.0%
C10:0 2.5%
C11:0 2.5%
C12:0 5.0%
C13:0 2.5%
C14:0 2.5%
C14:1(cis-9) 1.5%
C15:0 1.5%
C16:0 10.0%
C16;1(cis-9) 5.0%
C17:0 2.5%
C18:0 5.0%

Verbindung Menge (%)
C18:1(trans) 2.5%
C18:1(cis) 15.0%
C18:2(trans) 2.5%
C18:2(cis) 10.0%
C18:3 5.0%
C20:0 2.5%
C20:1 1.5%
C20:5 2.5%
C22:0 2.5%
C22:1 1.5%
C22:6 2.5%
C23:0 1.5%
C24:0 2.5%
C24:1 2.5%

30mg/mL total in methylene chloride, 1mL/ampulle

NLEA FAME-Mischung (28 Komponenten)

Stück
35078

30mg/mL total in methylene chloride, 1mL/ampulle

FAME-Mischung für die
Nahrungsmittelindustrie (37 Komponenten)

Stück
35077

Verbindung Menge (%)
methyl elaidate (C18:1 trans-9) 10.0%
methyl linoleate (C18:2 cis-9,12) 20.0%
methyl oleate (C18:1 cis-9) 10.0%
methyl petroselinate (C18:1cis-6) 8.0%
methyl petroselaidate (C18:1trans-6) 8.0%
methyl stearate (C18:0) 20.0%
methyl transvaccenate (C18:1 trans-11) 12.0%
methyl vaccenate (C18:1 cis-11) 12.0%
10mg/mL total in methylene chloride, 1mL/ampulle

cis/trans-FAME-Mischung (8 Komponenten)

Stück
35079

   

Column: Rt-2560 100m, 0.25mm ID, 0.2µm  (cat.# 13199)
Sample: NLEA FAME Mix (cat.# 35078) 30mg/mL total FAMEs

in methylene chloride 
Inj.: 1.0µL split (split ratio 100:1), 

4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2 mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C 

@ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

1. C4:0  methyl butyrate
2. C6:0  methyl heanoate
3. C8:0  methyl octanoate
4. C10:0  methyl decanoate
5. C11:0  methyl undecanoate
6. C12:0  methyl laurate
7. C13:0  methyl tridecanoate
8. C14:0  methyl myristate
9. C14:1  methyl myristoleate (cis-9)

10. C15:0  methyl pentadecanoate

11. C16:0  methyl palmitate
12. C16:1  methyl palmitoleate (cis-9)
13. C17:0  methyl heptadecanoate
14. C18:0  methyl stearate
15. C18:1  methyl elaidate (trans-9)
16. C18:1  methyl oleate (cis-9)
17. C18:2  methyl linoelaidate (trans-9,12)
18. C18:2  methyl linoleate (cis-9,12)
19. C20:0  methyl arachidate
20. C20:1  methyl eicosenoate (cis-11)

21. C18:3  methyl linolenate (cis-9,12,15)
22. C22:0  methyl behenate
23. C22:1  methyl erucate (cis-13)
24. C23:0  methyl tricosanoate
25. C24:0  methyl lignocerate
26. C20:5  methyl eicosapentaenoate 

(cis-5,8,11,14,17)
27. C24:1  methyl mervonate (cis-15)
28. C22:6  methyl docosahexaenoate 

(cis-4,7,10,13,16,19)

GC_FF00651

Abbildung 1
Die NLEA FAME-Mischung enthält die Komponenten zur Bestimmung der

Fett/Fettsäurenzusammensetzung gemäß AOAC Methode 996.06.

Verbindung Menge (%)
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9.12) 2.0

Verbindung Menge (%)
C18:2(all-cis-9,12) 2.0
C18:3(all-cis 6,9,12) 2.0
C18:3(all-cis 9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis 11,14,) 2.0
C20:3 (all-cis 8,11,14) 2.0
C20:3(all-cis 11,14,17) 2.0
C20:4(all-cis 5,8,11,14) 2.0
C20:5(all-cis 5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis 13) 2.0
C22:2(all-cis 13,16) 2.0
22:6(all-cis4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0
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Plus 1™ heißt, dass wir Ihre Erwartungen bei
jeder Kontaktaufnahme mit uns übertreffen

werden. Suchen Sie nach einer Lösung für ein
großes Analyseproblem oder möchten Sie am

Ende des Arbeitstages noch schnell eine
Bestellung aufgeben? Rufen Sie uns noch
heute an und lassen Sie sich von unserem

Plus 1™ -Service überraschen!

In den Artikeln auf den Seiten 4 und 7 dieses
Advantage-Newsletters wird die Analytik der
Phenole und aktiven, halbflüchtigen organischen
Verbindungen beschrieben, die besonders bei
schwachen Konzentrationen offenkundig schwer zu
analysieren sind. Vor allem bei niedrigen
Konzentrationen sind diese Komponenten beson-
ders anfällig gegenüber Probenabbau und
Adsorptionseffekten im Injektorport, so dass hier
häufig Nachweisprobleme auftreten. Im unteren
Bereich des Injektiorports, z.B. der
Inletdichtscheibe bei Agilents GC,  sammeln sich
häufig Rückstände schwererer und nichtflüchtiger
Stoffe an und hinterlassen dabei reaktive
Oberflächen, die zum Abbau aktiver Verbindungen
führen können.

Um dieses Problem zu umgehen, verwenden wir
einen deaktivierten Drilled Uniliner® für die
Injektion (Abbildung 1) statt eines des üblichen
splitlosen Inletliners, und verringern so die
Probenexponierung an die warme Metalloberfläche
des Injektorports. Ein Drilled Uniliner® stellt eine
druckfeste Verbindung zwischen Kapillarsäule und
Liner her und eliminiert damit die Hauptursache
für den Abbau der Analyten. Diese physikalische
Verbindung zwischen Kapillarsäule und Liner
verbessert ferner die Sensitivität, indem
Probendiskriminierung verhindert wird. Sollten Sie
zum Entfernen größerer Lösungsmittelrückstände
dazugezwungen sein, vom splitlosen zum Split-
Modus umzuschalten, geht beim Einsatz eines
Drilled  Uniliners® deutlich weniger Probe verloren.
Dies trägt ebenso zu einer höheren Sensitivität bei.

Wir testeten die Leistung eines Systems mit einem
Drilled Uniliner®, indem wir ein Gemisch chloriert-
er Pestizide mit einer Konzentration von 20, 40 und
200 ng/ml verwendeten (Restek Advantage
2002v4). Die prozentualen Abweichungen zwischen
dem beobachteten Wert und dem „wahren“ Wert
eines jeden Analyten bewegten sich in einem
Bereich zwischen 0 % und maximal nur 6,4 %.
Durch den Einbau eines Drilled Uniliner® wurde
der Abbau von Endrin und DDT im Vergleich zu
dem splitlosen Liner deutlich (Tabelle 1) reduziert.
Bei Verwendung eines splitlosen Liners kommen
Analyten mit aktiven Oberflächen im Injektorport in
Kontakt. Dieses Problem wird gravierender, wenn
sich Fused Silica Wolle im splitlosen Liner befindet,
da hierdurch die Oberfläche innerhalb des Liners
zunimmt und zusätzliche aktive Stellen geschaffen
werden.

Ein Drilled Uniliner® verringert die
Standardabweichung und führt so zu einer höheren
Genauigkeit dieser Daten. Außerdem verbessert er
die Wiederfindung einzelner Analyten und führt, im
Vergleich zu den standardmäßig verwendeten split-
losen Inletlinern, zu einer niedrigeren
Nachweisgrenze. Bei den Pestizid-Tests lagen die
Flächenzahlen für den zuletzt eluierten Peak, näm-
lich Decachlorobiphenyl, im Vergleich zu
Injektionen, die bei splitlosen Linern durchgeführt
wurden (siehe Tabelle 1) mit 18 - 39 % höher,
wenn ein Drilled Uniliner®-Liner am Einlass ver-
wendet wurde.

Indem der untere Teil des Injektors durch die
Verwendung eines Drilled Uniliners regelrecht aus-
geblendet wird, reduzieren sich mögliche aktive
Stellen. Hierdurch kann die Präzision erhöht und
der Abbau der aktiven Analyten im Vergleich zu
Hot-Flash-Injektionstechniken reduziert werden.
Wenn Sie Analysen von Phenolen, chlorierten
Pestiziden oder anderen aktiven Analyten durch-
führen, so zeigen die Ergebnisse eindeutig auf, dass
ein Drilled Uniliner® die ideale Wahl ist.

by Gary Stidsen and Lydia Nolan, Innovations Team

Bessere Wiederfindung aktiver
Analyten

Einsatz eines Drilled Uniliner®

✔ Geringerer Abbau aktiver Verbindungen und damit genauere Ergebnisse
✔ Höhere Sensitivität, für niedrigere Nachweisgrenzen

✔ Minimale Diskriminierung im Injektorport

DI Liners for Agilent 5890 & 6890 GCs
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD &
Länge (mm)

Kat.-Nr./
Stück

Kat.-Nr./
5-er Pck.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

Hole makes
direct injection
possible with
EPC-equipped
Agilent 6890

GCs!

% Abbau Drilled 4mm splitless 4mm splitless
Analyt Kapillarsäule Uniliner® with wool
Endrin Rtx®-CLPesticides 4.4 4.7 9.8

Rtx®-CLPesticides2 4.9 6.9 8.3
DDT Rtx®-CLPesticides 0.2 0.3 2.6

Rtx®-CLPesticides2 0.3 0.9 3.1

Wiederfindung—Durchschnittswert; Wert in Tabelle x 10³ = Response-Einheit
Drilled 4mm splitless 4mm splitless

Analyt Kapillarsäule Uniliner® with wool
Tetrachloro-m- Rtx®-CLPesticides 147 111 106

xylene (TCMX) Rtx®-CLPesticides2 191 167 162
Decachloro- Rtx®-CLPesticides 150 119 108

biphenyl (DCB) Rtx®-CLPesticides2 209 177 166

*nominaler ID der Kanülenspitze

Abbildung 1
Verringern Sie den Verlust aktiver Analyten – verwenden Sie einen Drilled Uniliner®

Tabelle I
Minimaler Abbau von Endrin und DDT sowie stärkste Wiederfindung bei für sensible Analyten

bei Verwendung eines Drilled Uniliner®

Öffnung
ermöglicht 

direkte Injektion
mit Agilent 6890-

GCs mit EPC!
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by Donna Lidgett, GC Accessories Marketing Manager

Wertvolle Helfer
Injektorports für Agilent-GCs

Müssen Sie wieder einmal Ihren Injektor austauschen? Die qualitativ hochwertigen, aus rostfreiem Edelstahl
bestehenden und split bzw. splitlosen Injektoren sind ein direkter Ersatz für die GCs Agilent 5890 und
6890/6850. Unsere Ersatzteile sind genauso leistungsstark wie die Agilent-Originalteile und zum Teil noch
leistungsstärker. Für einen wirklich inerten Probengang bieten wir mit Silcosteel® behandelte Injektoren an.
Durch die Behandlung mit Silcosteel® wird die Metalloberfläche passiviert, wodurch eine bessere Leistung
erzielt wird.

Direkter Ersatz für den split/splitlos Injektorport des Agilent 5890 GC

*Zur Verwendung für manuelle Regelung oder EPC auf Agilent 5890-GCs. 
*Nur zur Verwendung für manuelle Regelung auf Agilent 6890/6850-GCs.
**Beschichtet mit der exklusiven Silcosteel®-Beschichtung von Restek für größere Inertheit.

Direkter Ersatz für split/splitlos Injektorport des Agilent 6890/6850 GC

A

B

C

D

E

F

Gabelschlüssel für den Injektorport von Agilent 5890/6890/6850-GCs
• Zum Entfernen der Septum-Mutter und des Weldments während der GC-Wartung.
• Qualitativ hochwertige Konstruktion aus rostfreiem Edelstahl.
• Erfüllt die Angaben des Originalteils.

Beschreibung
Ähnlich wie

Agilent-Teil Nr. Menge Kat.-Nr.
Gabelschlüssel für Agilent 5890/6890/6850 GCs 19251-00100 Stück 22065

Heizpatrone & PRT-Sensor für Agilent 5890-GCs
• Zur Verwendung mit 5890 FID und split/splitlos Weldments
• Erfüllt oder übertrifft die Angaben des Herstellers.
Beschreibung

Ähnlich wie
Agilent-Teil Nr. Menge Kat.-Nr.

Injektor/FID-Heizpatrone/PRT Sensor-Vorrichtung 05890-61140 Stück 22068
A) Injektor/FID-Heizpatrone 19231-60620 Stück 22069
B) Injektor/FID-PRT-Sensor 19231-60660 Stück 22070

B

A

Um mögliche Lecks und Beschädigungen am Weldment zu vermeiden, müssen beim Einbau eines neuen Shell
Weldments immer die Split Vent Zuleitung, Mutter und Ferrules mit ausgetauscht werden.

Chemische Falle für Agilent-GCs
• Leicht zu installieren.
• Ersetzt das Originalteil.
Beschreibung

Ähnlich wie
Agilent-Teil Nr. Menge Kat.-Nr.

G) Optionale Split Vent Falle (zur Verwendung mit großem kanisterarti-
gen Kohlefilter) G1544-60610 Satz 23031
H) Ersatzfalle  (2) und O-Ringe (4) G1544-80530 Satz 23032

G

H

Ähnlich wie
Agilent-Teil Nr.Beschreibung Menge Kat.-Nr.

A) Ersatzweldment* 19251-60575 Stück 20265
Silcosteel®-Weldment* 19251-60575** Stück 20267
B) Ersatz Shell Weldment 19251-80570 Stück 20266
Silcosteel®-Shellweldment* 19251-80570** Stück 20268
O-Ringe für Agilent Trap Fittings 5180-4181 25-er Pck. 22064

Ähnlich wie
Agilent-Teil Nr.Beschreibung Menge Kat.-Nr.

C) Ersatzweldment mit EPC G1544-60575 Stück 22674
Silcosteel®-Weldment mit EPC G1544-60575** Stück 22672
D) Ersatzweldment* 19251-60575 Stück 20265
Silcosteel®-Weldment* 19251-60575** Stück 20267
E) Ersatz Shell Weldment G1544-80570 Stück 22673
Silcosteel®-Shell Weldment G1544-80570** Stück 22671
F) Optional split/splitlos Weldment (zur Verwendung mit großem
kanisterartigen Kohlefilter) G1544-60585 Stück 22686
Optional split/splitlos Silcosteel®-Weldment (zur Verwendung mit
großem kanisterartigen Kohlefilter) G1544-60585** Stück 22670

Technische Tipps

★neu!

★neu!

★neu!
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

tools Diese von Restek
angebotenen Werkzeuge

erleichtern die GC-
Wartung. Testen Sie sie!

Saphirschneider

• Vier Saphir-Schneidekanten mit langer Lebensdauer
• Erzeugt einen sauberen, senkrechten Schnitt beim

Schneiden von Fused Silica Tubing
• An Hemd oder Laborjacke ansteckbar
Kat.-Nr. 20182, (ea.)

Septum-Entferner

• Ideal fürs Labor und immer griffbereit – kann vielfältig ver-
wendet werden.

• Hakenförmiges Ende kann zum Entfernen von Septen und O-
Ringen verwendet werden; scharfes, spitz zulaufendes Ende
eignet sich optimal zum Entfernen festsitzender Ferrulereste.

Kat.-Nr. 20117, (ea.) Entfernen Sie ein festsitzendes Ferrule schnell und
einfach – ohne das Fitting einzuritzen.

Entfernen Sie Septen, ohne dabei das
teure Weldment zu beschädigen.

Ein schneller Schnitt... ...und Sie erhalten einen glatte Schnittfläche.

Diese kleinen Kanister wurden für kontrollierte
Probennahmen sowie für private Luftprobennahmen
als Alternative zu Pumpen-Samplern entwickelt. Die
1000-cm³-Kanister eignen sich für die Probennahme
flüchtiger organischer Verbindungen in Luft gemäß
der US-EPA-Methoden TO-14 und TO-15.

Minikanister für Luftprobennahmen mit Schnellverbindungsanschluss
Beschreibung Volumen Menge Kat.-Nr.
Elektropolierter Minikanister mit Schnellverbindungsanschluss 400cc Stück 24188
Mit Sulfinert™ beschichteter Minikanister mit Schnellverbindungsanschluss 400cc Stück 24189
Mit Sulfinert™ beschichteter Minikanister mit Sulfinert™-behandeltem Schnellverbindungsanschluss 400cc Stück 24190
Elektropolierter Minikanister mit Schnellverbindungsanschluss 1000cc Stück 24194
Mit Sulfinert™ beschichteter Minikanister mit Schnellverbindungsanschluss 1000cc Stück 24195
Mit Sulfinert™ beschichteter Minikanister mit mit Sulfinert™ behandeltem Schnellverbindungsanschluss 1000cc Stück 24196

Minikanister für Luftprobennahmen mit Membranventil
Beschreibung Volumen Menge Kat.-Nr.
Elektropolierter Minikanister mit Membranventil 400cc Stück 24191
Mit Sulfinert™ beschichteter Minikanister mit Membranventil 400cc Stück 24192
Mit Sulfinert™ beschichteter Minikanister mit mit Sulfinert™ behandeltem Membranventil 400cc Stück 24193
Elektropolierter Minikanister mit Membranventil 1000cc Stück 24197
Mit Sulfinert™ beschichteter Minikanister mit Membranventil 1000cc Stück 24198
Mit Sulfinert™ beschichteter Minikanister mit mit Sulfinert™ behandeltem Membranventil 1000cc Stück 24199

by Donna Lidgett, Air Monitoring Products Marketing Manager

Minikanister für Luftproben
Erhältlich mit Sulfinert™-Behandlung
✔ Ideal für Raumluft-, Gasproben sowie für Chemieunfälle oder private Anwendungen

✔ 400 cm³ oder 1000 cm³
✔ Erhältlich mit Schnellverbindungsanschluss (passend zu den Proben- und Analysengeräten)

oder Membranventil.

Restek bietet diese Produkte aus rostfreiem Stahl oder
mit einer Sulfinert™-Beschichtung und damit mit höch-
ster Inertheit an. Wir bieten auch weiterhin passive
Beschichtungstechnologien an, die in der
Luftprobennahmenindustrie unerreicht sind. Verwenden
Sie einen mit Sulfinert™ behandelten Kanister und erre-
ichen Sie die bestmögliche Wiederfindung Ihrer
Analyten.

✔ Aufbau einer 
Probenanordnung

✔ Vorortprobennahme
✔ Reinigung und Zertifizierung 

der Probenanordnung und 
des Kanisters

Fordern Sie unser neues, kostenloses technisches
Handbuch A Guide to Passive Air Sampling, Using
Canisters (Handbuch für passive Luftprobennahme
unter Verwendung von Kanistern) an (Lit.-Kat. Nr.
59977A).

Hilfreiche
Informationen über
Luftprobennahme

COOL

★neu!
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Innovatori di Prodotti per
Cromatografia ad Alta Risoluzione

by Greg France, HPLC Products Marketing Manager

Nuove Colonne HPLC Pinnacle™ DB
Prestazioni Superiori per Composti Basici

✔ Silice prodotta negli stabilimenti Restek per un totale controllo della qualità produttiva.
✔ L’esclusivo processo di produzione assicura picchi stretti e simmetrici per analiti basici.

✔ Le colonne sono disponibili in formati da narrow bore a preparativa

Nel 2001 la nostra linea di colonne Pinnacle II™ ha
posto Restek tra i pochi e selezionati produttori di
colonne HPLC che producono la silice in proprio.
Siamo convinti che, per tenere veramente sotto
controllo le variabili HPLC, un produttore  debba
controllare l’intero processo produttivo dalla fase
iniziale a quella finale, realizzando una silice ben
caratterizzata e con prestazioni costanti.

Proseguendo questa scelta, annunciamo una nuova
linea di colonne HPLC, le Pinnacle™ DB, basate

sulla nostra silice più nuova.   La silice
delle Pinnacle™ DB è altamente

disattivata per basi, rendendola
adatta all’impiego per un

ampio spettro di appli-
cazioni critiche.  È ideale per
l’analisi di composti basici, 
o di molecole con diverse

funzionalità. Una parte del
nostro processo produttivo

per la silice delle Pinnacle™ DB
è costituito da un’esclusiva 

procedura che genera particelle a disatti-
vazione basica con caratteristiche eccellenti in ter-
mini di prestazioni.   La disattivazione basica e le
particolari proprietà di trasferimento di massa per-

mettono alla silice della Pinnacle™ DB di risolvere
ed eluire i composti basici (es. farmaci) senza
forte scodamento  minimizzando o evitando di
ricorrere all’aggiunta di modificanti della fase
mobile quali il tetrabutilammonio (TBA). Le carat-
teristiche fisiche della silice Pinnacle™ DB sono
elencate in Tabella I (pagina 2).

I produttori di colonne usano spesso l’analisi di
una miscela test di piridina/fenolo per dimostrare
le capacità separative di una colonna e mostrare la
forma del picco che si può ottenere con composti
basici.  La Figura 1 mostra la separazione di piridi-
na/fenolo per la Pinnacle™ DB C18, una colonna
C18 senza disattivazione basica.  I picchi stretti e
simmetrici della colonna Pinnacle™ DB C18, senza
l’aggiunta di un modificante della fase mobile, sono
ciò che un analista può attendersi per molti farma-
ci o altri analiti basici. La Figura 2 mostra una serie
di composti basici, analizzati con ottimi risultati,
sulla colonna Pinnacle™ DB C18.  Notate la ripro-
ducibilità nella simmetria del picco. Spesso i com-
posti neutri o acidi possono essere presenti
insieme ai farmaci basici come impurezze o com-
posti di degradazione.  Le colonne Pinnacle™ DB
sono ugualmente adatte per questa difficile situa-
zione.   Oltre alla fase legata C18 monomerica, la

ITALIAN

Figura 1
Le colonne Pinnacle™ DB C18 producono picchi stretti e simmetrici per analiti basici, senza

modificanti della fase mobile.

LC_0247

Peak List: Conc.
1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

Sample:
Inj.: 5.0µL
Sample Diluent: mobile phase
Conditions:
Mobile Phase: A: 20mM potassium

phosphate, pH 7.0
B: acetonitrile
Isocratic: 80%A:20%B

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

LC_0248
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Colonne Pinnacle™ DB C18 5µm
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Lunghezza Cod. Cod. Cod. Cod.
30mm 9414531 9414532 9414533 9414535
50mm 9414551 9414552 9414553 9414555

100mm 9414511 9414512 9414513 9414515
150mm 9414561 9414562 9414563 9414565
200mm 9414521 9414522 9414523 9414525
250mm 9414571 9414572 9414573 9414575

Colonne Pinnacle™ DB C8 5µm
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Lunghezza Cod. Cod. Cod. Cod.
30mm 9413531 9413532 9413533 9413535
50mm 9413551 9413552 9413553 9413555

100mm 9413511 9413512 9413513 9413515
150mm 9413561 9413562 9413563 9413565
200mm 9413521 9413522 9413523 9413525
250mm 9413571 9413572 9413573 9413575

Colonne Pinnacle™ DB Ciano 5µm
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Lunghezza Cod. Cod. Cod. Cod.
30mm 9416531 9416532 9416533 9416535
50mm 9416551 9416552 9416553 9416555

100mm 9416511 9416512 9416513 9416515
150mm 9416561 9416562 9416563 9416565
200mm 9416521 9416522 9416523 9416525
250mm 9416571 9416572 9416573 9416575

Colonne Pinnacle™ DB Silica 5µm
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Lunghezza Cod. Cod. Cod. Cod.
30mm 9410531 9410532 9410533 9410535
50mm 9410551 9410552 9410553 9410555

100mm 9410511 9410512 9410513 9410515
150mm 9410561 9410562 9410563 9410565
200mm 9410521 9410522 9410523 9410525
250mm 9410571 9410572 9410573 9410575

linea Pinnacle™ DB attualmente comprende una C8
e una Ciano, oltre alla silice. Tutte le fasi legate
sono disattivate (endcapped).

Per assicurare la stessa alta qualità e affidabilità
offerta dalle altre colonne HPLC Restek, abbiamo
impostato stringenti procedure di controllo qualità
per assicurare che ogni colonna funzioni come pre-
visto. La Figura 3 è un esempio di analisi della mis-
cela test che noi usiamo per controllare individual-
mente la qualità di ogni colonna Pinnacle™ DB.

La linea  Pinnacle™ DB è disponibile in un ampio
ventaglio di dimensioni, dalle colonne  narrow bore
da 1mm fino alle preparative da 50mm.   Potete
contattare il nostro Technical Service Team per
ulteriori informazioni su questa nuova linea di
colonne, o chiamare i rappresentanti del nostro
Servizio Clienti per effettuare un ordine.

2 3 4 5 6 7 min.

1

2

3

4

Peak List: Conc.
1. theobromine 225µg/mL
2. theophylline 418µg/mL
3. ß-hydroxyethyltheophylline 418µg/mL
4. caffeine 400µg/mL

LC_0241

Particelle: 5µm, sferiche
Porosità: 140Å
Volume dei pori: 0,65mL/g
Carico di carbonio: C18 - 11 %

C8 - 6 %
Ciano - 4 %

LC_0249

Sample: Reversed Phase Test Mix
Inj.: 5µL
Sample Diluent: methanol:water (75:25 v/v)

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: water

B: methanol
Isocratic: 20%A:80%B

Run Time: 8 min.
Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

Peak List: Conc.
1. uracil 0.02mg/mL
2. benzene 3.0mg/mL
3. naphthalene 0.5mg/mL
4. biphenyl 0.06mg/mL

Sample:
Inj.: 2µL
Sample Diluent: mobile phase

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6 mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A:20 mMolar 

KH2PO4 buffer, pH 3.0
B:acetonitrile
Isocratic: 90%A:10%B

Flow: 1.0 mL/min
Temp.: 27°C
Det.: UV @ 254nm

Figura 2
Anche per farmaci basici l’eccellente forma del picco permette un’accurata quantificazione.

Figura 3
Ogni colonna Pinnacle™ DB deve superare

stringenti criteri di efficienza.

Caratteristiche fisiche della 
silice delle Pinnacle™ DB.

Tabella I
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by Christopher English, Environmental Innovations Chemist, & Brad Rightnour, Instrument Innovations Manager

Connettore Colonna/Spettrometro di
Massa EZ No-Vent™

Cambio delle colonne in pochi minuti senza aerazione

✔ Di facile installazione e manutenzione, non occorrono attrezzi particolari per il mon-
taggio e non sono richiesti ulteriori tubi di connessione.

✔ Placcato oro per migliorare l’inerzia.
✔ Una transfer line da 100µm ID mantiene gli analiti focalizzati.

✔ Costo inferiore rispetto ad altri connettori “no-vent”.
Abbiamo progettato il nostro nuovo connettore
colonna-massa EZ No-Vent™ in modo che risulti
semplice e di facile utilizzo.  Dopo avere analizzato
i suggerimenti degli utilizzatori sul nostro prece-
dente connettore EZ-Vent™ 2000, abbiamo ridise-
gnato gli attacchi del connettore per migliorare
ulteriormente le prestazioni.

Un orifizio critico nell’EZ No-Vent™ riduce la quan-
tità di ossigeno che può entrare nella sorgente.
Ciò permette di evitare l’uso di un gas di pulizia e
di non effettuare il lungo ciclo  aerazione/pompaggio
altrimenti necessario dopo ogni cambio di colonna.
Il risparmio in termini di tempo è di quasi un
giorno per ogni cambio di colonna.   Il connettore
EZ No-Vent™ si collega facilmente alla sorgente
senza bisogno di attrezzi particolari per il montag-
gio o di ulteriori tubi di collegamento.  La Figura 1
mostra il connettore installato e pronto all’uso.

Abbiamo provato il connettore EZ No-Vent™, utiliz-
zando un campione gassoso con componenti alta-
mente volatili, che subiscono fortemente scodamen-
to in presenza di volumi morti.  Abbiamo installato
il connettore in un sistema GC/MS con un purge-
and-trap, usando inizialmente una porta iniettore
split e con la colonna introdotta direttamente nel-
l’interfaccia della massa.   Successivamente abbi-
amo aggiunto il connettore EZ No-Vent™ all’inter-
faccia.   Come abbiamo detto, qualsiasi volume
morto nella connessione avrebbe provocato un si-
gnificativo scodamento e allargamento dei picchi,
rispetto a quanto ottenuto con la connessione diret-

expanded view

Descrizione q.tà Cod.
Kit EZ No-Vent™ per sistemi GC/MS Agilent 5971/5972 e 5973
(Il kit comprende: il connettore EZ No-Vent™, le ferrule da 0,4mm ID per collegare la
colonna capillare, le ferrule da 0.4mm ID per collegare la transfer line disattivata da
100µm (3 ft. – 90cm), e il dado e il tappo EZ No-Vent™ per la colonna.) kit 21323
Ferrule di ricambio per collegare la colonna capillare all’ EZ No-Vent™:
0.4mm ID 2-conf. 21015
0.5mm ID 2-conf. 21016
Ferrule di ricambio per collegare il transfer line all’ 
EZ No-Vent™: 0.4mm ID 2-conf. 21043
Transfer line disattivato di ricambio: 100µm ID 3 ft. 21018
Dado colonna di ricambio per EZ No-Vent™ 5-conf. 21900
Tappo di ricambio per EZ No-Vent™ Plug 2-conf. 21915
Chiave inglese da 1/4” x 5/16” 2-conf. 20110

3 4 5 6 7 8 9 10 11 12 20 min.13 14 15 19181716

5 643 7 8 9 10 11 12 13 14 15 16 17 18 19 min.20

GC_EV00659c

GC_EV00659d

Restek

Innovation!

Rtx®-624 60m, 0.25mm ID, 1.4µm (cat# 10969) 
Halogenated Volatiles @ 200 ppb in 5mL/RO water.
502.2 Calibration Mix#1 (gases) cat# 30042
502.2 Calibration Mix#2 cat# 30043
BTEX standard cat# 30213

2b—acquired at 9:28am
Ez-No Vent™, acquired 76 min. after installing new column

Inj.: purge & trap
GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas:  helium, constant flow  
Flow rate: 1.0mL/min. 
Oven temp.: 60°C  (hold 15 min.) to

220°C @ 30°C/min.
(hold 1 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Tune: BFB
Ionization: EI

2a—acquired at 8:12am

Lo sapevi?
Restek offre consumabili e strumenti
innovativi per la tua massa.
Consulta la sezione Instrument
Supplies della guida annuale
Chromatography Products Guide
(Doc. Cod. 59473).

Figura 1
Transfer line installato in un connettore 

EZ No-Vent™.  La connessione può 
essere eseguita velocemente, senza 

utensili particolari.

Figura 2
Acquisite un campione entro due ore dal cambio delle colonne, grazie al connettore EZ No-Vent™.

ta.  Con il nuovo connettore, la forma dei picchi è
risultata ottima. 

Allo stesso modo, abbiamo usato un test appli-
cazione-specifico per valutare la capacità di stabi-
lizzazione della massa dopo avere cambiato la
colonna senza aerazione.  Abbiamo usato sempre un
sistema purge-and-trap, un campione di volatili alo-
genati e una colonna Rtx®-624 per separare gli
analiti.  Abbiamo acquisito la Figura 2a alle  08:12,
poi abbiamo cambiato la colonna.  Alle 09:28, 76
minuti più tardi, abbiamo acquisito la Figura 2b.
Osservate le eccellenti risposte e le ottime forme
dei picchi.   Nell’intervallo tra le due analisi 
abbiamo verificato la calibrazione del MSD e il 
sistema ha superato il test basato sul criterio del
bromofluorobenzene (BFB).  Le successive indagini
dettagliate hanno stabilito che il connettore EZ 
No-Vent™ permette di cambiare numerose colonne
nello stesso giorno, senza pericolo per la massa o
perdita di qualità dei dati.

Se siete stanchi di aspettare che la vostra massa si
stabilizzi, vi raccomandiamo fortemente l’uso
dell’EZ No-Vent™.   Il connettore riduce il tempo di
inutilizzo della massa, vi fa risparmiare soldi e anzi,
grazie all’aumento di produttività, vi fa guadagnare.

★nuovo!
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La US EPA ha recentemente sviluppato una metodi-
ca in GC/MS per lo screening di acqua destinata al
consumo umano, riguardante particolari composti
organici semivolatili non compresi nel “Safe
Drinking Water Act” (SDWA). Questi contaminanti
non regolamentati, denominati “UCMR List 2”,
fanno parte di un’indagine preliminare svolta per
stabilire l’eventuale necessità di inserirli nei metodi
standard per il controllo delle acque destinate al
consumo umano.  Il metodo 526 si applica a 11 dei
15 contaminanti delle UCMR List 2.*   I composti
monitorati con il metodo 526 sono estratti efficace-
mente dall’acqua con un’adsorbente in fase solida
di polistirene-divinilbenzene (SDVB) supportato su
membrane da 47mm.  Le loro caratteristiche di
volatilità e stabilità termica li rendono adatti
all’analisi in GC.   Il livello minimo riportato (MRL)
di concentrazione per gli UCMR List 2 è di 0.5µg/L,
valore al quale sono stati determinati precisione e
accuratezza durante lo sviluppo del metodo. 

Dopo un attento studio del metodo abbiamo
preparato un nuovo standard Restek per la cali-
brazione che, in accordo al metodo 526, com-
prende 11 composti organici semivolatili, ciascuno
a 200µg/mL in etilacetato.  Inoltre abbiamo svilup-
pato sia lo standard interno sia i surrogati.   È
disponibile anche una soluzione per la calibrazione
del GC/MS alla comoda concentrazione di
2500µg/mL in cloruro di metilene (SV Tuning
Compound, Cod. 31001; vd. Pag. 7 di questa
newsletter).  Questo insieme di materiali di riferi-
mento Restek soddisfa tutti gli standard chimici
richiesti dal Metodo 526.

La maggioranza dei composti target analizzati con il
Metodo EPA 526 sono pesticidi. 
Iniezioni a basse concentrazioni riducono la sensi-
bilità per molti di questi composti a causa della
degradazione o dell’adsorbimento irreversibile nel-
l’iniettore.

by Katia May, Ph.D., R&D Chemist, and Christopher English, Environmental Innovations Chemist

Screening  in GC/MS di Composti
Organici Semivolatili in Acqua
Destinata al Consumo Umano

Usando I Nuovi Materiali di Riferimento Restek e una
Colonna Capillare di Dimensioni Ottimizzate

✔ Serie completa di nuovi materiali di riferimento per il Metodo EPA 526: standard di cali-
brazione, standard interno e standard di surrogato.

✔ Colonna Rtx®-5Sil MS che garantisce bassa cessione in GC/MS ed elevata inerzia.
✔ Dischi di estrazione in Stirene/divinilbenzene per la preparazione del campione.

*Per informazioni sui limiti dei composti UCMR: http://www.epa.gov/safewater/methods/unregtbl.html
**Per alter informazioni sui liner Drilled Uniliner®, vd. pag. 13.
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GC_EV00656

Rtx®-5Sil MS, 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 526 analytes, 1µL, 10ppm (20ppm IS)  
Semivolatile Calibration Mix, EPA 526 cat.# 31691
Surrogate Standard Mix, EPA 526 cat.# 31693
Internal Standard Mix, EPA 526 cat.# 31692

Inj.: 1.0µL splitless (hold 0.3 min.), 4mm Drilled
Uniliner® (cat.# 21055)

GC: Agilent 6890 
Inj. temp.: 300°C
Carrier gas: helium, constant flow
Flow rate: 0.8 mL/min.
Oven temp.: 50°C (hold 1 min.) to 200°C @ 20°C/min.

(hold 5 min.)  to 310°C @ 30°C/min.
(hold 3 min.)

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent delay: 5.5 min.
Tune: DFTPP
Ionization: EI

1. nitrobenzene
2. 2,4-dichlorophenol
3. 1,3-dimethyl-2-nitrobenzene (ss)
4. 2,4,6-trichlorophenol
5. acenaphthene-d10 (IS#1)
6. 1,2-diphenylhydrazine†

7. prometon
8. terbufos
9. diazinon

10. fonofos
11. phenanthrene-d10 (IS#2)
12. disulfoton
13. acetochlor
14. cyanazine
15. triphenylphosphate (ss)
16. chrysene-d12

† Mix component 1,2-diphenylhydrazine is oxidized to
azobenzene, the analyte in the figure, on injection onto
the heated column.

Figura 1
La colonna Rtx®-5Sil MS inerte e a bassa cessione è uno strumento analitico 
efficace per contaminanti non regolamentati nell’acqua per consumo umano.

Per esempio, la cianazina, il 2,4,6-triclorofenolo, e
il prometon sono sensibili alla presenza di questi
effetti indesiderati.  Per evitare questi problemi,
abbiamo inserito un liner tipo Drilled Uniliner® nel-
l’iniettore in modo da ridurre sensibilmente l’espo-
sizione del campione alle superfici di metallo
riscaldato presenti nella porta iniettore.**

Inoltre, nell’analisi dei pesticidi è richiesta un’alta
inerzia e una bassa cessione da parte della colonna
GC capillare: I siti attivi nel liner di ingresso o nella
colonna possono portare alla completa perdita di
cianazina, 2,4,6-triclorofenolo, e prometon.  La
nostra colonna Rtx®-5Sil MS, basata su un polimero
con gruppi silarilenici, fornisce un’ottima sepa-
razione dei nuovi composti e mostra una minore
cessione rispetto alle tradizionali fasi
metiliche/feniliche.  La colonna 30m 0,25mmID
0,25µm (Cod. 12723), usata per ottenere la Figura
1, è un’ottima combinazione di diametro interno e
spessore del film, e costituisce un’ottima scelta per
l’analisi di molti composti semivolatili.   È un’otti-
ma scelta anche per il Metodo EPA 8270.  Il film
sottile permette di ridurre i tempi di analisi e di
aumentare la stabilità termica (330/350ºC) consen-
tendo agli analisti di impostare programmate ter-
miche rapide e di pulire la colonna dai contami-
nanti alto-bollenti a fine corsa, senza cessione si-
gnificativa.

Per eseguire il Metodo EPA 526 raccomandiamo i
nuovi materiali di riferimento, un liner Drilled
Uniliner® e una colonna Rtx®-5Sil MS.

Vd. elenco prodotti alla pag. successiva.
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Leak Detective™ II
Un rivelatore di perdite sensibile e compatto utile ad ogni analista.

Informazioni per l’Ordine | Colonne Rtx®-5Sil MS (in Silice Fusa)
(Selettività simile ad una fase legata 5% difenile/95% dimetil polisilossano)

ID df (µm) limiti di temp. 15-Metro 30-Metro
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

0.32mm 0.10 -60 to 330/350°C 12706 12709
0.25 -60 to 330/350°C 12721 12724
0.50 -60 to 330/350°C 12736 12739
1.00 -60 to 325/350°C 12751 12754

0.53mm 0.50 -60 to 320/340°C 12737 12740
1.00 -60 to 320/340°C 12752 12755
1.50 -60 to 310/330°C 12767 12770

Liner per iniezione diretta per GC Agilent 5890 e 6890 
(Per colonne da 0.25/0.32/0.53mm ID)

ID*/OD &
Lunghezza (mm)

Cod.
Ciascuno

Cod.
5-conf.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054 21055

Drilled Uniliner® in Siltek™

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Drilled Uniliner® in Siltek™ da 1mm

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

acetochlor
cyanazine
diazinon
2,4-dichlorophenol
1,2-diphenylhydrazine
disulfoton

fonofos
nitrobenzene
prometon
terbufos
2,4,6-trichlorophenol

200µg/mL ciascuno in ethyl acetate, 1mL/fiala

Miscela di Calibrazione Semivolatili
EPA 526 (11 composti)

Ciascuno 5-conf. 10-conf.
31691 31691-510 —

con data pack
31691-500 31691-520 31791

acenaphthene-d10
chrysene-d12

phenanthrene-d10

500µg/mL ciascuno in acetone, 1mL/fiala

Miscela di standard interni, EPA 526

Ciascuno 5-conf. 10-conf.
31692 31692-510 —

con data pack
31692-500 31692-520 31792

2-nitro-m-xylene
triphenylphosphate

500µg/mL ciascuno in acetone, 1mL/fiala

Miscela di standard di surrogati, EPA 526

Ciascuno 5-conf. 10-conf.
31693 31693-510 —

con data pack
31693-500 31693-520 31793

Il foro permette
di eseguire l’iniezione
diretta anche con GC
Agilent 6890 dotati di
controllo elettronico

della pressione !

Dischi SPE Resprep™

• Per pesticidi clorurati, azotati o contenenti benzidene
• Conformi alla descrizione presente nei Metodi EPA 515.2, 553 e 526.
• In fibra di vetro da 47mm impregnati con resina stirene/DVB.
Descrizione q.tà Cod.
Dischi SPE Resprep™ in Resina 20-conf. 26023

Porta-dischi per estrazione
• Compatibile con la maggior parte dei sistemi di estrazione sotto vuoto che accettano connettori Luer maschi da 1/8”.
• Il campione può essere introdotto automaticamente attraverso un tubo in Teflon® da 1/8” o il serbatoio
opzionale Diskcover™-47.
Descrizione q.tà Cod.
Diskcover™-47 Ciascuno 24020
Diskcover™-47 6-conf. 24021

Consultate il nostro catalogo (Doc. Cod.
59473) per informazioni sui sistemi di

estrazione.

Informazioni per l’Ordine | Liner Drilled Uniliner®

Le perdite di gas nel vostro sistema GC possono fare
aumentare il rumore del rivelatore, causare instabil-
ità della linea di base, fare sprecare carrier gas e
danneggiare le costose colonne analitiche.   Il con-
trollo delle perdite dovrebbe far parte del program-
ma di manutenzione del vostro GC.   Il nuovo Leak
Detective™ II è la soluzione più accessibile per rive-
lare le perdite di gas.  È in grado di identificare
perdite minime che possono non essere evidenziate
dai cercafughe liquidi. 

Il rivelatore elettronico di perdite Leak Detective™ II
incorpora la tecnologia dei microchip in un nuovo

*Non usare mai un liquido cercafughe in un GC capillare per non rischiare di introdurre tensioattivi nel sistema, provocandone la
contaminazione e pregiudicando la fase stazionaria.
Avvertenza:  NON progettato per determinare perdite di gas combustibile.  Per la determinazione di perdite di gas combustibile in con-
dizioni potenzialmente pericolose deve essere utilizzato un rivelatore specifico.

Descrizione q.tà Cod.
Rivelatore di perdite Leak Detective™ II Ciascuno 20413

✔ Rivelatore di perdite a conducibilità termica economico: ogni analista dovrebbe averne uno.
✔ Compatto, design ergonomico, facile da maneggiare e da utilizzare.

✔ Rivela elio, idrogeno e azoto a 1x10-4cc/sec o ad una concentrazione assoluta fino a
100ppm.*

progetto studiato per migliorare la sensibilità e
velocizzare la risposta, il tutto in uno strumento più
compatto.   Una funzione di auto-zero permette di
azzerare istantaneamente il rivelatore con la pres-
sione di un solo tasto e il design ergonomico rende
tutti i controlli a portata di dito per una migliore
funzionalità.  L’unità risponde in pochi secondi a
tracce di perdita di gas misurando la differenza di

conducibilità termica rispetto all’aria.  Possono
essere rivelati elio, idrogeno e azoto fino a 1x10-
4cc/sec o ad una concentrazione assoluta fino a
100ppm.*    Le perdite sono indicate da un allarme
sonoro, oltre che da un indicatore a LED.   Per cer-
care fughe di gas in modo semplice, sensibile e
affidabile, ordinate oggi stesso il nuovo rivelatore
elettronico di perdite Leak Detective™ II.

*Nominal ID at syringe needle expulsion point.
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by Barry Burger, Petroleum Chemist, and Neil Mosesman, GC Columns Marketing Manager

Analisi di Gas Permanenti e
Idrocarburi Leggeri più Semplice

Usando le Colonne Microimpaccate ShinCarbon ST

✔ Separazione di gas permanenti, compresi CO/CO2, in 10 minuti, 
senza raffreddamento con criogenico.

✔ Separazione rapida di miscele di gas permanenti / idrocarburi leggeri.
✔ Eccellente compatibilità con i principali rivelatori GC, 
bassa cessione e minimo innalzamento della linea di base.

✔ Pre-condizionate: meno di 30 minuti per la stabilizzazione.

L’analisi contemporanea di gas permanenti,
ossigeno, azoto, metano, ossido di carbonio e bios-
sido di carbonio è praticamente impossibile per
una sola colonna GC a fase liquida (GLC) o solida
(GSC), senza l’aiuto del raffreddamento sub-ambi-
ente.  Le fasi PLOT o a setacci molecolari sono in
grado di separare molecole piccole, come ossigeno
e azoto, ma adsorbono molecole più grandi, come

il biossido di carbonio.   Le colonne a riempimento
polimerico, come le Hayesep® Q, D, o A o la
Porapak® Q, possono essere impiegate per la sepa-
razione di metano, monossido e biossido di carbo-
nio, ma la lunghezza della colonna supera i sei
metri e sono necessarie condizioni sub-ambiente
per separare ossigeno e azoto. 

Il nuovo materiale Restek ShinCarbon ST, un 
setaccio molecolare a base di carbone avente alta
area superficiale (~1500 m2/g), è il mezzo ideale
per separare gas e composti altamente volatili in

Informazioni per l’Ordine | Colonne microimpaccate ShinCarbon ST 100/120
OD ID 1-Metro 2-Metro
1/16" 1.0mm 19809 19808

0.95mm 0.75mm 19810 —

OD ID 2-Metro
1/8" SilcoSmooth™ 2.0mm 80486-xxx

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det. HID @ 200°C

1. hydrogen
2. oxygen
3. nitrogen
4. carbon monoxide
5. methane
6. carbon dioxide

GC_PC00666

GSC.  Una colonna microimpaccata da 2 metri e
1mm ID contenente ShinCarbon ST  separa i gas
permanenti in 10 minuti, senza bisogno del raffred-
damento con criogenico (Figura 1).

Oltre a rappresentare una svolta nell’analisi dei gas
permanenti, le colonne ShinCarbon ST possono
essere usate per separare miscele di idrocarburi
leggeri e gas permanenti. La Figura 2 mostra l’anal-
isi di gas permanenti più acetilene, etilene ed
etano, completata in meno di 20 minuti.   Altre
potenziali applicazioni per il ShinCarbon ST com-
prendono l’analisi di solforati a basso peso moleco-
lare o fluorocarburi Freon®.

Il ShinCarbon ST è un materiale altamente stabile.
Il suo limite superiore di temperatura di 330ºC
rende minima la cessione e la deriva della linea di
base durante la programmata termica, rendendo il
materiale compatibile con i principali sistemi di riv-
elazione usati per l’analisi dei gas, quali il TCD o
l’HID.   Tutte le colonne ShinCarbon ST sono com-
pletamente condizionate in un ambiente esente da
ossigeno e umidità per prevenirne la contami-
nazione.  Ciò riduce il tempo occorrente alla stabi-
lizzazione (meno di 30 minuti) dopo l’installazione
della colonna, portando ad una minore durata del-
l’inattività del sistema. 

Le particolari proprietà del ShinCarbon ST lo ren-
dono un impaccamento ideale per l’analisi di gas e
composti altamente volatili, compresi i gas perma-
nenti gli idrocarburi e i solforati a basso peso mol-
ecolare e i Freon®.   L’analisi rapida a temperatura
sopra-ambiente, che queste colonne forniscono, è
di grande comodità.  L’eccellente stabilità termica
del carbone ad alta area superficiale unita
all’estrema cura nel condizionamento della colonna
durante la produzione, assicurano un’operatività a
basso spurgo e una rapida stabilizzazione dopo 
l’installazione.  Sono disponibili a richiesta colonne
in ShinCarbon ST su misura.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: Permanent gases plus C1+C2

hydrocarbons 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas:  helium
Flow rate:  10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det.: HID @ 200°C

1. oxygen
2. nitrogen
3. carbon monoxide
4. methane
5. carbon dioxide
6. acetylene
7. ethylene
8. ethane

GC_PC00665

Configurazione
Generica:
Suffisso: –800

Agilent  5880,
5890, 5987, 6890:
Suffisso: –810

Varian 3700, Vista
Series, FID:
Suffisso: –820

PE 900-3920
Sigma 1,2,3:
Suffisso: –830

83/4"

PE Auto System
8300, 8400, 8700
(Non On-Column):
Suffisso: –840

6 1/2"

Informazioni per l’Ordine | Colonne impaccate ShinCarbon ST 80/100

Configurazioni di colonna
Aggiungere il suffisso
appropriato al codice della
colona quando si ordina
una impaccata.
Contattateci per configu-
razioni personalizzate.

Consultate il nostro 
catalogo o il nostro sito

per standard gassosi
Scott di gas permanenti

e idrocarburi leggeri

2 3 4

Informazioni per l’Ordine | Kit di installazione

Esclusivo!

Per col. da
0.75mm ID

Per col. da 
1mm ID

Per applicazioni con valvola 21062 21065
Per applicazioni split 21063 —
Per tutti I GC Agilent 21064 —
Per iniezione diretta — 21066

Figura 1
La colonna ShinCarbon ST microimpaccata
separa i gas permanenti in 10 minuti, senza

raffreddamento con criogenico.
Figura 2

Le colonne ShinCarbon ST separano rapida-
mente miscele di idrocarburi leggeri e gas

permanenti.

★nuovo!
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Il metodo EPA 528 è un metodo di screening in
estrazione in fase solida (SPE)/gas cromatografia/
spettrometria di massa sviluppato per misurare 12
fenoli in acque per il consumo umano, rilevanti dal
punto di vista ambientale, e determinare se questi
contaminanti devono essere regolamentati per garan-
tire la protezione della comunità.  Il Metodo 528 è un
miglioramento di altri precedenti metodi perché la
MS permette l’univoca identificazione di tutti i 12

fenoli senza bisogno di una conferma.*

I limiti di rivelazione del Metodo 528 per I fenoli var-
iano da 0,02-0,58µg/L, concentrazioni inferiori a
quanto previsto per il controllo dell’acqua per con-
sumo umano, secondo le attuali informazioni sugli
effetti sulla salute.  La Figura 1 mostra l’analisi dei 12
fenoli, alla concentrazione di 5ng/L.   Il controllo di
numerosi fattori critici ci permette di ottenere sia

un’ottima forma dei picchi, sia buona sensibilità a
questa bassa concentrazione:
1.I fenoli hanno la tendenza a decomporsi nella porta

iniettore portando ad un eccessivo scodamento e
ad una diminuzione della sensibilità.  Abbiamo
minimizzato il contatto con superfici metalliche per
mezzo di un liner Drilled Uniliner®.**  Una connes-
sione a tenuta tipo press-tight tra la colonna e il
liner evita il contatto del campione con la base del-
l’iniettore.   Ciò permette di migliorare la forma del
picco e la sensibilità, rispetto alle altre tecniche di
iniezione a caldo.

2.La riduzione della temperature dell’iniettore da
330°C a 220°C contribuisce al trasferimento dei
fenoli alla colonna con una minima degradazione
termica.

3.L’iniezione splitless a pressione pulsata (50psi per
0,5 min.) permette il rapido trasferimento degli
analiti all’ingresso della colonna.

4.Abbiamo impostato la temperatura iniziale a 40°C
per evitare l’eccessivo scodamento dei primi fenoli
eluiti.

5. Tutti i 12 fenoli eluiscono durante la prima rampa
di temperatura di 12°C/min., mentre la seconda
rampa a 300°C promuove lo spurgo dei contami-
nanti ad alto peso molecolare. La colonna Rtx®-5Sil
MS mostra a questa alta temperatura bassa ces-
sione e elevata inerzia.***

Abbiamo sviluppato un set completo di standard per
il Metodo 528, costituito da standard di calibrazione,
standard interno, soluzione di arricchimento degli
analiti, standard di surrogato, e soluzione di controllo
della calibrazione per il GC/MS.  La sensibilità MS per
quattro fenoli  è decisamente inferiore rispetto agli
altri, perciò questi composti sono stati aggiunti in
concentrazione maggiore, 500µg/mL, nella soluzione
di arricchimento. Alcuni dei fenoli sostituiti esistono
in diverse forme isomeriche aventi spettri di massa
simili, ma possono essere differenziati attraverso il
tempo di ritenzione.  Le uniche coeluizioni
riguardano surrogati deuterati, che non hanno gli
stessi ioni degli analiti target.

A causa dei potenziali problemi associati a questi
analiti, il Metodo 528 prevede una colonna a bassa
cessione che fornisca un’adeguata separazione degli
analiti.   La colonna Rtx®-5Sil MS è caratterizzata da
bassa cessione, alta inerzia ed elevata temperatura
operativa massima.  Un liner Drilled Uniliner® riduce
sensibilmente le perdita di composti attivi e assicura
risultati precisi.

by Christopher English, Environmental Innovations Chemist, and Katia May, Ph.D., R&D Chemist

Screening GC/MS di Fenoli
con un’Analisi Ottimizzata

✔ Serie completa di materiali di riferimento per il Metodo US EPA 528.
✔ Soluzione di arricchimento formulata basandosi sulle sensibilità MS dei singoli analiti.

✔ La colonna Rtx®-5Sil MS permette l’identificazione dei fenoli a 5ng in colonna.

4-chloro-3-methylphenol
2-chlorophenol
o-cresol
2,4-dichlorophenol
2,4-dimethylphenol
2,4-dinitrophenol

2-methyl-4,6-dinitrophenol
2-nitrophenol
4-nitrophenol
pentachlorophenol
phenol
2,4,6-trichlorophenol

2,000µg/mL ciascuno in methylene chloride, 1mL/fiala

Miscela di Calibrazione dei Fenoli Mix 1, EPA 528

Ciascuno 5-conf. 10-conf.
31694 31694-510 —

con data pack
31694-500 31694-520 31794

3-nitro-o-xylene 1,000µg/mL
2,3,4,5-tetrachlorophenol 2,000µg/mL
In methylene chloride, 1mL/fiala

Miscela di Standard Interni, EPA 528

Ciascuno 5-conf. 10-conf.
31696 31696-510 —

con data pack
31696-500 31696-520 31796

4-chloro-3-methylphenol 100µg/mL
2-chlorophenol 100
o-cresol 100
2,4-dichlorophenol 100
2,4-dimethylphenol 100
2,4-dinitrophenol 500
2-methyl-4,6-dinitrophenol 500
2-nitrophenol 100
4-nitrophenol 500
pentachlorophenol 500
phenol 100
2,4,6-trichlorophenol 100
In methanol, 1mL/fiala

Miscela di Arricchimento dei Fenoli, EPA 528

Ciascuno 5-conf. 10-conf.
31695 31695-510 —

con data pack
31695-500 31695-520 31795

2-chlorophenol-d4 1,000µg/mL
2,4-dimethylphenol-d3 1,000
2,4,6-tribromophenol 2,000
In methanol, 1mL/fiala

Miscela di Standard di Surrogati, EPA 528

Ciascuno 5-conf. 10-conf.
31697 31697-510 —

con data pack
31697-500 31697-520 31797

decafluorotriphenylphosphine (DFTPP)
2,500µg/mL in methylene chloride, 1mL/fiala

Calibrante per il GC/MS - SV Tuning Compound

Ciascuno 5-conf. 10-conf.
31001 31001-510 —

con data pack
31001-500 31001-520 31101

6 7 8 9 10 11 12 13 14 15

15
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GC_EV00664

1. phenol
2. 2-chlorophenol-3,4,5,6-d4 (SS)
3. 2-chlorophenol
4. 2-methylphenol
5. 2-nitrophenol
6. 2,4-dimethylphenol-3,5,6-d3 (SS)
7. 2,4-dimethylphenol
8. 2,4-dichlorophenol
9. 4-chloro-3-methylphenol

10. 1,2-dimethyl-3-nitrobenzene (IS#1)
11. 2,4,6-trichlorophenol
12. 2,4-dinitrophenol
13. 4-nitrophenol
14. 2,3,4,5-tetrachlorophenol (IS#2)
15. 2-methyl-4,6-dinitrophenol
16. 2,4,6-tribromophenol (SS)
17. pentachlorophenol

* I requisiti per la misura e l’analisi  sono evidenziati al Numero 40 del Code of Federal Regulations (CFR), Chapter 1, Part 141.40.
**Per ulteriori informazioni sui liner Drilled Uniliner® vd. pag. 13.
***Le colonne Rtx®-5Sil MS sono elencate a pag. 5.

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat# 12723)
US EPA Method 528 analytes, 1µL, 5ppm 
Phenol Calibration Mix 1, EPA 528 (cat# 31694)
Internal Standard Mix, EPA 528 (cat# 31696)
Surrogate Standard Mix, EPA 528 (cat# 31697)

Inj.: 1.0µL pulsed splitless (hold 0.5
min.), 4mm Drilled Uniliner®

(cat.# 21055), pulsed pressure
50psi for 0.5 min.

GC: Agilent 6890 
Inj. temp.: 220°C
Carrier gas: helium, constant flow  
Flow rate: 1.3  mL/min. 
Oven temp.: 40°C (hold 1 min.) to 220°C @

12°C/min. (hold 0 min.) to 300°C
@ 30°C/min  (hold 1 min.) 

Det: Agilent 5973 GC/MS
Transfer line temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 5.5 min.
Tune: DFTPP
Ionization: EI

Figura 1
Eccellente sensibilità e forma del picco per i fenoli a 5ng  in colonna, grazie alla colonna 

Rtx®-5Sil MS e ad i materiali di riferimento Restek.
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by Katia May, Ph.D., R&D Chemist, and Rebecca Wittrig, Ph.D., Food, Flavor, & Fragrance Innovations Chemist

Nuovi Materiali di Riferimento per Analisi 
Ambientali e di Aromi

Miscela di Valutazione del Sistema per l’Analisi di Pesticidi Organoclorurati: Metodi
US EPA 508/508.1, 608, 617, 625, 1618, 1656, 8080A/8081, 8250A/8270B, CLP
✔ Progettata per la valutazione giornaliera delle prestazioni del sistema.
✔ Evidenzia la presenza di siti attivi nella porta iniettore e/o nella colonna GC.
✔ Preparata in MTBE, un solvente a basso volume di espansione, che aiuta a ridurre il backflash.

Standard per il punto di ebollizione approssimativo /Marker della Distribuzione dal
Numero di Carbonio: Metodo TNRCC 1005 per il TPH
✔ Determinazione semplice della finestra di tempi di ritenzione per ciascun intervallo di punti di ebollizione.
✔ Preparato in n-pentano, in conformità ai requisiti EPA.

Nuova Miscela di Valutazione delle Prestazioni GC dalla FMA (Fragrance Materials Association)
✔ Valutazione delle Prestazioni per oli essenziali e aromi.
✔ Miscela per il System Suitability di sistemi GC e delle colonne analitiche.
✔ Comoda quantità di 0,5mL per ottenere le soluzioni di lavoro raccomandate tramite una semplice diluizione.

Il controllo giornaliero della degradazione di DDT e endrin, un requisito previsto dai Metodi US EPA
508/508.1, 608, 617, 625, 1618, 1656, 8080A/8081, 8250A/8270B e CLP, viene tipicamente eseguito iniet-
tando la miscela di calibrazione e controllando i prodotti di degradazione.  Questo nuovo materiale di riferi-
mento è stato specificatamente preparato per questo scopo e consente un migliore controllo della qualità. 

Standard di Aldeidi/Chetoni DNPH Per i Metodi US EPA TO-11A e 8315
✔ Da usare nell’analisi HPLC di composti carbonilici dall’aria.
✔ Comoda concentrazione di 15µg/mL, simile alla concentrazione di interesse nella maggior 

parte degli ambienti di lavoro.
✔ Il Certificato of Analisi elenca sia le concentrazioni dell’ aldeide/chetone sia il -DNPH 

derivato.
È disponibile un nuovo standard a quindici componenti per il Metodo TO-11A e il Metodo 8315.   La colon-
na HPLC  Ultra C18 150 x 4,6 mm (Cod. 9174565) permette separazioni veloci e affidabili per la formaldei-
de e per molte altre aldeidi e chetoni.

n-hexane (C6)
n-dodecane (C12)

n-octacosane (C28)
n-pentatriacontane (C35)

200µg/mL ciascuno in pentane, 1mL/fiala

Miscela di Marker di Tempo di Ritenzione TNRCC 1005

Ciascuno 5-conf. 10-conf.
31698 31698-510 —

con data pack
31698-500 31698-520 31798

4,4'-DDT 200µg/mL
endrin 100µg/mL
In MTBE, 1mL/fiala

Ciascuno 5-conf. 10-conf.
32417 32417-510 —

con data pack
32417-500 32417-520 32517

Miscela di Valutazione del Sistema per Pesticidi
Organoclorurati

benzyl salicylate 362 parti*
cinnamic aldehyde 5 parti
cinnamic alcohol 3 parti
cinnamyl acetate 3 parti
ethyl butyrate 362 parti
eucalyptol 5 parti

geraniol 6 parti
hydroxycitronellal 50 parti
d-limonene 200 parti
thymol crystal 3 parti
vanillin 1 parte
benzoic acid 1% of mix

Neat, 0.5mL in an amber fiala

Miscela Test della Fragrance Materials Association

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde

DNPH

formaldehyde-DNPH
hexaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

15µg/mL ciascuno in acetonitrile, 1mL/fiala

Miscela di Calibrazione Aldeidi-Chetoni-DNPH TO-

Ciascuno
31808

Il set completo di standard Restek per il Metodo TNRCC 1005 comprende anche: Miscela di Localizzazione TPH
(Cod. 31482), Miscela di Calibrazione TX TPH (Cod. 31483), Miscela di Spike in Matrice TX TPH (Cod. 31484).

*parti per migliaia

 

GC_FF00658

Rtx®-1701, 60m, 0.25mm ID, 0.25µm (cat.# 12026)
Sample: 5% FMA Test Mix (cat.# 31807) in acetone 
Inj.: 1.0µL split (split ratio 40:1), 4mm inlet

liner (cat.# 20814)
Inj. temp.: 285°C
Carrier gas: helium, constant flow  
Flow rate: 0.6mL/min.
Oven temp.: 50°C to 270°C @ 3°C/min. 
Det.: FID @ 300°C
Compound % in FMA Mix

1. ethyl butyrate 35.7
2. limonene 20.0
3. eucalyptol 0.5
4. geraniol 0.6
5. benzoic acid 1.0
6. cinnamic aldehyde 0.5
7. hydroxycitronellal 5.0
8. thymol 0.3
9. cinnamyl alcohol 0.3

10. cinnamyl acetate 0.3
11. vanillin 0.1
12. benzyl salicylate 35.7

La  FMA (Fragrance Materials Association) ha pro-
posto un metodo standardizzato che prevede l’anal-
isi di oli essenziali in GC capillare sia su colonne
polari che non polari.
Per definire lo stato del sistema cromatografico si
dovrebbe usare una miscela di valutazione delle
prestazioni per permettere l’identificazione di prob-
lemi all’iniettore o di degradazione della fase
stazionaria piuttosto che di perdita di risoluzione,
cambiamento di selettività o presenza di siti attivi
nella linea di attraversamento del campione.
Abbiamo sviluppato una miscela di valutazione con-
forme alla miscela proposta dalla FMA.   La
soluzione test al 5%, prevista dal metodo, può
essere facilmente realizzata per diluizione di tutti i
0,5mL di miscela pura in 10mL di acetone.   La
soluzione di lavoro sarà stabile per una settimana,
se conservata in un recipiente scuro e in frigorifero.

Ciascuno 5-conf.
31807 31807-510

Figura 1
Nuova miscela test per oli essenziali e aromi

★nuovo!
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Miscela Test per la Valutazione della Colonna
✔ Miscela a cinque componenti per la caratterizzazione dei parametri della  colonna in HPLC.
✔ Approccio semplice, facile e affidabile per la valutazione della qualità della colonna o per la classificazione

della fase stazionaria.

by Vernon Bartlett, HPLC Innovations Manager, and Katia May, Ph.D., R&D Chemist

Nuova Miscela Test di Valutazione delle
Prestazioni in Cromatografia Liquida

Miscela per il Controllo della Qualificazione di una Colonna per Zuccheri
✔ Per l’analisi di zuccheri semplici in HPLC con il rivelatore a Indice di Rifrazione.
✔ Da usare per colonne a base silicea con funzionalità amminica, come raccomandato dalla

AOAC International.
✔ Adatto come standard di calibrazione per il metodo AACC 80-04.
✔ Prodotto in condizioni anidre per aumentare la stabilità.

Il NIST (National Institute of Standards and Technology)
ha formulato una miscela di cinque composti organici
che è molto efficace nella caratterizzazione delle
colonne HPLC per fase inversa.  Le principali caratteri-
stiche della colonna che possono essere misurate attra-
verso la miscela sono: efficienza, volume vuoto, selettivi-
tà metilenica, ritentività, attività verso chelanti e com-
posti basici.  I risultati ottenuti utilizzando la miscela
possono essere usati per la classificazione della fase
stazionaria, la scelta della colonna nello sviluppo meto-
do, per il controllo delle prestazioni della colonna nel
tempo o per il controllo qualità nel processo di impac-
camento della colonna. 

Per la produzione di questa miscela test ci atteniamo al
metodo NIST e controlliamo il nostro materiale rispetto
allo standard NIST 870.  La Figura 1 mostra che i pro-
fili cromatografici per il materiale di riferimento Restek
e lo standard NIST 870 sono sostanzialmente identici.

Peak List: Conc. (mg/mL)
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

Column: Pinnacle II™ Amino
Catalog #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å
Conditions:
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C

LC_0223

L’AOAC International raccomanda un metodo HPLC che
impiega la rivelazione con un Indice di Rifrazione (RI) e
una fase stazionaria amminica per l’analisi di zuccheri
semplici, come i monosaccaridi glucosio e fruttosio e i
disaccaridi saccarosio, maltosio e lattosio.

Il test di Qualificazione delle Prestazioni (PQ), parte inte-
grante della validazione degli strumenti del laboratorio,
determina la precisione del sistema HPLC.   Di solito i
risultati del test PQ mostrano variazioni nei tempi di
ritenzione. La nostra nuova miscela di controllo per il
PQ in HPLC / RI consiste di cinque zuccheri semplici in
diverse concentrazioni. Poiché le soluzioni di zuccheri
sono soggette a degradazioni batteriologiche, abbiamo
preparato il nuovo materiale di riferimento in acqua, lo
abbiamo liofilizzato e confezionato in condizioni anidre
in un vial piccolo (4mL) per aumentarne la stabilità. Per
effettuare il test di prestazioni, è sufficiente sciogliere il
materiale in 1mL di acetonitrile/acqua (75:25, v/v).

La figura 2 mostra l’eccellente risoluzione per gli zuc-
cheri semplici ottenuta con una colonna Pinnacle II™

Amino (Cod. 9217365), una fase stazionaria propil-
amminica legata ad una silice di 3µm.   Il nostro proces-
so di fabbricazione per questa nuova colonna è basato su
materiali sintetizzati in proprio, in modo da avere stretto
controllo sulla riproducibilità da colonna a colonna.

La documentazione regolatoria per la Qualificazione dell’Installazione (IQ), l’Operazione di Qualificazione (OQ) e la
Qualificazione delle Prestazioni (PQ) ha lo scopo di verificare le prestazioni del sistema per le agenzie regolatorie.
Una parte importante della OQ per la strumentazione HPLC è la linearità del rivelatore.   I composti analizzati possono
avere diverse concentrazioni, perciò è importante che il rivelatore produca risposte lineari al variare della concen-
trazione.   La risposta dovrebbe essere proporzionale alla concentrazione dell’analita a volume di iniezione costante. 

Per questo scopo la Restek ha sviluppato un nuovo kit di standard analitici ciascuno costituito da 1mL di soluzione
acquosa di caffeina a cinque diverse concentrazioni: 5, 25, 125, 250 e 500 µg/mL.   Queste soluzioni sono comode per
le misure di linearità e possono essere usate per generare semplici grafici di risposta rispetto alla concentrazione.
Inoltre, può essere facilmente calcolato il coefficiente di correlazione tra concentrazione e risposta.  Il nostro Certificato
d’Analisi comprende la concentrazione della caffeina (5–500µg/mL), la varianza calcolata nella preparazione di ciascu-
na soluzione, un grafico di linearità e il coefficiente di correlazione (r2) per la retta di calibrazione.

Contiene 1mL di ciascuna di queste miscele.

Miscela Test per la OQ della Linearità in HPLC
Caffeina in un kit di cinque ampolle a concentrazione diversa: 5,0,
25,0, 125,0, 250,0, 500,0 µg/mL in acqua. Usata per determinare la
linearità del rivelatore UV.  Disponibile solo come kit.

Kit
31805

amitriptyline hydrochloride 2800 µg/mL
ethylbenzene 1700
quinizarin 94
In methanol, 1mL/fiala

Miscela Test per la Valutazione delle Prestazioni HPLC

Ciascuno 5-conf. 10-conf.
31699 31699-510 —

con data pack
31699-500 31699-520 31799

glucose 2.0µg/mL*
fructose 2.1
lactose 4.4

maltose 4.5
sucrose 4.0

Composti secchi in un vial a vite da 4mL.

Miscela di Controllo per le Prestazioni di una
Colonna per Zuccheri

Ciascuno
31809

0 1 2 3 4 5 6

1
2

3 4

5

Peak List: Conc. (µg/mL)
1. uracil 28
2. toluene 1400
3. ethylbenzene 1700
4. quinizarin 94
5. amitriptyline 2800

Sample: HPLC Performance Text Mix (cat.# 31699)
Inj.: 5.0µL
Sample diluent: methanol

Column: Pinnacle II™ C18
Catalog #: 9214565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions: Mobile phase: A: 5mM potassium
phosphate, pH 7.0
B: MeOH
20%A: 80%B

Flow: 2.0mL/min.
Temp.: 23°C
Det.: UV @ 254nm

LC_0242

LC_0244

NIST Mix

Restek
Mix

*Concentrazione finale dopo ricostituzione in 1mL di
acetonitrile:acqua (75:25) v/v.

Sample: Sugar Column
Performance Check Mix
(cat.# 31809)
Inj.: 5µL

Figura 1
La Miscela Test Restek per la valutazione 
delle Prestazioni della Colonna HPLC si 
sovrappone allo standard 
NIST 870.

Figura 2
L’eccellente separazione di zuccheri semplici
ottenuta con una colonna Pinnacle II™ Amino.

★

toluene 1400
uracil 28

Miscela Test per la Qualificazione Operativa della Linearità del Rivelatore UV
✔ Semplice Test per la valutazione della capacità del rivelatore di fornire una risposta lineare a

diverse concentrazioni.
✔ Concentrazioni adatte ad una indicazione chiara del range di linearità.

nuovo!



Figura 1
L’acciaio 316L ricoperto con Silcosteel®-CR

mostra una resistenza all’HCl maggiore di 10
volte rispetto all’acciaio inossidabile non

trattato e un miglioramento di 4 volte
rispetto all’acciaio inossidabile trattato

con Silcosteel®.
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by Gary Barone, Metals Passivation Group Product Marketing Manager

Tubo e Connettori in Silcosteel®-CR
Maggiore Resistenza per Acidi Inorganici

✔ Resistente agli acidi cloridrico, solforico e nitrico.
✔ Riduce la manutenzione e l’inutilizzo del sistema.

✔ Disponibilità immediata di tubi e dei principali connettori oltre che di un servizio di ricopertu-
ra personalizzato.

Proseguendo il programma di sviluppo delle tecnolo-
gie di trattamento superficiale, la Restek introduce

questa nuova linea di tubi e
connettori altamente
resistenti alla corrosione.
La ricopertura Silcosteel®-
CR* è stata ottimizzata per
aumentare la resistenza
agli acidi cloridrico, sol-
forico e nitrico (Figura 1).

I tubi e i connettori usati a
contatto con questi acidi aggressivi sono soggetti a fre-
quenti ispezioni e sostituzioni.   La ricopertura con
Silcosteel®-CR applicata a connettori Parker A-lok e a
tubo in acciaio senza saldature 316L, conferisce loro

una resistenza agli attacchi corrosivi maggiore di un
ordine di grandezza.

Il trattamento Silcosteel®-CR consiste in un particolare
processo di deposizione che porta alla completa
ricopertura della superficie esposta del connettore o
del tubo, prevenendo così il contatto tra la superficie e
gli acidi.   Il rivestimento Silcosteel®-CR è di per sé
insolubile in questi acidi, e la sua applicazione for-
nisce un ineguagliabile strato di protezione per l’ac-
ciaio inossidabile. 

È disponibile anche un servizio di ricopertura
Silcosteel®-CR su misura. Per informazioni su come
trattare i vostri componenti, proteggendoli con il
Silcosteel®-CR, contattate il vostro rappresentante
Restek.

Descrizione q.tà Cod.
Unione 1/16" Ciascuno 22863
Unione 1/8" Ciascuno 22864
Unione 1/4" Ciascuno 22865
Connettore a T 1/16" Ciascuno 22866
Connettore a T 1/8" Ciascuno 22867
Connettore a T 1/4" Ciascuno 22868
Riduttore 1/8" - 1/16" Ciascuno 22869
Riduttore 1/4" - 1/16" Ciascuno 22870
Riduttore 1/4" - 1/8" Ciascuno 22871
Connettore a Croce 1/8" Ciascuno 22872
Connettore a Croce 1/4" Ciascuno 22873
Unione a Gomito 1/16" Ciascuno 22874
Unione a Gomito 1/8" Ciascuno 22875
Unione a Gomito 1/4" Ciascuno 22876
Tappo 1/16" Ciascuno 22877
Tappo 1/8" Ciascuno 22878
Tappo 1/4" Ciascuno 22879
Riduttore da 1/8" a tubo da 1/16" Ciascuno 22880
Riduttore da 1/4" a tubo da 1/16" Ciascuno 22881
Riduttore da 1/8" a tubo da 1/4" Ciascuno 22882
Riduttore da 1/4" a tubo da 1/8" Ciascuno 22883
Connettore a porta 1/8" Ciascuno 22884
Connettore a porta 1/4" Ciascuno 22885
Connettore a porta 1/8" - 1/4” Ciascuno 22886
Unione da 1/8" a 1/8" NPT Maschio Ciascuno 22887
Unione da 1/4" a 1/4" NPT Maschio Ciascuno 22888
Unione da 1/16" a 1/8" NPT Maschio Ciascuno 22889
Unione da 1/8" a 1/4" NPT Maschio Ciascuno 22890
Unione da 1/4" a 1/8" NPT Maschio Ciascuno 22891
Unione da 1/8" a 1/8" NPT Femmina Ciascuno 22892
Unione da 1/4" a 1/4" NPT Femmina Ciascuno 22893
Unione da 1/4" a 1/8" NPT Femmina Ciascuno 22894
Unione da 1/8" a 1/4" NPT Femmina Ciascuno 22895

Informazioni per l’Ordine | Connettori Silcosteel®-CR

Informazioni per l’Ordine | Tubo in acciaio inossidabile 316L senza saldature Silcosteel®-CR 316L

*In attesa di brevetto.

Attenzione: Per tagliare il tubo Silcosteel®-CR è previsto
un sovrapprezzo.   L’addebito è calcolato sulla base del
numero complessivo di pezzi prodotti dal taglio, per cias-
cuna linea di prodotto, secondo la modalità seguente:

da 5 a 15 pezzi
da 16 a 30 pezzi
da 31 a 75 pezzi
da 76 a 99 pezzi
da 100 a 200 pezzi

ID OD Cod. 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.055" (1.40mm) 1/8" (3.18mm)** 22896
0.180" (4.57mm) 1/4" (6.35mm)** 22897

**spessore delle pareti 0,89mm (0.035”)

Corrosion Rates: ASTM G31-72(99),
Immersion in 37.1% HCl

Nuovo
Catalogo
Restek

★nuovo!
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Gli Idrocarburi Policiclici Aromatici, mutageni, can-
cerogeni e pervasivi nell’ambiente moderno, sono
emessi da molti processi di combustione, principal-
mente da impianti di riscaldamento a combustibile
fossile e dai motori a combustione interna dei

veicoli.  Dato che sono così universalmente diffusi,
gli IPA sono analizzati in molte matrici di aria,
acqua e terreno.   I campioni ambientali con-
tengono spesso miscele complesse di IPA, difficili
da risolvere a causa dell’elevata somiglianza strut-

Analisi Riproducibili di Idrocarburi
Policiclici Aromatici

Con le Colonne HPLC Pinnacle II™ PAH e gli
Standard di Riferimento Restek

by Terrence S. Reid, Innovations Team Chemist
✔ Colonne HPLC specifiche in grado di risolvere i 16 IPA alla linea di base.

✔ La silice prodotta in proprio assicura prestazioni riproducibili.
✔ Tre standard a diverse concentrazioni tra le quali scegliere quella più vicina alle vostre esigenze.

Colonne Pinnacle II™ PAH 5µm
2.1mm ID 3.2mm ID 4.6mm ID

Lunghezza Cod. Cod. Cod.
100mm — 9219513 9219515
150mm — 9219563 9219565
200mm — 9219523 9219525
250mm 9219572 9219573 9219575

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

2,000µg/mL ciascuno in methylene chloride, 1mL/fiala

SV Calibration Mix #5 (16 componenti)
3/90 and 4/89 SOW

Ciascuno 5-conf. 10-conf.
31011 31011-510 —

con data pack
31011-500 31011-520 31111

acenaphthene 1000µg/mL
acenaphthylene 1000
anthracene 1000
benzo(a)anthracene 500
benzo(a)pyrene 500
benzo(b)fluoranthene 500
benzo(k)fluoranthene 500
benzo(ghi)perylene 500

chrysene 500
dibenzo(a,h)anthracene 500
fluoranthene 500
fluorene 1000
indeno(1,2,3-cd)pyrene 500
naphthalene 1000
phenanthrene 500
pyrene 500

In methylene chloride, 1mL/fiala

610 PAH Calibration Mix A
(16 componenti)

Ciascuno 5-conf. 10-conf.
31264 31264-510 —

con data pack
31264-500 31264-520 31364

acenaphthene 1000µg/mL
acenaphthylene 2000
anthracene 100
benzo(a)anthracene 100
benzo(a)pyrene 100
benzo(b)fluoranthene 200
benzo(k)fluoranthene 100
phenanthrene 100

benzo(ghi)perylene 200
chrysene 100
dibenzo(a,h)anthracene 200
fluoranthene 200
fluorene 200
indeno(1,2,3-cd)pyrene 100
naphthalene 1000
pyrene 100

In methylene chloride:methanol (1:1), 1mL/fiala

610 PAH Calibration Mix B
(16 componenti)

Ciascuno 5-conf. 10-conf.
31455 31455-510 —

con data pack
31455-500 31455-520 31555

Sample:
Inj.: 610 PAH Calibration Mix A (cat.# 31264), 5µL
Sample diluent: methylene chloride:acetonitrile (1:9, v/v)
Column: Catalog #: 9219563

Dimensions: 150 x 3.2mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A: water; B: acetonitrile

Time: %B
0 40
30 100
40 100
41 40
51 40

Flow: 0.5mL/min
Temp.: 30°C (or ambient)
Det.: UV @ 254nm

LC_0243

Ret. Time (min.) Conc.
Peak List: Lot 1 Lot 2 Lot 3 (µg/mL)

1. naphthalene 11.95 12.17 11.80 100
2. acenaphthylene 13.41 13.65 13.26 100
3. acenaphthene 15.61 15.89 15.45 100
4. fluorene 16.09 16.31 15.92 100
5. phenanthrene 17.41 17.61 17.23 50
6. anthracene 18.80 18.92 18.61 100
7. fluoranthene 20.23 20.39 20.03 50
8. pyrene 21.31 21.46 21.11 50
9. benzo(a)anthracene 24.88 24.87 24.65 50

10. chrysene 25.64 25.54 25.40 50
11. benzo(b)fluoranthene 28.62 28.53 28.35 50
12. benzo(k)fluoranthene 29.97 29.74 29.70 50
13. benzo(a)pyrene 31.26 31.02 30.97 50
14. dibenzo(a,h)anthracene 33.09 32.74 32.81 50
15. benzo(ghi)perylene 34.46 34.24 34.16 50
16. indeno(1,2,3-cd)pyrene 35.19 34.85 34.91 50

turale tra i vari analiti. L’HPLC in fase inversa è l’ap-
proccio generalmente favorito per l’analisi degli IPA,
perchè questa tecnica può discriminare tra composti
strettamente correlati sulla base della forma delle
molecole.   Il Metodo US EPA 610, per esempio,
prevede l’HPLC in fase inversa per l’analisi dei 16 IPA
elencati in Figura 1.

La nuova colonna Pinnacle II™ PAH si aggiunge alla
nostra linea di colonne HPLC Pinnacle II™ ed è stata
specificatamente sviluppata per queste analisi comp-
lesse.   La fase stazionaria della Pinnacle II™ PAH è
costituita da uno speciale legame polimerico di C18
in grado di sviluppare una particolare selettività steri-
ca, che permette di ottenere la risoluzione alla linea
di base per tutti i 16 IPA del Metodo EPA 610.   In
più, la silice delle Pinnacle II™ PAH è prodotta in
proprio nel nostro centro di Bellefonte, PA.   La 
produzione autonoma della nostra silice, ci permette
di avere maggiore controllo sia sulla qualità che sulla
riproducibilità.  Le colonne Pinnacle II™ PAH hanno
la stessa selettività delle precedenti Pinnacle™ PAH,
ma maggiore riproducibilità. 

La riproducibilità delle prestazioni delle colonne
Pinnacle II™ PAH da lotto a lotto, è eccellente, come
mostra la Figura 1.   Ognuno dei tre lotti di colonna
rappresentati ha fornito la risoluzione alla linea di
base per i 16 IPA elencati nel Metodo 610, usando
un semplice gradiente lineare acqua/acetonitrile
come fase mobile.

Oltre a questa colonna HPLC specifica per l’appli-
cazione, Restek produce tre miscele analitiche di
riferimento per il Metodo EPA 610, che differiscono
esclusivamente in concentrazione: ognuna contiene
tutti i 16 IPA elencati, confezionati in comode fiale da
1 mL.   Il campione usato per ottenere la Figura 1 è
il “610 PAH Calibration Mix A”.

Gli analisti che si occupano di IPA ora sanno che
Restek è in grado di fornire sia colonne HPLC affid-
abili e a costo contenuto, sia gli standard chimici
necessari a questa delicata analisi.

(Mix A)

lot 1

lot 2

lot 3

Figura 1
Le colonne Pinnacle II™ PAH forniscono una riproducibile risoluzione alla linea di base per i 16

IPA elencati nel Metodo US EPA 610.

★nuovo!
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by Rebecca Wittrig, Ph.D., Food, Flavor & Fragrance Innovations Chemist

Analisi in Alta Risoluzione di Esteri
Metilici di Acidi Grassi (FAME)

Con una Colonna GC Capillare Rt-2560 per
risolvere gli isomeri cis e trans

✔ La colonna Rt-2560 altamente polare è conforme ai requisiti analitici del Metodo AOAC 996.06.
✔ La Colonna è adatta alla determinazione della composizione in acidi grassi o del grasso totale trans.
✔ Materiali di riferimento formulati in modo da calibrare il sistema GC e identificare gli isomeri.

I moderni requisiti per la caratterizzazione dei grassi
e degli oli e per la determinazione dei grassi totali
nei cibi prevedono separazioni ad alta efficienza,
garantite solo dalle colonne GC capillari.    Una
colonna scelta adeguatamente fornisce informazioni
accurate sui grassi complessi o campioni di olio,
come ad es. contenuto totale di grasso, contenuto di
grasso trans o contenuto totale di acidi grassi omega-
3 polinsaturi.  Le fasi stazionarie tipo Carbowax®

(polietilene glicole) sono di solito utilizzate per la
separazione, l’identificazione e la quantificazione di
esteri metilici di acidi grassi saturi e insaturi. Le fasi
più polari a base di biscianopropile, tipicamente in
lunghezze maggiori, sono necessarie per risolvere gli
isomeri cis e trans di componenti polinsaturi per la
determinazione del contenuto totale di grasso e per
quantificare il grasso totale trans.

I singoli isomeri cis e trans dei FAME sono completa-
mente risolti su una colonna Rt-2560 da 100 metri,
rendendo questa colonna una scelta ideale per
l’analisi di olii parzialmente idrogenati.  La fase alta-
mente polare di biscianopropile fornisce la selettività
necessaria per risolvere questi isomeri, come le
forme cis e trans del C18:1. Gli isomeri trans eluis-
cono prima dei cis, invertendo l’ordine di eluizione
che si ottiene su fasi tipo Carbowax®, come la Rtx®-
Wax o la FAMEWAX®.

Il Metodo AOAC 996.06, specifico per la determi-
nazione del contenuto totale di grasso in un cibo ai
fini della redazione del cartellino nutrizionale,
prevede che gli acidi grassi siano convertiti ad esteri
metilici, per la determinazione del contenuto totale
di grasso basata sul contenuto in acidi grassi. La

colonna da 100 metri Rt-2560 soddisfa i criteri di
questa procedura.  Una colonna Rt-2560 permette
anche la quantificazione del contenuto totale di trans.
Va ricordato che anche le colonne Rtx®-2330, la nos-
tra fase leggermente meno polare basata su un 90%
biscianopropile, risolve ugualmente gli isomeri cis e
trans dei FAME.  Con le Rtx®-2330, esattamente come
con le colonne Rt-2560, le forme trans dei FAME
eluiscono prima delle forme cis.

Per calibrare il sistema GC per dosaggi di questo
tipo, si usa un miscela di FAME, come la nostra Food
Industry FAME Mix, una miscela a 37 componenti di
FAME tipicamente presenti in vegetali, animali, grassi
marini e oli, oppure la nostra NLEA FAME Mix da 28
componenti (Figura 1).  Ciascuno di questi standard
comprende un certificato di analisi gravimetrico per
aiutare a garantire un’accurata quantificazione. Per
assicurare l’esatta identificazione dei singoli isomeri
cis e trans del C18:1 suggeriamo di usare la nostra
cis/trans Isomer Mix.

Qualunque siano i requisiti della vostra analisi di
grasso o olio, Restek è in grado di fornire colonne
analitiche di alte prestazioni e standard di riferimen-
to che vi aiuteranno a caratterizzare accuratamente i
vostri materiali.

1. Official Methods of Analysis, 17th edition, AOAC International, 2000.

Informazioni per l’Ordine | Colonna Rt-2560 (Silice Fusa)
ID df (µm) limiti di temp. 100-Metri

0.25mm 0.20 20 to 250°C 13199

Composto q.tà (%)
C4:0 1.5%
C6:0 1.5%
C8:0 2.0%
C10:0 2.5%
C11:0 2.5%
C12:0 5.0%
C13:0 2.5%
C14:0 2.5%
C14:1(cis-9) 1.5%
C15:0 1.5%
C16:0 10.0%
C16;1(cis-9) 5.0%
C17:0 2.5%
C18:0 5.0%

Composto q.tà (%)
C18:1(trans) 2.5%
C18:1(cis) 15.0%
C18:2(trans) 2.5%
C18:2(cis) 10.0%
C18:3 5.0%
C20:0 2.5%
C20:1 1.5%
C20:5 2.5%
C22:0 2.5%
C22:1 1.5%
C22:6 2.5%
C23:0 1.5%
C24:0 2.5%
C24:1 2.5%

30mg/mL total in methylene chloride, 1mL/fiala

NLEA FAME Mix (28 componenti)

Ciascuno
35078

30mg/mL total in methylene chloride, 1mL/fiala

Food Industry FAME Mix
(37 componenti)

Ciascuno
35077

Composto q.tà (%)
methyl elaidate (C18:1 trans-9) 10.0%
methyl linoleate (C18:2 cis-9,12) 20.0%
methyl oleate (C18:1 cis-9) 10.0%
methyl petroselinate (C18:1cis-6) 8.0%
methyl petroselaidate (C18:1trans-6) 8.0%
methyl stearate (C18:0) 20.0%
methyl transvaccenate (C18:1 trans-11) 12.0%
methyl vaccenate (C18:1 cis-11) 12.0%
10mg/mL total in methylene chloride, 1mL/fiala

cis/trans FAME Mix (8 componenti)

Ciascuno
35079

   

Column: Rt-2560 100m, 0.25mm ID, 0.2µm  (cat.# 13199)
Sample: NLEA FAME Mix (cat.# 35078) 30mg/mL total FAMEs

in methylene chloride 
Inj.: 1.0µL split (split ratio 100:1), 

4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2 mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C 

@ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

1. C4:0  methyl butyrate
2. C6:0  methyl heanoate
3. C8:0  methyl octanoate
4. C10:0  methyl decanoate
5. C11:0  methyl undecanoate
6. C12:0  methyl laurate
7. C13:0  methyl tridecanoate
8. C14:0  methyl myristate
9. C14:1  methyl myristoleate (cis-9)

10. C15:0  methyl pentadecanoate

11. C16:0  methyl palmitate
12. C16:1  methyl palmitoleate (cis-9)
13. C17:0  methyl heptadecanoate
14. C18:0  methyl stearate
15. C18:1  methyl elaidate (trans-9)
16. C18:1  methyl oleate (cis-9)
17. C18:2  methyl linoelaidate (trans-9,12)
18. C18:2  methyl linoleate (cis-9,12)
19. C20:0  methyl arachidate
20. C20:1  methyl eicosenoate (cis-11)

21. C18:3  methyl linolenate (cis-9,12,15)
22. C22:0  methyl behenate
23. C22:1  methyl erucate (cis-13)
24. C23:0  methyl tricosanoate
25. C24:0  methyl lignocerate
26. C20:5  methyl eicosapentaenoate 

(cis-5,8,11,14,17)
27. C24:1  methyl mervonate (cis-15)
28. C22:6  methyl docosahexaenoate 

(cis-4,7,10,13,16,19)

GC_FF00651

Figura 1
La miscela NLEA FAME Mix contiene i componenti necessari ai metodi standardizzati per

stabilire la composizione grassa dagli acidi grassi, come il Metodo AOAC 996.06.

Composto q.tà (%)
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9.12) 2.0

Composto q.tà (%)
C18:2(all-cis-9,12) 2.0
C18:3(all-cis 6,9,12) 2.0
C18:3(all-cis 9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis 11,14,) 2.0
C20:3 (all-cis 8,11,14) 2.0
C20:3(all-cis 11,14,17) 2.0
C20:4(all-cis 5,8,11,14) 2.0
C20:5(all-cis 5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis 13) 2.0
C22:2(all-cis 13,16) 2.0
22:6(all-cis4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0
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Plus 1™ significa che noi supereremo le tue
aspettative ogni volta che ci contatterai,

Cerchi la soluzione per un tuo complicato
problema analitico o hai bisogno di fare un
ordine la sera tardi ?  Contattaci oggi per

sperimentare il servizio Plus 1™ !

Gli articoli alle pagg. 4 e 7 di questo numero di
Advantage descrivono le analisi di fenoli e di com-
posti organici semivolatili attivi, che sono notoria-
mente difficili da analizzare, specialmente a basse
concentrazioni.  Iniezioni di scarsa qualità
riducono la sensibilità per questi composti, a causa
di fenomeni di degradazione o di adsorbimento
irreversibile nella porta iniettore.  I residui dei
materiali più pesanti o non volatili, spesso, si accu-
mulano alla base della porta iniettore e costituisco-
no una superficie reattiva che può catalizzare la
decomposizione di composti attivi. 

Per evitare questo problema, noi usiamo un liner
Drilled Uniliner® disattivato (Figura 1), che sostitu-
isce il solito liner dritto per splitless, allo scopo di

ridurre l’esposizione del campione alle superfici
metalliche riscaldate presenti nella porta iniettore.
Un liner Drilled Uniliner® elimina la fonte princi-
pale di decomposizione degli analiti, perché realiz-
za una connessione diretta, tipo press-fit, tra la
colonna e il liner.    Questa connessione fisica tra
colonna e liner migliora anche la sensibilità, grazie
alla riduzione della discriminazione dei pesi mole-
colari, presente negli iniettori a vaporizzazione.
Inoltre, con un liner Drilled Uniliner® verrebbe
scartata una minore quantità di campione, qualora
fosse necessario spostarsi dalla modalità splitless
allo split per rimuovere l’eccesso di solvente even-
tualmente formato nell’iniettore. Anche questo con-
tribuisce a migliorare la sensibilità. 

Abbiamo misurato la prestazione di un sistema che
utilizza un liner Drilled Uniliner® con una miscela
di pesticidi clorurati a concentrazioni di 20, 40 e
200ng/mL (Restek Advantage 2002v4).  La differen-
za percentuale tra il valore osservato e il valore
“vero” per ogni analita variava da 0% ad un massi-
mo di solo il 6.4%.  Il sistema dotato di Drilled
Uniliner® ha evidenziato una riduzione della
decomposizione di endrin e di DDT, rispetto a siste-
mi con liner splitless tradizionali (Tabella 1), per-
ché questi ultimi consentono agli analiti di entrare
in contatto con superfici attive nell’iniettore. Gli
impaccamenti con lana peggiorano il problema,
perché provocano l’aumento dell’area superficiale
interna del liner e introducono ulteriori siti attivi. 

Oltre a ridurre la variabilità e ad aumentare l’accu-
ratezza della calibrazione, il liner Drilled Uniliner®

porta ad un aumento complessivo nella risposta di
tutti gli analiti, migliorando i limiti di rivelabilità,
rispetto ai tradizionali liner splitless. Nel test con i
pesticidi le aree per l’ultimo picco eluito, il deca-
clorobifenile, sono state maggiori del 18-39% per il
sistema dotato di Drilled Uniliner® rispetto ai valori
ottenuto con un iniettore con liner dritto tipo split-
less (Tabella 1).

Il liner tipo Drilled Uniliner® esclude la base del-
l’iniettore dal cammino che il campione percorre
nella sua strada verso la colonna, rendendo la via
più inerte.  Ciò può portare al miglioramento del-
l’accuratezza e della precisione e riduce la decom-
posizione degli analiti attivi.    Se vi occupate di
analisi di fenoli, pesticidi o altri composti attivi,
questi risultati mostrano chiaramente che un liner
Drilled Uniliner® può essere il liner ideale.

by Gary Stidsen and Lydia Nolan, Innovations Team

Migliori Risposte per Analiti
Attivi

Usando un Liner Drilled Uniliner®

✔ Minore decomposizione di composti attivi per risultati più accurati.
✔ Maggiore sensibilità per abbassare i limiti di rivelazione.

✔ Ridotta discriminazione all’iniettore.

DI Liners for Agilent 5890 & 6890 GCs
(For 0.25/0.32/0.53mm ID Columns)

ID*/OD e
Lunghezza (mm)

Cod.
Ciascuno

Cod.
5-conf.

Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054 21055

Siltek™ Drilled Uniliner®

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

Hole makes
direct injection
possible with
EPC-equipped
Agilent 6890

GCs!

*ID nominale nel punto di espulsione dell’ago della siringa. 

Figura 1
L’utilizzo di un Drilled Uniliner® permette di ridurre la perdita di analiti attivi.

Tabella I
La più bassa decomposizione di endrin e DDT e la maggiore

risposta per gli analiti si ottengono con un liner Drilled Uniliner®.

Il foro permette
di eseguire l’iniezione
diretta anche con GC
Agilent 6890 dotati di
controllo elettronico

della pressione !

% di Decomposizione Drilled 4mm splitless 4mm splitless
Analita Colonna Uniliner® with wool
Endrin Rtx®-CLPesticides 4.4 4.7 9.8

Rtx®-CLPesticides2 4.9 6.9 8.3
DDT Rtx®-CLPesticides 0.2 0.3 2.6

Rtx®-CLPesticides2 0.3 0.9 3.1

Risposta—Risposta media; valore in tabella x 10³ = unità di risposta.
Drilled 4mm splitless 4mm splitless

Analita Colonna Uniliner® with wool
Tetrachloro-m- Rtx®-CLPesticides 147 111 106

xylene (TCMX) Rtx®-CLPesticides2 191 167 162
Decachloro- Rtx®-CLPesticides 150 119 108

biphenyl (DCB) Rtx®-CLPesticides2 209 177 166
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by Donna Lidgett, GC Accessories Marketing Manager

Peak Performers
Porte Iniezione per GC Agilent

È ora di sostituire il tuo iniettore?  Gli iniettori split/splitless Restek in acciaio inossidabile di alta qualità sono
ricambi diretti per i GC Agilent 5890 e 6890/6850.  Le nostre parti di ricambio soddisfano o migliorano le
prestazioni dei materiali Agilent originali.   Per un cammino del campione veramente inerte, offriamo iniet-
tori trattati con Silcosteel®.   Il trattamento Silcosteel® passiva la superficie metallica e garantisce prestazioni
superiori.

Ricambi equivalenti - Porta Iniezione Split/Splitless per GC Agilent 5890

*Per utilizzo con flusso manuale o con  EPC su un GC Agilent 5890.  Per utilizzo esclusivamente con flusso manuale
su GC Agilent 6890/6850.
**Rivestito con l’esclusivo trattamento Restek di ricopertura Silcosteel® per aumentare l’inerzia.

Ricambi equivalenti - Porta Iniezione Split/Splitless per GC Agilent 6890/6850

A

B

C

D

E

F

Chiave Iniettore per GC Agilent 5890/6890/6850
• Da usare per rimuovere il dado del setto e i blocchi durante le fasi di manutenzione.
• Realizzato con acciaio di alta qualità.
• Conforme alle specifiche dell’attrezzatura originale.

Descrizione
Analogo al

Cod. Agilent q.tà Cod.
Injector Wrench for Agilent 5890/6890/6850 GCs 19251-00100 Ciascuno 22065

Cartuccia Riscaldante & Sensore PRT per GC Agilent 5890
• Da utilizzare con i 5890 FID e i blocchi split/splitless.
• Conforme o superiore alle specifiche OEM.

Descrizione
Analogo al

Cod. Agilent q.tà Cod.
Gruppo Iniettore/Riscaldatore FID/Sensore PRT 05890-61140 Ciascuno 22068
A) Iniettore/Riscaldatore FID 19231-60620 Ciascuno 22069
B) Iniettore/ Sensore FID PRT 19231-60660 Ciascuno 22070

B

A

Per eliminare potenziali perdite e danni al blocco iniettore (riportato nel catalogo come weldment), è consigliabile sosti-
tuire sempre la linea di uscita dello split, il dado e la ferrula, al momento dell’installazione di un nuovo blocco shell.

Ricambio per Trappola Chimica per GC Agilent
• Facile da installare
• Sostituisce il materiale originale.
Descrizione

Analogo al Cod.
Agilent q.tà Cod.

G) Gruppo Trappola Split Vent Opzionale (per utilizzo con filtri tipo
largo per canister) G1544-60610 kit 23031
H) Trappole di ricambio (2) e O-ring (4) G1544-80530 kit 23032

G

H

Analogo al
Cod. AgilentDescrizione q.tà Cod.

A) Blocco Equivalente* 19251-60575 Ciascuno 20265
Blocco in Silcosteel® * 19251-60575** Ciascuno 20267
B) Blocco Shell Equivalente 19251-80570 Ciascuno 20266
Blocco Shell in Silcosteel® 19251-80570** Ciascuno 20268
O-rings per Connettori Trappola Agilent 5180-4181 25-conf. 22064

Analogo al Cod.
AgilentDescrizione q.tà Cod.

C) Blocco con EPC Equivalente G1544-60575 Ciascuno 22674
Blocco in Silcosteel® con EPC G1544-60575** Ciascuno 22672
D) Blocco Equivalente* 19251-60575 Ciascuno 20265
Blocco in Silcosteel® * 19251-60575** Ciascuno 20267
E) Blocco Shell Equivalente G1544-80570 Ciascuno 22673
Blocco Shell Silcosteel® G1544-80570** Ciascuno 22671
F) Blocco Split/Splitless Opzionale (per utilizzo con filtri tipo largo
per canister) G1544-60585 Ciascuno 22686
Blocco Split/Splitless in Silcosteel® Opzionale (per utilizzo con
filtri tipo largo per canister) G1544-60585** Ciascuno 22670

Consiglio Hot!

★

★

★

nuovo!

nuovo!

nuovo!
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by Brad Rightnour and Michael Goss, Instrument Innovations Team

tools Provate Questi Strumenti
da Restek per

Semplificare la
Manutenzione del GC

Zaffiro Tagliacolonne (Sapphire Scribe)

• Zaffiro con quattro lati di taglio di lunga durata.
• Produce un taglio netto e regolare dei tubi in silice fusa.
• Si porta nel taschino della camicia o del camice da laboratorio,

senza bisogno di cercarlo quando se ne ha bisogno.
Cod. 20182, (1 pz.)

Rimuovi Setto (Septum Puller)

• Attrezzo multiuso ideale da utilizzare in laboratorio per diver-
si scopi.

• La parte uncinata può servire per rimuovere setti e O-ring,
mentre il lato dritto a punta è efficace per rimuovere fram-
menti di ferrula.

Cod. 20117, (1 pz.) È facile e veloce rimuovere una ferrula attaccata al
connettore.

Per rimuovere il setto senza danneg-
giare un costoso blocco.

Un colpo rapido... ...e il risultato è un taglio netto e pulito.

Questi piccoli canister sono progettati per campio-
namento controllato, come il campionamento per-
sonale d’aria, in alternativa a campionatori con tubo
e pompa.   Il canister da 1000cc è adatto al campio-
namento di composti volatili in aria, in accordo con
i Metodi US EPA TO-14 e TO-15.

Canister per Mini Campionamento d’Aria con Attacco Quick Connect
Descrizione Volume q.tà Cod.
Mini Canister Elettro-pulito con Attacco Quick Connect 400cc Ciascuno 24188
Mini Canister trattato con Sulfinert™ con Attacco Quick Connect 400cc Ciascuno 24189
Mini Canister trattato con Sulfinert™ con Attacco Quick Connect trattato con Sulfinert™ 400cc Ciascuno 24190
Mini Canister Elettro-pulito con Attacco Quick Connect 1000cc Ciascuno 24194
Mini Canister trattato con Sulfinert™ con Attacco Quick Connect 1000cc Ciascuno 24195
Mini Canister trattato con Sulfinert™ con Attacco Quick Connect trattato con Sulfinert™ 1000cc Ciascuno 24196

Canister per Mini Campionamento d’Aria con Valvola a Diaframma con Sede Metallica
Descrizione Volume q.tà Cod.
Mini Canister Elettro-pulito con Valvola a Diaframma con Sede Metallica 400cc Ciascuno 24191
Mini Canister trattato con Sulfinert™ con Valvola a Diaframma con Sede Metallica 400cc Ciascuno 24192
Mini Canister trattato con Sulfinert™ con Valvola a Diaframma trattata con Sulfinert™ 400cc Ciascuno 24193
Mini Canister Elettro-pulito con Valvola a Diaframma con Sede Metallica 1000cc Ciascuno 24197
Mini Canister trattato con Sulfinert™ con Valvola a Diaframma con Sede Metallica 1000cc Ciascuno 24198
Mini Canister trattato con Sulfinert™ con Valvola a Diaframma trattata con Sulfinert™ 1000cc Ciascuno 24199

by Donna Lidgett, Air Monitoring Products Marketing Manager

Canister per Mini Campionamento d’Aria
Disponibile con Trattamento Sulfinert™

✔ Ideale per aria ambiente, campionamento personale, risposta d’emergenza, o sfiati da terreno.
✔ 400cc o 1000cc.

✔ Disponibile con connettore quick-connect (compatibile con strumenti per campionamento e
analisi) o valvola a diaframma.

Restek offre questi prodotti nelle versioni in acciaio e,
per la massima inerzia, con rivestimento Sulfinert™.
La nostra continua ricerca nel miglioramento delle
tecniche di passivazione superficiale di metalli, ci per-
mette di offrire incomparabili risultati in termini di
inerzia e di stabilità degli analiti: potete trovare queste
caratteristiche nei canister trattati con Sulfinert™.

✔ Comporre un treno di 
campionamento.

✔ Campionamento 
ambientale.

✔ Pulizia e certificazione di 
un canister e del treno di 
campionamento.

Richiedi la nostra nuova guida tecnica gratuita “A
Guide to Passive Air Sampling, Using Canisters”
(Doc. Cod. 59977A).

Informazioni utili sul
campionamento
d’aria !

COOL

★nuovo!
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Alaska Department of Environmental Conservation (ADEC) has established guidelines defin-
ing gasoline range organics (GRO), diesel range organics (DRO), and residual range organics
(RRO) from gross organic measurements by gas chromatography. ADEC regulations indicate
which aromatic and aliphatic products and indicator compounds are to be tested for each
petroleum range. The analyst must use Alaska Series Methods AK 101, AK 102, AK1031,
AK101AA, AK102AA, and AK103AA2 and, for the various indicator compounds, methods
from US EPA Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-
846. The Alaska UST procedurals manual indicates which products are to be tested for each
petroleum range (see http://www.state.ak.us/dec/dspar/csites/guidance_cs.htm ).

AK101 is used to measure concentrations of gasoline range organics (GRO) in water and
soil. GROs correspond to an alkane range from n-hexane (C6) to the beginning of integration
of the n-decane (C10) peak, and a boiling point range of 60°C to 170°C. The analytical
method is GC/FID/PID, as specified in EPA Method 602 (water) or 8021B (solids).
AK101AA is used for extracting, fractionating, and quantifying aromatic and aliphatic com-
pounds in the gasoline range. The method is GC/FID/PID, as specified in EPA SW-846 meth-
ods 8015 and 8020B. Compounds are to be quantified as total area, as in Method AK101.
BTEX indicator compounds are measured by GC/PID, because aromatic hydrocarbons must
be individually identified and quantified. The method quantifies C6, C7, C8, and C9 alkyl
benzenes as aromatics.

AK 102 is used to measure concentrations of diesel range organics (DRO) in water and soil.
DROs correspond to an alkane range from n-decane (C10) to the beginning of integration of
the n-pentacosane (C25) peak, and a boiling point range of 170°C to 400°C. This range
includes kerosene, several types of jet fuel, several types of diesel fuel, and several light heat-
ing oils. The analytical method is GC/FID, as specified in EPA Method 8000 in SW-8461,
American Petroleum Institute (API) consensus method Method for the Determination of
Diesel Range Organics revision 2, 2/5/95, and Iowa Method OA-2.4. Quantification is based
on direct comparison of resolved and unresolved peaks from C10 to the beginning of C25
against a C10-C25 calibration standard. PAH indicator compounds are assayed and quantified
by Method 8100 in SW-846.

AK 103 is used to measure concentrations of residual range organics (RRO) in soil. RROs
correspond to an alkane range from n-pentacosane (C25) to the beginning of integration of
the n-hexatriacontane (C36) peak, and a boiling point range of 400°C to 500°C. This range
includes asphalt, mid-range boiling point products such as diesel fuels, and Bunker C. The
analytical method is GC/FID as specified in methods 8000 and 8100 in SW-846, American
Petroleum Institute (API) consensus method Method for the Determination of Petroleum
Hydrocarbons  2/3/92, Washington Hydrocarbon Identification Method WTPH-HCID, Iowa
Method OA-2, and Wisconsin Department of Natural Resources Modified DRO - Method for
Determining Diesel Range Organics.

1. AK101, AK102, AK103 revised April 8, 2002.
2. Aromatic/aliphatic methods are under review

by the state at the time of publication (July,
2003).

Contact Information

Alaska Department of Environmental
Conservation
410 Willoughby Avenue
Juneau, AK  99801-1795
Phone: (907) 465-5203
Fax: (907) 465 5218
www.state.ak.us/dec/deh/laboratories/UST.htm



AK101/AK101AA
Method for Determination of Aromatic and Aliphatic
Hydrocarbons in Gasoline Range Organics (GRO)

benzene*
ethylbenzene*
isopropyl benzene*

methyl tert-butyl ether*
naphthalene*
toluene*

m-xylene*
o-xylene*
p-xylene*

Certified BTEX in Unleaded Gas Composite Standard

5,500ppm gasoline in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30237 30237-510 —

w/data pack
30237-500 30237-520 30337

Gas Chromatography Columns & Accessories
For these items, see Restek’s
Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
Guard and analytical column in one continuous length.
*Add the appropriate suffix number to analytical column catalog number.

ID Length Suffix #
0.25mm 5m -124

10m -127

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, PTFE/Natural Rubber Septa 21175
Silver Seal, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

n-hexane (C6)
n-octane (C8)
n-decane (C10)

n-dodecane (C12)
n-hexadecane (C16)
n-heneicosane (C21)

n-octacosane (C28)
n-pentatriacontane (C35)
n-hexatriacontane (C36)

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard (9 components)

200µg/mL each in pentane, 1mL/ampul

Each 5-pk. 10-pk.
31639 31639-510 —

w/data pack
31639-500 31639-520 31739

benzene
ethylbenzene
1-ethyl-2-methylbenzene
1-ethyl-3-methylbenzene
1-ethyl-4-methylbenzene

isopropylbenzene
n-propylbenzene
toluene
1,2,3-trimethylbenzene
1,2,4-trimethylbenzene

1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

Alaska UST Method AK101AA, Ver. 3-1-99 (14 components)

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30461 30461-510 —

w/data pack
30461-500 30461-520 30561

*Concentration varies lot to lot. See Certificate of Analysis for certified concentrations.
See http://www.restekcorp.com for current certificate of analysis.

n-pentane (C5)
n-hexane (C6)
n-octane (C8)

n-decane (C10)
n-dodecane (C12)
1-methylnaphthalene

naphthalene
toluene
1,2,3-trimethylbenzene

WA VPH Marker Standard (9 components)

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30450 30450-510 —

w/data pack
30450-500 30450-520 30550

Calibration Mixes/Composite Standards

n-hexane (C6)
n-decane (C10)

n-penatcosane (C25)
n-hexatriacontane (C36)

Retention Time Marker Standard

1,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31819 31819-510 —

w/data pack
31819-500 31819-520 31919



1-Chloro-4-fluorobenzene Mix
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30066 30066-510 —

w/data pack
30066-500 30066-520 30166

4-Bromofluorobenzene Mix
2,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30026 30026-510 —

w/data pack
30026-500 30026-520 30126

2,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30048 30048-510 —

w/data pack
30048-500 30048-520 30148

2,500µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30068 30068-510 —

w/data pack
30068-500 30068-520 30168

10,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30083 30083-510 —

w/data pack
30083-500 30083-520 30183

AK102/AK102AA
Method for Determination of Aromatic and Aliphatic
Hydrocarbons in Diesel Range Organics (DRO)

Certified PAHs Typical Certified Conc. (ppm)
acenaphthene 20*
acenaphthylene 14*
fluorene 32*
1-methylnaphthalene 269*
2-methylnaphthalene 180*
naphthalene 90*
phenanthrene 47*

Certified PAHs in Diesel (7 components)

50,000ppm diesel #2 in methylene chloride, typical PAH concentrations listed
above, 1mL/ampul

Each 5-pk. 10-pk.
31673 31673-510 —

w/data pack
31673-500 31673-520 31773

Unleaded Gasoline Composite Standard
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30081 30081-510 —

w/data pack
30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30205 30205-510 —

w/data pack
30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
30206 30206-510 —

w/data pack
30206-500 30206-520 30306

*Concentration varies lot to lot. See Certificate of Analysis for certified concentra-
tions. See http://www.restekcorp.com for current certificate of analysis.

Surrogates and Internal Standards

Retention Time Marker Standard (cat.# 31819)
Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard (cat.# 31639)
See page 2.

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene

benzo(k)fluoranthene
benzo(ghi)perylene
chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene

indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene
1,2,3-trimethylbenzene

WA EPH Aromatic Hydrocarbon Standard (18 components)

1,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31469 31469-510 —

w/data pack
31469-500 31469-520 31569

n-decane (C10)
n-dodecane (C12)
n-hexadecane (C16)
n-heneicosane (C21)

acenaphthene
anthracene
benzo(a)pyrene
benzo(ghi)perylene

naphthalene
pyrene

WA EPH Matrix Spike Mix (10 components)

250µg/mL each in acetone, 1mL/ampul
Each 5-pk. 10-pk.
31490 31490-510 —

w/data pack
31490-500 31490-520 31590

diesel #1-diesel #2 (1:1)
Diesel Range Calibration Standard (DCS)

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31820 31820-510 —

w/data pack
31820-500 31820-520 31920

n-decane (C10)
n-undecane (C11)
n-dodecane (C12)
n-tridecane (C13)
n-tetradecane (C14)
n-pentadecane (C15)

n-hexadecane (C16)
n-heptadecane (C17)
n-octadecane (C18)
n-nonadecane (C19)
n-eicosane (C20)
n-heneicosane (C21)

n-docosane (C22)
n-tricosane (C23)
n-tetracosane (C24)
n-pentacosane (C25)

DRO Mix (Tennessee/Mississippi) (16 components)

1,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31214 31214-510 —

w/data pack
31214-500 31214-520 31314

benzene*
ethylbenzene*
m-ethyltoluene*
o-ethyltoluene*
p-ethyltoluene*
isopropylbenzene*

methyl tert-butyl ether*
naphthalene*
n-propylbenzene*
toluene*
1,2,3-trimethylbenzene*
1,2,4-trimethylbenzene*

1,3,5-trimethylbenzene*
m-xylene*
o-xylene*
p-xylene*

Certified Aromatics in Gasoline (16 components)

5,500ppm gasoline in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30485 30485-510 —

w/data pack
30485-500 30485-520 30585

Calibration Mixes/Composite Standards

*Concentration varies lot
to lot. See Certificate of
Analysis for certified con-
centrations. See
http://www.restekcorp.com
for current certificate of
analysis.

α,α,α-Trifluorotoluene



Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31093 31093-510 —

w/data pack
31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31258 31258-510 —

w/data pack
31258-500 31258-520 31358

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31259 31259-510 —

w/data pack
31259-500 31259-520 31359

Kerosene Fuel Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31094 31094-510 —

w/data pack
31094-500 31094-520 31194

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31256 31256-510 —

w/data pack
31256-500 31256-520 31356

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31257 31257-510 —

w/data pack
31257-500 31257-520 31357

Aviation Gas Standard
100-octane low-lead fuel currently used in piston-type aircraft.
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30094 30094-510 —

w/data pack
30094-500 30094-520 30194

Jet Fuel A Standard
commercial jet fuel A

5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31215 31215-510 —

w/data pack
31215-500 31215-520 31315

50,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30207 30207-510 —

w/data pack
30207-500 30207-520 30307

50,000µg/mL in P&T methanol, 5mL/ampul

Each 5-pk. 10-pk.
30208 30208-510 —

w/data pack
30208-500 30208-520 30308

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31242 31242-510 —

w/data pack
31242-500 31242-520 31342

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31243 31243-510 —

w/data pack
31243-500 31243-520 31343

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31250 31250-510 —

w/data pack
31250-500 31250-520 31350

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31251 31251-510 —

w/data pack
31251-500 31251-520 31351

JP-4 Military Fuel Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31219 31219-510 —

w/data pack
31219-500 31219-520 31319

JP-5 Military Fuel Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31220 31220-510 —

w/data pack
31220-500 31220-520 31320

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31252 31252-510 —

w/data pack
31252-500 31252-520 31352

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31253 31253-510 —

w/data pack
31253-500 31253-520 31353

JP-8 Military Fuel Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31262 31262-510 —

w/data pack
31262-500 31262-520 31362

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31254 31254-510 —

w/data pack
31254-500 31254-520 31354

o-Terphenyl Standard
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31097 31097-510 —

w/data pack
31097-500 31097-520 31197

squalane o-terphenyl tetrahydronaphthol
Surrogate Standard Mixture

1,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31638 31638-510 —

w/data pack
31638-500 31638-520 31738

5-α-androstane
2,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31065 31065-510 —

w/data pack
31065-500 31065-520 31165

Surrogates and Internal Standards



AK103/AK103AA
Method for Determination of Aromatic and Aliphatic
Hydrocarbons in Residual Range Organics (RRO)

Motor Oil Composite Standard

50,000µg/mL in methylene chloride, 1mL/ampul

This composite solution is prepared from an equal volume blend of the following types of motor oil:
5W30, 10W30, 10W40, and 20W50. After blending, a precisely weighed amount of the composite is
added to a volumetric flask to produce the standard.

Each 5-pk. 10-pk.
31464 31464-510 —

w/data pack
31464-500 31464-520 31564

Fuel Oil #4 Standard
Fuel Oil #4 is typically used in limited applications in which the fuel cannot be preheated prior to
burning. The fuel is a blend of distillate (Fuel Oil #2) and residual (Fuel Oil #6) to meet ASTM vis-
cosity specifications. Fuel Oil #4 used to prepare this mixture has a kinematic viscosity of 21.9 at
38°C (100°F), measured using ASTM D-445.
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31216 31216-510 —

w/data pack
31216-500 31216-520 31316

Fuel Oil #5 Standard
Fuel Oil #5 is typically used in applications in which there is little or no preheating of the fuel prior
to burning. A blend of distillate (Fuel Oil #2) and residual (Fuel Oil #6), the Fuel Oil #5 used to pre-
pare this mixture has a kinematic viscosity of 106.5 at 38°C (100°F), measured using ASTM D-445.
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31217 31217-510 —

w/data pack
31217-500 31217-520 31317

Fuel Oil #6 Standard

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31244 31244-510 —

w/data pack
31244-500 31244-520 31344

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31246 31246-510 —

w/data pack
31246-500 31246-520 31346

This oil, sometimes called Bunker C or residual, is a black viscous fuel. Applications in which it
may be used require the ability to preheat the fuel prior to pumping and burning.

5,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31218 31218-510 —

w/data pack
31218-500 31218-520 31318

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31248 31248-510 —

w/data pack
31248-500 31248-520 31348

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31249 31249-510 —

w/data pack
31249-500 31249-520 31349

Retention Time Marker Standard (cat.# 31819)

Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard (cat.# 31639)
See page 2.

SAE30-SAE40(1:1)
Residual Range Calibration Standard (RCS)

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31817 31817-510 —

w/data pack
31817-500 31817-520 31917

SAE30-SAE40(1:1)

Residual Range Calibration Verification Standard
(CVS)

25,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31818 31818-510 —

w/data pack
31818-500 31818-520 31918

Surrogates and Internal Standards

squalane o-terphenyl tetrahydronaphthol
Surrogate Standard Mixture

1,000µg/mL each in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31638 31638-510 —

w/data pack
31638-500 31638-520 31738

5-α-androstane
2,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31065 31065-510 —

w/data pack
31065-500 31065-520 31165

n-Triacontane-d62
500µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31816 31816-510 —

w/data pack
31816-500 31816-520 31916

Request these other UST Fast Facts
from Restek:
• California (#59433)
• Florida (#59395)
• Iowa (#59504)
• Massachusetts (#59391)
• Texas (#59394)
• Wisconsin (#59392)
• Northwest (WA / OR) (#59396)
• USEPA (#59397)
• Weathered Petroleum Analytical Reference Materials (#59215)
• Rtx®-5Sil MS Column for GRO Compounds in Alaska Method AK101AA

(#59131)

✔ Call the Literature Request Line at 800-356-1688 or 814-353-1300, ext. 5
✔ Visit us online at www.restekcorp.com
✔ Contact your local Restek representative

Calibration Mixes/Composite Standards
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State of Iowa
UST Monitoring

Joe Moodler
Analytical Reference Materials

Custom Standards Group Leader
814-353-1300, ext. 2148

Ken Herwehe
Analytical Reference Materials
Product Marketing Manager

814-353-1300, ext. 2127

The State of Iowa pools the UST parameters into one group for the purpose of certification.
Iowa Administrative Code 567-135.16(455B) requires use of the following methodologies:
Method OA-1, Method for Determination of Volatile Petroleum Hydrocarbons (Gasoline)
revision 7/27/93 and Method OA-2 Method for Determination of Extractable Petroleum
Products (And Related Low Volatility Organic Compounds) revision 7/27/93; EPA methods
525.2, 550, 550.1 for polynuclear aromatic hydrocarbons (PAHs) in drinking water; EPA
methods 525.2, 550, 550.1, 610, 8100, 8270, 8310 for PAHs in water; EPA methods 8100,
8270, 8310 for PAHs in soil; and NIOSH 1501 for BTEX in soil gas.

Method OA-1 is a modification of EPA Method 8015 and is used to determine concentrations
of volatile petroleum hydrocarbons and other individual components, including benzene,
toluene, ethyl benzene, and xylenes, in water and soil/solids. Samples are analyzed using
purge-and-trap sample concentration. Detection is achieved by GC/FID alone, by FID/PID in
series, or by mass spectrometer (GC/MS). Identification and quantification are based on
detector response to an external standard of commercial product.

Method OA-2 is a modification of EPA Method 8100, for determining diesel fuel, fuel oil,
motor oil, kerosene, mineral spirits, or hydraulic fluid in a liquid or solid matrix.
Laboratories use Method OA-2 to provide surrogate analysis of the PAHs based on default
concentrations of the PAHs in certain petroleum-derived materials. This method covers the
determination of low volatility petroleum products and organic compounds that are soluble in
moderate to low polarity organic solvents. A capillary GC/FID method is used to quantify the
compounds or mixtures of interest. GC/MS also may be used. Identification and quantifica-
tion of various petroleum products is performed by comparing the chromatograms of samples
and commercial products, preferably using computer data system overlay.

Contact Information

Iowa Department of Natural Resources
UST Section
Wallace State Office Building
900 East Grand
Des Moines, IA 50319
Phone: (515) 281-8135
Fax: (515) 281-7212

The Iowa Department of Natural Resources,
Environmental Protection Division, maintains
a UST/LUST website at:
http://www.state.ia.us/dnr/organiza/wmad/lqbu-
reau/ust/index.html 



OA-1, Revision 7/27/93

Unleaded Gasoline Composite Standard
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30081 30081-510 —

w/data pack
30081-500 30081-520 30181

50,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30205 30205-510 —

w/data pack
30205-500 30205-520 30305

50,000µg/mL in P&T methanol, 5mL/ampul
Each 5-pk. 10-pk.
30206 30206-510 —

w/data pack
30206-500 30206-520 30306

n-hexane (C6) n-decane (C10) n-dodecane (C12)
Retention Time Marker

1,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30483 30483-510 —

w/data pack
30483-500 30483-520 30583

benzene
ethylbenzene
methyl tert-butyl ether

toluene
m-xylene
o-xylene

p-xylene
PVOC Mix (California) (7 components)

1,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30231 30231-510 —

w/data pack
30231-500 30231-520 30331

Gas Chromatography Columns & Accessories
For these items, see Restek’s
Chromatography Products Catalog:

•  Syringes
•  Autosampler Vials
•  Guard Columns
•  Ferrules, Septa

Recommended Gas Chromatography Columns
Rtx®-5, 30m x 0.25mm

Film Thickness temp. limits Cat. #
0.25µm -60 to 330/350°C 10223
0.50µm -60 to 330/350°C 10238
1.00µm -60 to 320/340°C 10253

Integra-Guard™ Columns
Guard and analytical column in one continuous length.
*Add the appropriate suffix number to analytical column catalog number.

ID Length Suffix #
0.25mm 5m -124

10m -127

Syringes
Standard Micro-Liter Syringes for Agilent 7673 and 7683 Autosamplers

Size Needle Gauge 6-pk.
10µL 23s 20169
10µL 23s–26s 24600

Autosampler Vials
Crimp Top Vial Snap Seal™ Style (12 x 32mm, 11mm Crimp)

Description* 1,000-pk.
2.0mL Clear Glass Vial w/White Graduated Marking Spot 24384
2.0mL Amber Glass Vial w/White Graduated Marking Spot 24386

*Marking spots are available on request in blue, green, rust or yellow.

Aluminum Crimp Seals w/Septa
Description 1,000-pk.
Silver Seal, 11mm, PTFE/Natural Rubber Septa 21175
Silver Seal, 11mm, PTFE/Silicone Septa* 24360

*PTFE/Silicone/PTFE available on request.

Thermolite® Septa
Size temp. limits 25-pk. 50-pk. 100-pk.

11mm (7/16”) to 340°C 20363 20364 20365

Replacement Inlet Seals
Stainless Steel Inlet Seal for Single-Column Installation*

Size 2-pk. 10-pk.
0.8mm ID 21315 21316

*Equivalent to Agilent Part# 18740-20880.

Inlet Liners
For Agilent GCs

Description ID /OD & Length (mm) ea. 5-pk.
Uniliner®* 4.0 ID, 6.3 OD x 78.5 20335 20336
Drilled Uniliner® 4.0 ID, 6.3 OD x 78.5 21054 21055
1mm Split** 1.0 ID, 6.3 OD x 78.5 20972 20973

*Restek design improves performance over the original Agilent Liner.
**Use this liner for increased sensitivity.

Low Volume Injector for Agilent GCs
Description kit.
Low-Volume Injector for Agilent Split/Splitless GC Inlets 21692

benzene*
ethylbenzene*
isopropyl benzene*

methyl tert-butyl ether*
naphthalene*
toluene*

m-xylene*
o-xylene*
p-xylene*

Certified BTEX in Unleaded Gas Composite
Standard

5,500ppm gasoline in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30237 30237-510 —

w/data pack
30237-500 30237-520 30337

Calibration Mixtures/Composite Standards

benzene*
ethylbenzene*
m-ethyltoluene*
o-ethyltoluene*
p-ethyltoluene*
isopropylbenzene*
methyl tert-butyl ether*
naphthalene*

n-propylbenzene*
toluene*
1,2,3-trimethylbenzene*
1,2,4-trimethylbenzene*
1,3,5-trimethylbenzene*
m-xylene*
o-xylene*
p-xylene*

Certified Aromatics in Gasoline (16 components)

5,500ppm gasoline in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30485 30485-510 —

w/data pack
30485-500 30485-520 30585

*Concentration varies lot to lot. See Certificate of Analysis for certified concen-
trations. See http://www.restekcorp.com for current certificate of analysis.

*Concentration varies lot to lot. See Certificate of Analysis for certified concen-
trations. See http://www.restekcorp.com for current certificate of analysis.



4-Bromofluorobenzene Mix
2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30067 30067-510 —

w/data pack
30067-500 30067-520 30167

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30082 30082-510 —

w/data pack
30082-500 30082-520 30182

α,α,α-Trifluorotoluene Mix

2,500µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30068 30068-510 —

w/data pack
30068-500 30068-520 30168

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30083 30083-510 —

w/data pack
30083-500 30083-520 30183

Chlorobenzene Mix
2,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30261 30261-510 —

w/data pack
30261-500 30261-520 30361

1,4-bromofluorobenzene α,α,α-trifluorotoluene
Surrogate Standard

2,500µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30484 30484-510 —

w/data pack
30484-500 30484-520 30584

OA-2, Revision 7/27/93

Diesel Fuel #2 Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31093 31093-510 —

w/data pack
31093-500 31093-520 31193

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31259 31259-510 —

w/data pack
31259-500 31259-520 31359

50,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31258 31258-510 —

w/data pack
31258-500 31258-520 31358

Motor Oil Composite Standard

50,000µg/mL in methylene chloride, 1mL/ampul

This composite solution is prepared from an equal volume blend of the following types of motor oil:
5W30, 10W30, 10W40, and 20W50.

Each 5-pk. 10-pk.
31464 31464-510 —

w/data pack
31464-500 31464-520 31564

Used Motor Oil Composite Standard

50,000µg/mL in methylene chloride, 1mL/ampul

This composite solution is prepared from an equal volume blend from five gasoline powered vehicles.

Each 5-pk. 10-pk.
31465 31465-510 —

w/data pack
31465-500 31465-520 31565

Kerosene Fuel Composite Standard
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31094 31094-510 —

w/data pack
31094-500 31094-520 31194

50,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31256 31256-510 —

w/data pack
31256-500 31256-520 31356

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31257 31257-510 —

w/data pack
31257-500 31257-520 31357

benzene
ethylbenzene

toluene
m-xylene

o-xylene
p-xylene

BTEX Standard

200µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30051 30051-510 —

w/data pack
30051-500 30051-520 30151

2,000µg/mL each in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30213 30213-510 —

w/data pack
30213-500 30213-520 30313

2,000µg/mL each in P&T methanol, except m-xylene and p-xylene at 1,000µg/mL,
1mL/ampul 

Each 5-pk. 10-pk.
30488 30488-510 —

w/data pack
30488-500 30488-520 30588

Internal Standard Mixtures

Surrogate Mixtures

Calibration Mixtures/Composite Standards

n-decane (C10)
n-pentacosane (C25)

n-hexatriacontane (C36)
Retention Time Marker Standard

1,000µg/mL each in hexane, 1mL/ampul

Each 5-pk. 10-pk.
31637 31637-510 —

w/data pack
31637-500 31637-520 31737

2,000µg/mL in P&T methanol, 1mL/ampul
Each 5-pk. 10-pk.
30048 30048-510 —

w/data pack
30048-500 30048-520 30148



Fuel Oil #6 Standard
This oil, sometimes called Bunker C or residual, is a black viscous fuel. Applications in which it
may be used require the ability to preheat the fuel prior to pumping and burning.
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31218 31218-510 —

w/data pack
31218-500 31218-520 31318

50,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31248 31248-510 —

w/data pack
31248-500 31248-520 31348

50,000µg/mL in methylene chloride, 5mL/ampul
Each 5-pk. 10-pk.
31249 31249-510 —

w/data pack
31249-500 31249-520 31349

Fuel Oil #4 Standard
Fuel Oil #4 is typically used in limited applications in which the fuel cannot be preheated prior to
burning. The fuel is a blend of distillate (Fuel Oil #2) and residual (Fuel Oil #6) to meet ASTM vis-
cosity specifications. Fuel Oil #4 used to prepare this mixture has a kinematic viscosity of 21.9 at
38°C (100°F), measured using ASTM D-445.
5,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31216 31216-510 —

w/data pack
31216-500 31216-520 31316

50,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31244 31244-510 —

w/data pack
31244-500 31244-520 31344

Fuel Oil #5 Standard
Fuel Oil #5 is typically used in applications in which there is little or no preheating of the fuel prior
to burning. A blend of distillate (Fuel Oil #2) and residual (Fuel Oil #6), the Fuel Oil #5 used to pre-
pare this mixture has a kinematic viscosity of 106.5 at 38°C (100°F), measured using ASTM D-445.

5,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31217 31217-510 —

w/data pack
31217-500 31217-520 31317

50,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31246 31246-510 —

w/data pack
31246-500 31246-520 31346

Mineral Spirits Standard: Unweathered

The mixtures listed below were prepared from an equal volume blend of Type I, II, and III mineral
spirits.

5,000µg/mL in methylene chloride, 1mL/ampul
Each 5-pk. 10-pk.
31225 31225-510 —

w/data pack
31225-500 31225-520 31325

50,000µg/mL in methylene chloride, 1mL/ampul

50,000µg/mL in methylene chloride, 5mL/ampul

Each 5-pk. 10-pk.
31261 31261-510 —

w/data pack
31261-500 31261-520 31361

5-α-androstane
2,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31065 31065-510 —

w/data pack
31065-500 31065-520 31165

o-Terphenyl Standard
10,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31097 31097-510 —

w/data pack
31097-500 31097-520 31197

Certified PAHs Typical Certified Conc. (ppm)
acenaphthene 20*
acenaphthylene 14*
fluorene 32*
1-methylnaphthalene 269*
2-methylnaphthalene 180*
naphthalene 90*
phenanthrene 47*

Certified PAHs in Diesel (7 components)

50,000ppm diesel #2 in methylene chloride, typical PAH concentrations listed
above, 1mL/ampul

Each 5-pk. 10-pk.
31260 31260-510 —

w/data pack
31260-500 31260-520 31360

Each 5-pk. 10-pk.
31673 31673-510 —

w/data pack
31673-500 31673-520 31773

There are four general types of mineral spirits, classified according to boiling
point range (BPR):

• Type I (Stoddard solvent) BPR 149–182°C 
• Type II (high flash point) BPR 177–196°C 
• Type III (odorless) BPR 149–196°C
• Type IV (low dry point) BPR 149–174°C

*Concentration varies lot to lot. See Certificate of Analysis for certified concen-
trations. See http://www.restekcorp.com for current certificate of analysis.

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene
chrysene

dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
2-methylnaphthalene
naphthalene
phenanthrene
pyrene
1,2,3-trimethylbenzene

WA EPH Aromatic Hydrocarbon Standard (18 components)

1,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31469 31469-510 —

w/data pack
31469-500 31469-520 31569

Internal Standard Mixtures

Surrogate Mixtures



ALL mixtures are produced in accordance with our ISO 9001:2000 registration. Analytical balances are calibrated daily at
seven mass levels using NIST-traceable weights. ALL raw materials used are a minimum of 97% pure unless otherwise specified.

❍ mg/mL

❍ µg/mL

❍ ng/mL

❍ vol./vol.%

❍ wt./wt.%

❍ other __________

Concentration: 8. Concentration Units7. Compound(s): (list or attach sheet)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

Custom Reference Material Request Form

FAX#: (814) 355-2895
email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation: Lot Sheet with balance printout attached.

❍ Qualitative Documentation: Certificate of Composition, Chromatogram, and Gravimetric Documentation.

❍ Quantitative Documentation: Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:
1. Mixture Description:

2. Solvent: 3. No. of components:

4. Volume (select): 1mL, 2mL, 5mL, 10mL, or other mL:

5. Quantity: No. of units

You also can complete this form online at http://www.restekcorp.com/stdreq.htm
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Column: Ultra C4
Catalog #: 9102365
Dimensions: 150 x 4.6mm
Particle Size: 3µm
Pore Size: 100Å
Conditions:
Mobile Phase: 10mM ammonium

formate, pH 3.0:
acetonitrile
(60:40, v/v)

Flow: 1.2mL/min.
Temp.: 30°C
Det.: UV @ 230nm

Sample:
Inj.: 15µL
Conc.: 333µg/mL
Solvent: acetonitrile:water

(70:30)
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Hydrophobic Interaction
C18 phases may provide excellent separation of steroid
components but can produce added retention for certain
hydrophobic steroids or lipophylic matrix components,
resulting in longer analysis times. The Ultra C4 stationary
phase provides excellent stability and selectivity for
steroids. Its reduced hydrophobic nature can significantly
reduce retention time while maintaining the desired selectiv-
ity. Reducing the retention time of an analyte increases its
signal-to-noise response for better detection. Retention and
resolution of two estrogens and a progestrogen using Ultra
C4 and Ultra C18 columns with the same mobile phase
conditions show that both columns offer similar resolution of
these compounds. The retention of other more hydrophobic
components should be significantly reduced on the Ultra C4
(Figure 1).

HPLC Stationary Phase Selection for the Analysis of Steroids

Steroids are an important class of pharmaceuticals. Of the top
200 prescribed drugs in 1998, 29 are classified as steroids.1

Their uses range from contraception and hormone therapy to
treatment of bronchial asthma. Steroids of differing sub-
classes frequently are used in combinations to generate a
desired therapeutic effect.

High performance liquid chromatography (HPLC) analysis of
steroids can be performed with many types of stationary
phases. Restek’s Ultra C18, Ultra C4, Ultra Cyano, Allure™

C18, and Allure™ Basix columns can provide the selectivity
and retention characteristics needed to develop rapid and
robust analytical methods for a wide range of steroids.
Therefore, the choice of column phase essentially is dictated
by the sample matrix and sensitivity concerns.
1  RxList, www.rxlist.com

Figure 1

The Ultra C4 column’s reduced hydrophobic tendencies provide excellent resolution and reduced analysis time for two
estrogens and a progestogen when compared to the Ultra C18 phase.

Column: Ultra C18
Catalog #: 9174565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å
Conditions:
Mobile Phase: 10mM ammonium

formate, pH 3.0:
acetonitrile
(60:40, v/v)

Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 230nm

Sample:
Inj.: 10µL
Conc.: 333µg/mL
Solvent: acetonitrile:water

(80:20)

Peak List:
1. ß-estradiol
2. norethindrone
3. ethynyl estradiol

0 2 4 6 8 10 12 14 16 min.
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When analyzing steroids by LC/mass spectrometry (MS),
the extra retention offered by the Ultra C18 column may
prove advantageous.  LC/MS sensitivity can be enhanced
by increasing the organic content of the mobile phase. The
added retention of the Ultra C18 phase allows the use of
mobile phases with higher organic content to speed elution
of the analytes and increase LC/MS sensitivity. Keep in mind
that increasing the organic solvent content of the mobile
phase may alter the elution order of the components.

Polar Interaction
Hydrophobic interaction is only one mechanism for resolv-
ing related compounds. Phases that can introduce a polar
mechanism of retention can sometimes provide selectivity

not offered by C18 phases. The Ultra Cyano and Allure™

Basix phases have shown excellent utility in the analysis
of steroids and provide an alternative selectivity to the
C18 phase.

When measuring impurities by analytical chromatography
or separating impurities by preparative chromatography, it
often is better to have the impurity elute before the major
analyte peak. If the major analyte peak tails badly or must
be injected at high concentration, an impurity residing in
the tail of the primary analyte peak may reduce fractional
purity and analytical reproducibility. The Ultra Cyano and
Ultra C18 phases demonstrate the outstanding peak shape
and selectivity toward beclomethasone and des-
chlorobeclomethasone (Figure 2). The elution order of

Figure 2

The elution order change exhibited by the Ultra Cyano column can aid in the separation of
beclomethasone from its des-chlorinated impurity.

LC_0119LC_0070

1

2

2 3 4 5 6 7 8 9 min.

Peak List:
1. des-chlorobeclomethasone
2. beclomethasone

Column: Ultra Cyano
Catalog #: 9106565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: water:acetonitrile

(70:30, v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 238nm

Sample:
Inj.: 10µL
Conc.: 100µg/mL

(Beclomethasone)
Solvent: water:acetonitrile

(9:1, v/v)

Column: Ultra C18
Catalog #: 9174565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: water:acetonitrile

(50:50, v/v)
Flow: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 238nm

Sample:
Inj.: 10µL
Conc.: 100µg/mL

(Beclomethasone)
Solvent: water:acetonitrile

(9:1, v/v)
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beclomethasone and des-chlorobeclomethasone is reversed
on the Ultra Cyano column compared to the Ultra C18
column, thereby allowing the impurity to elute before the
major component.

The analysis of the contraceptive mixture of ethynyl
estradiol and norgestrel using Allure™ C18 and Allure™ Basix
columns demonstrates excellent peak shape and selectivity
towards these compounds, although the elution order is
reversed (Figure 3). Because either column is capable of
separating these compounds, sensitivity and sample matrix
concerns will dictate the selection of the most appropriate
column.

Figure 3

The Allure Basix column offers an alternative elution order along with excellent peak shape and selectivity
for a common contraceptive mixture when compared to the Allure C18 column.

Peak List:
1. uracil (marker)
2. norgestrel
3. ethynyl estradiol

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: water:methanol

(40:60, v/v)
Flow: 1mL/min.
Temp.: 25°C
Det.: UV @ 220nm

Sample:
Inj.: 5µL
Conc.: 100µg/mL
Solvent: mobile phase

Column: Allure™ C18
Catalog #: 9164565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: water:methanol

(25:75, v/v)
Flow: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 220nm

Sample:
Inj.: 5µL
Conc.: 100µg/mL
Solvent: water:methanol

(40:60)

Conclusion
Factors such as sensitivity, purity, selectivity, and reproduc-
ibility influence column selection when creating a chromato-
graphic method.  No one column can provide all the neces-
sary factors for every analysis. The Ultra and Allure™
column series provide a wide range of retention and selectiv-
ity characteristics to create rugged chromatographic meth-
ods.  The choice of the best stationary phase must be
determined during the course of method development to
insure the appropriate analytical factors have been opti-
mized.
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Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9106531 9106532 9106533 9106535

50mm length 9106551 9106552 9106553 9106555

100mm length 9106511 9106512 9106513 9106515

150mm length 9106561 9106562 9106563 9106565

200mm length 9106521 9106522 9106523 9106525

250mm length 9106571 9106572 9106573 9106575

Ultra Cyano

Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9174531 9174532 9174533 9174535

50mm length 9174551 9174552 9174553 9174555

100mm length 9174511 9174512 9174513 9174515

150mm length 9174561 9174562 9174563 9174565

200mm length 9174521 9174522 9174523 9174525

250mm length 9174571 9174572 9174573 9174575

Ultra C18

Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9164531 9164532 9164533 9164535

50mm length 9164551 9164552 9164553 9164555

100mm length 9164511 9164512 9164513 9164515

150mm length 9164561 9164562 9164563 9164565

200mm length 9164521 9164522 9164523 9164525

250mm length 9164571 9164572 9164573 9164575

Allure™ C18

Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9161531 9161532 9161533 9161535

50mm length 9161551 9161552 9161553 9161555

100mm length 9161511 9161512 9161513 9161515

150mm length 9161561 9161562 9161563 9161565

200mm length 9161521 9161522 9161523 9161525

250mm length 9161571 9161572 9161573 9161575

Allure™ Basix

Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
3µm cat.# cat.# cat.# cat.#

30mm length 9102331 9102332 9102333 9102335

50mm length 9102351 9102352 9102353 9102355

100mm length 9102311 9102312 9102313 9102315

150mm length 9102361 9102362 9102363 9102365

200mm length 9102321 9102322 9102323 9102325

Ultra C4



pharmaceutical
Applications note

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

#59511A

Improved HPLC Analysis of Analgesics

Analgesics are the largest selling class of pharmaceuticals.
Many people use analgesics in prescription form or in simple
over-the-counter remedies. Headaches, inflammation, colds,
flu, congestion, fever, sneezing, coughing, and muscle aches
are among the list of symptoms that can be treated with
analgesics.

Symptoms, however, often arrive in multiples. For multiple
symptoms, analgesics combined with pain relief, fever
reduction, and other beneficial compounds have been
created. Many of these compounds can be analyzed simulta-
neously using high performance liquid chromatography
(HPLC), thereby improving laboratory efficiency and
productivity. With the selection of the proper LC column
phase, separation becomes a simpler and more manageable
task that does not rely upon extensive preparation proce-
dures or use of ion pairing agents, which often are described
in pharmaceutical compendiums.

Popular compounds for multi-active analgesics include
aspirin, salicylic acid, salicylamide, acetaminophen,
ibuprofen, naproxen, guaifenesin, codeine, oxycodone,
hydrocodone, and caffeine. The Restek Ultra Phenyl,

Allure™Acidix, and Allure™ Basix HPLC column phases
separate mixtures of these pharmaceuticals in a productive
and cost effective manner. The selective chemistry of these
phases provide powerful separation mechanisms.

The interaction of codeine with active residual silanol sites
on improperly deactivated column phases can cause extreme
tailing for this compound. A properly end-capped and base-
deactivated phenyl phase, such as the Ultra Phenyl phase,
can significantly reduce tailing of the codeine peak. In
Figure 1, the Ultra Phenyl column provides excellent peak
shape and superior resolution of guaifenesin and codeine
with a run time of less than six minutes. Furthermore, the
method is MS-compatible because no mobile phase addi-
tives or ion pairing reagents are needed to reduce tailing.

Acidic silanols also can cause undesirable interaction with
analytes containing basic functional groups such as amines
and amides. The fully end-capped Allure™ Basix column was
developed with specialized functional groups that provide
the desired interaction with nitrogen-based functional
groups such as amines and amides.

Figure 1

Excellent peak shape and superior resolution of guaifenesin and codeine using Ultra Phenyl column.

Peak List:
1. codeine
2. guaifenesin

Sample:
Inj.: 5µL
Conc.: codeine 825µg/mL

guaifenesin 375µg/mL
Solvent: methanol:water

(50:50)

Column: Ultra Phenyl
Catalog #: 9105565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 10mM ammonium

formate, pH 2.5:
acetonitrile
(80:20,v/v)

Flow: 1.2mL/min.
Temp.: 25°C
Det.: UV @ 280nm

1
2
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Figure 2 displays a four-component mixture of acetami-
nophen (a secondary amide); and codeine, oxycodone, and
hydrocodone (tertiary amines). Admixtures of acetami-
nophen and one of the above tertiary amines are used as
popular prescription painkillers. The Allure™ Basix column
separates all these analytes within 8.5 minutes, showing
excellent resolution and peak shape without the need for the
docusate sodium modifier recommended in certain method
compendiums.

Acetaminophen also is included in many over-the-counter
remedies for congestion. In Figure 3, the popular mix of

nitrogen-based compounds, such as acetaminophen, pseu-
doephedrine, and caffeine are separated. The Allure™ Basix
column performs well, separating all compounds in under 9.5
minutes with excellent shape and resolution, and without the
need of ethanesulfonic acid as an ion-pairing agent.

Some of the oldest analgesics are not bases, but acids.
Acetaminophen falls into the category of a weak acid. Figure
4 displays the analysis of acetaminophen on the Allure™

Acidix column. The selective interaction of this column with
acidic solutes, such as acetaminophen, results in excellent
peak shape and an analysis time of under four minutes.

Figure 2

The Allure™ Basix column separates acetaminophen and tertiary amines within 8.5 minutes,
resulting in excellent resolution and peak shape.

Figure 3

The Allure™ Basix column separates acetaminophen mixed with nitrogen-based compounds
in under 9.5 minutes, with excellent resolution and peak shape.

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 20mM ammonium

acetate, pH 4.5:
acetonitrile
(85:15, v/v)

Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @ 280nm

Peak List:
1.  acetaminophen
2.  codeine HCl
3.  oxycodone HCl
4.  hydrocodone bitartrate

Sample:
Inj.: 5µL
Conc.: 100µg/mL
Solvent: mobile phase

0 1 2 3 4 5 6 7 8 9 min.

1

2

3
4

1

Column: Allure™ Basix
Catalog #: 9161565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 10mM ammonium

acetate, pH 6.9:
methanol
(75:25, v/v)

Flow: 1.0mL/min.
Temp.: 25°C
Det.: UV @ 210nm

Peak List:
1. sample solvent (marker)
2. caffeine
3. acetaminophen
4. pseudoephedrine

Sample:
Inj.: 5µL
Conc.: 100µg/mL
Solvent: mobile phase

2

3

4

0 2 4 6 8 10 12 min.
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Figure 5 displays the analysis of aspirin and salicylic acid,
which also are easily separated on the Allure™ Acidix phase
without the need of 1-heptane sulfonic acid or special solid
phase supports referenced by the USP. This separation uses
LC/MS compatible buffers and will out-perform the repro-
ducibility of any method employing ion-pair reagents.

Ibuprofen and naproxen are medications frequently recom-
mended for pain caused by inflammation. Figure 6 displays
the separation of these closely related carboxylic acids in
under seven minutes using an Allure™ Acidix column.

The Restek Ultra Phenyl, Allure™ Acidix, and Allure™ Basix
columns provide excellent separation of analgesics without
the need of additional mobile phase modifiers. The Food and
Drug Administration (FDA) is now requiring “grandfathered”
methods that suffer from low accuracy and precision to be
upgraded to state-of-the-art methods. These phases provide
the means to update many of the older methods used in
pharmaceutical compendia, which will reduce laboratory
costs, improve laboratory productivity, and minimize
additive obstacles to LC/MS compatibility.

Figure 4

Acetaminophen elutes with excellent peak shape in under 4 minutes using the Allure™ Acidix column.

Figure 5

Aspirin and salicylic acid are easily separated on the Allure™ Acidix column.

1

Column: Allure™ Acidix
Catalog #: 9162565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 20mM ammonium

acetate pH 4.5:
acetonitrile

(95:5, v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 220nm

Peak List:
1. acetaminophen

Sample:
Inj.: 10µL
Conc.: 1mg/mL
Solvent: water:acetonitrile

(1:1, v/v)

0 1 2 3 4 5 6 7 min.

1

2

0 2 4 6 8 10 min.

3

4

Column: Allure™ Acidix
Catalog #: 9162565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 20mM ammonium

acetate pH 4.5:
acetonitrile
(20:80, v/v)

Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 220nm

Peak List:
1. toluene
2. unknown
3. salicylic acid
4. aspirin

Sample:
Inj.: 10µL
Conc.: 200µg/mL
Solvent: buffer : acetonitrile

(1:1, v/v)
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Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9162531 9162532 9162533 9162535

50mm length 9162551 9162552 9162553 9162555

100mm length 9162511 9162512 9162513 9162515

150mm length 9162561 9162562 9162563 9162565

200mm length 9162521 9162522 9162523 9162525

250mm length 9162571 9162572 9162573 9162575

Figure 6

Closely related carboxylic acids are quickly separated in under 7 minutes using the Allure™ Acidix column.

Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9161531 9161532 9161533 9161535

50mm length 9161551 9161552 9161553 9161555

100mm length 9161511 9161512 9161513 9161515

150mm length 9161561 9161562 9161563 9161565

200mm length 9161521 9161522 9161523 9161525

250mm length 9161571 9161572 9161573 9161575

Allure™ Basix Columns

Allure™ Acidix Columns

Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
5µm cat.# cat.# cat.# cat.#

30mm length 9105531 9105533 9105533 9105535

50mm length 9105551 9105552 9105553 9105555

100mm length 9105511 9105512 9105513 9105515

150mm length 9105561 9105562 9105563 9105565

200mm length 9105521 9105522 9105523 9105525

250mm length 9105571 9105572 9105573 9105575

Ultra Phenyl Columns

Peak List:
1. unknown
2. unknown
3. uracil
4. ibuprofen
5. naproxen

Sample:
Inj.: 10µL
Conc.: 100µg/mL

(ibuprofen
and naproxen)

Solvent: ammonium acetate
buffer : acetonitrile

(1:1, v/v) 1
2 3

4

5

0 1 2 3 4 5 6 7 min.

Column: Allure™ Acidix
Catalog #: 9162565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 20mM ammonium
acetate pH 4.5: acetonitrile

(30:70, v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 220nm
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The Ultra IBD Column Allows HPLC Separation of Polar and Non-Polar
Analytes from the Same Sample

Figure 1

The Ultra IBD column retains analytes by hydrophobic and polar interactions,
whereas the C18 column is only capable of retention by hydrophobic interaction

Cephalordine Retention vs % Organic -  Aqueous Portion is Ammonium Formate (20 mM)

C-18 phase (10% Carbon Load)

The ability to retain and separate polar and non-polar
analytes in the same sample can be difficult in high
performance liquid chromatography (HPLC) analyses.
Restek’s Intrinsically Base Deactivated (IBD) Ultra IBD
column can provide the retention needed to simultaneously
separate polar and non-polar analytes to more expediently
perform analyses within a single method. The Ultra IBD
phase is composed of an alkyl chain and a non-ionic
functional group. The alkyl chain ensures retention of more
hydrophobic analytes, and the intrinsic base deactivation
of the functional group reduces tailing often seen with
basic analytes. The nature of the functional group also
allows retention of charged analytes. The Ultra IBD column
is the best choice for separating mixtures of acids, bases,
zwitterions, and neutral analytes.

Ultra IBD Column Retains Analytes Across a Wide Range
of pH and Mobile Phase Compositions

The base deactivation and polar interaction capability of
the Ultra IBD phase remains steady across the pH stability
range of the silica. Therefore, the polar retentive capability
of the phase is not decreased as the pH is decreased; the
retention is stable for a given buffer concentration and
aqueous/organic ratio.

Using 100% water can cause chain collapse and loss of
retention in standard C18 phases, thereby requiring at least
5% organic in the mobile phase. Because the Ultra IBD
phase is immune to stationary phase collapse reverse phase
gradients starting with 100% water can be used for maxi-
mum retention of analytes. Unlike standard alkyl phases,
the Restek Ultra IBD phase results in a rugged HPLC
column that can withstand these separation extremes.

We compared the separation ability of the Ultra IBD
column to that of a C18 column using varying pH and
mobile phase ratios (Figure 1). Cephaloridine was analyzed
because it contains both polar and non-polar (hydrophobic)
functional groups. The data demonstrates the ability of the
phase to retain the analyte under a wide range of mobile
phase conditions.

The comparison revealed that the C18 column cannot
successfully retain cephaloridine when acetonitrile exceeds
40% in the mobile phase. Upon reaching 40% acetonitrile,
cephaloridine elutes with the solvent front. The C18
column is only capable of hydrophobic interaction by a
reverse phase mechanism, and so cannot exhibit the
characteristic U-shaped retention profile shown by the Ultra
IBD column.
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Figure 2

Both normal and reverse phase modes provide good peak shape and retention time on Ultra IBD column.

0 1 2 3 4 5 6 7 8 9 min.

Column: Ultra IBD, 5µm, 4.6mm x 150mm,
100 Å (cat.# 9175565)

Mobile Phase:

Reverse Phase 20mM Ammonium Acetate, pH
4.0:Acetonitrile (80:20)

Normal Phase: 20mM Ammonium Acetate, pH
4.0:Acetonitrile (20:80)

Inj.: 5uL, 1.0mg/mL Cephaloridine

Det.: 254nm

Temp.: 27°C

A B

Peak List:

A. Cephaloridine in
Reverse Phase Mode

B. Cephaloridine in
Normal Phase Mode

By contrast, the Ultra IBD column reaches a minimum
retention time at 50% acetonitrile, closely duplicating the
hydrophobic interactions of the C18 column. As the organic
ratio increases above 50%, polar interactions in the normal
phase mode allow retention of the cephaloridine analyte.
The retention of cephaloridine reaches a usable maximum at
90% acetonitrile. Furthermore, the U-shaped retention
profile is not adversely altered by the pH of the buffer. The
separation is a near mirror image across the reverse phase
and normal phase modes. Only at the extreme of 90%
acetonitrile is a small variation seen in analyte retention due
to pH changes. Even then, the variation is less than 2.8
minutes at pH 7.4. The normal phase retention is greater than
the reverse phase retention. Both modes, however, provide
similar peak shape and retention time (Figure 2).

Note: As with any HPLC column phase capable of perform-
ing a reverse or normal phase separation, the user should
take care to ensure the retention mechanism is either reverse
or normal phase.

Ultra IBD Column Solvent Focusing Ability Improves
Detection

Loading multiple samples onto the head of the column
concentrates the analyte to improve detection. The injec-
tions are then eluted through the system using a decreased
solvent level ratio. This ability to load and maintain a
sample at the column head is called solvent focusing.*

When cephaloridine was injected with a mobile phase of
either 100% acetonitrile or 100% buffer, no peak eluted from
the system—even after 90 minutes. To elute the analyte from
the system, the mobile phase ratio was altered to 80%. The

peak then eluted near its isocratic run time. Cephaloridine
remained intact near the start of the column and did not
begin appreciably eluting through the column until another
mobile phase ratio was selected.

Due to its solvent focusing capabilities, an Ultra IBD column
can be loaded at either the 100% aqueous (reverse phase) or
100% organic (normal phase) solvent level to concentrate
the sample directly onto the head of the column.

Furthermore, this solvent focusing capability allows use of a
gradient system to better remove impurities from a sample
mixture that have adsorbed onto the column. More hydro-
philic impurities theoretically could be eluted from the
analytes of interest with a simple aqueous flush. The process
could be reversed using 100% organic for truly neutral
analytes.

* The ability to perform solvent focusing will be affected by
the chemical nature of the analyte.

Conclusion

The unique functionality of the Ultra IBD column creates an
ideal tool for the separation and detection of acids, bases,
and zwitterions within complex mixtures. Because the phase
interactions are bimodal, a wide range of compounds can be
retained and separated by either reverse or normal phase
mechanics. At the extreme range of the reverse or normal
modes, the solvent focusing ability of the Ultra IBD column
can be used to concentrate an analyte or to purify analytes
within complex matrices.

See back for product listing.

Application notes: LC-0101 & LC-0102
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TTTTTridentridentridentridentrident™™™™™ Integral HPLC Guard Column System Offers Maximum Protection Integral HPLC Guard Column System Offers Maximum Protection Integral HPLC Guard Column System Offers Maximum Protection Integral HPLC Guard Column System Offers Maximum Protection Integral HPLC Guard Column System Offers Maximum Protection
Against Contaminants and Particulate MatterAgainst Contaminants and Particulate MatterAgainst Contaminants and Particulate MatterAgainst Contaminants and Particulate MatterAgainst Contaminants and Particulate Matter

High backpressure is one of the most common problems encountered when performing HPLC analysis. Normal column
backpressure is observed after a new column has been installed and equilibrated with the mobile phase. Unfortunately,
this pressure will often increase with use because of particulates collecting on the column inlet frit.

The source of these particles can be from sample impurities, mobile phase contaminants, and the injector or autosampler
rotor seal. The presence of particles can result in increased backpressure, split peaks, tailing, and eventually over-pressure
shut-down. In some circumstances, these problems can be corrected by back-flushing the column. However, in many cases
it results in an unusable column.

To reduce backpressure problems, all samples and mobile phase solvents must be filtered before use; and rotor seals should
be changed on a routine basis. Along with these preventative measures, it is advisable to use column prefilters such as the
Trident™ column protection system. When using a prefilter, particles build up on its inexpensive, replaceable frit, instead
of the permanent frit at the head of the column.

The system’s foundation consists of the analytical column
configured with our exclusive Trident™ end fitting and XF
fitting. This configuration contains the standard internal frit as
well as a replaceable cap frit, which can be easily changed
without disturbing the packed bed. Changing the external frit
can reverse the effects of accumulated particles, such as high
backpressure or peak distortion. To obtain this basic configu-
ration, simply order any Restek HPLC column that has a
( -700) suffix catalog number.

For maximum protection against contaminants and particulate
matter, the system can be configured with both an integral
guard cartridge and a replaceable external frit. To obtain this
configuration, simply order any Restek HPLC column that has
a ( -700) suffix catalog number, the XG-XF male fitting (cat.#
25026), and the appropriate pack of guard cartridges (see right).

Trident™ HPLC Guard Column Fittings and Frits

Description cat.#

XG-XF Fitting for 1cm Guard Cartridge 25026

Replacement XF Filter Fitting 25024

Replacement Cap Frits, 2µm 25022

Replacement Cap Frits, 0.5µm 25023

Trident™ HPLC Guard Column Cartridges

 (10 x 2.1mm) (10 x 4.0mm)

Guard Cartridge cat.# cat.#

Allure™ Acidix 916250212 916250210

Allure™ Basix 916150212 916150210

Allure™ C18 916450212 916450210

Allure™ Silica 916050212 916050210

Ultra Amino 910750212 910750210

Ultra C1 910150212 910150210

Ultra C4 910250212 910250210

Ultra C8 910350212 910350210

Ultra C18 917450212 917450210

Ultra Cyano 910650212 910650210

Ultra IBD 917550212 917550210

Ultra Phenyl 910550212 910550210

Ultra Silica 910050212 910050210

XF
Fitting

Cap
Frit End

Fitting

XF
Fitting

Cap
Frit End

Fitting
XG-XF
Fitting

Guard
Cartridge
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Ultra IBD, 3µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
        3µm cat.# cat.# cat.# cat.#
30mm length 9175331 9175332 9175333 9175335
50mm length 9175351 9175352 9175353 9175355

100mm length 9175311 9175312 9175313 9175315
150mm length 9175361 9175362 9175363 9175365
200mm length 9175321 9175322 9175323 9175325

Ultra IBD, 3µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID
        3µm cat.# cat.# cat.#
30mm length — 9175332-700 9175333-700 9175335-700
50mm length — 9175352-700 9175353-700 9175355-700

100mm length — 9175312-700 9175313-700 9175315-700
150mm length — 9175362-700 9175363-700 9175365-700
200mm length — 9175322-700 9175323-700 9175325-700

Ultra IBD, 5µm Columns
Particle Size: 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
       5µm cat.# cat.# cat.# cat.#
30mm length 9175531 9175532 9175533 9175535
50mm length 9175551 9175552 9175553 9175555

100mm length 9175511 9175512 9175513 9175515
150mm length 9175561 9175562 9175563 9175565
200mm length 9175521 9175522 9175523 9175525
250mm length 9175571 9175572 9175573 9175575

Ultra IBD, 5µm Columns with Trident™ Inlet
Particle Size: 2.1mm ID 3.2mm ID 4.6mm ID
       5µm cat.# cat.# cat.#
30mm length — 9175532-700 9175533-700 9175535-700
50mm length — 9175552-700 9175553-700 9175555-700

100mm length — 9175512-700 9175513-700 9175515-700
150mm length — 9175562-700 9175563-700 9175565-700
200mm length — 9175522-700 9175523-700 9175525-700
250mm length — 9175572-700 9175573-700 9175575-700

Ultra IBD Guard Cartridges
Dimensions cat.# Qty.
10 x 2.1mm 917550212 3
10 x 4.0mm 917550210 3
20 x 4.0mm 917550220 2

Product Listing



• Separate permanent gases, including CO/CO2, in 10 minutes, without
cryogenic cooling.

• Rapid separations of permanent gas / light hydrocarbon mixtures.
• Excellent compatibility with most GC detectors—minimal bleed,

minimal baseline rise.
• Pre-conditioned, less than 30 minutes to stabilize.

Figure 1
Separate permanent gases in 10 minutes,

without cryogenic cooling.

Figure 2
Rapidly analyze light hydrocarbon/

permanent gas mixtures.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked
(cat.# 19808)
Sample: permanent gases 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det.: HID @ 200°C

1. hydrogen
2. oxygen
3. nitrogen
4. carbon monoxide
5. methane
6. carbon dioxide

GC_PC00666

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID micropacked (cat.# 19808)
Sample: permanent gases-C1+C2

hydrocarbons 
Sample size: 5µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 40°C (hold 3 min.) to 250°

@ 8°/min. (hold 10 min.)
Det.: HID @ 200°C

1. oxygen
2. nitrogen
3. carbon monoxide
4. methane
5. carbon dioxide
6. acetylene
7. ethylene
8. ethane

GC_PC00665

2 3 4

Exclusive!

ShinCarbon ST Micropacked
GC Columns
Above-Ambient Analyses of Permanent Gases
and Light Hydrocarbons

Analyzing the permanent gases oxygen, nitrogen, methane, carbon monoxide, and carbon dioxide
has been virtually impossible for a single gas chromatography (GC) or gas-solid chromatography
(GSC) column, without sub-ambient temperatures.

Now, Restek's new ShinCarbon ST material, a high surface area carbon molecular sieve (~1500
m2/g), is the ideal medium for separating gases and highly volatile compounds by GSC. A 2-meter
by 1mm ID micropacked column containing ShinCarbon ST separates the permanent gases in 10
minutes, without cryogenic cooling (Figure 1).

In addition to providing a breakthrough in analyses of permanent gases, ShinCarbon ST columns
can separate light hydrocarbon / permanent gas mixtures. Figure 2 shows an analysis of perma-
nent gases plus acetylene, ethylene, and ethane, completed in less than 20 minutes. Natural gas
components (70% methane) also are cleanly separated (Figure 3). Other potential applications for
ShinCarbon ST include analyses of sulfur dioxide (Figure 4) and Freon® fluorocarbons (Figure 5).*

ShinCarbon ST 100/120 mesh
1 meter x 1mm ID Silcosteel®

micropacked column (cat.# 19809)

Sample: natural gas (70% CH4)
Inj. temp.: 200°C
Det. temp: 250°C
Carrier gas: helium (constant flow)
Linear velocity: 10mL/min. 
Oven temp.: 125°C to 250°C @

16°C/min.

1. C1
2. C2
3. C3
4. iC4
5. nC4
6. iC5
7. nC5
8. hexanes

GC_PC00672

Figure 3
Separate components in natural gas.

ShinCarbon ST 100/120 mesh
2 meter x 1mm ID Silcosteel® micropacked
column (cat.# 19808)

Sample: 100ppm sulfur dioxide in helium
Inj.: 10µL
Inj. temp.: 100°C
Carrier gas: helium
Flow rate: 10mL/min.
Oven temp.: 150°C, isothermal
Det.: HID @ 200°C

1. sulfur dioxide

GC_PC00674

Figure 4
Sharp peak for ppm level sulfur dioxide.

800-356-1688

814-353-1300

www.restekcorp.com

At-a-Glance
Product
Information
from Restek

*For analysis of other low molecular weight sulfur com-
pounds, we recommend Rt-XLSulfur™ micropacked and
packed columns or Rtx®-1 capillary columns.



ShinCarbon ST is a highly stable material. Its 330ºC upper temperature limit minimizes bleed and
baseline rise during temperature programming, making the material compatible with most detec-
tion systems used for gas analysis, including TCD or HID. All ShinCarbon ST columns are fully
conditioned in an oxygen/moisture free environment to prevent contamination. This minimizes sta-
bilization time (less than 30 minutes) when installing a new column which, in turn, minimizes
downtime.

The unique properties of ShinCarbon ST make it an ideal packing material for analyses of gases
and highly volatile compounds, including permanent gases, low molecular weight hydrocarbons,
and Freon® gases. The rapid, above-ambient analyses these columns provide will be a great con-
venience. Excellent thermal stability of the high surface area carbon, combined with careful condi-
tioning during column manufacture, ensures low-bleed operation and rapid stabilization when
installing a new column. Custom-made ShinCarbon ST columns are available on request.

Refer to our catalog or
website for

Scott gas standards for
permanent gases and

light hydrocarbons

Ordering Information | ShinCarbon ST 100/120 Micropacked Columns
OD ID 1-Meter 2-Meter
1/16" 1.0mm 19809 19808

0.95mm 0.75mm 19810 —

OD ID 2-Meter
1/8" SilcoSmooth™ 2.0mm 80486-xxx

General
Configuration:
SSuuffffiixx -880000

Agilent  5880,
5890, 5987, 6890:
SSuuffffiixx -881100

Varian 3700, Vista
Series, FID:
SSuuffffiixx -882200

PE 900-3920
Sigma 1,2,3:
SSuuffffiixx -883300

83/4"

PE Auto System
8300, 8400, 8700
(Not On-Column):
SSuuffffiixx -884400

6 1/2"

Ordering Information | ShinCarbon ST 80/100 Packed Columns

Column Configurations
Add the appropriate
suffix to the catalog
number when ordering
packed columns.
Contact us for custom
configurations.

Ordering Information | Installation Kits
for 0.75mm

ID col.
for 1mm
ID col.

For valve applications 21062 21065
For split applications 21063 —
For all Agilent GCs 21064 —
For direct injections — 21066

Restek (U.S.):
110 Benner Circle
Bellefonte, PA 16823
800-356-1688 • 814-353-1300
fax: 814-353-1309
www.restekcorp.com

Restek France:
phone: 01 60 78 32 10
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Restek GmbH:
phone: 49 06172 2797 0
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phone: 01494 563377
Sales@Thamesrestek.co.uk

Restek Ireland:
phone: 44 28 9081 4576
restekeurope@aol.comLit. Cat. # 59519A

©Copyright 2003,
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ShinCarbon ST 100/120 mesh
1 meter x 1mm ID Silcosteel® micropacked column
(cat.# 19809)
Sample: fluorocarbon blend, 5µL ~1-3% each
Inj. temp.: 200°C
Det. temp: 250°C
Carrier gas: helium 
Linear velocity: 10mL/min. 
Oven temp.: 125°C to 320°C @ 16°C/min.

Peak Ret. Time (min.)
1. Freon® 134a/22 4.95
2. Freon® 12 7.11
3. Freon® 133a 9.19
4. Freon® 114 10.85

GC_PC00673

Figure 5
Fluorocarbon analysis completed in 11 minutes on ShinCarbon ST column.online
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Aldehydes/Ketones
DNPH Standard
For US EPA Methods TO-11A and 8315

At-a-Glance
Product
Information
from Restek

www.restekcorp.com

800-356-1688

814-353-1300

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde-DNPH
formaldehyde-DNPH

hexaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

Aldehyde-Ketone-DNPH TO-11A
Calibration Mix (15 components)

15µg/mL* each in acetonitrile, 1mL/ampul

Each
31808

HPLC Columns
Ultra C18 5µm Column
cat.#: 9174565
150 x 4.6mm

Additional Information
Formaldehyde and Other Aldehydes
Committee on Aldehydes, Board of Toxicology and
Environmental Hazards, National Research Council,
National Academy Press, Washington, DC, 1981.

For a complete listing of
Restek HPLC columns,

packings, and accessories, request the
2004 Restek Chromatography Products

catalog (lit. cat.# 59854).
This catalog details our

extensive product line and includes
hundreds of chromatograms.

• Convenient 15µg/mL concentration as aldehyde/ketone, similar to the
concentration of interest in most ambient air work.

• Certificate of Analysis lists both aldehyde/ketone and -DNPH derivative
concentrations.

• Fast analysis using a Restek Ultra C18 HPLC column .

Carbonyl compounds, including low molecular weight aldehydes and ketones, are
receiving increased attention by the regulatory community.

Formaldehyde is the target compound for US EPA Compendium Method TO-11A
and Method 8315, but at least 14 other carbonyl compounds also can be detected and
quantified. Method T0-11A modifies the sampling procedures outlined in earlier
Method TO-5; the newer method is based on the specific reaction between carbonyl
compounds and the 2,4-dinitrophenylhydrazine (DNPH) coating on a silica gel adsor-
bent (packed in cartridges), in the presence of a strong acid catalyst. The reaction pro-
duces stable, colored hydrazone derivatives.

To meet the needs of analysts monitoring these compounds, Restek offers a new 15-
component aldehyde standard for US EPA Compendium Method TO-11A and
Method 8315. The concentration of the mix components, 15µg/mL each, is similar to
the concentration of interest in most ambient air work. For convenience, our
Certificate of Analysis lists concentrations for both the aldehydes/ketones and the
DNPH derivatives.

A 150 x 4.6 mm Ultra C18 HPLC column (cat.# 9174565) is optimal for fast, reliable
analyses of the derivatives of formaldehyde, other aldehydes, and ketones.

Fast, reliable analyses of aldehydes and ketones on Restek’s
Ultra C18 HPLC column.

2 4 6 8 10 12 14 min.
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DNPH derivatives of
1. formaldehyde
2. acetaldehyde
3. acetone
4. acrolein
5. propionaldehyde
6. crotonaldehyde
7. MEK
8. methacrolein
9. butyraldehyde

10. benzaldehyde
11. valeraldehyde
12. m-tolualdehyde
13. hexanaldehyde

Column:  Ultra C18
Catalog #: 9174565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å
Conditions:
Mobile phase:

Solvent A: water
Solvent B: acetonitrile
Solvent C: THF
Gradient: 0-15 min.
50-30% A
30-65% B
20-5% C

Flow rate: 1.5mL/min.
Wavelength: 365nm
Temp.: 40°C

Sample:
Inj.: 10µL
Conc.: 3.0µg/mL as derivative

formaldehyde-DNPH
Formaldehyde-DNPH Mix
500µg/mL in acetonitrile, 1mL/ampul

EEaacchh 55--ppkk..
31837 31837-510
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Custom Reference Materials
Request Form

Domestic Customers
FAX#: (814) 355-2895

email: standards@restekcorp.com

Name:                                                    Date:

Company/Location:

Phone #:                                FAX #:

E-mail:

ALL mixtures are produced in accordance with our ISO 9001 registration.
Analytical balances are calibrated daily at seven mass levels using NIST traceable weights.
ALL raw materials used are a minimum of 97% pure unless otherwise specified.

❍mg/mL  ❍µg/mL  ❍ng/mL ❍vol./vol.%  ❍wt./wt.%  ❍other _____________

Concentration:

8. Concentration Units

Compound(s): (list or attach sheet; include CAS number)

1.

2.

3.

4.
5.
6.
7.
8.
9.
10.
11.

12.

International Customers
Contact Your Local

Restek Representative.

6. Select testing and documentation that best meets your requirements:
❍ Gravimetric Documentation:  Lot Sheet with balance printout attached.
❍ Qualitative Documentation:  Certificate of Composition, Chromatogram, and Gravimetric

Documentation.
❍ Quantitative Documentation:  Certificate of Analysis and Data Pack.

Take these eight steps to create the right solution:

1. Mixture Description: _________________________________________________

____________________________________________________________________

2. Solvent: __________________________________________________________

3. Number of Components: ___________

4. Volume (select):  1mL, 2mL, 5mL, 10mL or other  ______mL

5. Quantity:  Number of Units ________

7.

lit. cat.# 59741



perature changes, vibrations, or other stresses nor-
mally encountered in GC analyses. The open design
allows visual evaluation of the seal between the col-
umn and the Press-Tight® union, to confirm the con-
nection. The connector is designed to hang from the
column cage, to minimize stress on the connections.

Who will benefit from using
Vu2 Union™ connectors?
Any analyst using guard columns, transfer lines, or
restrictor tubing, or performing a dual-column
analysis with columns connected in series, or seek-
ing to repair a broken column will find a Vu2
Union™ connector the simple, reliable, easy-to-use
solution to their connection need (Figure 2, page 2).

Secure, Reliable
Column-to-Column Connections

With a Vu2 Union™ Capillary
GC Column Connector•

RESTEKthe

800-356-1688 ★ 814-353-1300
www.restekcorp.com

2003 vol. 2

AdvantageInnovators of High Resolution
Chromatography Products

By Mike Goss, Instrument Innovations Team, and Donna Lidgett, GC Accessories Marketing Manager

✔ Reliable seal integrity under rapid temperature changes or other stress.
✔ Easy to use.
✔ Visually confirm the seal.
✔ Fits all fused silica tubing from 0.33mm - 0.74mm OD.*

Our new Vu2 Union™ connector combines the sim-
plicity of our Press-Tight® union with the durability
of a metal union, to reliably couple an analytical col-
umn to a transfer line, a guard column, or another
analytical column. The columns cannot unexpectedly
disconnect if the connector is bumped or vibrated,
or after repeated cycles to temperatures as high as
400ºC.

How does a Vu2 Union™ connector work?
A Press-Tight® union in the Vu2 Union™ connector
joins the fused silica ends together (Figure 1); the
ferrule and knurled nut at each end of the connector
hold the tubing in place via a secondary seal
between the ferrule and the Press-Tight® union. The
knurled nuts apply pressure to the ferrules, to make
a leak-tight seal. These ultra-strong connections will
not unexpectedly disconnect when subjected to tem-

INTERNATIONAL

•Patent pending.
*Restek 0.1mm - 0.53mm ID tubing.

in this issue

Vu2 Union™ Capillary
Column Connector

Pg. 1-2

Solvents in Cleaning
Products, by GC

Pg. 3

Resolve Trace Oxygenates
from Gasoline/Water

Pg. 4-5

Dioxins and Furans
on a Specialty GC Column

Pg. 6-7

Fast LC Analyses
Pg. 8-9

New Analytical Reference Materials
Pg. 10

Skinner List Analyses (DOMESTIC)
Pg. 11

Organophosphate Pesticides
(INTERNATIONAL)

Pg. 11

Minimize Adsorption of Active Analytes
with Drilled Uniliner® Inlet Liners

Pg. 12-13

Complex Semivolatiles Samples
Pg. 14-15

Peak Performers:
• Inlet Liners and Seals
• Detector Components

• Purge and Trap Spargers
• By-Pass Lines

Pg. 16-17

Sulfinert™-Treated
Sample Cylinders and Valves

Pg. 18

Vespel® Ring Inlet Seals
Pg. 19-20

FREEVespel® Ring Inlet Seals.
See Page 19.

Figure 1 — The Vu2 Union™ connector’s open design allows visual confirmation of the
seal; secondary seals ensure a leak-tight connection

Hanger

Knurled
Nut

Body

Press-Tight® Union

Ferrule

Fused Silica Column,
Guard Column,
or Transfer Line

When should you use a Vu2 Union™ connector?
Use a Vu2 Union™ connector when you:

● Connect a guard column to an analytical column.
● Connect a column to a transfer or restrictor line.
● Connect two columns in series.
● Repair a broken column.

Restek
Innovation!



• 2 • www.restekcorp.com

RESTEK Advantage

800-356-1688

Injector

Guard
Column

Detector

Analytical
Column

Figure 2 — A guard column connected to an analytical column by
a Vu2 Union™ connector.

Vu2 Union™

Connector

Deactivated, Universal Press-Tight® Connectors
• High-temperature silanization for excellent inertness. 
• Ideal for trace analysis of active compounds.
• Ideal for analysis of pesticides, semivolatile pollutants,

or clinical/forensic samples.
qty. cat.#
5-pk. 20429
25-pk. 20430
100-pk. 20431

Vu2 Union™ Connector Kits
Each kit includes: Vu2 Union™ body, 2 Press-Tight® unions, 2 knurled nuts, and 4
ferrules. Change column diameters - even mix column diameters - in the
Vu2 Union™ body in any of the kits simply by ordering appropriate ferrules for
the columns you wish to connect.
Description Fits Column ID qty. cat.#
Vu2 Union™ Connector 0.15–0.25mm kit 21105
Vu2 Union™ Connector 0.28/0.32mm kit 21106
Vu2 Union™ Connector 0.45/0.50 & 0.53mm kit 21107
Knurled nut 2-pk. 21108

Universal Press-Tight® Connectors
• Connect guard columns to analytical columns.
• Repair broken columns.
• Connect column outlets to transfer lines.

qty. cat.#
5-pk. 20400
25-pk. 20401
100-pk. 20402

Graphite Ferrules for Vu2 UnionTM Connectors
• High-purity, high-density graphite.
• Stable to 450°C.
• No binders that can off-gas or adsorb analytes.
• Smooth surface and clean edges.

Ferrule Fits Column Graphite Graphite
ID ID 2-pk. 10-pk.

0.4mm 0.18–0.25mm 20280 20281
0.5mm 0.28/0.32mm 20282 20283
0.8mm 0.45/0.50 & 0.53mm 20284 20285

Polar Deactivated Guard Columns & Transfer Lines

Intermediate-Polarity Deactivated
Guard Columns & Transfer Lines

Nominal ID Nominal OD 5-Meter 5-Meter/6-pk.
0.10mm 0.363 ± 0.012mm 10041
0.15mm 0.363 ± 0.012mm 10042
0.18mm 0.37 ± 0.04mm 10046
0.25mm 0.37 ± 0.04mm 10043 10043-600
0.28mm 0.37 ± 0.04mm 10003 10003-600
0.32mm 0.45 ± 0.04mm 10044 10044-600
0.45mm 0.69 ± 0.04mm 10005 10005-600
0.53mm 0.69 ± 0.05mm 10045 10045-600

Nominal ID Nominal OD 5-Meter 10-Meter
0.25mm 0.37 ± 0.04mm 10065 10068
0.32mm 0.45 ± 0.04mm 10066 10069
0.53mm 0.69 ± 0.05mm 10067 10070

Nominal ID Nominal OD 10-Meter 10-Meter/6-pk.
0.25mm 0.37 ± 0.04mm 10049 10049-600
0.32mm 0.45 ± 0.04mm 10048 10048-600
0.53mm 0.69 ± 0.05mm 10047

Vu2 UnionTM



columns exhibit excellent selectivity for closely relat-
ed alcohols, such as ethanol, isopropanol, tert-
butanol, and n-butanol. An Rtx®-VMS column is
compatible with higher initial oven temperatures—
note the 60°C starting temperature in Figure 1—
allowing greater sample throughput due to faster
oven stabilization time. Analyses of typical consumer
cleaning products, an all-purpose cleaner and a
glass cleaner, are shown in Figure 2.

Summary
An Rtx®-VMS capillary column makes these analyses
faster, with highly reliable results, and is an excellent
choice for this application.
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Efficient Analysis of Water-Miscible
Solvents in Cleaning Products

Using an Rtx®-VMS Capillary GC Column
By Rebecca Wittrig, Ph.D., Senior Innovations Chemist

✔ Higher initial oven temperatures allow greater sample throughput.
✔ Excellent selectivity for resolving closely-related alcohols and other solvents.
✔ Consistent column-to-column performance for quality control analyses.

Consumers use a wide range of products to promote
personal hygiene, improve personal appearance, and
reduce levels of microorganisms in the home envi-
ronment. Their choices make the cleaning and per-
sonal care products industry a multi-billion dollar
industry.1 The Soap and Detergent Association
(SDA)2 groups soaps and detergents into four gener-
al categories: personal cleansing, laundry, dishwash-
ing, and household cleansing. As with all other con-
sumer products, there is a need to test both raw
materials and final products in each of these cate-
gories. Composition and quality control analyses for
many of these products can be performed by gas or
liquid chromatography. For example, volatile com-
ponents, such as alcohols, can be monitored by
using an Rtx®-VMS capillary GC column. 

Various ingredients are needed in cleaning and per-
sonal care products, to solubilize soils, wet surfaces,

References
1. Branna, T. The I&I Market. Happi, Nov. 2000.
2. The Soap and Detergent Association. Website: www.sdahq.org

Coming soon!
New technical guide:

Analyzing Cleaning
and Personal Care
Products by Gas and
Liquid Chromatography

mask odors, provide color, or perform other func-
tions. Solvents are included in these products prima-
rily to dissolve organic soils. Aside from safety con-
siderations, the main criterion for a solvent used in
cleaning products is miscibility with water, as the
solvent must form a solution with other water-solu-
ble components. Solvents that meet the criteria for
use in consumer cleaning products include alcohols
and glycols. In addition to water miscibility, these
solvents clean without leaving residue, making them
especially useful in products designed for cleaning
environmental surfaces, such as glass cleaners.

Water-soluble solvents in cleaning products are ana-
lyzed by gas chromatography to ensure product
quality and to further new product development. A
60m x 0.25mm ID x 1.4µm film Rtx®-VMS capillary
GC column is an excellent choice for analyzing a
wide range of cleaning solvents (Figure 1). These

GC_FF00647

Figure 2 — Use an Rtx®-VMS column to
quantify a wide range of cleaning solvents.

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: Approx. 5% sample in methanol
Inj.: 1.0µL split (split ratio 100:1),

4mm inlet liner (cat.# 20814)

Inj. temp.: 250°C
Carrier gas:  hydrogen, constant flow
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @ 4°C/min., to

145°C @ 2°C/min., to 210°C @ 15°C/min.,
to 230°C @ 5°C/min.

Det.: FID @ 250°C

 

Cleaning Solvents

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: 1% each solvent in methanol
Inj.: 1.0µL split (split ratio 100:1), 4mm inlet liner

(cat.# 20814)

Inj. temp.: 250°C
Carrier gas:  hydrogen, constant flow  
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @ 4°C/min., 

to 145°C @ 2°C/min., to 210°C @ 15°C/min., 
to 230°C @ 5°C/min. 

Det.: FID @ 250°C

1. methanol
2. ethanol
3. iso-propanol
4. tert-butanol
5. n-propanol
6. iso-butanol
7. methyl Cellosolve®

8. n-butanol
9. Cellosolve®

10. ethylene glycol
11. butyl Cellosolve®

12. limonene
13. dipropylene glycol monomethyl ether (DPGMME)
14. diethylene glycol ethyl ether (DEGEE)
15. phenyl Cellosolve®

16. tripropylene glycol monomethyl ether (TPGMME)

Glass Cleaner
GC_FF00645

Figure 1 — Commonly used cleaning solvents on an Rtx®-VMS column. Unique
selectivity allows a  60°C starting temperature, for fast sample throughput.

All-purpose cleaner

1. butyl Cellosolve®

2. limonene

GC_FF00646

1. iso-propanol
2. butyl Cellosolve®

Ordering Information | Rtx®-VMS Columns
Rtx®-VMS columns are listed on page 4.



The inset to the center in Figure 1 shows a portion
of the total ion chromatogram with the extracted ion
chromatogram for the oxygenates to scale. The inset
to the center is an enlargement of the extracted ion
chromatogram for the oxygenates; the clean peaks
indicate that there is no interference from non-target
gasoline fragmentation ions. TBA and MTBE are well
resolved using the 35°C initial temperature. The col-
umn elutes the methyl-naphthalenes in less than 23
minutes, with a cycle time of 30 minutes. Using aver-
age response factors calculated from the calibration
curve, we determined that oxygenate recoveries
were better than 90%.4

This investigation established that an Rtx®-VMS col-
umn resolves oxygenates from potentially interfering
gasoline components and Method 8260 target com-
pounds. It is well suited to resolving the expanding
Method 8260 target compound list, and can be used
to identify low levels of analytes in
contaminated/complex matrixes. An Rtx®-VMS col-
umn is the clear choice for the most demanding
volatile organics analysis.
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Ordering Information | Rtx®-VMS (Fused Silica)
ID df (µm) temp. limits 30-Meter 60-Meter 75-Meter
0.25mm 1.40 -40 to 240/260°C 19915 19916
0.32mm 1.80 -40 to 240/260°C 19919 19920
0.45mm 2.55 -40 to 240/260°C 19908 19909
0.53mm 3.00 -40 to 240/260°C 19985 19988 19974
ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -40 to 240/260°C 49914 49915

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000
tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000

California Oxygenates Mix

In P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30465 30465-510 —

w/data pack
30465-500 30465-520 30565

Resolve Trace Oxygenates from
a Gasoline/Water Composite

Using an Rtx®-VMS Capillary GC Column
By Christopher English, Environmental Innovations Chemist

✔ High accuracy—oxygenate recoveries better than 90%.
✔ Resolve oxygenates from potentially interfering gasoline components

and volatile target compounds, by US EPA Method 8260.
✔ High speed—30-minute cycle time.

With the elimination of lead from gasolines, oxygen-
containing compounds have become important per-
formance-enhancing components. Oxygenated com-
pounds most commonly added to gasoline are
methanol, ethanol, tert-butanol (TBA), methyl tert-
butyl ether (MTBE), diisopropylether (DIPE), and
ethyl-tert-butylether (ETBE). Of these, MTBE is the
primary additive. Contamination of ground and sur-
face water with these and other gasoline components
is a major concern. Identifying and quantifying the
oxygenates from among the highly concentrated
hydrocarbons in a gasoline/water matrix is a chal-
lenging task. Some compounds (e.g., MTBE and
TBA) coelute on many capillary GC column stationary
phases and share ions used for identification by MS.

Our investigations, and others, show that US EPA
Method 8260, a purge and trap / capillary GC / mass
spectrometry method, is the most reliable method
for detecting oxygenated components in complex
gasoline/water samples, regardless of the concentra-
tion of the gasoline.1 In the United States, the oxy-
genates have not been written into any US EPA
Method, with the exception of MTBE in Method
524.2. The ethers can be concentrated by purge and
trap, but this approach has not been validated in any
SW-846 method. Methanol and ethanol are poorly
suited to analysis by purge and trap techniques. In
Method 8015, a flame ionization detector (FID) is
used to match a known pattern of gasoline with an
unknown sample containing peaks that fall within
the gasoline pattern range. This method can be used
to identify oxygenates by retention time, but the high
probability of misidentifications dictates confirma-
tion on a second column. Method 8021 is specifical-
ly for analysis of aromatic and halogenated volatiles,
with detection by photoionization detector (PID).
This is the least desirable of the potential methods
for monitoring oxygenates, because the PID is very
sensitive to double bonds, but is much less sensitive
to oxygenates. Our analysis of a gasoline composite
standard, for example, produced a false positive for
diisopropyl ether. Using GC/MS for confirmation, the
compound was identified as 2-methyl-1-pentene.2

Despite this problem, many state GRO methods use
PID for the analysis of MTBE.

We evaluated the performance of four stationary
phases for recovery of oxygenates, verifying passing
criteria using modified EPA Method 5030B and
Method 8260.3 Non-oxygenated gasoline samples

were spiked with low (ppb) levels of oxygenates to
determine if operating conditions were appropriate
for separating and detecting the target compounds in
the presence of high concentrations of gasoline
hydrocarbons. Purge and trap conditions in Method
5030B were modified for concentrating the oxy-
genates: we replaced the standard ambient purge
with a 40°C purge. When possible, GC oven condi-
tions were optimized for each stationary phase, to
overcome coelutions of analytes that share ions
(e.g., TBA and MTBE).

The instrument was calibrated using a 5-point curve.
We calculated response factors (RFs) & relative
standard deviations (RSDs) for the target com-
pounds in Method 8260, then added all of the target
compounds and the correct Method 8260 internal
and surrogate standards to our calibration mix (84
additional target compounds), to ensure there were
no coelutions of 8260 target compounds with the
oxygenates. Of the columns used in this investiga-
tion, a 30-meter, 0.25mm ID, 1.4µm film Rtx®-VMS
column proved best for identifying and quantifying
oxygenates in a gasoline/water mix.

Figure 1 shows an analysis of a 1ppm non-oxygenat-
ed gasoline standard in water, spiked with 5ppb of
each of the oxygenates, and illustrates the value of
the Rtx®-VMS column in identifying and quantifying
oxygenates in high levels of gasoline hydrocarbons.

References
1. Happel, A.M., E.H. Beckenbach, R.U. Halden, An Evaluation of

MTBE Impacts to California Groundwater Resources
Lawrence Livermore National Laboratory, UCRL-AR-130897
(1988).
http://www-erd.llnl.gov/mtbe/pdf/mtbe.pdf 

2. C. English, C. Cox, F. Dorman, D. Patwardhan, The Analysis of
Gasoline Oxygenates Using a New Capillary Column
Stationary Phase, Pittsburgh Conference 2001, Session 199
(poster).
http://www.restekcorp.com/2001/1868P.pdf 

3. U.S. Environmental Protection Agency, Volatile Organic
Compounds by Gas Chromatography/Mass Spectroscopy
(GC/MS): Capillary Column Technique Method 8260. July
1992 Revision 0, US EPA Office of Solid Waste. Washington, D.C.

4. C.M. English, F.L. Dorman, G.B. Stidsen, The Analysis of
Gasoline Oxygenates by EPA Method 8260B Pittsburgh
Conference 2003, Session 590-6P (poster).
http://www.restekcorp/pittcon2003.htm#slides

For more details of this work,
see reference 4.

8260B MegaMix™ Calibration Mix
(76 + 1 components)

*2-chloroethyl vinyl ether provided in a separate ampul.

2,000µg/mL each in P&T methanol, 1mL/ampul*

Each 5-pk. 10-pk.
30475 30475-510 —

w/data pack
30475-500 30475-520 30575
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Rtx®-VMS, 30m, 0.25mm ID, 1.4µm (cat.# 19915)
Sample: calibration mixes: cat.# 30475 (ampul 1 + ampul 2), 30465, 30006, 30042;

non-oxygenated unleaded gasoline (custom) internal / surrogate
standards: cat.# 30240, 30074

Purge and Trap Conditions
O.I. 4560 Purge and Trap Concentrator
Sample: 10mL
Sample Temp.: 40°C
Trap: #10 (Tenax®/silica gel/carbon molecular sieve)
Trap Temp.: purge: 20°C; desorb: 190°C; bake: 210°C
Purge: 11 min., 38mL/min.
Desorb: 1.0 min., 32mL/min.
Bake: 10 min.

Chromatography
Inj. Temp.: 250°C, split 25:1
Carrier Gas: helium, constant flow
Flow Rate: 1.3mL/min.
Dead Time: 1.47 min. @35°C
Oven Temp.: 35°C (hold 7 min.) to 90°C @4°C/min. (no hold)

to 220°C @45°C/min. (hold 1 min.)
Det.: Agilent 5971A MS
Scan Range: 35–260 amu
Tune: PFTBA/BFB

GC_EV00679 Acknowledgement: purge and trap courtesy of O.I. Analytical.

Figure 1 — Detect trace oxygenates, using an Rtx®-VMS column.

5ppb oxygenates in 1ppm non-
oxygenated gasoline.

area of enlargement

US EPA Underground Storage
Tank (UST) Monitoring Program

Reference publications
for recommended methods

✔ Helpful checklists for the latest state and EPA UST methods:
– analytical reference materials
– sample preparation supplies
– chromatography columns and accessories

✔ Conveniently organized by method—easy setup / easy reorder of consumables

In the late 1980s the US Environmental Protection
Agency (US EPA) established the Office of
Underground Storage Tanks (OUST) to enforce fed-
eral laws on environmental contamination from
petroleum products. Underground Storage Tank
(UST) systems installed before December 22, 1988
had no protection against spills or overfills, and
were likely to corrode and leak. OUST mandated
that by December 22, 1998, all UST systems were to
be prevented from contaminating nearby groundwa-
ter and soil. Existing systems were to be protected
from spills, overfills, and corrosion, or replaced
with new systems incorporating such protection.

Many of the unprotected UST systems have been prop-
erly treated, but the need for monitoring UST systems
persists. OUST has been actively enforcing federal UST
regulations.

OUST has recommended specific EPA methods for UST
applications. A majority of the states still use these
methods, but many states have developed methods of
their own for UST analysis.

To help laboratories comply with and use the appropri-
ate analytical procedures, Restek has been active in fol-
lowing EPA and state guidance. Based on our knowl-
edge and experience with these methods, our chemists
have developed lists of the appropriate chromatograph-
ic tools, and formulated analytical reference products,
to help ensure successful analyses. Comprehensive list-
ings of quality chromatographic columns, analytical
reference materials, and sample preparation products
for latest state methods are featured in an expanding
group of Restek publications. In these listings, you will
find everything you need to quickly set-up or reorder
consumables for UST methods.

Request comprehensive product listings
for latest state UST methods
Reference Standards

Pattern Recognition Standards
GRO – gasoline composites, including
composite weathered gasoline standards
DRO - including a composite arctic range
diesel standard
RRO - motor oil composites, including
composite used motor oil
Weathered fuels and oils
Mineral oils
Military fuels

State-specific UST calibration formulations
Retention time marker standards
Internal standards
Surrogate standards
Reference materials conveniently organized by
method number
Custom mixtures available - ask us for a quote

For copies of these publications, fill out the reply
card at the center of this Advantage. Select from
these current UST publications: AK - CA - FL - IA -
MA - TX - WI - Northwest (WA / OR) or USEPA

For custom mixes, use the quote form in our
general catalog, or on our web site
(www.restekcorp.com), or fax 814-355-2895.

Remember: we will be happy to provide a
quote on any custom reference mixture,
column, or other consumable you need!
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Improved Resolution of Dioxins
and Furans by GC-High-

Resolution Mass Spectrometry,
Using an Rtx®-Dioxin Capillary Column

By Frank L. Dorman, Ph.D., Director of Technical Development

✔ Improved separation of dioxin and furan congeners, compared to 5% diphenyl columns.
✔ Greater thermal stability than 5% diphenyl columns or high-cyano confirmation columns.
✔ May eliminate confirmation analysis.

Figure 1 — Chlorine substitution in the basic
dioxin structure creates 136 congeners.

Temperature program:
Time Rate Temp.
(min.) (ºC/min.) (ºC)
0 52 200
10.2 2.9 235
10 6.9 300
24

Injector temp.: 270ºC
Flow: 1.2mL/min. (constant pressure)

Gas chromatographic analysis coupled to high-reso-
lution mass spectrometry is a common method of
evaluating environmental samples for dioxins and
furans. Dioxins and furans are monitored due to the
toxicity of congeners that have chlorine substitution
at positions 2, 3, 7, and/or 8 (Figure 1). In the US,
the most common analysis methods for these com-
pounds are USEPA methods 1613 and 8290, but the
analysis is performed similarly in many countries.
The overall goal of the analysis is to accurately quan-
tify the 17 toxic dioxin and furan congeners by sepa-
rating them from 119 other congeners.

In order to achieve the desired separation, most
methods describe an initial analysis on a 5%
diphenyl/95% dimethyl polysiloxane stationary
phase. If 2-, 3-, 7-, and/or 8-substituted congeners
are detected in this analysis, most methods require a
confirmatory analysis on a stationary phase that sep-
arates these congeners from the less toxic con-
geners. While no single column has been universally
agreed upon as the best confirmation column, most
analysts use a high-cyano stationary phase. While
these columns offer better separation of the 2-, 3-,
7-, 8-substituted congeners, analysts using any of
them must contend with poor thermal stability (max-
imum operating temperatures of approximately
250ºC) and poor column lifetimes, compared to 5%
diphenyl-type columns used for the primary analysis.
The difficulty with using the results from 5%
diphenyl columns is that there are several known
coelutions of environmentally-occurring 2-, 3-, 7-, 8-
substituted congeners with less toxic congeners. This
leads to falsely high values for the toxic congeners
on the 5% diphenyl column, and to unnecessary
confirmatory analysis.

An ideal stationary phase for this application would
combine excellent separation, high thermal stability
and, thereby, long column lifetime. With these goals
in mind, Restek has developed the Rtx®-Dioxin col-
umn. The new, proprietary stationary phase, specifi-
cally developed for dioxins/furans analysis, is stable
to temperatures above 425ºC. When coated onto
high-temperature fused silica tubing, the thermal
limit of the column is a function of the polyimide
outer coating: 380ºC. Not only is this is a major
improvement over the thermal stability of high-cyano
phases, it is an improvement over the capabilities of
5% diphenyl phases as well.

An Rtx®-Dioxin column better separates the dioxin
and furan congeners, compared to 5% diphenyl
columns. Most analysts experienced with dioxin and
furan separations are familiar with the 4-peak tetra-
chlorodibenzodioxin mass pattern from a 5%
diphenyl column, as shown in Figure 2A. An Rtx®-
Dioxin column separates all five components in the
resolution check mixture for this mass window—a
significant improvement (Figure 2B). Note that
1,2,3,7- TCDD and 1,2,3,8-TCDD are tentatively
identified; reference materials for individual con-
geners are not available.

Because few of the individual dioxin and furan con-
geners are available as reference materials, analysis
of fly ash extracts is the accepted test of whether a
column resolves the toxic congeners from the non-
toxic congeners. In analyses of three fly ash extracts
used in a recent international round-robin study,
data from an Rtx®-Dioxin column agreed to within
±10% of the “true” values for all 2-, 3-, 7-, 8-substi-
tuted congeners, except for one penta- and one
hexa-furan. This also is a significant improvement
over 5% diphenyl column performance for the pri-
mary analysis. Table 1 (page 7) summarizes data for
2,3,7,8-tetrachlorodibenzofuran from an Rtx®-
Dioxin column, a 5% diphenyl column, and a high-
cyano column, compared to median and mean from
an international round-robin study. Excellent agree-
ment between the median and the mean, and
between the Rtx®-Dioxin column and the study data,
gives confidence in the proximity to the “true” value.
Further work toward optimizing flow and oven tem-
perature is in progress, to determine if the Rtx®-
Dioxin column could eliminate the need for high-
cyano phases for confirmation.

In summary, the new Rtx®-Dioxin column is a signif-
icant improvement over 5% diphenyl columns com-
monly used in the primary analysis for dioxins and

Figure 2 — Rtx®-Dioxin column separates all five components in the resolution check mixture.

Chromatography courtesy of Karen MacPherson and Eric Reiner, Ontario Ministry of the Environment, Etobicoke, ON, Canada.

Conditions
Instrument: Micromass Altima high resolution GC/MS
Column: Rtx®-Dioxin, 40m, 0.18mm ID, 0.10µm (cat.# 10756)
Initial temp.: 130ºC
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General structure for dioxin congeners

3Å by 8Å molecule fits PAH receptors,
makes 2,3,7,8-tetrachlorodibenzodioxin

especially toxic

Continued on page 7
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Restek Corporation has formed an alliance with
some of the premiere independent instrument serv-
ice providers in the United States, with a goal of
bringing you the finest chromatography operating
supplies, equipment service, and applications sup-
port available.

We are pleased to introduce a new program that
pays you for using Restek products, by reducing
your costs for quality instrument service: STAR
Service Rewards. Similar to our popular Restek
Wizard Dollar program, STAR Service Rewards pays
you one STAR Point for every $50 of Restek prod-
ucts you purchase. Redeem STAR Points with partic-
ipating STAR member service providers for selected
service, equipment, and training products. You get
the finest chromatography operating supplies from
Restek and high quality instrument service from
your preferred service provider. STAR Service
Rewards is one more example of why Restek is the
company chromatographers trust for complete
chromatography support.

STAR Service Rewards Program

SERVICEREWARDS

STAR, the Service and Technology Alliance by
Restek, is an affiliation of independent instrument
service providers, original equipment manufactur-
ers, and instrument remanufacturers, working with
Restek to provide chromatographers with the most
complete level of support available in the industry.

For more information about the STAR Service
Rewards Program, to view the list of member service
providers, or to register your lab;

• Call Restek Customer Service at
800-356-1688 ext.3, or

• Go to the Restek web site—
http://www.restekcorp.com/star

SERVICEREWARDS

ONEPOINT1
ONE

1
ONE
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furans. The column also shows potential as a
replacement for high-cyano confirmation phases
with poor thermal stability and short lifetimes. We
continue to work to optimize a temperature pro-
gram that resolves all of the toxic congeners, with a
goal of eliminating the need for confirmation.

If you are involved in the analysis of dioxins and
furans, and would like additional information about
Rtx®-Dioxin columns, please contact Frank Dorman
at 1-800-356-1688, ext. 2186, or by e-mail at
frank@restekcorp.com

Acknowledgements
Chromatography courtesy of Karen MacPherson and Eric Reiner,
Ontario Ministry of the Environment, Etobicoke, ON, Canada.
Reference materials courtesy of Brock Chittam, Wellington
Laboratories, Guelph, ON, Canada.

Ordering Information | Rtx®-Dioxin Columns
ID df (µm) temp. limits 40-Meter 60-Meter

0.18mm 0.10 -60°C to 380°C 10756 —
0.25mm 0.15 -60°C to 380°C — 10755

Table 1 — Excellent agreement between Rtx®-Dioxin column and round-robin study data.

Column / 2,3,7,8-tetrachlorodibenzofuran (pg/g)
Sample DB-5* DB-225** Rtx®-Dioxin Median*** Mean***
Fly Ash A 250 21 30 28 32
Fly Ash B 2100 300 378 390 390
Fly Ash C 170 19 28 27 32
*5% diphenyl column.
**high-cyano column.
***n > 110 laboratories.

Mass Spectrometry Basics
C. G. Herbert and R. A. W. Johnstone
CRC Press, 2002, 496 pp.
ISBN 0-8493-1354-6
cat.# 21461

Liquid Chromatography-Mass Spectrometry: An Introduction
B. Ardrey
John Wiley, 2003, 296 pp.
ISBN 0-471-49799-1
cat.# 21462

DNA Chromatography
D. T. Gjerde, C. P. Hanna and D. Hornby
Wiley-VCH, 2002, 244 pp.
ISBN 3-527-30244-1
cat.# 21463

Chromatography and Separation Science
S. Ahuja
Academic Press, 2002, 250 pp.
ISBN 0-12-044981-1
cat.# 21464

Flavor, Fragrance, and Odor Analysis
R. Marsili
Marcel Dekker, 2001, 440 pp.
ISBN 0-8247-0627-7
cat.# 21465

Solid Phase Microextraction. A Practical Guide
S. A. Scheppers Wercinski
Marcel Dekker, 1999, 264 pp.
ISBN 0-8247-7058-7
cat.# 21466

Advances in Chromatography, Volume 42
P. R. Brown and E. Grushka
Marcel Dekker, 2003, 448 pp.
ISBN 0-8247-0950-0
cat.# 21467

New Books Available from Restek

Di
ox

in
20

03Dioxin 2003
The annual meeting of world experts on these

important and controversial materials, the 23rd
International Symposium on Halogenated Organic
Pollutants and Persistent Organic Pollutants, will be
held at the Westin Copley Place Hotel, Boston, MA,
August 24-29, 2003.

Specialists in dioxin research will make more than
500 presentations and discuss current knowledge.
"Hot topics" sessions will focus on endocrine dis-
rupters, Arctic POPs, neurotoxicity, ultimate trace
method, and more.

For details, visit www.dioxin2003.org or contact
Laura Biringer, 617-262-3424 / Lbiringer@mpwi.org 

Dioxins and Furans by GC-High Resolution MS... Continued from page 6
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Analysis time for many HPLC separations can be
drastically reduced by using fast LC. In the example
separations we show here, analysis times of 20 to 40
minutes by conventional HPLC are reduced by 60 to
75%. Further, because columns employed in fast LC
analyses typically are less than 100mm long, analytes
spend less time in the column. Consequently, these
dramatically reduced analysis times are accompa-
nied by improved sensitivity, due to reduced band
spreading.

Fast LC analyses can be performed using either car-
tridge-style fast LC columns or short, conventional
design HPLC columns, typically containing 3µm sili-
ca-based packings. In addition to the performance
improvements attributable to short columns and
small packing particles, gains also can be realized by
using optimized, highly selective stationary phases.
Selective phases improve separation among sample
components with minimal changes in mobile phase
strength. Analysts who reduce mobile phase strength

By Vernon Bartlett, Innovations Team Manager, Terrence S. Reid, HPLC Applications Chemist, and
Rebecca Wittrig, Ph.D., Senior Innovations Chemist

Faster Separations and
Greater Sensitivity

Using Restek HPLC Columns
and Fast LC Cartridge Columns

✔ Save time—significant increases in sample throughput; fast re-equilibration in gradient analyses.
✔ Save money—reduced solvent consumption reduces purchase and disposal costs.
✔ Good screening technique for unknown analytes.
✔ Excellent for LC/MS applications.

Figure 2 — Separate carbamates and
re-equilibrate in 13 minutes, using a
short Ultra Carbamate column.

in attempts to improve selectivity and/or retention
often find k' is increased drastically, and analysis
time is unacceptably prolonged.

There are several precautions to observe before
using fast LC columns and methods. Critical separa-
tions are more sensitive to system volume; evaluate
tubing lengths and system component specifications
with a goal of minimizing internal volume. Also,
highly selective stationary phases can be required for
difficult separations (e.g., structural isomers)—we
recommend discussing your intended application
with our Technical Service group before ordering
columns and attempting a new analysis. Finally, fast
LC is not recommended for normal phase separa-
tions, nor for ion-pairing separations when gradients
are required.

Fast LC Separation of Digitalis Derivatives
Figure 1 shows an analysis of Digitalis extracts and
derivatives on an experimental 30mm x 4.0mm Ultra
Alkaloids Fast LC cartridge column, using a simple
water:acetonitrile mobile phase gradient. The analy-
sis is completed in 3 minutes, with excellent separa-
tion of the sample components. This is dramatically
reduced analysis time, relative to the cumbersome
analysis on a 30cm C18 column. The fast LC
approach, using this specialized stationary phase, can
be applied to purification and analysis of digoxin-
labeled materials in investigations of biological activi-
ty, and is perfect for high-speed cleaning validations.

Fast LC Separation of Carbamates
Figures 2 and 3 (page 9) illustrate fast LC analyses
of carbamate pesticides by HPLC/UV and LC/MS,
respectively. Total time for the HPLC/UV analysis is
approximately 13 minutes; the LC/MS analysis is
slightly longer, but is less than 20 minutes. Table I
(page 9) summarizes conditions for the LC/MS
analysis. Including re-equilibration time, the conven-
tional analysis on a 250mm x 4.6mm column takes
40 minutes. Designed especially for carbamates
analyses, Ultra Carbamate columns are available in
several dimensions in addition to the 50mm x
4.6mm and 100mm x 4.6mm columns used here.

Fast LC Analyses of Vanillin and Vanilla Extract
Figure 4 (page 9) shows fast LC analyses of
vanillin/ethyl vanillin and vanilla bean extract on a
50mm x 4.0mm Pinnacle™ DB C18 column.
Excellent separations are achieved in less than 5
minutes. Conventional analyses on 150mm x 4.6mm
C8 columns take 25 minutes overall with a mobile
phase gradient, or more than 40 minutes with an
isocratic mobile phase.

In Summary
In diverse applications, fast LC separations enhance
laboratory throughput, reduce solvent waste, and
improve method sensitivity. In some cases, mobile
phase requirements can be simplified, from gradient
elution to isocratic elution, when an optimized sta-
tionary phase is used, dramatically reducing analysis
time.

Column: Ultra Carbamate
Catalog #: 9177355
Dimensions:  50 x 4.6mm
Particle size: 3µm
Pore size: 100Å
Conditions:
Mobile Phase: A: 90:10 water:methanol

B: 90:10 methanol:acetonitrile
Time (min): %B

0 10
10 90

Flow: 1.5mL/min
Temp.: 27°C  
Det.: UV @ 220nm

LC_0225

Figure 1 — Digitalis derivatives separated
in 3 minutes on a fast LC cartridge.

LC_0250

Peak List: Conc. Ret. Time (min.)
1. digoxigenin 100µg/mL 0.40
2. gitoxigenin 100µg/mL 0.80
3. digoxin 100µg/mL 1.10
4. gitoxin ~10µg/mL 2.20
5. digitoxin 100µg/mL 2.60

Sample:
Inj.: 10µL
Sample Diluent: water:acetonitrile (80:20 v/v)

Column: Ultra Alkaloids Fast LC Cartridge
Catalog #: custom column
Dimensions: 30 x 4.0mm
Particle Size: 3µm
Pore Size: 100Å
Conditions:
Mobile Phase: A: water

B: acetonitrile
Time
(min.) %B
0.0 20
1.5 20
1.51 35
3.0 35
3.1 20

Flow: 2.0mL/min
Temp.: 27°C 
Det.: UV @  230nm

Peak List:
1. aldicarb sulfone
2. aldicarb sulfoxide
3. oxamyl
4. methomyl
5. 3-hydroxycarbofuran
6. aldicarb
7. propoxur
8. carbofuran
9. carbaryl

10. methiocarb
11. 4-bromo-3,5-dimethylcarbamate

Sample:
Inj.: 5µL
Conc.: 50µg/mL
Solvent: methanol

Restek standards:  
cat.# 32274 and 32273 mixed 50:50



With these precautions observed, fast LC can be an
excellent time- and money-saving tool for many ana-
lysts and many applications. If you would like to dis-
cuss whether this approach is suitable for your
application, please contact our Technical Service
Group; they are ready to help you.
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Peak List: Ret. Time (min.)
1. vanillin 2.00
1. vanillin 2.00
2. ethyl vanillin 4.20

Column: PinnacleTM DB C18
Catalog #: 9414555
Dimensions: 50 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Conditions:
Mobile Phase: A: 0.2% v/v conc. phosphoric 

acid in water
B: methanol
Isocratic: 80%A: 20%B

Flow: 2mL/min
Temp.: 27°C
Det.: UV @  254nm

LC_0252

Sample:
Inj.: 5µL
Conc.: unknown
Sample Diluent: 20% v/v 

commercial 
extract in 
water

Figure 4 — Fast, highly selective analysis of vanillin/ethyl vanillin
and vanilla bean extract on a PinnacleTM DB C18 column.

Sample:
Inj.: 5µL
Conc.: 200µg/mL each component
Sample Diluent: 4% v/v ethanol in water

LC_0251

Figure 3 — LC/MS analysis of carbamates in less than 20 minutes,
using an Ultra Carbamate column.

Column: Ultra Carbamate
Catalog #: 9177315
Dimensions: 100 x 4.6mm
Particle Size: 3µm
Pore Size: 100Å
Inj.: 10µL
Sample: 531.1 Carbamate Pesticide Calibration

Mix (cat.# 32273)
Conc.: 100µg/mL each
Solvent: methanol
Mobile Phase: A: 90:10 water:methanol + 10mM

ammonium formate
B: 10:90 acetonitrile:methanol + 10mM
ammonium formate

Gradient: 90:10 A:B to 10:90 A:B
from 0-15 min.

Flow: 1mL/min. (0.75mL/min. to
UV, 0.25mL/min. to MS)

Temp.: ambient

MS Conditions:
Det.: Micromass ZMD
Mode: ESI+
Capillary V: 3.50
Extractor: 4.0
Ion Energy: 0.4
Multiplier: 650
Source Temp.: 100ºC
Desolv. Temp.: 250ºC
Gas Flow: 490 L/hr.

Compound Ion Cone V
1. aldicarb sulfone 223.3 25V
2. aldicarb sulfoxide 207.3 18V
3. oxamyl 237.2* 10V
4. methomyl 163.2 15V
5. 3-hydroxycarbofuran 238.3 15V
6. aldicarb 191.2 8V
7. propoxur 210.2 18V
8. carbofuran 222.3 22V
9. carbaryl 202.2 18V
10. methiocarb 226.3 19V

*Ammonium adduct; others [M+H]+ ions.

Table 1 — Chromatographic conditions
for LC/MS analysis of carbamates.

Four Fast LC Cartridges (Ultra C18, Ultra Aqueous C18, Ultra Cyano, Ultra PFP), Fast LC Cartridge Holder.
Fast LC Development Kits

Description qty. cat.#
Fast LC Development Kit—30 x 2.1mm kit 25296
Fast LC Development Kit—30 x 4.0mm kit 25297

3µm Fast LC Cartridges
Description Length 2.1mm ID 4.0mm ID
Ultra C18 Fast LC Cartridge 30mm 91743320 91743340
Ultra Aqueous C18 Fast LC Cartridge 30mm 91783320 91783340
Ultra Cyano Fast LC Cartridge 30mm 91063320 91063340
Ultra PFP Fast LC Cartridge 30mm 91763320 91763340

Fast LC Cartridge Holder
Description qty. cat.#
Fast LC Cartridge Holder ea. 25298

Request our 2003 HPLC minicatalog
Lit. Cat.# 59241A

Conditions listed in Table I

Additional HPLC Columns
Description Dimensions cat.#
Ultra Carbamate, 3µm 50mm x 4.6mm ID 9177355
Ultra Carbamate, 3µm 100mm x 4.6mm ID 9177315
Pinnacle™ DB C18, 5µm 50mm x 4.6mm ID 9414555
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New Reference Materials

✔ High concentration mix.
✔ Includes all US EPA Method 8270 organophosphorus pesticide (OPP) target compounds.
✔ Enhanced stability—prepared in methanol-free methylene chloride.

By Katia May, Ph.D., R&D Chemist

This new mix complements our 8270 MegaMix™ (cat.#31686), Appendix IX Mix #1 (cat.#31625), and
Appendix IX Mix #2 (cat.#31806), which do not include OPPs.

dimethoate
disulfoton
ethyl parathion

famphur
methyl parathion
phorate

sulfotepp
O,O,O-triethylphosphorothioate
zinophos (thionazine)

Organophosphorous Pesticide Mix, 8270/Appendix IX

2,000µg/mL in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
32419 32419-510 —

w/data pack
32419-500 32419-520 32519

Carbon Number Distribution Marker Standard
For Texas Method 1005 Rev. 03 and Method 1006

✔ Includes the minimum required aliphatic markers defining the
carbon ranges of interest.

✔ Completes set of reference materials for TNRCC methods 1005 and 1006.*

Organophosphorus Pesticides Mix

TNRCC Method 1006 is used for determining the total petroleum hydrocarbon (TPH) mass within boiling point
ranges of aliphatic fractions (C6-C35).

European Pharmacopoeia/ICH Class 1 Mix
✔ Concentrations revised to the latest standards for EP Class 1 residual solvents.
✔ Dimethylsulfoxide:water solvent for better dispersion during preparation.

European Pharmacopoeia (EP) monographs now have legal status in 26 member countries. International
Conference on Harmonization (ICH) guidelines for residual solvents are an international standard and have
been adopted by the United States Pharmacopoeia. The revised concentrations for the components in European
Pharmacopoeia/ICH Class 1 Mix meet the latest EP standards. We also offer EP/ICH Class 2 mixes of solvents
that pose lesser health hazard (cat.#36229, cat.#36230, cat.#36231). Stabilwax® (cat.#10640) and Rtx®-1301
(G43) (cat.#16085) capillary columns are ideal for analyses of residual solvents.

benzene 2µg/mL
carbon tetrachloride 4
1,2-dichloroethane 5

1,1-dichloroethylene 8µg/mL
1,1,1-trichloroethane 10

European Pharmacopoeia/ICH Class 1 Mix (revised)

In dimethylsulfoxide:water (90:10), 1mL/ampul

Each 5-pk. 10-pk.
36261 36261-510 —

w/data pack
36261-500 36261-520 36361

n-hexane (C6)
n-heptane (C7)
n-octane (C8)

n-decane (C10)
n-dodecane (C12)
n-hexadecane (C16)

n-heneicosane (C21)
n-octacosane (C28)
n-pentatriacontane (C35)

TNRCC 1006 Retention Time Marker Mix

200µg/mL in pentane, 1mL/ampul

Each 5-pk. 10-pk.
32814 32814-510 —

w/data pack
32814-500 32814-520 32914

Capillary
GC Columns:

Volatiles

Rtx®-5Sil MS cat.# 12723
30m, 0.25mm ID, 0.25µm

Rtx®-5MS cat.# 12623
30m, 0.25mm ID, 0.25µm

Rtx®-5 cat.# 10223
30m, 0.25mm ID, 0.25µm

Rtx®-VMS cat.# 19916
60m, 0.25mm ID, 1.4µm

Rtx®-624 cat.# 10969
60m, 0.25mm ID, 1.40µm

Organophosphorus
Pesticides
Rtx®-OPPesticides cat.# 11239
30m, 0.32mm ID, 0.50µm

Rtx®-OPPesticides2 cat.# 11241
30m, 0.32mm ID, 0.32µm

Rtx®-CLPesticides cat.# 11139
30m, 0.32mm ID, 0.50µm

TNRCC 1005 / 1006
Rtx®-5 cat.# 10223
30m, 0.25mm ID, 0.25µm
Rtx®-5 cat.# 10238
30m, 0.25mm ID, 0.50µm
Rtx®-5 cat.# 10253
30m, 0.25mm ID, 1.00µm

Residual Solvents
Rtx®-1301 (G43) cat.# 16085
30m, 0.53mm ID, 3.00µm
Stabilwax® cat.# 10640
30m, 0.53mm ID, 0.50µm

Semivolatiles

* Additional Restek materials for TNRCC
methods 1005 and 1006 include:
TPH Locator Mix (cat.#31482),
TX TPH Calibration Mix (cat.#31483),
TX TPH Matrix Spike Mix (cat.#31484),
Alternate Boiling Point/Carbon Number
Distribution Marker Stock Standard (cat.#31639).

For many more column choices, see our
2003 chromatography products catalog.

If you don’t have a copy, just ask!



required limits. The 90% purge & trap methanol and
10% water solvent system we use with this mix pro-
tects the keto group in 2-butanone and prevents
acetal formation (e.g., in methanol). We include
methyl tert-butyl ether in the new mix because of its
wide use as a gasoline additive.

New Skinner List - SV MegaMixTM reference mix com-
bines the semivolatiles and acid extractables, to
greatly shorten preparation time. Because 3-
methylphenol and 4-methylphenol coelute, each is
included at half the concentration of the other com-
pounds; users of the mix can calibrate at lower lev-
els in order to quantify these compounds at the
required limits. The only compound of potential
interest excluded from the new mix is benzenethiol
(part of the 1985 Skinner List, but an optional con-
stituent in the 1997 revision), because it is unstable
and rapidly degrades in methylene chloride. All other
compounds, regular and optional, are included.

• 11 • www.restekcorp.com

2003 Volume 2

800-356-1688

By Ken Herwehe, Analytical Reference Materials Product Marketing Manager

Save Preparation and Calibration
Time in Skinner List Analyses

With New Restek Reference Mixes
✔ Eliminate preparation time:

- All target volatiles in one mix.
- All target semivolatiles in one mix.

✔ Fast, convenient, single calibrations:
- m- and p-xylene at one-half concentration of other volatiles.
- 3- and 4-methylphenol at one-half concentration of other semivolatiles.

✔ Volatiles mix includes methyl tert-butyl ether (MTBE).
✔ Semivolatiles mix includes optional low concentration polynuclear aromatic 

hydrocarbons and optional semivolatile organics (indene, dibenzo(a,h)acridine, 
1-methylnaphthalene).

In our continual effort to help chromatographers
simplify their analyses, we have introduced two new
reference mixes for analyses of Skinner List* volatile
and semivolatile organic compounds in petroleum
refinery waste.

Skinner List - SV MegaMix™

(33 components, peak list in Figure 1.)
2,000µg/mL each in methylene chloride (3&4 methyl
phenol at 1,000µg/mL each), 1mL/ampul

**Benzenethiol, excluded from the mix for stability and an optional compound on the current list, is available by
custom order.

Skinner List - Volatiles
(19 components, peak list in Figure 2.)**

2,000µg/mL each in methanol:water (90:10) (m&p
xylene at 1,000µg/mL each), 1mL/ampul

Each 5-pk. 10-pk.
30491 30491-510 —

w/data pack
30491-500 30491-520 30591

Because m-xylene and p-xylene coelute, we include
each of these isomers at half the concentration of the
other compounds in our Skinner List - Volatiles mix.
By using this mix, analysts will not have to run an
extra calibration to quantify m- and p-xylene at

Detailed information about Skinner List
compounds is available from the US EPA.
Follow the link:
http://www.epa.gov/req5rcra/r5skin.pdf 

By Ken Herwehe, Analytical Reference Materials Product Marketing Manager

Each 5-pk. 10-pk.
31690 31690-510 —

w/data pack
31690-500 31690-520 31790

Figure 1 — Calibrate for all Skinner List semivolatiles, including methylphenol isomers,
using one Restek reference mix.

Figure 2 — Calibrate for xylene isomers
with other Skinner List volatiles, using
Restek reference mix.

*1997 Region 5 Skinner List.

Rtx®- 502.2, 105m, 0.32 ID, 0.18µm (cat.# 10921)
Sample: Skinner List - Volatiles (cat.# 30491) 

2000µg/mL each component,
m- & p-xylene at 1000µg/mL

Inj.: 1.0µL split (split ratio 1:20), 4mm split
inlet liner with wool (cat.#20782)

Inj. temp.: 200°C
Carrier gas:  helium, constant pressure
Column flow: 2.2mL/min.
Oven temp.: 40°C (hold 6 min.) to 240°C @  6°C/min.

(hold 5 min.)
Det.: MSD
Transfer line temp.: 250°C
Scan range: 35–425 amu
Ionization: EI
Mode: TIC

GC_ST00677

1. carbon disulfide
2. methyl tert-butyl ether
3. 1,1-dichloroethane
4. 2-butanone
5. chloroform
6. 1,1,1-trichloroethane
7. 1,2-dichloroethane
8. benzene
9. trichloroethylene

10. 1,4-dioxane
11. toluene
12. tetrachloroethylene
13. 1,2-dibromoethane
14. chlorobenzene
15. ethylbenzene
16. m-xylene
17. p-xylene
18. o-xylene
19. styrene

GC_EV00684

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: Skinner SV MegaMix™ 2,000µg/mL in methylene chloride (cat.# 31690) = MegaMixTM component (•)

B/N Surrogate Mix 1,000µg/mL in methylene chloride (cat.# 31024)
Acid Surrogate Mix 2,000µg/mL in methylene chloride (cat.# 31025)
SV Internal Standard Mix 2,000µg/mL in methylene chloride (cat.# 31206)

Inj.: 1.0µL splitless (hold 0.4 min.), Drilled Uniliner® w/ hole at bottom (cat.# 20756)
Inj. temp.: 275°C
Carrier gas:  helium, constant flow  
Flow rate: 1mL/min. 
Oven temp.: 35°C (hold 1 min.) to 260°C @   20°C/min. to 300°C @   6°C/min. (hold 1 min.)
Det: MS
Transfer line temp.: 280°C
Scan range: 35-550amu
Ionization: EI
Mode: scan

1. pyridine•
2. 2-fluorophenol
3. phenol-d6 (SS)
4. phenol•
5. 1,3-dichlorobenzene•
6. 1,4-dichlorobenzene-d4 (IS)
7. 1,4-dichlorobenzene•
8. 1,2-dichlorobenzene•
9. 2-methylphenol•

10. indene•
11. 4-methylphenol•
12. 3-methylphenol•
13. nitrobenzene-d5 (SS)
14. 2,4-dimethylphenol•
15. naphthalene-d8 (IS)
16. naphthalene•
17. quinoline•
18. 1-methylnaphthalene•
19. 2-fluorobiphenyl (SS)

20. dimethylphthalate•
21. acenaphthene-d10 (IS)
22. acenaphthene•
23. 2,4-dinitrophenol•
24. 4-nitrophenol•
25. diethyl phthalate•
26. fluorene•
27. 2,4,6-tribromophenol (SS)

28. phenanthrene-d10 (IS)
29. phenanthrene•
30. anthracene•
31. di-n-butylphthalate•
32. fluoranthene•
33. pyrene•

34. p-terphenyl-d14 (SS)
35. benz(a)anthracene•
36. chrysene-d12 (IS)
37. chrysene•
38. bis(2-ethylhexyl)phthalate•
39. benzo(b)fluoranthene•
40. benzo(k)fluoranthene•
41. benzo(a)pyrene•
42. perylene-d12 (IS)
43. dibenz(a,h)acridine•
44. indeno(1,2,3-cd)pyrene•
45. dibenz(a,h)anthracene•
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By Gary Stidsen, Innovations Team Manager

Minimize Adsorption of Active
Analytes, Using a Drilled
Uniliner® GC Inlet Liner

Now in Two Configurations, to Match
Chromatographic Conditions

✔ Eliminate injector active sites and dead volume—
minimize adsorption and discrimination.

✔ Use one configuration if analytes elute near the solvent peak.
✔ Use alternate configuration if analytes elute later than the solvent.

In sample injections into a hot splitless injection
port liner, a typical 1µL sample expands to a volume
of hundreds of microliters.1 The sample solvent
vapor, and the analytes, fill the entire injector sys-
tem. Analyte molecules come in contact with hot,
active surfaces outside the injection port liner, and
occupy the dead volume at the bottom of the injec-
tion port, below the inlet end of the column (Figure
1). In splitless injection mode, there is very little
carrier gas flow in this area to carry the analytes
back up to the column inlet. This situation is most
noticeable with active compounds that degrade
when they come in contact with active surfaces;
recoveries can be significantly reduced. In addition,
late-eluting compounds that do not readily vaporize
are affected by injection port discrimination.

The innovative geometry of a Drilled Uniliner® inlet
liner minimizes active sites in the sample pathway,
and reduces injection port discrimination. The ana-
lytical column connects to the bottom of a Drilled
Uniliner® inlet liner via a Press-Tight® seal (Figure
1), eliminating sample contact with any part of the
injector below the column inlet. Recoveries of active
analytes are significantly improved.2 A hole in the
side of the liner allows the injector to be operated in
traditional split/splitless mode.

We now offer Drilled Uniliner® inlet liners in two
configurations (Figure 2). The liner to use depends
on the analysis, and how closely the early-eluting
compounds elute to the solvent peak.

Analytes
contact hot
surface and
dead volume
at base of
splitless
liner

Figure 1 — Inlet liner geometry affects
analyte recovery.

Drilled
Uniliner®

inlet liner
efficiently
conveys
sample onto
column

Rtx®- 5Sil MS 30m, 0.25 ID, 0.25µm (cat.# 12723)
Sample: methylene chloride, PR grade
Inj.: 0.5µL, splitless (hold 2.5 min.)

4mm single gooseneck inlet liner
(cat.# 20799)
4mm Drilled Uniliner® inlet liner
(cat.# 21055)
4mm Drilled Uniliner® inlet liner
(cat.# 20756)

Inj. temp.: 260°C
Carrier gas: helium, constant pressure
Linear velocity: 17cm/sec. @ 50°C
Oven temp.: 50°C, isothermal 
Det.: FID @ 330°C

Figure 3 — Solvent peak profiles
from Drilled Uniliner® inlet liners and a
splitless liner.

GC_EV00680

3a) 4mm single gooseneck splitless liner

Use hole near top configuration if analytes elute later than
the solvent peak, or when the sample solvent is water

Figure 2 — Drilled Uniliner® inlet liners
are available in two configurations. The hole
allows the injector to be operated in
split/splitless mode.

Use hole near bottom configuration if analytes elute near
the solvent peak

In flash on-column injection all of the solvent is
transferred from the injector to the column, produc-
ing a substantial solvent peak tail. Splitless injection
eliminates the solvent tail, because the injector goes
into the split mode after the compounds of interest
are transferred to the column, and all solvent
remaining in the injection port is flushed out
through the purge vent. The solvent peak ends
abruptly, as shown in Figure 3a. Elimination of the
solvent peak tail is an advantage to using the splitless
injection technique when analyzing compounds that
elute close to the solvent.

A Drilled Uniliner® inlet liner produces a distinctly
different solvent peak shape than the single goose-
neck splitless liner, as shown in Figure 3b and
Figure 3c. The most noticeable difference is the
peak width; the peak is considerably narrower than
the peak from the single gooseneck liner. The posi-
tion of the hole in the Drilled Uniliner® also affects
solvent peak shape. A Drilled Uniliner® with the hole
near the bottom produces a sharply ending solvent
peak, similar to that from a single gooseneck liner
(Figure 3b). This liner is a direct replacement for a
splitless liner, and should be used when analytes
elute closely behind the solvent.

No solvent peak tail

3b) 4mm Drilled Uniliner® liner,
hole near bottom

No solvent peak tail,
equivalent to single
gooseneck liner

3c) 4mm Drilled Uniliner® liner,
hole near top

Solvent peak tail, from
solvent remaining in liner

The position of the hole in a Drilled
Uniliner® inlet liner affects solvent
peak shape.

Continued on page 13
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Hole makes direct injection
possible with EPC-equipped

Agilent 6890 GCs!
deactivated
all liners are

Drilled Uniliner®

Use a Drilled Uniliner® inlet liner with
the hole near the bottom if com-
pounds of interest will be affected by
a tailing solvent peak. Use a Drilled
Uniliner® inlet liner with the hole near
the top when compounds of interest
elute away from the solvent peak,
when sensitivity is critical, or when
the sample solvent is water.

Siltek™ Deactivation—The Next Generation of Surface Passivation
• Maximizes the inertness of the sample pathway.
• Minimizes breakdown.
• Low bleed.
• Thermally stable.
• “Clean and green”—manufactured without the use of harmful organic solvents.

Restek offers the next generation of deactivation. The Siltek™ deactivation process (patent pending) produces a
highly inert glass surface, which features high temperature stability, extreme durability, and low bleed. Try
Siltek™ liners, guard columns, wool, and connectors for better recovery of sample analytes.

For Siltek™ inlet liners, add the corresponding suffix number to the liner catalog number.

Siltek™ with Siltek™ with
qty. Siltek™ Siltek™ wool CarboFrit™

each -214.1 addl. cost -213.1 addl. cost -216.1 addl. cost
5-pk. -214.5 addl. cost -213.5 addl. cost -216.5 addl. cost
25-pk. -214.25 addl. cost -213.25 addl. cost -216.25 addl. cost

Under the same conditions, a Drilled Uniliner®

with the hole near the top produces a solvent
peak with a small tail (Figure 3c). This is
because solvent remaining within the liner,
between the hole and the column entrance, is
not swept out of the injection port when the
injector goes into the split mode. Consequently,
we recommend this liner for analyses in which
the analytes would not be affected by a solvent
tail, such as chlorinated pesticide analysis. A
Drilled Uniliner® with the hole near the top
will provide the best sensitivity, and is recom-
mended when sensitivity is paramount. A
Drilled Uniliner® with the hole near the top
also has exhibited excellent reproducibility for
analysis of glycols in water.

For accurate, reproducible, problem-free
split/splitless injections, we recommend you use
a Drilled Uniliner® inlet liner—and connect it
to a Restek capillary GC column.

References
1. Operating Hints for Using Split/Splitless Injectors

Restek Corporation, Bellefonte, PA, 36pp, 2002.
(Reference free on request: cat.# 59880A)

2. Higher Responses for Chlorinated Pesticides, Using a
Drilled Uniliner® GC Inlet Liner and Rtx®-
CLPesticides Columns Restek Corporation, Bellefonte,
PA, 4pp, 2003.
(Reference free on request: cat.# 59487.)

New / Recent Literature
✔ Analysis of Volatile Organics - technical guide (lit. cat.# 59887A)
✔ Brominated Flame Retardants - applications note (lit. cat.# 59389B)
✔ Environmental Gas Standards - Fast Facts (lit. cat.# 59276A)
✔ EZ No-Vent™ GC/MS Connector - new product flyer (lit. cat.# 59498)
✔ Foods Flavors & Fragrances In-Review - abstracts of Restek publications (lit. cat.# 59489)
✔ High-Resolution Analyses of FAMEs - applications note (lit. cat.# 59584A)
✔ HPLC minicatalog (lit. cat.# 59241A)
✔ Inlet Supplies - a handy guide to septa, liners, etc. (lit. cat.# 59893B)
✔ Pesticides (PCBs) / GC Racer - applications note (lit. cat.# 59457)
✔ Pinnacle™ DB HPLC Columns - new product flyer (lit. cat.# 59499)
✔ Sample Cylinder Technology - product flyer (lit. cat.# 59618A)
✔ STAR Service Rewards - new program: earn credit toward instrument service

(lit. cat.# 59522)
✔ Vu2 Union™ Column Connector - new product flyer (lit. cat.# 59505)

For Agilent 5890 & 6890 GCs
(0.25/0.32/0.53mm ID columns)

ID*/OD &
Length (mm)

Similar to
Agilent

cat.#
ea.

cat.#
5-pk.

Drilled Uniliner® (hole on top)

4.0 ID
6.3 OD x 78.5

G1544-
80730

21054 21055

Siltek™ Drilled Uniliner® (hole on top)

4.0 ID
6.3 OD x 78.5 — 21054-214.1 21055-214.5

Drilled Uniliner® (hole on bottom)

4.0 ID
6.3 OD x 78.5

G1544-
80730

20756 20771

Double Gooseneck Drilled Uniliner® (hole on top)

4.0 ID
6.3 OD x 78.5

G1544-
80700

20508 20509

Double Gooseneck Drilled Uniliner® (hole on bottom)

4.0 ID
6.3 OD x 78.5

G1544-
80700

20954 20989

Siltek™ 1mm Drilled Uniliner® (hole on top)

1.0 ID
6.3 OD x 78.5 — 21390-214.1 21391-214.5

For PerkinElmer GCs 
(0.32/0.53mm ID columns)

ID*/OD &
Length (mm)

Similar to
PE part# ea.

cat.#
5-pk.

Auto SYS Drilled Uniliner® (hole on top)

4.0 ID
6.2 OD x 92.1 — 20819 20822

Drilled Uniliner® Inlet Liners

*Nominal ID at syringe needle expulsion point.
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Analysis of Complex
Semivolatiles Samples

Quantify 126 Semivolatile Compounds,
Using an Rtx®-5Sil MS Capillary GC Column

✔ Full complement of 126 EPA 8270 semivolatile/Appendix IX compounds in 3 mixes
✔ New 8270/Appendix IX Kit includes all 3 mixes
✔ New 32 component Appendix IX Mix

By Gary Stidsen, Innovations Team Manager and Katia May, Ph.D., R&D Chemist

Appendix IX is a list of organic and inorganic
Hazardous Constituents monitored in groundwater
during compliance monitoring and corrective actions
at RCRA-regulated hazardous waste treatment, stor-
age, and disposal facilities. The organics usually are
evaluated by following US EPA Method 8260
(volatiles), Method 8270 (semivolatiles), or Method
8080 (organochlorine pesticides).

Restek chemists determined the most commonly
analyzed Appendix IX compounds, carefully reviewed
the latest version of EPA Method 8270, and designed
a new reference mix of 32 compounds—Appendix
IX Mix #2 —to meet current needs of environmental
laboratories.

We formulated the new mix with the goal of prepar-
ing a product that is stable as well as useful.
Appendix IX constituents include many classes of
chemicals: polynuclear aromatic hydrocarbons
(PAHs), phenols, chlorinated aromatic hydrocar-
bons, aldehydes, anilines, benzidines, insecticides.
Unstable combinations of these compounds will pro-
duce chemical interactions—and flawed calibration
data. Methylene chloride is a common solvent for
semivolatile organics, but some grades of methylene
chloride contain low concentrations of methanol as a
stabilizer. Aldehydes (e.g., benzaldehyde) and chlori-
nated triazines (e.g., atrazine) can react with
methanol; chlorinated triazines also react with water.

Consequently, we use affirmed methanol-free, water-
free methylene chloride in formulating our mixes.
We package the new mix in deactivated amber glass
ampuls, to prevent reactions catalyzed by light.

Appendix IX Mix #2 is a highly useful complement to
our 8270 MegaMix™ (76 compounds, cat.# 31686)

Ordering Information | Rtx®-5Sil MS column
30m, 0.25 mm ID, 0.25µm cat.# 12723

and Appendix IX Mix #1 (18 compounds, cat.#
31625). The 126 semivolatiles in these three mixes
are separated on an Rtx®-5Sil MS column (cat.#
12723) (Figure 1, page 15). Because the PAHs elute
at temperatures over 300ºC, the analysis requires a
column that will not bleed at high temperatures.
Further, an inert column is important for the active
compounds (e.g., pentachlorophenol, dinitrophe-
nols). Rtx®-5Sil MS columns are widely used for ana-
lyzing various classes of semivolatiles, because they
exhibit versatility, inertness, and low bleed at high
temperature. The optimal combination of internal
diameter and film thickness of a 30m, 0.25 mm ID,
0.25µm Rtx®-5Sil MS column make this the best
choice for analyzing complex mixtures of semi-
volatiles. The Rtx®-5Sil MS column, in combination
with our 8270 MegaMix™ mix, Appendix IX Mix #1,
and new Appendix IX Mix #2, and our internal stan-
dards and surrogates for EPA Method 8270 and
Appendix IX, make Restek the only place you need to
look when you want columns and reference materi-
als for semivolatiles analysis.

Appendix IX Mix #2  (32 components)

*Concentration is 500µg/mL.
11,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).
2N-nitrosodiphenylamine (8270-listed analyte) decomposes to
diphenylamine (mix component).

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoroanthene
benzo(ghi)perylene
benzo(k)fluoroanthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenz(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine2

fluorene
fluoroanthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

8270 MegaMix™ (76 components)

1,000µg/mL each (except where noted) in methylene
chloride:benzene (75:25), 1mL/ampul

Each 5-pk. 10-pk.
31686 31686-510 —

w/data pack
31686-500 31686-520 31786

acetophenone
Aramite (2 isomers)
atrazine
benzaldehyde
biphenyl
caprolactam (epsilon)
chlorobenzilate
1-chloronaphthalene
diallate
dibenz(a,h)acridine
2,6-dichlorophenol
7,12-dimethylbenz(a)anthracene
1,4-dioxane
diphenyl ether
ethyl methacrylate
ethyl methanesulfonate

hexachloropropene
isodrin
isosafrole (cis & trans)
kepone
methyl methanesulfonate
3-methylcholanthrene
1,4-naphthoquinone
4-nitroquinoline-N-oxide
pentachlorobenzene
pentachloroethane
pentachloronitrobenzene
phenacetin
pronamide
safrole
1,2,4,5-tetrachlorobenzene
1,3,5-trinitrobenzene

1,000µg/mL each in methylene chloride, 1mL ampul

Each 5-pk. 10-pk.
31806 31806-510 —

w/data pack
31806-500 31806-520 31906

2-acetylaminofluorene
4-aminobiphenyl
p-dimethylaminoazobenzene
3,3'-dimethylbenzidine
α,α,-dimethylphenethylamine (free base)
methapyrilene (free base)
1-naphthylamine
2-naphthylamine
5-nitro-o-toluidine
N-nitrosodibutylamine
N-nitrosodiethylamine
N-nitrosomethylethylamine
N-nitrosomorpholine
N-nitrosopiperidine
N-nitrosopyrrolidine
1,4-phenylenediamine
2-picoline
o-toluidine

Appendix IX Mix #1 (18 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31625 31625-510 —

w/data pack
31625-500 31625-520 31725

31686: 8270 MegaMix™

31030: Benzidine Mix, EPA 605
31625: Appendix IX Mix #1
31806: Appendix IX Mix #2

8270/Appendix IX Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31815 31815-500
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1. 1,4-dioxane
2. pyridine
3. N-nitrosodimethylamine
4. ethyl methacrylate
5. 2-picoline
6. N-nitrosomethylethylamine
7. methyl methanesulfonate
8. 2-fluorophenol (SS)
9. N-nitrosodiethylamine

10. ethyl methanesulfonate
11. benzaldehyde
12. phenol-d6 (SS)
13. phenol
14. aniline
15. pentachloroethane
16. bis(2-chloroethyl)ether
17. 2-chlorophenol
18. 1,3-dichlorobenzene
19. 1,4-dichlorobenzene-d4 (IS)
20. 1,4-dichlorobenzene
21. benzyl alcohol
22. 1,2-dichlorobenzene
23. 2-methylphenol
24. bis(2-chloroisopropyl)ether
25. acetophenone
26. 4-methylphenol/3-methylphenol
27. N-nitroso-di-n-propylamine
28. nitrosopyrrolydine

29. o-toluidine
30. 4-nitrosomorpholine
31. hexachloroethane
32. nitrobenzene-d5 (SS)
33. nitrobenzene
34. N-nitrosopiperidine
35. isophorone
36. 2-nitrophenol
37. 2,4-dimethylphenol
38. bis(2-chloroethoxy)methane
39. 2,4-dichlorophenol
40. 1,2,4-trichlorobenzene
41. α,α-dimethylphenylamine
42. naphthalene-d8 (IS)
43. naphthalene
44. 2,6-dichlorophenol
45. 4-chloroaniline
46. hexachloropropene
47. hexachlorobutadiene
48. N-nitroso-n-butylamine
49. 1,4-phenylenediamine
50. caprolactam
51. 4-chloro-3-methylphenol
52. isosafrole (isomer)
53. 2-methylnaphthalene
54. 1-methylnaphthalene
55. hexachlorocyclopentadiene
56. 1,2,4,5-tetrachlorobenzene

57. isosafrole (isomer)
58. 2,4,6-trichlorophenol
59. 2,4,5-trichlorophenol
60. 2-fluorobiphenyl (SS)
61. safrole
62. biphenyl
63. 2-chloronaphthalene
64. 1-chloronaphthalene
65. diphenyl ether
66. 2-nitroaniline
67. 1,4-naphthoquinone
68. 1,4-dinitrobenzene
69. dimethylphthalate
70. 1,3-dinitrobenzene
71. 2,6-dinitrotoluene
72. acenaphthylene
73. 1,2-dinitrobenzene
74. 3-nitroaniline
75. acenaphthene-d10 (IS)
76. acenaphthene
77. 2,4-dinitrophenol
78. pentachlorobenzene
79. 4-nitrophenol
80. dibenzofuran
81. 2,4-dinitrotoluene
82. 1-naphthalamine
83. 2,3,4,6-tetrachlorophenol
84. 2,3,5,6-tetrachlorophenol

85. 2-naphthylamine
86. diethyl phthalate
87. fluorene
88. 4-chlorophenyl phenyl ether
89. 2-methyl-5-nitroaniline
90. 4-nitroaniline
91. 4,6-dinitro-2-methylphenol
92. diphenylamine
93. azobenzene
94. 2,4,6-tribromophenol (SS)
95. diallate
96. 1,3,5-trinitrobenzene
97. phenacetin
98. 4-bromophenyl phenyl ether
99. hexachlorobenzene

100. atrazine
101. 4-aminobiphenyl
102. pentachlorophenol
103. pentachloronitrobenzene
104. propyzamide
105. phenanthrene-d10 (IS)
106. phenanthrene
107. anthracene
108. carbazole
109. di-n-butylphthalate
110. 4-nitroquinoline-1-oxide
111. methapyriline
112. isodrin

113. fluoranthene
114. pyrene
115. Aramite (isomer)
116. p-terphenyl-d14 (SS)
117. Aramite (isomer)
118. dimethylaminoazobenzene
119. dichlorobenzilate
120. 3,3-dimethylbenzidine
121. butyl benzyl phthalate
122. kepone
123. bis(2-ethylhexyl)adipate
124. 2-acetylaminofluorene
125. benz(a)anthracene
126. chrysene-d12 (IS)
127. chrysene
128. bis(2-ethylhexyl)phthalate
129. di-n-octyl phthalate
130. benzo(b)fluoranthene
131. 7,12-dimethylbenz(a)anthracene
132. benzo(k)fluoranthene
133. benzo(a)pyrene
134. perylene-d12 (IS)
135. 3-methylcholanthrene
136. dibenz(a,j)acridine 
137. indeno(1,2,3-cd)pyrene
138. dibenz(a,h)anthracene
139. benzo(ghi)perylene

GC_EV00682

Rtx®-5Sil MS, 
30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample:
8270 MegaMix™ (cat.# 31686)
Appendix IX Mix #1 (cat.# 31625)
Appendix IX Mix #2 (cat.# 31806)
SV Internal Standard Mix (cat.# 31206)
B/N Surrogate Mix (4/89 SOW) (cat.# 31062)
Acid Surrogate Mix (4/89 SOW) (cat.# 31063)
50ng each analyte on-column

Inj.: 1.0µL splitless, double gooseneck inlet liner (cat.# 20784)
Pressure pulse injection, 30psig (0.5min.)

Inj. temp.: 275°C
Carrier gas:  helium, constant flow
Column flow: 1mL/min.
Oven temp.: 35°C (hold 1 min.) to 360°C @  20°C/min. to 330°C @  6°C/min (hold 1 min.)
Det.: 5973 MS
Transfer line temp.: 280°C
Scan range: 35-550amu
Ionization: EI
Mode: TIC

Figure 1 — Resolve complex mixtures of semivolatiles with an inert, low-bleed column.
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Viton® O-Rings For
Agilent and PE AutoSys
• Fit split (6.3mm OD) or splitless

(6.5mm OD) liners.
• Maximum temperature 350°.

Similar to
Description Agilent part # qty. cat.#
Viton® O-rings for
Agilent and PE 5180-4182 25-pk. 20377

O-Rings for Apex Liners
Description qty. cat.#
Viton® O-rings for APEX liners 25-pk. 22067

Inlet Liner Seals
for TRACE™ 2000 GCs: PTV
Description qty. cat.#
Inlet Liner Seals 2-pk. 21392

Graphite Sealing Ring
and Washer for 8000
and TRACE™ Series
GC Inlet Liners
(Similar to Thermo Finnigan part # 290-03406)

Description qty. cat.#
Graphite Sealing Ring and
Washer ea. 21898
Graphite Sealing Rings and
Washers 2-pk. 21899

Liner Seals for CIS4 and PTV
Description qty. cat.#
Liner Seals for
CIS4 and PTV 5-pk. 22684

Liner Seals
for Varian 1078/1079

Description qty. cat.#
5mm Liner Seals for
Varian 1078/1079 GCs 10-pk. 22683

By Donna Lidgett, GC Accessories Marketing Manager, and Brad Rightnour, Instrument Innovations Manager

Peak Performers

Graphite O-Rings for Varian 1177 and Agilent GCs
• Excellent thermal stability at injection port temperature up to 450°C!

Max. Similar to Restek cat.#
Description temp. Agilent part # 10-pk. 50-pk.
6.35mm ID Graphite O-rings for split liners 450°C 5180-4168 20296 20297
6.5mm ID Graphite O-rings for splitless liners 450°C 5180-4173 20298 20299

Inlet liners for Varian 1177 GCs

all liners are
deactivated

Benefits/
Uses:

ID*/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk.

4mm Split
universal 4.0 ID

6.3 OD x 78.5 39-26119-36 21045 21046

4mm Split w/ FS Wool
universal 4.0 ID

6.3 OD x 78.5 39-26119-37 — 21079

4mm Split Precision™ Liner w/FS Wool

dirty sam-
ples, trace
samples

4.0 ID
6.3 OD x 78.5 — 20759 20762

Laminar Cup Splitter

high MW
compounds

4.0 ID
6.3 OD x 78.5 — 20765 20768

2mm Splitless w/ FS Wool

trace samples
<2µL

2.0 ID
6.5 OD x 78.5 39-26119-38 21045 21077

Gooseneck Splitless (4mm)

trace samples
<2µL

4.0 ID
6.5 OD x 78.5 39-26119-27 21896 21897

Siltek™ Gooseneck Splitless (4mm)

trace samples
<2µL

4.0 ID
6.5 OD x 78.5 — 21896-214.1 21897-214.5

Gooseneck Splitless (4mm) w/ FS Wool

trace samples
<2µL

4.0 ID
6.5 OD x 78.5 39-26119-36 21896-200.1 21897-200.5

Siltek™ Gooseneck Splitless
(4mm) w/ Siltek™ Glass Wool

trace samples
<2µL

4.0 ID
6.5 OD x 78.5 — 21896-213.1 21897-213.5

Double Gooseneck Splitless (4mm)

trace, active
samples

<2µL

4.0 ID
6.5 OD x 78.5 — 21891 21892

Precision™ Inlet Liners for Many GCs
• Wool maximizes vaporization and helps wipe the needle during injection.
• No guessing where the wool should be placed, easy to change.
• Wool stays in position during pressure pulses in the inlet and during injection.
• 100% polymeric deactivation ensures inertness.
• Similar to FocusLiner™ liners.

Benefits/Uses:
ID*/OD &

Length (mm) ea.
cat.#

5-pk. 25-pk.

Agilent 4mm Split Precision™ Liner

dirty samples,
trace samples

4.0 ID
6.3 OD x 78.5

21022 21023 20979

PerkinElmer Auto SYS Split Precision™ Liner

dirty samples,
trace samples

4.0 ID
6.2 OD x 92.1

21026 21027 —

Shimadzu 17A Split Precision™ Liner

dirty samples,
trace samples

3.5 ID
5.0 OD x 95

21020 21021 —

Thermo Finnigan 5mm Split Precision™ Liner

dirty samples,
trace samples

5.0 ID
8.0 OD x 105

21028 21029 —

Varian 1075/1077 Split Precision™ Liner

dirty samples,
active samples

4.0 ID
6.3 OD x 72

21030 21031 —

Varian 1078/1079 Split Precision™ Liner

dirty samples,
trace samples

3.4 ID
5.0 OD x 54

21024 21025 —CO
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Optimizing the Analysis
of Volatile Organic Compounds
Our newly updated technical guide is a concise,
thorough overview to analyzing volatile organics in
environmental samples:

✔ Purge and trap theory - adsorbents and traps -
troubleshooting

✔ GC system configurations for narrow-
bore or wide-bore capillary
columns

✔ Optimizing
detection systems

Many chromatograms
show how changes in
chromatographic param-
eters achieve specific
goals. Invaluable informa-
tion for new chromatogra-
phers; experienced analysts
can find ideas and justification
for updating methodology.
72 pages.

Free on request - ask for lit. cat.# 59887A,
or visit our website.

Capillary Adaptable Jet for Agilent
5890/6890/6850 GCs (0.011-inch ID tip)

Description qty. cat.# qty. cat.#
Standard ea. 20670 3-pk. 20671
High-Performance Silcosteel® ea. 20672 3-pk. 20673

(Similar to Agilent part # 19244-80560.)

Capillary Dedicated Jet
for Agilent 6890/6850 GCs

Description qty. cat.# qty. cat.#
Standard ea. 21621 3-pk. 21682
High-Performance Silcosteel® ea. 21620 3-pk. 21683

(Similar to Agilent part # G1531-80560.)

Capillary Jet for Agilent 5880 GCs

Description qty. cat.#
Standard ea. 21637
High-Performance Silcosteel® ea. 21638

(Similar to Agilent part # 19301-80500.)

Packed Column Jets for
Agilent 5890/6890/6850 GCs

0.018-Inch ID
(Similar to Agilent part # 18710-20119.) qty. cat.# qty. cat.#
Standard ea. 21694 3-pk. 21695
High-Performance Silcosteel® ea. 21696 3-pk. 21697
0.030-Inch ID
(Similar to Agilent part # 18789-80070.) qty. cat.# qty. cat.#
Standard ea. 21688 3-pk. 21689
High-Performance Silcosteel® ea. 21686 3-pk. 21687

Moisture Control By-Pass Line for Tekmar Instruments
• Increase response for ketones, alcohols, and acetates.
• Silcosteel® tubing for increased inertness.
• Suitable for US EPA Methods 8260, 524.2, and OLM4.1.
• Easily attaches in minutes.

Fritted Purge-and-Trap Spargers
• For Tekmar 2000, 3000 and 3100.
• Available in 5 and 25mL sizes.
• Uniform frits ensure maximum purge efficiency.

These spargers provide
maximum purge efficiency
for water samples.*
Manufactured to tight tolerances
to ensure a leak-tight seal.

*Not recommended for
wastewater samples—frit
may become plugged.

Description qty. cat.#
5mL Fritted Sparger,
1/2-inch mount ea. 21150
25mL Fritted Sparger,
1/2-inch mount ea. 21151

Cleaned ELCD Transfer Lines
Restek’s ELCD Teflon®

transfer line tubing is
stringently cleaned with
an HCl solution to
remove any contami-
nants, then is rinsed
with methanol.
Conveniently offered in
five 6.5-inch precut pieces that directly interface the
nickel reaction tube and conductivity cell. Fits
Tracor, Tremetrics, O.I., and many other ELCDs.

Replacement Nickel Reaction Tubes
• Pretreated for maximum sensitivity.
• Quality-controlled for reliability.
• Available for various models.

To replace these instrument part numbers:
Order these

Restek part numbers:
ELCD Model

# Tremetrics Varian PerkinElmer Shimadzu
O.I.

Analytical qty. cat.#
Hall 700A 115439-0003 00-996724-14 0330-2675 — — 2-pk. 21580
Hall 1000 117459-0003 00-997625-12 N660-1072 220-90435-00 — 2-pk. 21581
O.I. 4420 — — — — 183780 2-pk. 21582

Description qty. cat.#
Teflon® Transfer Lines for
ELCDs (five 6.5-inch lines) 5-pk. 20121

Description qty. cat.#
Moisture Control By-Pass Line for Tekmar 3000 Purge & Trap ea. 21035
Moisture Control By-Pass Line for Tekmar 3100 Purge & Trap ea. 21109

Replacement  FID Jets

New!
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Whether you monitor hydrocarbons in refinery
streams or reactive compounds in chemical reaction
vessels, our Sulfinert™-treated sample cylinders and
cylinder valves will help you achieve maximum accu-
racy in your results. These inert containers ensure
the stability of sulfur compounds and other active
analytes during storage and transport from the field
to the laboratory.

By Gary Barone, Metals Passivation Marketing Manager, and Donna Lidgett, Air Products Marketing Manager

Sulfinert™-Treated
Sample Cylinders and Valves

Durable, Inert Storage for Active Analytes
✔ Inert sample storage containers now available from stock.
✔ No adsorption of active compounds at low ppb concentrations.
✔ Stable, flexible surface deactivation will not crack or flake.

Sulfinert™-treated sample cylinders combine the
inertness of glass with the strength of stainless steel,
making them ideal for analyses of active compounds.
Restek's exclusive Sulfinert™ process creates a thin,
silica-like layer on the stainless steel surface. Even at
trace levels, sulfur compounds and other active mol-
ecules can be collected and stored in these cylinders
with no significant loss. Effectively incorporated into

the steel surface, the Sulfinert™ layer cannot chip,
flake, or rinse off - even under stringent sampling,
transport, or cleaning conditions.

All sample-contacting surfaces in our Sulfinert™-
treated sample cylinder valves are equally inert,
making these components ideally compatible with
Sulfinert™-treated sample cylinders.

Sulfinert™-treated gas sampling apparatus is ideal for
applications that demand only inert surfaces contact
the sample, such as sampling natural gas streams or
testing beverage-grade carbon dioxide. For other
Sulfinert™-treated sample pathway components, refer
to our current general catalog, or contact our
Technical Service group or your Restek representative.

*0.020" wall thickness

Sulfinert™ Welded 304 Grade Stainless Steel Tubing

ID OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.011" (0.28mm) 0.022" (0.56mm) 22500
0.021" (0.53mm) 0.029" (0.74mm) 22501
0.010" (0.25mm) 1/16" (1.59mm) 22502
0.020" (0.51mm) 1/16" (1.59mm) 22503
0.030" (0.76mm) 1/16" (1.59mm) 22504
0.040" (1.02mm) 1/16" (1.59mm) 22505
0.085" (2.16mm) 1/8" (3.18mm)* 22506
0.210" (5.33mm) 1/4" (6.35mm)* 22507

**0.035" wall thickness

Sulfinert™ Seamless 316 Grade Stainless Steel Tubing

ID OD cat.# 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.055" (1.40mm) 1/8" (3.18mm)** 22508
0.180" (4.57mm) 1/4" (6.35mm)** 22509

Sulfinert™-Treated Sample Cylinders
Size qty. cat.#
75cc ea. 24130
150cc ea. 24131
300cc ea. 24132
500cc ea. 24133
1000cc ea. 24134
2250cc ea. 21394

Sulfinert™ Sample Cylinder Valves

● Sizes from 75cc to 2250cc
● Durable 316 stainless steel
● ¼" female NPT threads on both ends
● D.O.T. rated to 1800psi at room temperature

Description qty. cat.#
(A) 1/4” NPT Exit, KEL-F® Stem Tip ea. 24127
(B) 1/4” Compression Exit, KEL-F® Stem Tip ea. 24128
(C) 1/4” Female NPT Outlet (built-in rupture disc) ea. 21395

(B) (C)(A)

● Maximum operating pressure: 5000psig
● Temperature range for KEL-F® stem tip:

-20ºF to 250ºF (-29ºC to 121ºC)

Sulfinert™-Treated Sample Cylinders Sulfinert™-Treated Sample Cylinder Valves

Please note: A charge is applied for cutting SulfinertTM tubing.
The charge is calculated from the total number of pieces produced from cutting, for each line item.

For SulfinertTM-treated fittings, refer to our general
catalog.
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By Donna Lidgett, GC Accessories Marketing Manager

Ensure a Leak-Tight Seal
the First Time, Every Time

Reliable, Leak-Tight Sealing
with Vespel® Ring Inlet Seals•

✔ End problems associated with leaks at the inlet seal.
✔ Prevent wear or damage to the critical seal.
✔ Try Vespel® Ring Inlet Seals, free.

In Agilent split/splitless injection ports, the inlet seal
sits at the base of the injector (Figure 1). Dirt, non-
volatile residue, septum fragments, and other debris
can accumulate on the surface of the seal and skew
the linearity of your analyses. The only way to main-
tain optimum performance is to change the inlet
seal frequently. Each time you change the inlet seal
you must check the connection and ensure the seal
is leak-tight, to prevent column oxidation and other
problems associated with leaks.

Herein is a problem. It can be difficult to make and
maintain a good seal with a conventional, metal,
inlet disk. The metal-to-metal seal dictates that you
apply considerable torque to the reducing nut but,
based on our tests, this does not ensure a leak-tight
seal. And, even if the seal is good initially, metal-to-
metal seals are prone to leak over the course of

several oven temperature cycles, allowing oxygen
and water vapor to enter the system. This can oxi-
dize the phase in the capillary column, affect chro-
matogram baselines, and/or create other difficulties,
causing expense and downtime. Potentially a worse
problem, frequent making and breaking of the
metal-to-metal seal ultimately could wear or dam-
age the surface of the critical seal on the bottom of
the injector body.

For years, Restek has offered replacement inlet
seals for Agilent 5890, 6890, and 6850 split/splitless
injection ports. The design and construction of our
inlet seals prolong column lifetime - because oxy-
gen is less likely to leak into the carrier gas - and
reduce baseline noise from high-sensitivity detectors
(e.g., ECDs and MSDs). To lessen breakdown and
adsorption of active compounds, we offer inert

gold-plated and Silcosteel®-treated inlet seals, as
well as stainless steel seals.

Yet, we had not entirely eliminated the problem of
leaks. Now, Restek's instrument innovations team
has re-engineered the inlet seal to address this
issue. The solution, the Vespel® Ring Inlet Seal, is a
high-quality stainless steel seal with a soft, easy-seal-
ing Vespel® ring embedded into its face, eliminating
the unreliable metal-to-metal seal. While ensuring a
leak-tight seal, the Vespel® ring cannot harm the
critical seal, and is outside the sample flowpath.
Inlet maintenance becomes worry-free!

The Vespel® Ring Inlet Seal is designed to hold its
seal, even after repeated temperature cycles, without
retightening the reducing nut. To determine the dif-
ferences between conventional inlet seals and
Vespel® Ring Inlet Seals, we compared the leak rate
for several inlet seals of each type across a range of
torque, using a high sensitivity helium leak detector.
Figure 2 shows Vespel® Ring Inlet Seals performed
exceptionally at all levels, but especially well at
lower torque.

Like our conventional inlet seals, Vespel® Ring Inlet
Seals are available in stainless steel, gold-plated, or
with Silcosteel® treatment. Use the stainless steel
seals for analyses of nonactive compounds. To
reduce breakdown and adsorption of active com-
pounds, use gold-plated or Silcosteel®-treated seals.
The gold surface offers better inertness than stain-
less steel; Silcosteel® treatment produces inertness
similar to that of fused silica tubing.

Inlet Seal Qty. cat.# Price
0.8mm stainless steel 10 + 2* 21316-425
0.8mm gold-plated 10 + 2 21318-425
0.8mm Silcosteel®-treated 10 + 2 21320-425
1.2mm stainless steel 10 + 2 20391-425
1.2mm gold-plated 10 + 2 21306-425
1.2mm Silcosteel® 10 + 2 21308-425
*10 conventional metal inlet seals, 2 Vespel® Ring Inlet Seals.

Figure 2 — The Vespel® Ring Inlet Seal achieves a
leak-tight seal even at low torque, reducing the
chance of leak-related problems.
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Ordering Information | Inlet Seals Special Offer!

Order a 10-pack of our conventional
metal inlet seals, receive a 2-pack of
Vespel® Ring Inlet Seals, Free!

FR
EE

Are you using conventional

inlet seals, but want to try

Vespel® Ring Inlet Seals?

Purchase a 10-pack of our

conventional inlet seals and we'll

include a 2-pack of Vespel® Ring

Inlet Seals, free. Use the special

catalog numbers below.

June 30 is the last day to take advantage of this offer! 
•Patent pending.

Free Vespel® Ring Inlet Seals!

Hurry- 

To maintain optimum
performance, the
inlet seal in an
Agilent GC should be
replaced frequently.
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Note: All seals include washers.

Note: The 1.2mm inlet seal is recommended for use with Vespel®/graphite ferrules or when installing two columns using a two-hole ferrule. The 0.8mm inlet seal
is recommended for use with graphite ferrules and single capillary column installation.

Vespel® Ring Inlet Seals with Washers for Agilent 5890/6890/6850 GCs

Vespel® Ring Inlet Seals are
available in three finishes: gold-plated,

Silcosteel®-treated, or stainless steel.

0.8mm ID Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel® Ring Inlet Seal 2-pk. 10-pk.
Gold-Plated 21568 21569
Silcosteel® 21570 21571
Stainless Steel 21566 21567

Replacement Inlet Seal Washers

Description Similar to Agilent part # qty. cat.#
Replacement Inlet Seal Washers 5061-5869 15-pk. 21710

Replacement Inlet Seals for Agilent GCs
• Special grade of stainless steel that is softer and deforms more easily, ensuring a leak-free seal.
• Increases column lifetime because oxygen cannot permeate into the carrier gas.
• Reduced noise benefits high-sensitivity detectors (e.g., ECDs, MSDs).
• Silcosteel® seal offers the inertness of glass.
• All seals include washers.

*0.8mm ID stainless steel inlet seal is equivalent to Agilent part #18740-20880, 0.8mm ID gold-plated inlet seal is equivalent to Agilent part #18740-20885.

Single-Column Installation,
0.8mm Opening*

0.25/0.32mm ID Dual-Column Installation,
1.2mm Opening

0.53mm ID Dual-Column Installation,
1/16-inch Opening

2-pk. 10-pk. 2-pk. 10-pk. 2-pk. 10-pk.

Stainless Steel Inlet Seal
21315 21316 20390 20391 20392 20393

Gold-Plated Inlet Seal
21317 21318 21305 21306 — —

Silcosteel® Inlet Seal
21319 21320 21307 21308 — —

Restek inlet seals feature a
super-smooth surface

for better chromatography!

• Low torque, soft seal, reduces wear, prevents damage at critical seal: no unexpected downtime
• Leak-tight connections, for greater sensitivity (less detector noise) and longer column life (no phase oxidation)

Vespel® Ring Inlet Seals

Lit. Cat. # 59523
2003 Restek Corp.

Please direct your comments on this publication to Brett Tyson, Graphic Designer, at btyson@restekcorp.com or
call 814-353-1300, ext. 2113.

Restek Trademarks: CarboFrit, EZ-No-Vent, Integra-Guard,
MegaMix, Pinnacle, Plus 1, Precision, Press-Tight, Rtx,
Silcosteel, Siltek, Stabilwax, Sulfinert, Uniliner, Vu2 Union,
Restek logo.
Other Trademarks: Agilent (Agilent Technologies, Inc.),
Cellosolve (Union Carbide Corp.), FocusLiner (SGE), KEL-F (3M
Co.), Teflon (E.I. du Pont de Nemours & Co., Inc.), Tenax
(Enka Research Institute Arnhem), TRACE (Thermo Finnigan),
Vespel, Viton (E.I. du Pont de Nemours & Co., Inc.).

Restek USA: Phone: 800-356-1688 or 814-353-1300 • Fax: 814-353-1309 • www.restekcorp.com
110 Benner Circle, Bellefonte, PA  16823

Restek France: Phone: 01 60 78 32 10 • Fax: 01 60 78 70 90 • restekfr@club-internet.fr
Restek GmbH: Phone: 49 06172 2797 0 • Fax: 49 06172 2797 77 • RESTEK-GMBH@t-online.de
Restek Ireland: Phone: 44 28 9081 4576 • Fax: 44 28 9081 4576 • restekeurope@aol.com
Thames Restek UK Ltd: Phone: 01494 563377 • Fax: 01494 564990 • Sales@Thamesrestek.co.uk

FREEVespel® Ring Inlet Seals.
See Page 19.
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in the chromatography system, so it is important that
the injector be free of surface contaminants. The
analysis usually requires high temperatures, and
often causes bleed problems. Analysis time typically
exceeds 40 minutes. Tributyl phosphate and triph-
enyl phosphate are recommended surrogates for
GC/FPD (EPA Method 8141B).

To meet the challenges of OPPs analysis, Restek
chemists use an Rtx®-CLPesticides column. Rtx®-
CLPesticides columns have a 330ºC maximum oper-
ating temperature, superior inertness, and low bleed.
Figure 1 shows excellent resolution of the European
OPP Mix, obtained in less than 25 minutes. The 30m,
0.32mm ID, 0.50µm column is well suited to the
split/splitless injection and FPD detection: all com-
pounds, including the surrogates, are resolved. The
high temperature stability of Rtx®-CLPesticide
columns enables us to program the column to
330°C following each analysis, to bake out high
molecular weight contaminants common in OPP-
containing extracts. The ability to clean an Rtx®-
CLPesticides column at high temperatures enables us
to make more injections before replacing the col-
umn, compared to commonly used cyano phase
columns.

Fast, efficient separations are an important goal in
any analysis. In analyses of organophosphate pesti-
cides, an Rtx®-CLPesticides column, and our new
European OPP Mix, are important parts of attaining
this goal.
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Resolve Complex Mixtures of
Organophosphorus Pesticides,

Using an Rtx®-CLPesticides GC Column and a
New Restek Reference Mix

✔ Fast, efficient analyses, using an Rtx®-CLPesticides column and flame
photometric detection.

✔ New OPP reference mix corresponds to strict European criteria.
✔ Concentrations of mix components vary according to FPD response.

By Katia May, Ph.D., R&D Chemist, and Lydia Nolan, Environmental Innovations Chemist

Organophosphorus pesticides (OPP) are widely used
to protect fruits and vegetables from insects.
Unfortunately, these toxic materials can accumulate
in human fat tissue, potentially leading to death by
respiratory depression.1 In Europe, OPPs are consid-
ered a very serious risk to human health, and analy-
sis of food products for these pesticides is important
in quality control. OPPs also are strictly regulated in
the United States. Policy in regard to pesticide
residues in milk, eggs, meat, or poultry is stated in
the Code of Federal Regulations.2 Multi-residue meth-
ods in AOAC Official Methods of Analyses3 and the
FDA Pesticide Analytical Manual4 are used to deter-
mine OPPs and organochlorine pesticides. Analytical
procedures for OPPs usually involve GC with a selec-
tive detector, such as a flame photometric detector
(FPD) or a nitrogen-phosphorous detector (NPD), to
detect low ppb levels of target compounds. Use of an
FPD in the phosphorous mode minimizes interfer-
ence by materials that do not contain phosphorus.

Recently, our European customers asked us to dev-
elop a stable reference mix of target OPPs, with con-
centrations appropriate for analysis by GC/FPD. The
components in our new European OPP Mix are espe-
cially important in quality control of milk, infant for-
mulas, and baby foods. We include these in varied
concentrations, according to the responses they elicit
from an FPD. One of the OPPs, demeton, is a mix-
ture of O- and S- isomers. We include demeton-S in
the mix, and follow US EPA Method 8141B for quan-
tifying this isomer. OPP compounds are photosensi-
tive and are easily degraded during handling, stor-
age, or analysis. When preparing and storing the new
mix, we follow stringent measures to ensure pro-
longed stability.

Analyses of OPPs are challenging and time-consum-
ing. Individual OPPs are difficult to identify because
of coelutions and shifting retention times on different
capillary phases. OPPs can degrade on reactive sites

References:
1. Monitoring exposure of organophosphorus and/or

carbamate insecticides Saskatchewan Labor, Canada.
2. Code of Federal Regulations, 40 CFR sec. 180.6. Office of the

Federal Register Archives and Records Administration.
3. Official Methods of Analysis 5th Ed., 1990, Section 970.52.

Association of Official Analytical Chemists, AOAC International,
Arlington, VA.

4. Pesticide Analytical Manual Vol.1, 3rd Ed., 1994, Section 304-
11. U.S. Department of Health and Human Services, Food and
Drug Administration.

acephate 200µg/mL
azinphos methyl(guthion) 400
chlorpyrifos 100
demeton-s-methyl 200
dichlorvos (DDVP) 500
dimethoate 200
ethion 200
malathion 200
methamidophos 500
methidathion 200
omethoate 1000
pirimiphos methyl 100
profenfos 200
pyrazophos 500
tokuthion (prothiofos) 200
tolclofos-methyl 100

Organophosphorous Pesticide
Mix, European Formulation
(16 components)

In methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
32418 32418-510 —

w/data pack
32418-500 32418-520 32518

Rtx®-CLPesticides  30m, 0.32mm ID, 0.50µm (cat.# 11139)
Sample: European OPP Mix (cat.# 32418) 

100–1000µg/mL in acetone 
Inj.: 0.5µL direct, open-top Siltek™ Drilled Uniliner® inlet liner (cat.# 21055-214.5)
Inj. temp.: 250°C
Carrier gas:  helium, constant pressure  
Linear velocity: 35cm/sec. @ 80°C
Oven temp.: 80°C (hold 1 min.) to 150°C @ 7°C/min. to 280°C @ 15°C/min.

(hold 10 min.)
Det.: FPD @ 280°C

Concentration
on-column

(ng)
1. methamidophos 1.25
2. dichlorvos 1.25
3. acephate 0.50
4. demeton-s-methyl 0.50
5. tributylphosphate (IS) 1.25
6. omethoate 2.50
7. dimethoate 0.50
8. tolclofos-methyl 0.25
9. pirimiphos methyl 0.25

10. chlorpyriphos 0.25
11. malathion 0.50
12. tokuthion 0.50
13. methidathion 0.50
14. profenfos 0.50
15. ethion 0.50
16. triphenylphosphate

(surrog.) 1.25
17. azinphos-methyl 1.00
18. pyrazophos 1.25

Figure 1 — Organophosphorus Pesticides Mix, European Formulation on an
Rtx®-CLPesticides column.

GC_EV00676



frequentemente avvengono in un forno GC a causa di
cambiamenti di temperatura, vibrazioni o altri stress.
Il disegno aperto consente di ispezionare visivamente
la zona di tenuta tra la colonna e il Press-Tight®, in
modo da confermare la bontà dell’installazione.   Il
connettore è progettato per essere sospeso al cage
della colonna, in modo da ridurre le tensioni sulle
connessioni. 

Chi trae vantaggio dall’uso dei
connettori Vu2 Union™ ?
Gli analisti che utilizzano precolonne, transfer line,
restrizioni oppure che eseguono analisi su due
colonne collegate in serie o, ancora, che cercano di
recuperare una colonna spezzata in due.    In tutti
questi casi il connettore Vu2 Union™ rappresenta
una soluzione semplice, affidabile e di facile utilizzo
(Figura 2, pag. 2).

Connessioni Colonna-Colonna
Affidabili e Sicure

Con il Connettore per Colonne 
GC Capillari Vu2 Union™

RESTEKthe

2003 vol. 2

AdvantageInnovatori di Prodotti per
Chromatografia ad Alta Risoluzione

✔ Tenuta perfetta e affidabile anche se sottoposta a rapidi cambi di temperatura o ad altri
stress.

✔ Di facile impiego.
✔ Verifica visiva della tenuta.
✔ Si adatta a tutti i tubi in silice fusa da 0,33mm – 0,74mm OD.*

Il nostro nuovo connettore Vu2 Union™ combina la
semplicità delnostro connettore Press-Tight® con la
durata delle unioni in metallo, per collegare in maniera
affidabile una colonna analitica ad una transfer line, ad
una precolonna, o ad un’altra colonna analitica. Il 
distacco accidentale della colonna non può avvenire né
a seguito di colpi o vibrazioni né dopo ripetuti cicli a
temperature fino a 400 °C.

Come funziona un connettore Vu2 Union™?
Una connessione tipo Press-Tight® posta nel Vu2
Union™ unisce le estremità delle colonne capillari
(Figura 1), mentre la ferrula e il dado zigrinato, pre-
senti ad entrambe le estremità del connettore, man-
tengono il tubo in posizione attraverso una tenuta
secondaria tra la ferrula e l’unione tipo Press-Tight®.
Il dado zigrinato esercita una pressione sulle ferrule
sufficiente ad ottenere una tenuta a prova di perdita.
Queste connessioni, molto robuste, permettono di
evitare improvvisi sfilamenti dei tubi capillari che 

ITALIAN

•Patent pending.
*Restek 0.1mm - 0.53mm ID tubing.

In Questo Num
ero

Connettore Vu2 per 
colonne GC Capillari

Pg. 1-2

Analisi GC di Solventi 
in Detergenti

Pg. 3

Separazione di Ossigenati 
in Tracce da Benzina/Acqua

Pg. 4-5

Rivelatore di perdite Leak-Detective II
Pg. 5

Diossine e Furani in 
GC-Massa ad Alta Risoluzione

Pg. 6-7

Separazioni LC Veloci
Pg. 8-9

Nuovi Materiali di Riferimento
Pg. 10

Pesticidi Organofosforati
Pg. 11

Minimizzare l’Adsorbimento di Analiti
Attivi usando in Inserto per Iniettore GC

Driller Uniliner
Pg. 12-13

Analisi di Campioni 
Complessi di Semivolatili

Pg. 14-15

Peak Performers:
• Guarnizioni e Inserti per

Iniettore
• Componenti per il Rivelatore

• Diffusori Purge-and-Trap
• Linea di By-Pass

Pg. 16-17

Cilindri di Campionamento e 
Valvole trattati con Sulfinert

Pg. 18

Guaranizioni per Iniettore 
con Anello in Vespel

Pg. 19-20

Figura 1 — Il disegno aperto del connettore Vu2 Union™ permette la conferma visiva
della tenuta; le tenute secondarie assicurano una connessione a prova di perdita.

Hanger

Knurled
Nut

Body

Press-Tight® Union

Ferrule

Fused Silica Column,
Guard Column,
or Transfer Line

Quando è importante usare un connettore Vu2 Union™?
Vi raccomandiamo di usare un connettore Vu2 Union™ per:

● Collegare una precolonna alla colonna analitica.
● Collegare una colonna ad una linea di trasferimento o ad una restrizione.
● Collegare due colonne in serie.
● Riparare una colonna rotta.

Restek
Innovation!
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Injector

Guard
Column

Detector

Analytical
Column

Figura 2 — Precolonna collegata ad una colonna analitica attra-
verso un connettore Vu2 Union™.

Vu2 Union™

Connector

Connettori Disattivati Universali Press-Tight®

• Silanizzazione ad alta temperatura per la massima inerzia. 
• Ideale per analisi in tracce di composti attivi.
• Ideale per analisi di pesticidi, inquinanti semi-volatili, 

o campioni clinici/tossicologici.

q.tà Cod.
5-conf. 20429

25-conf. 20430
100-conf. 20431

I kit di connettori Vu2 Union™

Ogni kit comprende: corpo del Vu2 Union™, 2 unioni Press-Tight®, 2 dadi zigrinati
e 4 ferrule.   È possibile cambiare diametro di colonna (o anche mischiare
diametri diversi), mantenendo lo stesso corpo del Vu2 Union™ di uno qualsiasi dei
kit, e ordinando le ferrule adatte alle colonne che si desidera collegare.

Descrizione Fits Column ID q.tà Cod.
Connettore Vu2 Union™ 0.15–0.25mm kit 21105
Connettore Vu2 Union™ 0.28/0.32mm kit 21106
Connettore Vu2 Union™ 0.45/0.50 & 0.53mm kit 21107
Dado zigrinato 2-conf. 21108

Connettori Universali Press-Tight®

• Collegare le precolonna alle colonne analitiche.
• Riparare colonne spezzate.
• Collegare l’uscita della colonna a transfer line.

q.tà Cod.
5-conf. 20400

25-conf. 20401
100-conf. 20402

Ferrule Fits Column Graphite Graphite
ID ID 2-conf. 10-conf.

0.4mm 0.18–0.25mm 20280 20281
0.5mm 0.28/0.32mm 20282 20283
0.8mm 0.45/0.50 & 0.53mm 20284 20285

Precolonne e Transfer Line con Disattivazione Polare

Precolonne e Transfer Line con
Disattivazione a Polarità Intermedia
ID Nominale OD Nominale 5-Metri 5-Metri/6 pz.
0.10mm 0.363 ± 0.012mm 10041
0.15mm 0.363 ± 0.012mm 10042
0.18mm 0.37 ± 0.04mm 10046
0.25mm 0.37 ± 0.04mm 10043 10043-600
0.28mm 0.37 ± 0.04mm 10003 10003-600
0.32mm 0.45 ± 0.04mm 10044 10044-600
0.45mm 0.69 ± 0.04mm 10005 10005-600
0.53mm 0.69 ± 0.05mm 10045 10045-600

ID Nominale OD Nominale 5-Metri 10-Metri
0.25mm 0.37 ± 0.04mm 10065 10068
0.32mm 0.45 ± 0.04mm 10066 10069
0.53mm 0.69 ± 0.05mm 10067 10070

ID Nominale OD Nominale 10-Metri 10-Metri/6 pz.
0.25mm 0.37 ± 0.04mm 10049 10049-600
0.32mm 0.45 ± 0.04mm 10048 10048-600
0.53mm 0.69 ± 0.05mm 10047

Vu2 UnionTM

Ferrule in grafite per connettori Vu2 UnionTM

• Grafite ad alta densità e ad alta-purezza.
• Stabili a 450°C.
• Nessun legante che possa rilasciare o adsorbire 

gli analiti.
• Superficie regolare e spigoli puliti.



colonna ha un’ottima selettività per alcoli simili, quali
etanolo, isopropanolo, ter-butanolo e n-butanolo.  La
colonna Rtx®-VMS consente di iniziare la programma-
ta termica a temperatura maggiore (notare la temper-
atura d’inizio a 60°C in Figura 1) in modo da miglio-
rare la produttività grazie alla più rapida stabiliz-
zazione iniziale del forno.   Le analisi di comuni
prodotti di largo consumo per la pulizia, uno sgras-
satore multi-uso e un lavavetri, sono mostrate in
Figura 2.

Riassunto
Una colonna capillare Rtx®-VMS rende queste analisi
più veloci, con risultati altamente affidabili, e rappre-
senta un’ottima scelta per quest’applicazione.

• 3 •

2003 Volume 2

Analisi Efficienti di Solventi Idro-solubili
in Detergenti per la Pulizia

Usando una Colonna GC Capillare Rtx®-VMS

✔ La maggiore temperatura iniziale del forno consente di migliorare la produttività.
✔ Eccellente selettività per risolvere alcoli strettamente correlati e altri solventi.
✔ Consistenza delle prestazioni da colonna a colonna, per analisi in controllo qualità

I consumatori usano una vasta gamma di prodotti per
effettuare l’igiene personale, migliorare il loro aspetto
e ridurre la quantità di microrganismi presenti nel-
l’ambiente domestico.  Le loro scelte rendono l’in-
dustria della pulizia e dell’igiene personale un settore
che vale svariati miliardi di dollari.1 La Soap and
Detergent Association (SDA)2 classifica i saponi e i
detergenti in quattro grandi categorie: pulizia person-
ale, lavaggio biancheria, lavaggio stoviglie, e pulizia
della casa.  Come per tutti gli altri prodotti di con-
sumo, c’è la necessità di testare sia le materie prime
sia i prodotti finali per ciascuna di queste categorie.
Le analisi di composizione e controllo qualità per
molti di questi prodotti possono essere eseguite
tramite cromatografia liquida o gassosa.    Per esem-
pio, i composti volatili, come gli alcoli, possono
essere monitorati usando una colonna GC capillare
Rtx®-VMS. 

Per i prodotti per la pulizia e l’igiene personale sono
necessari diversi ingredienti per solubilizzare terreno,

References
1. Branna, T. The I&I Market. Happi, Nov. 2000.
2. The Soap and Detergent Association. Website: www.sdahq.org

Prossimamente!
Nuova Guida Tecnica:

Analyzing Cleaning
and Personal Care
Products by Gas and
Liquid Chromatography

bagnare le superfici, mascherare gli odori, conferire
colore, o svolgere altre funzioni.   Sono presenti alcu-
ni solventi con lo scopo principale di sciogliere i
componenti organici dei terreni.  A parte consider-
azioni sulla sicurezza, il principale criterio nella
scelta di prodotti per la pulizia è la miscibilità con
acqua, perché il solvente deve formare una soluzione
con altri componenti idro-solubili.  I solventi che
soddisfano i criteri per prodotti di pulizia di largo
consumo comprendono alcoli e glicoli.  Oltre ad
essere miscibili con acqua, questi solventi puliscono
senza lasciare residui, cosa che li rende particolar-
mente adatti per prodotti per la pulizia dell’ambiente,
come nel caso dei liquidi lavavetri

I solventi idro-solubili nei prodotti di pulizia sono
analizzati in gascromatografia per assicurare la qual-
ità del prodotto e per sviluppare nuovi prodotti.   Una
colonna GC capillare 60m x 0.25mm ID x 1.4µm film
Rtx®-VMS è un’ottima scelta per l’analisi di una vasta
gamma di solventi per la pulizia (Figura 1). Questa

GC_FF00647

Figura 2 — Usate una Rtx®-VMS per quan-
tificare un’ampia gamma di solventi per la
pulizia.

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: Approx. 5% sample in methanol
Inj.: 1.0µL split (split ratio 100:1), 

4mm inlet liner (cat.# 20814)
Inj. temp.: 250°C
Carrier gas:  hydrogen, constant flow  
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @ 4°C/min., to 

145°C @ 2°C/min., to 210°C @ 15°C/min., 
to 230°C @ 5°C/min.

Det.: FID @ 250°C

 

Cleaning Solvents

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: 1% each solvent in methanol
Inj.: 1.0µL split (split ratio 100:1), 4mm inlet liner 

(cat.# 20814)
Inj. temp.: 250°C
Carrier gas:  hydrogen, constant flow  
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @ 4°C/min., 

to 145°C @ 2°C/min., to 210°C @ 15°C/min., 
to 230°C @ 5°C/min. 

Det.: FID @ 250°C

1. methanol
2. ethanol
3. iso-propanol
4. tert-butanol
5. n-propanol
6. iso-butanol
7. methyl Cellosolve®

8. n-butanol
9. Cellosolve®

10. ethylene glycol
11. butyl Cellosolve®

12. limonene
13. dipropylene glycol monomethyl ether (DPGMME)
14. diethylene glycol ethyl ether (DEGEE)
15. phenyl Cellosolve®

16. tripropylene glycol monomethyl ether (TPGMME)

Glass Cleaner
GC_FF00645

Figura 1 — Solventi per la pulizia comunemente utilizzati su una colonna Rtx®-VMS. La
particolare selettività permette di partire da 60°C, per velocizzare la produttività .

All-purpose cleaner

1. butyl cellosolve
2. limonene

GC_FF00646

1. iso-propanol
2. butyl cellosolve

Informazioni per l’ordine | Colonne Rtx®-VMS

Le colonne Rtx®-VMS sono elencate a pag. 4.



idrocarburi di benzina.  Il riquadro al centro in
Figura 1 mostra una porzione del cromatogramma
TIC con il cromatogramma XIC per gli ossigenati
ridimensionato.  Il riquadro a destra è un ingrandi-
mento del XIC per gli ossigenati; la pulizia dei pic-
chi indica che non ci sono interferenze da parte di
frammentazioni di ioni non target della benzina.  Il
TBA e il MTBE sono ben risolti usando una temper-
atura iniziale di 35°C. La colonna eluisce i metil-
naftaleni in meno di 23 minuti, con un ciclo di
analisi di 30 minuti. Usando i fattori di risposta
medi calcolati dalla curva di calibrazione, abbiamo
determinato che il recupero degli ossigenati è stato
maggiore del 90%.4

Questo studio dimostra che una colonna Rtx®-VMS
risolve gli ossigenati dai componenti della benzina,
da potenziali interferenti e dai composti target del
Metodo 8260.  E’ molto adatta a risolvere la lista,
in continua espansione, di composti target del
Metodo 8260 e può essere usata per identificare
bassi livelli di analiti in matrici complesse/contami-
nate. Una colonna Rtx®-VMS è la scelta appropriata
per le analisi più complesse di organici volatili.
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Informazioni per l’Ordine | Rtx®-VMS (Silice Fusa)

ID df (µm) limiti di temp. 30-Metro 60-Metro 75-Metro
0.25mm 1.40 -40 to 240/260°C 19915 19916
0.32mm 1.80 -40 to 240/260°C 19919 19920
0.45mm 2.55 -40 to 240/260°C 19908 19909
0.53mm 3.00 -40 to 240/260°C 19985 19988 19974
ID df (µm) limiti di temp. 20-Metro 40-Metro
0.18mm 1.00 -40 to 240/260°C 49914 49915

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000
tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000

California Oxygenates Mix

In P&T methanol, 1mL/fiala

Ciascuno 5-conf. 10-conf.
30465 30465-510 —

con data pack
30465-500 30465-520 30565

Separazione di Ossigenati in Tracce
da una Miscela Benzina/Acqua

Usando una Colonna GC Capillare Rtx®-VMS
✔ Elevata accuratezza: recupero degli ossigenati migliore del 90%.
✔ Risoluzione degli ossigenati da componenti della benzina potenzialmente

interferenti e composti target volatili, secondo il metodo US EPA 8260.
✔ Alta velocità: durata del ciclo termico 30 min.

Con l’eliminazione del piombo dalle benzine, i
composti contenenti ossigeno sono diventati additivi
importanti per migliorare le prestazioni.  I com-
posti ossigenati più comunemente aggiunti alla ben-
zina sono: metanolo, etanolo, ter-butanolo (TBA),
metil-ter-butiletere (MTBE), diisopropiletere
(DIPE), e etil-ter-butiletere (ETBE). Di questi, il
MTBE è il principale additivo.   La contaminazione
del terreno e dell’acqua superficiale con questi ed
altri componenti della benzina è un grave proble-
ma.  L’identificazione e la quantificazione degli ossi-
genati in una matrice contenente idrocarburi in alta
concentrazione è un compito difficile.   Alcuni
composti (es. MTBE e TBA) coeluiscono su molte
fasi stazionarie di colonne GC capillari e hanno gli
stessi ioni, utilizzati per l’identificazione in MS.

Le nostre, e altre, ricerche, mostrano che il metodo
US EPA 8260, un metodo purge and trap / GC capil-
lare / spettrometria di massa, è il metodo più affid-
abile per determinare I composti ossigenati in cam-
pioni complessi benzina/acqua, indipendentemente
dalla concentrazione della benzina.1 Negli Stati
Uniti, gli ossigenati non sono presenti in nessun
metodo EPA, con l’eccezione del MTBE nel Metodo
524.2. Gli eterei possono essere concentrati attra-
verso il purge and trap, ma questo approccio non à
stato validato in nessun metodo SW-846. Il
metanolo e l’etanolo non sono molto adatti all’anal-
isi con tecniche purge and trap.   Nel Metodo 8015
è usato un FID (flame ionization detector) per con-
frontare un profilo noto di una benzina rispetto ad
un campione incognito contenente picchi che
cadono all’interno del profilo della benzina.
Questo metodo può essere impiegato per identifi-
care gli ossigenati attraverso il loro tempo di riten-
zione, ma si rende necessaria una conferma su una
seconda colonna per evitare errate identificazioni.
Il metodo 8021 è specifico per l’analisi di volatili
aromatici e alogenati, con rivelazione PID (pho-
toionization detector).  Questo è il meno consiglia-
bile tra i potenziali metodi per monitorare gli ossi-
genati, perché il PID è molto sensibile ai doppi
legami, ma lo è molto meno per gli ossigenati.   La
nostra analisi di uno standard composito di benzi-
na, per esempio, ha prodotto un falso positivo per
il di-isopropil etere. Usando la GC/MS per la con-
ferma, il composto è stato identificato come 2-
metil-1-pentene.2 Nonostante questo problema, in
molti stati i metodi GRO prevedono il PID per
l’analisi dell’MTBE.

Abbiamo verificato il recupero di ossigenati su
quattro fasi stazionarie, utilizzando i criteri di
accettabilità del Metodo EPA 5030B modificato e

del Metodo 8260.3. I campioni di benzina non ossi-
genata sono stati arricchiti con bassi livelli di con-
centrazione (ppb) di ossigenati per verificare se le
condizioni operative fossero appropriate per sepa-
rare e rivelare i composti target in presenza di alte
concentrazioni di idrocarburi della benzina.  Le
condizioni Purge and trap nel Metodo 5030B sono
state modificate per concentrare gli ossigenati:
abbiamo sostituito al purge standard a temperatura
ambiente, un purge a 40°C.  Quando possibile, le
condizioni GC del forno sono state ottimizzate per
ciascuna fase stazionaria, per risolvere coeluizioni
di analiti con ioni in comune (es.: TBA e MTBE).

Lo strumento è stato calibrato usando una curva a
5 punti.  Abbiamo calcolato i fattori di risposta
(RF) e le deviazioni standard relative (RSD) per i
composti target nel Metodo 8260, poi abbiamo
unito tutti i composti target e gli standard interni con
il surrogato del Metodo 8260 (84 composti target
aggiuntivi), per assicurarci che non ci fossero
coeluizioni dei composti target dell’8260 con gli
ossigenati.  Delle colonne usate in questa ricerca,
la Rtx®-VMS da 30-metri, 0.25mm ID, 1.4µm film è
quella che si è dimostrata la migliore per identifi-
care e quantificare gli ossigenati in una miscela
benzina/acqua.

La Figura 1 mostra l’analisi di uno standard a 1ppm
di benzina non ossigenata in acqua, arricchita con
5ppb di ciascuno degli ossigenati, ed evidenzia la
qualità della colonna Rtx®-VMS nell’identificazione
e quantificazione degli ossigenati in alti livelli di
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1. Happel, A.M., E.H. Beckenbach, R.U. Halden, An Evaluation of

MTBE Impacts to California Groundwater Resources
Lawrence Livermore National Laboratory, UCRL-AR-130897
(1988).
http://www-erd.llnl.gov/mtbe/pdf/mtbe.pdf 
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4. C.M. English, F.L. Dorman, G.B. Stidsen, The Analysis of
Gasoline Oxygenates by EPA Method 8260B Pittsburgh
Conference 2003, Session 590-6P (poster).
http://www.restekcorp/pittcon2003.htm#slides

Per maggiori dettagli su questo lavoro Vd.
Riferimento 4.

8260B MegaMix™ Calibration Mix
(76 + 1 components)

*2-chloroethyl vinyl ether provided in a separate ampul.

2,000µg/mL ciascuno in P&T methanol, 1mL/fiala*

Ciascuno 5-conf. 10-conf.
30475 30475-510 —

con data pack
30475-500 30475-520 30575
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Rtx®-VMS, 30m, 0.25mm ID, 1.4µm (cat.# 19915)
Sample: calibration mixes: cat.# 30475B, 30465, 30006, 30042;

unleaded gasoline (cat.# 30096); non-oxygenated unleaded gasoline (custom)
internal / surrogate standards: cat.# 30240, 30074

Purge and Trap Conditions
O.I. 4560 Purge and Trap Concentrator
Sample: 10mL
Sample Temp.: 40°C
Trap: #10 (Tenax®/silica gel/carbon molecular sieve
Trap Temp.: purge: 20°C; desorb: 190°C; bake: 210°C
Purge: 11 min., 38mL/min.
Desorb: 1.0 min., 32mL/min.
Bake: 10 min.

Chromatography
Inj. Temp.: 250°C, split 1:25
Carrier Gas: helium, constant flow
Flow Rate: 1.3mL/min.
Dead Time: 1.47 min. @    35°C
Oven Temp.: 35°C (hold 7 min.) to 90°C @    4°C/min. (no hold) 

to 220°C @ 45°C/min. (hold 1 min.)
Det.: Agilent 5971A GC/MS
Scan Range: 35–260 amu
Tune: PFTBA/BFB

GC_EV00679 Ringraziamenti: purge and trap per concessione di O.I. Analytical.

Figura 1 — Rivelazione di tracce di ossigenati con una colonna Rtx®-VMS.

5ppb of Oxygenates in 1ppm
Non-oxygenated Gasoline.

area of enlargement

Leak Detective™ II
Un rivelatore di perdite sensibile e compatto utile ad ogni analista.

Le perdite di gas nel vostro sistema GC possono fare
aumentare il rumore del rivelatore, causare instabil-
ità della linea di base, fare sprecare carrier gas e
danneggiare le costose colonne analitiche.   Il con-
trollo delle perdite dovrebbe far parte del program-
ma di manutenzione del vostro GC.   Il nuovo Leak
Detective™ II è la soluzione più accessibile per rive-
lare le perdite di gas.  È in grado di identificare
perdite minime che possono non essere evidenziate
dai cercafughe liquidi. 

Il rivelatore elettronico di perdite Leak Detective™ II
incorpora la tecnologia dei microchip in un nuovo

*Non usare mai un liquido cercafughe in un GC capillare per non rischiare di introdurre tensioattivi nel sistema, provocandone la
contaminazione e pregiudicando la fase stazionaria.
Avvertenza:  NON progettato per determinare perdite di gas combustibile.  Per la determinazione di perdite di gas combustibile in con-
dizioni potenzialmente pericolose deve essere utilizzato un rivelatore specifico.

Descrizione q.tà Cod.
Rivelatore di perdite Leak Detective™ II Ciascuno 20413

✔ Rivelatore di perdite a conducibilità termica economico: ogni analista dovrebbe averne uno.
✔ Compatto, design ergonomico, facile da maneggiare e da utilizzare.

✔ Rivela elio, idrogeno e azoto a 1x10-4cc/sec o ad una concentrazione assoluta fino a
100ppm.*

progetto studiato per migliorare la sensibilità e
velocizzare la risposta, il tutto in uno strumento più
compatto.   Una funzione di auto-zero permette di
azzerare istantaneamente il rivelatore con la pres-
sione di un solo tasto e il design ergonomico rende
tutti i controlli a portata di dito per una migliore
funzionalità.  L’unità risponde in pochi secondi a
tracce di perdita di gas misurando la differenza di

conducibilità termica rispetto all’aria.  Possono
essere rivelati elio, idrogeno e azoto fino a 1x10-
4cc/sec o ad una concentrazione assoluta fino a
100ppm.*    Le perdite sono indicate da un allarme
sonoro, oltre che da un indicatore a LED.   Per cer-
care fughe di gas in modo semplice, sensibile e
affidabile, ordinate oggi stesso il nuovo rivelatore
elettronico di perdite Leak Detective™ II.
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1234

Migliore Risoluzione di Diossine e Furani
in GC-Massa ad Alta Risoluzione,

Con una Colonna Rtx®-Dioxin
✔ Migliore separazione di congeneri di diossina e furano, rispetto a colonne a base di 5% 

difenile.
✔ Maggiore stabilità termica rispetto alle colonne a base di 5% difenile o a base di ciano in alte

%, usate per la conferma
✔ Può rendere superflua l’analisi di conferma.

Figura 1 — Le sostituzioni di cloro nella
struttura di base della diossina generano
136 congeneri.

Temperature program:
Time Rate Temp.
(min.) (ºC/min.) (ºC)
0 52 200
10.2 2.9 235
10 6.9 300
24

Injector temp.: 270ºC
Flow: 1.2mL/min. (constant pressure)

L’analisi gas cromatografica, accoppiata alla spet-
trometria di massa ad alta risoluzione, è una tecnica
molto diffusa per la ricerca di diossine e furani in
campioni ambientali. Le diossine e i furani sono
monitorati a causa della tossicità dei congeneri che
hanno sostituenti cloro nelle posizioni 2, 3, 7 e/o 8
(Figura 1).  Negli Stati Uniti, i metodi più comuni
per questi composti sono i metodi USEPA 1613 e
8290, ma l’analisi viene eseguita in modo simile in
molte nazioni.  Il principale obiettivo dell’analisi è di
quantificare accuratamente i 17 congeneri tossici di
diossina e furano, separandoli dagli altri 119. 

Per raggiungere la separazione desiderata, la mag-
gior parte dei metodi, riporta un’analisi iniziale su
una fase stazionaria 5% difenile/95% dimetile
polisilossano. Se questa analisi serve per deter-
minare i congeneri 2-, 3-, 7- e/o 8-sostituiti molti
metodi richiedono una conferma su una fase
stazionaria capace di separare questi congeneri da
quelli meno tossici.  Poiché non è stata univer-
salmente identificata un’unica colonna di conferma,
la maggior parte degli analisti usa una fase ad alta
concentrazione di ciano.  A fronte della migliore
separazione che si ottiene per i congeneri 2-, 3-, 7-,
8-sostituiti, gli analisti che utilizzano una qualsiasi di
queste fasi, sono costretti a sopportare la scarsa sta-
bilità termica (la massima temperatura operativa è
di circa 250 ºC) e la breve durata, rispetto alle fasi
tipo 5% difenile usate per l’analisi preliminare.  La
difficoltà nell’usare i risultati ottenuti con le colonne
5% difenile è che ci sono molte note coeluizioni tra
congeneri 2-, 3-, 7-, 8-sostituiti, presenti nell’ambi-
ente, e congeneri meno tossici.   Questo porta a val-
ori erroneamente elevati per i congeneri tossici sulla
colonna 5% difenile e ad una analisi di conferma
non necessaria.

Una fase stazionaria ideale per quest’applicazione
combina un’ottima separazione ad alta stabilità ter-
mica e, di conseguenza, ad una maggiore durata.
Restek ha sviluppato la colonna Rtx®-Dioxin pensan-
do a questi obiettivi.   La nuova fase stazionaria pro-
prietaria, specificamente sviluppata per l’analisi di
diossine/furani, è stabile a temperature sopra i
425ºC. Una volta depositata su tubo in silice fusa per
alta temperatura, il cui limite termico dipende solo
dal rivestimento esterno di polimmide, si possono
raggiungere i 380ºC.  Non solo abbiamo ottenuto un
importante miglioramento in termini di stabilità ter-
mica rispetto alle fasi ciano, ma anche rispetto alle
capacità delle fasi 5% difenile.

Una colonna Rtx®-Dioxin separa meglio i congeneri
di diossina e furano, rispetto alle colonne 5% dife-
nile.   Gli analisti esperti di separazioni di diossina e
furano sono abituati al profilo in massa dei 4 picchi
delle tetraclodibenzodiossine prodotto dalla 5% dife-
nile, come mostrato in Figura 2A.  La colonna Rtx®-
Dioxin separa tutti i cinque componenti nella mis-
cela di controllo della risoluzione per questa finestra
di massa, portando un miglioramento significativo.
(Figura 2B). Notate che la 1,2,3,7- TCDD e la
1,2,3,8-TCDD sono identificate a tentativo, non
essendo disponibili i materiali di riferimento dei sin-
goli congeneri.

Poiché sono disponibili solo pochi materiali di rifer-
imento singoli di congeneri di diossina e furano,
l’analisi di estratti di fly ash viene accettata come test
per stabilire se una colonna è in grado di risolvere i
congeneri tossici dai non tossici.  Nelle analisi di tre
estratti di fly ash usati in un recente round-robin, i
dati di una colonna Rtx®-Dioxin sono risultati in
accordo ±10% rispetto ai valori “veri” per tutte i
congeneri 2-, 3-, 7-, 8-sostituiti, eccetto per un
penta- ed un esa-furano.  Anche questo rappresenta
un sensibile miglioramento, rispetto alle prestazioni
delle colonne 5% difenile, per l’analisi preliminare.
La Tabella 1 (pagina 7) riassume i dati per il
2,3,7,8-tetraclorodibenzofurano ottenuti con la
colonna Rtx®-Dioxin, una colonna 5% difenile, ed
una colonna alto tenore di ciano, rispetto alla medi-
ana e alla media di un round-robin internazionale.
L’eccellente accordo tra la mediana e la media, e tra
la colonna Rtx®-Dioxin e i dati dello studio, fornisce
un livello di confidenza prossimo al valore “vero”.
È in corso un lavoro successivo sviluppato per
ottimizzare il flusso e la temperatura del forno, allo
scopo di verificare la possibilità di eliminare la
colonna ad alto tenore di ciano per la conferma. 

Riassumendo, la nuova colonna Rtx®-Dioxin rappre-
senta un miglioramento significativo rispetto alle
colonne con fase 5% difenile usate nell’analisi pre-
liminare di diossine e furani.  La colonna si mostra

Figura 2 — La colonna Rtx®-Dioxin separa tutti i cinque componenti della miscela di con-
trollo della risoluzione.

Chromatography courtesy of Karen MacPherson and Eric Reiner, Ontario Ministry of the Environment, Etobicoke, ON, Canada.

Conditions
Instrument: Micromass Altima high resolution GC/MS
Column: Rtx®-Dioxin, 40m, 0.18mm ID, 0.10µm (cat.# 10756)
Initial temp.: 130ºC

Cl

Cl

Cl

Cl

O

O 1
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3
46

7

8
9

O

O

Struttura generica dei congeneri della diossina

La molecola 3Å per 8Å si adatta ai ricettori
PAH, rendendo la 

2,3,7,8-tetraclorodibenzodiossina
particolarmente tossica

Continua a pagina 7

1234
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12341234

1237, 1238
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2A) Rtx-5® Column

2B) Rtx- Dioxin Column

TCDD-resolution mixture
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anche potenzialmente in grado di sostituire fasi di
conferma ad alto tenore di ciano, affette da scarsa
stabilità termica e scarsa durata.   Stiamo continuan-
do a lavorare per ottimizzare una programmata ter-
mica che risolva tutti i congeneri tossici, con l’obiet-
tivo di eliminare la necessità della conferma.

Se vi occupate di analisi di diossine e furani e
desiderate ulteriori informazioni sulle colonne Rtx®-
Dioxin, potete contattare Frank Dorman al tel. 1-
800-356-1688, ext. 2186, o per e-mail a:
frank@restekcorp.com

Ringraziamenti
Cromatografia concessa da Karen MacPherson e Eric Reiner,
Ontario Ministry of the Environment, Etobicoke, ON, Canada.
Materiali di Riferimento concessi da Brock Chittam, Wellington
Laboratories, Guelph, ON, Canada.

Informazioni per l’Ordine | Colonne Rtx®-Dioxin

ID df (µm) limiti di temp. 40-Metro 60-Metro
0.18mm 0.11 -60°C a 380°C 10756 —
0.25mm 0.15 -60°C a 380°C — 10755

Tabella I — Ottimo accordo tra la colonna Rtx®-Dioxin e i dati del round-robin.

Column / 2,3,7,8-tetrachlorodibenzofuran (pg/g)
Sample DB-5* DB-225** Rtx®-Dioxin Median*** Mean***
Fly Ash A 250 21 30 28 32
Fly Ash B 2100 300 378 390 390
Fly Ash C 170 19 28 27 32
*5% diphenyl column.
**high-cyano column.
***n > 110 laboratories.
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Il tempo di analisi, per molte separazioni HPLC, può
essere drasticamente ridotto, usando la fast LC.
Nelle separazioni di esempio vengono mostrati tempi
di analisi di 20 o 40 minuti in HPLC convenzionale,
che possono essere ridotti del 60 - 75%. In più, dato
che le colonne usate in analisi fast LC solitamente
sono più corte di 100mm, gli analiti trascorrono
meno tempo in colonna.  Conseguentemente questi
tempi di analisi drasticamente ridotti sono accompa-
gnati da un aumento della sensibilità, grazie alle
minire dispersione di banda. 

Le analisi Fast LC possono essere eseguite sia usando
colonne a cartuccia, sia con colonne corte di diseg-
no tradizionale, di solito impaccate con materiale da
3µm. In aggiunta ai miglioramenti di prestazione,
attribuibili alle colonne corte e alle particelle pic-
cole, possono essere ottenuti guadagni usando fasi
stazionarie ottimizzate, altamente selettive.  Le fasi
selettive migliorano la separazione tra i componenti
del campione con minimi cambiamenti nella com-
posizione della fase mobile.   Gli analisti che, nel
tentativo di aumentare la selettività o la ritenzione,

Separazioni Più Veloci e Maggiore
Sensibilità

Con Colonne HPLC Restek e Colonne a
Cartuccia Fast LC

✔ Risparmio di Tempo — aumento significativo in produttività; riequilibrazione veloce in analisi
in gradiente.

✔ Risparmio di Soldi — la riduzione nel consumo di solvente riduce il costo di acquisto e di
smaltimento.

✔ Buona tecnica di screening per campioni incogniti.
✔ Ottime per applicazioni LC/MS.

Figura 2 — Separazione di carbammati
e ri-equilibrazione in 13 minuti, usando
una colonna corta Ultra Carbamate.

riducono la forza della fase mobile, trovano spesso
che k’ aumenta eccessivamente e ciò determina una
durata dell’analisi inaccettabile.

Ci sono alcune precauzioni da seguire prima di
usare colonne e metodi fast LC.   Le separazioni
critiche sono maggiormente sensibili al volume del
sistema; occorre valutare le lunghezze dei tubi di
connessione e le specifiche dei componenti del sis-
tema con l’obiettivo di minimizzare il volume inter-
no.   Inoltre, possono essere necessarie fasi
stazionarie altamente selettive per separazioni diffi-
cili  (es.: isomeri strutturali); per questo scopo vi
raccomandiamo di discutere la vostra applicazione
con il nostro gruppo Technical Service prima di
ordinare colonne e provare nuove analisi.  Infine, la
fast LC non è raccomandata per separazioni in fase
diretta o in coppia ionica quando sono necessari
gradienti.

Separazione Fast LC di Derivati di Digitale
La Figura 1 mostra un’analisi di estratti di digitale e
derivati su una colonna a cartuccia sperimentale
Ultra Alkaloids Fast LC 30mm x 4.0mm, con un sem-
plice gradiente acqua-acetonitrile.  L’analisi viene
completata in 3 minuti, con un’eccellente sepa-
razione dei componenti del campione.  Questo è un
tempo di analisi drammaticamente ridotto rispetto
all’analisi lenta su una colonna C18 da 30cm.
L’approccio fast LC, usando questa fase stazionaria
specializzata, può essere applicato alla purificazione
e all’analisi di materiali marcati con digossina in
ricerche di attività biologica  ed è perfetto per le val-
idazioni di pulizia ad alta velocità.

Separazione Fast LC di Carbammati
Le Figure 2 e 3 (pagina 9) mostrano le analisi fast
LC di pesticidi carbammati rispettivamente in
HPLC/UV e LC/MS.  La durata per l’analisi HPLC/UV è
di circa 13 minuti; l’analisi LC/MS è leggermente più
lunga, ma è meno di 20 minuti.  La Tabella I (pagina
9) riassume le condizioni per l’analisi LC/MS.
Considerando anche il tempo per la riequilibrazione,
l’analisi convenzionale su una colonna 250mm x
4,6mm richiede 40 minuti.   Le colonne Ultra
Carbamate, sviluppate specificatamente per l’analisi
dei carbammati, sono disponibili in molte dimen-
sioni, oltre alle colonne 50mm x 4.6mm e 100mm x
4.6mm usate qui.

Analisi Fast LC di Vanillina e Estratto di Vaniglia
La Figura 4 (pagina 9) mostra le analisi fast LC di
vanillina/etil-vanillina ed estratti di semi di vaniglia su
una colonna Pinnacle™ DB C18 50mm x 4.0mm.
Vengono raggiunte ottime separazioni in meno di 5
minuti.  Analisi convenzionali su colonne C8 150mm
x 4.6mm richiedono complessivamente 25 minuti in
gradiente o più di 40 minuti con analisi in isocratica.

In Conclusione
In diverse applicazioni, le separazioni in fast LC
migliorano la produttività del laboratorio, riducono
il consumo di solvente e migliorano la sensibilità del
metodo.   In alcuni casi l’analisi può essere semplifi-
cata, sostituendo all’eluizione in gradiente, quella in
isocratica, grazie all’ottimizzazione della fase
stazionaria, portando ad una drammatica riduzione
del tempo di analisi.

Seguendo queste raccomandazioni, la Fast LC può
essere un ottimo strumento per risparmiare tempo e

Column: Ultra Carbamate
Catalog #: 9177355
Dimensions:  50 x 4.6mm
Particle size: 3µm
Pore size: 100Å
Conditions:
Mobile Phase: A: 90:10 water:methanol

B: 90:10 methanol:acetonitrile
Time (min): %B

0 10
10 90

Flow: 1.5mL/min
Temp.: 27°C  
Det.: UV @ 220nm

LC_0225

Figura 1 — I derivati di digitale sono
separati in 3 minuti su una cartuccia fast
LC.

LC_0250

Peak List: Conc. Ret. Time (min.)
1. digoxigenin 100µg/mL 0.40
2. gitoxigenin 100µg/mL 0.80
3. digoxin 100µg/mL 1.10
4. gitoxin ~10µg/mL 2.20
5. digitoxin 100µg/mL 2.60

Sample:
Inj.: 10µL
Sample Diluent:water:acetonitrile (80:20 v/v)

Column: Ultra Alkaloids Fast LC Cartridge
Catalog #: custom column
Dimensions: 30 x 4.0mm
Particle Size: 3µm
Pore Size: 100Å
Conditions:
Mobile Phase: A: 100% Water

B: Acetonitrile
Time
(min.) %B
0.0 20
1.5 20
1.51 35
3.0 35
3.1 20

Flow: 2.0mL/min
Temp.: 27°C 
Det.: UV @     230nm

Peak List:
1. aldicarb
2. aldicarb sulfoxide
3. oxamyl
4. methomyl
5. 3-hydroxycarbofuran
6. aldicarb
7. propoxur
8. carbofuran
9. carbaryl

10. methiocarb
11. 4-bromo-3,5-dimethylcarbamate

Sample:
Inj.: 5µL
Conc.: 50µg/mL
Solvent: methanol

Restek standards:  
Catalog# 32274 and 32273 mixed 50:50



denaro per molti analisti e molte applicazioni. Se
desiderate discutere l’opportunità di usare quest’ap-
proccio per le vostre applicazioni, contattate il nos-
tro Technical Service Group, pronto a fornire sup-
porto alle vostre richieste.
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Peak List: Ret. Time (min.)
1. vanillin 2.00
2. ethylvanillin 4.20

Sample:

CCoolluummnn:: PPiinnnnaaccllee™ DDBB  CC1188
Catalog #: 9414555
Dimensions: 50 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Conditions:
Mobile Phase: A: 0.2% v/v conc. phosphoric 

acid in water
B: methanol
Isocratic: 80%A: 20%B

Flow: 2mL/min
Temp.: 27°C
Det.: UV @ 254nm

LC_0252

Peak List Ret. Time (min.)
1. vanillin 2.00Sample:
Inj.: 5µL
Conc.: unknown
Sample Diluent: 20% v/v 

commercial 
extract in 
water

Figura 4 — Analisi veloce e altamente selettiva di vanillina/etil vanillina
ed estratto di semi di vaniglia su una colonna Pinnacle™ DB C18.

Inj.: 5µL
Conc.: 200µg/mL each 

component
Sample Diluent: 4% v/v ethanol 

in water

LC_0251

Figura 3 — Analisi LC/MS di carbammati in meno di 20 minuti con
una colonna Ultra Carbamate.

Column: Ultra Carbamate
Catalog #: 9177315
Dimensions: 100 x 4.6mm
Particle Size: 3µm
Pore Size: 100Å
Inj.: 10µL
Sample: 531.1 Carbamate Pesticide Calibration

Mix (cat.# 32273)
Conc.: 100µg/mL each
Solvent: methanol
Mobile Phase: A: 90:10 water:methanol + 10mM

ammonium formate
B: 10:90 acetonitrile:methanol + 10mM
ammonium formate

Gradient: 90:10 A:B to 10:90 A:B
from 0-15 min.

Flow: 1mL/min. (0.75mL/min. to
UV, 0.25mL/min. to MS)

Temp.: ambient

MS Conditions:
Det.: Micromass ZMD
Mode: ESI+
Capillary V: 3.50
Extractor: 4.0
Ion Energy: 0.4
Multiplier: 650
Source Temp.: 100ºC
Desolv. Temp.: 250ºC
Gas Flow: 490 L/hr.

Compound Ion Cone V
1. aldicarb sulfone 223.3 25V
2. aldicarb sulfoxide 207.3 18V
3. oxamyl 237.2* 10V
4. methomyl 163.2 15V
5. 3-hydroxycarbofuran 238.3 15V
6. aldicarb 191.2 8V
7. propoxur 210.2 18V
8. carbofuran 222.3 22V
9. carbaryl 202.2 18V
10. methiocarb 226.3 19V

*Ammonium adduct; others [M+H]+ ions.

Tabella I — Condizioni cromatografiche
per analisi LC/MS di carbammati.

Quattro Cartucce Fast LC (Ultra C18, Ultra Aqueous C18, Ultra Cyano, Ultra PFP), Holder per Cartucce Fast LC.
Kit di Sviluppo Fast LC

Descrizione q.tà Cod.
Kit di sviluppo Fast LC—30 x 2.1mm kit 25296
Kit di sviluppo Fast LC—30 x 4.0mm kit 25297

Cartucce Fast LC 3µm
Descrizione Lunghezza 2.1mm ID 4.0mm ID
Ultra C18 Fast LC Cartridge 30mm 91743320 91743340
Ultra Aqueous C18 Fast LC Cartridge 30mm 91783320 91783340
Ultra Cyano Fast LC Cartridge 30mm 91063320 91063340
Ultra PFP Fast LC Cartridge 30mm 91763320 91763340

Holder per Cartucce Fast LC

Richiedete il nostro minicatalog
HPLC 2003
Doc. Cod. 59241A - INT

Condizioni elencate in Tabella I

Colonne HPLC Aggiuntive
Descrizione dimensioni Cod.
Ultra Carbamate, 3µm 50mm x 4.6mm ID 9177355
Ultra Carbamate, 3µm 100mm x 4.6mm ID 9177315
Pinnacle™ DB C18, 5µm 50mm x 4.6mm ID 9414555

Descrizione q.tà Cod.
Holder per cartucce Fast LC ciascuno 25298
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Nuovi Materiali di Riferimento

✔ Miscela ad alta concentrazione.
✔ Comprende tutti i pesticidi organofosforati (OPP) target previsti dal Metodo US EPA 8270.
✔ Maggiore stabilità: preparati in metilene cloruro esente da metanolo.

Questa nuova miscela è di complemento alla nostra 8270 MegaMix™ (Cod. 31686), Appendix IX Mix #1 (Cod.
31625) e Appendix IX Mix #2 (Cod. 31806), che non comprende gli OPP.

dimethoate
disulfoton
famphur

methyl parathion
O,O,O-triethylphosphorothioate
parathion (ethyl parathion)

phorate
sulfotepp
zinophos (thionazine)

Organophosphorous Pesticide Mix, 8270/Appendix IX (9 components)

2,000µg/mL in methylene chloride, 1mL/fiala

Ciascuno 5-conf. 10-conf.
32419 32419-510 —

con data pack
32419-500 32419-520 32519

Carbon Number Distribution Marker Standard
Per il Metodo Texas 1005 Rev. 03 e il Metodo 1006

✔ Comprende I minimi marker alifatici richiesti per definire gli intervalli di carbonio di interesse.
✔ Completa il set di materiali di riferimento per I Metodi TNRCC 1005 e 1006.*

Miscela di Pesticidi Organofosforati

Il Metodo TNRCC 1006 è usato per determinare la massa di idrocarburi totali nel petrolio (TPH) all’interno
degli intervalli di punto di ebollizione di frazioni alifatiche (C6-C35).

Miscela Farmacopea Europea/ICH Class 1
✔ Concentrazioni aggiornate agli ultimi standard per solventi residui EP Class 1.
✔ Solvente dimetilsolfossido:acqua per una migliore dispersione durante la preparazione.

Le monografie dell’European Pharmacopoeia (EP) hanno ora valore legale in 26 stati membri.  Le linee guida della
ICH (International Conference on Harmonization) per I solventi residui sono uno standard internazionale e sono
state adottate dalla USP (United States Pharmacopoeia). Le concentrazioni aggiornate dei componenti nella Miscela
European Pharmacopoeia/ICH Class 1 sono conformi ai più recenti standard della EP. Offriamo anche le Miscele di
solventi EP/ICH Class 2 che sono meno rischiose per la salute (Cod. 36229, Cod. 36230, Cod. 36231).   Le colonne
capillari Stabilwax® (Cod. 10640) e Rtx®-1301 (G43) (Cod. 16085) sono ideali per l’analisi di solventi residui.

benzene 2µg/mL
carbon tetrachloride 4
1,2-dichloroethane 5

1,1-dichloroethylene 8
1,1,1-trichloroethane 10

Miscela Farmacopea Europea/ICH Class 1 (aggiornato)

In dimethylsulfoxide:water (90:10), 1mL/fiala

Ciascuno 5-conf. 10-conf.
36261 36261-510 —

con data pack
36261-500 36261-520 36361

n-hexane(C6)
n-heptane(C7)
n-octane(C8)

n-decane(C10)
n-dodecane(C12)
n-hexadecane(C16)

n-heneicosane(C21)
n-octacosane(C28)
n-pentatriacontane(C35)

Miscela TNRCC 1006 Retention Time Marker (9 components)

200µg/mL in pentane, 1mL/fiala

Ciascuno 5-conf. 10-conf.
31814 31814-510 —

con data pack
31814-500 31814-520 31914

Colonne GC
Capillari:

Volatili

Rtx®-5Sil MS cat.# 12723
30m, 0.25mm ID, 0.25µm

Rtx®-5MS cat.# 12623
30m, 0.25mm ID, 0.25µm

Rtx®-5 cat.# 10223
30m, 0.25mm ID, 0.25µm

Rtx®-VMS cat.# 19916
60m, 0.25mm ID, 1.4µm

Rtx®-624 cat.# 10969
60m, 0.25mm ID, 1.40µm

Pesticidi 
Organofosforati
Rtx®-OPPesticides cat.# 11239
30m, 0.32mm ID, 0.50µm

Rtx®-OPPesticides2 cat.# 11241
30m, 0.32mm ID, 0.32µm

Rtx®-CLPesticides cat.# 11139
30m, 0.32mm ID, 0.50µm

TNRCC 1005 / 1006
Rtx®-5 cat.# 10223
30m, 0.25mm ID, 0.25µm
Rtx®-5 cat.# 10238
30m, 0.25mm ID, 0.50µm
Rtx®-5 cat.# 10253
30m, 0.25mm ID, 1.00µm

Solventi Residui
Rtx®-1301 (G43) cat.# 16085
30m, 0.53mm ID, 3.00µm
Stabilwax® cat.# 10640
30m, 0.53mm ID, 0.50µm

Semivolatili

*I materiali Restek aggiuntivi per i Metodi TNRCC
1005 e 1006 comprendono:
TPH Locator Mix (Cod. 31482),
TX TPH Calibration Mix (Cod. 31483),
TX TPH Matrix Spike Mix (Cod. 31484), Alternate
Boiling Point/Carbon Number Distribution Marker
Stock Standard (Cod. 31639).

Per una scelta di colonne molto maggiore, con-
sultate Il nostro catalogo 2003 di prodotti per
cromatografia. Se non ne possedete una copia,

non dovete far altro che richiederla!
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tore sia privo di contaminanti superficiali.  L’analisi
richiede solitamente alte temperature, che, spesso,
determinano problemi di cessione.  La durata del-
l’analisi supera tipicamente i 40 minuti.  Il tributilfos-
fato e il trifenilfosfato sono surrogati consigliati in
GC/FPD (Metodo EPA 8141B).

Per soddisfare I requisiti dell’analisi di OPP, i chimici
della Restek usano una colonna Rtx®-CLPesticides.
Le colonne Rtx®-CLPesticides hanno una temperatura
massima operativa di 330ºC, maggiore inerzia, e
bassa cessione.   La Figura 1 mostra l’ottima
risoluzione per la Miscela OPP Europea, ottenuta in
meno di 25 minuti.  La colonna da 30m 0,32mm ID
0,50µm si adatta bene alla tecnica di iniezione
split/splitless e alla rivelazione FPD: tutti i composti,
compresi i surrogati, sono separati. La stabilità ad alta
temperatura delle colonne Rtx®-CLPesticide ci con-
sente di portare la colonna a 330°C dopo ogni anal-
isi, per spurgare i contaminanti ad alto peso moleco-
lare, frequentemente presenti negli estratti per analisi
di OPP.  La possibilità di pulire la colonna Rtx®-
CLPesticides ad alta temperatura ci permette di
eseguire un maggior numero di iniezioni prima di
sostituire la colonna, rispetto alle colonne a base
ciano comunemente utilizzate.

Per qualsiasi analisi ottenere separazioni rapide ed
efficienti è un obiettivo importante.  Nell’analisi di
pesticidi organofosforati, la colonna Rtx®-CLPesticides
e la nuova miscela di calibrazione OPP Europea sono
compenti importanti per ottenere questo risultato.

Risoluzione di Miscele Complesse di
Pesticidi Organofosforati

Usando una Colonna GC Rtx®-CLPesticides
ed una Nuova Miscela di Riferimento Restek

✔ Analisi rapide ed efficienti usando la colonna Rtx®-CLPesticides e la rivelazione con
FPD (Rivelatore a Fiamma Fotometrica)

✔ Nuova miscela di riferimento OPP che corrisponde agli stringenti criteri Europei.
✔ Le concentrazioni della miscela di composti sono diverse, a seconda della risposta

dell’FPD.

I pesticidi organofosforati (OPP) sono ampiamente
utilizzati per proteggere frutta e verdura dagli insetti.
Purtroppo queste sostanze tossiche si possono accu-
mulare nei tessuti grassi dell’uomo, ed aumentare il
rischio di morte per insufficienza respiratoria.1 In
Europa, gli OPP sono considerati un rischio molto
serio per la salute dell’uomo, e l’analisi di questi pes-
ticidi nel cibo è importante nel controllo della qualità.
Anche negli Stati Uniti gli OPP sono rigidamente rego-
lamentati. La politica regolatoria rispetto ai residui di
pesticidi nel latte, uova, carne o pollame è definita nel
Code of Federal Regulations.2 I metodi multiresiduali
nei metodi ufficiali della AOAC3 e nel Pesticide
Analytical Manual della FDA4 sono usati per deter-
minare gli OPP e i pesticidi organoclorurati.   Di solito,
le procedure analitiche per gli OPP prevedono la GC
con un rivelatore selettivo come l’FPD (Rivelatore a
Fiamma Fotometrica) o l’NPD (Rivelatore Azoto –
Fosforo) per rivelare livelli bassi fino ai ppb per i com-
posti target.  L’uso di n FPD in modalità fosforo riduce
le interferenze di materiali non contenenti fosforo.

Recentemente i nostri clienti europei ci hanno chiesto
di sviluppare una miscela di riferimento stabile per gli

OPP ricercati, con concentrazioni appropriate
all’analisi in GC/FPD.  I componenti nella nostra
nuova miscela OPP Europea sono particolarmente
importanti nel controllo qualità di latte, prodotti per
l’infanzia e in particolare omogeneizzati e puree.
Abbiamo aggiunto ciascun componente tenendo
conto della loro risposta in FPD.  Uno degli OPP, il
demeton, è costituito da una miscela di isomeri O- e
S-.   Abbiamo inserito il demeton-S nella miscela,
seguendo il Metodo US EPA 8141B per la quantifi-
cazione di questo isomero.   I composti OPP sono
fotosensibili e vengono facilmente degradati durante
la manipolazione, la conservazione o l’analisi.
Durante la preparazione e la conservazione della
nuova miscela, abbiamo seguito misure particolar-
mente rigide per assicurare maggiore stabilità 

Le analisi di OPP sono lunghe e complesse.  I singoli
OPP sono difficili da identificare a causa di
coeluizioni e spostamenti nei tempi di ritenzione su
fasi capillari diverse. Gli OPP possono facilmente
degradare a contatto con siti attivi presenti nel sis-
tema cromatografico, perciò è importante che l’iniet-

Riferimenti:
1. Monitoring exposure of organophosphorus and/or carbamate
insecticides Saskatchewan Labor, Canada.
2. Code of Federal Regulations, 40 CFR sec. 180.6. Office of the
Federal Register Archives and Records Administration.
3. Official Methods of Analysis 5th Ed., 1990, Section 970.52.
Association of Official Analytical Chemists, AOAC International,
Arlington, VA.
4. Pesticide Analytical Manual Vol.1, 3rd Ed., 1994, Section 304-
11. U.S. Department of Health and Human Services, Food and
Drug Administration.

acephate 200µg/mL
azinphos methyl(guthion) 400
chlorpyrifos 100
demeton-s-methyl 200
dichlorvos (DDVP) 500
dimethoate 200
ethion 200
malathion 200
methamidophos 500
methidathion 200
omethoate 1000
pirimiphos methyl 100
profenfos 200
pyrazophos 500
tokuthion (prothiofos) 200
tolclofos-methyl 100

Miscela di Pesticidi Organofosforati
Formulazione Europea
(16 componenti)

In methylene chloride, 1mL/fiala

Ciascuno 5-conf. 10-conf.
32418 32418-510 —

con data pack
32418-500 32418-520 32518

Rtx®-CLPesticides  30m, 0.32mm ID, 0.50µm (cat.# 11139)
Sample: European OPP Mix (cat.# 32418) 

100–1000µg/mL in acetone 
Inj.: 0.5µL direct, open-top Siltek™ Drilled Uniliner® inlet liner (cat.# 21055-214.5)
Inj. temp.: 250°C
Carrier gas:  helium, constant pressure  
Linear velocity: 35cm/sec. @ 80°C
Oven temp.: 80°C (hold 1 min.) to 150°C @ 7°C/min. 

to 280°C @ 15°C/min. (hold 10 min.)
Det.: FPD @ 280°C

Concentration
on-column (ng)

1. methamidophos 1.25
2. dichlorvos 1.25
3. acephate 0.50
4. demeton-s-methyl 0.50
5. tributylphosphate (IS) 1.25
6. omethoate 2.50
7. dimethoate 0.50
8. tolclofos-methyl 0.25
9. pirimiphos methyl 0.25

10. chlorpyriphos 0.25
11. malathion 0.50
12. tokuthion 0.50
13. methidathion 0.50
14. profenfos 0.50
15. ethion 0.50
16. triphenylphosphate (surrog.) 1.25
17. azinphos-methyl 1.00
18. pyrazophos 1.25

Figura 1 — Miscela di Pesticidi Organofosforati, Formulazione Europea su
una colonna Rtx®-CLPesticides.

GC_EV00676
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Minimizzare l’Adsorbimento di
Analiti Attivi usando un Inserto

per Iniettore GC Drilled Uniliner®

Ora in Due Configurazioni per Adattarsi alle
Condizioni Cromatografiche

✔ Elimina siti attivi e volumi morti presenti nell’iniettore, riduce l’adsorbimento e la discrimi-
nazione degli analiti.

✔ Una configurazione è consigliata se gli analiti eluiscono vicino al picco solvente. 
✔ La configurazione alternativa è da usare se, invece, gli analiti eluiscono lontano dal solvente.

Iniettando nell’inserto ad alta temperatura di una porta
iniettore splitless, il classico volume di 1µl di campione
si espande ed assume un volume di centinaia di
microlitri.1 Il gas generato dal solvente (e dagli anal-
iti) riempie l’intero sistema iniettore.  Le molecole di
analiti vengono in contatto con superfici attive ad
alta temperatura anche al di fuori dell’inserto di
iniezione, andando ad occupare la zona vuota alla
base della porta iniettore, presente al di sotto del-
l’estremità di ingresso della colonna (Figura 1).
Nella modalità splitless il flusso di gas di trasporto in
questa zona è molto basso e non è in grado di recu-
perare rapidamente gli analiti per trasferirli alla
colonna.  Il problema è particolarmente evidente con
composti attivi, che degradano facilmente a contatto
con superfici attive, e il cui recupero può essere signi-
ficativamente ridotto.  Inoltre, I composti altobollenti,
che non vaporizzano facilmente, subiscono una
parziale discriminazione, a causa della vaporizzazione
selettiva prodotta dagli iniettori a caldo.

L’innovativa geometria di un inserto tipo Drilled
Uniliner® minimizza i siti attivi presenti nel percorso
del campione e riduce la discriminazione alla porta
iniettore.  La colonna analitica si collega alla base del
Drilled Uniliner® attraverso una connessione tipo
Press-Tight® (Figura 1), evitando così il contatto tra il
campione e qualsiasi parte dell’iniettore sottostante

l’ingresso della colonna.   I recuperi di analiti attivi
vengono significativamente migliorati.2 Un foro lat-
erale nell’inserto, permette all’iniettore di operare nel
tradizionale modo split/splitless.

Gli analiti
entrano in 
contatto con
superfici calde
e volume
morto alla base
dell’inserto
splitless

Figura 1 —La geometria dell’inserto
influenza il recupero dell’analita.

L’inserto
Drilled
Uniliner®

trasferisce
efficacemente
il campione
alla colonna 

Rtx®- 5Sil MS 30m, 0.25 ID, 0.25µm (cat.# 12723)
Sample: methylene chloride, PR grade
Inj.: 0.5µL, splitless (hold 2.5 min.)

4mm single gooseneck inlet liner (cat.# 20799)
4mm Drilled Uniliner® inlet liner (cat.# 21055)
4mm Drilled Uniliner® inlet liner (cat.# 20756)

Inj. temp.: 260°C
Carrier gas:  helium, constant pressure
Linear velocity: 17cm/sec. @ 50°C
Oven temp.: 50°C, isothermal 
Det.: FID @ 330°C

Figura 3 — Profili di picco solvente per
Drilled Uniliner® e un inserto splitless.

GC_EV00680

3a) inserto splitless 4mm singolo gooseneck

Usare la configurazione con foro vicino all’ingresso per
analiti che eluiscono dopo il picco solvente o se il solvente
è acqua.

Figura 2 — Gli inserti Drilled Uniliner®

sono disponibili in due configurazioni. Il
foro permette all’iniettore di lavorare in
modalità split/splitless.

Usare la configurazione con foro vicino alla base per analiti
che eluiscono vicino al picco solvente

Gli inserti Drilled Uniliner® vengono ora offerti in due
configurazioni (Figura 2).   L’inserto da impiegare
dipende dal tipo di applicazione e da quanto sono
ravvicinati i primi composti eluiti al picco del sol-
vente. 
Nell’iniezione  flash on-column tutto il solvente è
trasferito dall’iniettore alla colonna, portando ad un
picco solvente scodato.  L’iniezione splitless riduce lo
scodamento del solvente perché l’iniettore ritorna
alla modalità split dopo che gli analiti sono stati
trasferiti alla colonna, mentre il solvente residuo
rimasto nell’iniettore viene scartato. Il picco solvente
termina in modo netto, come mostrato in Figura 3a.
L’eliminazione dello scodamento del picco solvente è
un vantaggio rispetto alla tecnica di iniezione splitless
quando si analizzano composti che eluiscono vicino
al solvente.

L’inserto Drilled Uniliner® produce una forma di
picco solvente diversa rispetto ad un liner di tipo sin-
golo gooseneck, come mostrato in Figura 3b e Figura
3c.  La differenza più marcata è la larghezza del
picco, che risulta molto inferiore rispetto a quella del
singolo gooseneck.   La posizione del foro nel Drilled
Uniliner® influenza anche la forma del picco solvente.

Nessuno scodamento
del picco solvente.

3b) Inserto Drilled Uniliner® da
4mm foro vicino alla base

Nessuno scodamento
del picco solvente,
equivalente all’inserto
a singolo gooseneck

3c) Liner Drilled Uniliner® da 4mm
foro vicino all’ingresso.

Scodamento del picco solvente
causato dal solvente residuo
nell’inserto

La posizione del foro in un Drilled
Uniliner® influenza la forma del picco
solvente. 

Continued on page 13
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Minimizzare l’Adsorbimento
di Analiti Attivi...

Continued from page 12

Il foro rende possibile
l’iniezione diretta con GC

Agilent 6890 dotati di EPC !

Tutti gli inserti
sono disattivati

Drilled Uniliner®

Usate un inserto Drilled Uniliner® con foro
vicino alla base se i composti cadono vicino al
picco solvente.  Usate un Drilled Uniliner®

con foro vicino all’ingresso se I composti
eluiscono lontano dal picco solvente, quando
la sensibilità è critica e se il solvente è acqua.

Disattivazione Siltek™ - La nuova Generazione di Passivazione Superficiale
• Massima inerzia del percorso del campione.
• Riduzione della decomposizione.
• Bassa cessione
• Stabile termicamente.
• “Clean and green”: prodotto senza l’uso di solventi organici inquinanti.

Restek offre una nuova generazione di disattivazione.  Il processo di disattivazione Siltek™ (brevetto richiesto)
produce una superficie vetrosa altamente inerte, che offre alta stabilità termica, estrema durata e bassa ces-
sione.  Provate gli inserti, le precolonne e la lana in Siltek™ per ottenere migliore recupero degli analiti. 

Per gli inserti in Siltek™ aggiungere il suffisso corrispondente al codice dell’inserto.

Siltek™ con lana Siltek™ con
q.tà Siltek™ in Siltek™ CarboFrit™

Ciascuno -214.1 addl. cost -213.1 addl. cost -216.1 addl. cost
5-conf. -214.5 addl. cost -213.5 addl. cost -216.5 addl. cost
25-conf. -214.25 addl. cost -213.25 addl. cost -216.25 addl. cost

Il tipo con foro vicino alla base produce un
picco solvente con parte finale tronca, simile a
quello dell’inserto a singolo gooseneck (Figura
3b).  Questo inserto è un diretto sostituto del
classico inserto dritto per splitless e dovrebbe
essere usato quando gli analiti eluiscono vicino
al solvente. 

Nelle stesse condizioni il Drilled Uniliner® con
foro vicino all’ingresso dell’inserto produce un
picco solvente con un leggero scodamento
(Figura 3c).   Ciò perché il solvente che rimane
all’interno dell’inserto, tra il foro e l’ingresso
della colonna, non viene trasferito all’esterno
della porta iniezione quando l’iniettore va in
modalità split. Di conseguenza, raccomandiamo
questo inserto per analisi nelle quali gli analiti
non sono influenzati dallo scodamento del sol-
vente, come nel caso dei pesticidi organocloru-
rati. Il  Drilled Uniliner® con il foro vicino
all’ingresso fornisce migliore sensibilità ad è
raccomandabile per analisi in tracce.  Il Drilled
Uniliner® con il foro vicino all’ingresso ha evi-
denziato ottima sensibilità per l’analisi di glicoli
in acqua.

Per iniezioni split/splitless accurate, ripro-
ducibili e senza problemi, raccomandiamo di
usare un inserto Drilled Uniliner®…e collegar-
lo ad una colonna capillare Restek.

Riferimenti
1. Operating Hints for Using Split/Splitless Injectors Restek
Corporation, Bellefonte, PA, 36pp, 2002.
(Disponibile gratuitamente a richiesta: Cod.  59880A)
2. Higher Responses for Chlorinated Pesticides, Using a
Drilled Uniliner® GC Inlet Liner and Rtx®-CLPesticides
Columns Restek Corporation, Bellefonte, PA, 4pp, 2003.
(Disponibile gratuitamente a richiesta: Cod.  59487.)

Letteratura Nuova / Recente
✔ Analysis of Volatile Organics - technical guide (Cod.  59887A)
✔ Brominated Flame Retardants - applications note (Cod.  59389B)
✔ Environmental Gas Standards - Fast Facts (Cod.  59276A)
✔ EZ No-Vent™ GC/MS Connector - new product flyer (Cod.  59498)
✔ Foods Flavors & Fragrances In-Review - abstracts of Restek publications (Cod.  59489)
✔ High-Resolution Analyses of FAMEs - applications note (Cod.  59584A)
✔ HPLC minicatalog (Cod.  59241A)
✔ Inlet Supplies - a handy guide to septa, liners, etc. (Cod.  59893B)
✔ Pesticides (PCBs) / GC Racer - applications note (Cod.  59457)
✔ Pinnacle™ DB HPLC Columns - new product flyer (Cod.  59499)
✔ Sample Cylinder Technology - product flyer (Cod.  59618A)
✔ STAR Service Rewards - new program: earn credit toward instrument service (Cod.  59522)
✔ Vu2 Union™ Column Connector - new product flyer (Cod.  59505)

Per GC Agilent 5890 e 6890
(Colonne con ID da 0.25/0.32/0.53mm)

ID*/OD &
Lunghezza (mm)

Analogo al Cod.
Agilent

Cod.
Ciascuno

Cod.
5-conf.

Drilled Uniliner® (foro in alto)

4.0 ID
6.3 OD x 78.5 G1244-80730 21054 21055

Siltek™ Drilled Uniliner® (foro in alto)

4.0 ID
6.3 OD x 78.5 — 21054-214.1 21055-214.5

Drilled Uniliner® (foro alla base)

4.0 ID
6.3 OD x 78.5 G1544-80730 20756 20771

Doppio Gooseneck Drilled Uniliner® (foro in alto)

4.0 ID
6.3 OD x 78.5 G1544-80800 20508 20509

Double Gooseneck Drilled Uniliner® (foro alla base)

4.0 ID
6.3 OD x 78.5 G1544-80700 20954 20989

Siltek™ 1mm Drilled Uniliner® (Öffnung oben)

1.0 ID
6.3 OD x 78.5 — 21390-214.1 21391-214.5

Per GC PerkinElmer 
(Colonne con ID da 0.32/0.53mm)

ID*/OD &
Lunghezza (mm)

Analogo al
Cod. PE

Cod.
Ciascuno

Cod.
5-conf.

Auto SYS Drilled Uniliner® (foro in alto)

4.0 ID
6.2 OD x 92.1 — 20819 20822

Inserti Drilled Uniliner®

*ID nominale nel punto di espulsione della siringa.

Consiglio Hot!
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Analisi di Campioni 
Complessi di Semivolatili

Quantificazione di 126 Composti Semivolatili
Usando una Colonna Capillare Rtx®-5Sil MS

✔ Complemento integrale di 126 semivolatili del Metodo EPA 8270 /Appendix IX in 3 miscele
✔ Il nuovo kit 8270/Appendix IX comprende tutte le tre miscele
✔ Nuova miscela a 32 componenti Appendix

L’Appendix IX è un elenco di Costituenti Pericolosi
organici e inorganici ricercati in acqua di falda
durante il monitoraggio periodico e le azioni corret-
tive presso impianti di trattamento, stoccaggio e scari-
co. Gli organici sono di solito valutati seguendo il
Metodo EPA 8260 (volatili), il Metodo 8270 (semi-
volatili), o il Metodo 8080 (pesticidi organoclorurati).

I chimici della Restek hanno identificato i composti
della Appendix IX più comunemente analizzati, hanno
attentamente rivisto la più recente versione del
Metodo EPA 8270 e hanno costruito una nuova mis-
cela di riferimento di 32 composti, la Appendix IX
Mix #2, per soddisfare le attuali necessità dei labora-
tori ambientali.

Abbiamo formulato la nuova miscela con l’obiettivo di
preparare un prodotto che fosse stabile e pratico.  I
costituenti dell’Appendix IX comprendono molte clas-
si di composti: idrocarburi policiclici aromatici
(PAH), fenoli, idrocarburi aromatici clorurati, aldei-
di, aniline, benzidine, insetticidi.  Combinazioni insta-
bili di questi composti producono interazioni
chimiche e inficiano la calibrazione.  Il metilene
cloruro è un solvente comune per gli organici semi-
volatili, ma alcuni gradi di metilene cloruro con-
tengono basse concentrazioni di metanolo come sta-
bilizzante.  Le aldeidi (es.: benzaldeide) e le triazine
clorurate (es.: atrazina) possono reagire con il
metanolo; le triazine clorurate reagiscono anche con

l’acqua.  Perciò, noi usiamo metilene cloruro certifi-
cato esente da metanolo e acqua.  La nuova miscela
viene confezionata in fiale scure disattivate per pre-
venire reazioni catalizzate dalla luce.

La Miscela Appendix IX Mix #2 è un complemento
molto utile al nostro 8270 MegaMix™ (76 composti,

Cod.  31686) e all’Appendix IX Mix #1 (18 composti,
Cod.  31625).  I 126 semivolatili presenti in queste
tre miscele sono separati su una colonna Rtx®-5Sil
MS (Cod.  12723) (Figura 1, page 15).  Dato che i
PAH eluiscono a temperature superiori ai 300ºC,
l’analisi richiede colonne senza cessione ad alte tem-
perature.   Inoltre è necessaria una colonna inerte
per i composti attivi (es. pentaclorofenolo, dinitro-
fenoli). Le colonne Rtx®-5Sil sono ampiamente utiliz-
zate per analizzare diverse classi di semivolatili per la
loro versatilità, inerzia e bassa cessione ad alta tem-
peratura.  La combinazione ottimale di diametro
interno e spessore del film di una colonna Rtx®-5Sil
MS 30m 0,25mm ID 0,25µm la rende la scelta ideale
per l’analisi di miscele complesse di semivolatili. La
colonna Rtx®-5Sil MS in combinazione con la nostra
miscela 8270 MegaMix™, la Appendix IX Mix #1, e la
nuova Appendix IX Mix #2 oltre ai nostri standard
interni e ai surrogati per il Metodo EPA 8270 e per
l’Appendix IX, fanno della Restek un punto di riferi-
mento unico per analisti interessati all’analisi di semi-
volatili.

Informazioni per l’Ordine | Colonna Rtx®-5Sil MS
30m, 0.25 mm ID, 0.25µm cat.# 12723

Appendix IX Mix #2  (32 components)

*La concentrazione è 500µg/mL.
1La 1,2-difenilidrazina (analita elencato nell’8270) decompone
ad azobenzene (componente in miscela).
2La N-nitrosodifenilammina (analita elencato nell’8270)
decompone a difenilammina (componente in miscela). 

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene1

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenz(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine2

fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol*
4-methylphenol*
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

8270 MegaMix™ (76 components)

1,000µg/mL ciascuno (eccetto dove annotato) in
metilene cloruro:benzene (75:25),fiala da 1mL

Ciascuno 5-conf. 10-conf.
31686 31686-510 —

con data pack
31686-500 31686-520 31786

acetophenone
Aramite (2 isomers)
atrazine
benzaldehyde
biphenyl
caprolactam (epsilon)
chlorobenzilate
1-chloronaphthalene
diallate
dibenz(a,h)acridine
2,6-dichlorophenol
7,12-dimethylbenz(a)anthracene
1,4-dioxane
diphenyl ether
ethyl methacrylate
ethyl methanesulfonate

hexachloropropene
isodrin
isosafrole (cis & trans)
kepone
methyl methanesulfonate
3-methylcholanthrene
1,4-naphthoquinone
4-nitroquinoline-N-oxide
pentachlorobenzene
pentachloroethane
pentachloronitrobenzene
phenacetin
pronamide
safrole
1,2,4,5-tetrachlorobenzene
1,3,5-trinitrobenzene

1.000µg/mL ciascuno in metilene cloruro, fiala da 1mL
Ciascuno 5-conf. 10-conf.

31806 31806-510 —
con data pack

31806-500 31806-520 31906

2-acetylaminofluorene
4-aminobiphenyl
p-dimethylaminoazobenzene
3,3'-dimethylbenzidine
α,α,-dimethylphenethylamine (free base)
methapyrilene (free base)
1-naphthylamine
2-naphthylamine
5-nitro-o-toluidine
N-nitrosodibutylamine
N-nitrosodiethylamine
N-nitrosomethylethylamine
N-nitrosomorpholine
N-nitrosopiperidine
N-nitrosopyrrolidine
1,4-phenylenediamine
2-picoline
o-toluidine

Appendix IX Mix #1 (18 components)

2,000µg/mL ciascuna in metilene cloruro, fiala da 1mL

Ciascuno 5-conf. 10-conf.
31625 31625-510 —

con data pack
31625-500 31625-520 31725

31686: 8270 MegaMix™

31030: Benzidine Mix, EPA 605
31625: Appendix IX Mix #1
31806: Appendix IX Mix #2

8270/Appendix IX Kit

Contains 1mL each of these mixtures.

kit kit con data pack
31815 31815-500

★nuovo!
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1. 1,4-dioxane
2. pyridine
3. N-nitrosodimethylamine
4. ethyl methacrylate
5. 2-picoline
6. N-nitrosomethylethylamine
7. methyl methanesulfonate
8. 2-fluorophenol
9. N-nitrosodiethylamine

10. ethyl methanesulfonate
11. benzaldehyde
12. phenol-d6 (SS)
13. phenol
14. aniline
15. pentachloroethane
16. bis(2-chloroethyl)ether
17. 2-chlorophenol
18. 1,3-dichlorobenzene
19. 1,4-dichlorobenzene-d4 (IS)
20. 1,4-dichlorobenzene
21. benzyl alcohol
22. 1,2-dichlorobenzene
23. 2-methylphenol
24. bis(2-chloroisopropyl)ether
25. acetophenone
26. 4-methylphenol/3-methylphenol
27. N-nitroso-di-n-propylamine
28. nitrosopyrrolydine
29. o-toluidine

30. 4-nitrosomorpholine
31. hexachloroethane
32. nitrobenzene-d5 (SS)
33. nitrobenzene
34. N-nitrosopiperidine
35. isophorone
36. 2-nitrophenol
37. 2,4-dimethylphenol
38. bis(2-chloroethoxy)methane
39. 2,4-dichlorophenol
40. 1,2,4-trichlorobenzene
41. α,α-dimethylphenylamine
42. naphthalene-d8 (IS)
43. naphthalene
44. 2,6-dichlorophenol
45. 4-chloroaniline
46. hexachloropropene
47. hexachlorobutadiene
48. N-nitroso-n-butylamine
49. 1,4-phenylenediamine
50. caprolactam
51. 4-chloro-3-methylphenol
52. isosafrole
53. 2-methylnaphthalene
54. 1-methylnaphthalene
55. hexachlorocyclopentadiene
56. 1,2,4,5-tetrachlorobenzene
57. isosafrole
58. 2,4,6-trichlorophenol

59. 2,4,5-trichlorophenol
60. 2-fluorobiphenyl (SS)
61. safrole
62. biphenyl
63. 2-chloronaphthalene
64. 1-chloronaphthalene
65. diphenyl ether
66. 2-nitroaniline
67. 1,4-naphthoquinone
68. 1,4-dinitrobenzene
69. dimethylphthalate
70. 1,3-dinitrobenzene
71. 2,6-dinitrotoluene
72. acenaphthylene
73. 1,2-dinitrobenzene
74. 3-nitroaniline
75. acenaphthene-d10 (IS)
76. acenaphthene
77. 2,4-dinitrophenol
78. pentachlorobenzene
79. 4-nitrophenol
80. dibenzofuran
81. 2,4-dinitrotoluene
82. 1-naphthalamine
83. 2,3,4,6-tetrachlorophenol
84. 2,3,5,6-tetrachlorophenol
85. 2-naphthylamine
86. diethyl phthalate
87. fluorene

88. 4-chlorophenyl phenyl ether
89. 2-methyl-5-nitroaniline
90. 4-nitroaniline
91. 4,6-dinitro-2-methylphenol
92. diphenylamine
93. azobenzene
94. 2,4,6-tribromophenol (SS)
95. diallate
96. 1,3,5-trinitrobenzene
97. phenacetin
98. 4-bromophenyl phenyl ether
99. hexachlorobenzene

100. artrazine
101. 4-aminobiphenyl
102. pentachlorophenol
103. pentachloronitrobenzene
104. propyzamide
105. phenanthrene-d10 (IS)
106. phenanthrene
107. anthracene
108. carbazole
109. di-n-butylphthalate
110. 4-nitroquinoline-1-oxide
111. methapyriline
112. isodrin
113. fluoranthene
114. pyrene
115. aromite
116. p-terphenyl-d14 (SS)

117. aromite
118. dimethylaminoazobenzene
119. dichlorobenzilate
120. 3,3-dimethylbenzidine
121. butyl benzyl phthalate
122. kepone
123. bis(2-ethylhexyl)adipate
124. 2-acetylaminofluorene
125. benz(a)anthracene
126. chrysene-d12 (IS)
127. chrysene
128. bis(2-ethylhexyl)phthalate
129. di-n-octyl phthalate
130. benzo(b)fluoranthene
131. 7,12-dimethylbenz(a)anthracene
132. benzo(k)fluoranthene
133. benzo(a)pyrene
134. perylene-d12 (IS)
135. 3-methylcholanthrene
136. dibenz(a,j)acridine 
137. indeno(1,2,3-cd)pyrene
138. dibenz(a,h)anthracene
139. benzo(ghi)perylene

GC_EV00682

Rtx®-5Sil MS, 
30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample:
8270 MegaMix™ (cat.# 31686)
Appendix IX Mix #1 (cat#31625)
Appendix IX Mix #2 (cat#31806)
SV Internal Standard Mix (cat#31206)
B/N Surrogate Mix (4/89 SOW) (cat#31062) 
Acid Surrogate Mix (4/89 SOW) (cat#31063)
50ng each analyte on-column
50ng each analyte on-column

Inj.: 1.0µL splitless, double gooseneck inlet liner (cat.# 20784)
Pressure pulse injection, 30psig (0.5min)

Inj. temp.: 275°C
Carrier gas:  helium, constant flow
Column flow: 1mL/min
Oven temp.: 35°C (hold 1 min) to 260°C @  20°C/min. to 330°C @  6°C/min (hold 1 min.)
Det.: 5973 MS
Transfer line temp.: 280°C
Scan range: 35-550amu
Ionization: EI
Mode: TIC

Figura 1 — Si possono risolvere miscele di semivolatili con una colonna inerte e a bassa cessione.
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O-Ring in Viton® per GC
Agilent e PE AutoSys
• Adatto a inserti per split (6.3mm

OD) o splitless (6.5mm OD).
• Temperatura massima 350°.

O-Ring per Inserti Apex
Descrizione q.tà Cod.
Viton® O-Ring per Inserti Apex 25-conf. 22067

Guarnizioni inserto
iniettore Per GC TRACE™ 2000: PTV

Anelli di tenuta in grafite
e rondelle per inserti 
dell’iniettore GC
serie 8000 e TRACE™

(Simile al codice Thermo Finnigan 290-03406)

Guarnizioni per inserto per CIS4 e PTV
Descrizione q.tà Cod.
Guarnizioni per inserto per 
CIS4 e PTV 5-conf. 22684

Guarnizioni per inserto 
per Varian 1078/1079

Descrizione q.tà Cod.
5mm Guarnizioni per inserto per
Varian 1078/1079 10-conf. 22683

Peak Performers

O-Ring in grafite per GC Varian 1177 e Agilent
•Ottima stabilità termica a temperature della porta iniettore fino a 450°C!

Max. Analogo al Restek Cod.
Descrizione temp. Cod. Agilent 10-conf. 50-conf.
O-ring in grafite da 6.35mm ID per liner split 450°C 5180-4168 20296 20297
O-ring in grafite da 6.5mm ID per liner splitless 450°C 5180-4173 20298 20299

IInnsseerrttii  iinneettttoorree  ppeerr  GGCC  VVaarriiaann  11117777

Tutti gli inserti
sono disattivati

Vantaggi/
Usi:

ID*/OD &
Lunghezza (mm)

Simile a:
Cod. Varian Ciascuno

Cod.
5-conf.

4mm Split
universale 4.0 ID

6.3 OD x 78.5 39-26119-36 21045 21046

4mm Split con Lana in Silice Fusa
universale 4.0 ID

6.3 OD x 78.5 39-26119-37 — 21079

4mm Split Precision™ Liner con Lana in Silice Fusa

Campioni
sporchi, campi-

oni in tracce

4.0 ID
6.3 OD x 78.5 — 20759 20762

Laminar Cup Splitter

composti ad alto
MW

4.0 ID
6.3 OD x 78.5 — 20765 20768

2mm Splitless con Lana in Silice Fusa

campioni in 
tracce  <2µL

2.0 ID
6.5 OD x 78.5 39-26119-38 — 21077

Gooseneck Splitless (4mm)

campioni in 
tracce  <2µL

4.0 ID
6.5 OD x 78.5 39-26119-27 21896 21897

Siltek™ Gooseneck Splitless (4mm)

campioni in 
tracce  <2µL

4.0 ID
6.5 OD x 78.5 — 21896-214.1 21897-214.5

Gooseneck Splitless (4mm) con Lana in Silice Fusa

campioni in 
tracce  <2µL

4.0 ID
6.5 OD x 78.5 39-26119-36 21896-200.1 21897-200.5

Siltek™ Gooseneck Splitless (4mm) con Lana
di Vetro disattivata Siltek™

campioni in 
tracce  <2µL

4.0 ID
6.5 OD x 78.5 — 21896-213.1 21897-213.5

Doppio Gooseneck Splitless (4mm)

tracce, composti
attivi  <2µL

4.0 ID
6.5 OD x 78.5 — 21891 21892

Inserti Precision™ Inlet Liner per Molti GC
• La lana ottimizza la vaporizzazione ed aiuta a pulire l’ago durante l’iniezione.
• Nessun dubbio su dove posizionare la lana, facile da sostituire.
• La lana resta in posizione durante le pulsazioni di pressione all’iniettore nella fase di introduzione del campione.
• La disattivazione 100% polimerica assicura inerzia.
•Simile agli inserti FocusLiner™.

Vantaggi/
Usi:

ID*/OD &
Lunghezza (mm) Ciascuno

Cod.
5-conf. 25-conf.

Agilent 4mm Split Precision™ Liner

Campioni
sporchi, campi-

oni in tracce

4.0 ID
6.3 OD x 78.5 21022 21023 20979

PerkinElmer Auto SYS Split Precision™ Liner 

Campioni
sporchi, campi-

oni in tracce

4.0 ID
6.2 OD x 92.1 21026 21027 —

Shimadzu 17A Split Precision™ Liner

Campioni
sporchi, campi-

oni in tracce

3.5 ID
5.0 OD x 95 21020 21021 —

Thermo Finnigan 5mm Split Precision™ Liner

Campioni
sporchi, campi-

oni in tracce

5.0 ID
8.0 OD x 105 21028 21029 —

Varian 1075/1077 Split Precision™ Liner

Campioni
sporchi, 

campioni attivi

4.0 ID
6.3 OD x 72 21030 21031 —

Varian 1078/1079 Split Precision™ Liner

Campioni
sporchi, campi-

oni in tracce

3.4 ID
5.0 OD x 54 21024 21025 —
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Analogo al
Descrizione Cod. Agilent q.tà Cod.
O-ring in Viton® O-ring
per GC Agilent e PE 5180-4182

25-
conf. 20377

★nuovo!
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Descrizione q.tà Cod.
Guarnizioni per inserto dell’ iniettore 2-conf. 21392

Descrizione q.tà Cod.
Anelli di tenuta in grafite e rondelle Ciascuno 21898
Anelli di tenuta in grafite e rondelle 2-conf. 21899



Transfer Line pulite per ELCD 
Il tubo in  Teflon® per le transfer line Restek per
l’ELCD è rigorosamente
pulito con una soluzione
di HCl per rimuovere
qualsiasi contaminante,
poi viene lavato con
metanolo. Viene offerta
in confezione da cinque
comodi pezzi pretagliati
di lunghezza 16,5 cm 
che collegano diretta-
mente il tubo di reazione in nichel alla cella condutti-
metrica.   Compatibile con sistemi Tracor, Tremetrics,
O.I. e molti altri ELCD.

Linea di By-Pass per il controllo dell’umidità per Strumenti Tekmar
• Aumenta la risposta per chetoni, alcoli e acetati.
• Tubo in Silcosteel® per aumentare l’inerzia.
• Adatta ai metodi EPA 8260, 524.2 e OLM4.1.
• Si collega facilmente in pochi minuti.

Descrizione q.tà Cod.
Linea di By-Pass per il controllo dell’umidità per Purge & Trap Tekmar 3000 Ciascuno 21035
Linea di By-Pass per il controllo dell’umidità per Purge & Trap Tekmar 3000 Ciascuno 21109
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Ottimizzazione dell’Analisi di
Composti Organici Volatili
La nostra guida tecnica ulteriormente aggiornata
rappresenta una panoramica concisa e completa per
l’analisi di organici in campioni ambientali:

✔ Teoria del Purge and trap, adsorbenti e trappole,
troubleshooting

✔ Configurazioni del sistema GC per colonne
capillari narrow-bore o wide-bore 

✔ Ottimizzazione dei sistemi
di rivelazione

Molti cromatogram-
ma mostrano come
cambiando i parametri
cromatografici si rag-
giungono obiettivi specifi-
ci.  Informazioni inestima-
bili per nuovi cro-
matografisti, mentre i più
esperti potranno trovare idee
e motivi per aggiornare i meto-
di. 
72 pagine.

Disponibile gratuitamente a richiesta.
Richiedete la pubblicazione con il Cod.
59887A, o visitate il nostro sito web.

Ugelli Adattabili ai Capillari per Agilent
5890/6890/6850 GCs (0.011-inch ID tip)

Descrizione q.tà Cod. q.tà Cod.
Standard Ciascuno 20670 3-conf. 20671
In Siltek™ per Alte Prestazioni Ciascuno 20672 3-conf. 20673

(Analogo al Cod. Agilent 19244-80560.)

Ugelli Dedicati per Capillari per GC
Agilent 6890/6850

Descrizione q.tà Cod. q.tà Cod.
Standard Ciascuno 21621 3-conf. 21682
In Siltek™ per Alte Prestazioni Ciascuno 21620 3-conf. 21683

(Analogo al Cod. Agilent G1531-80560.)

Ugelli Capillari per GC Agilent 5880

Descrizione q.tà Cod.
Standard Ciascuno 21637
In Siltek™ per Alte Prestazioni Ciascuno 21638

(Analogo al Cod. Agilent 19301-80500.)

Ugelli per Colonne Impaccate per GC
Agilent 5890/6890/6850.

0.018-Inch ID
(Analogo al Cod. Agilent 18710-20119.) q.tà Cod. q.tà Cod.
Standard Ciascuno 21694 3-conf. 21695
In Siltek™ per Alte Prestazioni Ciascuno 21696 3-conf. 21697
0.030-Inch ID
(Analogo al Cod. Agilent 18789-80070.) q.tà Cod. q.tà Cod.
Standard Ciascuno 21688 3-conf. 21689
In Siltek™ per Alte Prestazioni Ciascuno 21686 3-conf. 21687

Diffusori con Setto Poroso per 
Purge-and-Trap
• Per Tekmar 2000, 3000 e 3100.
• Disponibili in due dimensioni: da 5 e 25mL.
• I frit uniformi garantiscono la massima efficienza di purge.

Questi diffusori garantiscono la
massima efficienza di purge per
campioni acquosi.* Costruiti
secondo rigide tolleranze per
assicurare una perfetta tenuta. 

*Non raccomandati per cam-
pioni di acqua di scarico: il
frit si può ostruire.

Descrizione Menge q.tà

5mL Fritted Sparger, 1/2-inch mount Ciascuno 21150

25mL Fritted Sparger, 1/2-inch mount Ciascuno 21151

Tubi di Reazione in Nichel
• Pretrattati per ottenere la migliore sensibilità.
• Controllati in Qualità per l’affidabilità.
• Disponibili per diversi modelli.

Per sostituire questi codici dei produttori di strumenti:
Ordinate questi
codici Restek:

ELCD Model
# Tremetrics Varian PerkinElmer Shimadzu

O.I.
Analytical q.tà Cod.

Hall 700A 115439-0003 00-996724-14 0330-2675 — — 2-conf. 21580
Hall 1000 117459-0003 00-997625-12 N660-1072 220-90435-00 — 2-conf. 21581
O.I. 4420 — — — — 183780 2-conf. 21582

Descrizione q.tà Cod.
Transfer Line in Teflon® per ELCD
(cinque tubi da 16,5cm) 5-conf. 20121

Ugelli di Ricambio per FID

★nuovo!
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I nostri cilindri di campionamento e le valvole trattate
con Sulfinert™ consentono di raggiungere la 
massima accuratezza del dato nella ricerca sia di
idrocarburi in emissioni di raffineria che di composti
attivi in reattori.   Questi contenitori inerti assicurano
la stabilità dei composti solforati e di altri analiti attivi
durante la conservazione e il trasporto dal campo al
laboratorio.  

Cilindri di Campionamento e
Valvole Trattati con Sulfinert™

Conservazione Durevole e Inerte per Analiti Attivi
✔ I contenitori per la conservazione inerte del campione sono ora disponibili a

magazzino.
✔ Nessun adsorbimento di composti attivi a concentrazioni basse fino ai ppb.
✔ Superficie di disattivazione stabile e flessibile, che non si frammenta né si

sfoglia.
I cilindri trattati con Sulfinert™ combinano l’inerzia
del vetro con la forza dell’acciaio inossidabile, ren-
dendoli ideali all’analisi di composti attivi.  Il proces-
so esclusivo Restek di disattivazione Sulfinert™ pro-
duce uno strato sottile simile alla silice sulla superficie
di acciaio inossidabile.  Anche a livello di tracce, i
composti solforati e altre molecole attive, possono
essere campionate e conservate in questi cilindri,
senza perdite significative.  Lo strato Sulfinert™, com-

pletamente incorporato sulla superficie dell’acciaio,
non si deteriora, non si sfoglia e non viene lavato via,
anche in condizioni difficili di campionamento,
trasporto o lavaggio. 

Tutte le superfici a contatto con il campione nelle
nostre valvole per cilindro, trattate con Sulfinert™,
sono ugualmente inerti, e risultano, quindi, i compo-
nenti ideali di complemento ai cilindri trattati con
Sulfinert™.

L’apparato di campionamento gas trattato con
Sulfinert™ è ideale per applicazioni che richiedono
esclusivamente superfici inerti a contatto con il cam-
pione, come emissioni di gas naturale o controllo di
biossido di carbonio di grado alimentare.  Per altri
compnenti del cammino del campione trattati con
Sulfinert™, potete consultare il nostro attuale catalogo
generale o contattare il nostro gruppo di Technical
Service o il vostro rappresentante locale Restek.

*spessore del tubo 0,5mm

Tubo in Acciaio Grado 304 Inossidabile Sulfinert™ Saldato

ID OD Cod. 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.011" (0.28mm) 0.022" (0.56mm) 22500 /ft. /ft. /ft. /ft.
0.021" (0.53mm) 0.029" (0.74mm) 22501 /ft. /ft. /ft. /ft.
0.010" (0.25mm) 1/16" (1.59mm) 22502 /ft. /ft. /ft. /ft.
0.020" (0.51mm) 1/16" (1.59mm) 22503 /ft. /ft. /ft. /ft.
0.030" (0.76mm) 1/16" (1.59mm) 22504 /ft. /ft. /ft. /ft.
0.040" (1.02mm) 1/16" (1.59mm) 22505 /ft. /ft. /ft. /ft.
0.085" (2.16mm) 1/8" (3.18mm)* 22506 /ft. /ft. /ft. /ft.
0.210" (5.33mm) 1/4" (6.35mm)* 22507 /ft. /ft. /ft. /ft.

**0.035" wall thickness

Tubo in Acciaio Inossidabile 316 Senza Giunti Sulfinert™

ID OD Cod. 5-24 ft. 25-199 ft. 200-399 ft. >400 ft.
0.055" (1.40mm) 1/8" (3.18mm)** 22508 /ft. /ft. /ft. /ft.
0.180" (4.57mm) 1/4" (6.35mm)** 22509 /ft. /ft. /ft. /ft.

Cilindri di Campionamento Trattati con Sulfinert™

Formato q.tà Cod.
75cc Ciascuno 24130
150cc Ciascuno 24131
300cc Ciascuno 24132
500cc Ciascuno 24133
1000cc Ciascuno 24134
2250cc Ciascuno 21394

Valvole per il Cilindro di Campionamento trattate con Sulfinert™

● Dimensioni da 75cc a 2250cc
● Acciaio inossidabile 316
● Attacchi femmina con filetto ¼" NPT su entrambi i lati
● D.O.T. fissato a 1800psi a temperatura ambiente

(B) (C)(A)

●Massima pressione operativa: 5000psig
●Intervallo di temperatura per la punta dello stelo in KEL-F®:

da -29°C a 121°C

Cilindri di Campionamento Trattati con Sulfinert™ Valvole per il Cilindro di Campionamento trattate con
Sulfinert™

Nota Bene: Viene applicato un sovraprezzo per tagliare tubo Sulfinert™.
Il sovraprezzo è calcolato basandosi sul numero totale di pezzi prodotto dal taglio, per ciascun articolo.

Per gli attacchi trattati con  Sulfinert™ consultare il
nostro catalogo generale.

Descrizione q.tà Cod.
(A) uscita 1/4" NPT, punta dello stelo in KEL-F® Ciascuno 24127
(B) uscita 1/4" a compressione, punta dello stelo in KEL-F® Ciascuno 24128
(C) uscita 1/4" NPT femmina (con disco di rottura incorporato) Ciascuno 21395
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Assicuratevi una Perfetta Tenuta
la Prima Volta e Per Sempre

Tenuta a Prova di Perdite Con 
le Guarnizioni

Iniettore con Anello in Vespel®

✔ Fine dei problemi associati alla guarnizione iniettore.
✔ Previene usura e danni alla guarnizione critica.
✔ Provate gratuitamente le guarnizioni iniettore con anello in Vespel®.

Nelle porte iniettore split/splitless Agilent, la guarnizione
iniettore è posizionata alla base dell’iniettore (Figura 1).
I residui non volatili, lo sporco, frammenti di setto ed
altre particelle possono accumularsi sulla superficie
della guarnizione e influenzare la linearità dell’analisi.
Il solo modo per conservare le migliori prestazioni è
cambiare frequentemente la guarnizione iniettore.  Ogni
volta che la guarnizione iniettore viene sostituita occorre
verificare la connessione e controllare l’assenza di
perdite per prevenire l’ossidazione della colonna ed
altri problemi collegati alle perdite.

Ciò costituisce un problema.  Può essere difficile realiz-
zare e conservare una buona tenuta utilizzando un
disco convenzionale in acciaio.  La giunzione metallo
su metallo richiede che venga applicata una notevole
forza sulla testa del dado riducente, ma, secondo i nos-
tri test, neanche questo assicura una perfetta tenuta.
Anche quando si riesce ad ottenere una buona tenuta
iniziale, il contatto tra parti metalliche è più predispos-

to a formare perdite in seguito ai numerosi cicli termi-
ci, consentendo ai vapori di acqua e ossigeno di dif-
fondere nel sistema.  Ciò può portare all’ossidazione
della fase nella colonna capillare, influenzare la linea di
base nel cromatogramma e/o provocare altri problemi,
fonte di spese e di mancato utilizzo.   Un problema
potenzialmente peggiore si può rivelare l’usura della
superficie di contatto metallo su metallo di questa giun-
zione critica alla base del corpo iniettore. 

Per anni la Restek ha offerto guarnizioni iniettore per
porte iniettore split/splitless Agilent 5890, 6890 e 6850.
Il disegno e la costruzione delle nostre guarnizioni iniet-
tore allungano la vita della colonna, grazie alla minore
probabilità di diffusione dell’ossigeno nel carrier gas, e
riduce il rumore della linea di base con rivelatori alta-
mente sensibili (es.: ECD e MSD).   Per diminuire la
degradazione e l’adsorbimento di composti attivi, oltre a
quelle standard in acciaio inossidabile, sono disponibili
anche guarnizioni iniettore inerti placcate oro e trattate
con Siltek™.

Tuttavia, non abbiamo ancora completamente risolto
il problema delle perdite.  Ora, il gruppo di inno-
vazione strumentale della Restek ha riprogettato la
guarnizione iniettore per rispondere a questo proble-
ma.  La soluzione trovata è la guarnizione iniettore
con un anello in Vespel®, costituita da una
guarnizione in acciaio inossidabile con un anello in
Vespel® tenero e facilmente sigillante, che permette di
eliminare l’inaffidabile giunzione metallo su metallo.
Oltre ad assicurare una perfetta tenuta, l’anello in
Vespel® non danneggia la giunzione critica e non provoca
adsorbimenti poichè rimane esterno al cammino del
campione.   Ora, la manutenzione dell’iniettore può,
essere fatta senza preoccupazioni!

La guarnizione iniettore con anello in Vespel® è diseg-
nata per mantenere le sue capacità di tenuta anche
dopo ripetuti cicli termici, senza dover ristringere il
dado riducente.  Per determinare le differenze rispetto
a guarnizioni iniettore convenzionali, abbiamo con-
frontato la velocità di perdita di diverse guarnizioni ini-
ettore in un intervallo di forza applicata al dado, utiliz-
zando un rivelatore di perdite di elio altamente sensi-
bile. La Figura 2 mostra come le guarnizioni iniettore
con anello in Vespel® si siano comportate eccezional-
mente bene a tutti i livelli, ma specialmente a bassi val-
ori di forza.

Così come per le guarnizioni iniettore convenzionali,
anche quelle con anello in Vespel® sono disponibili in
acciaio inossidabile, placcate oro, o trattate con
Siltek™.  Le guarnizioni in acciaio sono utilizzabili solo
per analisi di composti non attivi.  Per ridurre la
degradazione e l’adsorbimento di composti attivi usare
quelli placcati oro o trattati con Siltek™.  La superficie
d’oro offre maggiore inerzia rispetto all’acciaio, mentre
il trattamento con Silcosteel® permette di raggiungere
un’inerzia simile a quella della silice fusa.

Figura 2 — Le Guarnizioni Iniettore con Anello in
Vespel® producono una giunzione a tenuta anche
stringendo poco, con minore rischio di  problemi.
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Vespel® Ring Inlet Seal
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original equipment

inlet seal
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Inlet seal

Figura 1

•Patent pending.

Per mantenere le con-
dizioni ottimali occor-
rerebbe sostituire fre-
quentemente le
guarnizioni iniettore di
un GC Agilent.

• La guarnizione tenera e la bassa forza di torsione
riducono l’usura, prevenendo danni alla
guarnizione critica; ciò significa eliminare
improvvisi problemi di mancato utilizzo. 

• Connessioni a tenuta sono la base per avere 
maggiore sensibilità (minore rumore del 
rivelatore) e vita della colonna maggiore 
(nessuna ossidazione della fase)

Le Guarnizioni Iniettore con Anello in Vespel®

sono disponibili in tre finiture: placate oro,
trattate con Siltek™, o acciaio inossidabile.

Guarnizioni Iniettore con Anello in Vespel® con rondelle per GC Agilent 5890/6890/6850
0.8mm ID Vespel Ring Inlet Seal 2-conf. 10-conf.
placcato oro 21562 21563
trattato con Siltek™ 21564 21565
in acciaio 21560 21561
1.2mm ID Vespel Ring Inlet Seal 2-conf. 10-conf.
placcato oro 21568 21569
trattato con Siltek™ 21570 21571
in acciaio 21566 21567
Nota: Tutte le guarnizioni includono le rondelle.
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Rondelle di Ricambio per Guarnizione Iniettore

Descrizione Analogo al Cod. Agilent q.tà Cod.
Rondelle di Ricambio per Guarnizione Iniettore 5061-5869 15-conf. 21710

Guarnizioni Iniettore di Ricambio per GC Agilent
• Realizzate in acciaio inossidabile di grado speciale più tenero e deformabile in grado di assicurare giunzioni a tenuta.
• La durata della colonna aumenta perchè l’ossigeno non può diffondere nel gas di trasporto.
• Il minore rumore migliora la risposta dei rivelatori altamente sensibili (es.: ECD, MSD).
• La guarnizione in Siltek™ offre la stessa elevata inerzia del vetro.
• Tutte le guarnizioni comprendono le rondelle.

*La guarnizione iniettore in acciaio inossidabile da 0.8mm ID è equivalente al codice Agilent 18740-20880, e quella da 0.8mm ID placcata oro è equivalente al codice Agilent 18740-20885.
Nota: La guarnizione iniettore da 1,2mm è consigliata per l’utilizzo con ferrule in Vespel®/grafite o per installare due colonne usando una ferrula a doppio foro.  La guarnizione iniettore da
0,8mm è consigliata con ferrule in grafite e installazione di una singola colonna.

Per l’installazione di una singola colonna,
Apertura da 0,8mm*

Per l’installazione di due colonne da
0.25/0.32mm ID,

Apertura da 1,2mm

Per l’installazione di due colonne da
0.53mm ID,

Apertura da 1/16-inch
2-conf. 10-conf. 2-conf. 10-conf. 2-conf. 10-conf.

Stainless Steel Inlet Seal
21315 21316 20390 20391 20392 20393

Gold-Plated Inlet Seal
21317 21318 21305 21306 — —

Siltek™ Inlet Seal
21319 21320 21307 21308 — —

Le Guarnizioni Iniettore Restek
hanno una superficie ultra-regolare

per migliorare la cromatografia!

Lit. Cat.# 59523-ITL
©2003 Restek Corp.

Restek Trademarks: CarboFrit, EZ-No-Vent, Integra-Guard, MegaMix, Pinnacle, Plus 1, Precision, Press-Tight, Rtx, Silcosteel, Siltek,
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(E.I. du Pont de Nemours & Co., Inc.), Tenax (Enka Research Institute Arnhem), TRACE (Thermo Finnigan), Vespel, Viton (E.I. du
Pont de Nemours & Co., Inc.).
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Figure 2

Tartaric and malic acids, the primary organic acids in
grape juice, resolved by an Allure™ Organic Acids column.

The fruit juice industry in the US alone is worth over $12 billion
per year1 and is many times that worldwide. As with other indus-
tries in which there is a large potential for profit, unscrupulous
juice producers and traders have found ways to replace or extend
more valuable juices. This can be done by substituting sugars for
juice solids, or by diluting higher cost juices with less expensive
ones. For example, white grape juice and pear juice have been
used to extend other, more costly juices. To detect these adulter-
ations, a number of laboratories employ fruit juice authenticity
testing.

Because juices are chemically quite complex, several complemen-
tary tests should be performed to verify authenticity. These can
include determining sugar profile and sorbitol content; minerals;
anthocyanin pigments; phenolics; oligosaccharides; carbon stable
isotope ratio for various components; and organic acid profile.
High performance liquid chromatography (HPLC) is a powerful
tool in analyses of many of these components. With these com-
plex matrices, the resolving power of HPLC is invaluable for
accurately quantifying components.

Organic acids give fruit products their characteristic tartness.
Since the organic acids content varies in composition and in con-
centrations among different fruit juices, organic acid content can
be used to identify a product and verify its purity. For example,
malic acid is a major component of the organic acid profile of
apple juice. If apple juice has been diluted, e.g., with sugar water,
the malic acid content will be low. In grape juice, tartaric acid is
present at relatively high levels. Cranberry juice, on the other

HPLC
Applicationsnote
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Single-Column Method for HPLC Analysis of Organic Acids
in Fruit Juices, Using an Allure™ Organic Acids Column

Figure 1

Organic acids play multiple roles in food and beverage sys-
tems: they are important flavor compounds, and they are
indicators of product quality. Organic acid profiles are moni-
tored to determine the purity of certain fruit juices.  In some
food and beverage systems they are added as acidulants, to
control the pH of a product. Certain organic acids also can be
used as antimicrobial agents; for example, propionic acid can
be used to slow mold growth. Malic acid, citric acid, and oth-
ers are found in fruits. Oxalic acid is present in spinach and
rhubarb; grapes contain tartaric acid.

Analysis of polar organic acids can be difficult on conven-
tional reversed phase columns. A highly aqueous mobile
phase is needed to increase interaction between the acids and
the stationary phase, but stationary phases in conventional
C18 columns collapse in 100% aqueous mobile phases. The
Allure� Organic Acids column was designed to enhance
retention and selectivity in challenging applications such as
this. Polar embedded groups allow the alkyl groups in
Allure� Organic Acids columns to remain extended in 100%
aqueous mobile phases; retention is stable and reproducible.

Excellent separation of tartaric and quinic acids by an
Allure™ Organic Acids column.

Peak List: Conc.
1. tartaric acid 1mg/mL
2. quinic acid 1mg/mL
3. malic acid 1mg/mL
4. citric acid 1mg/mL
5. fumaric acid 0.005mg/mL

Sample: Fruit Juice Organic Acid Mixture
Inj.: 10µL
Conc.: see peak list
Sample Diluent: purified water

Column: Allure™ Organic Acids
Catalog #: 9165585
Dimensions: 300 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 100mM phosphate buffer, pH 2.5
Flow: 0.5mL/min
Temp.: ambient
Det.: UV @ 226nm

LC_0238

Peak List:
1. tartaric acid
2. malic acid

Sample: grape juice
Inj.: 10µL
Conc.: grape juice:water (50:50, v/v)
Sample Diluent: purified water

Column and conditions same as Figure 1

LC_0237



Quinic, malic, and citric acids in cranberry juice cocktail.

Restek trademarks: Allure, the Restek logo.
For permission to reproduce any portion of this application note, please contact Restek�s publications/graphics department by phone (ext. 2128) or FAX.
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Allure™ Organic Acids Column
Physical Characteristics:
particle size: 5µm, spherical,

non-endcapped phase
pore size: 60Å
pH range: 2.5 to 7.5
temperature limit: 80°C

Dimension qty. cat.#
300mm x 4.6mm ea. 9165585

hand, contains quinic acid. A �cranberry juice� that contains mea-
surable amounts of tartaric acid would be suspect. Thus, it is criti-
cal to both identify and quantify the organic acids in a fruit juice
to determine if the juice is described truthfully.

The organic acid content of fruit juices, such as cranberry juice
and apple juice, can be determined using AOAC method 986.13.2

In this procedure, reversed phase HPLC with a UV detector is
used to quantify organic acids. Because several of the organic
acids are extremely difficult to resolve, this procedure calls for
two reversed phase C18 columns in series. A 100% aqueous
mobile phase (phosphate buffer at pH 2.4) is used to maximize
the interaction between the acids and the stationary phase.

Now there is a simpler and more reliable approach. A single 30cm
Allure� Organic Acids column effectively resolves key organic
acids, such as tartaric and quinic acids, using the chromatographic
conditions specified in AOAC method 986.13!

Figure 1 shows a separation of typical fruit juice organic acids,
including tartaric, quinic, malic, citric, and fumaric acids. Note
the baseline resolution between tartaric and quinic acids. This
superior performance makes interpretation of analytical data more
reliable. Similarly, note the distinct organic acid profiles for grape
juice and cranberry juice cocktail in Figures 2 and 3.

Analysis of polar organic acids can be difficult on conventional
reversed phase columns, even when using highly aqueous mobile
phases and two reversed phase columns in series for the separa-
tion. In contrast, an Allure� Organic Acids column provides
enhanced retention and selectivity for these compounds, allowing
the separation to be performed on one 30cm column. Retention is
stable and reproducible, even with a 100% aqueous mobile phase,
as specified in AOAC method 986.13. If you are monitoring fruit
juice quality, and want a trouble-free analysis with accurate
results, we highly recommend an Allure� Organic Acids column.
RReeffeerreenncceess
1. Authenticity of Apple Juice Technical Bulletin #2 (1996), Analytical Chemical

Services of Columbia, Inc.
2. Official Methods of Analysis (2000), AOAC International, 17th edition, method

#986.13.

Figure 3

Peak List:
1. quinic acid
2. malic acid
3. citric acid

Sample: cranberry juice
Inj.: 10µL
Conc.: cranberry juice:water

(50:50, v/v)
Sample Diluent: purified water

Column and conditions same as Figure 1

LC_0236

HPLC Catalog
Ability to manufacture silica, synthesize many
stationary phases, and perform high-density
bonding has made Restek a significant supplier
of HPLC columns. This 116-page catalog lists
columns in four silica lines, including LC/MS
columns and other special-purpose columns,

microbore columns, and preparative columns.Many application
chromatograms. (lit. cat.# 59241A)

Foods, Flavors, & Fragrances
In-Review
Abstracts of 30+ Restek publications on foods -
flavors - fragrances applications. Check the publi-
cations you want on the pre-paid postcard - or
access them on our website. (lit. cat.# 59489)

citric acid 2000µg/mL
fumaric acid 10
malic acid 2000
quinic acid 2000
tartaric acid 2000
In water, 1mL/ampul

Each 5-pk.
35080 35080-510

In water, 5mL/ampul

Fruit Juice Organic Acid Mixture

Foods, Flavors, & Fragrances 
A 48-page overview of the foods, flavors, fra-
grances applications for which Restek HPLC and
GC columns have been used. Applications include
amino acids, carbohydrates, chiral separations,
essential oils, fats and oils, organic acids, preserva-
tives, vitamins, and more. (lit. cat.# 59260)

Each 5-pk.
35081 35081-510
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Reduce outgassing, reduce pump-down time
• Silcosteel®-UHV layer can reduce outgassing by more than an order of

magnitude, relative to heat treatment, in UHV environments.
• Reduced outgassing allows faster system pump-down.

Rugged, durable layer, for long-term reliable performance
• Silcosteel®-UHV layer will not delaminate.
• Stable to 600ºC.
• Will not interfere with or be damaged by knife edge of Conflat® sealing

flange.
• Reduces galling.

Custom service
• Apply Silcosteel®-UHV layer to a broad range of components.
• Treat complicated geometries and fine structures.

Ultra-high vacuum (UHV) environments of 10-7 torr or lower are critical for many instruments and
systems used to analyze and manipulate the properties of materials, surfaces, or atomic structure.
Under these vacuum conditions, steel components outgas large quantities of water, CO2, CO, and
other contaminant molecules. Until now, large pumping systems and extensive bake-out treat-
ments have been required to remove these materials from the UHV environment.

A Silcosteel®-UHV layer significantly reduces outgassing by steel components in UHV systems.
Applied to and incorporated into the steel surface, the Silcosteel®-UHV layer acts as a barrier, iso-
lating any materials trapped on or in the steel and preventing them from entering the UHV environ-
ment, without liberating any contamination of its own. Figure 1 demonstrates the dramatic
improvement attained by using Silcosteel®-UHV-treated components in a UHV assembly, relative to
heat-cleaned components. After 10 hours under vacuum at 61°C, the Silcosteel®-UHV coated part
demonstrated a 14-fold lower outgassing rate than the heat-cleaned part* (note circled area in
Figure 1b). Clearly, Silcosteel®-UHV-treated parts make it possible to achieve and maintain a UHV
environment with less pumping capacity and conservative bake-out requirements.

800-356-1688   ★ 814-353-1300

www.restekcorp.com

At-a-Glance
Product
Information
from Restek

System: standard turbomolecular pump, 360L/sec;
all metal seals

Test pieces: independently heated, isolated closed end
thimbles; 4.5” x 1.5” OD

Base pressures: 4.6 x 10-7 Torr at 1hr
7.5 x 10-8 Torr at 10hr

Figure 1a
Silcosteel®-UHV-treated vacuum system 

omponents show significantly less
outgassing, compared to heat-cleaned*

components.

*Heat cleaned—test piece cleaned ultrasonically in an
aqueous caustic bath, followed by 400ºC under vacuum.

Figure 1b
After 10hr under vacuum, Silcosteel®-UHV-

treated component continues to show signifi-
cantly less outgassing. Note change in y-axis

scale compared to Figure 1a.

Silcosteel®-UHV
Dramatically Reduce Outgassing in UHV Systems

Patent pending.

Pressure Increase with Heat After 1 hr Under Vacuum Pressure Increase with Heat After 10 hr Under Vacuum

14-fold decrease in
outgassing rate

from the
Restek Performance

Coatings Division

Silcosteel®-UHV surface
treatment has been 
recognized by a panel of
independent judges and
editors of R&D Magazine

as one of the 100 most technologically
significant products introduced in 2003



The Silcosteel®-UHV layer is rugged and durable enough to stand up to the sealing requirements
needed to attain a UHV environment. Figure 2 shows the knife-edge of a Silcosteel®-UHV-treated
Conflat® sealing surface. The knife-edge penetrates and seals in the copper O-ring seated within
the Conflat® surface. Even after multiple executions of this sealing process, the Silcosteel®-UHV
layer remains intact.

Initial work with applying a Silcosteel®-UHV layer to Conflat® fitting bolts—without using anti-seize
material—has demonstrated a decrease in galling. After sealing and thermal cycling, the bolts
were easily removed from the Conflat® flange without galling.

Silcosteel®-UHV treatment is a custom service, available exclusively from Restek Corporation. For
information on treating system components with Silcosteel®-UHV passivation, contact Restek, or
your Restek representative.

Restek (U.S.):
110 Benner Circle
Bellefonte, PA 16823
800-356-1688 • 814-353-1300
fax: 814-353-1309
www.restekcorp.com

Restek France:
phone: 01 60 78 32 10
restekfr@club-internet.fr

Restek GmbH:
49 06172 2797 0
RESTEK-GMBH@t-online.de

Thames Restek U.K., Ltd.:
01494 563377
Sales@Thamesrestek.co.uk

Restek Ireland:
44 28 9081 4576
restekeurope@aol.comLit. Cat. # 59532

©Copyright 2003,
Restek Corporation

Restek trademarks: Silcosteel, Siltek, Sulfinert, and the
Restek logo. Other trademarks: Conflat (Varian

Associates, Inc.)

At-a-Glance
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Information
from Restek

Figure 2
The durable Silcosteel®-UHV layer will

withstand the sealing requirements of UHV,
maintaining knife edge integrity.

Silcosteel®-UHV
Dramatically Reduce Outgassing in UHV Systems

About Us
Restek's involvement in coatings began in 1987. The focus of our initial work was to produce a
coating on stainless steel that was inert to low-level reactive organic compounds, such as explo-

sives and volatile organic compounds (VOCs). The end product
from this work was the Silcosteel® coating for stainless steel tub-
ing. Silcosteel® coated tubing currently is used for construction of
analytical testing equipment by all major manufacturers of gas
chromatography sampling and testing equipment.

Since this initial project, Restek's coatings experts have developed
a family of coatings to address other specific needs and thereby
enhance the performance of system components. In brief, these
coatings are:

• Silcosteel®—A general purpose passivation layer for steel and
stainless steel.

• Silcosteel®-CR—A corrosion resistant layer that increases the
lifetime of system components in acidic environments
containing hydrochloric, nitric, or sulfuric acid. Patent pending.

• Silcosteel®-UHV—Used to reduce outgassing by components of ultra-high vacuum systems.
Patent pending.

• Silcosteel®-AC—Dramatically reduces carbon buildup on stainless steel components.  Patented.
• Siltek™—Provides the ultimate passivation of coated components, from glass to high nickel

alloys of steel. Patented.
• Sulfinert™—A required coating on metal components when analyzing for parts-per-billion levels

of organo-sulfur compounds. Patented.

Restek coatings are now used in many applications, spanning multiple industries and market
areas. Restek coated components increase the lifetime of stack monitoring equipment exposed to
sulfuric acid. Coated injector nozzles have longer service life because coking is inhibited.
Sulfinert™-coated sampling equipment increases the reliability of process measurements in refiner-
ies and petrochemical plants. A mass spectrometer manufacturer demands Silcosteel®-coated
parts to increase instrument sensitivity for analyzing pesticides. Restek coated air sampling equip-
ment is used to sample diverse environments, from city air to submarine cabins. Let us solve your
surface activity problems. Contact Dave Smith at 800-356-1688 or 814-353-1300, x 2154, or by
email at daves@restekcorp.com.

Patent pending.

Restek’s headquarters are in
Bellefonte, Pennsylvania,

USA, with distributors and
representatives in over 60

countries.

The Silcosteel®

layer is a general
purpose passiva-
tion layer for
metals.

Siltek™ provides
the ultimate 
passivation for
many surfaces,
from glass to
high nickel alloys
of steel.

Sulfinert™ coating
on metal compo-
nents is required
when analyzing
for parts-per-bil-
lion levels of
organo-sulfur
compounds.
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GC Analysis of US EPA Method 504.1 Organochlorine Pesticides
Using the Rtx®-CLPesticides and Rtx®-CLPesticides2 Columns

United States Environmental Protection Agency (US EPA)
Method 504.1 is a common test performed by environmental
laboratories for the analysis of 1,2-dibromoethane (EDB), 1,2-
dibromo-3-chloropropane (DBCP), and 1,2,3-trichloropropane
(TCP) in drinking water. This method uses a salting-out
microextraction and dual-column gas chromatography with
electron capture detection (GC/ECD). Because the workload of
Method 504.1 usually does not warrant the dedication of an
instrument, many laboratories use the same instruments for the
analysis of chlorinated pesticides and herbicides. Therefore,
when selecting a set of capillary columns for this analysis, it is
important that they work well for a number of different methods.

Restek has designed the Rtx®-CLPesticides and the Rtx®-
CLPesticides2 columns specifically for the analysis of orga-
nochlorine pesticides (EPA Methods 608 and 8081), and they
also provide excellent separation for the compounds listed in

Method 504.1. In addition to the analytes listed in Method 504.1,
these stationary phases also work well for the analysis of
herbicides and polychlorobiphenyls (PCBs) because they are
highly selective for compounds that contain electronegative
substituents.

Figure 1 shows the analysis of the Method 504.1 target com-
pounds on the Rtx®-CLPesticides and the Rtx®-CLPesticides2
columns, connected in parallel using a glass ‘Y’ Press-Tight®

connector. This configuration is important to ensure that both the
primary and confirmation column analyses are performed
simultaneously under the same conditions, using the same
injection port.

Method 504.1 requires that EDB, DBCP, and TCP be fully
resolved from the common interference compounds (i.e.,
chloroform, bromodichloromethane, chlorodibromomethane,

1
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4

5

7

Figure 1

Rtx®-CLPesticides and Rtx®-CLPesticides2 columns fully resolve Method 504.1 organochlorine pesticides in 10 minutes.

1. chloroform
2. bromodichloromethane
3. chlorodibromomethane
4. 1,2-dibromoethane (EDB)

6

30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides (cat.# 11139) and 30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 (cat.# 11324),
0.32mm ID guard column (cat.# 10044), universal angled ‘Y’ Press-Tight® connector (cat.# 20403). Direct injection using a Uniliner® sleeve (cat.#20335).

On-column concentration: 10pg each compound. Oven temp.: 35°C (hold 2 min.) to 300°C @ 12°C/min.;
Inj./det. temp.: 200°C/300°C; Carrier gas: helium, 12psi constant pressure.
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Rtx®-CLPesticides Column Rtx®-CLPesticides2 Column

5. 1,1,1,2-tetrachloroethane
6. bromoform
7. 1,2,3-trichloropropane
8. 1,2-dibromo-3-chloropropane (DBCP)

8 8

min.  3 4 5 6 7 8 9 10 min.  3 4 5 6 7 8 9 10
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Restek Trademarks: Press-Tight, Rtx, Uniliner.

1,1,1,2-tetrachloroethane, and bromoform). The Rtx®-
CLPesticides2 column fully resolved these compounds. The
coelution of 1,1,1,2-tetrachloroethane and bromoform on the
Rtx®-CLPesticides column is between two interference com-
pounds, which does not effect the identification or quantification
of EDB, DBCP, or TCP.

Product Listing

Rtx®-CLPesticides Columns Rtx®-CLPesticides2 Columns

ID df (µm) Stable to 15m 30m

0.25mm 0.25 340°C 11120 11123

0.32mm 0.50 340°C 11136 11139

0.53mm 0.50 340°C 11137 11140

ID df (µm) Stable to 10m 20m
0.18mm 0.14 340°C 42101 42102

ID df (µm) Stable to 15m 30m

0.25mm 0.20 340°C 11320 11323

0.32mm 0.25 340°C 11321 11324

0.53mm 0.42 340°C 11337 11340

ID df (µm) Stable to 10m 20m
0.18mm 0.14 340°C 42301 42302

Universal ‘Y’ Press-Tight® Connectors

20405, each 20406, 3-pk.

Universal Angled ‘Y’ Press-Tight® Connectors

20403, each 20404, 3-pk.

5m Phenylmethyl-Deactivated Guard Columns

ID (mm) cat.#

0.25 10043

0.32 10044

0.53 10045

Rtx®-CLPesticides Column Kits

Description cat.#

0.53mm ID Rtx®-CLPesticides Kit 11197

0.32mm ID Rtx®-CLPesticides Kit 11198

0.25mm ID Rtx®-CLPesticides Kit 11199

These kits include both a CLPesticides and CLPesticides2 column,
a Universal Angled ‘Y’ Press-Tight® Connector, and a 5m guard
column. (Note: Columns are not preconnected in these kits.)

Uniliner® Direct Injection Sleeves for HP GCs

4mm ID x 6.3mm OD x 78.5mm Length

20335, each 20336, 5-pk.

In summary, these columns are the complete solution for the
analysis of chlorinated pesticides, herbicides, and Method 504.1
organochlorine pesticides. If you are involved in the analysis of
any of these methods, and would like more information, please
contact Restek’s Technical Service Team at 800-356-1688 or
814-353-1300, ext. 4.

504.1 Calibration Mix

1,2-dibromo-3-chloropropane
1,2-dibromoethane
1,2,3-trichloropropane

200µg/mL ea. in P&T methanol, 1mL/ampul.
each 5-pack 10-pack

30239 30239-510
w/data pack 30239-500 30239-520 30339
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List of Materials:
Disk (cat.# 26022); Filter (cat.# 26024); Manifolds (cat.#s
26025, 26026, 26027); Dry Prep (cat.#s 26075, 26076);
25mm Filter (cat.# 26073). If using glass filter beads, see end
note for procedural modifications.

Sample Preparation:
1. Adjust sample to pH 2.0 with 6N HCl
2. If sample is high in suspended solids, allow solids to

settle. When adding the sample, tilt the sample
container to allow particulates to settle on one side.
This is suggested to aid in the decanting of the liquid
portion of the sample.

Extraction Disk Conditioning:
Proper disk conditioning is critical for a successful extrac-
tion. Conditioning provides a good interface between the
sorbent and the sample matrix. Failure to condition the disk
properly may result in erratic and low recoveries.

1. Place disk on manifold, ripple side up. Connect
reservoir securely to disk base.

2. Place the Resprep™ Flow Filter in the bottom of
the reservoir, flush with the edge of the glass.

3. Wash the disk with 25mL of n-hexane.
Note: Always run solvents down the sides of the
glassware when washing or eluting. Apply a light
vacuum (~5in. Hg) and pull approximately 1mL
through the disk. Vent the vacuum and allow the
disk to soak for 2 minutes.

4. Apply vacuum to pull the remaining solvent
through the disk. Allow the disk to dry.

Extraction of Oil and Grease from Wastewater
Using US EPA Method 1664 and Resprep™
Oil and Grease SPE Disks and Flow Filters

Increasing environmental concerns about the effects of
released chlorofluorocarbons (CFCs) in the atmosphere, and
in an effort to reduce discharges during routine laboratory
procedures, the US Environmental Protection Agency (EPA)
has mandated the elimination of Freon® (CFC-113) extrac-
tion solvent for industrial waste samples. This has recently
resulted in the release of an alternative procedure for US EPA
Method 413.1—the US EPA Method 1664, Oil and Grease
Analysis in Wastewater. The updated method describes an
n-hexane liquid-liquid extraction and allows use of alter-
native extraction and concentration techniques such as SPE
if the performance specifications of the method are not met.

The n-hexane extraction process has several difficulties. As
with all liquid-liquid extractions, emulsions are problematic.
With industrial discharge samples, this problem may become
extreme and result in poor sample partitioning or samples
too viscous to process at all. Because n-hexane is lighter
than water, it makes routine separatory funnel processes
difficult to perform. Fortunately, some of these difficulties
may be overcome using the SPE procedure.

By decanting the supernatant from the sample first and using
an appropriate prefilter, most complex samples can be
extracted in less than an hour. The SPE system also can be
automated using vacuum manifolds. This allows simulta-
neous processing of up to six samples, thereby improving
sample throughput and lab efficiency.

The following instructions are general guidelines for SPE
extraction of oil and grease from wastewater. Sample
volume, solvent type, pH adjustment, and conditioning may
be changed to adapt to specific methods as needed.

Please note: This method is based on the US
EPA Method 1664, but is not intended to replace
or substitute the method.

Please refer directly to the published EPA
method for additional information for the prepara-
tion of samples to be analyzed according to EPA
Method 1664.

EPA methods are available from NTIS (National
Technical Information Service), U.S. Department
of Commerce, Springfield, VA 22161, phone:
(703) 487-4650.

Option 1: Vacuum
Manifold

Option 2: Filtration
Apparatus

Flow
Filter

Disk

Vacuum

Reservoir

Wash

Screen

Elute
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5. Repeat steps 3 and 4 one more time.

6. Add 25mL of methanol to the reservoir. Apply a
light vacuum (~5in. Hg) and pull approximately
1mL through the disk. Vent the vacuum and allow
the disk to soak for 1 minute.

7. Apply vacuum and pull methanol through the disk
until the methanol surface is 1–2mm above the
surface of the disk or prefilter.

8. Add 10mL of reagent-grade water to the reservoir.
Apply a light vacuum and pull the water through
the disk until the surface is covered with about
1–2mm of water.

9. Repeat steps 7 and 8 one more time.
Note: It is important that the disk is not allowed to
dry out before introducing the sample. Drying of
the disk at this point could lead to decreased
yields.

Sample Extraction:
1. Pour or decant the sample into the reservoir and apply

vacuum. Decant and extract as much liquid as possible
before adding sediment to the reservoir. Do not let the
disk dry before adding sediment.
Note: Use an appropriate vacuum to keep the extraction
time to more than 10 minutes, as faster extraction times
will reduce recoveries.

2. After sample extraction is complete, remove as much
residual water as possible from the disk by applying
vacuum to dry the disk for 10 minutes.

Sample Drying:
1. Use acetone (5–6mL) to remove any remaining water

from the disk.

2. Leaving an open vacuum, add 5mL acetone around the
lower portion of the reservoir and to the top of the disk.
Apply maximum vacuum to dry the disk for 5 minutes.
Note: Do not allow acetone to sit in the reservoir.

3. If 5mL does not remove all remaining water, try an
additional 1mL, but do not exceed a total of 6mL.
Note: Acetone may reduce yields if used in large
quantities or for long durations.

Sample Elution:
1. Put receiving vessel in place. Elute twice with 25mL of

n-hexane. Smaller volumes of solvent may be used if the
elution techniques have been validated. When adding
elution solvent, rinse down the sides, washing the walls
of the reservoir in the process.

2. Carefully apply vacuum to pull a few drops of n-hexane

through the disk, and then release the vacuum. Allow
the n-hexane to soak the disk for two minutes before
applying full vacuum to remove residual n-hexane and
dry the disk.

3. Repeat the process in steps 1 and 2 with a second
aliquot of eluting solvent.

* Optional Step: It may be desirable to further dry and
filter the combined hexane eluates before transferring
them to a pre–weighed vaporation dish. Pass the hexane
through a small or large sodium sulfate-containing Dry
Prep tube (cat.# 26075 or 26076), and a 0.45µm PTFE
syringe tip filter (cat.# 26073), connected to the outlet of
the Dry Prep tube.

4. Transfer eluted hexane sample to the pre-weighed
evaporating dish. Rinse collection vessel with two
additional 5mL aliquots of n-hexane, add rinse to
evaporating dish.

5. Evaporate the n-hexane, at a temperature of 30–40°C,
from the pre-weighed dish until a constant weight is
reached.

End Note: When using glass filter beads instead of the
prefilter, modifications to the procedure are required. Due to
the difference in physical properties, it is necessary to
reduce all quantities of the solvents used to 10mL instead of
25mL during the disk conditioning and sample elution. In
the sample drying process, start with 4–5mL of acetone. If
any water remains in the sample, try using up to 6mL.

Product Listing:
Description cat. #

Oil & Grease SPE Disk, 47mm (20pk.) 26022

Flow Filter, 47mm (20pk.) 26024

Resprep™ Maxi-Manifold, Complete Station 26026

Resprep™ Maxi-Manifold, 1-Station 26025

Individual Maxi-Manifold Station 26027

Replacement Reservoir, 1L 26028

Dry Prep I
Sodium sulfate drying tube - small (50pk.) 26075

Dry Prep II
Sodium sulfate drying tube - large (50pk.) 26076

25mm Syringe Tip Filter, PTFE, 0.45µm 26073

US EPA Method 1664 Oil & Grease Reference Mix
Each 5-pk. 10-pk.

31457 31457-510

w/data pack 31457-500 31457-520 31557
Restek Trademarks: Resprep      Other Trademarks: Freon (E.I. du Pont de Nemours & Co., Inc.)
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HPLC Analysis of Basic Pharmaceutical
Compounds on an Ultra Cyano Phase

Figure 1

HPLC Separation of Popular Calcium Channel Blockers Shows
Good Peak Shape and Resolution in 10 minutes

1

2

3

4

5

 min. 1 2 3 4 5 6 7 8 9 10

Peak List:
1. diltiazem
2. nifedipine impurity
3. verapamil
4. nifedipine
5. nicardipine

Column: Ultra Cyano
Catalog Number: 9106565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Solvent A: 20mM KH

2
PO

4
, pH 3 with H

3
PO

4

Solvent B:ACN
Mode: Isocratic, (70:30, A:B) (v/v)
Flow Rate: 1.2mL/min
Wavelength: 235nm

Pharmaceuticals designed for use as antihypertensive agents
are challenging samples for high performance liquid
chromatography (HPLC) methods development. The
challenge arises when the basic functional group in the
sample interacts with a residual silanol group in the column
packing, causing peak tailing and difficult quantitation.

When compared to C18 phases, a bonded base-deactivated
cyanopropyl phase exhibits the best peak shape for basic
pharmaceutical compounds. However, cyano phases on
traditional Type A silica can be unstable under certain pH
conditions (Scheme 1). In order to combat these problems,
we’ve developed new deactivation and bonding chemistries
for the Ultra Cyano HPLC column, which increase phase
stability and eliminate potential hydrolysis when incorpo-

rated with a highly pure, Type B silica support. The high
bonding density (8% carbon) increases the retention/
capacity factor for analytes, resulting in better resolution of
complex mixtures.

Figure 1 illustrates the separation of calcium channel
blockers, a common analysis containing compounds with
these basic functional groups, using an Ultra Cyano HPLC
column. The 150 x 4.6mm column produces good resolution
in less than ten minutes and excellent peak symmetry
without tailing. Through changes to the deactivation,
bonding chemistry, and bonding density, Ultra Cyano HPLC
columns provide a superior chromatographic solution to
difficult pharmaceutical analyses.
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Ultra Cyano, 5µm Particle size

Length 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
(mm) cat.# cat.# cat.# cat.#

30 9106531 9106532 9106533 9106535

50 9106551 9106552 9106553 9106555

100 9106511 9106512 9106513 9106515

150 9106561 9106562 9106563 9106565

200 9106521 9106522 9106523 9106525

250 9106571 9106572 9106573 9106575

Ultra Cyano Guard Cartridges

Length (mm) cat.# Qty.

10 x 2.1 910650212 3

10 x 4.0 910650210 3

20 x 4.0 910650220 2

Hydrolysis of Cyano Bonded HPLC Phase Causes Instability

Scheme 1

Ultra Cyano, 5µm, w/ Trident Guard Inlet Fitting

Length 2.1mm ID 3.2mm ID 4.6mm ID
(mm) cat.# cat.# cat.#

30 9106532-700 9106533-700 9106535-700

50 9106552-700 9106553-700 9106555-700

100 9106512-700 9106513-700 9106515-700

150 9106562-700 9106563-700 9106565-700

200 9106522-700 9106523-700 9106525-700

250 9106572-700 9106573-700 9106575-700

Hypothetical

Also available in 3µm particles.

Probable
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GC Analysis of Chiral Flavor Compounds in Apple Juices Using the
Rt-βββββDEXsm™ and Rt-βββββDEXse™ Columns

The fruit market has been estimated at over $12 billion per year
in the U.S., and the incidence of adulterated/mislabeled juices is
at least 10%, costing over $1 billion per year.1 This small
percentage means that sugar, color, organic acids, minerals, and
flavors are being sold either partially or wholly in place of the
juice.2 Many natural flavoring materials are much more expen-
sive to produce than the corresponding artificial materials and
they command much higher prices.3

Many flavor constituents are chiral compounds that usually exist
as one predominant enantiomer in nature; whereas those from a
synthetic origin often occur as a racemic mixture. Chiral gas
chromatography (GC), which determines enantiomer ratio, is a
good method to detect synthetic adulterants. Ethyl-2-
methylbutyrate and 2-methylbutyrate are important constituents

Figure 1

Enantiomeric resolution of racemic ethyl-2-methylbutyrate and 2-methylbutyrate is achieved on
Rt-βDEXsm™ and Rt-βDEXse™ columns.

30m, 0.32mm ID, 0.25µm a) Rt-βDEXsm™ and b) Rt-βDEXse™ columns (cat.#’s 13104 and 13106). 10µL direct injection;
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.; Inj. & det. temp.: 220°C; Carrier gas: hydrogen @ 80cm/sec.

min.  6 8 10 12

contributing to apple flavor, and both are naturally predominant
as the (S) isomer in apple juices.3 Analysis of apple essence on
modified cyclodextrin chiral columns can detect additions of
synthetic ethyl-2-methylbutyrate.4 The Rt-βDEXsm™ column
(2,3-di-O-methyl-6-O-tert-butyldimethylsilyl-β-cyclodextrin)
and the Rt-βDEXse™column (2,3-di-O-ethyl-6-O-tert-
butyldimethylsilyl-β-cyclodextrin) can separate the enantiomers
of 2-methylbutyrate and ethyl-2-methylbutyrate (Figure 1). In
addition, the Rt-βDEXsm™ column also can resolve the optical
isomers of 2-methylbutyric acid, a chiral acid that is used in
significant quantities as a flavor substance.5 The enantiomers are
not well resolved on the Rt-βDEXse™ column (Figure 2). Natural
2-methylbutyric acid has been investigated in many fruits such as
apples, apricots, pineapples, and strawberries, and in all cases was
found to be present in the almost enantiopure (S) form.5

min.  6 8

Figure 2

Enantiomeric resolution of racemic 2-methylbutyric acid is provided by the Rt-βDEXsm™ column,
but not by the Rt-βDEXse™ column.

30m, 0.32mm ID, 0.25µm a) Rt-βDEXsm™ and b) Rt-βDEXse™ columns (cat.#’s 13104 and 13106). 10µL direct injection;
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.; Inj. & det. temp.: 220°C; Carrier gas: hydrogen @ 80cm/sec.

min. 18 20 22min. 18 20 22 24 26

Rt-βββββDEXsm™ Rt-βββββDEXse™

Rt-βββββDEXsm™ Rt-βββββDEXse™

1 2

3
4

1 2

3 4

5
6

5
6

1. (R)-EMB
2. (S)-EMB
3. (R)-MB
4. (S)-MB

5. (S)-2-methylbutyric acid
6. (R)-2-methylbutyric acid
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Analysis of Apple Juices
Sample Preparation
The flavor compounds were obtained by liquid-liquid extraction.
Twenty milliliters of methylene chloride were added to 16–20 oz.
of juice in a 500mL separatory funnel and were then shaken. After
the organic layer (on the bottom) was removed, the previous step
was repeated two more times. The final organic extract was then
funneled through a bed of sodium sulfate and concentrated to 4mL
in a Kuderna-Danish concentrator with a hot water bath at 70°C.

Analysis
The enantiomers of ethyl-2-methylbutyrate, 2-methylbutyrate,
and 2-methyl butyric acid for several brands of apple juices were
analyzed on both Rt-βDEXsm™ and Rt-βDEXse™ columns. Ten
microliters of sample were introduced via direct injection. A
1.5m guard column was connected to the 4mm open-top
Uniliner® sleeve and to the beta-cyclodextrin column to accom-
modate the large volume injection and to protect the analytical

min. 6 8 10 1212min. 2 4 6 8 10 14 14 16 18 20

column. Some spectral confirmation was conducted by GC/mass
spectrometry (MS).

Results
The data revealed that most of the tested samples of apple juice
contained almost enantiomerically pure (S)-ethyl-2-
methylbutyrate and (S)-2-methylbutyrate, as shown in Figure 3,
concluding that there was no flavor adulteration of the juice.
Figure 4 shows the same brand spiked with racemic ethyl-2-
methylbutyrate and 2-methylbutyrate.

Figure 5B illustrates the example of matrix interference in some
juices. The 2-methylbutyrate may at first appear to be racemic,
because in this case (R)-2-methylbutyrate coelutes with
3-methylbutyrate on the Rt-βDEXse™ column. In Figure 4, the
3-methylbutyrate is not present in Brand “X” apple juice, but is
in Brand “Y”.

Figure 3

Detection of (S)-ethyl-2-methylbutyrate and (S)-2-methylbutyrate in Brand “X” apple juice,
on the Rt-βDEXsm™ and Rt-βDEXse™ columns respectively, indicates enantiomerically pure flavor.

30m, 0.32mm ID, 0.25µm a) Rt-βDEXsm™ and b) Rt-βDEXse™ columns (cat.#’s 13104 and 13106). 10µL direct injection;
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.; Inj. & det. temp.: 220°C; Carrier gas: hydrogen @ 80cm/sec.

Figure 4

The analysis of Brand “X” apple juice spiked with both racemates of ethyl-2-methylbutyrate and 2-methylbutyrate
shows how the presence of racemic mixtures would look.

30m, 0.32mm ID, 0.25µm a) Rt-βDEXsm™ and b) Rt-βDEXse™ columns (cat.#’s 13104 and 13106). 10µL direct injection;
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.; Inj. & det. temp.: 220°C; Carrier gas: hydrogen @ 80cm/sec.

min. 18 2012 14 1614min. 4 6 8 10 12 106 82
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Figure 5

Dual-column analysis confirms the enantiomeric purity of (S)-2-methylbutryate.

30m, 0.32mm ID, 0.25µm a) Rt-βDEXsm™ and b) Rt-βDEXse™ columns (cat.#’s 13104 and 13106). 10µL direct injection;
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.; Inj. & det. temp.: 220°C; Carrier gas: hydrogen @ 80cm/sec.

Figure 6

The Rt-βDEXsm™ column confirms enantiomeric purity of (S)-2-methylbutyric acid in
apple juice and cranberry/apple juice.

30m, 0.32mm ID, 0.25µm Rt-βDEXsm™ column (cat.# 13104). 10µL direct injection;
Oven temp.: 40°C (hold 1 min.) to 220°C @ 2°C/min.; Inj. & det. temp.: 220°C; Carrier gas: hydrogen @ 80cm/sec.

min. 2520 30 35min. 20 25 30 35

A second column, the Rt-βDEXsm™ column, confirms the
presence of 3-methylbutyrate and not racemic 2-methylbutyrate.
Figure 4A shows what the presence of both racemates would
look like from Brand “X” apple juice on the Rt-βDEXsm™

column. Figure 5A reveals the enantiomerically pure (S)-2-
methylbutyrate on the Rt-βDEXsm™ column. This second
column does not have the interference of 3-methylbutyrate and,
therefore, is a good confirmational column, especially when
identification confirmation by GC/MS is not available.

Inspection of 2-methylbutyric acid in all samples of juice
revealed almost complete enantiomeric purity of (S)-2-
methylbutyric acid. Figure 6 illustrates 2-methylbutyric acid in
Brand “Z” apple juice and in cranberry/apple juice.

The Rt-βDEXsm™ and Rt-βDEXse™ columns reveal the
enantiomeric ratio of key chiral flavor components in apple juice,

especially in a dual-column system. Inspection of ethyl-2-
methylbutyrate, 2-methylbutyrate, and 2-methylbutyric acid do
not reveal any flavor adulteration of the five brands of juices
analyzed, but the ability to do so has been demonstrated with
chiral capillary GC.
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Product Listing

To Optimize Chiral Separations Use:
1) Faster linear velocities (80cm/sec.) with hydrogen carrier gas.
2) Slower temperature ramp rates (1–2°C/min.).
3) Appropriate minimum operating temperature (40 or 60°C).
4) On-column concentrations of 50ng or less.

Rt-βββββDEXsm™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13105

0.32mm 0.25 40 to 230°C 13104

Rt-βββββDEXse™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13107

0.32mm 0.25 40 to 230°C 13106

Restek offers a wide range of cyclodextrin columns for the analysis of many chiral compounds.

Rt-βββββDEXm™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13100

0.32mm 0.25 40 to 230°C 13101

Rt-βββββDEXsa™

Rt-γγγγγDEXsa™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13109

0.32mm 0.25 40 to 230°C 13108

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13113

0.32mm 0.25 40 to 230°C 13112

Rt-βββββDEXsp™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13111

0.32mm 0.25 40 to 230°C 13110

Rt-βββββDEXcst™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13103

0.32mm 0.25 40 to 230°C 13102

For more information on chiral analysis, visit our
web site at www.restekcorp.com to view A Guide
to the Analysis of Chiral Compounds by GC.

Restek Trademarks: Rt-βDEXm, Rt-βDEXsm, Rt-βDEXsa, Rt-βDEXse, Rt-βDEXsp, Rt-βDEXcst, Rt-γDEXsa, Uniliner.

Direct Injection Sleeves for HP/Finnigan GCs

Description Each 5-pk.

4mm ID Uniliner® 20335 20336

4mm ID Cyclo-Uniliner® 20337 20338

4mm ID Open-top Uniliner® w/wool 20843 20844
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GC Analysis of US EPA Method 8081A Chlorinated Pesticides
Using Rtx®-CLPesticides & Rtx®-CLPesticides2 Columns

Figure 1

Excellent Separation of US EPA Method 8081A Chlorinated Pesticides Using
Restek’s Rtx®-CLPesticides and Rtx®-CLPesticides2 Columns.

30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides and 30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 columns (cat.#’s 11139 & 11324).
On-column concentration: 16-160pg; Oven temp.: 80°C (hold 1 min) to 300°C @ 10°C/min (hold 15 min);

Inj. port: Direct, Uniliner® sleeve (cat.# 20335); Detector: ECD, 300°C with Anode Purge;
Dead time: 1.9 min; Head pressure: 8.7psi (constant); Flow rate: 1.3mL/min @ 120°C, helium.
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25

In the environmental industry, the chlorinated pesticide analytical
methods often are the most challenging to perform. Analysts
struggle with linearity, breakdown, and lengthy calibrations; as
well as column bleed, column reactivity, and poor separation.
Restek has addressed many of these issues with the development
of the Rtx®-CLPesticides and the Rtx®-CLPesticides2 capillary
columns. These columns were designed specifically for the
separation of chlorinated pesticides, to be used in parallel for
simultaneous quantitation and confirmation by gas chromatogra-
phy/electron capture detection (GC/ECD). We have reported the
performance and separation for these columns in several articles,
but many laboratories are now dealing with the latest version of
the chlorinated pesticides method—SW-846, 8081A. This
method adds several new target analytes to the 20 common
single-component pesticides contained in earlier versions.

The Rtx®-CLPesticides and Rtx®-CLPesticides2 achieve baseline
separation of the 20 chlorinated pesticides listed in US Environ-
mental Protection Agency (EPA) Method 8081 (Figure 1). They
also have a high maximum operating temperature, excellent
inertness, low bleed, and operate under the same flow and
temperature conditions. This facilitates installing them as a
column pair into a single injection port, thereby minimizing
maintenance concerns with the injection ports.

Because the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns
were designed with selectivity for neutral, halogenated com-
pounds, they are easily adapted for the analysis of the extended
list of pesticides in Method 8081A. Figure 1 also shows the
separation of the nine additional single-component compounds
listed in Method 8081A. Using a guard column and splitting the

1. dibromochloropropane
2. hexachlorocyclopentadiene
3. tetrachloro-m-xylene
4. hexachlorobenzene
5. cis-diallate
6. α-BHC
7. trans-diallate
8. γ-BHC
9. β-BHC

10. δ-BHC
11. heptachlor
12. aldrin
13. isodrin
14. heptachlor epoxide
15. γ-chlordane
16. α-chlordane
17. 4,4'-DDE
18. endosulfan I
19. dieldrin
20. chlorobenzilate
21. endrin
22. 4,4'-DDD
23. endosulfan II
24. 4,4'-DDT
25. endrin aldehyde
26. methoxychlor
27. endosulfan sulfate
28. endrin ketone
29. decachlorobiphenyl
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Product Listing

Rtx®-CLPesticides Columns Rtx®-CLPesticides2 Columns

ID df (µm) Stable to 10m 20m

0.18mm 0.14 340°C 42101 42102

ID df (µm) Stable to 15m 30m

0.25mm 0.25 340°C 11120 11123

0.32mm 0.50 340°C 11136 11139

0.53mm 0.50 340°C 11137 11140

ID df (µm) Stable to 10m 20m

0.18mm 0.14 340°C 42301 42302

ID df (µm) Stable to 15m 30m

0.25mm 0.20 340°C 11320 11323

0.32mm 0.25 340°C 11321 11324

0.53mm 0.42 340°C 11337 11340

Restek Trademarks: Rtx, Uniliner.

Organochlorine Pesticide Mix AB #2

aldrin 8µg/mL dieldrin 16µg/mL
α-BHC 8 endosulfan I 8
β-BHC 8 endosulfan II 16
δ-BHC 8 endosulfan sulfate 16
γ-BHC (lindane) 8 endrin 16
α-chlordane 8 endrin aldehyde 16
γ-chlordane 8 endrin ketone 16
4,4'-DDD 16 heptachlor 8
4,4'-DDE 16 heptachlor epoxide (B) 8
4,4'-DDT 16 methoxychlor 80

In hexane/toluene (1:1), 1mL/ampul.
each 5-pack 10-pack

32292 32292-510
w/data pack 32292-500 32292-520 32392

flow into the two columns with a glass ‘Y’ Press-Tight® connec-
tor, these chromatograms were acquired simultaneously.

The combination of the Rtx®-CLPesticides and Rtx®-
CLPesticides2 columns provides unsurpassed performance for
the analysis of chlorinated pesticides. They can be baked-out at
the end of each analysis to remove high-boiling contaminants,

without degrading the stationary phase. They do not have the
problems associated with cyanopropyl phases such as on-column
methoxychlor and DDT breakdown, and low maximum tempera-
ture. The Rtx®-CLPesticides and Rtx®-CLPesticides2 columns
are a good choice for improving resolution and capacity for the
analysis of dirty extracts, and for increasing throughput for
chlorinated pesticide samples.

For more information on
Chlorinated Pesticide

Analysis, Request
Lit. cat.# 59892.

Universal ‘Y’ Press-Tight® Connectors

Each 3-pk.

20405 20406

Universal Angled ‘Y’ Press-Tight® Connectors

Each 3-pk.

20403 20404

5m Phenylmethyl-Deactivated Guard Columns

ID (mm) cat.#

0.25 10043
0.32 10044
0.53 10045

Rtx®-CLPesticides Column Kits

Description cat.#

0.53mm ID Rtx®-CLPesticides Kit 11197

0.32mm ID Rtx®-CLPesticides Kit 11198

0.25mm ID Rtx®-CLPesticides Kit 11199

These kits include both a CLPesticides and CLPesticides2 column,
a Universal Angled ‘Y’ Press-Tight® Connector, and a 5m guard
column. (Note: Columns are not preconnected in these kits.)
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GC Analysis of Commonly Abused Inhalants in Blood Using 
Rtx®-BAC1 and Rtx®-BAC2 Columns

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001) and 30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000). 1.0mL headspace sample; 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.; Inj. & det. temp.: 240°C; Carrier gas: He; Linear velocity: 65cm/sec.

1. methanol
2. acetaldehyde
3. ethanol
4. isopropanol
5. acetone
6. n-propanol
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Rtx®-BAC1 Rtx®-BAC2

Inhalant abuse is the intentional concentration and inhalation of
volatile compounds found in commercial products. In recent years,
inhalant abuse has become the method of choice for first-time
drug users. In 1993, the average age for first-time inhalant abusers
was 10.8 years, whereas the average age for first-time abusers of
other drug substances was 12.5 years. In fact, almost 20% of
eighth grade students have abused inhalants. Chronic inhalant
abuse can lead to respiratory, cardiovascular, liver, and kidney dis-
ease. Acute respiratory and cardiovascular responses to inhalant
abuse also can produce inhalant-induced sudden death syndrome.1

Inhalant abuse can be detected during screening of whole blood,
serum or urine samples using headspace gas chromatography
(GC) combined with flame ionization detection (FID). For this
application, a GC equipped with an automated headspace sampler
that simultaneously introduces a sample into two analytical
columns was used. A dual-column configuration provides screen-
ing and confirmational data from the same injection. We  used the
Rtx®-BAC1 (30m, 0.53mm ID, 3.00µm df) and the Rtx®-BAC2
(30m, 0.53mm ID, 2.00µm df) columns—typically used in com-
bination as a screening and confirmational column set for blood
alcohol analysis. A useful extension of blood alcohol analysis
using this column set is the detection of other volatile organic
compounds (VOCs), such as those found in inhalants.

Optimal performance of these columns during headspace analysis
depends on proper GC/headspace system set-up. Band broadening
can occur if there is excess dead volume in the sample flow path
prior to the sample reaching the head of the column. Low-volume
inlet sleeves or injection port interfaces significantly reduce the
amount of excess volume at the exit end of the transfer line and
will help to maintain narrow symmetrical peak shapes. Higher car-
rier gas flow rates through the transfer line also are important in
maintaining good peak shape. Our experiments showed that carrier
gas flow rates between 15 and 25mL/minute were the most effi-
cient for transferring the sample from the headspace sampler to the
head of the column in a tight sample bandwidth.

The following classes of commonly abused inhalant com-
pounds were analyzed to determine retention times for each
compound.

Blood Alcohol Analysis
Although ethanol is not commonly abused as an inhalant, it is the
primary volatile substance detected in screening for volatile organ-
ic compounds as a result of alcoholic beverage ingestion. Other
compounds monitored during blood alcohol analysis include low
molecular weight alcohols and their metabolites (Figure 1).

4 54 5

Figure 1
Baseline resolution on the Rtx®-BAC1 and Rtx®-BAC2 columns for all compounds tested for during blood alcohol screening.
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Anesthetics
Volatile anesthetics belong to a group of low molecular weight
halogenated compounds. The abuse of volatile anesthetics is
uncommon but has been reported among hospital personnel and
others with access to anesthetic agents (Figure 2). 

Alkyl Nitrites
Alkyl nitrites are abused for their vasodilation properties. Abuse
has centered on the ability of alkyl nitrites to produce short-lived
highs and possible aphrodisiac sensations. Analysis of alkyl nitrites
in biological samples is complicated by the fact that alkyl nitrites
are rapidly hydrolyzed to their corresponding alcohol. Analytical
methods should take this into account by monitoring for both the
parent compound and the corresponding alcohol (Figure 3).

1. isoflurane
2. enflurane
3. halothane
4. methoxyflurane
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1. tert-butyl nitrite
2. iso-butyl nitrite
3. sec-butyl nitrite
4. n-butyl nitrite
5. iso-amyl nitrite
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30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001) and 30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000). 1.0mL headspace sample; 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.; Inj. & det. temp.: 240°C; Carrier gas: He; Linear velocity: 65cm/sec.

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001) and 30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000). 1.0mL headspace sample; 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.; Inj. & det. temp.: 240°C; Carrier gas: He; Linear velocity: 65cm/sec.

1. tert-butyl alcohol
2. iso-butyl alcohol
3. sec-butyl alcohol
4. n-butyl alcohol
5. iso-amyl alcohol

min.  2 64 8 10
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Figure 2
Fast analysis times for volatile anesthetics on the Rtx®-BAC1 and Rtx®-BAC2 columns.

Figure 3
Complete screening and confirmation for alkyl nitrites and metabolites on the Rtx®-BAC1 and Rtx®-BAC2 columns.



Restek Corporation • (800) 356-1688 • http://www.restekcorp.com

Industrial Solvents
Industrial solvents are the most likely VOCs to be abused.
Industrial solvents are available in purified form or as solvents in
many household products. Toluene is the most commonly abused
industrial solvent and is used in many products such as paints or
glues (Figure 4).
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30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001) and 30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000). 1.0mL headspace sample; 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.; Inj. & det. temp.: 240°C; Carrier gas: He; Linear velocity: 65cm/sec.

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001) and 30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000). 1.0mL headspace sample; 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.; Inj. & det. temp.: 240°C; Carrier gas: He; Linear velocity: 65cm/sec.

1. ethyl chloride
2. diethyl ether
3. methylene chloride
4. acetonitrile
5. methyl-tert-butyl ether
6. chloroform
7. methyl ethyl ketone
8. 1,1,1-trichloroethane
9. benzene
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10. trichloroethylene
11. toluene
12. 1,1,2-trichloroethane
13. tetrachloroethane
14. p-xylene
15. m-xylene
16. o-xylene
17. tetrachloroethane
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1. methyl-tert-butyl ether
2. hexane
3. benzene
4. toluene
5. chlorobenzene
6. ethylbenzene
7. p-xylene
8. m-xylene
9. o-xylene

10. isopropylbenzene
11. n-propylbenzene
12. 1,3,5-trimethylbenzene
13. decane
14. 1,2,4-trimethylbenzene
15. butylbenzene
16. tetradecane

Petroleum Hydrocarbons
Distilled petroleum fractions are used as carrier solvents for many
commercial products. Distilled fractions, like mineral spirits, are
used in products like pesticides, herbicides, paints, lacquers, thin-
ners, and household cleaning products. Inhalation, ingestion or
adsorption through the skin can produce detectable concentrations
of a variety of individual hydrocarbons (Figure 5).

Figure 4
Elution order changes for common industrial solvents on the Rtx®-BAC1 and Rtx®-BAC2 columns.

Figure 5
The Rtx®-BAC1 and Rtx®-BAC2 columns have good thermal stability for analyzing higher boiling hydrocarbons.
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length ID df (µm) cat.#

30m 0.53mm 3.0 18001

30m 0.32mm 1.8 18003

Restek Trademarks: Rtx.
Other Trademarks: Freon—E.I. du Pont de Nemours & Co., Inc.

length ID df (µm) cat.#

30m 0.53mm 2.0 18000

30m 0.32mm 1.2 18002

Rtx®-BAC1 Rtx®-BAC2
Elution Ret. Elution Ret. 
Order Time Order Time

Compound (min.) (min.)

methanol 1 1.017 5 1.237
acetaldehyde 2 1.146 1 1.063
ethyl chloride 3 1.275 2 1.071
ethanol 4 1.299 8 1.648
diethyl ether 5 1.574 4 1.167
isopropanol 6 1.607 15 1.945
isoflurane 7 1.661 13 1.922
methylene chloride 8 1.805 11 1.849
Freon® 113 9 1.864 3 1.145
enflurane 10 1.891 16 2.081
tert-butyl alcohol 11 1.926 17 2.154
acetone 12 1.992 10 1.787
acetonitrile 13 1.997 20 2.553
n-propanol 14 2.191 25 3.130
halothane 15 2.267 18 2.383
methyl tert-butyl ether 16 2.366 7 1.554
hexane 17 2.495 6 1.386
tert-butyl nitrite 18 2.736 9 1.750
chloroform 19 2.870 27 3.290
sec-butyl alcohol 20 2.962 30 3.793
isobutyl nitrite 21 2.973 12 1.853
sec-butyl nitrite 22 3.059 14 1.939
isobutyl alcohol 23 3.460 32 5.100
tetrahydrofuran 24 3.736 24 2.845
methyl ethyl ketone 25 3.768 26 3.271
ethyl acetate 26 3.800 23 2.785

Rtx®-BAC1 Rtx®-BAC2
Elution Ret. Elution Ret. 
Order Time Order Time

Compound (min.) (min.)

carbon tetrachloride 27 3.842 21 2.565
1,1,1-trichloroethane 28 3.869 22 2.729
n-butyl nitrite 29 3.879 19 2.469
benzene 30 4.186 28 3.392
n-butyl alcohol 31 4.565 33 6.747
trichloroethylene 32 5.205 31 4.084
isoamyl nitrite 33 6.377 29 3.728
methoxyflurane 34 7.279 36 7.219
isoamyl alcohol 35 7.428 38 9.447
toluene 36 8.358 34 6.944
1,1,2-trichloroethane 37 8.498 39 10.138
methyl isobutyl ketone 38 9.510 37 7.964
tetrachloroethylene 39 9.681 35 7.081
chlorobenzene 40 11.810 41 11.012
ethylbenzene 41 12.279 40 10.704
p-xylene 42 12.726 42 11.038
m-xylene 43 12.727 43 11.046
o-xylene 44 13.733 44 12.280
tetrachloroethane 45 14.106 50 16.968
isopropylbenzene 46 14.845 46 12.962
n-propylbenzene 47 15.966 47 14.124
1,3,5-trimethylbenzene 48 16.565 48 14.711
decane 49 17.166 45 12.369
1,2,4-trimethylbenzene 50 17.586 49 15.904
butylbenzene 51 19.739 51 17.732
tetradecane 52 29.806 52 24.950

Results

All of the compounds involved in the study exhibited good peak
shape and response when analyzed by GC on either stationary
phase. Both columns were programmed to 240°C without an ap-
preciable increase in stationary phase bleed, and they analyzed
some of the higher boiling point compounds found in the heav-
ier petroleum distillates. Each stationary phase exhibited a
unique selectivity for individual compounds. Coeluting com-
pounds on one stationary phase were resolved on the compli-
mentary stationary phase.

Conclusions

Inhalant abuse can be detected accurately by analyzing biologi-
cal samples using headspace sampling combined with gas chro-
matography. When used in a dual-column setup, the Rtx®-BAC1
and Rtx®-BAC2 columns are very effective for identifying and
confirming the presence of VOCs for detection of inhalant
abuse. 

References
1. National Institute on Drug Abuse, Research Report Series, Inhalant
Abuse, June 6, 1996.

Table I: Inhalant Retention Times (Columns and Conditions Listed in Figure 1)

Rtx®-BAC1 GC Columns Rtx®-BAC2 GC Columns
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Organo tin compounds recently have become of environmental
interest because of their addition to several lists of endocrine
disrupters,1 and the attribution of shellfish growth abnormalities
to the use of tributyl tin as a marine antifouling agent. Although
this interest primarily has focused on the butyl tin series to date,
concern has grown to include other organo tin compounds such
as triphenyl tin, a crop pesticide. However, the US Environmen-
tal Protection Agency (EPA) has not adopted methods for the
preparation and analysis of tributyl tin and its breakdown
products of dibutyl tin and monobutyl tin. This presents the
laboratory with several challenges. Difficulties arise in the
preparation of sample matrices, ranging from water and seawater
to soil and biota. The tin compounds also are known to exhibit
ligand exchange. When the compounds are mixed in solution, the
exchange will cause instability, which ultimately accounts for the
short shelf-life of multi-component standards. Finally, these
compounds are applied and found as chlorides. This leads to a
wide range in polarities and creates difficulty in gas chromatog-
raphy (GC) separation—the most common technique used in the
environmental testing industry.

Because an “EPA accepted” method does not exist for this
analysis, most laboratories have decided to not accept requests or

Sample Preparation and Analysis of Organo
Tin Compounds

Sample Extraction Methods:

to subcontract the analysis to one of the few laboratories that
do perform this test. Laboratories often are under the
impression that the analysis will require complex techniques,
resulting in a considerable capital expenditure. However, this
does not have to be the case. In fact, most laboratories could
perform this analysis using the equipment they already have.

Generally, laboratories must achieve a detection limit of
50pg/L in water. The addition of organo tin compounds to
the list of endocrine disrupters may lower that limit to 1 or
2pg/L. This detection requirement entails either a large-
volume injection, additional concentration of the extract, or
the use of a more sensitive detector. The steps presented in
this application take all of these factors into account, while
allowing adaptation for a commercial laboratory.

This method is the result of a combination of methods
previously reported.2,3,4 It was designed for use with
equipment that exists in most commercial environmental
laboratories. The method is applicable to water, soil, and
biota samples, and is compatible with the monoalkyl through
tetraalkyl tin compounds. The following is a step-by-step
extraction procedure for the various matrices.

Water Samples:
1. Measure approx. 1000mL of sample into 2L-separatory

funnel, record volume.
2. Adjust sample to less than pH 2 using HCl.
3. Add surrogate and/or matrix spike compounds.
4. Extract using 0.1% tropolone in hexane extraction solvent;

use three serial additions of solvent, 60mL each.
a. Extraction solvent is made by dissolving 4g tropolone

into 4L of hexane.
b. Tributyl (trialkyl) tin can be extracted with methylene

chloride, but di and mono butyl tin require the addition of
a chelating agent.

5. Collect extract into Kuderna-Danish (KD) concentrator,
passing through granular sodium sulfate, 10-60 mesh.

6. Rinse with extraction solvent.
7. Concentrate extract to approximately 5mL and transfer to

20mL vial.

Soil Samples:
1. Measure approximately 30g of sample into a 400mL

beaker. Record weight.
2. Add 10mL of 1:1 HCl:DI water.
3. Add surrogate and/or matrix spike compounds.
4. Extract using 0.1% tropolone in hexane extraction solvent

using sonication for 2 minutes; use three serial additions
of extraction solvent, 60mL each.
a. Extraction solvent is made by dissolving 4g tropolone

into 4L bottle of hexane.
b. Tributyl (trialkyl) tin can be extracted with methylene

chloride, but di and mono butyl tin require the addition
of a chelating agent.

5. Collect extract into Kuderna-Danish (KD) concentrator,
passing through granular sodium sulfate drying funnel.

6. Rinse funnel with extraction solvent.
7. Concentrate extract to approximately 5mL and transfer to

20mL vial.
Biota Samples
Follow procedure for soils, except use a homogenizer (tissuemizer) for the extraction and, if necessary, reserve a sample for percent
lipids determination.
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Deactivation Procedure
Prior to analysis by GC, it is critical to both derivatize the organo
tin chlorides and process the sample extracts using some type of
sorbent cleanup. Although several techniques are available, the
following procedure works well for all compounds in any matrix.
(Note: This method uses a commercially available Grignard
reagent.  Because this reagent is moisture-sensitive, keep
exposure to the atmosphere to a minimum by handling the
solution in a syringe.) The goal of this reaction is to displace all
chlorides on the tin and replace them with an n-hexyl group.
For this method, it is very important to remove as much of the
potential contaminants as possible. If these compounds are not
extracted, they will cause considerable interference, especially in
soil or biota matrices. The primary interference is caused by
sulfur-containing compounds. These occur in a relatively high
concentration in comparison with the organo tin compounds. The
large-capacity cleanup described below will remove these non-
target compounds. For your convenience, SPE tubes designed for
this sample extract cleanup are available from Restek (cat.# 24049).

Sample Analysis
Once the organo tin chlorides have been extracted and
derivatized to tetraalkyl tin compounds and the extracts are
cleaned using the listed procedure, the GC analysis is relatively
simple. The flame photometric detector (FPD) must be operated
under fuel-rich conditions for efficient conversion of the alkyl tin
compounds to tin hydrides. The only modification needed is the
installation of a 610nm wavelength filter in the FPD to collect
the molecular emission for tin hydride. This filter can be
obtained from Oriel Corporation, Stratford, CT, (203) 377-8282
(cat.# 53925) or other optics supply companies.

Figures 1 and 2 show a simultaneous analysis using two capillary
columns of differing selectivity. This provides both a primary
and a confirmation analysis from a single injection. The com-
pounds are injected at 500pg on-column.

Using the procedure detailed in this Applications Note, a
commercial laboratory5 was able to obtain the data shown in
Table I. The results easily meet the method detection limit
requirements of 50ng/L. Should your laboratory need to meet a
1ng/L detection limit, some modification of the method will be
necessary. The simplest and least expensive way to meet a lower
detection limit would be to switch from using an FPD to a
Pulsed FPD (PFPD) detector. This detector can give a sensitivity
enhancement of 10 to 100 times over a standard FPD. Figure 3
shows the chromatogram obtained from an injection of an organo
tin calibration standard with 5pg on-column for each compound.
A comparison of this chromatogram to Figures 1 and 2 reveals
that a similar signal-to-noise ratio can be obtained with 100
times less analyte. This demonstrates an increase in sensitivity
(or lower reporting limits) of roughly 100 times using the PFPD
and the preparation method outlined above.

This method is adaptable to most commercial laboratories and
uses common glassware and equipment. If this is your first time
using this method, you will not need to purchase a specialized
instrument because the PFPD detector provides the sensitivity to
meet even the lowest of proposed detection limits. The use of
equipment such as tandem mass spectrometers (MS/MS/MS) or
microwave induced plasma detectors (MIP or AED) are no
longer necessary. Both are expensive and require much more
operator skill. Finally, Restek is available to provide additional
training on this and other methods to eliminate the need for
literature and vendor research—please contact us for more
information.
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Sample Extract Derivatization and Cleanup:

1. Add 0.8mL of 2M n-hexyl magnesium bromide.
2. Place vial on wrist shaker for 30 min., or agitate by

hand.
3. Place vial in ice bath, and add HCl to dissolve the

precipitate.
4. Pipet off the hexane layer and transfer to KD

concentrator.
5. Concentrate extract to approximately 1mL.
6. Add extract to 16gm/5gm Florisil®/silica-gel SPE

tube. (Restek cat.# 24049). May use prep-scale
chromatography column.

7. Elute with 100mL hexane, collecting eluent in KD
concentrator.

8. Spike internal standard as appropriate.
9. Concentrate extract to 1.0mL.

Prior to final volume adjustment, internal standards can be added.
Tetra-n-propyl tin is the recommended internal standard. All
standards used in this method are solutions of organo tin chlorides.
Calibration standards must be either derivatized by the same
procedure, or they can be purchased as neat-derivatized material
from Restek. (Contact our analytical reference materials group at
814-353-1300 or 800-356-1688.) Tropolone and Grignard reagents
are available from Aldrich. Since alkyl tin compounds are known
to exhibit ligand exchange, the samples and standards should be
kept in a cool (4°C), dark place until used. If properly stored, the
chemical standards should be stable for six months; but if left at
room temperature, peaks from additional organo tin compounds
may be observed in the chromatogram. These peaks are caused by
compounds exchanging alkyl groups. If this is observed, replace
the standards. The use of at least one surrogate compound, such as
tripentyl tin chloride, is suggested to allow for extraction recovery
calculations.
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Water Soil Restek
Extraction Extraction SPE-Cleanup MDL MDL

Compound Recovery (%) Recovery (%) Recovery (%) Liquid (ng/L) Soil (µg/Kg)

tetrabutyl tin 83 86 92 29.9 0.45

tributyl tin 110 96 99 20.9 0.39

dibutyl tin 75 66 96 15.7 0.46

tripentyl tin (SSTD) NA NA 101 NA NA

monobutyl tin 38 36 118 19.6 0.14

Table I

Commercial Laboratory Results Using the Proposed Method.5

30m, 0.32mm ID, 1.0µm Rtx®-35 (cat.# 10454). Direct injection using a Uniliner® (cat.# 20335). Concentration: 5pg on-column. . Head pressure: 15psi, constant.
Oven temp.: 100°C (hold 1 min.) to 285°C @ 10°C/min. (hold 10 min.); Detector: PFPD Model 5380 courtesy of O.I. Analytical Corp., College Station, TX.

Figure 3

PFPD* Increases Sensitivity by 100 times When Analyzing Organo Tin Compounds Using this Method.

min.  8 10 12 14 16 18

1. tetrapropyl tin
2. tetrabutyl tin
3. tributyl tin
4. dibutyl tin
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Figures 1 & 2

500pg of Derivatized Organo Tin Compounds Separated Well on Rtx®-5 and Rtx®-35 Columns Using GC/FPD.

30m, 0.32mm ID, 1.0µm Rtx®-5 and Rtx®-35 columns (cat.# 10254 and 10454) 3µl direct injection using a Uniliner® (cat.# 20335).
Concentration: ~500pg on-column. Head pressure: 15psi, constant. Oven temp.: 100°C (hold 1 min.) to 285°C

@ 10°C/min. hold 10 min.; Inj. & det. temp.: 250°C; Carrier gas: He

Figure 1: Rtx®-5 Figure 2: Rtx®-35
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2. tetrabutyl tin
3. tributyl tin
4. dibutyl tin
5. tripentyl tin
6. monobutyl tin
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*Tailing is a function of this detector.
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Calibration Mixes for Environmental Analyses
2000µg/mL ea. in methylene chloride, 1mL/ampul

Butyltin Chlorides Calibration Mixture
tetrabutyltin, tributyltin chloride, dibutyltin dichloride, butyltin trichloride.

Each 5-pk. 10-pk.
31472 31472-510

w/data pack 31472-500 31472-520 31572

Phenyltin Chlorides Calibration Mixture
tetraphenyltin, triphenyltin chloride, diphenyltin dichloride,
phenyltin trichloride.

Each 5-pk. 10-pk.
31473 31473-510

w/data pack 31473-500 31473-520 31573

Internal Standard Mixtures
2000µg/mL in methylene chloride, 1mL/ampul

Tetra-n-propyltin Mixture
Each 5-pk. 10-pk.
31474 31474-510

w/data pack 31474-500 31474-520 31574

Tetrapentyltin Mixture
Each 5-pk. 10-pk.
31475 31475-510

w/data pack 31475-500 31475-520 31575

Surrogate Mixtures
2000µg/mL in methylene chloride, 1mL/ampul

Tri-n-propyltin Chloride Mixture
Each 5-pk. 10-pk.
31476 31476-510

w/data pack 31476-500 31476-520 31576

Tripentyltin Chloride Mixture
Each 5-pk. 10-pk.
31477 31477-510

w/data pack 31477-500 31477-520 31577

Individual Calibration Compounds for Environmental
Analysis and the Electronics Industry
2000µg/mL in methylene chloride, 1mL/ampul

Tributyltin Chloride Mixture
Each 5-pk. 10-pk.
31478 31478-510

w/data pack 31478-500 31478-520 31578

Product Listing

New Analytical Reference Materials for GC Analysis of Organo Tins

• Most complete line of organo tin calibration mixes available.

• Organo tin analysis technical training offered.

Resprep™ Organo Tin SPE Cartridge

Complete manifolds include glass basin with built-in vacuum regula-
tor, polypropylene top plate with 12 or 24 individual control valves,
12- or 24-position collection rack, and 12 or 24 Teflon® sample guides.

Complete Resprep™-12 Port Manifold: cat.# 26077

Complete Resprep™-24 Port Manifold: cat.# 26080

Resprep™ 12- & 24-Port Tube Manifold

Suitable for high-capacity cleanup of butyl and phenyl tin com-

pounds from soil, water, and biota.

16 gm Florisil®/5gm Silica Gel (mixed bed) cat.# 24049 16-pk.

Organo Tin

Rtx®-5 Column Rtx®-35 Column

ID df (µm) temp. limits 30-Meter

0.32mm 1.00 -60 to 330/350°C 10254

ID df (µm) temp. limits 30-Meter

0.32mm 1.00 0 to 280/300°C 10454

Restek Trademarks: Resprep, Rtx, Uniliner.
Other Trademarks: Teflon (E.I. du Pont de Nemours & Co., Inc.), AED (Hewlett-Packard Co.).
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GC Analysis of Petroleum Products by Simulated
Distillation, Using MXT® Sim Dist Columns

The American Society for Testing and Materials (ASTM) has
released a new gas chromatographic (GC) method for petroleum
distillation, “Boiling Range Distribution of Petroleum Distillates
in the Boiling Range of 174°C to 700°C by Gas Chromatography
(ASTM D6352).” This method extends the boiling point range
specified in ASTM D2887 (55°C to 538°C). Determining the
boiling range distribution of distillate fractions provides manufac-
turers with a better understanding of the composition of feed
stocks and products related to petroleum refining processes.

Simulated distillation (Sim Dist) is a technique in which the GC is
calibrated with alkane standards of published boiling points to
perform a direct comparison to the boiling points of the sample
components. Polyethylene standards such as Polywax® 655 or
Polywax® 1000, which contain even-numbered hydrocarbons
between C20 and C100, are used to calibrate the GC system. The
retention times of the known alkanes are calibrated versus the
published boiling points, and analysis of high molecular weight
fractions are compared using special software. Analyzing high-
boiling compounds (up to 700°C) requires an on-column or
temperature-programmable injector to minimize injector discrimi-
nation, and a flame ionization detector (FID).

The capillary column used for the analysis is very important. The
recommended column is coated with a non-polar methyl silicone
phase that can withstand repeated cycles of high temperatures
(430-450°C). However, the polyimide coating that maintains the
flexibility of fused silica tubing rapidly breaks down at oven
temperatures above 360°C and is unsuitable for high-temperature
GC. Aluminum-clad tubing overcomes the problems associated
with the polyimide, but has its own limitations. When repeatedly
programmed to temperatures above 400°C, the aluminum sheath
may become brittle. The most durable and inert capillary columns
available are Restek MXT® columns, which are manufactured
using Silcosteel® tubing—rugged metal tubing that is treated to
provide the inertness of fused silica.

The liquid phase in the column also must withstand temperatures
over 400°C, with minimum breakdown of the polymer. The phase
must demonstrate low bleed and retention time stability that is
repeatable with temperature programmed analysis. The methyl
silicone polymer in the MXT®-1 Sim Dist column is synthesized
to demanding quality control standards using a proprietary
synthesis process. This process eliminates residual catalysts that
could cause degradation and increase bleed from the polymer. The
polymer then is carefully fractionated to remove low molecular
weight fragments, providing a tight mono-modal distribution that

results in extremely low bleed. The polymer is fully characterized
for long-term reproducibility using techniques such as RI, FTIR,
Kovats Indices, % crosslinking, coating efficiency, and a five-day
thermal bake-out to ensure column longevity. Figure 1 shows the
separation of Polywax® 655 on an MXT®-1 Sim Dist column.

Although the ASTM D6352 recommends a methyl silicone liquid
phase, another phase also has gained acceptance by analysts
performing simulated distillation—a carborane dimethyl
polysiloxane, or MXT®-500 Sim Dist polymer. This has been
designed by incorporating carborane into the backbone of the
methyl silicone polymer chain to promote thermal stability (see
Figure 2). The MXT®-500 Sim Dist stationary phase is the most
stable phase available for high-temperature simulated distillation
analyses and will outlast a 100% methyl silicone stationary phase.
Figure 3 shows the separation of Polywax® 655 on the MXT®-500
column.

However, the trade-off for increased thermal stability produces a
subtle polarity difference between the methyl silicone and the
carborane stationary phase. The difference in polarity of the
stationary phases causes a shift in the calculated boiling range

Figure 1

MXT®-1 Sim Dist Column Demonstrates Excellent Symmetry
and Low Bleed for High-Temperature Sim Dist Calibration.

6m, 0.53mm ID, 0.15µm MXT®-1 (cat.# 70101). 1.0µL injection of Polywax®

655 in CS
2
, cool on-column. Oven temp.: 40°C to 430°C @ 10°C/min.

(hold 10 min.); Det. temp.: 430°C; FID sensitivity: 5 x 10-10 AFS;
Carrier gas: hydrogen; Linear velocity: 45cm/sec. set @ 40°C.

10 20 30 40min.

Petrochemical
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Carborane Dimethyl Polysiloxane

Product Listing

distribution for petroleum samples containing aromatic hydrocar-
bons. The MXT®-500 Sim Dist stationary phase has increased
relative retention of aromatic hydrocarbons compared to the
methyl silicone MXT®-1 Sim Dist stationary phase. This causes
the calculated boiling points of aromatics to be slightly higher
using the MXT®-500 Sim Dist phase, although they are closer to
the true value (see Table I).

While both columns can be operated to 430°C, the MXT®-500
Sim Dist column has lower bleed and longer lifetime. The MXT®-1
Sim Dist column offers methyl silicone polarity that matches
published data.

High-temperature GC analyses challenge the limits of existing
tubing and stationary phase technology. Restek’s MXT® tubing is
ideally suited to the task when compared to fused silica or
aluminum clad tubing. The high temperatures necessary for
simulated distillation analyses also push GC polymers to the limit
of thermal stability. The MXT®-500 and MXT®-1 Sim Dist
columns are proven performers under these extreme conditions.
When properly conditioned to 430°C, these columns give stable
baselines, low bleed, and repeatable retention times for simulated
distillation and other high-temperature GC analyses.

Figure 2

MXT®-500 Sim Dist Polymer—designed by incorporating
carborane into the backbone of the methyl silicone polymer

chain to promote thermal stability.

Figure 3

MXT®-500 Sim Dist Column is an Excellent Choice for Lower Bleed and Extended Lifetime.

6m, 0.53mm ID, 0.15µm MXT®-500 Sim Dist (cat.# 70104).
1.0µL injection of Polywax® 655 in CS

2
, cold on-column.

Oven temp.: 40°C to 430°C @ 6°C/min.; Det. temp.: 430°C;
FID sensitivity: 2.5 x 10-10 AFS; Carrier gas: hydrogen;

Linear velocity: 45cm/sec. set @ 40°C.

Dimethyl Polysiloxane

Table I

Differences in the Calculated Boiling Points of Aromatics
Using the MXT®-500 Sim Dist Phase.

Compound Boiling Point MXT®-1 MXT®-500
°C (°F) ∆∆∆∆∆ °C (°F) ∆∆∆∆∆ °C (°F)

toluene 128 (231) -1 (-2) 8 (14)

p-xylene 157 (282) -2 (-3) 4 (8)

naphthalene 236 (424) -19 (-34) -4 (-8)

acenaphthene 297 (534) -28 (-51) -11 (-19)

chrysene 465 (837) -74 (-134) -48 (-87)

coronene 543 (977) -59 (-106) -23 (-42)

Restek Trademarks: MXT, Silcosteel. Other Trademarks: Polywax (Petrolite Specialty Polymers Group).

Description Cat.#

MXT®-1 Sim Dist (6m, 0.53mm ID, 0.15µm) 70101

MXT®-500 Sim Dist (6m, 0.53mm ID, 0.15µm) 70104

Description Cat.#

Polywax® Standard (655 Calibration Material, 1g) 36225

Polywax® Standard (1000 Material, 1g) 36227
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GC/MS Analysis of Azo Dye Compounds

Some consumer goods that come into contact with the human
body, such as clothing, jewelry, and toys, may contain azo dyes
that metabolize into carcinogenic aryl amines. Consumer safety
regulations in Germany prohibit the distribution of all consumer
goods containing azo dyes,1 and other European countries may
follow suit in the near future. In 1996, the German government
institute BgVV published four methods for azo dye analysis,
including a gas chromatography (GC) method.2

Analysts must overcome several obstacles when performing a
GC analysis of aryl amines. First, response factors rise for the
first several injections before reaching an equilibrium state,
especially when using standard sleeve, wool, and column
deactivation. Restek’s proprietary amine deactivation for inlet
liners and wool, when used in combination with the Rtx®-5
Amine column, will eliminate the adsorption that causes this
“priming effect.” As a result, the reproducibility of the analysis
also will improve. Second, the inability to obtain pure, stable
calibration standards is a problem. Raw material characterization
and purification is essential for the preparation of suitable
calibration standards. Restek’s azo dye standards offer the most

pure and stable calibration available. The following describes an
optimized gas chromatography/mass spectrometry (GC/MS)
method of azo dye analysis, based on the German method
(Figure 1).

Sample Preparation
1g of material (e.g. leather or cotton) is solvated in 17mL of
60mM, pH 6 sodium citrate buffer at 70°C for 30 minutes. Add
3mL of 20% sodium dithionite to the sample and heat at 70°C
for 30 minutes to chemically reduce the azo dyes into aryl
amines.

Sample Extraction
Samples may be extracted and concentrated for analysis using
solid phase extraction (SPE) or liquid/liquid extraction.

Procedure #1, Solid Phase Extraction
This procedure uses E. Merck Extrelut® 20 cartridges or
equivalent. The aqueous, chemically-reduced samples are loaded
onto the activated cartridges and allowed to stand for 5 minutes.

30m, 0.25mm ID, 0.25µm Rtx®-5 Amine (cat.# 12323). 1µL splitless injection using a 4mm gooseneck sleeve with base deactivated wool for HP GCs (cat.# 20798-211.1).
Concentration: 10µg/mL in ethylacetate. Oven temp.: 50°C to 200°C @ 10°C/min. to 270°C @ 5°C/min.; Inj./det. temp.: 250°/300°;

Carrier gas: helium @ 1mL/min.; Detector type: MSD; Splitless hold time: 1 min.

1. o-toluidine
2. 2-methoxyaniline
3. 4-chloroaniline
4. 2-methoxy-5-methylaniline
5. 2,4,5-trimethylaniline
6. 3-chloro-2-methylaniline
7. 4-chloro-2-methylaniline
8. 2,4-diaminotoluene
9. 2,4-diaminoanisole

10. 2-naphthylamine
11. 2-aminobiphenyl
12. 2-methyl-5-nitroaniline
13. 4-aminobiphenyl
14. 4-phenylazoaniline
15. 4-aminophenylether
16. benzidine
17. bis-(4-aminophenyl)-methane
18. 4'-amino-2,3'-dimethylazobenzene
19. 4,4'-diamino-3,3'-dimethyldiphenyl methane
20. 3,3'-dimethylbenzidine
21. 4-aminophenylthioether
22. 3,3'-dichlorobenzidine
23. 4,4'-methylene-bis(2-chloroaniline)
24. 3,3'-dimethyoxybenzidine
25. 3,3',5,5'-tetramethyl benzidine (IS)

Figure 1

Restek’s proprietary amine deactivated sleeves, fused silica wool, and Rtx®-5 Amine columns combine to give
exceptional response for azo dyes, even when analyzed at the low 10µg/mL concentration.
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The target analytes are eluted from the cartridge with two
additions of 40mL methyl-tert-butyl ether. The two fractions are
combined and evaporated to about 1mL on a rotary evaporator
under vacuum at 50°C. The extracts are then redissolved in 1mL
of methanol for GC analysis.

Procedure #2, Liquid/Liquid Extraction
The chemically-reduced sample also may be concentrated by
liquid/liquid extraction. The aqueous sample first is adjusted
with sodium hydroxide to a pH greater than 10. Sodium chloride
is added until saturation. The sample then is extracted twice with
25mL of methyl-tert-butyl-ether. The ether fractions are com-
bined and evaporated to dryness. Finally, the extract is reconsti-
tuted in 2mL of methanol for GC/MS analysis.

Your Chromatographic Problems Solved
Problem: Priming Effects
Analysts commonly see priming effects in this analysis. While
standard sleeve, wool, and column deactivations work well to
decrease this in most situations, they do not perform well with
amines in splitless injections at low concentrations.

Solution: Amine Deactivation
Restek has developed the ideal GC products to eliminate the
resulting priming effects in the analysis of azo dye. The use of
Restek’s proprietary amine-deactivated sleeves, amine-deacti-
vated wool, and an Rtx®-5 Amine column will ensure the highest
level of system inertness and excellent reproducibility. The
priming effect when using standard deactivated products was
evaluated by comparing the response factors during repetitive
runs. The results indicated that the response factors for the first
injection were up to 10% lower than the tenth injection. How-
ever, the comparison analysis that used amine deactivation
showed no priming effect. The amine deactivations also im-
proved repeatability and lowered standard deviations to < 5%.

Problem: Calibration Standards
A lack of accurate, stable calibration standards presents another
obstacle to the analysis of azo dyes. Many of the target com-
pounds are not commercially available in a pure, stable form.
Some are only available as the hydrochloric, carbonate, or sulfate
salts of the free base. While these salts have better stability as a
neat material, they do not make good raw materials for GC
calibration standards. Standards prepared from the salt forms of
azo dyes will yield poor response and peak shape when analyzed
using GC. The salt forms also will cause difficulty in assigning
the actual weight/weight purity. The best standards for GC
analysis are prepared from the free base forms of the azo dye
target analytes.

Solution: Calibration Standard Purity
To ensure accurate preparation of calibration standards, these
target compounds must be tested and re-purified. One of the best
methods for final purification of the free base is sublimation.
When performed under an inert atmosphere, this produces a very
pure material for final preparation of a calibration standard.
Using multiple purity assays is required to detect impurities.
While GC will detect only organic impurities, differential
scanning calorimetry (DSC) will detect both organic and
inorganic impurities. All of the raw materials for Restek’s azo
dye mixes are carefully tested and purified to provide the most
accurate and stable calibration standards available.

Conclusion
When using the German azo dye method and Restek’s amine-
deactivated column, sleeve, and wool, analysts can achieve
reproducible and accurate results.

References
1. German Consumers Goods Act of July 15, 1994, Lebensmittel-und

Bedarfsgegenständegesetz §35 LMBG
2. BgVV, Bundesgesundhbl. 2/96

Restek Trademarks: Rtx.
Other Trademarks: Extrelut (E. Merck).

4mm Gooseneck Base-Deactivated Inlet Sleeves
Packed with Base-Deactivated Wool

GC each 5-pk. 25-pk.
HP 20798-211.1 20799-211.5 20800-211.25
Varian 20904-211.1 20905-211.5 20906-211.25
CE* 20945-211.1 20946-211.5 20947-211.25

Base-Deactivated Fused Silica Guard Columns
5m, 0.25mm ID cat.# 10000, ea. cat.# 10000-600, 6-pk.

Rtx®-5 Amine Column
30m, 0.25mm ID, 0.25µm, cat.# 12323

*5mm Gooseneck base-deactivated inlet sleeve.

Azo Dye Mix #1
Compounds 1-24 from Figure 1 chromatogram

10µg/mL ea. in ethyl acetate, 1mL/ampul

Each 5-pk. 10-pk.
31466 31466-510

w/data pack 31466-500 31466-520 31566

Internal Standard for Azo Dye Method
3,3',5,5'-tetramethylbenzidine mix

1000µg/mL in ethyl acetate, 1mL/ampul

Each 5-pk. 10-pk.
31467 31467-510

w/data pack 31467-500 31467-520 31567
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Grape Flavor Analysis Using an Rt- gDEXsa™ GC Column

The enantiomeric ratios of certain chiral compounds found in
flavorings can sometimes reveal adulteration. Two chiral
indicators in grape flavor are methyl-3-hydroxybutyrate and
ethyl-3-hydroxybutyrate. Methyl-3-hydroxybutyrate is racemic
and (R)-ethyl-3-hydroxybutyrate is at least 77% predominant in
natural grape flavor.1 Extreme alterations of these ratios can
indicate that the flavor is not completely authentic.

Although the exact mechanisms of compound-cyclodextrin
interaction are not known, it is evident that the size of the
cyclodextrin cavity is important. Perhaps some compounds may
be too large to effectively interact with the cavity size of beta-
cyclodextrin, which is composed of seven glucopyranose units.
Gamma-cyclodextrins are composed of eight glucopyranose
units and so possess a larger cavity, which may be more interac-
tive with larger chiral molecules (see Figure 1).

Beta-cyclodextrin stationary phases provide enantioselectivity
for a variety of chiral compounds, but not for methyl-3-
hydroxybutyrate and ethyl-3-hydroxybutyrate. Figure 2 (on next
page) illustrates the analysis of these compounds on three beta-
cyclodextrin stationary phases: the Rt-bDEXm™ column (2,3,6-
tri-O-methyl-b-cyclodextrin), the Rt-bDEXsm™ column (2,3-di-
O-methyl-6-O-tert-butyldimethylsilyl-b-cyclodextrin), and the
Rt-bDEXsa™ column (2,3-di-O-acetyl-6-O-tert-
butyldimethylsilyl-b-cyclodextrin). The peaks tail and exhibit no
chiral separation on the Rt-bDEXm™ column. Different deriva-
tives on the cyclodextrin molecule can help increase selectivity
of enantiomers. Although the Rt-bDEXsm™ and Rt-bDEXsa™

columns show improved enantioselectivity for methyl-3-

hydroxybutyrate and ethyl-3-hydroxybutyrate, the peaks still tail
and separation of the optical isomers is not baseline-resolved.

Analysis of methyl-3-hydroxybutyrate and ethyl-3-
hydroxybutyrate on the new Rt-gDEXsa™ column reveals
excellent chiral selectivity for both, as shown in two types of
grape juice in Figure 3 (on next page). The Rt-gDEXsa™

contains 2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl-g-
cyclodextrins that are dissolved into cyanopropyl phenyl
stationary phase (Rtx®-1701). This composition promotes
thermal stability to a maximum temperature of 230°C and
longevity that is comparable to other capillary columns. This
column is available in 0.32mm ID and 0.25mm ID for direct
interfacing into a mass spectrometer.

Figure 1

Structures of beta- and gamma-2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl-cyclodextrins.

a-Cyclodextrin b-Cyclodextrin g-Cyclodextrin

Previous articles have demonstrated the utility
of beta-cyclodextrin columns for flavor analysis
using gas chromatography (GC), but sometimes
the larger gamma-cyclodextrin cavities provide
better enantioselectivity for chiral indicating
compounds. Restek’s Rt- gDEXsa™ column
provides better separation of specific chiral
compounds in grape flavor than most beta-
cyclodextrin phases.
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Figure 3

The Rt-gDEXsa™ column provides excellent chiral selectivity for both methyl- and ethyl-3-hydroxybutyrate
in the flavor extracts of grape juice and white grape juice.

30m, 0.32mm ID, 0.25µm Rt-gDEXsa™ (cat.# 13112) 10µL direct injection of grape juice (Fig. 3a) and white grape juice (Fig. 3b) using a 4mm open-top
Uniliner® sleeve (cat.# 20843). Oven temp.: 40°C (hold 1 min.) to 230°C @ 2°C/min.; Inj. / det. temp.: 200°C/230°C; Carrier gas: H2;

Linear velocity:  80cm/sec. set @ 40°C.

min.  20 22 24 26 28

1.  (S)-(+)-methyl-3-hydroxybutyrate
2.  (R)-(–)-methyl-3-hydroxybutyrate
3.  (S)-(+)-ethyl-3-hydroxybutyrate
4.  (R)-(–)-ethyl-3-hydroxybutyrate 1

2

3

4

1
2

3

4

30min.  20 22 24 26 28 30

Fig. 3a - grape juice Fig. 3b - white grape juice

Figure 2

Beta-cyclodextrin columns do not provide optimum separation of methyl- and ethyl-3-hydroxy butyrate.

30m, 0.32mm ID, 0.25µm a) Rt-bDEXm™; b) Rt-bDEXsm™; and c) Rt-bDEXsa™ columns (cat.#s 13101, 13104, and 13108 respectively). 1.0µL split
injection of methyl- and ethyl-3-hydroxybutyrate; On-column concentration: ~150ng/enantiomer; Oven temp.: 40°C (hold 1 min.) to 200°C @

2°C/min.; Inj. / det. temp.: 200°C/230°C; Carrier gas: H
2
; Linear velocity: 80cm/sec. set @ 40°C; Split ratio:  25:1.

1.  (S)-(+)-methyl-3-hydroxybutyrate
2.  (R)-(–)-methyl-3-hydroxybutyrate
3.  (S)-(+)-ethyl-3-hydroxybutyrate
4.  (R)-(–)-ethyl-3-hydroxybutyrate

B) The Rt-bDEXsm™ column exhibits poor
enantiomeric separation.

C) The Rt-bDEXsa™ column exhibits improved
enantiomeric separation.

A) The Rt-bDEXm™ column exhibits no enantiomeric selectivity.

1
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4

min. 20 2214 16 18
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2 3

4

min. 14 16 18

min. 8 10 12 14
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Figure 4

The 0.25mm ID Rt-gDEXsa™ column provides detection of benzaldehyde, and methyl-and ethyl-3-hydroxybutyrate.

30m, 0.25mm ID, 0.25µm Rt-gDEXsa™ (cat.# 13113) 10µL splitless injection of a grape-flavored drink. Oven temp.: 40°C (hold 1 min.) to 200°C
@ 2°C/min.; Inj. / det. temp.: 200°C/230°C; Carrier gas: He; Linear velocity: 35cm/sec. set @ 40°C; Splitless hold time: 1 min.

min.  28 30 32 34 36 38

1. (S)-(+)-methyl-3-hydroxybutyrate
2. (R)-(–)-methyl-3-hydroxybutyrate
3. benzaldehyde
4. (S)-(+)-ethyl-3-hydroxybutyrate
5. (R)-(–)-ethyl-3-hydroxybutyrate

1
2 4

5

40

3

Comparing Grape Juices and Grape-Flavored
Beverages

Extraction Procedure
Grape juice, white grape juice, grape drink, grape-flavored soda,
and a grape-flavored sport drink were evaluated. Each 16–20oz.
beverage was added to a 500mL separatory funnel. Thirty
milliliters of methylene chloride were added to the sample in the
separatory funnel, which was shaken for 3–5 minutes. The
extract was then collected into a beaker. This procedure was
repeated three times. The organic extract was then funneled
through anhydrous sodium sulfate to eliminate water and
transferred to a Kuderna-Danish collector with a Snyder column.
This was immersed into a hot water bath of 65°C until the extract
was concentrated to 4mL.

Analysis
Ten microliters of sample was introduced via direct injection. A
1.5m x 0.53mm guard column was connected to the 4mm open-
top Uniliner® sleeve and to the 30m, 0.32mm ID, 0.25µm
Rt-gDEXsa™ column, to accommodate the large volume injection
and to protect the analytical column. Some spectral confirmation
was conducted by GC/MS on a 30m, 0.25mm ID, 0.25µm
Rt-gDEXsa™ column, using splitless analysis.

Results
The methyl-3-hydroxybutyrate was essentially racemic in both
the grape and white grape juices, as shown in Figure 3a and 3b.
It was also racemic in one grape-flavored drink, but at much
lower concentrations. Analysis on a 0.25mm ID Rt-gDEXsa™

column with a slower linear velocity provides resolution of

benzaldehyde and (R)-methyl-3-hydroxybutyrate (Figure 4). The
(R)-ethyl 3-hydroxybutyrate was predominant in both juices and
grape-flavored drink. Neither chiral compound was detected in
the grape-flavored soda or sport drink.

Beta-cyclodextrin phases can separate a variety of chiral
indicating compounds in flavors, but are not effective in all
applications. Using different cyclodextrin derivatives can help
chiral selectivity, but going to a larger cyclodextrin sometimes is
necessary. Switching from a 2,3-di-O-methyl-6-O-tert-
butyldimethylsilyl-b-cyclodextrin to a 2,3-di-O-acetyl-6-O-tert-
butyldimethylsilyl-b-cylcodextrin column partially improved
enantiomer separation for chiral indicating compounds in grape
flavor. However, the 2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl-
g-cyclodextrin column provided the best enantiomeric profile of
these compounds. The Rt-gDEXsa™ column allows detection of
racemic methyl-3-hydroxybutyrate and (R)-ethyl-3-
hydroxybutyrate in juices and drinks that contain authentic grape
flavor. This column can offer certain separations that cannot be
achieved by beta-cyclodextrin columns and may be a more
suitable alternative for your chiral analysis.

References
1.  Dr. Joulain, Robertet Corp., “private communication.”
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Product Listing

Rt-bDEXm™ Rt-bDEXsm™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13100

0.32mm 0.25 40 to 230°C 13101

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13105

0.32mm 0.25 40 to 230°C 13104

Rt-bDEXsa™Rt-gDEXsa™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13109

0.32mm 0.25 40 to 230°C 13108

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13113

0.32mm 0.25 40 to 230°C 13112

To Optimize Chiral Separations Use:
1) Faster linear velocities (80cm/sec.) with hydrogen carrier gas.
2) Slower temperature ramp rates (1–2°C/min.).
3) Appropriate minimum operating temperature (40 or 60°C).
4) On-column concentrations of 50ng or less.

Direct Injection Sleeves for HP/Finnigan GCs

Description Each 5-pk.

4mm ID Uniliner® 20335 20336

4mm ID Cyclo-Uniliner® 20337 20338

4mm ID Open-top Uniliner® w/wool 20843 20844

For more information on chiral analysis, visit our
web site at www.restekcorp.com to view A Guide
to the Analysis of Chiral Compounds by GC.

Rt-bDEXse™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13107

0.32mm 0.25 40 to 230°C 13106

Rt-bDEXsp ™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13111

0.32mm 0.25 40 to 230°C 13110

Rt-bDEXcst ™

ID df (µm) Temp. Limits 30-Meter

0.25mm 0.25 40 to 230°C 13103

0.32mm 0.25 40 to 230°C 13102

Restek offers a wide range of cyclodextrin columns for the analysis of many chiral compounds.

Restek Trademarks: Rt-bDEXm, Rt-bDEXsm, Rt-bDEXsa, Rt-bDEXse, Rt-bDEXsp, Rt-bDEXcst, Rt-gDEXsa, Uniliner.
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and disk elution twice with fresh
aliquots of methylene chloride,
combining all eluates in the collection
tube.

Final Analysis:
Remove water from sample eluate by
passing it through approximately 3
grams of anhydrous sodium sulfate.
Concentrate to 1ml and analyze 1µl by
GC/MS.

Environmental

SPE Extraction for EPA Method 525.1

notenoteAApplicationspplications
cat.# 59557

EPA Method 525.1 Overview
EPA Method 525.1 is used for the determination of organic compounds in drinking water by liquid-solid extraction and capillary
column gas chromatograph/mass spectrometry. It is applicable to a wide range of organic compounds that are efficiently parti-
tioned from the water sample onto a C18 organic phase chemically bonded to a solid silica matrix in a cartridge or disk.

EPA methods are

available from the

National Technical

Information Service:

703-487-4650

SIMDisk™-GF extraction disks can be used in EPA Method 525.1
This procedure was followed to demonstrate method equivalency:

low vacuum until the water almost
reaches the top surface of the disk. It is
preferable to leave extra liquid above
the disk rather than allow any air to
contact the surface of the disk.

Sample Addition:
Add the sample onto the disk, directly
to the film of water left from the
conditioning step. Adjust the vacuum to
10 in. Hg (35 kPa) for a flow rate of
approximately 100ml per minute until
the entire sample has been passed
through the disk.

Disk Drying:
After the sample has been processed,
draw air through the disk under vacuum
at approximately 15 in. Hg (50 kPa) for
approximately 5 minutes.

Analyte Elution:
Release system vacuum. Insert the
sample collection rack and collection
vessels. Reassemble the apparatus. Add
5ml methylene chloride directly to the
sample bottle and gently swirl to rinse
all inner surfaces of the bottle. Allow
the sample bottle to stand for 1 to 2
minutes and transfer the methylene
chloride to the disk using a glass pipet.
Rinse the reservoir sides in the process.
Draw the solvent through the disk at 5
in. Hg (17 kPa). Repeat the bottle rinse

1

SIMDisk™-GF:
cat.# 24004, 20-pack

Sample Pretreatment:
Allow 1 liter of deionized water to
equilibrate to room temperature in a
narrow-mouth amber glass bottle.
Adjust sample pH to less than 2 with
6M hydrochloric acid, being careful not
to over acidify the sample. Addition of
too much HC

1
 can cause the formation

of acidic extracts.

Apparatus Assembly:
Assemble the 47mm apparatus. Place
the SIMDisk™-GF disk in the
Diskcover™-47 filter support, wrinkled
side up.

Disk Precleaning:
Add 5ml of methylene chloride to the
top surface of the disk and immediately
draw through under vacuum at 15 in.
Hg (50 kPa). Continue to draw vacuum
at 15 in. Hg (50 kPa) for 5 minutes to
remove all solvent.

Disk Conditioning:
Add 5ml methanol to the top surface of
the disk and immediately apply low
vacuum (1- 2 in. Hg, 3-7 kPa). Draw
through until the top surface of the
methanol is just above the disk. Do not
allow any air to pass through the disk or
reach the top surface of the disk.
Immediately add 5ml of deionized
water to the disk and draw through at

Untitled-3.p65 1/24/02, 4:21 PM1
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Accuracy/Precision data from four determinations of Method 525.1 analytes at 2µg/L with Liquid-Solid SIMDisk™-GF 47mm
extraction disk and the Finnigan MAT ITS40 Ion Trap MS

std. dev.
(µg/L)

target conc.
(µg/L)

mean
(µg/L) % RSDcompound accuracy

(% of target)
% REC.

in method
acenaphthalene-d10 5 ------ ------     ------        ------ ------
henanthrene-d10 5 ------ ------    ------        ------ ------
chrysene-d12 5 ------ ------    ------        ------ ------
hexachlorocyclopentadiene  2 1.6 0.30 2.1 80 55
dimethylphthalate 2 1.8 0.17 9.4 90 95
acenaphthylene 2 2.0 0.60 3.1 100 95
2-chlorobiphenyl 2 2.0 0.50 2.4 100 95
diethylphthalate 2 2.1 0.70 3.3 105 100
fluorene 2 2.1 0.60 3.1                 105 110
2,3-dichlorobiphenyl 2 2.0 0.70 3.2 100 115
hexachlorobenzene 2 2.0 0.60 2.8 100 85
simazine 2 1.9 0.19 10.2 95 105
atrazine 2 2.1 0.16 7.5 105 110
pentachlorophenol 8 9.7 0.79 8.2 121 97
gamma-BHC 2 2.1 0.40 2.2 105 105
phenanthrene 2 2.2 0.40 1.9 110 120
anthracene 2 2.0 0.90 4.6 100 85
2,4,5-trichlorobiphenyl 2 1.9 0.40 1.9 95 85
alachlor 2 2.1 0.40 1.7 105 ------
heptachlor 2 1.9 0.40 2.2 95 110
di-n-butylphthalate 2 2.5 0.24 9.5 125 110
2,2',4,4'-tetrachlorobiphenyl 2 1.9 0.20 1.2 95 75
aldrin 2 1.6 0.20 12.7 80 80
heptachlor epoxide (isomer B) 2 2.1 0.50 2.5 105 115
2,2',3',4,6-pentachlorobiphenyl 2 1.9 0.50 2.4 95 95
gamma-chlordane 2 1.9 0.80 4.1 95 110
pyrene 2 2.0 0.40 2.0 100 95
alpha-chlordane 2 1.9 0.50 2.8 95 100
trans-nonachlor 2 1.9 0.70 3.7 95 135
2,2',4,4',5,6'-hexachlorobiphenyl 2 1.7 0.14 8.0 85 80
endrin 2 2.2 0.50 2.2 110 90
butylbenzylphthalate 2 2.2 0.12 5.4 110 100
bis(2-ethylhexyl)adipate 2 1.8 0.21 11.9      90 80
2,2',3,3',4,4',6-heptachlorobiphenyl 2 1.8 0.40 1.9      90 70
methoxychlor 2 2.1 0.50 2.5 105 90
2,2',3,3',4,5',6,6'-octachlorobiphenyl 2 1.7 0.20 1.2 85 90
benzo(a)anthracene 2 1.9 0.20 0.9 95 90
chrysene 2 1.9 0.20 0.9 95 110
bis(2-ethylhexyl)phthalate 2 2.2 0.40 2.0 110 95
benzo(b)fluoranthene 2 2.0 0.90 4.2 100 ------
benzo(k)fluoranthene 2 2.0 0.80 4.2 100 105
benzo(a)pyrene 2 2.0 0.10 5.1 100 40
perylene-d12 5 4.7 0.34 7.3 94 100
indeno(1,2,3-cd)pyrene 2 1.9 0.22 11.6 95 20
dibenzo(a,h)anthracene 2 1.8 0.20 11.3 90 15
benzo(g,h,i)perylene 2 1.8 0.18 9.9 90 35
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Chlorine-substituted phenoxyacetic acids, such as 2,4-D, MCPA,
and 2,4,5-T [2,4-dichlorophenoxy acetic acid, (4-chloro-2-
methylphenoxy) acetic acid, and 2,4,5-trichlorophenoxy acetic
acid respectively], were introduced as selective weed killers in the
1940s. Due to their growth-regulating and herbicidal activities
against broadleaf weeds, they have been commonly used for weed
control on cereal crops, grasslands, and lawns. 2,4-D and 2,4,5-T
also were used as the primary defoliant agents in Agent Orange
during the Vietnam War. Today, chlorophenoxy herbicides still are
used as commercially available lawn weed killers.1

Chlorophenoxy herbicides are applied as either esters or salts,
which are easily metabolized by plants. The esters are oil soluble,
but also can be applied as emulsions in water. The salts typically
are highly soluble in water and are used as aqueous concentrates.
Because the chlorophenoxy herbicides are spread on top of the
soil or grass and then leach into the ground, there is great

potential for groundwater contamination. Chlorophenoxy
herbicides readily degrade in the environment and for many years
were not considered an environmental or public concern.
However, potential hazards to public health and environmental
quality led to the development of US Environmental Protection
Agency (EPA) methods for the analysis of these herbicides. US
EPA Methods 615 (municipal/industrial wastewater) and 8151
(solid waste) were developed to monitor chlorophenoxy herbi-
cides in environmental samples.2,3

Analysis of chlorophenoxy herbicides using gas chromatography
(GC) is difficult. In their free acid form, these herbicides have
limited volatility and are prone to irreversible adsorption. To
overcome this problem, they are most frequently analyzed as
methyl esters. Because these herbicides can be applied as several
different types of esters or as a salt, they must first be converted
to the free acid form, then derivatized into methyl esters for GC

Figure 1

The Rtx®-CLPesticides and Rtx®-CLPesticides2 columns give good resolution for all 18
chlorophenoxy herbicides in a single injection.

30m, 0.32mm ID, 0.50µm, Rtx®-CLPesticides column (cat.# 11139) and 30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 column (cat.# 11324). 1.0µL direct
injection of chlorophenoxy herbicides using a Uniliner® sleeve (cat.# 20335), on-column concentration 200-20,000pg/mL. Oven temp.: 80°C (hold 1 min.) to 300°C

@ 10°C/min. (hold 10 min.); Inj. / det. temp.: 200°C/300°C; Carrier gas: helium; Inlet pressure: 12.5psi set @ 80°C; ECD sensitivity: 60kHz fused silica.

Rtx®-CLPesticides Rtx®-CLPesticides2

1. dalapon
2. 3,5-dichlorobenzoic acid
3. 4-nitroanisole
4. DCAA
5. dicamba
6. MCPP
7. MCPA
8. dichloroprop
9. 2,4-D

10. pentachloroanisole
11. 2,4,5-TP
12. chloramben
13. 2,4,5-T
14. 2,4-DB
15. picloram
16. bentazon
17. dinoseb
18. DCPA
19. acifluoren
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Optimizing Chlorophenoxy Herbicides Analysis Using Rtx®-CLPesticides and
Rtx®-CLPesticides2 Columns
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Universal “Y” Press-Tight® Connectors
cat.# 20405 (ea.) cat.# 20406 (3-pk.)

Universal Angled “Y” Press-Tight® Connectors
cat.# 20403 (ea.) cat.# 20404 (3-pk.)

Phenylmethyl Deactivated Guard Columns

ID length cat.#

0.25mm 5m 10043

0.32mm 5m 10044

0.53mm 5m 10045

Rtx®-CLPesticides2 Column

ID df (µm) temp. limits 15-Meter 30-Meter

0.25mm 0.20 -60 to 310/330°C 11320 11323

0.32mm 0.25 -60 to 310/330°C 11321 11324

0.53mm 0.42 -60 to 310/330°C 11337 11340

Rtx®-CLPesticides Column

ID df (µm) temp. limits 15-Meter 30-Meter

0.25mm 0.25 -60 to 310/330°C 11120 11123

0.32mm 0.50 -60 to 310/330°C 11136 11139

0.53mm 0.50 -60 to 310/330°C 11137 11140

For a complete listing of Analytical Reference Materials and Sample Preparation Products for EPA
Methods 515, 8150, and 8151, see Restek’s Product Guide, visit the web site (www.restekcorp.com),
or call 800-356-1688, 814-353-1300, or your local Restek representative for information.

analysis. Methylation increases herbicide volatility and over-
comes matrix interferences of herbicides extracted from soil.
Despite this derivatization step, analysts still can experience the
problems of poor resolution, matrix interference, and peak
misidentification.

This analysis has been performed on a number of different GC
column stationary phases, many of which suffer from slow
analysis time, low thermal stability, or coelutions. In addition,
many laboratories perform this analysis with the same instrument
used for chlorinated pesticide analysis (US EPA 8081). The Rtx®-
CLPesticides and Rtx®-CLPesticides2 columns provide unsur-
passed separation of pesticides and herbicides, while allowing
high-temperature operation to facilitate the removal of contami-
nants from the system by programming to 300°C or higher.

Figure 1 shows the separation of the method 8151 target
compounds on the Rtx®-CLPesticides and the Rtx®-
CLPesticides2 columns for simultaneous confirmation. These
columns were connected using a glass “Y” connector (cat. #
20403) and a 5m guard column (cat. # 10044) installed into a
single injection port. The injection port was configured with a
direct injection liner (cat. # 20335), which improves the inertness
and sample transfer of a splitless injection.

In summary, by configuring your instrument as described and
using the Rtx®-CLPesticides and Rtx®-CLPesticides2 columns,
the separation of the chlorophenoxy herbicides can be obtained
on both columns simultaneously. The surrogates are not shown in
these chromatograms because many laboratories use a variety of
compounds as surrogates and internal standards for this analysis.
The common compounds (1,4-dichlorobenzene, DCAA, and
4,4'-dibromooctafluorobiphenyl) are baseline resolved on both of
these columns, so you may use either of them without compro-
mising the chromatography. This same instrument configuration is
also optimal for the analysis of chlorinated pesticides and PCBs.



environmental
Applications note

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

#59562A

e
n

v
ir

o
n

m
e
n

ta
l

Florisil® SPE cleanup for organochlorine pesticides and polychlorinated
biphenyl compounds (PCBs)

Tips for Better Results
• 1g tubes will give the most consistent results regardless of

final sample volume.

• Flow rate during elution should be either dropwise or gravity
feed (no vacuum). This will reduce trichlorophenol break-
through.

This procedure is adapted from the US Environmental
Protection Agency (EPA) Contract Laboratory Program,
Statement of Work for Organic Analyses, Multimedia,
Multi-Concentration, OLM04.0. It is not intended to be a
replacement or substitute for the official procedure.
Please refer directly to the published procedure for
additional information.

Preparing for Sample Cleanup

A. Determine the size of Florisil® solid phase extraction
(SPE) tube needed for sample cleanup. If the gas chromatogra-
phy (GC) autosampler can operate reliably with 1mL of sample
extract, then a 500mg tube (cat.# 24031 & 24032) is used and the
required final volume is 1mL. If the GC autosampler requires a
larger sample volume, prepare 2mL of sample extract using a 1g
tube (cat.# 24034). Manual injection requires only 1mL final
extract and a 500mg tube. See Tips for Better Results below.

B. Every lot of Florisil® adsorbent must be quality control-
tested for activity level before using for sample cleanup.
Add 0.5mL of 2,4,5-trichlorophenol solution (0.1µg/mL in
acetone) and 0.5mL of Standard Mixture A (midpoint concentra-
tion) to 4mL of hexane. Reduce the final volume to 0.5mL using
nitrogen. Place mixture onto the top of a washed Florisil®

cartridge, and elute it with 9mL of hexane:acetone (90:10) v/v.
Use two additional 1mL hexane rinses to ensure quantitative
transfer of standard from the Florisil® tube. Reduce the final
volume to 1mL using nitrogen, and analyze the solution by
GC/electron capture detector (ECD) using at least one of the GC
columns specified for sample analysis. Determine the recovery and
percent recovery for each analyte. The check sample must be
analyzed on a GC/ECD and meet the initial calibration and
calibration verification technical acceptance criteria. The Florisil®

lot is acceptable if all pesticides are recovered at 80% to 120%, if
the recovery of 2,4,5-trichlorophenol is less than 5%, and if no
peaks interfering with the target analytes are detected.

Procedure for Sample Cleanup Using Florisil®

SPE Tubes

1. Attach the vacuum manifold (cat.# 26077 or 26080) to a
vacuum pump, install a trap between the manifold and the
vacuum source. Adjust the vacuum pressure in the manifold to
<20" Hg. Place one Florisil® tube onto the vacuum manifold
for each sample extract.

2. Prior to cleanup of samples, the tubes must be washed with
hexane:acetone (90:10). This is accomplished by placing the
tube on the vacuum manifold, pulling a vacuum, and passing at
least 5mL of the hexane:acetone solution through the tube.
While the tubes are being washed, adjust the vacuum applied to
each tube so that the flow rate through each cartridge is
approximately equal. Do not allow the cartridges to dry after
they have been washed.

3. After the tubes on the manifold are washed, release the
vacuum and place a rack containing labeled 10mL collection
vessels inside the manifold.

4. After the collection vessels are in place, restore the vacuum to
the manifold. Transfer a volume of extract equal to the required
final volume (1 or 2mL)* from each sample, blank or matrix
spike to the top frit of the appropriate Florisil® tube. Use a
syringe or volumetric pipette to transfer the extract to the
cleanup tube.

5. Elute the pesticides and PCBs in the extract concentrates
through the column with 8mL of hexane:acetone (90:10) and
collect into the 10mL collection vessels that are held in the
vacuum manifold rack.

6. Transfer the elute in each collection vessel to a clean, appropri-
ate vessel for nitrogen blowdown. Perform two additional 1mL
hexane rinses to ensure quantitative transfer of the tube elute.

7. Adjust the extract to the final volume (1 or 2mL) by using
either nitrogen blowdown or a micro Snyder column. Measure
the final volume with a syringe or by transferring the extract to
a volumetric flask. The extract is ready for GC/ECD analysis.

*This volume must equal the final volume after Florisil® cleanup.
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Product Listing

Rtx®-CLPesticides Column Rtx®-CLPesticides2 Column

ID df (µm) temp. limits 15-Meter 30-Meter

0.25mm 0.25 -60 to 310/330°C 11120 11123

0.32mm 0.50 -60 to 310/330°C 11136 11139

0.53mm 0.50 -60 to 310/330°C 11137 11140

ID df (µm) temp. limits 15-Meter 30-Meter

0.25mm 0.20 -60 to 310/330°C 11320 11323

0.32mm 0.25 -60 to 310/330°C 11321 11324

0.53mm 0.42 -60 to 310/330°C 11337 11340

Resprep™ SPE Cartridges

Complete manifolds include glass basin with built-in vacuum regu-
lator, polypropylene top plate with 12 or 24 individual control
valves, 12- or 24-position collection rack, and 12 or 24 Teflon®

sample guides.

Complete Resprep™-12 Port Manifold: cat.# 26077

Complete Resprep™-24 Port Manifold: cat.# 26080

Resprep™ 12- & 24-Port Tube Manifold

(All cartridges are polypropylene and have polyethylene frits

unless otherwise noted):

3mL 500mg cat.# 24031 50-pk.

3mL† 500mg cat.# 24032* 50-pk.

6mL 1000mg cat.# 24034 30-pk.

6mL† 500mg cat.# 26086** 30-pk.

6mL† 1000mg cat.# 26085** 30-pk.

†These cartridges are specified in the CLP Method.
*Stainless steel frits
**Glass cartridges with Teflon® frits.

Florisil®

Florisil® Cartridge Check Mix
1000µg/mL in acetone, 1mL/ampul

Each 5-pk. 10-pk.
32017 32017-510

w/data pack 32017-500 32017-520 32117
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Extraction of Paraquat & Diquat from Water Using
Resprep™-C8–47 Extraction Disks

notenoteAApplicationspplications
cat.# 59563

EPA methods are

available from the

National Technical

Information Service:

703-487-4650

analyte. Adjust sample pH to 10.5 ± 0.2
with sodium hydoxide solution (10% w/
v) or hydrochloric acid solution (10% v/
v). Proceed with the extraction immedi-
ately following sample pH adjustment.

Apparatus Assembly
Assemble the Diskcover™-47mm appa-
ratus, using the Teflon® reservior.
Teflon® parts should be used to mini-
mize the risk of interferences. If using a
glassware apparatus, silanization of the
apparatus may provide improved recov-
eries. Place the Resprep™-C8 disk on
the filter support, with the WRINKLED
SIDE UP.

Disk Conditioning
Add the following solvents to the disk
in the sequence indicated:

Apply low vacuum (1-2 in. Hg, 3-7 kPa)
immediately upon addition of the first
solvent and throughout the entire condi-
tioning sequence. Do not allow any air
to pass through the disk or to reach the
top surface of the disk during the condi-
tioning process.

Note: It is preferable to add the next
solvent directly to a layer of the pre-
vious solvent on the disk rather than
to allow any air to contact the disk’s
surface.

1.  Add 10 mL methanol to the disk
and immediately apply low vacuum
(1-2 in. Hg, 3-7 kPa).  Draw through
until the top surface of the methanol
is just above the surface of the disk.
2.  Add two 10 mL aliquots of deion-
ized water directly to the liquid on
the surface of the disk.  Continue to
draw through under low vacuum until
the top surface of the water is just

Solution Preparation
The following reagent solutions are
used in the extraction procedure —

Conditioning Solution A:
Dissolve 0.500gm of cetyl trimethyl
ammonium bromide and 5mL of con-
centrated ammonium hydroxide in
500mL of deionized water and dilute
to 1000mL in a volumetric flask.

Conditioning Solution B:
Dissolve 10.0gm of 1-hexanesulfonic
acid (sodium salt) and 10mL of con-
centrated ammonium hydroxide in
250mL of deionized water and dilute
to 500mL in a volumetric flask.

Sodium Hydroxide Solution
(10% w/v): Dissolve 50gm of so-
dium hydroxide in 400mL of deion-
ized water and dilute to 500mL in a
volumetric flask.

Hydrochloric Acid Solution
(10% v/v): Add 50mL of concen-
trated hydrochloric acid to 400mL of
deionized water and dilute to 500mL
in a volumetric flask.

Disk Eluting Solution:
Add 13.5mL of orthophosphoric acid
and 10.3mL of diethylamine to
500mL of deionized water and dilute
to 1000mL in a volumetric flask.

Ion-pair Concentrate:
Dissolve 3.75gm of 1-hexanesulfonic
acid in 15mL of disk eluting solution
and dilute to 25mL with disk eluting
solution in a volumetric flask.

Sample Treatment
Allow a 250mL water sample to equili-
brate to room temperature in a silanized
amber glass bottle (or an amber polyvi-
nyl chloride bottle). For QA/QC
samples, spike with 100µg/L of each

Please note: This method is based
on the sample extraction proce-
dure from Section 11.3 of EPA
Method 549.1, but is not intended
to be a replacement or substitute
for the official EPA Method 549.1
procedure. Please refer directly to
the published EPA method for
additional information for the
preparation of samples to be ana-
lyzed according to EPA Method
549.1.

EPA methods are available from
NTIS (National Technical Infor-
mation Service), U.S. Department
of Commerce, Springfield, VA
22161, phone: (703) 487-4650.
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Accuracy and Precision Data from Four Determinations of
Method 549.1 Analytes (Paraquat and Diquat) using Resprep™ C8 Disk

Extraction and Ion-Pair HPLC Analysis with UV Detection.

Paraquat Diquat

Sample #1 95.5 88.6

Sample #2 97.0 89.7

Sample #3 98.4 89.2

Sample #4 93.9 85.5

Average 96.2 88.3

%RSD 1.8 1.9
Concentration = 200 ug/L of each analyte

Questions?

Call Restek’s Technical

Service staff at

800-356-1688,
ext. 4

For permission to reproduce any portion of this
application note, please contact Restek’s
publications/graphics department by phone (ext.
2128) or FAX (814) 353-9278.
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above the surface of the disk.
3.  Add 10 mL of Conditioning Solu-
tion A directly to the water on the
surface of the disk. Continue to draw
through under low vacuum until the
top surface of the liquid is just above
the surface of the disk.
4.  Add two 10 mL aliquots of deion-
ized water directly to the liquid on
the surface of the disk.  Continue to
draw through under low vacuum until
the top surface of the water is just
above the surface of the disk.
5.  Add 10 mL of Conditioning Solu-
tion B directly to the water on the
surface of the disk.  Continue to draw
through under low vacuum until the
top surface of the liquid is just above
the surface of the disk.

Sample Addition
Pour the 250 mL sample into the appa-
ratus, adding it directly to the layer of
liquid left on the disk from the condi-
tioning step.  Increase the vacuum to
approximately 10 in. Hg (35 kPa) for a
flow rate of approximately 100 mL per
minute.  Once the sample addition has
begun, the disk must not go dry until the
entire sample has been processed.

Analyte Elution
Release system vacuum.  Insert a
silanized glass sample collection tube.
Reassemble the apparatus.  Add ap-
proximately 1 mL methanol to the disk,

exercising care to cover the entire top
surface of the disk.  Immediately add 4
mL of disk eluting solution to the disk,
and draw the solvent through the disk at
1-2 in. Hg (3-7 kPa) until the top sur-
face of the liquid is just above the sur-
face of the disk.  Add an additional 4
mL of disk eluting solution directly to
the liquid on the disk, and draw com-
pletely through the disk.

Final Analysis
Add 100 µL of ion-pair concentrate.
Adjust final sample volume as neces-
sary with elution solvent.  Analyze 100
µL by HPLC using a Restek Pinnacle
ODS (Part # 9114565) column with UV
detection at 257 nm and 308 nm.
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Extraction of PCBs using Resprep™-C18-47 SPE disks
and Resprep™-6D

notenoteAApplicationspplications
cat.# 59564

For more information

call technical service:

(800) 356-1688,

ext. 4

Sample Addition
Pour the sample into the Diskcover™-47
reservoir, adding it directly to the film of
methanol left on the disk from the
conditioning step.  Adjust the vacuum to
approximately 25 in. Hg.

Disk Drying
After the entire sample has been
processed, draw air through the disk
under vacuum to remove any residual
water from the disk.

Analyte Elution
Release system vacuum. Insert the
collection rack and vessels into the glass
chamber, making sure to label each
vessel with the corresponding
Diskcover™-47. Reassemble the
Resprep™-6D. Add 5mL methylene
chloride directly to the sample bottle,
and gently swirl to rinse all inner
surfaces of the bottle. Transfer the
methlyene chloride to the disk using a

glass pipette and rinse the reservoir
sides in the process. Let the solvent
stand for three minutes. Draw the
solvent through the disk at 5 in. Hg.
Repeat the bottle rinse and disk elution
once more with a fresh aliquot of
methlyene chloride, combining all
eluates in the collection tube.

Final Analysis
Remove water from sample eluate by
passing through anhydrous sodium
sulfate. Concentrate to 1mL, and
analyze.

Sample Pretreatment
Allow 1 liter of deionized water to
equilibrate to room temperature. Adjust
sample pH to less than 2 with 6N HCl.
Add 5mL of methanol and mix
thoroughly. For QA/QC samples, spike
with 1mL of a 5ug/mL solution for a
final concentration in the water of 5ppb.

Apparatus Assembly
Assemble the Diskcover™-47mm with
reservoir, making sure the Teflon® o-
ring is in place.  Also be sure to place
the C18 disk in the Diskcover™-47
wrinkled side up. Assemble the
Resprep™-6D as detailed in the
instruction sheet, along with the vacuum
pump, vacuum line, and vacuum trap.

Disk Precleaning
Add 10mL of methylene chloride to the
disk’s top surface and immediately draw
through under vacuum at 15 in. Hg.
Continue to draw vacuum at 15 in. Hg
for 5 minutes, removing all solvent.

Disk Conditioning
Add 10mL of methanol to the disk’s top
surface and let stand for a few minutes.
Draw the methanol through the disk
until the methanol’s top surface is just
above the disk. Do not allow any air to
pass through the disk or reach the top
surface of the disk. Note: It is preferable
to leave extra liquid above the disk
rather than allow any air to contact the
disk surface.

Use Resprep™-C18-47 SPE disks and Resprep™-6D to extract polychlorinated biphenyls (PCBs)
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Table 1

Aroclor® peak # congener

1016

1242

1248

1254

1260

Sample
1

Sample
2

Sample
4

Sample
3

Sample
5

Sample
6

Sample
7

AVG SD

Accuracy/precision data from seven determinations of PCBs in distilled water at 5µg/L, using the
Resprep™-C18-47 glass fiber extraction disk.

Trademarks:
Resprep™ and Diskcover™ are trademarks of Restek Corporation. Teflon® is a trademark of E.I. du Pont de Nemours & Company, Inc.
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1 8 97.6 95.6 91.1 91.9 91.4 93.4 85.2 92.3 3.6

2 18 99.0 100.4 92.4 97.0 101.5 106.0 95.2 98.8 4.1

3 31 94.7 85.3 82.8 88.4 88.5 98.6 95.4 90.5 5.4

4 52,69 97.3 85.9 86.2 96.1 91.3 100.5 102.0 94.2 6.0

5 44 93.0 89.8 92.7 97.2 93.6 103.7 102.7 96.1 4.9

1 18 112.0 109.3 113.6 94.0 96.8 102.8 89.0 102.5 8.8

2 8 103.6 104.8 106.0 87.4 90.8 97.5 81.6 96.0 8.8

3 31 100.6 98.7 99.9 78.7 83.0 95.0 76.3 90.3 9.8

4 44 101.7 103.5 103.0 87.1 90.0 98.2 81.6 95.0 8.1

5 56,92 93.5 97.3 95.6 76.4 83.0 91.7 73.8 87.3 8.8

1 31 81.7 92.0 86.3 88.3 81.9 79.2 82.7 84.6 4.1

2 48 79.7 89.3 87.4 96.2 83.5 85.9 82.1 86.3 5.0

3 41 81.1 88.6 84.8 88.5 81.9 80.3 82.9 84.0 3.2

4 70 4.1 90.3 87.6 92.8 87.7 84.4 85.0 87.4 3.0

5 56,92 82.4 90.3 86.5 91.5 86.2 84.9 84.6 86.6 3.0

6 110,77,154 84.8 90.9 84.5 94.0 78.8 72.4 81.0 83.8 6.7

1 52,69 99.8 90.9 79.4 96.4 100.9 87.0 98.3 93.2 7.3

2 95,66 95.2 89.2 79.9 91.9 99.2 80.0 52.1 83.9 14.6

3 110,77,154 93.6 98.5 88.4 95.9 110.2 79.4 45.2 87.3 19.3

4 118 90.1 83.2 73.2 81.6 96.0 64.2 82.4 81.5 9.7

5 138 87.1 89.2 77.3 85.7 95.6 64.6 109.5 87.0 13.0

1 149 87.2 97.9 91.3 85.6 79.0 82.5 88.9 87.5 5.7

2 141 79.6 69.9 78.6 82.8 76.3 78.4 90.64 79.5 5.8

3 187 87.2 76.1 85.9 90.3 82.3 83.3 95.4 85.8 5.7

4 180 103.4 94.2 108.1 113.4 102.5 104.6 102.2 104.1 5.4

5 170 79.1 73.0 84.6 88.1 78.6 81.9 67.7 79.0 6.4
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Extraction of polynuclear aromatic hydrocarbons (P AHs) using
Resprep ™-18-47 SPE disks and Resprep ™-6D extraction system

Sample Pretreatment

Allow 1L of deionized water to equilibrate to room temperature.
Adjust sample pH to less than 2 with 6N HCl. Add 5mL of
methanol and mix thoroughly. For QA/QC samples, spike with
1mL of a 2µg/mL solution for a final concentration in the water
of 2ppb.

Apparatus Assembly

Assemble the Diskcover™-47 extraction disk holder with
reservoir, making sure the Teflon® o-ring is in place.  Also be
sure to place the C18 disk in the Diskcover™-47 extraction disk
holder wrinkled side up. Assemble the Resprep™-6D extraction
system as detailed in its instruction sheet, along with the vacuum
pump, vacuum line, and vacuum trap.

Disk Precleaning

Add 10mL of methylene chloride to the top surface of the disk
and immediately draw it through under vacuum at 15 in. Hg.
Continue to draw vacuum at 15 in. Hg for 5 minutes, removing
all solvent.

Disk Conditioning

Add 10mL of methanol to the top surface of the disk and let
stand for a few minutes. Draw the methanol through the disk
until the methanol’s top surface is just above the disk. Do not
allow any air to pass through the disk or reach the top
surface of the disk. Note: It is preferable to leave extra liquid
above the disk rather than allow any air to contact the disk
surface.

Sample Addition

Pour the sample into the Diskcover™-47 reservoir, adding it
directly to the film of methanol left on the disk from the condi-
tioning step. Adjust the vacuum to approximately 25 in. Hg.

Disk Drying

After the entire sample has been processed, draw air through the
disk under vacuum to remove any residual water from the disk.

Analyte Elution

Release system vacuum. Insert the collection rack and vessels
into the glass chamber, making sure to label each vessel with the
corresponding Diskcover™-47. Reassemble the Resprep™-6D
extraction system. Add 5mL methylene chloride directly to the
sample bottle, and gently swirl to rinse all inner surfaces of the
bottle. Transfer the methlyene chloride to the disk using a glass
pipette and rinse the reservoir sides in the process. Let the solvent
stand for three minutes. Draw the solvent through the disk at
5 in. Hg. Repeat the bottle rinse and disk elution once more with
a fresh aliquot of methlyene chloride, combining all eluates in the
collection tube.

Resprep™ sample preparation products allow complete, clean
sample extraction for more accurate PAH analyses.
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Table I

Accuracy/precision data from seven determinations of PAHs in distilled water at 2µg/L
using the Resprep

™
-C18-47 glass fiber extraction disk.

Sample Sample Sample Sample Sample Sample Sample
Compounds 1 2 3 4 5 6 7 Average SD
naphthalene 65.7 78.8 73.7 67.7 73.5 80.8 83.0 74.7 6.5

2-methylnaphthalene 71.9 88.0 84.3 77.3 86.3 97.5 91.6 85.3 8.6

1-methylnaphthalene 75.2 90.9 86.1 81.2 87.2 99.5 96.2 88.0 8.4

biphenyl 77.1 95.0 90.5 84.1 91.5 103.2 102.1 91.9 9.3

2,6-dimethylnaphthalene 69.9 84.3 85.3 80.1 82.9 90.2 86.4 82.7 6.5

acenaphthylene 70.5 98.4 90.8 76.2 90.6 100.6 99.7 89.5 11.9

acenaphthene 83.5 102.6 94.9 90.4 97.2 104.3 106.2 97.0 8.2

2,3,6-trimethylnaphthalene 71.2 89.7 85.7 82.6 88.8 84.9 79.5 83.2 6.3

fluorene 83.8 109.0 106.8 95.6 100.9 107.4 107.3 101.5 9.1

phenanthrene 91.7 105.4 110.2 106.6 108.6 108.3 111.9 106.1 6.7

anthracene 81.5 102.0 89.3 77.7 79.4 94.2 98.6 89.0 9.7

2-methylphenanthrene 91.5 111.1 112.5 99.2 109.9 104.1 110.9 105.6 7.8

1-methylphenanthrene 98.3 112.7 112.0 104.6 108.5 107.1 110.1 107.6 5.0

3,6-dimethylphenanthrene 88.7 108.2 105.0 102.4 104.9 103.5 109.2 103.1 6.8

fluoranthene 94.3 112.9 114.6 106.7 111.0 106.6 115.2 108.8 7.3

pyrene 97.7 113.4 112.4 103.9 110.4 107.5 117.8 109.0 6.7

2,3-benzofluorene 101.1 108.3 100.7 91.1 96.3 100.2 106.8 100.6 5.9

benzo(a)anthracene 97.6 109.2 101.6 89.6 94.0 101.1 110.6 100.5 7.6

chyrsene 106.9 110.5 103.8 93.8 97.7 104.1 112.7 104.2 6.7

benzo(b)fluoranthrene 95.0 107.1 109.4 99.2 97.4 100.5 116.1 103.5 7.6

benzo(k)fluoranthrene 106.8 107.1 108.4 96.1 99.8 99.7 110.0 104.0 5.3

benzo(e)pyrene 101.3 106.2 106.6 98.8 103.4 101.1 115.9 104.8 5.7

benzo(a)pyrene 101.4 107.2 100.0 88.2 90.4 99.2 105.2 98.8 7.1

perylene 100.9 109.2 97.3 86.1 90.2 96.8 105.7 98.0 8.1

9,10-diphenylanthracene 111.4 119.7 112.0 94.6 98.0 106.0 104.9 106.7 8.6

indeno(1,2,3-cd)pyrene 110.9 119.7 113.3 102.0 105.8 110.3 115.4 111.1 5.9

dibenzo(a,h)anthracene 118.3 125.5 112.4 94.4 107.3 108.3 115.6 111.7 9.8

benzo(g,h,i)perylene 123.4 129.5 119.8 103.2 113.4 113.7 121.3 117.8 8.5

naphthalene-d8 65.5 83.0 73.8 65.5 75.4 80.2 79.8 74.7 7.0

acenaphthene-d10 86.2 103.6 96.4 87.8 102.6 110.7 106.1 99.1 9.3

phenanthrene-d10 101.7 115.8 122.9 110.8 118.1 129.3 122.5 117.3 9.0

chrysene-d12 125.7 136.5 122.7 105.2 124.0 150.4 170.0 133.5 21.2

perylene-d12 109.7 118.0 105.7 89.1 100.2 105.0 119.4 106.7 10.4

Surrogate Standards
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 1. ethanol
 2. pentane
 3. hexane
 4. benzene
 5. heptane
 6. toluene
 7. octane
 8. ethylbenzene
 9. m-xylene
10. p-xylene

11. o-xylene
12. nonane
13. propylbenzene
14. 1-methyl-3 ethylbenzene
15. 1,2,4-trimethyl-benzene
16. decane
17. undecane
18. naphthalene
19. dodecane
20. tridecane

Petrochemical

Restek’s  Rtx®-1PONA Column for the Analysis of
Petroleum Products

notenoteAApplicationspplications
cat.# 59568

Gasoline is a complex mixture contain-
ing hundreds of individual hydrocarbons
including alkanes (paraffins), alkenes
(olefins), cyclic alkanes (naphthenes),
and aromatics. Using high resolution
gas chromatography (HRGC), it is
possible to resolve and identify over
two hundred individual components in a
single analysis. Once the hydrocarbons
are identified and quantified, the results
can be reported in various ways,
including: detailed hydrocarbon analysis
(DHA), hydrocarbon type analysis, and
special calculations such as vapor
pressure and octane number. Because

To meet demanding resolution
and retention criteria, Restek has
developed unique quality control
tests and specifications for the
Rtx®-1PONA column.

A 100 meter Rtx®-1PONA column resolves hundreds of
individual hydrocarbons in gasoline.

Figure 1

the task of calibrating hundreds of
peaks is extremely time consuming,
committees such as the American
Society of Standards and Materials
(ASTM) and the Canadian General
Standards Board (CGSB) have devel-
oped standardized methodology for
detailed hydrocarbon analysis1,2. These
methods specify a 100-meter column
which must be reproducible if laborato-
ries are to obtain accurate results. The
Restek Rtx®-1PONA column meets or
exceeds the demanding resolution and
retention time requirements specified in
these methods.

An example of  HRGC analysis of
unleaded gasoline using the Rtx®-
1PONA column appears in Figure 1.
The detailed report obtained from this
analysis contains over 200 individual
peaks so identification of each compo-
nent can be very challenging. Since
flame ionization detection is specified,
identification of the individual compo-
nents is practical only if the retention
times and separations are comparable to
those published in the ASTM or CGSB
methods. In order to meet these
demanding resolution and retention
criteria, Restek has developed unique

100m, 0.25mm ID 0.50µm Rtx®-1PONA
0.5µl split injection of unleaded gasoline.

Oven temp.: 35°C (hold 13 min.) to
45°C @ 10°C/min. (hold 15 min.) to
60°C @ 1°C/min. (hold 15 min.) to 200°C
@ 1.9°C/min. (hold 5 min.).
Inj./det. temp.: 250°C
Carrier gas: helium
Linear velocity: 24cm/sec. set @ 35°C
FID sensitivity: 4 x 10-12 AFS
Split ratio: 100:1

Run Conditions for Figures 1 & 2
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Product Listing
Rtx®-1PONA: (cat.# 10195)

100m, 0.25mm ID, 0.5µm
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methylcyclopentene-1

benzene

2,3-dimethylheptane

p-xylene

m-xylene

1-methylnapthalene

tridecane

Please see front for
run conditions.

For permission to reproduce any portion of this
application note, please contact Restek’s
publications/graphics department by phone
(ext. 2128) or FAX (814) 353-9278.

© Copyright 1998,
Restek Corporation

USA:
110 Benner Circle, Bellefonte, PA 16823 • phone: (800) 356-1688 • (814) 353-1300
fax: (814) 353-1309

Germany:
Sulzbacher Str. 15, D-65812 Bad Soden • phone: 49-6196-65130 • fax: 49-6196-62301

France:
1, rue Montespan, 91024 Evry Cedex • phone: 33 01 60 78 32 10 • fax: 33 01 60 78 70 90

Thames Restek UK Ltd.:
Fairacres Industrial Centre, Dedworth Road, Windsor, Berkshire, England SL4 4LE
phone: 01753 624111 • fax: 01753 624666

quality control tests and specifications
for the Rtx®-1PONA column. The
measured values for retention (k),
efficiency (n) and stationary phase
selectivity (RI) are controlled so that
each column exceeds the requirements
of the ASTM and CGSB methods.
These requirements include separating
several “critical pairs” of closely eluting
peaks of different hydrocarbon classes.
Figure 2 illustrates three of these
critical separations obtained from the
analysis of gasoline, without the need
for cryogenic cooling.

Detailed hydrocarbon analysis provides
a great deal of information regarding the
chemical composition of gasoline and
similar petroleum products. This
information is useful in evaluating the
performance of a refinery process or to
calculate the chemical “value” of a
particular hydrocarbon stream for
chemical production or gasoline
blending. It is possible to summarize the
detailed chromatographic report into a
hydrocarbon type analysis utilizing a
computer program and a table listing the
carbon number and type of each
calibrated peak. Table 1 is an example
of a PONA report obtained from an
unleaded gasoline using a BASIC
program written for a programmable
integrator. It is also possible to develop
correlations for other important
properties such as vapor pressure and
octane number from the compositional
analysis of gasoline and naphtha3. A
100-meter column is also specified for
petrochemical analyses4 requiring a
high degree of resolution, where
specialized stationary phases or column
switching systems do not achieve the
desired separations.

The Rtx®-1PONA column is an
excellent choice for separation of

complex petroleum products such as
gasoline and naphtha. Each column is
specially tested to exact specifications,
meeting the demanding separation and
retention criteria of ASTM and CGSB
procedures. With HRGC, it is possible
to resolve and identify hundreds of
individual hydrocarbons. This informa-
tion can be useful for hydrocarbon type
(PONA) analysis or for estimating
vapor pressure and octane number.

1 N.G. Johanson, Proposed ASTM Test Method for
Detailed Hydrocarbon Analysis, Draft 2,
ASTM Committee D2.04.

2 Canadian General Standards Board, Methods of
Testing Petroleum and Associated Products 3.0,
Method No. 14.3-94 (Feb 94).

3 R.P. Walsh and J.V. Mortimer, Hydrocarbon
Processing, p.153 September 1971.

4 ASTM D5441 Standard Test Method for the
Analysis of Methyl Tert-Butyl Ether (MTBE) by
Gas Chromatography, Annual Book of Standards,
Vol. 5.03

Table 1: Hydrocarbon Type Report from Detailed Hydrocarbon Analysis

C# P (Wt%) I (Wt%) O (Wt%) N (Wt%) A (Wt%) X (Wt%)

2 0 0 0 0 0 3.48
3 0.07 0 0 0 0 0.23
4 0.24 0.2 0.83 0 0 0.21
5 1.8 8.77 8.76 0.12 0 0
6 1.84 4.93 4.21 1.88 0.64 0
7 2.14 4.31 2.93 3.95 2.66 0.01
8 2.42 4.24 0.7 3.85 5.31 0.06
9 1.72 3.86 0.36 3.19 5.27 0.15

10 0.88 2.61 0.04 0.62 4.72 0.36
11 0.48 0.47 0 0.17 1.63 0.12
12 0.43 0.61 0 0.02 0.56 0.29
13 0.3 0.34 0 0 0 0

Total 12.34 30.34 17.83 13.82 20.78 4.9

Resolution of several critical pairs of hydrocarbons.

Figure 2

min. 60min. 60 min. 60
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Petrochemical

Rtx®-1: A New Bonded Packed Column for
Simulated Distillation

notenoteAApplicationspplications
cat.# 59570

• Rtx®-1 bonded packed column requires
minimal conditioning.

• Meets or exceeds all specifications of
ASTM D2887 and D3710.

• Stable baseline to 350°C and repeatable
RT’s “right from the box”.

• Deactivated Silcosteel® tubing
and Silcoport™ packing for high
inertness.

• Column lifetime superior to
existing Sim Dist columns.

Simulated Distillation (Sim Dist),
according to ASTM test methods D2887
or D3710 can be performed using either
packed or capillary columns. Advantages
of capillary columns are the columns
are preconditioned so they can be used after
only minimal conditioning, and the
bonded stationary phases exhibit stable
baselines and retention times. There are
many laboratories currently using
packed columns which would like to
take advantage of bonded phases but do
not have GC equipment that can be
easily converted for use with capillary
columns.

Restek’s Rtx®-1 Sim Dist column is the
first in a new generation of bonded
packed columns having superior inertness
and stability compared to conventional
packed columns. These improvements
are obtained by preparing the columns
with Silcosteel® tubing and bonding the
Rtx®-1 stationary phase to a highly
deactivated Silcoport™ support. The
column dimensions and packing (1/8"
Silcosteel® with 10% Rtx®-1 on
Silcoport™) are designed to exceed all
requirements specified in ASTM Test
Methods D2887 and D3710.

Bonded stationary phases require
minimal conditioning and give stable
baselines and retention times “right
from the box.”
Simulated distillation is a gas chro-
matographic procedure which differs
from typical GC analysis requiring
peak resolution and integration. The
sample is analyzed using a linear
temperature program so that the
retention time of the hydrocarbons are
proportional to their boiling points. The

Table 1 shows the excellent retention
time repeatability obtained with the
column, indicating the column is
suitable for sample analysis after
minimal conditioning.

Column bleed is another important
consideration for selecting a Sim
Dist column. The baseline must be
stable and free of any artifacts during
the temperature program up to 350°C.
Although baseline subtraction is

Questions?

Call Restek’s technical

service staff at

800-356-1688,
ext.4

Hydrocarbon Min Rt Max Rt Avg. RT Stand. Dev.

C5 0.241 0.243 0.242 0.001

C6 0.493 0.497 0.495 0.002

C10 5.746 5.765 5.752 0.005

C20 18.482 18.491 18.486 0.004

C28 25.093 25.103 25.098 0.004

C40 32.160 32.171 32.166 0.004

C44 34.316 34.328 34.326 0.007

Table I

Retention Time Repeatability for Calibration after only 30 minutes conditioning.

sample boiling range distribution is
calculated by comparing the sample
area and its retention time with that
of an alkanes calibration standard. In
order for the calibration to be valid for
sample analysis, it is crucial that
retention times be repeatable until the
next calibration is performed. Figure 1
is an example of the analysis of the
Restek D2887 Calibration Mix (cat.#
31222) illustrating the typical pattern
obtained for the alkanes under tempera-
ture programmed conditions. To
demonstrate the stability of the Rtx®-1
column, a series of calibration stan-
dards were analyzed after only 30
minutes of conditioning at 350°C.

permitted in the method, this compensa-
tion will produce errors if the baseline
is not consistent. Conventional packed
columns require up to 14 hours of
conditioning and frequent updating of
the baseline compensation run because
the stationary phase is not bonded.
Rtx®-1 columns, however, exhibit stable
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1
2 3 4 5 6 7 8 9 10 11

12
13

14 15 16 17
18

200 10 30 min.

1. pentane
2. hexane
3. heptane
4. octane
5. nonane
6. decane

 7. undecane
 8. dodecane
 9. tetradecane
10. hexadecane
11. octadecane
12. eicosane

13. tetracosane
14. octacosane
15. dotricontane
16. hexatricontane
17. tetracontane
18. tetratetracontane

Column: 25" x 1/8" OD x 2mm ID, Rtx®-1 Sim Dist 2887
Silcosteel® packed column (cat.# 80000). 1.0µl direct injection of

D2887 Calibration Mix (cat.# 31222). Oven temp.: 35°C to 350°C
@ 10°C/min. (hold 5 min.); Inj./ det. temp.: 350°C; Carrier gas:

helium @ 25ml/min.; FID sensitivity: 256 x 10-11 AFS.

and reproducible baselines with just 30
minutes of conditioning. This results in
fewer baseline blanks and less frequent
calibration increasing laboratory
productivity.

Rtx®-1 Sim Dist 2887 Packed Col-
umns can also be used for gasoline
range simulated distillation.
Simulated distillation of gasoline range
hydrocarbons according to ASTM
method D3710-93 can also be per-
formed using the Rtx®-1 Sim Dist 2887
Packed Column. Figure 2 shows the
analysis of ASTM D3710 calibration
mix with the addition of n-propane, 2-
methyl propane, n-butane, n-
hexadecane, and n-heptadecane. To
achieve baseline separation of n-
propane, 2-methyl propane, and n-
butane, the GC oven was cooled to
-30°C with liquid nitrogen. Figure 3
shows the analysis of a composite
gasoline sample under the same run
conditions. Other volatile petroleum
fractions such as kerosene and jet fuel
can also be analyzed with this column.

Bonded stationary phases extend
column lifetime.
The Rtx®-1 stationary phase is bonded
to the diatomite particles resulting in an
immobilized coating which is resistant
to solvents and lower in bleed than
conventional packing. Since the packing

is preconditioned, there is no need for
extended conditioning. Extended
conditioning can greatly decrease
column lifetime. Since GC systems
often have leaks or carrier gas that
contains oxygen, it is more likely that
conventional columns will be damaged
during the conditioning process. Figure
4a shows a conventional UCW-982
column after only 170 temperature
cycles, demonstrating higher bleed and
more tailing than the Rtx®-1 Sim Dist
column (Figure 4b). Although actual
column lifetimes depend upon the
system and type of samples analyzed,
the bonded stationary phase should
result in longer lifetime than its non-
bonded equivalent.

Rtx®-1 Sim Dist columns have
equivalent polarity to OV-101 and
UCW-982.
In order for a stationary phase to be
acceptable for ASTM methods, the
column must not exhibit selective
retention for aromatic hydrocarbons
compared to aliphatic hydrocarbons.
This is an important test because if the
polarity of a column is different, the
boiling point results will demonstrate a
bias, especially for highly aromatic
samples. The “polarity” of the bonded
Rtx®-1 column was compared with OV-
101 and UCW-982, two of the most
common stationary phases currently

used for simulated distillation. The
results of the calculated boiling points
for aromatics compared to the published
boiling points appear in Table II. All
three silicone columns tested are
essentially identical in they elute
aromatics at a slightly lower tempera-
ture than the alkanes. This confirms the
polarity of the Rtx®-1 column is
equivalent, and the boiling range values
obtained will agree with OV-101 and
UCW-982 columns.

Rtx®-1 is an excellent choice for Sim
Dist using packed columns.
Simulated distillation is one of the most
common GC analyses performed in the
petroleum laboratory. ASTM test
methods D2887 and D3710 can be
performed with either packed or
capillary columns, but until now the
benefits of bonded phases were
available only to capillary users. The
Rtx®-1 packed column uses a bonded
stationary phase which is immobilized
on Silcoport™-a specially deactivated
support. The columns are prepared
using Silcosteel® tubing for inertness
unavailable with conventional metal
tubing. Rtx®-1 bonded packed columns
require minimal conditioning and give
stable baselines and retention even after
only 30 minutes of operation at 350°C.
If your laboratory has been looking for
a better Sim Dist analysis, Restek’s Rtx®-
1 packed columns are the answer.

Figure 1

C5 to C44 calibration analysis after only 30 minutes conditioning.
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Calculated BP

OV-101
80.3

137.7
204.3
252.2
303.4
384.9
450.4

Published
BP1 (°C)

80
139
218
280
342
447
524

Aromatic
Hydrocarbon

benzene
p-xylene

naphthalene
acenaphthylene

anthracene
chrysene

dibenzo(a,h)anthracene

UCW-982
82

140.2
206.9
255.6
307.2
389.2
455.7

Rtx®-1
81.3

138.6
204.6
252.7
304.1
385.6
452.3

20

25" x 1/8" OD x 2mm ID Rtx®-1 SimDist 2887 (cat.# 80000). D-3710
Calibration Mix + C3, C4, C16, & C17 added. Oven temp: -30°C to
250°C @ 10°C/min.; Inj./det. temp.: 250°C / 300°C; Carrier gas:

helium @ 25ml/min.; FID sensitivity: 256 x 10-11 AFS.

 12. p-xylene
 13. n-propylbenzene
 14. n-decane
 15. n-butylbenzene
 16. n-dodecane
 17. n-tridecane
 18. n-tetradecane
 19. n-pentadecane
 20. n-hexadecane
 21. n-heptadecane

  1. n-propane
  2. 2-methyl propane
  3. n-butane
  4. 2-methylbutane
  5. n-pentane
  6. 2-methylpentane
  7. n-hexane
  8. 2,4-dimethylpentane
  9. n-heptane
 10. toluene
 11. octane1

23
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13

min. 0 10

  1. n-propane
  2. 2-methyl propane
  3. n-butane
  4. 2-methylbutane
  5. n-pentane
  6. 2-methylpentane
  7. n-hexane
  8. 2,4-dimethylpentane
  9. n-heptane
 10. toluene
 11. octane

25" x 1/8" OD x 2mm ID Rtx®-1 SimDist 288  (cat.#
80000). 1.0µl direct injection of unleaded gasoline.

Oven temp: -30°C to 250°C @ 10°C/min.;
Inj./det. temp.: 250°C/300°C; Carrier gas: helium

@ 25ml/min; FID sensitivity: 256 x 10-11 AFS.

14
15

Other bonded phases

are available. For

more information,

call Restek’s technical

service staff at

800-356-1688,
ext.4.

Figure 2

Rtx®-1 Sim Dist 2887 packed columns can also be used for ASTM D-3710 analysis..

Figure 3

Perform simulated distillation of gasoline using the
Rtx®-1 Sim Dist 2887 packed columns.

 12. p-xylene
 13. n-propylbenzene
 14. n-decane
 15. n-butylbenzene
 16. n-dodecane
 17. n-tridecane
 18. n-tetradecane
 19. n-pentadecane
 20. n-hexadecane
 21. n-heptadecane

Table II

Comparison of bonded and conventional packed column indicates no polarity differences.
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4A)  UCW-982
(Same conditions as

Figure 1.)

4B)  Rtx®-1
(Same conditions

as Figure 1.)

Product List

Trademarks: Rtx®, Silcosteel™ and Silcoport™ are trademarks of Restek Corporation.

Rtx®-1 Sim Dist 2887 25" x 1/8" OD x 2mm ID Silcosteel® packed column cat.# 80000

ASTM Petrochemical
Mixtures Available

Calibration and column test mixtures are
available for ASTM Methods D2887 and
D3710. These standards are made with the
same quality and care as our environmen-
tal standards. Stock products of single
ampul and cost-effective 10-packs are
available for immediate shipment. Each
standard is supplied with a data sheet in-
dicating the exact concentration and a
sample chromatogram.

Compound Concentration
(% w/w)

n-decane 12
n-dodecane 12
n-dotriacontane 1
n-eicosane 2
n-heptane 6
n-hexadecane 10
n-hexane 6
n-hexatriacontane 1
n-nonane 8
n-octacosane 1
n-octadecane 5
n-octane 8
n-tetracontane 2
n-tetratetracontane 1
n-undecane 12

Packaged 1ml/ampul
Cat.# 31222 - single
Cat.# 31322 -  10pk.

Compound Concentration
(% w/w)

2-methylbutane 10
n-pentane 8
2-methylpentane 6
n-hexane 6
2,4-dimethylpentane 6
n-heptane 10
toluene 12
n-octane 5
p-xylene 14
n-propylbenzene 5
n-decane 4
n-butylbenzene 4
n-dodecane 4
n-tridecane 2
n-tetradecane 2
n-pentadecane 2

Packaged 1ml/ampul
Cat.# 31223 - single
Cat.# 31323 -  10pk.

D3710 Calibration Mix D2887 Calibration Mix

D2887 Column Test Mix

Contain  1% (w/v) ea. of
n-hexadecane and n-octadecane dissolved in n-

octane

Packaged 1ml/ampul
Cat.# 31221 - single
Cat.# 31321 -  10pk.

Figure 4

Bonded packed columns exhibit lower bleed and longer lifetimes after 170 temperature cycles.

4
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Capillary Columns

The New Rtx®-Wax Column

notenoteAApplicationspplications
cat.# 59571

Restek’s new Rtx®-Wax column has:

• a 20°C minimum operating
temperature.

• thermal stability with guaranteed
low bleed to 250°C.

• the capability to resolve xylene
isomers for BTEX analysis.

• excellent inertness for aldehyde
analysis.

Restek’s Rtx®-Wax columns are made
with a new Crossbond® polyethylene
glycol (PEG) stationary phase. This new
innovation in polymer technology has
produced the most inert and efficient
PEG columns currently available. The
extended operating temperature range
allows the analysis of compounds with
a wide volatility range, while the
Crossbond® technology ensures low
bleed at temperatures as high as 250°C. * Selectivity data available upon request.

The selectivity of the Rtx®-Wax is
comparable to other bonded Carbowax®

columns*, yielding excellent resolution
of compounds ranging from intermedi-
ate to high polarity. This exceptional
inertness and efficiency allows versatil-
ity in difficult analyses such as isomeric
separations, aldehydes, and alcohols.

Reduced Minimum Operating
Temperature
Many PEG columns undergo a solid-
liquid phase transition at temperatures
below 40°C that results in a loss of
efficiency, reduced sample capacity, and
poor retention time reproducibility1. The
new Rtx®-Wax column can effectively
operate at 20°C without displaying any
adverse effects. This is especially
advantageous for applications involving
purge & trap and headspace analyses
where volatile components must be

cold-trapped onto the column. Figures 1
and 2 demonstrate the difference in
PEG column performance at 20°C.
Figure 1 is a chromatogram of eight
volatile components on the Rtx®-Wax
column. Figure 2 (on the next page)
shows the same analysis and conditions
on a Stabilwax® column. The Rtx®-Wax
column provides better column
efficiency and resolution of the analytes
demonstrating its superior suitability for
low temperature analyses.

1. acetaldehyde
2. acetone
3. ethyl formate
4. ethyl acetate
5. methanol
6. ethanol
7. n-propanol
8. isobutanol

The Rtx®-Wax maintains column efficiency at 20°C allowing separation of volatile components.

c-gram #5031

30m, 0.53mm ID, 1.0µm Rtx-Wax (cat.# 12455). 0.1µl split injection of volatile solvents.
Oven temp.: 20°C (hold 10 min.) to 100°C @ 5°C/min.; Inj./det. temp.: 200°C;

Carrier gas: helium; Linear velocity: 40cm/sec. set @ 20°C; FID sensitivity: 8 x 10-11 AFS; Split ratio: 10:1

Figure 1

Questions?
Call our technical

service staff at
800-356-1688, ext. 4
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The Stabilwax® column demonstrates a phase transition below 40°C, resulting in
decreased efficiency and separation power.

Rtx®-Wax exhibits lowest bleed profile at 250°C.

26.938pA

Brand X

6.185pA

Rtx®-Wax (Lot# 67633)

17.500pA

Brand Y

Figure 2

30m, 053mm ID, 1.0µm Stabilwax® (cat.# 10655). 0.1µl split injection of volatile solvents.
On-column conc.: 60ng; Oven temp.: 20°C (hold 10 min.) to 100°C @ 5°C/min.;

Inj./det. temp.: 200°C; Carrier gas: helium; Linear velocity: 40cm/sec. set @ 20°C;
FID sensitivity: 8 x 10-11 AFS; Split ratio: 10:1

Thermal Stability to 250°C
Crosslinking or bonding of the PEG
stationary phase minimizes bleed to
ensure accurate identification and
quantitation of higher-boiling compo-
nents. As a result, minimal detector
contamination and extended column
lifetime are observed. Only a small
baseline rise is evident at the maximum
operating temperature for the stationary
phase. In comparison to similar PEGs
from other manufacturers, the Rtx®-Wax
exhibits the lowest bleed profile at
250°C (see Figure 3).

Resolution of BTEX isomers
The new Rtx®-Wax column offers the
same selectivity as other Carbowax®

columns for isomers of substituted
aromatics. This is useful for BTEX
analyses that require the specific
quantitation of the individual xylene
isomers. Figure 4 illustrates that all
components in the BTEX analysis
(including meta-, para-, and ortho-
xylene) are completely resolved in just
13 minutes.

Figure 3

Bleed profiles on three types of PEG columns
30m, 0.25mm ID, 0.50µm

Oven temp.: 40°C to 175°C @ 6°C/min. to 250°C @ 15°C/min.
(hold 5 min.); Inj./det. temp.: 250°C;

Carrier gas: hydrogen; Linear velocity: 45cm/sec. set @ 40°C;
FID sensitivity: 8 x 10-11 AFS

1

2,3

4
5

6 7

8

min.  5 10 15 20 25

1. acetaldehyde
2. acetone
3. ethyl formate
4. ethyl acetate
5. methanol
6. ethanol
7. n-propanol
8. isobutanol

28 30 min.

28 30 min.

28 30 min.
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1

2

3
4 5

6

min.  5 10 15

1.  benzene
2.  toluene
3.  ethylbenzene
4.  p-xylene
5.  m-xylene
6.  o-xylene

The Rtx®-Wax column efficiently resolves all xylene isomers in BTEX analysis.

Figure 4

30m, 0.53mm ID, 1.0µm Rtx®-Wax (cat.# 12455)
0.25µl direct injection of a BTEX sample. On-column conc.: 50ppm

Oven temp.: 35°C to 75°C @ 2°C/min. (hold 5 min.);
Inj./det. temp.: 200°C; Carrier gas: helium;

Linear velocity: 26cm/sec. set @ 35°C; FID sensitivity: 8 x 10-11 AFS

Rtx®-Wax exhibits excellent symmetrical peak shape for aldehydes compared to the Stabilwax® column.

Stabilwax® (cat.# 10638)
30m, 0.25mm ID, 0.50µm

Rtx®-Wax (cat.# 12438)
30m, 0.25mm ID, 0.50µm

Figure 5

Sample: split injection of C2-C11 aldehydes
mixture On-column conc.: 250ng.

Oven temp.: 40°C (hold 5 min.) to 200°C @
10°C/min.; Inj./det. temp.: 200°C;

Carrier gas: hydrogen; Linear velocity:
35cm/sec. set @ 40°C; FID sensitivity:

8 x 10-11 AFS; Split ratio: 100:1

c-gram # 5030

1

2

3 4
5

6 7

8

9

10

1. ethanal
2. propanal
3. butanal
4. pentanal
5. hexanal

Excellent Inertness for
Aldehydes
Most PEG columns can effectively
analyze alcohols, esters, and acids, but
some exhibit peak tailing with alde-
hydes. Because the stationary phase
undergoes an extensive purification
procedure, peak tailing in the analysis
of a series of aldehydes is non-existent
on the Rtx®-Wax column as shown in
Figure 5.

In comparison with other available
Carbowax® columns, the Crossbond®

Rtx®-Wax column provides an extended
operational temperature range, excellent
efficiency, selectivity, and superior
inertness. These advantages make it the
logical choice for all Carbowax®

applications.
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Sulfur compounds in petroleum streams can have detrimental
effects on the performance and longevity of the catalysts used
in hydrocarbon processing. Furthermore, the toxicity and odor
associated with sulfurs is of significant environmental impor-
tance. In short, to protect both processing equipment and the
environment, ability to quantify sulfur compounds to ppb levels
is imperative.

Gas chromatography is the method of choice for the analysis of
sulfur compounds. Both packed and capillary GC columns have
been successfully used for this application. Although gas chro-
matographic analysis of the sulfur compounds in petroleum
streams is important, this often is a difficult application. With
packed columns, the choice of column tubing is critical for
accurate determination of sulfur compounds, particularly at low
concentrations. Analyses on glass, Teflon®, or stainless steel
columns all present distinct problems. Glass columns exhibit
poor inertness and lack ruggedness for field or process control
use, and results are subject to variability because of column-to-

column variation in ID. Teflon® tubing, although more robust
than glass, is plagued by three significant problems: 1) shrink-
age as the column cools causes back diffusion of oxygen and
water into the packing material which, if not addressed, can
cause retention times to vary by as much as 15%; 2) oxygen and
water diffuse through the tubing wall, significantly decreasing
column longevity and creating reproducibility problems; 3) a
maximum column temperature limit of only 210ºC makes it
impossible to quickly elute high molecular weight sulfur com-
pounds. Without specialized surface passivation, stainless steel
columns simply do not offer the inertness needed to monitor
active sulfur compounds at ppb levels.

One of the proven approaches for analyzing sulfur compounds
by GC is to use a thick film, 100% polydimethylsiloxane Rtx®-1
capillary column. Figure 1 illustrates the analysis of sulfur com-
pounds on a 60-meter x 0.53mm ID x 7µm Rtx®-1 column. The
thick film is needed to resolve the volatile sulfur compounds,
but makes for long retention times for higher molecular weight

Analyze Sulfur Compounds at ppb Levels, Using an Rt-XLSulfur
Micropacked GC Column or an Rtxfi-1 Thick Film Capillary GC Column

60m, 0.53mm ID, 7.0µm Rtx®-1 (cat.# 10193)
100µL direct injection of sulfur compounds, approximately 10ppm each.

Oven temp.: 50°C to 200°C @ 15°C/min.; Inj. / det. temp.: 50°C / 230°C;
Carrier gas: helium; Linear velocity: 30cm/sec. set @ 50°C; Det.: FPD

min. 0 4 8 12
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12 13
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GC_PC00200

1. hydrogen sulfide
2. sulfur dioxide & carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. carbon disulfide
6. dimethyl sulfide
7. 2-propyl mercaptan
8. allyl mercaptan
9. 1-propyl mercaptan

10. ethyl sulfide
11. butyl mercaptan
12. dimethyl disulfide
13. allyl sulfide
14. propyl sulfide
15. butyl sulfide &

allyl disulfide

Figure 1

Sulfur compounds on a thick film Rtx®-1 capillary column.



Figure 4

1m, 0.75mm ID Rt-XLSulfur™ micropacked column (cat.# 19806)

Conc.: 50ppb each analyte; Oven temp.: 60°C to 230°C @ 15°C/min.;
Carrier gas: helium; Flow rate: 9mL/min.; Det.: SCD/FID

Sulfur standard courtesy of DCG Partnership 1 Ltd., Pearland, TX.

sulfurs
1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

1
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4/5

6

min. 2 4 6 8 10
GC_PC00436

A B
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D

E

F

G
H

I

Sulfur compounds resolved from C1-C6 hydrocarbons, using 
an Rt-XLSulfur™ micropacked column.

hydrocarbons
A. methane
B. ethane
C. propylene
D. propane
E. isobutane
F. butane
G. isopentane
H. pentane
I. hexane

Figure 3

1m, 0.75mm ID Rt-XLSulfur™ micropacked column (cat.# 19806)

Conc.: 1mL of 50ppbv each sulfur compound; Oven temp.: 60°C to
230°C @ 15°C/min.; Carrier gas: helium; Flow rate: 9mL/min.;

Det.: sulfur chemiluminescence detector (SCD)

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

An Rt-XLSulfur™ micropacked column exhibits excellent 
inertness for low ppbv-levels of sulfur compounds.

1
2

3

4,5

6

min. 5 10

30m, 0.32mm ID, 4.0µm Rtx®-1 (cat.# 10198). 1.0µL split injection of naphtha
containing 500ppm total sulfur compounds.

Oven temp.: 35°C to 275°C @ 10°C/min. (hold 5 min.); 
Inj./det. temp.: 275°C; Det.: atomic emission detector (181nm); 

Carrier gas: helium; Linear velocity: 24cm/sec. (0.8mL/min.); Split ratio: 10:1

1 2

3

4

5

min. 10 20 30

Figure 2

Higher weight sulfur compounds on a 30-meter Rtx®-1 column with a 4.0µm phase film.
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1. hydrogen sulfide
2. thiophene
3. 2-methylthiophene
4. 3-methylthiophene
5. 2-ethylthiophene
6. alkylthiophenes
7. benzothiophene
8. methylbenzothiophenes
9. dimethylbenzothiophenes
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Figure 5

Analytical system designed to detect losses 
from a 17ppbv standard.

1mL Sulfinert™

sample loop

exit

orifice = 0.0060”

analytical column

SCD

Sulfinert™
sample cylinder

Sulfinert™ valve

Rtx®-1 Capillary Columns (Fused Silica)
(Crossbond® 100% dimethyl polysiloxane)

The maximum temperatures listed are for 15- and 30-meter lengths.  
Longer lengths may have a slightly reduced maximum temperature.

Rt-XLSulfur™ Micropacked Columns
Other column dimensions can be prepared on a custom basis. Please inquire. 
Purchase installation kit separately.

ID df (µm) temp. limits 15m 30m 60m 75m 105m
0.32mm 3.00 -60 to 280/300°C 10181 10184 10187 10190

4.00 -60 to 280/300°C 10198
5.00 -60 to 260/280°C 10176 10178 10180

0.45mm 2.55 -60 to 270/290°C 10992
0.53mm 3.00 -60 to 270/290°C 10182 10185 10188 10189

5.00 -60 to 270/290°C 10177 10179 10183 10194
7.00 -60 to 240/260°C 10191 10192 10193

sulfur compounds. Alternatively, a 30-meter, 0.32mm ID, 4µm
Rtx®-1 column can be used to analyze higher molecular weight
sulfur compounds, such as thiophenes (Figure 2). 

Another excellent approach for analyzing low molecular
weight sulfur compounds is the use of micropacked columns.
The Rt-XLSulfur™ micropacked column contains a specially
deactivated divinylbenzene porous polymer in stainless steel
tubing, deactivated through Restek’s state-of-the-art Sulfinert™

passivation process. The inertness of both the packing material
and the tubing ensure a column that is capable of analyzing
active sulfur compounds to 10ppb. Moreover, the Rt-XLSulfur™

micropacked column displays minimal bleed, well within limits
necessary for ppb-level sulfur analysis, after a brief condition-
ing period (<30 minutes). The maximum temperature limit,
310°C, allows rapid elution of the higher molecular weight
analytes. This column achieves the critical separation of hydro-
gen sulfide (H2S), carbonyl sulfide (COS), and sulfur dioxide
(SO2), as defined in the International Society of Beverage
Technologists (ISBT) Procedure 14.0. Figure 3 shows the high-
ly volatile H2S and COS separated using a 1-meter, 0.75mm ID
Rt-XLSulfur™ micropacked column. Additionally, these volatile
sulfur compounds are well-retained and well-resolved from the
hydrocarbons that could interfere with quantification on some
sulfur-specific detectors (Figure 4). 

Note that to achieve this high level of sensitivity, every compo-
nent of the sample pathway must be inert: the porous polymer,
the column tubing, the column end fittings, and, additionally,
the sample loop and/or inlet sleeve. Sample pathways in the
analyses shown in Figures 1 through 4 were passivated using
Restek’s Sulfinert™ deactivation process. Figure 5 shows a
schematic diagram of a system designed to analyze volatile and
reactive sulfur compounds. From the Sulfinert™-treated sample
cylinder used to collect and store the sample, to the Sulfinert™-
treated valve and sample loop used to transfer the sample to the
GC system, to either the inert capillary or packed column,
Restek offers a complete line of products to ensure consistent
and reliable analysis of sulfur compounds. 

For more information about the Sulfinert™ passivation tech-
nique, request a copy of Restek’s brochure on Sulfinert™ coat-
ings (Lit. cat.# 59203).

*0.020" wall thickness

Sulfinert™ Welded 304 Grade Stainless Steel Tubing
Available in lengths from 5—400 feet. Call for details.

**0.035" wall thickness

Sulfinert™ Seamless 316 Grade Stainless Steel Tubing
Available in lengths from 5—400 feet. Call for details.

ID OD cat.#
0.055" (1.40mm) 1/8" (3.18mm)** 22508
0.180" (4.57mm) 1/4" (6.35mm)** 22509

OD ID (mm) 1-Meter 2-Meter
1/16” 1.0mm 19804 19805
0.95mm 0.75mm 19806 19807

for 0.75mm ID col. for 1mm ID col. for 2mm ID col.
For valve applications 21062 21065 21067
For split applications 21063 — —
For all Agilent GCs 21064 — —
For direct injections — 21066 —

Installation Kits

ID OD cat.#
0.011” (0.28mm) 0.022” (0.56mm) 22500
0.021” (0.53mm) 0.029” (0.74mm) 22501
0.010” (0.25mm) 1/16” (1.59mm) 22502
0.020” (0.51mm) 1/16” (1.59mm) 22503
0.030” (0.76mm) 1/16” (1.59mm) 22504
0.040” (1.02mm) 1/16” (1.59mm) 22505
0.085” (2.16mm) 1/8” (3.18mm)* 22506
0.210” (5.33mm) 1/4” (6.35mm)* 22507

Sulfinert™-Treated Sample Cylinders

• Sizes from 75cc to 2250cc.
• Durable 316 stainless steel.
• 1/4-inch female NPT threaded ends.
• D.O.T. rated to 1800psi at room temperature.

Size qty. cat.#
75cc ea. 24130

150cc ea. 24131
300cc ea. 24132
500cc ea. 24133
1000cc ea. 24134
2250cc ea. 21394



Sulfinert™-Treated Gas Sampling Valves 
and Sample Loops
• Ideal for samples containing low-concentration 

sulfur compounds.
• Sample loop sizes from 5µL to 5cc.

Sulfinert™ Sample Cylinder Valves
• Maximum operating pressure: 5000psig.
• Temperature range for KEL-F® stem tip:

-20°F to 250°F (-29°C to 121°C).
Size qty. cat.#

1/16” ea. 22520

1/8” ea. 22521

1/4” ea. 22522

1/16” ea. 22526

1/8” ea. 22527

1/4” ea. 22528

1/8” to 1/16” ea. 22523

1/4” to 1/16” ea. 22524

1/4” to 1/8” ea. 22525

1/16” ea. 22529

1/8” ea. 22530

1/4” ea. 22531
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Sulfinert™ Gas Sample Loops for “W Type” valves
1/16" fittings

Sizes qty. cat.#
5µL ea. 22840
10µL ea. 22841
20µL ea. 22842
25µL ea. 22843
50µL ea. 22844
100µL ea. 22845
250µL ea. 22846
500µL ea. 22847

1cc ea. 22848
2cc ea. 22849
5cc ea. 22850

Description qty. cat.#
(A) 1/4" NPT Exit, KEL-F® Stem Tip ea. 24127
(B) 1/4" Compression Exit, KEL-F® Stem Tip ea. 24128
(C) 1/4" Female NPT Outlet (built-in rupture disc) ea. 21395

Description qty. cat.#
Sulfinert™ Gas Sampling Valve; 4-Port ea. 20584
Sulfinert™ Gas Sampling Valve; 6-Port ea. 20585
Sulfinert™ Gas Sampling Valve; 10-Port ea. 20586

Replacement Rotors
Description qty. cat.#
Replacement Rotor for 4-Port Sulfinert™ Gas Sampling Valve ea. 20587
Replacement Rotor for 6-Port Sulfinert™ Gas Sampling Valve ea. 20588
Replacement Rotor for 10-Port Sulfinert™ Gas Sampling Valve ea. 20589

“W Type” Sulfinert™ Gas Sampling Valves 
1/16" fittings, 0.40mm port diameter

Sulfinert™-Treated Fittings
These are example products—a full line of 1/16", 1/8", and 1/4"
fittings is available. Please refer to our catalog.

For information about having system components custom
Sulfinert™-treated, contact our Technical Service group,

800-356-1688 or 814-353-1300, ext. 4, or contact your
Restek representative.

union

tee

reducing union

elbow
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Clinical Forensic

Fire Debris Analysis

notenoteAApplicationspplications
cat.# 59574

Figure 1

Resolution Check Mix demonstrates proper column performance.

Capillary gas chromatography is the
method of choice for analyzing
suspected arson samples from fire
debris. Because of the complex
composition of most accelerants used in
arson cases, it is crucial that positive
identification be made of the material
used to start the fire. The American
Society for Testing Materials (ASTM)
has developed standard test procedures
for analyzing these samples. The
information presented in this article
references ASTM E1387, “Standard
Test Method for Flammable or Com-
bustible Liquid Residues in Extracts
from Samples of Fire Debris by Gas
Chromatography”.

As with all analytical procedures,
sample collection, preservation, chain
of custody, and sample preparation play
crucial roles in the process. Samples
may be extracted using several different
techniques1 (beyond the scope of this
article) for introduction into the gas
chromatograph.

Appropriate capillary column selection
is the first decision the analyst must
make. The ASTM standard allows the
use of any capillary column and
conditions, provided that a Resolution
Test Mix is completely resolved into the
individual components. This resolution
test mix consists of equal weights of the
even numbered n-alkanes from C6 to
C20, plus several aromatic compounds.
The aromatics specified are: p-xylene,
toluene, 2-ethyltoluene, 3-ethyltoluene,
and 1,2,4-trimethylbenzene.

Several different stationary phases and
column configurations can provide the
resolution needed. Typically, laborato-

ries can use 30-meter columns coated
with either Rtx®-1 (100% dimethyl
polysiloxane) or Rtx®-5 (5% diphenyl
95% dimethyl polysiloxane). Film
thicknesses can vary from 1.0 to 1.5µm.
Choice of column ID should depend
upon sample capacity and the detection
system employed. The standard allows
for the use of either FID or MS
detectors. If MS detection is employed,
use a 0.25mm ID column to minimize
carrier gas flow. If FID detection is
employed, use a 0.53mm ID to maxi-

mize column capacity. Use of 0.53mm
ID columns can minimize expensive
duplicate analyses or dilutions if the
concentration of accelerants are very
high. Figure 1 shows the complete
resolution of all 13 components in the
column resolution check mix on a 30m,
0.53mm ID, 1.5µm Rtx®-1 column with
an FID detector. The linear velocity and
temperature program chosen allow the
entire analysis to be completed in
approximately 16 minutes.

1. hexane
2. toluene
3. octane
4. p-xylene
5. 3-ethyltoluene
6. 2-ethyltoluene

30m, 0.53mm ID, 1.50µm Rtx®-1 (cat.# 10170).
1.0µl split injection of E1387-90 Column Resolution Check Mix (cat.# 31224).

Oven temp.: 40°C (hold 3 min.) to 75°C @ 15°C/min. to 275°C @ 20°C/min. (hold 5 min.);
Inj./det. temp.: 250°C/285°C; Carrier gas: hydrogen; Linear velocity: 50cm/sec. set @ 40°C;

FID sensitivity: 4.10 x 10-9 AFS Split ratio: 30:1

1

2

3

4 56
8 9 10 117

12 13

2 4 22 24 26 2814 16 18 206 8 10 12min. 30 32 34 36

7. 1,2,4-trimethylbenzene
8. decane
9. dodecane

10. tetradecane
11. hexadecane
12. octadecane
13. eicosane



Restek Corporation ◆  (800) 356-1688 ◆  http://www.restekcorp.com

After establishing the correct conditions
to obtain complete resolution of the test
mix components, the analyst must then
calibrate the instrument. In fire debris
analysis, this involves purchase and
preparation of common accelerants used
to ignite fires with subsequent injection
into the GC. Quantitation of unknown
samples is not performed. The analyst
must provide positive identification to
the field investigators of any accelerants
found in the samples collected. To do
this, the analyst must be able to
recognize typical chromatographic
patterns of each accelerant. Figure 2
shows the chromatographic pattern
obtained from an injection of an
unleaded gasoline standard.

To further complicate this analysis,
many factors will change the chromato-
graphic pattern obtained from fire
debris. The first is weathering of the
material from the heat of the fire along
with dilution of water used to extin-
guish the blaze. This weathering can
dramatically change the chromato-
graphic pattern of the material. Typi-
cally, lower boiling materials are lost by
the heat, leaving the higher boiling
compounds remaining. This type of
weathering can be simulated in the
laboratory by evaporating the material
under controlled conditions. The
advantage of performing the evapora-
tion in the laboratory is that the exact
amount of weight loss compared to the
original starting material can be
measured and controlled. Figure 3
shows the analysis of a 99% weathered
unleaded gasoline. The gasoline has
been weathered to a 99% weight loss
and an exact concentration calibration
standard was prepared with the
remaining material. By analyzing
known weathered products, the analyst
can more readily recognize the type of
original starting material.

There are five basic classes of complex
petroleum distillates normally identifi-
able in arson samples. A sixth class of
accelerants (Class 0) includes single
compounds sometimes used and
identified. Table I shows the complete
list of classes, typical chromatographic
range of each material (based upon
hydrocarbon elution), and examples of
each type.

Unleaded Gasoline Standard (Unweathered)

Figure 3

Unleaded Gasoline (99% Weathered)

Table I - Typical Hydrocarbons

Class # Range Examples

1 Light Petroleum C4-C8 Pocket lighter fuel, petroleum ethers,
some rubber cement solvents

2 Gasoline C4-C12 Gasoline (ALL), some camping fuels

3 Medium Petroleum C8-C12 Mineral spirits, paint thinners, some
Distillates (MPD) torch fuels, some charcoal fuels, some

charcoal starters

4 Kerosene C9-C16 Kerosene, No. 1 Fuel Oil, Jet-A Fuel
Oil, Jet-A Fuel, some charcoal starters,
some torch fuels

5 Heavy Petroleum C10-C23 No. 2 Fuel Oil, Diesel Fuel #2
Distillates (HPD)

0 Unclassified Variable Alcohols, acetone, toluene, some lamp
oils, camping fuels, lacquer thinners

Conditions for Figures 2 & 3: 30m, 0.53mm ID, 1.50µm Rtx®-1 (cat.# 10170).
Oven temp.: 40°C (hold 3 min.) to 75°C @ 15°C/min. to 275°C @ 20°C/min. (hold 5 min.);

Inj./det. temp.: 250°C/285°C; Carrier gas: hydrogen; Linear velocity: 50cm/sec. set @ 40°C;
FID sensitivity: 4.10 x 10-9 AFS Split ratio: 30:1

Figure 2

min. 2 4 6 8 10 14 16 18 2012 22 24 26 28 30 32 34

4 8 12 16 20 24 32 36 40 4428min.
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There are additional variables which
can make identification of the petro-
leum residue more difficult. Included
would be co-extracted volatiles and
pyrolyzates from the fire debris. The
extent of these co-extracted interfer-
ences would, in part, be dependent upon
the sample preparation method used.
The ASTM method does provide
minimum requirements for class
identification for each type of acceler-
ant, but in the end the experience of the
analyst is crucial.

Weathered Petrochemical Analytical
Reference Materials

May be used for:
• Underground Storage Tank Monitoring
• ASTM fire debris analysis

Laboratories monitoring underground storage tanks often find it difficult to determine
the type of petrochemical detected during an analysis. The main reason for this is the
petroleum product has weathered from exposure to air, water, sunlight, and microbial
action. All of these factors can lead to misidentification of the original product.

A similar situation occurs for forensic analysts investigating potential arson cases.
When arson is suspected, samples are taken from the site and analyzed using ASTM
E1387 methods. In these methods, quantitation is not performed but identification of
the accelerant (if any) is crucial. Again, weathering of the petrochemical can
drastically change the chromatographic profile when compared to non-weathered
material.

Restek is now offering as stock products, weathered petrochemical products to meet
many of these difficult situations. All of these standards are prepared from commer-
cially acquired materials. The material is then weathered in the laboratory based
upon a specific weight loss from the original weight of starting material. While we
cannot duplicate all environmental or arson factors, these standards may be useful in
identification of the type of petrochemical detected.

ASTM E1387
Fire Debris Analysis

Adequate column resolution is ad-
dressed in this protocol. Any capillary
column can be used provided resolution
of all analytes can be achieved. To
demonstrate performance, a column
resolution check mix must be analyzed
prior to any sample analysis. Listed
below is the required column perfor-
mance mixture.

E1387 Column
Resolution Check Mix

Contains the compounds listed at
2000µg/ml each in methylene chloride.

Packaged 1ml per ampul.

decane octadecane
dodecane octane
eicosane tetradecane
2-ethyltoluene toluene
3-ethyltoluene 1,2,4-trimethylbenzene
hexadecane p-xylene
hexane

cat.#: 31224 ea.
31224-500 ea. w/data pk.
31224-510 5-pk.
31224-520 5-pk. w/data pk.
31324 10-pk. w/data pk.

Rtx®-1 Column Listing

30m, 0.53mm ID, 1.5µm cat.# 10170
30m, 0.32mm ID, 1.0µm cat.# 10154
30m, 0.25mm ID, 1.0µm cat.# 10153

Adequate chromatographic resolution
can be obtained on several different
capillary columns. Typically, the best
resolution can be obtained on an Rtx®-1
(100% dimethyl polysiloxane) station-
ary phase. Column configuration should
be based upon the detection system
being used and sample capacity.
Calibration with weathered petrochemi-
cal standards also plays an important
part in identification of accelerants
extracted from fire debris samples. ❖

References
1) ASTM Standard Practices for Fire

Debris Extraction:
• ASTM E1412 Passive

Headspace Concentration
• ASTM E1413 Dynamic

Headspace Concentration
• ASTM E1385 Steam

Distillation Concentration
• ASTM E1386 Solvent

Extraction Concentration
• ASTM E1388 Sampling of

Headspace Vapors
• ASTM E1389 Cleanup by

Acid Stripping
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Unleaded Gasoline Single 5 pack
ASTM Class 2 Accelerant Single w/data pack 5 pack w/data pack 10 pack

cat.# cat.# cat.# cat.# cat.#

Unleaded Gasoline Standard (unweathered) 30096 30096-500 30096-510 30096-520 30196
Unleaded Gasoline Standard (25% weathered) 30097 30097-500 30097-510 30097-520 30197
Unleaded Gasoline Standard (50% weathered) 30098 30098-500 30098-510 30098-520 30198
Unleaded Gasoline Standard (75% weathered) 30099 30099-500 30099-510 30099-520 30199
Unleaded Gasoline Standard (99% weathered) 30436 30436-500 30436-510 30436-520 30536

Weathered Gasoline Kit (cat.# 30100 or 30100-500 w/data pack)
Contains one ampul (1ml) of unweathered standard (30096), 25% (30097), 50% (30098), and 75% (30099) weathered standards.

Weathered Gasoline Kit #2 (cat.# 30437 or 30437-500 w/data pack)
Contains one ampul (1ml) of unweathered standard (30096), 25% (30097), 50% (30098), 75% (30099), and 99% (30436)
weathered standards.

Mineral Spirits Single 5 pack
ASTM Class 3 Accelerant Single w/data pack 5 pack w/data pack 10 pack

cat.# cat.# cat.# cat.# cat.#

Mineral Spirits Standard (unweathered) 31225 31225-500 31225-510 31225-520 31325
Mineral Spirits Standard (25% weathered) 31226 31226-500 31226-510 31226-520 31326
Mineral Spirits Standard (50% weathered) 31227 31227-500 31227-510 31227-520 31327
Mineral Spirits Standard (75% weathered) 31228 31228-500 31228-510 31228-520 31328

Weathered Mineral Spirits Kit (cat.# 31237 or 31237-500 w/data pack)
Contains one ampul (1ml) of unweathered standard (31225), 25% (31226), 50% (31227), and 75% (31228) weathered standards.

Kerosene Single 5 pack
ASTM Class 4 Accelerant Single w/data pack 5 pack w/data pack 10 pack

cat.# cat.# cat.# cat.# cat.#

Kerosene Standard (unweathered) 31229 31229-500 31229-510 31229-520 31329
Kerosene Standard (25% weathered) 31230 31230-500 31230-510 31230-520 31330
Kerosene Standard (50% weathered) 31231 31231-500 31231-510 31231-520 31331
Kerosene Standard (75% weathered) 31232 31232-500 31232-510 31232-520 31332

Weathered Kerosene Kit (cat.# 31238 or 31238-500 w/data pack)
Contains one ampul (1ml) of unweathered standard (31229), 25% (31230), 50% (31231), and 75% (31232) weathered standards.

Diesel Fuel #2 Single 5 pack
ASTM Class 5 Accelerant Single w/data pack 5 pack w/data pack 10 pack

cat.# cat.# cat.# cat.# cat.#

Diesel Fuel #2 Standard (unweathered) 31233 31233-500 31233-510 31233-520 31333
Diesel Fuel #2 Standard (25% weathered) 31234 31234-500 31234-510 31234-520 31334
Diesel Fuel #2 Standard (50% weathered) 31235 31235-500 31235-510 31235-520 31335
Diesel Fuel #2 Standard (75% weathered) 31236 31236-500 31236-510 31236-520 31336

Weathered Diesel Fuel #2 Kit (cat.# 31239 or 31239-500 w/data pack)
Contains one ampul (1ml) of unweathered standard (31233), 25% (31234), 50% (31235), and 75% (31236) weathered standards.

For permission to reproduce any portion of this
application note, please contact Restek’s
publications/graphics department by phone (ext.
2128) or FAX (814) 353-9278.
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Clinical Forensic

Barbiturate Analysis

notenoteAApplicationspplications
cat.# 59575

Figure 1

Basic Structure for Barbiturates

Barbiturates are a class of compounds
that are central nervous system
depressants. They are categorized as
sedatives or hypnotics and are primarily
used in the treatment of anxiety,
insomnia, and convulsive disorders.
Physical effects of the barbiturates
range from mild sedation to coma.
Barbiturates are based on a pyrimidine
ring structure. Substitution at the 2, 4,
and 6 positions gives the basic structure
for the oxybarbiturates (Figure 1).
Replacement of the oxygen at position 2
with sulfur results in the formation of
thiobarbiturates. Barbiturates can be
ranked according to their onset of
activity, duration of action and degree
of hypnotic potency. These pharmaco-
logical effects are influenced by the

types of functional groups attached at
position 5. The inclusion of alkyl or aryl
groups, the number of carbons in the
alkyl side chains, and the degree of
branching will affect activity and
toxicity.

Extended administration or abuse of
barbiturates can lead to physical and
psychological dependence. Tolerance to
the effects of barbiturates on the central
nervous system can be built up with
continued exposure to the drug. While
tolerance to the intoxicating effects of
barbiturates may increase with use,
there is very little increase in tolerance
to the toxic side effects of high doses.
As a result, the therapeutic index for
barbiturates is lower than for other
sedative/hypnotic drugs like the
benzodiazepines. The barbiturates also
have an additive effect when adminis-
tered with other central nervous system
depressants. The combination of the
low therapeutic index and the additive
effects of other CNS depressants makes
monitoring for barbiturates an important
aspect of drug overdose screening.

Barbiturates can be analyzed in either
their underivatized or derivatized forms
by gas chromatography. Derivatization
of the barbiturates is most commonly
performed by methylation of the amido
nitrogens in positions 1 and 3. Methy-
lating reagents like tetramethylammo-
nium hydroxide (TMAH) and trimethyl-

anilinium hydroxide (TMPAH) can be
used for on-column derivatization of the
barbiturates. While
derivatization can improve the peak
shape and response, extraneous peak
formation can interfere with some
analyses. Proper injection port set-up is
important in obtaining reproducible
results with on-column derivatization.
Methylation of barbiturates is catalyzed
by the addition of heat to the reaction
mixture. After sample injection, the
residence time of the barbiturates and
the derivatizing reagent inside the
injection port is very short. Since
contact of the sample with the heated
surface area inside the injection port
liner needs to be maximized, liners that
are packed with wool or that contain
flow disrupting elements, like the
Cyclosplitter® sleeves are recom-
mended. In addition, injection port
temperatures should be maintained in
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min. 2                 4                 6                 8                10

Compounds
1. barbital
2. aprobarbital
3. butalbital
4. amobarbital
5. talbutal
6. pentobarbital
7. methohexital
8. secobarbital
9. thiopental

 10. hexobarbital
 11. mephobarbital
 12. phenobarbital

30m, 0.32mm ID, 0.50µm Rtx®-35 (cat.# 10439). 1.0µl split injection of barbiturates.
Oven temp.: 210°C (hold 2 min.) to 300°C @ 7°C/min. (hold 2 min.);

Inj./det. temp.: 300°C; Carrier gas: helium; Linear velocity: 35cm/sec. set @ 210°C;
FID sensitivity: 5.12 x 10-10 AFS Split vent: 30:1

1 2

Figure 2

Underivatized barbiturates on an Rtx®-35.

c-gram #3035
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Optimized
using Pro ezGC™!
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excess of 250°C in order to efficiently
complete the derivatization process.

Analysis of barbiturates can also be
performed on underivatized compounds.
However, underivatized barbiturates
have a tendency to produce overloaded
or tailing peaks. Maintain injection port
liners, guard columns, and analytical
columns regularly to achieve good peak
shape and adequate resolution. Figure 2
shows the separation of a set of
underivatized barbiturates using an
Rtx®-35 column. Lower polarity
stationary phases like the Rtx®-5 can be
used to separate the barbiturates, but
intermediate polarity stationary phases
tend to provide better peak shape and
improved resolution.

Barbiturates are an important part of
drug screening. Extra care should be
taken when analyzing barbiturates in
either the derivatized or underivatized
form. Intermediate polarity columns
combined with well maintained
injection port liners and guard columns
will contribute to better peak shape and
resolution.
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Clinical Forensic

Opiate Analysis

notenoteAApplicationspplications
cat.# 59576

Figure 2Compounds
1. meperidine
2. alphaprodine
3. methadone
4. levorphanol (TMS)
5. codeine (TMS)
6. hydrocodone
7. morphine (TMS)
8. hydromorphone (TMS)
9. oxycodone (TMS)

 10. oxymorphone (TMS)
 11. nalorphine (TMS)

Opiates analysis on an
Rtx®-5 column.

c-gram #3033

30m, 0.25mm ID, 0.25µm Rtx®-5 (cat.# 10223). 2.0µl split injection of opiates.
Oven temp.: 200°C to 325°C @ 7°C/min.; Inj./det. temp.: 250°C/300°C;

Carrier gas: helium; Linear velocity: 30cm/sec. set @ 200°C;
Split ratio: 50:1 Ionization: EI Mode: SIM

Opiates or opioids are terms that
classify a group of compounds with
morphine-like actions. Their pharmaco-
logical properties include analgesia or
pain relief, drowsiness and respiratory
depression. Figure 1 shows the
structure for morphine. Substitutions at
the 3, 6, and 17 positions produce
compounds with varying degrees of
potency and pharmacological activity.
The National Institute for Drug Abuse

Ions Monitored
71, 246
172, 187
72
150, 270, 271, 328
178, 196, 234, 371
242, 299
234, 429
356
371, 386
444, 445
414, 455

Figure 1

Morphine Structure

(NIDA) has targeted opiates as a class
to be monitored in urine for detection of
drug abuse. Testing guidelines have
been established with a limit of
detection of 0.3µg/ml for morphine.
Screening of opiates is commonly done
by using enzyme immunoassays.
Enzyme immunoassays have the ability
to cross react with a number of
structurally similar opiates including
codeine, hydromorphone, hydrocodone,
levorphanol, and oxycodone. In order to
differentiate between all of the possible
substances being detected by enzyme

immunoassay, confirmational analysis
by GC/MS should be performed.

Chromatographic performance of the
opiates is significantly affected by small
changes in their chemical structure. The
presence of hydroxyl groups at the 3
and 6 positions produce compounds that
are more polar and reactive. Com-
pounds with reactive hydroxyl groups in
their chemical structure can suffer from
adsorption and peak tailing, leading to
diminished response in chromato-
graphic systems that contain active
sites. Sample preparation of sensitive
compounds, like opiates, should take
place in silanized glassware and
samples should be stored in deactivated
sample vials. Derivatization of reactive
hydroxyl groups can improve chromato-

graphic performance and detection
limits and prevent sample loss on
glassware and sample vials. Both
trimethylsilyl and fluoroacyl derivatives
of the opiates yield end products that
are less polar and/or more volatile than
the underivatized compound.

For this analysis, trimethylsilyl
derivatives were prepared using BSTFA
with 1% TMCS. Derivatizing the
reactive hydroxyl group with a less
polar trimethylsilyl group eliminates the
tailing peaks commonly seen with
compounds like morphine. Figure 2
shows the analysis of a selection of
opiates on an Rtx®-5 column. Com-
pounds that have been derivatized prior
to analysis are designated as TMS in
the peak list. The TMS derivatized
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Description

codeine

hydrocodone

hydromorphone

levorphanol

meperidine

methadone

morphine

oxycodone

oxymorphone

Concentration

1000µg/ml

1000µg/ml

1000µg/ml

1000µg/ml

1000µg/ml

1000µg/ml

1000µg/ml

1000µg/ml

1000µg/ml

cat.#

34000

34002

34063

34003

34004

34005

34006

34007

34065

Product Listing:
Rtx®-5

30m, 0.25mm ID, 0.25µm (cat.# 10223)

Pharmaceutical
standards

All standards are
diluted in methanol.

Packaged 1ml
per ampul.

For a complete list of Restek’s Quantitative Drug Standards,
please request a copy of our General Catalog.

opiates chromatograph well on a low
polarity (Rtx®-5) column with good
resolution and peak shape.

Sensitivity and specificity in confirming
the presence of opiates in different
samples can be enhanced by selectively
choosing certain ions to monitor.
Identification based upon the presence
of distinctive, high mass ions is
preferred, especially when analyzing
derivatized compounds. Trimethylsilyl
derivatives will add 72 amu for every
hydroxyl group derivatized.

Effective protocols for opiate analysis
include extensive sample preparation
and optimized instrument parameters.
Derivative formation and the use of
deactivated glassware, sample vials, and
inlet liners will ensure maximum
recoveries and response. Optimized
detector parameters using selected ions
for detection will aid in the identifica-
tion of different compounds.
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1. methylene chloride 600ppm
2. chloroform 60ppm
3. benzene* 2ppm
4. trichloroethylene 80ppm
5. 1,4-dioxane 380ppm

GC Analysis of Organic Volatile Impurities According to USP <467>
Supplement Two of USP 25-NF 20, effective January, 2002

Sample Preparation: 1:10 dilution of cat.# 36007 in distilled water
(this deviation from the 1:50 dilution in the method was needed to obtain a
detectable benzene peak). 
30m, 0.53mm ID, 5.0µm Rtx®-G27 with 5m phenylmethyl Integra-Guard™

(cat.# 10279-126).
Oven temp.: 35°C (hold 5 min.) to 175°C @ 8°C/min., to 260°C @
35°C/min. (hold 16 min.); Inj. port: Uniliner® direct injection sleeve 70°C;
Inj. size: 1µL; Det. temp.: 260°C; FID sensitivity: 1 x 10-12 AFS;
Carrier gas: helium, 4.1psi constant pressure, 35cm/sec.  set @ 35°C.

A minor modification of the dilution concentration for Method I allows analysis of 2ppm benzene, using an Rtx®-G27 column.

A new test for the gas chromatographic (GC) analysis of Organic
Volatile Impurities (OVI) in pharmaceutical products was published
in the Third Supplement to the US Pharmacopoeia (USP) XXII-NF
XVII, which became effective November 15, 1990. Since its original
appearance in the USP, this testing protocol has undergone many re-
visions and additions.1-6 The most recent change was published as
USP 25, effective January 1, 2002.13 The biggest prior change was to
the limit test concentrations, which now match European Pharmaco-
poeia (EP) concentrations and ICH guidelines for the five USP
<467>-regulated solvents (Table I).8, 9 The January 2002 revision
makes no significant changes.

USP has officially removed the limit test requirements for benzene
from any article specified to be tested by <467> for organic volatile
impurities, except where a specific limit for benzene is in the individ-
ual monograph.10 The revision was needed because Methods I and V
were unable to detect benzene at 2ppm. Method IV, the only method
that detects benzene at 2ppm, became official in Supplement Two of
USP 24-NF 19.11

Figure 1 shows an analysis using USP <467> Method I on a G27 ana-
lytical column with a phenylmethyl guard column. Note that the sample
preparation used in this analysis deviates from the method-specified
1:50 dilution in distilled water. A 1:10 dilution in distilled water was
used to obtain a detectable amount of benzene by direct injection.

USP also has clarified that a 5m phenylmethyl guard column is not
needed for the Method IV headspace analysis.10 Figure 2 shows an
analysis using Method IV at the revised concentrations, the method-
specified sample preparation procedure, a G43 analytical column, and
no guard column.

* Testing for benzene only required when specified in the individual monograph.

* Testing for benzene only required when specified in the individual monograph.

benzene*  2ppm
chloroform  60ppm
1,4-dioxane  380ppm

methylene chloride     600ppm
trichloroethene  80ppm

Limit Test Concentrations for USP <467>

Figure 1

Table II
USP <467> Methods and corresponding

chromatographic systems

Table I

Method I
G27 with 5m phenylmethyl guard column (5% phenyl/95% methyl polysiloxane)
30m, 0.53mm ID, 5.0µm, (Rtx®-G27 column, cat.# 10279-126)
Sample Introduction: direct aqueous injection

Method IV
G43 (6% cyanopropylphenyl/94% dimethylpolysiloxane)
30m, 0.53mm ID, 3.0µm, (Rtx®-G43 column, cat.# 16085)
Sample Introduction: static headspace

Method V
G43 with 5m phenylmethyl guard column
(6% cyanopropylphenyl/94%dimethylpolysiloxane)  
30m, 0.53mm ID, 3.0µm (Rtx®-G43 column, cat.# 16085-126)
Sample Introduction: direct aqueous injection

Method VI
Choice of 9 columns, depending on monograph
Sample Introduction: direct aqueous injection

Method for Coated Tablets
0.2% polyethylene glycol, MW 1500 (G39) on graphitized carbon (S7)
(0.2% Carbowax® 1500 on 80/100 CarboBlack™ C packed column, cat.# 80122)
Sample Introduction: static headspace
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Figure 3 shows an analysis using USP 24 <467> Method V, a G43
analytical column with a phenylmethyl guard column and, once again,
a 1:10 dilution in order to obtain a detectable benzene peak.

USP made changes in 1997 to overcome the difficulties resulting from
unregulated solvents coeluting with regulated solvents, and thereby
causing over-representation of the latter concentrations using GC/flame
ionization detection (FID) methods.12 GC/mass spectrometry (MS) or a
second, validated column having a different stationary phase may be
used to confirm the presence of the coeluting unregulated solvent and

report the correct concentration of regulated solvent. Figures 4, 5, and
6 show the different elution orders for commonly-used pharmaceutical
processing solvents on G27, G43, and Stabilwax® columns. The latter
are useful secondary columns for confirmational analysis.

We will continue to review changes to pharmaceutical OVI testing.
Restek reference materials listed on page 4 of this applications note meet
the most recent USP updates. For more information regarding these
applications, please call Restek technical service at 800-356-1688 or
814-353-1300, ext. 4, or your local Restek representative.

1. methylene chloride 600ppm
2. chloroform 60ppm
3. benzene* 2ppm
4. trichloroethylene 80ppm
5. 1,4-dioxane 380ppm

1. methylene chloride 600ppm
2. chloroform 60ppm
3. benzene* 2ppm
4. trichloroethylene 80ppm
5. 1,4-dioxane 380ppm

Sample Preparation: 1:10 dilution of cat.# 36007 in distilled water (this deviation
from the 1:50 dilution in the method was needed to obtain a detectable benzene peak).
30m, 0.53mm ID, 3.0µm Rtx®-G43 with 5m phenylmethyl Integra-Guard™

(cat.# 16085-126). ThermoQuest Trace 2000 Series. Uniliner® direct injection sleeve.
Oven temp.: 40°C (hold 20 min.) to 240°C @ 35°C/min. (hold 20 min.);
Inj. temp.: 140°C;
FID sensitivity: 260°C, 1 x 10-11 AFS;
Carrier gas: 4.1psi helium @ 35°C/sec.,
Det. temp.: 260°C
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11. Supplement Two, USP  24/NF 19, August 1, 2000.

12. Sixth Supplement, USP-NF, Organic Volatile Impurities <467>, May 15, 1997, pp. 3766-3768.

13. USP 25/NF 20, <467> Organic Volatile Impurities, January 1, 2002.
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These references are not available from Restek.

Sample Preparation: 100µL of cat.# 36007 in 5mL distilled water,
1g sodium sulfate in a 20mL headspace vial.
30m, 0.53mm ID, 3.0µm Rtx®-G43 (cat.# 16085)
Oven temp.: 40°C (hold 20 min.) to 240°C @ 35°C/min. (hold 20 min.); 
Inj. temp: 140°C, 1mm split sleeve (cat.# 20916);
Det. temp.: 260°C; 
FID sensitivity: 1.25 x 10-11 AFS;
Carrier gas: helium, 3.5psi constant pressure, 35cm/sec. set @ 40°C;
Split ratio: 2:1; ThermoQuest HS 2000 Headspace Autosampler Vial 80°C,
60 min. shaker on.

* Testing for benzene only required when specified in the individual monograph. * Testing for benzene only required when specified in the individual monograph.

Figure 2 Figure 3

The Rtx®-G43 column provides the resolution and
detection limits needed for <467>

revised limit test concentrations in USP Method IV.
(no guard column)

Achieve analysis of 2ppm benzene for Method V, using 
1:10 dilution and an Rtx®-G43 column.
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30m, 0.53mm ID, 5.0µm Rtx®-G27 with 5m phenylmethyl Integra-Guard™ (cat.# 10279-126).
Headspace injection of 24 common residual solvents for pharmaceutical processing. Prepared to equal about 500ppm in
the bulk pharmaceutical. Samples shaken and heated at 90°C for 15 minutes, 1mL headspace injection. 
Oven temp.: 35°C (hold 10 min.) to 100°C @ 5°C/min., to 240°C @ 25°C/min. (hold 5 min.);
Inj./det. temp.: 220°C/240°C; FID sensitivity: 1.05 x 10-11 AFS; Carrier gas: helium, 35cm/sec. set @ 35°C; Split ratio: 2:1.

2

3
4

1

2min. 4 10 12 146 8 16 18

7,5,6 8

11,9

10
12

13

14

15

17,16,21

18
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24

20 22

ethanol

1. ethylene oxide
2. methanol
3. diethyl ether
4. 1,1-dichloroethene
5. acetone
6. isopropanol
7. acetonitrile
8. methylene chloride
9. n-hexane

10. n-propanol
11. methyl ethyl ketone
12. ethyl acetate

13. tetrahydrofuran
14. chloroform
15. 1,1,1-trichloroethane
16. carbon tetrachloride
17. benzene*
18. 1,2-dichloroethane
19. heptane
20. trichloroethylene
21. n-butanol
22. 1,4-dioxane
23. pyridine
24. toluene

30m x .53mm ID x 3.0mm Rtx®-G43 (cat.# 16085-126).
Headspace injection of 28 Class 1 and 2 residual solvents for pharmaceutical
processing. Prepared at the regulatory limit concentration. Samples shaken and
heated at 80°C for 15 minutes, 1mL headspace injection.
Oven temp.: 40°C (hold 20 min.) to 240°C @ 10°C/min. (hold 20 min.);
Inj./det. temp.: 200°C/250°C; FID sensitivity: 1.1 x 10-11 AFS;
Carrier gas: hydrogen @ 35cm/sec.; Split ratio: 2:1.

1. methanol
2. 1,1-dichloroethene 
3. acetonitrile
4. methylene chloride 

(dichloromethane)
5. hexane (C6)
6. cis-1,2-dichloroethene
7. nitromethane
8. chloroform
9. cyclohexane

10. 1,1,1-trichloroethane
11. carbon tetrachloride
12. benzene*
13. 1,2-dimethoxyethane
14. 1,2-dichloroethane
15. trichloroethylene 

(1,1,2-trichlorethene)

16. methylcyclohexane
17. 1,4-dioxane
18. pyridine
19. toluene 
20. 2-hexanone
21. chlorobenzene
22. DMF
23. ethylbenzene
24. m-xylene
25. p-xylene
26. o-xylene
27. N,N-dimethylacetamide
28. 1,2,3,4-

tetrahydronaphthalene

min.  2       4        6        8       10      12      14      16      18      20     22     24      26     28     30      32      34

1 2

3
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6 9,10

7

8 11
12 13,14
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16

17
18

19

20 21

22,23

24,25

26

27

28

Same peak list as Figure 5.
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1
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16

2

5, 9

* Testing for benzene only required when
specified in the individual monograph.

* Testing for benzene only required when
specified in the individual monograph.

Figure 4
An Rtx®-G27 column resolves many solvents commonly used in pharmaceutical processing.

Figure 5
An Rtx®-G43 column shows excellent resolution of commonly-used pharmaceutical processing solvents.

European Pharmacopoeia Class 1 and Class 2 compounds at the regulation limit concentration.

* Testing for benzene only required when
specified in the individual monograph.

Figure 6
A Stabilwax® column makes an excellent confirmation column for commonly-used pharmaceutical processing solvents.

European Pharmacopoeia Class 1 and Class 2 compounds at the regulation limit concentration.

30m x .53mm ID x 0.5µm Stabilwax® (cat.# 10640-126). Headspace injection of 28 Class 1
and 2 residual solvents for pharmaceutical processing. Prepared at the regulatory limit
concentration. Samples shaken and heated at 80°C for 15 minutes, 1mL headspace injection.
Oven temp.: 50°C (hold 20 min.) to 165°C @ 6°C/min. (hold 20 min.);
Inj./det. temp.: 200°C/250°C; FID sensitivity: 1.1 x 10-11 AFS;
Carrier gas: hydrogen @ 35cm/sec.; Split ratio: 2:1
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Product Listing

Rtx®-G27 column with 5m phenylmethyl Integra-Guard™

(5% phenyl/95% methyl polysiloxane)

ID df (µm) Temp. Limits 30-Meter

0.53mm 5.00 -60 to 270/290°C 10279-126

Rtx®-G43 column with 5m phenylmethyl Integra-Guard™

(6% cyanopropylphenyl/94% dimethyl polysiloxane)

ID df (µm) Temp. Limits 30-Meter

0.53mm 3.00 -20 to 240°C 16085-126

Rtx®-G43 column, USP <467> Method IV
(6% cyanopropylphenyl/94% dimethyl polysiloxane)

ID df (µm) Temp. Limits 30-Meter

0.53mm 3.00 -20 to 240°C 16085

Stabilwax® columns
ID df (µm) Temp. Limits 30-Meter

0.32mm 0.25 40 to 250/260°C 10624

0.53mm 0.50 40 to 250/260°C 10640

CarboBlack™ packed column
Description Length OD ID cat.#

0.2% Carbowax® 1500 on 
80/100 CarboBlack™ C 2m 1/8" 2mm 80122-*

*Please call for cat.# suffix for your specific GC column configuration.

USP <467> Method—ethylene oxide standard
500µg/mL in dimethylsulfoxide, 1mL/ampul

Custom OVI mixtures are
available on request.

USP <467> Calibration Mix #3
benzene 100µg/mL
chloroform 50
1,4-dioxane 100
Prepared in dimethylsulfoxide, 1mL/ampul

methylene chloride 500
trichloroethene 100

USP <467> Calibration Mix #2
benzene 100µg/mL
chloroform 50
1,4-dioxane 100
Prepared in methanol, 1mL/ampul

methylene chloride 500
trichloroethene 100

each 10-pk.

36002 36102

each 10-pk.

36004 36104

each 10-pk.

36006 36106

USP <467> Calibration Mix #4
benzene 2µg/mL
chloroform 60
1,4-dioxane 380

Prepared in methanol, 1mL/ampul

methylene chloride 600
trichloroethene 80

USP <467> Calibration Mix #5
benzene 2µg/mL
chloroform 60
1,4-dioxane 380

Prepared in dimethylsulfoxide, 1mL/ampul

methylene chloride 600
trichloroethene 80

each 10-pk.

36007 36107

USP <467> Calibration Mix #6
chloroform 60µg/mL
1,4-dioxane 380

Prepared in methanol, 1mL/ampul

methylene chloride 600
trichloroethylene 80

each 10-pk.

36008 36108

USP <467> Calibration Mix #7
chloroform 60µg/mL
1,4-dioxane 380

Prepared in dimethylsulfoxide, 1mL/ampul

methylene chloride 600
trichloroethylene 80

each 10-pk.

36009 36109

each 10-pk.

36005 36105

These mixes meet requirements of USP 23/NF 18, effective 1/1/1995–12/31/1999.

These mixes meet requirements of USP 24/NF 19, effective 1/1/2000.
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Fast, Selective T riglyceride Analysis

Table I

Fatty acid and triglyceride nomenclature (after Geeraert and Sandra)

Triglycerides are naturally occurring esters of fatty acids and
glycerols. They are widely analyzed in the food industry for
natural oil and fat characterization as well as fat adulteration. The
triglycerides usually are converted to their methyl esters (FAMEs)
to determine the fatty acid composition and percent saturated vs.
unsaturated fat. Triglyceride analyses have become very important
in recent years since health conscious consumers are concerned
with minimizing their dietary intake of saturated fats to reduce the
risk of heart disease.

Fatty acid groups in the triglyceride molecule can be classified as
saturated [myristic acid (C14:0), palmitic acid (C16:0), or stearic
acid (C18:0)], monounsaturated [oleic acid (C18:1)], or
polyunsaturated [linoleic acid (C18:2) or linolenic acid
(C18:3)]. Typically, triglycerides are characterized by degree of
unsaturation. For example, a triglyceride molecule containing
the groups stearic acid, oleic acid, and linoleic acid (denoted SOL)
would have a greater degree of unsaturation than that of
tripalmitin (denoted PPP). Table I shows the nomenclature of
fatty acids and triglycerides.1

Capillary GC columns are the preferred analytical tool for
triglyceride analysis because they yield shorter analysis times,
higher efficiency, and better quantitation than packed

column GC, HPLC, or SFC. The Rtx®-65TG column is truly an
improvement over classical packed columns because triglycerides
with the same carbon number but different degrees of unsaturation
can be well separated. Also, minimal sample preparation is
required for capillary GC analysis. The sample is liquefied by
warming and diluting to 50pg/µL with dichloromethane or
diisopropyl ether 2,3. Additional sample clean up is required if
significant amounts of monoglycerides, diglycerides, and fatty
acids are known to be present in the sample2.

Column Selection for Triglyceride Analysis
The high molecular weights of triglycerides require capillary
columns with high thermal stability. Low bleed columns also are
extremely important for accurate triglyceride quantitation.
Triglyceride polarity increases with the degree of unsaturation in
the fatty acid (i.e., the number of double bonds present). The
triglyceride with the most double bonds has the highest polarity and
the longest retention time. Therefore, a high temperature is
required to elute the higher polarity triglycerides and
maintain a short analysis time. Lower response of high molecu-
lar weight triglycerides has been observed and originally was
attributed to thermal decomposition of triglycerides in the
injection port. However, the decreased response also can be
caused by both high molecular weight discrimination in the

Fatty Acids
Abbreviation Common Name IUPAC Name Short Form
La lauric acid dodecanoic acid C 12:0
M myristic acid tetradecanoic acid C 14:0
P palmitic acid hexadecanoic acid C 16:0
S stearic acid octadecanoic acid C 18:0
A arachidic acid eicosanoic acid C 20:0
Be behenic acid dodosanoic acid C 22:0
Lg lignoceric acid tetracosanoic acid C 24:0
O oleic acid cis-9-octadecenoic acid C 18:1
L linoleic acid cis, cis-9,12-octadecadienoic acid C 18:2
Ln linolenic acid cis, cis, cis-9,12,15-octadecatrienoic acid C 18:3
Ga gadoleic acid cis-11-eicosenoic acid C 20:1

Glycerides
Abbreviation Common Name Carbon Number # of Unsaturated Fatty Acids
PPP tripalmitin 48 0
PLO palmito-linoleo-olein 52 2
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Figure 1

The Rtx®-65TG column exhibits excellent resolution of butter fat triglycerides in under 35 minutes at 365°C.

injection port and increased solute band broadening in the
stationary phase.

Triglycerides are separated according to carbon number or molecular
weight on non-polar, methyl silicone columns (AOAC and AOCS
Methods use this type of column). However, no resolution is
achieved for differences in unsaturation within the unsaturated
fatty acids. Therefore, triglycerides such as POP, SOS, and POS
would all appear as a single peak. Triglyceride separation by
degree of unsaturation, as well as carbon number requires a highly
polar stationary phase. While polar stationary phases such as 50%
phenyl/50% methyl offer the necessary selectivity, they tradition-
ally have suffered from relatively low thermal stability. Phenyl/
methyl polysiloxanes generally exhibit lower maximum operating
temperatures when compared with methyl silicones.

30m, 0.25mm ID, 0.10µm Rtx®-65TG (cat.# 17008)
0.2µL direct injection of 1% butter fat in isooctane.

Oven temp.: 80°C (hold 1 min.) to 240°C @ 30°C/min. to 365°C @ 4°C/min. (hold 5 min.)
Det. temp.: 380°C
Carrier gas: hydrogen
Linear velocity: 70cm/sec.
FID sensitivity: 16 x 10-11 AFS
SPI injector: high-performance capillary insert 60°C, 300°C/min. to 400°C (hold 5 min.)

 1. PPP
 2. PPS
 3. PPO
 4. PSO
 5. POO
 6. SSO
 7. OOS
 8. OOO

min.  0 4010 20 30

1

2

3

6

8

7

4

5

T26 T28 T32 T34 T36 T38 T40 T42 T44 T46 T48 T52 T54 T50

Separate Triglycerides by Carbon Number and Degree of
Unsaturation Using an Rtx®-65TG Column
The chemists at Restek have combined innovative polymer
synthesis with advanced deactivation techniques to create a
highly polar, uniquely selective stationary phase with the
extended thermal stability required for triglyceride analysis. This
produces columns that last longer and exhibit less bleed at
temperatures as high as 370°C. The Rtx®-65TG column (65%
phenyl/35% methyl polysiloxane) is selective for resolving
triglycerides according to degree of unsaturation as well as
carbon number.

Figure 1 shows butter fat triglycerides run on a 30m, 0.25mm,
0.10µm Rtx®-65TG column using a septum-equipped program-
mable injector (SPI). The SPI injector reduces molecular weight
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Figure 2

Obtain fine structure resolution by degree of unsaturation with common oils on a 15-meter Rtx®-65TG column.

discrimination and thermal degradation, which is common with
normal split/splitless injectors. The column shows excellent
separation and peak symmetry of the triglycerides by both
degree of unsaturation and carbon number. Fine structure
resolution of T50 (PPS/PPO), T52 (PSS/PSO/POO), and T54
(SSS/SSO/SOO/OOO) triglycerides is obtained with minimal
column bleed at 365°C. The optimized analysis time is less than
35 minutes. Figure 2 shows the analysis of canola, corn, and
olive oils on a 15m, 0.25mm ID, 0.10µm Rtx®-65TG column.
The unsaturates are all well separated in less than 8 minutes with
minimal column bleed at 365°C.

The Rtx®-65TG column is ideal for triglyceride analysis.
Separation by degree of unsaturation as well as carbon number
is obtained in under 35 minutes with minimal column bleed at

15m, 0.25mm ID, 0.10µm Rtx®-65TG (cat.# 17005)
0.8µL split injection of triglycerides.
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 1. PPP
 2. PPS
 3. PPO
 4. POP
 5. PSO
 6. PLP
 7. POO
 8. PLO
 9. PLL
10. SSO
11. OOS
12. OOO
13. OLO
14. OOL
15. LLL

Oven temp.:
     a)  355°C (hold 1 min.) to 365°C @ 1°C/min.
     b)  350°C (hold 0.5 min.) to 365°C @ 1°C/min.
     c)  350°C (hold 1 min.) to 365°C @ 0.5°C/min.

a)  canola oil b)  corn oil c)  olive oil

Inj. & det. temp.: 365°C
Carrier gas: hydrogen
Linear velocity: 50cm/sec.
FID sensitivity: 8 x 10-11 AFS
Split ratio: 40:1

References:
1. Geeraert and Sandra, “Capillary GC of Triglycerides in Fats and Oils
Using a High Temperature Phenyl Methyl Silicone Stationary Phase,”
Journal of HRC & CC, Vol. 8, Aug 1985, pp. 415-419.
2. Association of Analytical Chemists, Official Methods of Analysis of the
AOAC, 17th ed., Method 986.19.
3. American Oil Chemists Society, Official Methods and Recommended
Practices (1994), Method Ce 5-86.

365°C. Because Rtx®-65 columns are individually tested with a
temperature-programmed triglyceride test mixture, low bleed
and high efficiency are guaranteed. Rtx®-65TG columns are
available in both 15- and 30-meter lengths in 0.25, 0.32, and
0.53mm IDs with a 0.10µm film thickness.



For permission to reproduce any portion of this application note, please contact Restek’s publications/graphics department by phone (ext. 2128) or FAX.

USA:  110 Benner Circle, Bellefonte, PA 16823 • phone: (800) 356-1688 • fax: (814) 353-1309
Germany:  Schaberweg 23, 61348 Bad Homburg • phone: (49) 06172 2797 0 • fax: (49) 06172 2797 77
France:  1, rue Montespan, 91024 Evry Cedex • phone: (33) 01 60 78 32 10 • fax: (33) 01 60 78 70 90
Thames Restek UK Ltd.:  Fairacres Industrial Centre, Dedworth Road, Windsor, Berkshire, SL4 4LE
phone: (44) 01753 624111 • fax: (44) 01753 624666
Thames Restek Scotland Ltd.:  Dept. 10, 44-46 Morningside Road, Edinburgh, EH10 4BF
phone: 0870 241 1247 • fax: 0870 241 0781
Restek Ireland:  8 Baronscourt Lane, Carryduff, Belfast, BT8 8RR • phone/fax: (44)2 890 814 576

© Copyright 2000, Restek Corporation

Restek Corporation • (800) 356-1688 • (814) 353-1300 • http://www.restekcorp.com

Product Listing

Rtx ®-65TG Columns

ID df (µm) Temp. Limits 15m 30m

0.25mm 0.10 40 to 370°C 17005 17008

0.32mm 0.10 40 to 370°C 17006 17009

0.53mm 0.10 40 to 360/370°C 17007 17010

MXT®-65TG Columns

Restek Trademarks: CarboFrit, MXT, Rtx, Siltek, and the Restek logo.

ID df (µm) Temp. Limits 15m 30m

0.25mm 0.10 20 to 370°C 77005 77008

0.53mm 0.10 20 to 370°C 77007 77010

PTV Liners ID/OD & cat.#
for Agilent GCs Length (mm) ea. 5-pk. 10-pk.

2.0 ID — — 21157
Straight Glass Inlet Liner 3.0 OD x 71

1.5 ID — — 21704
Baffled Glass Inlet Liner 3.0 OD x 71

2.0 ID — — 21156
Glass Inlet Liner with Wool* 3.0 OD x 71

SPI Liners ID/OD & cat.#
for Varian GCs length (mm) ea. 5-pk. 25-pk.

0.53 ID 20775 20776 20777
0.5mm SPI 4.6 OD x 54

0.80 ID 20778 20779 20780
0.8mm SPI 4.6 OD x 54

2.4 ID 20850 20851 20852
SPI with Buffer 4.6 OD x 54

17A PTV Liners for ID/OD & cat.#
Shimadzu GCs Length (mm) ea. 5-pk. 25-pk.

1.6 ID 21705 21706 21707
17A PTV Sleeve* 4.0 OD x 95

PTV Liners for ID/OD & cat.#
Perkin-Elmer GCs Length (mm) ea. 5-pk. 25-pk.

1.0 ID 20733 20734 20735
PTV Press-Tight® 2.0 OD x 88

1.0 ID 20742 20743 20744
PTV Injector 2.0 OD x 88

Siltek™ with Siltek™ with
qty. Siltek™ Siltek™ wool  CarboFrit™

each -214.1 -213.1 -216.1

5-pk. -214.5 -213.5 -216.5

25-pk. -214.25 -213.25 -216.25

For Siltek™-deactivated inlet liners, add the corresponding
suffix number to your liner catalog number.

Inlet Liners

Siltek ™ Inlet Liners

*Liner is packed with fused silica wool. To order glass wool instead, add
the suffix “-202” to the liner’s catalog number.
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High-Resolution Analyses of Fatty Acid Methyl Esters by Gas Chromatography
Fatty acid methyl esters (FAMEs) analysis is an important tool both in
characterizing fats and oils and in determining the total fat content in
foods. Fats can be extracted from a matrix, using a non-polar solvent,
and saponified to produce salts of the free fatty acids. After derivatiz-
ing the free acids to form the methyl esters, the mixture readily can be
analyzed by gas chromatography (GC), due to the volatility and ther-
mal stability of the FAMEs. Gas chromatography has become an
important technique in fats and oils analysis because accurate results
can be obtained for complex, as well as simple, sample matrices.

FAMEs analyses were among the first applications for gas chro-
matography, so many of the GC methods originally written for
analysis of fats and oils described packed column technology.
Capillary columns offer significant advantages, however, including
more efficient separations. When analyzing fats and oils with com-
plex fatty acid profiles, such as the cis and trans forms of polyun-
saturated fatty acids, higher efficiencies are needed to resolve the
individual components. Capillary columns with Carbowax®-type
(polyethylene glycol) stationary phases typically are used for anal-
yses of saturated and unsaturated fatty acid methyl esters, and bis-
cyanopropyl phases are used to resolve cis and trans isomers of
polyunsaturated components.

Creating FAMEs
Lipids are normally extracted from matrices using a non-polar sol-
vent, such as ether, and saponified to produce the free fatty acid
salts. The fatty acid salts then are derivatized to form the fatty acid
methyl esters, to increase volatility, improve peak symmetry,
decrease sample activity, and thus provide more accurate analytical
data. The official methods of AOAC International1 and the American
Oil Chemists Society (AOCS)2 both contain procedures for the
derivatization reaction, as does the European Pharmacopoeia.3 In

general, the glycerides are saponified by refluxing with methanolic
sodium hydroxide. The esterification is effected with a reagent such
as boron trifluoride in methanol and the FAMEs are extracted with a
non-polar solvent (e.g., heptane) for analysis by GC. 

Several groups of researchers have proposed simplified procedures
for creating the methyl esters. For example, lipids can be trans-
methylated in situ. This option combines all of the conventional
steps, except for the drying and post-reaction work-up, into one
step.4 For some samples, trimethyl-sulfonium hydroxide (TMSH), an
alternative derivatization reagent, can be used for transesterification.
A major advantage of this approach is that the derivatization can be
performed in a single, fast reaction step.

Analyzing Polyunsaturated FAMEs
Stabilwax® and Rtx®-Wax columns provide excellent resolution of
FAMEs derived from either plant or animal sources. Polyunsaturated
FAMEs typically are analyzed on one of these Carbowax®-type cap-
illary columns; analysis times of 35-50 minutes generally are
required to fully resolve the C21:5 FAME from the C23:0 internal
standard, and the C24:0 FAME from C22:6.

The FAMEWAX® polyethylene glycol stationary phase is specially
tested with a polyunsaturated FAMEs mix to ensure resolution of
the omega-3 and omega-6 fatty acids of interest, including those
specified above. In addition, FAMEs such as methyl eicosapaen-
tenoate (C20:5) and methyl docosahexaenoate (C22:6), found in
nutraceutical ingredients and products such as marine oils, also are
resolved. FAMEWAX® columns offer excellent resolution of
polyunsaturated FAMEs with significantly reduced analysis times,
compared to traditional Carbowax® stationary phases. In fact, analy-
sis times of less than 10 minutes are possible! Figure 1 shows an

Figure 1—A FAMEWAX® capillary column provides fast, efficient separations of marine oil-based FAMEs.

Analysis completed in
less than 10 minutes!

1. C14:0
2. C14:1
3. C16:0
4. C16:1
5. C18:0
6. C18:1 (oleate)
7. C18:1 (vaccenate)
8. C18:2n6c
9. C18:3n3

10. C20:0
11. C20:1n9
12. C20:2n6
13. C20:4n6
14. C20:3n3
15. C20:5n3
16. C22:0
17. C22:1n9
18. C24:0
19. C22:6n3
20. C24:1

FAMEWAX™ 30m, 0.32mm ID, 0.25µm (cat.# 12498)
Sample: 10mg/mL total FAMEs
Inj.: 0.5µL, split (150:1), 3mm ID split liner 

for Trace Series GCs, packed 
with glass wool (cat.# 20936-202.1)

Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow
Linear velocity: 62cm/sec.
Oven temp.: 195°C to 240°C @ 5°C/min. (hold 1 min.)
Det.: FID, 250°C

GC_FF00566
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Figure 2—Rapid, efficient analysis of FAMEs derived from a marine oil capsule, using a FAMEWAX® column.

GC_FF00568

1. C14:0
2. C15:0
3. C16:0
4. C16:1
5. C16:2
6. C17:0
7. C17:1
8. C16:4
9. C18:0

10. C18:1 (oleate)
11. C18:1 (vaccenate)
12. C18:2n6cis
13. C18:3n3
14. C18:4n6

15. C18:4n3
16. C20:0
17. C20:1n7
18. C20:1n9
19. C20:4n6
20. C20:4n3
21. C20:5n3
22. C22:1n7
23. C21:5n3
24. C23:0 (IS)
25. C22:5n6
26. C22:5n3
27. C22:6n3
28. C24:1

FAMEWAX™ 30m, 0.32mm ID, 0.25µm (cat.# 12498)
Sample: 12mg/mL total FAMEs
Inj.: 0.5µL, split (150:1), 3mm ID split liner for 

Trace Series GCs, packed with glass wool 
(cat.# 20936-202.1)

Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow
Linear velocity: 62cm/sec.
Oven temp.: 195°C to 240°C @ 5°C/min. (hold 1 min.)
Det.: FID, 250°C

Figure 3—Effective analysis of a 37 FAME mix on an Rt-2560 capillary column.

   

GC_FF00649

Rt-2560, 100m, 0.25mm ID, 0.2µm (cat.# 13199)
Sample: 30mg/mL total FAMEs in methylene chloride 
Inj.: 2.0µL split (split ratio 200:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2mL/min.
Oven temp.: 100°C (4 min. hold)

to 240°C @ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

Compound % in Mix
1. C4:0  methyl butyrate 4.0
2. C6:0  methyl hexanoate 4.0
3. C8:0  methyl octanoate 4.0
4. C10:0  methyl decanoate 4.0
5. C11:0  methyl undecanoate 2.0
6. C12:0  methyl laurate 4.0
7. C13:0  methyl tridecanoate 2.0
8. C14:0  methyl myristate 4.0
9. C14:1  methyl myristoleate (cis-9) 2.0

10. C15:0  methyl pentadecanoate 2.0
11. C15:1  methyl pentadecenoate (cis-10) 2.0
12. C16:0  methyl palmitate 6.0
13. C16:1  methyl palmitoleate (cis-9) 2.0
14. C17:0  methyl heptadecanoate 2.0
15. C17:1  methyl heptadecenoate (cis-10) 2.0
16. C18:0  methyl stearate 4.0
17. C18:1  methyl elaidate (trans-9) 2.0
18. C18:1  methyl oleate (cis-9) 4.0

19. C18:2  methyl linoleaidate (trans-9,12) 2.0
20. C18:2  methyl linoleate (cis-9,12) 2.0
21. C18:3  methyl γ-linolenate (cis-6,9,12) 2.0
22. C20:0  methyl arachidate 4.0
23. C20:1  methyl eicosenoate (cis-11) 2.0
24. C18:3  methyl linolenate (cis-9,12,15) 2.0
25. C21:0  methyl heneicosanoate 2.0
26. C20:2  methyl eicosadienoate (cis-11,14) 2.0
27. C20:3  methyl eicosatrienoate (cis-11,14,17) 2.0
28. C22:0  methyl behenate 4.0
29. C22:1  methyl erucate (cis-13) 2.0
30. C20:3  methyl eicosatrienoate (cis-11,14,17) 2.0
31. C20:4  methyl arachidonate (cis-5,8,11,14) 2.0
32. C23:0  methyl tricosanoate 2.0
33. C22:2  methyl docosadienoate (cis-13,16) 2.0
34. C20:5  methyl eicosapentaenoate (cis-5,8,11,14,17) 2.0
35. C24:0  methyl lignocerate 4.0
36. C24:1  methyl nervonate (cis-15) 2.0
37. C22:6  methyl docosahexaenoate (cis-4,7,10,13,16,19) 2.0
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Figure 4—Use the NLEA FAME Mix to standardize 
Fat-by-Fatty Acid Composition methods, such as AOAC 996.06.

analysis of a marine-oil FAME standard; a marine oil sample is
shown in Figure 2. Both analyses are characterized by fast, effec-
tive resolution and sharp, symmetric peaks.

Resolving cis and trans Isomers
Individual cis and trans isomers are resolved on a 100-meter Rt-2560
column, making this the column of choice for analyzing partially
hydrogenated fats. The highly polar biscyanopropyl phase gives the
selectivity needed for resolving FAMEs isomers, such as the cis and
trans forms of C18:1. The trans isomers elute before the cis isomers
on this phase, opposite of the elution order on Carbowax®-based
phases such as FAMEWAX™ or Rtx®-Wax. Figure 3 shows the chro-
matographic separation of 37 FAMEs typically encountered in veg-
etable, animal, and marine fats and oils, using an Rt-2560 column.

AOAC method 996.061 specifies the determination of total fat content
based on the fatty acid content, after conversion to the methyl esters.
This is the specified method for determining total fat content for
nutritional labeling purposes. After quantifying the total FAMEs pre-
sent in the derivatized sample, the amount of fat (as triglycerides) in
the sample is calculated, based on initial sample weight. The 100-
meter Rt-2560 column meets the requirements of this procedure.
This column also allows quantification of the total trans content.

To calibrate the GC system for assays of this type, use a FAME mix-
ture such as our 37-component Food Industry FAME Mix (Figure 3)
or our 28-component NLEA FAME Mix (Figure 4). Both standards
include a gravimetric certificate of analysis to help ensure accurate
quantification. To ensure correct identifications of the individual cis
and trans isomers of C18:1, use our cis/trans Isomer Mix, as shown
in Figure 5.

Figure 5—Resolve cis and trans isomers of
unsaturated FAMEs on an Rt-2560 column.

GC_FF00652

Rt-2560, 100m, 0.25mm ID, 0.2µm (cat.# 13199)
Sample: 10mg/mL total FAMEs in methylene chloride 
Inj.: 1.0µL split (split ratio 20:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C @ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

Compound % in Mix
1. C18:0  methyl stearate 20.0
2. C18:1 methyl petroselaidate (trans-6) 8.0
3. C18:1 methyl elaidate (trans-9) 10.0
4. C18:1 methyl transvaccenate (trans-11) 12.0
5. C18:1 methyl petroselinate (cis-6) 8.0
6. C18:1 methyl oleate (cis-9) 10.0
7. C18:1 methyl vaccenate (cis-11) 12.0
8. C18:2 methyl linoleate (cis-9,12) 20.0

   

Column: Rt-2560 100m, 0.25mm ID, 0.20µm 
(cat.# 13199)

Sample: 30mg/mL total FAMEs in methylene chloride 
Inj.: 1.0µL split (split ratio 100:1),

4mm inlet liner (cat.# 20814)
Inj. temp.: 225°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.2 mL/min.
Oven temp.: 100°C (4 min. hold) to 240°C 

@ 3°C/min. (10 min. hold) 
Det.: FID @ 250°C

1. C4:0  methyl butyrate
2. C6:0  methyl heanoate
3. C8:0  methyl octanoate
4. C10:0  methyl decanoate
5. C11:0  methyl undecanoate
6. C12:0  methyl laurate
7. C13:0  methyl tridecanoate
8. C14:0  methyl myristate
9. C14:1  methyl myristoleate (cis-9)

10. C15:0  methyl pentadecanoate

11. C16:0  methyl palmitate
12. C16:1  methyl palmitoleate (cis-9)
13. C17:0  methyl heptadecanoate
14. C18:0  methyl stearate
15. C18:1  methyl elaidate (trans-9)
16. C18:1  methyl oleate (cis-9)
17. C18:2  methyl linoelaidate (trans-9,12)
18. C18:2  methyl linoleate (cis-9,12)
19. C20:0  methyl arachidate
20. C20:1  methyl eicosenoate (cis-11)

21. C18:3  methyl linolenate (cis-9,12,15)
22. C22:0  methyl behenate
23. C22:1  methyl erucate (cis-13)
24. C23:0  methyl tricosanoate
25. C24:0  methyl lignocerate
26. C20:5  methyl eicosapentaenoate 

(cis-5,8,11,14,17)
27. C24:1  methyl mervonate (cis-15)
28. C22:6  methyl docosahexaenoate 

(cis-4,7,10,13,16,19)

GC_FF00651
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Rtx®-2330, a 90% biscyanopropyl phase, also resolves cis and trans
FAME isomers. These columns are slightly less polar than Rt-2560
columns. Figure 6 shows the analysis of an animal-based fat, using
an Rtx®-2330 column. As on Rt-2560 columns, the trans forms of the
FAMEs elute before the cis forms.

Analyzing Botanical Products
Gas chromatography can be used to analyze the marker compounds
in some botanical products, such as saw palmetto. In this product, the
marker compounds are the fatty acids. The Institute for Nutraceutical
Advancement (INA) has published a method for the analysis of the
fatty acid content in saw palmetto by gas chromatography. The analy-
sis is performed after converting the acids to the methyl esters. Both
Rtx®-Wax and Stabilwax® capillary columns provide the efficiency
and selectivity needed to perform this analysis, and allow accurate
identification of the individual fatty acids (Figures 7 and 8).

Summary
Capillary gas chromatography is an essential tool in analyses of fats,
oils, and fat-containing products. GC is especially useful for deter-
mining total fat content, trans fat content, and total omega-3 polyun-
saturated fatty acid content in foods. The choice of capillary column
depends on the information required. For polyunsaturated FAMEs
analysis, a FAMEWAX® column allows fast, accurate quantification.
A more polar Rt-2560 column is the column of choice when deter-
mining the total fat content, or the amount of trans fat, in an ingredi-
ent or end product.

Whatever your fatty acid analysis requirements, Restek can provide
the consistent-performance analytical columns and reference materi-
als that will help you to accurately characterize your materials.
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Also Available from Restek
Selection Guide for Polar WAX GC Column Phases (free on
request, lit. cat.# 59890).

Figure 6—Analysis of an animal-based fat, using an
Rtx®-2330 capillary column.

5
1. C14:0
2. C16:0
3. C16:1n7
4. C18:0
5. C18:1n9
6. C18:1n7
7. C18:2n6
8. C18:3n6
9. C18:3n3

10. C20:3n6
11. C20:4n6
12. C20:5n3
13. C22:4n6
14. C22:5n3
15. C22:6n3

30m, 0.32mm ID, 0.20µm Rtx®-2330 (cat.# 10724)
0.1µL split injection of PUFA 2 mix.

Oven temp.: 160°C to 250°C @ 2°C/min. 
(hold 10 min.)

Inj. & det. temp.: 260°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. 
FID sensitivity: 8 x 10-11 AFS
Split ratio: 20:1

min. 4 8 12 16 20 24 28

1

2

3

4

6

7

8
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11
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13

14

15

GC_FF00119

Figure 7—Saw palmetto FAME 
standard resolved on an Rtx®-Wax column.

Figure 8—Fatty acids in saw palmetto, a Stabilwax® col-
umn after conversion to methyl esters.

GC_FF00538

30m, 0.25mm, 0.25µm Rtx®-Wax (cat.# 12423)
1µL injection of saw palmetto standard
Conc.: see peak list

Oven temp.: 120°C (hold 3 min.) to 220°C 
at 20°C/min. (hold 12 min.)

Inj./det. temp.: 250°C/300°C
Carrier gas: helium
Linear velocity: 1mL/min. 34 cm/sec.
Split ratio: 100:1

Conc. 
Peak List (mg/mL)

1. methyl caproate (C6:0) 0.4
2. methyl caprylate (C8:0) 0.4
3. methyl nonanoate (C9:0) 2.0
4. methyl caprate (C10:0) 0.4
5. methyl laurate (C12:0) 5.0
6. methyl myristate (C14:0) 2.0
7. methyl palmitate (C16:0) 2.0
8. methyl palmitoleate (C16:1) 0.4
9. methyl stearate (C18:0) 0.4

10. methyl oleate (C18:1) 5.0
11. methyl linoleate (C18:2) 1.0
12. methyl linolenate (C18:3) 0.4

50m, 0.25mm ID, 0.25µm Stabilwax® (cat.# 10626-105).
1µL split injection. 
Oven temp.: 110°C (hold 1 min.) to 240°C @ 8°C/min. (hold 25 min.)
Inj./FID temp.: 230°C/250°C
Carrier gas: hydrogen @ 2.5mL/min.
Split flow: 37.5mL/min.
Septum purge: 3mL/min.

min. 10 20 30

7

10

6 9
11
121 2 3 4 5

1. caproic acid
2. caprylic acid
3. pelargonic acid
4. capric acid
5. lauric acid
6. myristic acid
7. palmitic acid
8. margaric acid
9. stearic acid

10. oleic acid
11. linoleic acid
12. linolenic acid

8

GC_FF00367

Chromatogram provided by The Institute for Nutraceutical Advancement (INA)
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Ordering Information | FAMEWAX™ (Fused Silica)
(Crossbond® polyethylene glycol)

ID df (µm) temp. limits 30-Meter
0.25mm 0.25 20 to 250°C 12497
0.32mm 0.25 20 to 250°C 12498
0.53mm 0.50 20 to 250°C 12499

Ordering Information | Stabilwax® (Fused Silica)
(Crossbond® Carbowax®—provides oxidation resistance)

Ordering Information | Rtx®-Wax (Fused Silica)
(Crossbond® polyethelene glycol)

ID df (µm) temp. limits** 15-Meter 30-Meter 60-Meter
0.25mm 0.10 20 to 250°C 12405 12408

0.25 20 to 250°C 12420 12423 12426
0.50 20 to 250°C 12435 12438 12441

0.32mm 0.10 20 to 250°C 12406 12409
0.25 20 to 250°C 12421 12424 12427
0.50 20 to 250°C 12436 12439 12442
1.00 20 to 240/250°C 12451 12454 12457

0.53mm 0.25 20 to 250°C 12422 12425
0.50 20 to 250°C 12437 12440 12443
1.00 20 to 240/250°C 12452 12455 12458

ID df (µm) temp. limits 10-Meter 20-Meter
0.10mm 0.10 20 to 250°C 41601 41602

0.20 20 to 240/250°C 41603 41604

Ordering Information | Rt-2560 (Fused Silica)

ID df (µm) temp. limits 100-Meter
0.25mm 0.20 20 to 250°C 13199

Ordering Information | Rtx®-2330* (Fused Silica)
(90% biscyanopropyl/10% phenylcyanopropyl)

*Not solvent rinsable.
**The maximum temperatures listed are for 15- and 30-meter lengths.
Longer lengths may have a slightly reduced maximum temperature.

ID df (µmm)) temp. limits** 15-Meter 30-Meter 60-Meter 105-Meter
0.25mm 0.10 0 to 260/275°C 10705 10708 10711 10714

0.20 0 to 260/275°C 10720 10723 10726 10729
0.32mm 0.10 0 to 260/275°C 10706 10709 10712 10715

0.20 0 to 260/275°C 10721 10724 10727 10730
0.53mm 0.10 0 to 260/275°C 10707 10710 10713

0.20 0 to 260/275°C 10722 10725 10728
ID df (µm) temp. limits 10-Meter 20-Meter 40-Meter
0.18mm 0.10 0 to 260/275°C 40701 40702 40703

ID df (µm) temp. limits 15-Meter 30-Meter
30-Meter

6/pk. 60-Meter
0.25mm 0.10 40 to 250°C 10605 10608 10611

0.25 40 to 250°C 10620 10623 10626
0.50 40 to 250°C 10635 10638 10641

0.32mm 0.10 40 to 250°C 10606 10609 10612
0.25 40 to 250°C 10621 10624 10627
0.50 40 to 250°C 10636 10639 10642

0.53mm 0.10 40 to 250°C 10607 10610 10613
0.25 40 to 250°C 10622 10625 10628
0.50 40 to 250°C 10637 10640 10643
1.00 40 to 240/250°C 10652 10655 10655-600 10658

GC Columns
for FAMEs Analyses

**Silcote™ CL7 deactivation.

Convenience Kits: Includes Vials*, Caps, & Septa
Description 100-pk. 1000-pk.
2mL Clear Vial, deactivated**, PTFE/Natural Rubber Seal 24671 24672
2mL Amber Vial, deactivated**, PTFE/Natural Rubber Seal 24673 24674
2.0mL Clear Vial, untreated, PTFE/Natural Rubber Seal 21196 21197
2.0mL Amber Vial, untreated, PTFE/Natural Rubber Seal 21198 21199
2.0mL Clear Vial, untreated, PTFE/Silicone Seal 24646 24647
2.0mL Amber Vial, untreated, PTFE/Silicone Seal 24648 24649

*Crimp top vials, 2.0mL, 12 x 32mm, 11mm crimp finish.

BM = Big Mouth

Limited Volume Inserts for 2mL, Crimp-Top & Short-Cap,
Screw-Thread Vials
Description 100-pk. 1000-pk.
50µL Glass, Polypropylene, Bottom Spring 24513 21782
250µL Glass, BM Insert w/ Bottom Spring 21776 21777
250µL Glass, BM Insert w/ Glass Flange (Step™ Design) 24516 21779
350µL Glass, Flat Bottom Insert 21780 24517
250µL Polypropylene, Bottom Spring 24518 —
250µL Polypropylene, Top Flange 24519 —
250µL Polypropylene, No Spring 24520 —

Vials and 
Limited Volume Inserts

For more information,
call 800-356-1688 or 

814-353-1300, ext. 4, or
contact your local Restek

representative.

www.restekcorp.com
v i s i t  u s  o n l i n e  a t

Limited 
Volume 
Inserts

Glass, with 
Top Flange

Glass, with 
Bottom Spring
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Chain Description % by Weight
C14:0 methyl myristate 6.0
C14:1 methyl myristoleate 1.0
C16:0 methyl palmitate 16.0
C16:1 methyl palmitoleate 5.0
C18:0 methyl stearate 8.0
C18:1 methyl oleate 13.0
C18:1 methyl vaccenate 4.0
C18:2 methyl linoleate 2.0
C18:3 methyl linolenate 2.0
C20:0 methyl arachidate 1.0
C20:1 methyl 11-eicosenoate 9.0
C20:2 methyl 11-14-eicosadienoate 1.0
C20:4 methyl arachidonate 3.0
C20:3 methyl 11-14-17-eicosatrienoate 1.0
C20:5 methyl eicosapentaenoate 10.0
C22:0 methyl behenate 1.0
C22:1 methyl erucate 3.0
C22:6 methyl docosahexaenoate 12.0
C24:0 methyl lingnocerate 1.0
C24:1 methyl nervonate 1.0

Marine Oil FAME Mix (20 components)

100mg
35066

Chain % by Weight
C4:0 1.5
C6:0 1.5
C8:0 2.0
C10:0 2.5
C11:0 2.5
C12:0 5.0
C13: 2.5
C14:0 2.5
C14:1(cis-9) 1.5
C15:0 1.5
C16:0 10.0
C16;1(cis-9) 5.0
C17:0 2.5
C18:0 5.0

Chain % by Weight
C18:1(trans-9) 2.5
C18:1(cis-9) 15.0
C18:2(all-trans-9,12) 2.5
C18:2(all-cis-9,12) 10.0
C18:3(all-cis-9,12,15) 5.0
C20:0 2.5
C20:1(cis-11) 1.5
C20:5(all-cis-5,8,11,14,17) 2.5
C22:0 2.5
C22:1(cis-13) 1.5
C22:6(all-cis-4,7,10,13,16,19) 2.5
C23:0 1.5
C24:0 2.5
C24:1(cis-15) 2.5

NLEA FAME Mix (28 components)

30mg/mL total in methylene chloride, 1mL/ampul

ea.
35078

Chain % by Weight
C4:0 4.0
C6:0 4.0
C8:0 4.0
C10:0 4.0
C11:0 2.0
C12:0 4.0
C13: 2.0
C14:0 4.0
C14:1(cis-9) 2.0
C15:0 2.0
C15:1(cis-10) 2.0
C16:0 6.0
C16;1(cis-9) 2.0
C17:0 2.0
C17:1(cis-10) 2.0
C18:0 4.0
C18:1(trans-9) 2.0
C18:1(cis-9) 4.0
C18:2(all-trans-9,12) 2.0

Chain % by Weight
C18:2(all-cis-9,12) 2.0
C18:3(all-cis-6,9,12) 2.0
C18:3(all-cis-9,12,15) 2.0
C20:0 4.0
C20:1(cis-11) 2.0
C20:2(all-cis-11,14,) 2.0
C20:3 (all-cis-8,11,14) 2.0
C20:3(all-cis-11,14,17) 2.0
C20:4(all-cis-5,8,11,14) 2.0
C20:5(all-cis-5,8,11,14,17) 2.0
C21:0 2.0
C22:0 4.0
C22:1(cis-13) 2.0
C22:2(all-cis-13,16) 2.0
22:6(all-cis-4,7,10,13,16,19) 2.0
C23:0 2.0
C24:0 4.0
C24:1(cis-15) 2.0

Food Industry FAME Mix (37 components)

30mg/mL total in methylene chloride, 1mL/ampul

ea.
35077

Description % by Weight
methyl elaidate (C18:1 trans-9) 10.0
methyl linoleate (C18:2 cis-9,12) 20.0
methyl oleate (C18:1 cis-9) 10.0
methyl petroselinate (C18:1cis-6) 8.0
methyl petroselaidate (C18:1trans-6) 8.0
methyl stearate (C18:0) 20.0
methyl transvaccenate (C18:1 trans-11) 12.0
methyl vaccenate (C18:1 cis-11) 12.0

cis/trans FAME Mix (8 components)

10mg/mL total in methylene chloride, 1mL/ampul

ea.
35079

Restek is your #1 source for 
custom analytical reference materials!

Call our reference materials department or contact 
your local Restek representative for more information.

• Made to your exact specifications.
• Quotations supplied free of charge.
• Most orders shipped within 5–7 working days.
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Using Computer Modeling to Optimize F AME Analysis

Background
Gas chromatography (GC) is an effective means of characteriz-
ing fatty acids in food as well as other matrices. The Association
of Official Chemists (AOAC) and the American Oil Chemists
Society (AOCS) provide several methods for GC analysis of
fatty acid methyl esters (FAMEs). AOAC Method 963.22
provides general guidelines and conditions for analyzing a wide
range of saturated and unsaturated FAMEs, from C8:0 to C24:0,
using packed column GC1. If capillary GC is used as an alterna-
tive method, specifications can be met or exceeded easily.
AOAC Official Method 991.391 and AOCS Official Method Ce
1b-892 describe the analysis of polyunsaturated FAMEs in fish
oils using capillary GC2. These methods list conditions for
separating all of the FAMEs in complex fish oils on polyethylene
glycol (PEG) and cyanopropyl stationary phases. By properly
optimizing analytical conditions, you can improve resolution and
decrease analysis time.

Unfortunately, the typical optimization process can be extremely
time consuming and frustrating. Furthermore, many analysts
identify unsaturated fatty acids, including polyunsaturated fatty
acids (PUFAs) by equivalent chain length (ECL) values rather
than by retention time3. Changing conditions may alter the
elution order, and require peak re-identification. Trial and error
with different column configurations and parameters, along with

the necessary re-identifications, can waste additional analyst and
instrument time. A more efficient approach to optimizing
analytical parameters is to use computer modeling software.
Programs such as Pro ezGC™ use thermodynamic retention
indices (TRIs) to model GC analyses and provide optimized
conditions in minutes. Additionally, this program can recalculate
the ECL values for the new set of run conditions. Pro ezGC™ can
provide optimized FAME analyses that meet or exceed the
resolution and ECL specifications stated in the official methods.

How Well Does Computer Modeling Work?
To illustrate the accuracy and efficiency of the modeling
software, a mixture of 21 saturated FAMEs were analyzed on a
60m, 0.25mm ID, 0.25µm Rtx®-Wax column (cat.# 12426). The
FAMEs ranged from methyl butanoate (C4:0) to methyl
tetracosanoate (C24:0). TRIs were generated by analyzing the
mixture with two different temperature programs. The first
program was a relatively slow ramp, while the second was a fast
ramp. The resulting retention times for each component were
entered into the program, which automatically calculated the
TRIs. The software then was able to evaluate a wide range of run
conditions and predict the resulting retention times under each
set of conditions. Once the predictions are made, the software
selects the set of conditions that provides the best separation in
the fastest analysis time. To demonstrate the accuracy of this

FAMEs MSD Data
60m, 0.25mm ID, 0.25µm
Rtx®-Wax column (cat.# 12426)

Oven temp.:
45°C @ 6°C/min. to 265°C
(hold 7 min.)

Carrier gas:
hydrogen (constant pressure)

Linear velocity:
53.5cm/sec. @ 45°C

Dead time:
1.980 min. @ 45°C

Component Exp. tR Calc. tR Exp. -Calc. (Exp. -Calc.)/
(min.) (min.) Error (min.) Exp. % Error

 1. me butanoate 3.918 3.924 -0.006 -0.1
 2. me pentanoate 5.315 5.327 -0.012 -0.2
 3. me hexanoate 7.158 7.171 -0.013 -0.2
 4. me heptanoate 9.293 9.299 -0.006 -0.1
 5. me octanoate 11.573 11.577 -0.004 -0.0
 6. me nonanoate 13.855 13.854 0.001 0.0
 7. me decanoate 16.083 16.075 0.008 0.0
 8. me undecanoate 18.228 18.205 0.023 0.1
 9. me dodecanoate 20.282 20.253 0.029 0.1
10. me tridecanoate 22.247 22.191 0.056 0.3
11. me tetradecanoate 24.127 24.078 0.049 0.2
12. me pentadecanoate 25.927 25.855 0.072 0.3
13. me hexadecanoate 27.653 27.567 0.086 0.3
14. me heptadecanoate 29.310 29.238 0.072 0.2
15. me octadecanoate 30.902 30.856 0.046 0.1
16. me nonadecanoate 32.432 32.382 0.050 0.2
17. me eicosanoate 33.907 33.824 0.083 0.2
18. me heneicosanoate 35.330 35.205 0.125 0.4
19. me docosanoate 36.702 36.542 0.160 0.4
20. me tricosanoate 38.120 37.872 0.248 0.6
21. me tetracosanoate 39.710 39.396 0.314 0.8

Avg. error: 0.070 0.2

Table I

Experimental retention times versus predicted retention times.
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30m, 0.25mm ID, 0.25µm Famewax™ (cat.# 12497).

Oven temp.: 200°C to 250°C @ 8°C/min.
(hold 3 min.)

Carrier gas: hydrogen
Linear velocity: 31cm/sec.

1. C14:0
2. C16:0
3. C16:1n7
4. C17:0
5. C18:0
6. C18:1n9
7. C18:2n6
8. C18:3n3
9. C20:0

10. C20:1n9
11. C22:0

30m, 0.25mm ID, 0.25µm Famewax™ (cat.# 12497).
1.0µL split injection of #14 FAME Standard (cat.# 35035).

Oven temp.: 200°C to 250°C @ 8°C/min.
(hold 3 min.)

Inj./det. temp.: 250°C
Det. sensitivity: 8 x 10-11 AFS
Carrier gas: hydrogen
Linear velocity: 31.4cm/sec. @ 200°C
Split ratio: 45:1
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Predicted Actual

Figure 1

Cocoa Butter FAME Reference Standard

software, the FAMEs were analyzed using an optimized
temperature program chosen by the software. Table I shows the
percent error between the predicted and the actual retention
times. The program’s average prediction error was only 0.2%,
with a maximum error less than 1%!

Modeling Saturated and Unsaturated FAMEs in Cocoa
Butter
AOAC Method 963.22, entitled “Methyl Esters of Fatty Acid in
Oils and Fats,” describes the GC analysis of FAMEs ranging
from 8 to 24 hydrocarbons in chain length. Although the method
describes GC using packed columns, capillary columns coated
with Carbowax® PEG 20M can easily exceed the required
specifications. The minimum separation requirements are: 1) a
resolution value (R) of at least 1.25 between methyl stearate
(C18:0) and methyl oleate (C18:1n9); and 2) baseline resolution
of methyl linolenate (C18:3n3), methyl arachidate (C20:0), and
methyl gadoleate (C20:1). Methyl stearate should elute 15
minutes after the solvent peak, and the analytical column should
have at least 2000 theoretical plates.

GC operating conditions were entered into the computer program
to obtain the optimum analysis of a reference standard of cocoa
butter FAMEs. Then, a very broad range of temperature condi-
tions including the initial temperature, the program rate, and the
final temperature were entered into the software. Based upon
these selection criteria, over 1000 possible temperature programs
were evaluated by the software in only a few minutes. The
solutions were automatically ranked according to the best

separations and fastest analysis times. In this instance, the default
resolution factor was set at 1.5 to provide baseline resolution.
Although this value is typical, it may be increased or decreased
to meet the unique needs of a specific analysis.

The software predicted that all of the cocoa butter FAMEs could
be separated adequately in less than 10 minutes on a 30m,
0.25mm ID, 0.25µm Famewax™ column (cat.# 12497). Using
this optimized capillary method, total analysis is completed in
less time than methyl stearate elutes under the original AOAC
recommended conditions! This capillary column provides
approximately 2700 plates-per-meter, which exceeds the
efficiency requirement specified in AOAC Method 963.22. The
new analytical conditions not only provide baseline resolution of
the required components, but of all components (R>1.5), thereby
easily exceeding the method’s resolution requirement. Figure 1
shows the predicted chromatogram provided by the software and
the actual analysis of the cocoa butter FAMEs standard reference
mixture. The actual chromatogram shows excellent correlation to
the chromatogram predicted by the software.

Reducing Analysis Time of Menhaden Oil PUFAs
GC analysis of menhaden oil is described in AOAC Method
991.39, entitled “Fatty Acids in Encapsulated Fish Oils and Fish
Oil Methyl and Ethyl Esters,” and in AOCS Official Method Ce
1b-89, entitled “Fatty Acid Composition by GLC.” These
methods illustrate chromatograms of polyunsaturated fatty acids
(PUFAs) on Carbowax®-20M capillary columns. Any column
providing the same elution pattern of FAMEs and baseline
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separation of C21:5n3, C23:0, and C22:4n6 can be used for these
methods. The peak height of the internal standard, methyl
tricosanoate (C23:0), must be greater than 50% of the peak
heights of methyl eicosapentaenoate (EPA) and docosahexanoate
(DHA)1. In addition, Method Ce 1b-89 specifies that methyl
tetracoanoate (C24:0) must be baseline resolved from DHA
(C22:6n3)2.

Pro ezGC™ software and a Famewax™ column were used to
optimize the analysis of menhaden oil. Using the GC conditions
suggested in these methods results in baseline resolution of all
critical components, but with an analysis time of more than 45
minutes. The computer program was able to determine a faster,
more efficient analysis time that still resulted in the required
separations. A program with a single temperature ramp rate and a
higher column flow rate allowed baseline separation of all
critical components in only 30 minutes. Figure 2 is the actual
optimized analysis of menhaden oil. Analysis time was reduced
by 23 minutes, a greater than 50% savings in analysis time!

Calculating ECL Values for Polyunsaturated FAMEs Under
Optimized Conditions
Since there are many mono-, di-, and polyunsaturated FAMEs in
a menhaden oil sample, identification by ECL is useful. ECLs
are similar to linear temperature-program indices, but are
calculated relative to saturated FAMEs instead of hydrocarbons.
Although the elution order did not change with the optimized
chromatogram of menhaden oil, there could still be slight
changes in the ECL values due to changes in retention of the

individual FAMEs. To ensure the accuracy of the identifications,
the Pro ezGC™ software can recalculate the ECL values from the
actual retention times of the analyses. After entering a few
marker retention times, such as the saturated FAMEs in the oil,
the program calculates ECLs for all of the components in the
sample. Table II illustrates the retention times and ECL values
for the FAMEs in menhaden oil using the optimized conditions.

Summary
Computer modeling on the basis of TRIs is a powerful, accurate,
and effective tool for optimizing the analysis of FAMEs. The
predicted analysis can be illustrated clearly in the form of a list of
components and retention times or by a simulated chromatogram.
Comparisons between actual retention times of C4-C24 saturated
FAMEs and predicted vs. actual chromatograms of cocoa butter
FAMEs demonstrate the precision and accuracy of computer
modeling. In addition, ECL values can be calculated for the
actual column and conditions used.
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1. C14:0
2. C16:0
3. C16:1n7
4. C16:2n4
5. C16:3n4
6. C16:4n1
7. C18:0
8. C18:1n9
9. C18:1n7

10. C18:2n6
11. C18:3n3
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13. C20:0
14. C20:1n9
15. C20:1n7
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30m, 0.25mm ID, 0.25µm Famewax™ (cat.# 12497).
0.8µL split injection of menhaden oil PUFA with C23:0 (IS).
On-column concentration 100-150ng.
Oven temp.: 120°C to 220°C @ 7°C/min.

(hold 20 min.).
Inj. & det. temp.: 220°C
Carrier gas: hydrogen
Linear velocity: 60 cm/sec. set @ 120°C
FID sensitivity: 8 x 10-11 AFS
Split ratio: 50:1

23. C22:1n9
24. C22:2n6
25. C21:5n3
26. C23:0
27. C22:4n6
28. C22:5n6
29. C22:5n3
30. C24:0
31. C22:6n3
32. C24:1n9

Figure 2

Menhaden Oil PUFA Analysis (Actual Chromatogram)
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Retention Indices & Corrected Calculated
Retention Times

Column:
30m, 0.25mm ID, 0.25µm Famewax™ column
(cat.# 12497)

Oven temp.:
120°C to 220°C @ 7°C/min. (hold 11 min.)

Carrier gas:
hydrogen (constant pressure)

Linear velocity:
60 cm/sec. @ 120°C

Dead time:
0.833 min. @ 120°C

Component Calc. tR ECLs
(min.)

1. C14:0 6.630 14.00
2. C16:0 9.230 16.00
3. C16:1n7 9.539 16.27
4. C16:2n4 10.260 16.87
5. C16:3n4 10.669 17.19
6. C16:4n1 11.358 17.70
7. C18:0 11.775 18.00
8. C18:1n9 12.023 18.22
9. C18:1n7 12.098 18.29

10. C18:2n6 12.567 18.69
11. C18:3n3 13.347 19.33
12. C18:4n3 13.702 19.60
13. C20:0 14.224 20.00
14. C20:1n9 14.437 20.16
15. C20:1n7 14.536 20.24
16. C20:2n6 15.019 20.60

Component Calc. tR ECLs
(min.)

17. C20:3n6 15.375 20.85
18. C20:4n6 15.685 21.07
19. C20:3n3 15.928 21.24
20. C20:4n3 16.342 21.52
21. C20:5n3 16.714 21.77
22. C22:0 17.076 22.00
23. C22:1n9 17.393 22.16
24. C22:2n6 18.286 22.60
25. C21:5n3 18.752 22.83
26. C23:0 19.124 23.00
27. C22:4n6 19.419 23.13
28. C22:5n6 20.186 23.45
29. C22:5n3 21.035 23.80
30. C24:0 21.551 24.00
31. C22:6n3 21.848 24.11
32. C24:1n9 22.142 24.23

Product Listing

FAMEWAX ™ Columns

ID df (µm) Temp. Limits 30m

0.25mm 0.25 20 to 250°C 11120

0.32mm 0.25 20 to 250°C 11136

0.53mm 0.50 20 to 250°C 11137

Methods Development Software

Description cat.#

Pro ezGC™ (V1.0 for Windows®) 21487

Master Library Set 21460

Table II

ECL values for FAMEs in Menhaden Oil

Restek Trademarks: FAMEWAX, Rtx, and the Restek logo.
Other Trademarks: Pro ezGC (Analytical Innovations, Inc.), Windows (Microsoft Corporation).
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Dual-Column Confirmational GC Analysis of Blood Alcohols Using the
Rtx®-BAC1 and Rtx®-BAC2 Columns Optimized for the Perkin-Elmer
HS 40 Headspace Autosampler

Figure 1

Achieve baseline resolution of all blood alcohol components in less than 3 minutes using the Rtx®-BAC1 and Rtx®-BAC2
columns and a Perkin-Elmer HS 40 headspace autosampler.

Dual column analysis using a two-hole ferrule.
1.0mL headspace sample of a blood alcohol mix
Oven temp.: 40°C isothermal
Inj. temp.: 200°C
Carrier gas: He
Sample equilibration temp.: 70°C
Sample equilibration time: 15 min.
Vial pressure: 30psi
Vial pressurization time: 0.15 min.
Vial sampling time: 0.01 min.
Transfer line: 0.32mm ID FS
      Hydroguard™ tubing
Transfer line temp.: 200°C
Injection port sleeve: 2mm ID
Split flow: 20mL-per-minute.

                         Conc.
w/v

1. methanol 0.1%
2. acetaldehyde 0.2%
3. ethanol 0.2%
4. isopropanol 0.1%
5. acetone 0.01%
6. n-propanol 0.1%

30m, 0.32mm ID, 1.8µm
Rtx®-BAC1

(cat.# 18003)

30m, 0.32mm ID, 1.2µm
Rtx®-BAC2

(cat.# 18002)

Testing for the presence and subsequent quantitation of ethanol
in blood, breath, and urine are the highest volume tests per-
formed in forensic laboratories. In addition to ethanol, the
detection of several other significant alcohols and their metabo-
lites is necessary. Gas chromatographic (GC) assays provide the
greatest amount of flexibility and specificity in analyzing for
these volatile compounds. Direct injection of biological samples
into GC columns has been used in the past as the method of
sample introduction. This typically leads to column contamina-
tion and decreased performance. The incorporation of headspace
sampling into the method prevents the buildup of non-volatile
contamination at the head of the column and helps to maintain
consistent performance and extend column lifetime.

Analysis time and resolution are two critical factors when
developing a GC assay for ethanol. Analysis time for each
sample should be as short as possible, while still maintaining
baseline resolution for all analytes. Isothermal analysis is the
method of choice because it eliminates the cool-down period
between temperature programmed runs. Overall analysis time
can be reduced in isothermal analysis by raising the temperature
of the analysis or by increasing carrier gas flow rate. However, in
attempting to shorten the analysis time, either by increasing the
flow rate or by raising the temperature, many traditional capillary
column stationary phases fail to provide adequate resolution of
all of the components commonly tested during blood alcohol
analysis. Restek has designed two novel capillary column
stationary phases to meet all of these requirements.

Our experimentation focused on using these two unique station-
ary phases in combination with headspace sampling to provide
dual-column confirmational analysis of blood alcohol in less than
three minutes. The equipment used included a Perkin-Elmer
Auto SYS GC with a split injection port and dual-flame ioniza-
tion detectors, and the Perkin-Elmer HS 40 headspace
autosampler. Instrument control and data collection were
provided by using Perkin-Elmer Nelson Turbochrom software,
interfaced through a Perkin-Elmer Nelson Link 900.

The HS 40 uses a balanced pressure sampling procedure to
transport the sample to the GC. This type of sampling works better
with columns that require higher head pressure. 0.32mm ID
analytical columns were chosen for this application because of
their higher operating pressure. Optimal performance of these
columns during headspace analysis depends on GC/headspace
system set up. Band broadening can occur if there is excess dead
volume in the sample flow path between the sample valve and the
head of the column. Low volume inlet liners or interfaces in the
injection port should be used to reduce the amount of excess
volume at the exit end of the transfer line. A 2mm ID sleeve was
used in this analysis to reduce dead volume and maintain narrow
peak widths. High carrier gas flow rates through the transfer line
also can be used to maintain narrow sample bandwidths and
speed up sample transfer to the head of the column. A flow of
40mL-per-minute was used to optimize the analysis on the HS 40.
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Product Listing

Rtx®-BAC1 GC Columns

Length ID df (µm) cat.#

30m 0.53mm 3.0 18001

30m 0.32mm 1.8 18003

Rtx®-BAC2 GC Columns

Length ID df (µm) cat.#

30m 0.53mm 2.0 18000

30m 0.32mm 1.2 18002

Hydroguard™ Fused Silica Transfer Lines

Length ID OD cat.#

5m 0.18mm 0.34mm 10078

5m 0.25mm 0.37mm 10079

5m 0.32mm 0.45mm 10080

5m 0.53mm 0.69mm 10081

Splitless Sleeves for Perkin-Elmer GCs

Description each 5-pk. 25-pk.

2mm ID 20730 20731 20732

Auto SYS 2mm ID w/wool 20829 20830 20831

Auto SYS XL 2mm ID 21717 21718 ——

Dual-Column Analysis Replacement Ferrules

Two-hole Fits column Graphite Vespel®/
ferrule size ID Graphite

0.4mm (1/16") 0.25mm 20235 (5-pk.) 20241 (5-pk.)

0.5mm (1/16") 0.32mm 20235 (5-pk.) 20242 (5-pk.)

0.8mm (1/8") 0.53mm 20245 (5-pk.) 20246 (5-pk.)

Headspace Autosampler Vials & Seals

Description 100-pk. 1000-pk.

10mL clear vial, rounded bottom 21164 21165

silver seal w/PTFE/Silicone septa 21763 21764

Simulated blood alcohol samples were prepared and analyzed
using a modification of a procedure published by Christmore et
al.1 n-Propanol was used as the internal standard and was
prepared at a concentration of 0.03g/dL in 1.0M ammonium
sulfate as a diluent. Five milliliters of diluent was added to 1mL of
sample in a 20mL headspace vial.

Performance Results
The PE Auto SYS GC and HS 40 headspace autosampler,
combined with Restek’s Rtx®-BAC1 and Rtx®-BAC2 columns,
provided excellent accuracy and precision in the analysis of
blood alcohol. Calibration curves were constructed using
concentrations ranging from 0.01% to 0.5% ethanol. Correlation
coefficients above 0.999 were easily obtained for all compounds.
Response factor repeatability was less than +1% standard
deviation while analyzing six samples at a concentration of 0.2%

Restek Trademarks: Hydroguard, Rtx.
Other Trademarks: Vespel, E.I. du Pont de Nemours & Co., Inc.

ethanol. Based on our experimentation, a system detection limit
of 0.001% ethanol should be achievable while maintaining a
minimum signal-to-noise ratio of 10.

Conclusion
Successful dual-column confirmational blood alcohol analysis
can be achieved in less than 3 minutes by combining Restek’s
0.32mm ID Rtx®-BAC1 and Rtx®-BAC2 columns with the
Perkin-Elmer Auto SYS and HS 40 headspace autosampler.
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Feature

Highly base-deactivated silica.

Unique bonding technology
resists hydrolysis of bonded
phase.

Excellent batch-to-batch
consistency.

High carbon load phase.

Benefit

Excellent peak symmetry for basic
compounds.

More consistent retention times
and longer column lifetime.

Reproducible analyses.

Improved LC/MS sensitivity
and HPLC resolution.

Features & Benefits

Allure™ C18 high carbon
load phase is ideal for

LC/MS applications

800-356-1688

814-353-1300

The sensitivity of LC/MS analyses
is strongly affected by the percentage of
organic content in the mobile phase.
High organic content can greatly
increase LC/MS signal-to-noise ratio.
However, most commercial C18 phases
contain only 10 to 15% carbon load so that
less organic must be used in the mobile phase
to retain solutes. The Allure™ C18 phase
has a 27% carbon load, which results in
increased retention and increased LC/MS
sensitivity, even with high organic mobile
phases. In the LC/MS analysis of steroids,
the Allure™ C18 column shows a 26 % in-
crease in sensitivity when compared to a
conventional C18 phase (Figure 2).

Figure 1
Allure™ C18 separates all US EPA Method 8330 explosives in under 10 minutes.

Restek’s Allure™ C18 column is designed using a simple yet unique bonding
chemistry that offers improved resistance to hydrolysis and superior batch-
to-batch reproducibility. The high carbon load phase exhibits maximum
retention characteristics, making it ideal for liquid chromatography/mass
spectrometry (LC/MS) applications. The phase is bonded onto a highly
base-deactivated Type B silica, resulting in improved peak symmetry, even
for basic analytes. The Allure™ C18 column can be used to analyze a wide
range of compounds, from steroids and antibiotics to explosives (Figure 1).

Peak List:
1. HMX
2. RDX
3. 1,3,5-trinitrobenzene
4. 1,3-dinitrobenzene
5. tetryl
6. nitrobenzene
7. 4-amino-2,6-dinitrotoluene
8. 2-amino-4,6-dinitrotoluene
9. trinitrotoluene

10. 2,6-dinitrotoluene
11. 2,4-dinitrotoluene
12. 2-nitrotoluene
13. 4-nitrotoluene
14. 3-nitrotoluene

Sample:
Inj.: 5µL
Conc.: 50µg/mL
Solvent: water:methanol (1:1)
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Column: Allure™C18
Dimensions: 150 x 4.0mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: water:methanol

(45:55, v/v)
Flow: 1.0mL/min.
Temp.: 45°C
Det.: UV @ 254nm

LC_0065

Figure 2
AllureTM C18 Columns Show a

26% Increase in LC/MS Sensitivity for
Slightly Polar Steroids Compared to

Conventional C18

1
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3

0 1 2 3 4 min.

Column:
Catalog #: 9164552
Dimensions: 50 x 2.1mm
Particle size: 5µm
Pore size: 60Å

Conditions:
Scan range: 320-520amu
Flow rate: 0.4mL/min.
LC/MS Interface: Positive ion

ESI-TOF
Voltage: 3800V
Nozzle temp.: 160V
Nozzle volt.: 190V

Peak List
1. deoxycorticosterone

glucoside
2. deoxycorticosterone
3. deoxycorticosterone

acetate

LC_0111    Data Courtesy of Shane Needham, Pfizer Inc

Allure™ C18
H2O:MeOH (33:67)
4191.1 cps

Conventional C18
H2O:MeOH (40:60)
3324.0 cps



Dimensions cat.# qty.

10 x 2.1mm 916450212 3

10 x 4.0mm 916450210 3

20 x 4.0mm 916450220 2

Column 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#

30mm 9164532-700 9164533-700 9164535-700

50mm 9164552-700 9164553-700 9164555-700

100mm 9164512-700 9164513-700 9164515-700

150mm 9164562-700 9164563-700 9164565-700

200mm 9164522-700 9164523-700 9164525-700

250mm 9164572-700 9164573-700 9164575-700

Column 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#

30mm 9164531 9164532 9164533 9164535

50mm 9164551 9164552 9164553 9164555

100mm 9164511 9164512 9164513 9164515

150mm 9164561 9164562 9164563 9164565

200mm 9164521 9164522 9164523 9164525

250mm 9164571 9164572 9164573 9164575
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Allure™ C18

Restek is your free
technical literature source!

Application Notes:

(#59511A) Improved HPLC
Analysis of Analgesics

(#59512) The Ultra IBD Column Allows
HPLC Separation of Polar and Non-Polar

Analytes from the Same Sample

(#59510) HPLC Stationary Phase Selection
for the Analysis of Steroids

(#59118A) Allure™ PFP Propyl HPLC
Column Provides Improved LC/MS

Analyses of Basic Compounds

Commonly Asked Questions
• How is the Allure™ C18 column different from other C18 columns?
The Allure™ C18 column has a much higher carbon load, which increases
retention of non-polar compounds and improves LC/MS sensitivity. The unique
bonding chemistry produces a high ligand density, which resists hydrolysis.
These design benefits result in more consistent retention times and longer
lifetimes.

• What are the particle and pore sizes of the silica used for the Allure™ C18 phase?
The Allure™ C18 is made from a 5µm, spherical Type B silica with a 60 Angstrom
pore size.

• What are the pH and temperature limits for the Allure™ C18 phase?
The Allure™ C18 phase can be used from pH 2.5 to pH 7.5, and at temperatures
up to 80oC.

• How does Restek ensure phase reproducibility and column quality?
A minimum of three lots of material are produced and verified for consistency
using several analytical techniques. In addition, each lot of material must meet
stringent chromatographic reproducibility requirements before release, and each
column is individually tested before shipment.

• Are guard cartridges available for the Allure™ C18 columns?
Restek’s unique Trident™ guard cartridge system is available for the Allure™ C18
column. The integral leak-free design of the Trident™ system contains a cap frit
that can be replaced easily without disturbing the packed bed. The guard
cartridge, packed with the Allure™ C18 phase can be replaced easily. A stand-
alone guard column is also available.

Allure™ C18 5µm Columns

Allure™ C18 5µm Columns with Trident™ Inlet

Allure™ C18 Guard Cartridges

•  Call 814-353-1300 or
800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com
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Feature

Separates acids, bases,
zwitterions, and neutral
compounds.

Can be used with a wide range
of mobile phase polarity and pH.

Excellent batch-to-batch
consistency.

Highly retentive phase.

Benefit

One column can analyze a
wide range of compounds
simultaneously.

More flexibility with method
development.

Reproducible analyses.

Improved LC/MS sensitivity
and HPLC resolution.

Features & Benefits

800-356-1688

814-353-1300

Restek’s Ultra IBD (intrinsically based deactivated) phase exhibits
excellent peak shape and selectivity for acids, bases, zwitterions, and
polar compounds. In contrast to conventional C18 columns, the Ultra
IBD phase contains a polar functional group within the hydrocarbon
bonded chain. This allows the column to retain solutes not only by
hydrophobic interactions, but also by polar attraction forces between
the stationary phase and the analyte.

Restek’s Ultra IBD column
The Ultra IBD can operate under
both reverse and normal phase
conditions and retains compounds
across a wide range of mobile
phase compositions. Request a
copy of Restek’s Applications
Note cat. #59512, The Ultra IBD
Column Allows HPLC Separation
of Polar and Non-Polar Analytes
from the Same Sample, for more
detailed information.

Visit our website
at www.restekcorp.com and see our

growing compilation of
HPLC application chromatograms:

LC_0129 Adenine, Adenosine, ATP,
ADP, and AMP on Ultra IBD

LC_0130 Cystosine, Cytidine, CTP,
CDP, and CMP on Ultra IBD

LC_0131 Guanine, Guanosine, GTP,
GDP, and GMP on Ultra IBD

LC_0132 Thymine, Thymidine, TTP,
TDP, and TMP on Ultra IBD

LC_0130 Uracil, Uridine, UTP, UDP,
and UMP on Ultra IBD

Figure 1a
Restek’s Ultra IBD column exhibits excellent peak shape for acidic
and basic compounds at a neutral pH.

LC_0056

Peak List: Conc.(µg/mL)
1. uracil 5
2. benzoic acid 50
3. maleate 5
4. trimipramine 50
5. nortriptyline 50
6. amitriptyline 50

Sample:
Inj.: 10µL

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM KxHyPO4

pH 7:acetonitrile
(65:35, v/v)

Flow: 1mL/min.
Temp.: 30°C
Det.: UV @ 254nm

0 5 10 15 20 25 min.

1
6
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3
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5
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Ultra IBD

Figure 1b
Restek’s Ultra IBD column exhibits excellent peak shape for acidic and basic compounds at an acidic range of pH.

Peak List: Conc. (µg/mL)
1. uracil 5
2. unknown
3. maleate 5
4. benzoic acid 50
5. nortriptyline 50
6. amitriptyline 50
7. trimipramine 50

Sample:
Inj.: 10µL
Solvent: mobile phase

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: 20mM KH2PO4

pH 3:acetonitrile
(70:30, v/v)

Flow: 1mL/min.
Temp.: 30°C
Det.: UV @ 254nm

 0 2 4 6 8 10 min.

LC_0057

1

6

4

3
2

5

7

Peak shape of basic compounds on bonded phase silica can be
improved by lowering the pH to protonate active silanols. However,
doing so can cause problems with some samples that are labile at acidic
pH conditions. The Ultra IBD column performs well even under neutral
pH mobile phase conditions. Figures 1a and 1b show the separation of
acidic and basic compounds under neutral and acidic mobile phase
conditions. The two elution order reversals between Figures 1a and 1b
demonstrate how selection of pH can be used to alter selectivity.

Peak List:
1. aldicarb sulfoxide
2. aldicarb sulfone
3. oxamyl
4. methomyl
5. 3-hydroxycarbofuran
6. aldicarb
7. propoxur
8. carbofuran
9. carbaryl

10. methiocarb

Sample:
Inj.: 5µL
Solvent: methanol
Conc.: 1mg/mL each

component

Column: Ultra IBD
Catalog #: 9175565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: water:methanol

(80:20 to 20:80
in 15 minutes)

Flow: 1mL/min.
Temp.: ambient
Det.: UV @ 220nm

Figure 2
Ultra IBD shows great selectivity for Carbamates.

LC_0134 0 2 4 6 8 10 12 14 16 18 min.

1 6

4
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Commonly Asked Questions

• Why is the Ultra IBD different from other HPLC columns?
The Ultra IBD phase incorporates a polar functional group within the
hydrocarbon chain, resulting in a column that exhibits excellent peak
shape for acids, bases, zwitterions, and neutral compounds. The unique
chemistry of this phase allows compounds to be retained by both
hydrophobic and polar interactions.

• What advantage does the Ultra IBD offer for LC/MS analyses?

Mobile phases with high aqueous content are required to obtain adequate
retention of polar analytes with most conventional reverse phase
packings. However, mobile phases with high aqueous content can cause
sensitivity loss in LC/MS analyses. The polar interaction of the Ultra
IBD phase provides excellent retention with higher organic content
mobile phases, and also greatly reduces or eliminates the need for
mobile phase modifiers that are often required to obtain symmetrical
peaks and/or sufficient retention when analyzing highly polar com-
pounds with other columns. This makes the Ultra IBD much more
compatible with MS detection than traditional straight chain alkyl
stationary phases.

• What are the particle and pore sizes of the silica used for the
Ultra IBD  phase?

The Ultra IBD is offered in both 3 and 5µm, spherical Type B silica
with a 100 Angstrom pore size.

• What are the pH and temperature limits for the Ultra IBD
phase?

The Ultra IBD phase can be used from pH 2 to pH 8 and at tempera-
tures up to 80oC.

• Are guard columns available for the Ultra IBD columns?

Restek’s unique Trident™ guard column system is available for the Ultra
IBD column.  The integral leak-free design of the Trident™ system
contains a cap frit that can be replaced easily without disturbing the
packed bed.  The guard cartridge, packed with the Ultra IBD phase also
can be replaced easily as needed.

At-a-Glance
Product
Information
from Restek

Ultra IBD

Restek is your free
technical literature source!

Application Notes:

(#59511) Improved HPLC
Analysis of Analgesics

(#59512) The Ultra IBD Column Allows
HPLC Separation of Polar and Non-Polar

Analytes from the Same Sample

(#59510) HPLC Stationary Phase Selection
for the Analysis of Steroids

(#59118) Allure™ PFP Propyl HPLC Column
Provides Improved LC/MS Analyses of

Basic Compounds

(#59141) Analyze Nucleotides,
Nucleosides, Purine, and Pyrimidine Bases
Simultaneously with the Ultra IBD Column

(#59398) Analysis of Preservatives
Using HPLC

•  Call 814-353-1300 or
800-356-1688, ext. 5

•  Fax 814-353-1309

•  Online www.restekcorp.com

www.restekcorp.com

800-356-1688

814-353-1300
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Ultra IBD

Column 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#

30mm 9175531 9175532 9175533 9175535

50mm 9175551 9175552 9175553 9175555

100mm 9175511 9175512 9175513 9175515

150mm 9175561 9175562 9175563 9175565

200mm 9175521 9175522 9175523 9175525

250mm 9175571 9175572 9175573 9175575

Ultra IBD 5µm Columns

Column 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#

30mm 9175532-700 9175533-700 9175535-700

50mm 9175552-700 9175553-700 9175555-700

100mm 9175512-700 9175513-700 9175515-700

150mm 9175562-700 9175563-700 9175565-700

200mm 9175522-700 9175523-700 9175525-700

250mm 9175572-700 9175573-700 9175575-700

Ultra IBD 5µm Columns with Trident™ Inlet

Dimensions cat.# qty.

10 x 2.1mm 917550212 3

10 x 4.0mm 917550210 3

20 x 4.0mm 917550220 2

Ultra IBD Guard Cartridges

Column 1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#

30mm 9175331 9175332 9175333 9175335

50mm 9175351 9175352 9175353 9175355

100mm 9175311 9175312 9175313 9175315

150mm 9175361 9175362 9175363 9175365

Ultra IBD 3µm Columns

Column 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.#

30mm 9175332-700 9175333-700 9175335-700

50mm 9175352-700 9175353-700 9175355-700

100mm 9175312-700 9175313-700 9175315-700

150mm 9175362-700 9175363-700 9175365-700

Ultra IBD 3µm Columns with Trident™ Inlet
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Introduction
The cleaning products industry is a multi-billion dollar industry.1 The average consumer
uses a wide range of products to promote both personal and public heath. Of the prod-
ucts used in one’s home, there are several basic categories: personal cleansing, laundry,
dishwashing, and household cleaning. These products are designed to improve personal
hygiene, reduce levels of microorganisms, and improve personal appearance.

As with all consumer products, there is a need to test both final products and raw mate-
rials. This helps to ensure consistent product performance, as well as personal and envi-
ronmental safety. Quantifying individual components also is useful for optimizing the
manufacturing process, for determining product shelf life, and for comparing competi-
tive products.

Chromatographic techniques such as gas chromatography (GC) and high pressure liquid
chromatography (HPLC) are powerful tools in the analysis of cleaning and personal
care products. In this technical guide, we explore how GC and HPLC can be used to
quantify components of these important products. For GC assays, general detectors,
such as the flame ionization detector (FID), or more information-rich detectors, such as
the mass spectrometer (MS), can be used. GC/MS is particularly useful for analyzing
complex formulations, such as fragrance blends, and for identifying unknown compo-
nents or contaminants. HPLC is applicable to a wide range of personal care product
ingredients, such as antimicrobial agents, preservatives, and some surfactants. In gener-
al, UV-visible or light-scattering detectors can be used.

Product Types
Cleaning and personal care products can
be categorized in a number of ways. The
Soap and Detergent Association (SDA)2

groups soaps and detergents into four
general categories: personal cleansing,
laundry, dishwashing, and household
cleansing. Personal cleansing products
include liquid and bar soaps, and heavy
duty cleaners. Laundry detergents and
laundry cleaning aids can be purchased
in a variety of forms: powders, gels, liq-
uids, sprays, and sheets. In addition to
dirt and stain removal, they are used to
bleach, soften, and freshen laundry.
Dishwashing products also are marketed
in a variety of forms: liquids, gels, and
powders. Although they fall within the
same category, hand dishwashing deter-
gents and automatic dishwashing deter-
gents generally have different formula-
tions, as conditions for their use are quite
different.

Household cleaners include a wide vari-
ety of products, as no single product will
work well on all surfaces and soils. All-
purpose cleaners are intended for general
use, and can be used on a variety of sur-
faces, including various combinations of
plastic, paint, metal, porcelain, glass, and
wood. Specialty cleaners, for more spe-
cific applications, include products for
glass, tubs and tile, ovens, toilet bowls,

Index:
Introduction . . . . . . . . . . . . . . . . . . . . 2
Product Types. . . . . . . . . . . . . . . . . . . 2
Basic Ingredients in Cleaning and
Personal Care Products. . . . . . . . . . . . 2

Surfactants and Builders . . . . . . . . 2
Solvents . . . . . . . . . . . . . . . . . . . . 3
Acids. . . . . . . . . . . . . . . . . . . . . . . 6
Alkalis . . . . . . . . . . . . . . . . . . . . . 7
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or rugs and upholstery. Abrasive cleaners
contain small mineral or metal particles
for removing heavy soil loads from small
areas. For unclogging kitchen and bath-
room drains, drain openers incorporate
caustic ingredients that generate heat to
melt fatty deposits and chemicals that
oxidize soil deposits.

In addition to these cleaning products, a
wide range of products promote personal
hygiene: deodorants, mouthwashes, oral
hygiene products, moisturizing lotions,
and more. These products contain ingre-
dients to cleanse, disinfect, deodorize,
moisturize, and/or scent the user.

Basic Ingredients in Cleaning and
Personal Care Products
Surfactants and Builders
The major components of cleaning prod-
ucts are surfactants and builders.1

Surfactants (surface active agents) are
used to reduce the surface tension of
water, enabling the cleaning solution to
more efficiently wet the surface to be
cleaned. Without the surfactant, water's
high surface tension causes it to bead on
a surface, and cleaning is much more dif-
ficult. In addition, surfactants emulsify
oils and other soils, and hold them in
solution so they can be rinsed away.
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Figure 1
Triton® X-100 surfactant separated by
number of ethylene oxide units on an

MXT®-1 column.

Surfactant-containing solutions can be
applied to a wide variety of surfaces,
including tile, ceramic, and cloth - and
hair. Builders often are used to increase
the effectiveness of a surfactant. Builders
reduce water hardness by “tying up”
hardness minerals, through chelation
with the minerals or by forming an insol-
uble precipitate. Examples of
builders/chelating agents include sodium
citrate (the sodium salt of citric acid) and
ethylenediamine tetraacetic acid (EDTA).
Other builders, such as sodium carbon-
ate, reduce water hardness by forming
insoluble precipitates (e.g., calcium car-
bonate).

Surfactants generally are classified by
their ionic properties in water. Anionic
surfactants, such as alcohol ethoxylates,
alkyl sulfates, and soaps, are negatively
charged in solution. Anionic surfactants
are used in laundry detergents and some
dishwashing detergents, household clean-

ers, and personal cleaning products.
Cationic surfactants, such as quaternary
ammonium compounds, carry a positive
charge in solution. They are used in
products such as fabric softeners.
Amphoteric surfactants, which can be
either positively or negatively charged,
often are used in personal cleansing
products, due to their mildness.
Nonionic surfactants, such as alcohol
ethoxylates, are uncharged in solution;
they are used in laundry detergents and
automatic dishwasher detergents. An
example analysis of a nonionic surfac-
tant, Triton® X-100, an octylphenol eth-
ylene oxide with an average of 9.5 ethyl-
ene oxide units per molecule, is shown
in Figure 1. This surfactant can be ana-
lyzed by GC, using a nonpolar phase,
such as MXT®-1.

As described above, soaps are anionic
surfactants. Basically, soaps are sodium
or potassium salts of fatty acids, pro-
duced by reacting animal or vegetable
fats or oils with a strong alkali. The fat
or oil, in its original form, consists pri-
marily of triglycerides—three fatty acids
attached to a glycerol backbone. After
conversion to the soap —saponifica-
tion—there is both a hydrophilic (car-

min. 4 8 12 16 20

GC_CH00358

MXT®-1, 30m, 0.28mm ID, 0.10µm (cat.# 70109)
Inj.: 1.0µL split injection of Triton®

X-100 (40:1) in methylene
chloride

Oven temp.: 150°C to 400°C @ 15°C/min. 
(hold 10 min.)

Inj. / det. temp.: 250°C / 400°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec.
FID sensitivity: 102 x 10-11 AFS
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Figure 2
Free fatty acids analysis saves time and materials, relative to preparing and analyzing

fatty acid methyl esters.

GC_CH00283

1. C2:0 - acetic acid
2. C3:0 - propionic acid
3. C4:0 - butyric acid
4. C5:0 - valeric acid
5. C6:0 - caproic acid
6. C7:0 - heptanoic acid
7. C8:0 - caprylic acid
8. C10:0 - capric acid
9. C12:0 - lauric acid

10. C14:0 - myristic acid
11. C15:0 - pentadecanoic acid
12. C16:0 - palmitic acid
13. C16:1 - palmitoleic acid
14. C18:0 - stearic acid
15. C18:1 - oleic acid
16. C18:2 - linoleic acid
17. C18:3 - linolenic acid

Stabilwax®-DA, 30m, 0.53mm ID, 0.25µm (cat.# 11025)
Inj.: 0.5µL direct injection of a 5mg/mL standard
Oven temp.: 100°C (hold 2 min.) to 250°C @ 8°C/min.
Inj. & det. temp.: 280°C
Carrier gas: helium
Linear velocity: 40cm/sec. (flow rate: 5.2cc/min.)
FID sensitivity: 8 x 10-11 AFS

boxylate group) and a hydrophobic end
(alkyl chain) to the molecule. Water, a
polar molecule, can now interact with
the hydrophilic alkyl chains, while the
alkyl chain can interact with relatively
non-polar surfaces such as countertops,
tile, or skin.

Fatty acids that make up a soap can be
analyzed either in the free fatty acid
form or after derivatization to the methyl
esters (FAMEs). Figure 2 shows an
analysis of free fatty acids by GC, using
a Stabilwax®-DA capillary column. The
acid-deactivated phase in the Stabilwax®

DA column gives excellent peak shapes
for free fatty acids. Figure 3 is an analy-
sis of fatty acids as methyl esters, sepa-
rated on an Rtx®-Wax column. FAMEs
also can be easily quantified by using a
Stabilwax® column.

Solvents
Solvents are used primarily to dissolve
organic soils. They also clean without
leaving residue, making them very use-
ful in products such as glass cleaners.
The main criterion for cleaning product
solvents is water miscibility, as the sol-
vent must form a solution with the other
water-soluble components. Alcohols and

Excellent peak shapes
for free fatty acids

www.restekcorp.com
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Figure 4
Alcohols, glycols, and other cleaning solvents can be quantified, using an Rtx®-Wax colum.

Figure 3
FAMEs analysis on an Rtx®-Wax column.

GC_FF00538

Rtx®-Wax, 30m, 0.25mm, 0.25µm (cat.# 12423)
Inj.: 1µL split injection (100:1) of FAME standard; see peak list
Oven temp.: 120°C (hold 3 min.) to 220°C at 20°C/min. (hold 12 min.)
Inj./det. temp.: 250°C/300°C
Carrier gas: helium
Linear velocity: 1mL/min. (34 cm/sec.)

Conc. 
Peak List (mg/mL)

1. methyl caproate (C6:0) 0.4
2. methyl caprylate (C8:0) 0.4
3. methyl nonanoate (C9:0) 2.0
4. methyl caprate (C10:0) 0.4
5. methyl laurate (C12:0) 5.0
6. methyl myristate (C14:0) 2.0
7. methyl palmitate (C16:0) 2.0
8. methyl palmitoleate (C16:1) 0.4
9. methyl stearate (C18:0) 0.4

10. methyl oleate (C18:1) 5.0
11. methyl linoleate (C18:2) 1.0
12. methyl linolenate (C18:3) 0.4

Rtx®-Wax, 30m, 0.32mm ID, 0.25µm (cat.# 12424)
Sample: 1% each solvent in methanol
Inj.: 1.0µL split (split ratio 100:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow  
Flow rate: 3.0 mL/min.
Oven temp.: 35°C (4 min. hold) to 85°C @ 3°C/min., to 200°C @ 15°C/min. (2 min. hold)
Det.: FID @ 250°C

1. methanol
2. iso-propanol
3. ethanol
4. n-propanol
5. iso-butanol
6. n-butanol
7. methyl Cellosolve®

8. limonene
9. Cellosolve®

10. butyl Cellosolve®

11. dipropylene glycol monomethyl ether (DPGMME)
12. diethylene glycol ethyl ether (DEGEE)
13. ethylene glycol
14. tripropylene glycol monomethyl ether (TPGMME)
15. phenyl Cellosolve®

GC_FF00644

Plus 1™ Service
Plus 1™ service means we will surpass
your expectations every time you contact
us! You’ll get Plus 1™ service when you
ask our experienced Technical Service
team to help solve a tough analytical
problem. Out efficient Customer Service
team will provide Plus 1™ service even
when you place a late-in-the-day order.
Keep reaching for Restek products and
service, and we will provide you with
Plus 1™ quality and attention.
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Figure 6
Quantify volatile ingredients in an all-purpose cleaner, using an Rtx®-VMS column.

Figure 5
Excellent, alternative selectivity for cleaning solvents, using an Rtx®-VMS column.

 

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: 1% each solvent in methanol
Inj.: 1.0µL split injection (100:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @ 4°C/min.,

to 145°C @ 2°C/min., to 210°C @ 15°C/min.,
to 230°C @ 5°C/min. 

Det.: FID @ 250°C

1. methanol
2. ethanol
3. iso-propanol
4. tert-butanol
5. n-propanol
6. iso-butanol
7. methyl Cellosolve®

8. n-butanol
9. Cellosolve®

10. ethylene glycol
11. butyl Cellosolve®

12. limonene
13. dipropylene glycol monomethyl ether (DPGMME)
14. diethylene glycol ethyl ether (DEGEE)
15. phenyl Cellosolve®

16. tripropylene glycol monomethyl ether (TPGMME)

GC_FF00645

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: Approx. 5% sample in methanol
Inj.: 1.0µL split injection (100:1), 4mm inlet liner (cat.# 20814)
Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @ 4°C/min. to 145°C @

2°C/min. to 210°C @ 15°C/min. to 230°C @ 5°C/min.
Det.: FID @ 250°C

GC_FF00646

1. butyl Cellosolve®

2. limonene

High initial temperature,
for faster results

Excellent resolution of
short-chain alcohols

www.restekcorp.com
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Figure 10
Glycols on a uniquely selective trifluoropropyl phase column.

Figure 9
Glycols on a Stabilwax® column.

Figure 8
Glycols and alcohols on an

ultra-low-bleed column.

6

www.restekcorp.com

glycols are popular choices. Cleaning sol-
vents can be resolved using an Rtx®-Wax
column (Figure 4) or an Rtx®-VMS col-
umn (Figure 5). The latter column gives
excellent selectivity and peak shape for a
wide range of cleaning solvents.
Analysis of an all-purpose cleaner is
shown in Figure 6, and a glass cleaner is
shown in Figure 7. Analyses of glycols
and alcohols are shown in Figures 8–10.

Acids
Organic acids, such as acetic and citric
acids, are used to reduce the pH of
cleaning products, to remove mineral
build-up. Inorganic acids, such as
hydrochloric, phosphoric, and sulfuric
acid also can be included in a formula-
tion. Organic acids can be analyzed
either by HPLC or by GC, but HPLC is
a better technique for dicarboxylic acids.
Figure 11 shows a separation of organic
acids on an Ultra Aqueous C18 HPLC
column. A GC analysis of short-chain
free fatty acids is shown in Figure 12.

Rtx®-VMS, 60m, 0.25mm ID, 1.4µm (cat.# 19916)
Sample: Approx. 5% sample in methanol
Inj.: 1.0µL split injection (100:1),

4mm inlet liner (cat.# 20814)
Inj. temp.: 250°C
Carrier gas: hydrogen, constant flow  
Flow rate: 1.5 mL/min.
Oven temp.: 60°C (1 min. hold) to 138°C @

4°C/min. to 145°C @ 2°C/min. to
210°C @ 15°C/min. to 230°C
@ 5°C/min.

Det.: FID @ 250°C

1. iso-propanol
2. butyl Cellosolve®

GC_FF00647

Figure 7
Glass cleaner on an Rtx®-VMS column.

1. n-butyl alcohol
2. ethylene glycol
3. propylene glycol
4. butyl Cellosolve®

5. butyl carbitol2

3

1 4

5

GC_CH00327
min. 4 8

XTI®-5, 30m, 0.53mm ID, 1.0µm (cat.# 12255)
Inj.: 1.0µL direct injection of glycols

and alcohols, 100ppm each
Oven temp.: 40°C to 185°C @ 15°C/min.

(hold 5 min.)
Inj. / det. temp.: 150°C / 200°C
Carrier gas: helium
Linear velocity: 40cm/sec. (flow rate: 5cc/min.)
FID sensitivity: 8 x 10-11 AFS

Stabilwax®, 30m, 0.53mm ID, 1.0µm (cat.# 10655)
Inj.: 1.0µL direct injectionof ethylene

glycol and propylene glycol,
100 ppm each, in water. Open-top
Uniliner® direct injection liner
without wool (cat.# 20843-205).

Septum purge: 5.0cc/min.
Oven temp.: 80°C (hold 1 min.) to 200°C @

8°C/min. (hold 5 min.)
Inj./det. temp.: 225°C/250°C
Carrier gas: helium
Linear velocity: 50cm/sec.
Detector: FID

min.8.0 9.0 10.0 11.0

~~
1. propylene glycol
2. ethylene glycol

1

2

GC_EV00546

min. 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

1

2

1. ethylene glycol
2. propylene glycol

Rtx®-200, 30m, 0.53mm ID, 1.0µm (cat.# 15055)
Inj. / det. temp.: 220°C / 270°C
Oven temp.: 80°C (hold 1 min.) to 200°C

@ 8°C/min. (hold 3 min.)
10psi pressure

GC_EV00445
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Figure 13
Ethanolamines on a base-deactivated column.

Figure 11
Organic acids on an Ultra Aqueous C18

HPLC column.

Peak List: Conc. (µg/mL)
1. malonic acid 500
2. lactic acid 500
3. acetic acid 1000
4. citric acid 1000
5. succinic acid 2000
6. fumaric acid 10

Sample:
Solvent: HPLC-grade water
Inj.: 10µL

Column: Ultra Aqueous C18
Catalog #: 9178565 
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: 50mM potassium 

phosphate, pH 2.5:
acetonitrile (99:1)

Flow: 1.5mL/min.
Temp.: 25°C
Det.: UV @ 210nm

LC_0140

1

2

3

4

5

6

0 1 2 3 4 5 min.

Figure 12
Organic Acids on a Stabilwax®-DA

column.

Stabilwax®-DA, 30m, 0.25mm ID, 0.25µm
(cat.# 11023)
Inj.: 1.0µL split injection (50:1) of a

free acid standard, approximately
10 to 20ng/µLeach analyte

Oven temp.: 145°C
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec.
FID sensitivity: 2 x 10-11 AFS

GC_CH00280

min. 4 8 12

9

8
7

6

5

4

1

3

2

1. acetic acid
2. propionic acid
3. isobutyric acid
4. n-butyric acid
5. isovaleric acid
6. n-valeric acid
7. isocaproic acid
8. caproic acid
9. heptanoic acid

Alkalis
Products with higher pH are useful for
dissolving fatty or oily soils. Alkalis, or
bases, are used to neutralize acidic ingre-
dients, or to raise the pH. Suitable alka-
lis include ethanolamines, ammonium
hydroxide, and sodium silicate. The
more basic compounds, such as
ethanolamines, can be analyzed by GC,
but a base-deactivated column should be
used. Ethanolamines analysis on an
Rtx®-5 Amine capillary GC column is
shown in Figure 13.

Antimicrobial Agents
Antimicrobial agents are included in
soaps, detergents, health and skincare
products, and household cleaners. By
controlling microbial growth, they con-
trol disease and odor. More than 300
active ingredients currently are used to
control microorganisms.3 These agents
can be categorized as sterilizers, disin-
fectants, sanitizers, or antiseptics/germi-
cides. Sterilizers are used to eliminate
fungi, viruses, and bacteria; disinfec-
tants, to destroy or control fungi and
bacteria, but not necessarily their spores;
sanitizers, to reduce microorganisms on
surfaces. Antiseptics or germicides are
used on living people and animals. In the
United States, a product used in or on
the body, or in processed food, is regu-

1

2

3

4

min. 5 10

1. monoethanolamine
2. diethanolamine
3. triethylene glycol monomethylether (IS)
4. triethanolamine

Rtx®-5 Amine, 15m, 0.25mm ID, 0.50µm
(cat.# 12335)
Inj.: 1.0µL split injection (58:1)

of ethanolamines in
methanol; on-column conc.
34ng each analyte

Oven temp.: 50°C (hold 2 min.) to
180°C @ 10°C/min.
(hold 2 min.)

Inj. & det. temp.: 280°C / 300°C
Carrier gas: hydrogen
Linear velocity: 43cm/sec. set @ 50°C
FID sensitivity: 6.4 x 10-11 AFS

GC_CH00296

The Ultra Aqueous C18 column is
an excellent choice when using
highly aqueous mobile phases.
Embedded polar groups prevent

collapse of the alkyl chains—even
in 100% aqueous environments.

See page 12 for more information.

www.restekcorp.com
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Figure 15
Resolution and symmetric peaks for sorbic and benzoic acids on an

Ultra Phenyl HPLC column.

lated by the Food and Drug
Administration (FDA). Other products
fall under the guidelines of the US
Environmental Protection Agency (EPA).
Examples of antimicrobial agents are:
quaternary ammonium compounds, sodi-
um hypochlorite, organic acids, alcohols,
iodine, Triclosan, and 4-chloro-3,5-
dimethylphenol (para-chloro-meta-
xylanol/PCMX). A PCMX assay by
HPLC is shown in Figure 14; Figure 15
demonstrates the separation of benzoic
and sorbic acids on an Ultra Phenyl
HPLC column.

Preservatives
Preservatives are used to extend product
shelf life. Examples of preservatives
used in cleaning and personal care prod-
ucts are BHT (3,5-di-tert-butyl-4-
hydroxytoluene), BHA (2- & 3- tert-
butyl-4-hydroxyanisole), EDTA (ethyl-
enediamine tetraacetic acid), and glu-
taraldehyde. BHT and BHA are phenolic
antioxidants that can be very effective,
even at low concentrations. These com-
pounds can be analyzed either by GC
(Figure 16) or by HPLC (Figure 17).

LC_0150

Sample:
Inj.: 10µL
Conc.: 100 ppm sorbic acid,

200 ppm benzoic acid
Solvent: mobile phase

Column: Ultra Phenyl
Catalog #: 9105565
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 100Å

Conditions:
Mobile phase: 1% acetic acid:methanol 

(80:20, v/v)
Flow: 1.2 mL/min.
Temp.: ambient
Det.: UV @ 245nm

0 2 4 6 8 10 12 14 16 18 min.

2

1

Figure 14
PCMX in hand soap on a Pinnacle™ DB C18 HPLC column.

1. sorbic acid
2. benzoic acid

0 2

1

4 6 8 min.

Peak List:
1. PCMX (4-chloro-3,5-dimethylphenol)

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: water:methanol (35:65 v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @  280nm

Sample:
Inj.: 10µL
Conc.: 5% solution of hand soap in methanol
Sample Diluent: methanol
Sample Temp.: ambient

LC_0293
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Figure 17
Phenolic preservatives, including BHA and BHT,

on a Pinnacle II™ C18 HPLC column.

Figure 16
Preservatives BHA and BHT on an  Rtx®-50 intermediate polarity column.

Rtx®-50, 30m, 0.53mm ID, 0.50µm (cat.# 10540)
Sample: 50ppm each analyte in

methanol 
Inj.: 1.0µL direct, gooseneck

splitless inlet liner, 4mm
(cat.# 20798)

Inj. temp.: 280°C
Carrier gas: helium, constant pressure  
Linear velocity: 60cm/sec. @ 50°C
Oven temp.: 50°C to 240°C @15°C/min.

(hold 3 min.)
Det.: FID @280°C

GC_FF00630

1. BHA
2. BHT

LC_0198

1

2

3

4

0 2 4 6 8 10 12 14 16 18 min.

Peak List: Conc. (ppm)
1. propyl gallate 168
2. TBHQ 182
3. 2-BHA + 3-BHA 197
4. BHT 193

Sample:
Inj.: 10µL
Conc.: see peak list
Solvent: methanol

Column: Pinnacle II™ C18
Catalog #: 9214565  
Dimensions: 150 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: A = 1% acetic acid

B = methanol
Time B
(min.) (%)

0 50
4 50
10 90
25 90
26 50

Flow: 1.0mL/min
Temp.: 30°C  
Det.: UV @ 280nm

Secure, Reliable Column-to
Column Connections
Use a Vu2  Union™ connector when
you:
• Connect a guard column to an analyti-

cal column.
• Connect a column to a transfer line or

restrictor line.
• Connect two columns in a series.
• Repair a broken column.

Vu2 Union™ Connector Kits
Kits include: Vu2 Union™ body, 2 knurled
nuts, 2 Press-Tight® unions, and 4 ferrules

Fits Column ID qty. cat.#
0.15–0.25mm kit 21105
0.28/0.32mm kit 21106
0.45/0.50 & 0.53mm kit 21107
Knurled nut 2-pk. 21108

hanger

body
ferrule

knurled
nut

Press-Tight® Union

fused silica
column, guard

column or
transfer line

The Vu2 Union™ connector’s open design allows
visual confirmation of the seal; secondary seals
ensure a leak-tight connection.

Questions?
Contact Restek’s Technical Service
Team! We have answers to your
toughest analytical questions.
Call 800-356-1688 or 814-353-1300,
ext. 4, email us at
support@restekcorp.com or contact your
local Restek representative.
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Figure 18
Personal care product fragrance compounds on an Rtx®-1 column.

Rtx®-1, 60m, 0.25mm ID, 0.25µm (cat.# 10126)
Sample: 130ppm eucalyptus oil

250ppm camphor
260ppm menthol in methanol

Inj.: 1.0µL split injection (20:1),
4mm inlet liner (cat.# 20814)

Inj. temp.: 275°C
Carrier gas: helium, constant flow  
Flow rate: 0.6 mL/min.
Oven temp.: 80°C to 180°C @5°C/min.
Det.: FID @300°C

1. eucalyptol
2. camphor
3. menthol

GC_FF00633

2 3 5

19

GC_FF00138
min. 2 4 6 8 10 12 14 16 18 20 22 24 26 28

1

4

6

9

7,8

11
10

12

13

14
15

16

17

18

20
21 22

23
24 25

26

27,28

29

30
31

32

33

34

35

36

38

37

1. heptanol
2. α-thujene
3. α-pinene
4. camphene
5. sabinene
6. β-pinene
7. 6-methyl-5-hepten-2-one
8. myrcene
9. octanal

10. α-phellandrene
11. 3-carene
12. α-terpinene
13. p-cymene
14. limonene
15. γ-terpinene
16. octanol
17. terpinolene
18. linalool
19. nonanal
20. citronellal
21. terpinene-4-ol
22. α-terpineol
23. decanol
24. octyl acetate
25. nerol
26. neral
27. carvone
28. geraniol
29. geranial
30. nonyl acetate
31. citronellyl acetate
32. neryl acetate
33. geranyl acetate
34. dodecanal
35. β-caryophyllene
36. trans-α-bergamotene
37. α-humulene
38. β-bisabolene

Rtx®-5, 30m, 0.32mm ID, 0.25µm (cat.# 10224)
Inj.: wet needle split injection (100:1) of neat lemon oil
Oven temp.: 75°C (hold 8 min.) to 250°C @ 4°C/min.
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. (flow rate: 3.2cc/min.) 
FID sensitivity: 2 x 10-11 AFS

Fragrances & Colorants
Fragrances and colorants give a unique
look or scent to a product. Blue dyes or
pigments—bluing agents—absorb in the
yellow region of the spectrum, masking
age- and use-associated yellowing of
clothing and bedding, and making these
articles look brighter. Colorants also
make a product “seen” in use, as in toilet
bowl cleaners and floor sanitizers.
Fragrances disguise odors from soils, or
from the product itself, as well as pro-
vide the desired scent. In general, GC is
effective for monitoring or identifying
fragrance components. Examples of fra-
grance assays by GC are shown in
Figures 18–20.

Figure 19
A complex fragrance, lemon oil, resolved on an Rtx®-5 column.
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Figure 20
Peppermint oil components resolved on an MXT®-WAX column.

1

2

3

4

5

6

7

8

9

10
11

12

13

14,15

16

17

18 19

20

21

22

23

24

25
26

27

28

29

min. 4

GC_FF00141

1. α-pinene
2. β-pinene
3. sabinene
4. myrcene
5. α-terpinene
6. l-limonene
7. 1,8-cineole
8. cis-ocimene
9. γ-terpinene

10. p-cymene
11. terpinolene
12. 3-octanol
13. 1-octen-3-ol
14. l-menthone
15. trans-sabinenehydrate

16. menthofuran
17. d-isomenthone
18. β-bourbonene
19. linalool
20. menthyl acetate
21. neo-menthol
22. β-caryophyllene
23. terpinene-4-ol
24. l-menthol
25. pulegone
26. α-terpineol
27. germacrene-∆
28. piperitone
29. viridiflorol

MXT®-WAX, 30m, 0.28mm ID, 0.50µm (cat.# 70639)
Inj.: 1.0µL split injection (50:1) of peppermint oil
Oven temp.: 75°C (hold 4 min.) to 240°C @ 4°C/min.
Inj. & det. temp.: 250°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. set @ 75°C
FID sensitivity: 16 x 10-11 AFS

Miscellaneous Ingredients
Other ingredients used in cleaning, sani-
tizing, and personal care products
include abrasives, such as quartz or
sand; anti-redeposition agents, such as
carboxymethylcellulose, that prevent
soils from resettling on cleaned surfaces;
bleach (e.g., sodium hypochlorite), for
whitening and stain removal; enzymes,
for removing specific soils, such as pro-
teins; and fabric softeners, such as qua-
ternary ammonium compounds.

Summary
A wide and disparate list of ingredients
is used in cleaning and personal care
products, to solubilize soils, wet sur-
faces, mask odors, or perform a variety
of other functions. Gas chromatography
and liquid chromatography are used to

monitor specific components, to ensure
product quality. Restek chromatographic
columns and supplies ensure peak per-
formance of these chromatographic
assays. For assistance with your specific
applications, please call Restek’s
Technical Service Team at 800-356-1688
or 814-353-1300, ext. 4, or email us at
support@restekcorp.com. We will be
happy to work with you.

References
1. Branna, Tom The I&I Market in

Happi, Nov. 2000.
2. The Soap and Detergent Association.

www.sdahq.org 
3. US Environmental Protection Agency.

www.epa.gov/pesticides/citizens/
antimic.htm 
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Ultra Phenyl 5µm Columns (USP L11)
Physical Characteristics:
particle: 5µm spherical fully end-capped pore size: 100Å
pH range: 2.5 to 7.5 carbon load: 10% temperature limit: 80°C

Chromatographic Properties:
High-purity, highly retentive, base-deactivated phase with alternative selectivity to hydrocarbon phas-
es, especially for aromatic analytes.

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.# 
30mm 9105531 9105532 9105533 9105535
50mm 9105551 9105552 9105553 9105555

100mm 9105511 9105512 9105513 9105515
150mm 9105561 9105562 9105563 9105565
200mm 9105521 9105522 9105523 9105525
250mm 9105571 9105572 9105573 9105575

Ultra Aqueous C18 5µm Columns (USP L1)
Physical Characteristics:
particle: 5µm spherical not end-capped pore size: 100Å
pH range: 2.5 to 7.5 temperature limit: 80°C

Chromatographic Properties:
Highly retentive and selective for reversed phase separations of polar analytes. Highly base deactivat-
ed. Compatible with highly aqueous (up to 100%) mobile phases.

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Pinnacle II™ C18 5µm Columns (USP L1)
Physical Characteristics:
particle: 5µm spherical fully end-capped pore size: 110Å
pH range: 2.5 to 7.5 carbon load: 13% temperature limit: 80°C

Chromatographic Properties:
Excellent choice as a general purpose C18 column. Intermediate carbon loading and surface area, suit-
able for a wide range of neutral hydrophobic compounds.

1.0mm ID 2.1mm ID 3.2mm ID 4.0mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.# cat.#
30mm 9214531 9214532 9214533 — 9214535
50mm 9214551 9214552 9214553 — 9214555

100mm 9214511 9214512 9214513 9214514 9214515
150mm 9214561 9214562 9214563 9214564 9214565
200mm 9214521 9214522 9214523 — 9214525
250mm 9214571 9214572 9214573 — 9214575

Pinnacle™ DB C18 5µm Columns (USP L1)
Physical Characteristics:
particle: 5µm spherical endcap: yes pore size: 140Å
pH range: 2.5 - 7.5 carbon load: 11% temperature limit: 80°C

Chromatographic Properties:
Highly base-deactivated spherical silica manufactured by Restek Corp. Monomeric C18 bonding.
Hydrophobic C18 phase suitable for analyses of a wide range of compounds, from acidic through
slightly basic. Replaces Hypersil® BDS C18.

1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID
Length cat.# cat.# cat.# cat.#
30mm 9414531 9414532 9414533 9414535
50mm 9414551 9414552 9414553 9414555

100mm 9414511 9414512 9414513 9414515
150mm 9414561 9414562 9414563 9414565
200mm 9414521 9414522 9414523 9414525
250mm 9414571 9414572 9414573 9414575

HPLC Columns

For a complete listing of
our HPLC columns and

accessories, request our
HPLC catalog

(lit. cat.# 59241A),
or visit our website.

PEEK® Fitting Extractor
Drill into the broken fitting,
then screw the extractor into
the fitting and remove it
easily.
cat.# 25325, (ea.)

Sonic Debubbler
Just touch the Sonic
Debubbler to the inlet
line or check valve—
ultrasonic vibrations
will quickly dislodge or
redissolve trapped air
bubbles. Reduces
downtime or conversion time from one
mobile phase to another.
cat.# 20444, (ea.)
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Restek’s Trident™ Integral System
• Convenient and economical leak-free guard column system, extremely easy to install.
• Versatile configuration protects against all levels of contamination.
• Integral design eliminates troublesome tubing connections.

The system’s foundation consists of the analytical column configured with our exclusive
Trident™ end fitting and XF fitting. This configuration contains the standard internal frit
as well as a replaceable cap frit, which can be easily changed without disturbing the
packed bed. Changing the external frit can reverse the effects of accumulated particles,
such as high backpressure or peak distortion. To obtain this basic configuration, simply
order any Restek HPLC column, and add the suffix -700 to the catalog number.

For maximum protection against contaminants and particulate matter, the system can be
configured with an integral guard cartridge holder (XG-XF), a guard cartridge, and a
replaceable external frit. To obtain this configuration, simply order any Restek HPLC col-
umn, add the suffix -700 to the catalog number, and order the appropriate XG-XF male
fitting.
Description qty. cat.#
XG-XF Fitting for 1cm Guard Cartridge ea. 25026
XG-XF Fitting for 2cm Guard Cartridge ea. 25062
Replacement XF Filter Fitting ea. 25024
Replacement cap frits:  4mm, 2.0µm 5-pk. 25022
Replacement cap frits:  4mm, 0.5µm 5-pk. 25023
Replacement cap frits:  2mm, 2.0µm 5-pk. 25057

Trident™ Direct
Easy-to-Use, Low-Dead Volume—The Ultimate Combination of Convenience and
Column Protection

*The standard PEEK® tip in Trident™ Direct systems is compatible with Parker®, Upchurch®, Valco®, and other CPI-
style fittings. To use Trident™ Direct systems with Waters®-style end fittings, the tip must be replaced with cat.# 25088.

Trident™ Direct  high-pressure filter
Protection against particulate matter.

Trident™ Direct  provides three levels 
of protection

Trident™ Direct 1cm guard  cartridge holder with filter
Protection against particulate matter and moderate 
protection against irreversibly adsorbed compounds.

Trident™ Direct 2cm guard cartridge holder with filter
Protection against particulate matter and maximum 
protection against irreversibly adsorbed compounds.

Description qty. cat.#
High-pressure filter ea. 25082
1cm guard cartridge holder without filter ea. 25083
1cm guard cartridge holder with filter ea. 25084
2cm guard cartridge holder without filter ea. 25085
2cm guard cartridge holder with filter ea. 25086
Connection tip for Waters®-style end fittings ea. 25088
PEEK® tip standard fittings ea. 25087

XF
fitting

cap frit end
fitting

XF
fitting

capfrit end
fitting

XG-XF
fitting

guard
cartridge

Guard Column Systems

Trident™ HPLC Guard Column Cartridges
Guard Column
Cartridges

3-pk.
(10 x 2.1mm)

3-pk.
(10 x 4.0mm)

2-pk.
(20 x 2.1mm)

2-pk.
(20 x 4.0mm)

Pinnacle II™ C18 921450212 921450210 921450222 921450220
Pinnacle™ DB C18 941450212 941450210 941450222 941450220
Ultra Aqueous C18 917850212 917850210 917850222 917850220
Ultra Phenyl 910550212 910550210 910550222 910550220

Trident™ HPLC In-Line Guard Cartridge Holders
A Trident™ in-line guard cartridge holder can be used with almost any HPLC column by
connecting it with a short piece of 1/16" tubing, appropriate nuts and ferrules, or finger-
tight fittings. The system can be used with Restek columns or columns from other manu-
facturers. Holders are available for either 1 or 2cm guard cartridges. Either size can be
purchased with or without a prefilter, which provides added protection against the parti-
cles that can shorten the lifetime of the guard cartridge.

Description qty. cat.#
Holder for 1cm guard cartridge ea. 25021
Holder with filter for 1cm guard cartridge ea. 25040
Holder for 2cm guard cartridge ea. 25061
Holder with filter for 2cm guard cartridge ea. 25060
Replacement cap frits:  4mm, 2.0µm 5-pk. 25022
Replacement cap frits:  4mm, 0.5µm 5-pk. 25023
Replacement cap frits:  2mm, 2.0µm 5-pk. 25057

Holder for 1cm
guard cartridge

Holder with filter for
1cm guard cartridge

Holder for 2cm guard
cartridge

Holder with filter for
2cm  guard cartridge
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GC Columns Rtx®-1 Columns
(Crossbond® 100% dimethyl polysiloxane)
temp. limits: -60 to 330/350°C
length ID (mm) df (µm) cat.#
30m 0.25 0.25 10123
30m 0.32 0.25 10124
60m 0.25 0.25 10126
60m 0.32 0.25 10127

Rtx®-5 Columns
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane)
temp. limits: -60 to 320/340°C
length ID (mm) df (µm) cat.#
30m 0.25 0.25 10223
30m 0.32 0.25 10224
30m 0.25 0.50 10238
30m 0.32 0.50 10239

XTI®-5 Columns
(Crossbond® 5% phenyl - extended temp. and inertness)
temp. limits: -60 to 330/350°C
length ID (mm) df (µm) cat.#
30m 0.25 0.50 12238
30m 0.32 0.50 12239
30m 0.53 0.50 12240*
30m 0.53 1.0 12255**

* temp. limits: -60 to 330/360°C
** temp. limits: -60 to 325/350°C

Rtx®-5 Amine Columns
(Crossbond® 5% diphenyl/95% dimethylpolysiloxane)
temp. limits: -60 to 300/315°C
length ID (mm) df (µm) cat.#
15m 0.25 0.50 12335
30m 0.25 0.50 12338
15m 0.25 1.0 12350
30m 0.25 1.0 12353

Rtx®-50 Columns
(Crossbond® 50% methyl/50% phenyl polysiloxane)
temp. limits: 0 to 300/320°C
length ID (mm) df (µm) cat.#
30m 0.25 0.50 10538
30m 0.32 0.50 10539
30m 0.53 0.50 10540*

*temp. limits: 0 to 270/290°C

Rtx®-200 Columns
(Crossbond® trifluoropropylmethyl polysiloxane)
temp. limits: -20 to 290/310°C
length ID (mm) df (µm) cat.#
30m 0.25 1.0 15053
30m 0.32 1.0 15054
30m 0.53 1.0 15055*

*temp. limits: 0 to 270/290°C

Stabilwax® Columns
(Crossbond® Carbowax® - provides oxidation resistance)
temp. limits: 40 to 250°C
length ID (mm) df (µm) cat.#
30m 0.25 0.25 10623
30m 0.32 0.25 10624
30m 0.53 0.25 10625
30m 0.32 1.0 10654*
30m 0.53 1.0 10655*

*temp. limits: 40 to 240/250°C

Rtx®-WAX Columns
(Crossbond® polyethylene glycol)
temp. limits: 20 to 250°C
length ID (mm) df (µm) cat.#
30m 0.25 0.25 12423
30m 0.32 0.25 12424
30m 0.25 0.50 12438
30m 0.32 0.50 12439

Stabilwax®-DA Columns
(Crossbond® Carbowax® for acidic samples)
temp. limits: 40 to 250°C
length ID (mm) df (µm) cat.#
30m 0.25 0.25 11023
30m 0.32 0.25 11024
30m 0.53 0.25 11025
30m 0.25 0.50 11038
30m 0.32 0.50 11039
30m 0.53 0.50 11040

Rtx®-VMS Columns
temp. limits: -40 to 240/260°C
length ID (mm) df (µm) cat.#
30m 0.25 1.4 19915
30m 0.32 1.8 19919
30m 0.53 3.0 19985
60m 0.25 1.4 19916
60m 0.32 1.8 19920
75m 0.53 3.0 19974

MXT®-1 Columns
Silcosteel®-treated metal column
(Crossbond® 100% dimethyl polysiloxane)
temp. limits: -60 to 360°C
length ID (mm) df (µm) cat.#
15m 0.28 0.1 70106
30m 0.28 0.1 70109
15m 0.28 0.25 70121
30m 0.28 0.25 70124

MXT®-WAX Columns
Silcosteel®-treated metal column
(Crossbond® polyethylene glycol)
temp. limits: 20 to 250°C
length ID (mm) df (µm) cat.#
30m 0.28 0.25 70624
30m 0.28 0.50 70639
30m 0.28 1.0 70654*

*temp limits: 40 to 240°C

For a complete listing of
our GC columns, request

our  annual
Chromatography Products

Guide (lit. cat.# 59473),
or visit our website.
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benzyl salicylate 362 parts
cinnamic aldehyde 5 parts
cinnamic alcohol 3 parts
cinnamyl acetate 3 parts
ethyl butyrate 362 parts
eucalyptol 5 parts
geraniol 6 parts
hydroxycitronellal 50 parts
d-limonene 200 parts
thymol crystal 3 parts
vanillin 1 part
benzoic acid 1% of mix

Fragrance Materials Association
Test Mix
Use this mix in essential oils analysis, to aid in the detection of
inlet problems, stationary phase degradation, loss of resolution,
changes in sensitivity, and the presence of reactive sites in the
sample pathway. The required 5% test solution can be conve-
niently made by diluting the entire 0.5mL of neat mixture to
10mL with acetone.

Neat, 0.5mL in an amber ampul

Each 5-pk. 10-pk.
31807 31807-510 —

ethylene oxide
Ethylene Oxide Standard

500µg/mL in dimethylsulfoxide, 1mL/ampul

Each 10-pk.
36005 36105

Chain Compound %
16:0 methyl palmitate 6.0
18:0 methyl stearate 3.0
18:1 methyl oleate 35.0
18:2 methyl linoleate 50.0
18:3 methyl linolenate 3.0
20:0 methyl arachidate 3.0

AOCS #1 Mix

Composition listed as a weight/weight % basis.

Each
35022

Chain Compound %
16:0 methyl palmitate 10.0
18:0 methyl stearate 3.0
18:1 methyl oleate 50.0
18:2 methyl linoleate 30.0
20:0 methyl arachidate 1.5
20:1 methyl eicosenoate 1.5
22:0 methyl behenate 3.0
24:0 methyl lignocerate 1.0

FAME #15 Mix

Composition listed as a weight/weight % basis.

Each
35036

benzene 2µg/mL
chloroform 60
1,4-dioxane 380
methylene chloride 600
trichloroethene 80

USP 467 Calibration Mixture #4

Prepared in methanol, 1mL/ampul

Each 10-pk.
36006 36106

BHT
erucamide slip
vitamin E
Irgafos® 168

Irganox® 3114
Irganox® 1010
Irganox® 1076

ASTM D6042-96 Calibration Mix
This mixture contains the common antioxidants and slips listed
in American Society for Testing and Materials (ASTM
International) Method D6042-96.

50µg/mL each in isopropanol, 1mL/ampul

Each 5-pk. 10-pk.
31628 31628-510 31728

Tinuvin® P

ASTM D6042-96 Internal
Standard Mix

51.8µg/mL in isopropanol, 1mL/ampul

Each 5-pk. 10-pk.
31629 31629-510 31729

Analytical Reference Materials
Meets guidelines in USP25/NF20, effective January
2002.

Restek will create the right
solution for you!

“The Company Chromatographers Trust”

✔ Quotations supplied quickly.
✔ Mixtures made to your EXACT specifications.
✔ Most reference materials shipped within 5-7 days after receipt of

your order.*

Restek should be your first choice for custom-made reference materials. Our inventory of over 3,000
pure, characterized, neat compounds ensures you of maximum convenience, maximum value, and min-
imum time spent blending mixtures in your lab. For our online custom reference material request
form, visit http://www.restekcorp.com/stdreq.htm

*Availability of raw materials and final product testing required may affect delivery of some mixtures. International orders require
additional shipping time.

citric acid 2000µg/ml
fumaric acid 10
malic acid 2000
quinic acid 2000
tartaric acid 2000

Fruit Juice Organic Acid Standard

In water, 1mL/ampul

Each 5-pk. 10-pk.
35080 35080-510 —

w/data pack
35080-500 35080-520 35180

In water, 5mL/ampul

Each 5-pk. 10-pk.
35081 35081-510 —

w/data pack
35081-500 35081-520 35181
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Anumber of environmental analyses are well suited to HPLC. Analyses typically are performed at or near room temperature,
making the technique attractive for analyzing thermally labile compounds. Compatibility with comparatively large samples, rela-
tive to the capacities of GC injection ports and columns, also makes HPLC attractive.

In HPLC analyses, detection for environmental compounds is most frequently by UV/Vis. Fluorescence detection is used for specific
applications and LC/MS is increasingly finding its way into the environmental lab.

Restek has a suite of columns to support a range of environmental HPLC applications. In addition, we can provide analytical reference
materials and SPE clean-up products for these methods.
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Carbamates are widely used insecticides that pose a health
hazard as endocrine disruptors.

Restek has developed a unique phase for analyzing 10 com-
mon carbamates listed in US EPA Method 531.1 (Figure 2).
Our Ultra Carbamate column for fast LC analyses separates
the 10 carbamates in less than half the time required by tra-
ditional carbamate columns. It is most suitable for use with
UV/Vis and MS detection; internal volumes of most post-
column reactor systems might cause separation of critical
pairs to be lost.

We offer a reference mix for Method 531.1 carbamates, a
performance check mix, and the specified internal standard,
4-bromo-3,5-dimethylphenyl-N-methylcarbamate (BDMC).

Polyaromatic Hydrocarbons (PAHs)Polyaromatic Hydrocarbons (PAHs)
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Peak List:

1. aldicarb sulfone
2. aldicarb sulfoxide
3. oxamyl
4. methomyl
5. 3-hydroxycarbofuran
6. aldicarb
7. propoxur
8. carbofuran
9. carbaryl

10. methiocarb
11. 4-bromo-3,5-dimethylcarbamate (IS)

Sample:
Inj.: 5µL
Conc.: 50µg/mL
Solvent: methanol

Restek standards: 
Catalog# 32274 and 32273 mixed 50:50

Column: Ultra Carbamate
Catalog #: 9177355
Dimensions:  50 x 4.6mm
Particle size: 3µm
Pore size: 100Å

Conditions:
Mobile Phase: A: 90:10 water:methanol

B: 90:10 methanol:acetonitrile
Time (min): %B

0 10
10 90

Flow: 1.5mL/min
Temp.: 27°C  
Det.: UV @ 220nm

Figure 2 - 50% faster separation of carbamates
on an Ultra Carbamate column

LC_0225

PAHs are multiple ring hydrocarbons suspected of being muta-
genic and/or carcinogenic. US Environmental Protection Agency
(US EPA) and other methods recommend using a C18 column to
resolve PAHs. We have found that a polymerized (cross-linked)
C18 phase gives the best resolution for these analytes. Our
Pinnacle II™ PAH columns have a highly reproducible modified

C18 phase, specifically for PAH analyses.  Figure 1 shows the
analysis of 16 target PAHs in less than 18 minutes. Because we
control the entire manufacturing process, from silica production
through final column manufacture and testing, we can ensure
reproducible performance from Pinnacle II™ PAH columns.

PAH-containing samples typically are
monitored by both UV/vis and fluo-
rescence. Using the two detectors is
effective confirmation, as the likeli-
hood of a naturally fluorescing com-
pound having the same retention
time as one of the PAHs is remote.
In addition to reproducible columns
for PAHs analysis, we offer three ref-
erence mixtures of the 16 PAHs in
the US EPA methods. Choose the
concentrations and solvent that best
meet your needs, or ask us about
custom-prepared formulations.
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Column: Pinnacle II™ PAH
Catalog #:  9219563
Dimensions:  150 x 3.2mm
Particle Size: 5µm
Pore Size:     110Å

Conditions:
Mobile Phase:  A: purified water, B: acetonitrile

Time (min.) %B
0 40
7 60
11 100

17.9 100
18 40

Flow: 1.2 mL/min
Temp.: ambient
Det.: UV @ 254nm

Sample:
Inj.: 5µL
Conc.: see peak list
Sample Diluent: 1:9 methylene

chloride:acetonitrile
Sample Temp.: ambient

LC_0303

Figure 1 - Baseline separations of 16 PAHs in less than 18 minutes, on a
Pinnacle II™ PAH column

Peak List: Conc. (mg/mL)
1. naphthalene 100
2. acenaphthylene 100
3. acenaphthene 100
4. fluorene 100
5. phenanthrene 50
6. anthracene 100
7. fluoranthene 50
8. pyrene 50
9. benzo(a)anthracene 50

10. chrysene 50
11. benzo(b)fluoranthene 50
12. benzo(k)fluoranthene 50
13. benzo(a)pyrene 50
14. dibenzo(a,h)anthracene 50
15. benzo(ghi)perylene 50
16. indeno(1,2,3-cd)pyrene 50

min.

min.

Analysis on
other ”carbamate”
columns can take
up to 45 minutes!www.restekcorp.com



Phenoxyacid herbicides, such as 2,4-D, dicamba, picloram, and Silvex (2,4,5-TP), are used to control agricultural and aquatic weeds.
These compounds can be found in the acid form, or as the salts or esters. While not considered highly toxic, phenoxyacid herbicides
are monitored in agricultural monitoring wells and drinking water sources.  Traditionally, these compounds have been analyzed by gas

chromography (e.g., EPA method 8151).  To
make these compounds amenable to GC, they
must be converted to the methyl esters using a
derivatizing agent such as diazol.  Liquid chro-
matography is an attractive option to this time-
consuming, toxic procedure.

Several HPLC methods have been published
for the analysis of phenoxyacid herbicides. EPA
Method 555 discusses the analysis of these
herbicides, in the acid form, in drinking water.
This method divides the herbicides into two
mixes, to minimize coelutions. EPA Method
8321 is a general LC/MS method for semi-
volatile compounds, and includes a discussion
of these herbicides.  Figures 3a and 3b show
analysis of the phenoxyacid herbicides in their
acid form on an Ultra Aqueous C18 column.  A
gradient procedure is useful when analyzing a
range of herbicides; for 2,4-D and Silvex, an
isocratic mobile phase can be used, saving
analysis and reequilibration time (Figure 4).
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(A) Peak List:
1. picloram
2. chloramben
3. dicamba
4. bentazon
5. 2,4-D
6. dichlorprop
7. Silvex (2,4,5-TP)
8. acifluorfen
9. 1,4-dichlorobenzene (IS)

Column: Ultra Aqueous C18
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

LC_0301

Figure 3 - Phenoxyacid herbicides on an Ultra Aqueous C18
column. HPLC analysis saves time and eliminates

exposure to hazardous derivitization reagents.

Conditions:
Mobile Phase: A: 0.05% phosphoric acid, B: acetonitrile

Time (min.) %B
0 20
15 80
20 80
21 20

Flow: 1.0 mL/min
Temp.: ambient
Det.: UV @ 225nm

Sample:
Inj.: 10µL
Conc.:  10ppm each herbicide
Sample Diluent:  0.05% phosphoric acid:acetonitrile (50:50)
Sample Temp.: ambient

0 2 4
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3

6 8 10 12

Column: Ultra Aqueous C18
Cat. #:  9178355
Dimensions:  50 x 4.6mm
Particle Size: 3µm
Pore Size:     100Å

Conditions:
Mobile Phase: 0.05% phosphoric

acid : acetonitrile, 60:40
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 225nm

Sample:
Inj.: 10µL
Conc.:  10ppm each herbicide
Sample Diluent: 0.05% phosphoric

acid : acetonitrile, 50:50
Sample Temp.: ambient

LC_0304

Figure 4 - Simple, isocratic analysis
of 2,4-D and Silvex, using an

Ultra Aqueous C18 column

Peak List:
1. 2,4-D
2. Silvex (2,4,5-TP)
3. 1,4-dichorobenzene (IS)

min.
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(B) Peak List:
1. 4-nitrophenol
2. 2,4-dichlorophenyl acetic acid (surr)
3. MCPA
4. MCPP
5. 2,4,5-T
6. 2,4-DB
7. 1,4-dichlorobenzene (IS)
8. dinoseb
9. pentachlorophenol

LC_0302

Application Note

Coming Soon...

Analyzing

Phenoxyacid Herbicides

by HPLC and GC!
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Testing for residual explosive materials has grown with the disposal of expired and deteriorated munitions. Samples also come from
test sites on closed military bases. EPA Method 8330 lists 14 explosives that are routinely monitored (Figure 5).

The primary column in EPA Method 8330 is a C18 column. We found an Ultra C18 column with a 5-micron packing gives the best
separation of the listed compounds, along with
the surrogate standard, 1,2-dinitrobenzene,
and the internal standard, 3,4-dinitrotoluene.
All components are resolved with an isocratic
water:methanol mobile phase (Figure 5).

The EPA method calls for analytes to be con-
firmed on a cyano phase column. Certain com-
pounds can be quantified only on the C18 col-
umn; the cyano column provides qualitative
confirmation only. For confirmation we recom-
mend a Pinnacle II™ Cyano column. All ana-
lytes are eluted in less than 15 minutes in a
50:50 water:methanol mobile phase (Figure 6).
Separation and resolution is similar using the
44:56 mobile phase ratio.

Our calibration materials for explosives analy-
sis by HPLC are available as 1000µg/mL solu-
tions of individual analytes, or as two 7-com-
ponent mixes. An internal standard and a sur-
rogate standard also are available. The two cal-
ibration mixes, the internal standard, and the
surrogate standard can be purchased as a
complete kit.
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Figure 5 - Excellent separation of explosives,
using an Ultra C18 column and an isocratic mobile phase

Peak List:
1. HMX
2. RDX
3. 1,2-dinitrobenzene (surr)
4. 1,3,5-trinitrobenzene
5. 1,3-dinitrobenzene
6. tetryl
7. nitrobenzene
8. 3,4-dinitrobenzene (IS)
9. 2,4,6-trinitrotoluene

10. 4-amino-2,6-dinitrotoluene
11. 2-amino-4,6-dinitrotoluene
12. 2,6-dinitrotoluene
13. 2,4-dinitrotoluene
14. 2-nitrotoluene
15. 4-nitrotoluene
16. 3-nitrotoluene

Sample:
Inj.: 5µL
Conc.: 30µg/mL (30ppm)
each component
Sample Diluent: acetonitrile
Sample Temp.: ambient
Column: Ultra C18
Catalog #: 9174575
Dimensions: 250 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase: water:methanol
(44:56, v/v)
Flow: 1.0mL/min
Temp.: 30°C
Det.: UV @  254nm

Peak List: See Figure 5

Sample:
Inj.: 3µL
Conc.: 500µg/mL each component
Solvent: acetonitrile

Figure 6 - Rapid confirmation of EPA 8330 explosives
on a Pinnacle II™ Cyano column

LC_0188
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with a Trident™ Integral Inlet Fitting, add
“-700” to the catalog number for the column,
and order the appropriate XG-XF male fitting
(cat.# 25026 or 25062), and 10mm or 20 mm
Trident™ guard cartridges.

Example: 100mm x 4.6mm ID Ultra C18 
column with Trident™ Integral Inlet Fitting:
9174315-700

10 & 20mm Guard Cartridges

Column: Pinnacle II™ Cyano 
Catalog #:  9216575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 110Å

Conditions:
Mobile phase: water:methanol 

(50:50, v/v) 
Flow: 1.5mL/min.
Temp.: 27°C   
Det.: UV @ 254nm
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Carbonyl compounds,
including low molecular
weight aldehydes and
ketones, are receiving
increased attention. Short-
term exposure to some of
these compounds irritates
the eyes, skin, and mucous
membranes of the upper
respiratory tract, and
formaldehyde is a major
promoter in the formation
of photochemical ozone.

Formaldehyde is the target
compound for US EPA
Compendium Method TO-
11A and Method 8315, but
at least 14 other carbonyl
compounds also can be
detected and quantified
through this methodology.
Method T0-11A is based on
the specific reaction
between carbonyl com-
pounds and 2,4-dinitro-
phenylhydrazine (DNPH),
coated on a silica gel adsor-
bent, in the presence of a strong acid cata-
lyst. The reaction produces stable, colored
hydrazone derivatives that are analyzed by
HPLC.

A 150 x 4.6 mm Allure™ C18 HPLC column
is optimal for fast, effective analyses of
DNPH derivatives of formaldehyde and
other aldehydes and ketones listed in

Method TO-11A. Formaldehyde and
acetaldehyde, the most frequently analyzed
carbonyls, are separated completely
(Figure 7). A 250mm column will further
resolve the tolualdehyde isomers, and
hexanaldehyde and isovaleraldehyde.

To meet the need for reference materials
for Method TO-11A / Method 8315, we

offer a 15-component DNPH-aldehyde
standard. The concentration of the mix
components, 15µg/mL each, is similar to
the concentration of interest in most ambi-
ent air work. For convenience, our
Certificate of Analysis lists concentrations
for both the aldehydes/ketones and the
DNPH derivatives.

Carbonyl CompoundsCarbonyl Compounds

Column: 
Catalog #: 9164565 
Dimensions:  150 mm x  4.6 mm
Particle Size: 5 µm
Pore Size: 60 Å

Conditions:
Mobile Phase:  A: Water

B: Acetonitrile
Isocratic:                  70%B

Flow: 1.0 mL/min
Temp.: 25°C  
Det.: UV @ 365 nm

Figure 7 - Fast, reliable analysis of aldehydes
and ketones on an AllureTM C18 column

www.restekcorp.com
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Peak List: Peak Retention Time
1. formaldehyde 2.84
2  acetaldehyde 3.53
3. acrolein 4.35
4. acetone 4.53
5. propionaldehyde 4.85
6. crotonaldehyde 5.81
7. butyraldehyde 6.63
8. benzaldehyde 7.24
9. isovaleraldehyde 8.77
10. valeraldehyde 9.33
11. o-tolualdehyde 9.85
12. m-tolualdehyde 10.20
13. p-tolualdehyde 10.50
14. hexanaldehyde 13.50
15. dimethylbenzaldehyde 13.95

Sample:
Aldehydes/Ketones DNPH Standard
(Cat#31808)
Inj.: 10 µL
Conc.: 15 µg/mL each component
Sample Diluent: ACN

XF Fitting Cap Frit XG-XF Fitting Guard Cartridge End Fitting

TridentTM Direct high-pressure filter
Protection against particulate matter.

TridentTM Direct 1cm guard cartridge holder with filter
Protection against particulate matter and moderate pro-

tection against irreversibly adsorbed compounds.

TridentTM Direct 2cm guard cartridge holder with filter
Protection against particulate matter and maximum

protection against irreversibly adsorbed compounds.

Trident™ Integral Inlet Fitting

Trident™ Direct System

LC_0299
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2,000µg/mL each in methylene chloride, 1mL/ampul

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(ghi)perylene

chrysene
dibenzo(a,h)anthracene
fluoranthene
fluorene
indeno(1,2,3-cd)pyrene
naphthalene
phenanthrene
pyrene

SV Calibration Mix #5 (16 components)

3/90 and 4/89 SOW

Each 5-pk. 10-pk.
31011 31011-510 —

w/data pack
31011-500 31011-520 31111

acenaphthene 1000µg/mL
acenaphthylene 1000
anthracene 1000
benzo(a)anthracene 500
benzo(a)pyrene 500
benzo(b)fluoranthene 500
benzo(k)fluoranthene 500
benzo(ghi)perylene 500
chrysene 500
dibenzo(a,h)anthracene 500
fluoranthene 500
fluorene 1000
indeno(1,2,3-cd)pyrene 500
naphthalene 1000
phenanthrene 500
pyrene 500

610 PAH Calibration Mix A
(16 components)

In methylene chloride, 1mL/ampul

Each 5-pk. 10-pk.
31264 31264-510 —

w/data pack
31264-500 31264-520 31364

acenaphthene 1000µg/mL
acenaphthylene 2000
anthracene 100
benzo(a)anthracene 100
benzo(a)pyrene 100
benzo(b)fluoranthene 200
benzo(k)fluoranthene 100
phenanthrene 100
benzo(ghi)perylene 200
chrysene 100
dibenzo(a,h)anthracene 200
fluoranthene 200
fluorene 200
indeno(1,2,3-cd)pyrene 100
naphthalene 1000
pyrene 100

610 PAH Calibration Mix B
(16 components)

In methylene chloride:methanol (1:1), 1mL/ampul

Each 5-pk. 10-pk.
31455 31455-510 —

w/data pack
31455-500 31455-520 31555

aldicarb
aldicarb sulfone
aldicarb sulfoxide
carbaryl
carbofuran

3-hydroxycarbofuran
methiocarb
methomyl
oxamyl
propoxur (baygon)

531.1 Carbamate Pesticide
Calibration Mixture (10 components)

100µg/mL each in methanol, 1mL/ampul

Each 5-pk. 10-pk.
32273 32273-510 —

w/data pack
32273-500 32273-520 32373

aldicarb sulfoxide 100µg/mL
4-bromo-3,5-dimethylphenyl-N-methylcarbamate (BDMC)10
3-hydroxycarbofuran 2
methiocarb 20

531.1 Performance Check Mix

In methanol, 1mL/ampul

Each 5-pk. 10-pk.
32275 32275-510 —

w/data pack
32275-500 32275-520 32375

4-bromo-3,5-dimethylphenyl-N-methylcarbamate (BDMC)

Internal Standard

100µg/mL in methanol, 1mL/ampul

Each 5-pk. 10-pk.
32274 32274-510 —

w/data pack
32274-500 32274-520 32374

1,3-dinitrobenzene
2,4-dinitrotoluene
HMX
nitrobenzene

RDX
1,3,5-trinitrobenzene
2,4,6-trinitrotoluene

8330 Calibration Mix #1
(7 components)

Obtaining pure, neat compounds for these stan-
dards can be very difficult.  To ensure the highest
quality explosives standards, Restek’s chemists
carefully purify or synthesize all of the com-
pounds listed in EPA Method 8330. All com-
pounds are 98% pure or higher.

1,000µg/mL each in acetonitrile, 1mL/ampul

Each 5-pk. 10-pk.

31450 31450-510 —
w/data pack

31450-500 31450-520 31550

2-amino-4,6-dinitrotoluene
4-amino-2,6-dinitrotoluene
2,6-dinitrotoluene
2-nitrotoluene

3-nitrotoluene
4-nitrotoluene
tetryl

8330 Calibration Mix #2
(7 components)

1,000µg/mL each in acetonitrile, 1mL/ampul

Each 5-pk. 10-pk.
31451 31451-510 —

w/data pack
31451-500 31451-520 31551

3,4-dinitrotoluene
8330 Internal Standard
1,000µg/mL in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31452 31452-510 —

w/data pack
31452-500 31452-520 31552

1,2-dinitrobenzene
8330 Surrogate
1,000µg/mL in methanol, 1mL/ampul

Each 5-pk. 10-pk.
31453 31453-510 —

w/data pack
31453-500 31453-520 31553

8330 Calibration Mix #1
(31450)
8330 Calibration Mix #2
(31451)

8330 Internal Standard Mix
(31452)
8330 Surrogate Mix
(31453)

8330 Nitroaromatics Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
31454 31454-500

Analytical Reference MaterialsAnalytical Reference Materials
Nitroaromatic/
Nitramine Explosives

PAHs Carbamates

Plus 1™ means that we will surpass

your expectations every time you

contact us. Looking for the solution

to a tough analytical problem?

Placing a late-in-the-day order?

Contact us to experience 

Plus 1™ service today!
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Pinnacle II™ PAH 5µm Columns

Ultra Aqueous C18 3µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9178331 9178332 9178333 9178335
50mm 9178351 9178352 9178353 9178355
100mm 9178311 9178312 9178313 9178315

Ultra Aqueous C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# 
30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555
100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Ultra Carbamate 3µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.0mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# cat.#
50mm 9177351 9177352 9177353 9177354 9177355

100mm 9177311 9177312 9177313 — 9177315

Ultra C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.0mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.# cat.# 
30mm 9174531 9174532 9174533 — 9174535
50mm 9174551 9174552 9174553 — 9174555

100mm 9174511 9174512 9174513 9174514 9174515
150mm 9174561 9174562 9174563 9174564 9174565
200mm 9174521 9174522 9174523 — 9174525
250mm 9174571 9174572 9174573 — 9174575

Pinnacle II™ Cyano 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.#
30mm 9216531 9216532 9216533 9216535
50mm 9216551 9216552 9216553 9216555

100mm 9216511 9216512 9216513 9216515
150mm 9216561 9216562 9216563 9216565
200mm 9216521 9216522 9216523 9216525
250mm 9216571 9216572 9216573 9216575

Allure™ C18 5µm Columns
1.0mm ID 2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.# cat.#
30mm 9164531 9164532 9164533 9164535
50mm 9164551 9164552 9164553 9164555

100mm 9164511 9164512 9164513 9164515
150mm 9164561 9164562 9164563 9164565
200mm 9164521 9164522 9164523 9164525
250mm 9164571 9164572 9164573 9164575

acetaldehyde-DNPH
acetone-DNPH
acrolein-DNPH
benzaldehyde-DNPH
n-butyraldehyde-DNPH
crotonaldehyde-DNPH
2,5-dimethylbenzaldehyde-
DNPH

formaldehyde-DNPH
hexanaldehyde-DNPH
isovaleraldehyde-DNPH
propionaldehyde-DNPH
m-tolualdehyde-DNPH
o-tolualdehyde-DNPH
p-tolualdehyde-DNPH
valeraldehyde-DNPH

Aldehyde-Ketone-DNPH TO-11A
Calibration Mix (15 components)

Restek offers a 15-component aldehyde stan-
dard for US EPA Compendium Method TO-11A
and Method 8315. The concentration of the mix
components, 15µg/mL each, is similar to the
concentration of interest in most ambient air
work. For convenience, our Certificate of
Analysis lists concentrations for both the alde-
hydes/ketones and the DNPH derivatives.

15µg/mL each in acetonitrile, 1mL/ampul

HPLC ColumnsHPLC Columns

Each
31808

Aldehydes/Ketones
2.1mm ID 3.2mm ID 4.6mm ID

Length cat.# cat.# cat.#
100mm — 9219513 9219515
150mm — 9219563 9219565
200mm — 9219523 9219525
250mm 9219572 9219573 9219575

Additional Information
Formaldehyde and Other Aldehydes Committee on Aldehydes,
Board of Toxicology and Environmental Hazards, National Research
Council, National Academy Press, Washington, DC, 1981.

www.restekcorp.com
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Resprep™ SPE Cartridges
Specifically designed for the method for which they are named. They will provide consistent and reproducible results.
All cartridges are polypropylene and have polyethylene frits.

Cartridges may be processed by any one or all of these techniques: positive pressure, sidearm flask, centrifuge, or vacuum manifold.

Cartridge Applications/Adsorbent Description
Tube Volume,
Bed Weight qty. cat.#

Massachusetts TPH Hexane-extractable petroleum hydrocarbons from soil and waste samples,
Silica, specially treated to reduce contaminants and increase capacity. 20mL, 5g 20-pk. 26065

EPA Method 548.1 Extraction of endothal from aqueous samples. Weak anion exchange resin. 6mL 30-pk. 26063

EPA Method 552.1 Extraction of haloacetic acids from aqueous samples.
Strong anion exchange resin. 1mL 100-pk. 26064

Organo Tin High-capacity cleanup of butyl and phenyl tin compounds from soil, water,
and biota. Mixed bed. 60mL 16-pk. 24049

RDX Extraction of explosive compounds (EPA Method 8330) from water. 6mL, 500mg 30-pk. 26093

Please request Restek’s HPLC catalog for many more HPLC columns, tools, accessories, and instrument parts.
Restek USA: Phone: 800-356-1688 or 814-353-1300 • Fax: 814-353-1309 • www.restekcorp.com • 110 Benner Circle, Bellefonte, PA  16823
Restek France: Phone: 01 60 78 32 10 • Fax: 01 60 78 70 90 • restekfr@club-internet.fr
Restek GmbH: Phone: 49 06172 2797 0 • Fax: 49 06172 2797 77 • RESTEK-GMBH@t-online.de
Restek Ireland: Phone: 44 28 9081 4576 • Fax: 44 28 9081 4576 • restekeurope@aol.com
Thames Restek UK Ltd: Phone: 01494 563377 • Fax: 01494 564990 • Sales@Thamesrestek.co.uk

Resprep™ SPE Cartridges
Hydrophilic (polar) adsorbents used to extract hydrophilic analytes from nonpolar matrices,
such as organic solvents (e.g., polar contaminants from sample extracts). Cartridges are
polypropylene and have polyethylene frits, unless noted otherwise.

*Teflon® frits  **Glass tubes with Teflon® frits

3mL/200mg 3mL/500mg 6mL/500mg 6mL/1000mg
Cartridge/Application (50-pk.) (50-pk.) (30-pk.) (30-pk.)
Florisil® (EPA SW 846 methods and 

CLP protocols)
— 24031 — 24034
— 24032* 26086** 26085**

Silica (EPA SW 846 methods) — 24035 — 24038
— 24036* — —

Cyanopropyl (endcapped) 26048 26049 — —

TridentTM Integral Guard Column System Trident™ Direct Guard Column System
Description qty. cat.#
High-pressure filter ea. 25082
10mm guard cartridge holder without filter ea. 25083
10mm guard cartridge holder with filter ea. 25084
20mm guard cartridge holder without filter ea. 25085
20mm guard cartridge holder with filter ea. 25086
Connection tip for Waters®-style end fittings ea. 25088
PEEK® tip standard fittings ea. 25087
Replacement cap frits: 4mm, 2.0µm 5-pk. 25022
Replacement cap frits: 4mm, 0.5µm 5-pk. 25023
Replacement cap frits: 2mm, 2.0µm 5-pk. 25057

Description qty. cat.#
XG-XF Fitting for 10mm Guard Cartridge ea. 25026
XG-XF Fitting for 20mm Guard Cartridge ea. 25062
Replacement XF Filter Fitting ea. 25024
Replacement cap frits:  4mm, 2.0µm 5-pk. 25022
Replacement cap frits:  4mm, 0.5µm 5-pk. 25023
Replacement cap frits:  2mm, 2.0µm 5-pk. 25057

Allure, Pinnacle II, Resprep, Trident, Restek logo are trademarks of Restek Corp. Teflon is a trademark of E.I. duPont de Nemours and Co., Inc.
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Pinnacle™ DB HPLC Columns as Replacements for Hypersil® BDS
WWhhyy  cchhoooossee  PPiinnnnaaccllee™™ DDBB  ccoolluummnnss??
• Performance—equivalent replacement for Hypersil® BDS columns.
• Superior base deactivation and low total metals content-

ideal for basic compounds.
• Excellent lot-to-lot and column-to-column reproducibility.
• In stock, ready to ship - 90% of columns ship same 

day/next day of order.
• Wide selection of stock column dimensions, including 

semi-prep and prep scale.
• ISO 9001:2000 registered facility.
• Satisfaction guaranteed.

When we set out to create a new base-deactivated silica, we had five
specific goals:
• A material that would match or exceed the performance 

of any base-deactivated “Type B” silica.
• A material that would provide chromatographic separations 

equivalent to Hypersil® BDS material.
• A material with low metals content, for sharp, symmetric 

peaks for basic analytes.
• A rugged material compatible with the pressures and 

liquid environment of typical HPLC applications.
• An effective and efficient manufacturing process that gives 

consistent, reproducible quality.

WWee  hhaavvee  aattttaaiinneedd  eeaacchh  ooff  tthheessee  ggooaallss..
Pinnacle™ DB silica will meet or exceed the performance of any Type
B base-deactivated silica in its class. In Figure 1, peak symmetry for
the basic compound pyridine is significantly better, and analysis time
is notably shorter on the Pinnacle™ DB C18 column than on a typical
Type B C18 column. Expect similar results in your own comparisons.

We have matched the desirable physical characteristics of Hypersil®

BDS material. Figures 2 and 3 show the excellent agreement
between particle size and pore size distributions for Pinnacle™ DB
and Hypersil® BDS materials.

FFiigguurree  11::  PPyyrriiddiinnee//pphheennooll  tteesstt  mmiixx..

FFiigguurree  22::  EEqquuiivvaalleenntt  ppaarrttiiccllee  ssiizzee  ddiissttrriibbuuttiioonn  ffoorr  PPiinnnnaaccllee™™

DDBB  ssiilliiccaa  aanndd  HHyyppeerrssiill®® BBDDSS  ssiilliiccaa..

PPaarrttiiccllee  SSiizzee  aannaallyyssiiss PPiinnnnaaccllee  DDBB HHyyppeerrssiill  BBDDSS
Geometric Mean (µm): 4.81±1.20 4.89±1.70
Arithmetic Mean (µm): 4.89±0.94 4.95±0.82
Median (µm): 4.69 4.81
Mode: 4.69 4.79
Max Diff. (%): 6.04 7.11

Pinnacle DB

Hypersil BDS

LC_0245

Peak List: Conc.
1. uracil 5.0µg/mL
2. pyridine 0.1µL/mL
3. phenol 1.86mg/mL

Sample:
Inj.: 5.0µL
Sample Diluent: mobile phase

Column: Type B C18
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å

Conditions:
Mobile Phase:
A: 20mM potassium phosphate, pH 7.0
B: acetonitrile
Isocratic: 80%A:20%B
Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 254nm

LC_0248

Column: Pinnacle™ DB C18
Catalog #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

FFiigguurree  33::  PPiinnnnaaccllee™™ DDBB  ssiilliiccaa  aanndd  HHyyppeerrssiill®® BBDDSS  ssiilliiccaa  hhaavvee
rreemmaarrkkaabbllyy  eeqquuiivvaalleenntt  ppoorree  vvoolluummee  ddiissttrriibbuuttiioonn..  

PPoorree  SSiizzee  aannaallyyssiiss::  PPiinnnnaaccllee™™ DDBB
Surface Area (m2/g): 150
Pore Size (Å): 140
Pore Volume (mL/g): 0.66

Hypersil® BDS

Pinnacle™ DB
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For certain physical parameters we intentionally deviated from
Hypersil® BDS material - total metals content, for example. Fewer
metal ions on the surface of a silica particle make for sharper and
more symmetric peaks for basic analytes. Our new manufacturing
process strips metals from the silica surface, and smoothes the sur-
face as well. Figure 4 compares the content of various metals in
Pinnacle™ DB and Hypersil® BDS materials. For every metal meas-
ured, Pinnacle™ DB silica and Hypersil® BDS silica have equivalent
content, or the content in Pinnacle™ DB is lower.

Of course, what really matters is how separations on Pinnacle™ DB
columns and Hypersil® BDS columns compare. Figures 5–11 pair

FFiigguurree  44::    CCoonnssiisstteennttllyy  llooww  mmeettaallss  ccoonntteenntt  iinn  PPiinnnnaaccllee™™ DDBB  ssiilliiccaa  eennssuurreess  sshhaarrppeerr,,  mmoorree  ssyymmmmeettrriicc  ppeeaakkss  ffoorr  bbaassiicc  aannaallyytteess..

chromatograms for various analyte mixes from C18 bonded phase
versions of the two silicas; each pair was obtained using the same
instrument and mobile phase. Note the similarity in retention,
asymmetry, and efficiency in each set of chromatograms.

Behavior of each of these analytes will vary, based on differences for
factors such as carbon load, ligand density, degree of base deactiva-
tion, endcapping, and metals content. Columns that are similar for
these characteristics should provide similar chromatography.
Figures 5–11 show a Pinnacle™ DB C18 column and a Hypersil®

BDS column perform nearly identically.

Metal Type

ppm
(test limit is 10ppm)

HHooww  iimmppoorrttaanntt  iiss  mmeettaallss  ccoonntteenntt??

Silica manufacturers and most chromatographers well know that metals, especially metal ions, on the surface of a silica particle negative-
ly affect peak symmetry and otherwise interfere with chromatography, particularly for basic analytes. Consequently, silica manufacturers
use various treatments to eliminate surface metals or prevent contact between surface metals and sample components.

Silicas that have a high metal content – especially sodium – are structurally inferior to silicas containing small amounts of metals. To
strengthen silica particles containing high concentrations of sodium and other metals, some manufacturers use an annealing process to
embed the sodium into the framework of the particles. Although annealing imparts strength to the particles, it destroys some of their
useable surface area. Worse, as the particles age or crack, shielded metals that were embedded in the silica through the annealing proce-
dure, and thereby escaped surface deactivation treatments, are re-exposed to wreak havoc with a separation. The analyst observes loss of
base deactivation and further erosion of the particles’ stability in highly aqueous mobile phases.

Pinnacle™ DB silica has a particularly low total sodium value; it does not need annealing to impart strength, as strength comes from
Restek’s use of self-assembled materials technology. By removing excess metals and other impurities, we make a more rugged silica. This
means a potentially longer lifetime for a column made from this material, and more consistent peak shapes for bases as the column ages.
Lowering total metals content during the creation of the product increases the usable lifetime of the product.
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FFiigguurree  55::  TTeesstt  mmiixx  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..

FFiigguurree  66::  RReevveerrsseedd  pphhaassee  tteesstt  mmiixx  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..

Column:
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å
Conditions:
Mobile Phase: water:methanol (40:60 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm
Sample:
Inj.: 5µL
Sample Diluent: methanol:water (50:50 v/v)
Sample Temp.: ambient

0 2 4 6

1

2
3

4

8 10 min.

LC_0276 LC_0275

0 2 4 6

1

2

3 

4

8 10 min.

Retention Times
Peak List: Conc. Pinnacle DB Hypersil BDS

1. uracil 1µg/mL 1.666 1.737
2. pyridine 0.64mg/mL 2.155 2.196
3. N,N-dimethylaniline 0.45mg/mL 6.778 7.267
4. benzophenone 0.59mg/mL 9.006 9.646

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

0 1 2 3 4

1

2

3

4

5 min.

Column:
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å

Conditions:
Mobile Phase: water:methanol (20:80 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

Sample:
Inj.: 5µL 
Sample Diluent: methanol
Sample Temp.: ambient

LC_0280

0 1 2 3 4

1

2

3

4

5 min.

LC_0279

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

Retention Times
Peak List: Conc. Pinnacle DB Hypersil BDS

1. uracil 20µg/mL 1.655 1.689
2. benzene 3mg/mL 2.546 2.791
3. naphthalene 0.5mg/mL 3.594 4.138
4. biphenyl 60µg/mL 4.529 5.396

*Hypersil® catalog number; column not available from Restek.

NNeeaarrllyy  iiddeennttiiccaall
rreetteennttiioonn,,  

ppeeaakk  ssyymmmmeettrryy,,
aanndd  eeffffiicciieennccyy!!

NNeeaarrllyy  iiddeennttiiccaall
rreetteennttiioonn,,  

ppeeaakk  ssyymmmmeettrryy,,
aanndd  eeffffiicciieennccyy!!
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FFiigguurree  88::  AAcciidd  bbaassee  tteesstt  mmiixx  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..  
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FFiigguurree  77::  BBaassee//nneeuuttrraall  tteesstt  mmiixx  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..

0 1 2 3 4 5 6 7
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7

8 min.

LC_0263

0 1 2 3 4 5 6 7

1
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4

5

6

7

8 min.

Column:
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å

Conditions:
Mobile Phase: 50mM KH2PO4, pH 3.5:methanol (35:65 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

Sample:
Inj.: 2µL
Sample Diluent: methanol:water (50:50 v/v)
Sample Temp.: ambient

LC_0264

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

Retention Times
Peak List: Conc. Pinnacle DB Hypersil BDS

1. uracil 50µg/mL 1.676 1.705
2. aniline 0.75mg/mL 2.077 2.127
3. 2-nitroaniline 0.35mg/mL 2.618 2.687
4. 2,4-nitroaniline 0.35mg/mL 2.909 2.970
5. 3,5-xylenol 2.5mg/mL 3.668 3.804
6. anisole 2.5mg/mL 4.181 4.359
7. toluene 3.5mg/mL 6.979 7.383

0 1 2 3

1 2

3

4 5 6 7 min.

Column:
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å

Conditions:
Mobile Phase: 5 mM KH2PO4, pH 3.5:methanol (40:60 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

Sample:
Inj.: 2µL
Sample Diluent: methanol:water (50:50 v/v)
Sample Temp.: ambient

LC_0260

1 2 3

1

2

3

4 5 6 7 8 min.

LC_0259

Retention Times
Peak List: Conc. Pinnacle DB Hypersil BDS

1. caffeine 0.5mg/mL 2.525 2.640
2. acetylsalicylic acid 3.5mg/mL 4.088 4.363
3. benzoic acid 2.8mg/mL 6.733 7.288

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

*Hypersil® catalog number; column not available from Restek.

NNeeaarrllyy  iiddeennttiiccaall  rreetteennttiioonn,,  
ppeeaakk  ssyymmmmeettrryy,,  aanndd  

eeffffiicciieennccyy!!

NNeeaarrllyy  iiddeennttiiccaall  rreetteennttiioonn,,  
ppeeaakk  ssyymmmmeettrryy,,  aanndd  

eeffffiicciieennccyy!!
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FFiigguurree  1100::  PPAAHHss  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..
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FFiigguurree  99::  PPhheennoollss  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..

0 2 4

1

2

3

6 8 10 12 14 16 min.

Column:
Dimensions: 150mm x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å

Conditions:
Mobile Phase: 0.7%acetic acid:methanol

(60:40 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm

Sample:
Inj.: 5µL 
Sample Diluent: methanol
Sample Temp.: ambient

LC_0272

0 2 4

1

2

3

6 8 10 12 14 16 18 min.

LC_0271

Retention Times
Peak List: Conc. Pinnacle DB Hypersil BDS

1. phenol 0.6mg/mL 4.647 4.807
2. 2,6-dinitrophenol 1.4mg/mL 15.318 15.751
3. 3,5-dinitrophenol 1.5mg/mL 16.691 17.191

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

0 2 4 6 8 10

1

2

3
4

5

6

min.

Column:
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å

Conditions:
Mobile Phase: water:acetonitrile

(25:75 v/v)
Flow: 1.0mL/min
Temp.: ambient  
Det.: UV @ 254nm

Sample:
Inj.: 5µL
Conc.: 100µg/mL each
Sample Diluent: acetonitrile
Sample Temp.: ambient

LC_0268

0 2 4 6 8 10

1

2

3
4

5

6

min.

LC_0267

Retention Times
Peak List: Pinnacle DB Hypersil BDS

1. naphthalene 3.436 3.627
2. fluorene 4.611 4.902
3. phenanthrene 5.132 5.454
4. anthracene 5.574 5.941
5. pyrene 7.320 7.806
6. chrysene 9.404 10.093

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

NNeeaarrllyy  iiddeennttiiccaall  rreetteennttiioonn,,  
ppeeaakk  ssyymmmmeettrryy,,  aanndd  

eeffffiicciieennccyy!!

NNeeaarrllyy  iiddeennttiiccaall  rreetteennttiioonn,,  
ppeeaakk  ssyymmmmeettrryy,,  aanndd  

eeffffiicciieennccyy!!

*Hypersil® catalog number; column not available from Restek.
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FFiigguurree  1122::  PPCCMMXX  iinn  hhaanndd  ssooaapp  oonn  PPiinnnnaaccllee™™ DDBB  CC1188  
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The Pinnacle™ DB line currently is available with three bonded phas-
es: C18, C8, and cyano. Figures 12–14 are representative “real world”
chromatograms for each of these phases.

Large, 140Å, pores make Pinnacle™ DB material an excellent choice
when you are seeking to transfer an analysis to a shorter column, for
faster separations. Figure 15 shows vanilla flavor profiles can be
obtained in less than 6 minutes on a 50 x 4.0mm column. These
analyses typically are performed on a 150 x 4.6mm column, and
analysis times approach 20 minutes.

SSaattiissffaaccttiioonn  GGuuaarraanntteeeedd
Chromatographic and physical data comparisons show Pinnacle™ DB
and Hypersil® BDS materials are very closely matched, but we want
you to be completely comfortable in evaluating our new columns.
We guarantee separations of your samples on Pinnacle™ DB columns
will be comparable to separations with Hypersil® BDS columns. If a
Pinnacle™ DB column does not meet your satisfaction, simply supply
us with copies of chromatograms for your application on your
Pinnacle™ DB column and on your Hypersil® BDS column. We will
credit your account for the price of the Pinnacle™ DB column—and
you can keep the column, free!

If you are looking for a second source for Hypersil® BDS-type columns,
or if you simply are looking for a rugged, high quality, base-deactivated
material from a supplier who can provide columns quickly, Pinnacle™

DB columns are your answer. Of course, as always, you'll get Plus 1™

service and prompt, expert technical help when you deal with Restek.

FFiigguurree  1111::  XXaanntthheenneess  oonn  PPiinnnnaaccllee™™ DDBB  aanndd  HHyyppeerrssiill®® BBDDSS  CC1188  ccoolluummnnss..

1

2

3
4

86420 min.

Column:
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å/130Å

Conditions:
Mobile Phase: 20mM KH2PO4, pH 3:methanol (20:80 v/v)
Flow: 1.0mL/min
Temp.: ambient  
Det.: UV @ 254nm

Sample:
Inj.: 2µL 
Sample Diluent: water:methanol (75:25 v/v)
Sample Temp.: ambient

LC_0288

0 2 4 6

1

2

3

4

8 min.

LC_0287

Retention Times
Peak List: Conc. Pinnacle DB Hypersil BDS

1. theobromine 200µg/mL 3.141 3.278
2. theophylline 390µg/mL 5.117 5.336
3. β-hydroxytheophylline 390µg/mL 5.605 5.860
4. caffeine 390µg/mL 7.936 8.298

PPiinnnnaaccllee™™ DDBB  CC1188  CCoolluummnn
((ccaatt..##  99441144556655))

HHyyppeerrssiill®® BBDDSS  CC1188  CCoolluummnn
((ccaatt..##  2255110055--115544663300**))

0 2

1

4 6 8 min.

Peak List:
1. PCMX (4-chloro-3,5-dimethylphenol)

Column:
Cat. #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: water:methanol (35:65 v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 280nm

Sample:
Inj.: 10µL
Conc.: 5% solution of hand soap in methanol
Sample Diluent: methanol
Sample Temp.: ambient

LC_0293

NNeeaarrllyy  iiddeennttiiccaall  rreetteennttiioonn,,  
ppeeaakk  ssyymmmmeettrryy,,  aanndd  

eeffffiicciieennccyy!!

CClleeaanniinngg  IInndduussttrryy  AApppplliiccaattiioonn
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FFiigguurree  1133::  NNaapprrooxxeenn  oonn  PPiinnnnaaccllee™™ DDBB  CC88 FFiigguurree  1122::  NNaapprrooxxeenn  oonn  PPiinnnnaaccllee™™ DDBB  CCyyaannoo  
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0 0.5 1.51 2.52 3 3.5 min.

1

LC_0239

Peak List:
1. naproxen

Sample:
Inj.: 2µL
Conc.: 550µg/mL
Sample Diluent: mobile phase

Column: Pinnacle™ DB Cyano
Catalog #: 9416565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: 90% 20 mmolar 

KH2PO4 buffer, pH 3.0
B: 10% acetonitrile

Flow: 1.0mL/min
Temp.: 27°C 
Det.: UV @ 254nm

0 0.5 1.5 2.51 2 3.5 4.53 4 min.

1

LC_0240

Peak List:
1. naproxen

Sample:
Inj.: 2µL
Conc.: 550µg/mL
Sample Diluent: mobile phase

Column: Pinnacle™ DB C8
Catalog #: 9413565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: 90% 20 mmolar 

KH2PO4 buffer, pH 3.0
B: 10% acetonitrile

Flow: 1.0mL/min
Temp.: 27°C
Det.: UV @ 254nm

FFiigguurree  1155::  VVaanniillllaa  ffllaavvoorr  pprrooffiilleess  oonn  PPiinnnnaaccllee™™ DDBB  CC1188::  FFaasstt  LLCC

LC_0251

Peak List: Ret. Time (min.)
1. vanillin 2.00
2. ethylvanillin 4.20

LC_0252

Peak List Ret. Time (min.)
1. vanillin 2.00

Sample:
Inj.: 5µL
Conc.: unknown
Sample Diluent: 20% v/v 

commercial 
extract in 
water

Column: Pinnacle™ DB C18
Catalog #: 9414555
Dimensions: 50 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å

Conditions:
Mobile Phase: A: 0.2% v/v conc. phosphoric 

acid in water
B: methanol
Isocratic: 80% A: 20% B

Flow: 2mL/min
Temp.: 27°C 
Det.: UV @ 254nm

VVaanniilllliinn  aanndd  EEtthhyyllvvaanniilllliinn
oonn  PPiinnnnaaccllee™™ DDBB  CC1188

VVaanniillllaa  BBeeaann  EExxttrraacctt
oonn  PPiinnnnaaccllee™™ DDBB  CC1188

PPhhaarrmmaacceeuuttiiccaall  AApppplliiccaattiioonnss

FFoooodd,,  FFllaavvoorr,,  aanndd  FFrraaggrraannccee  AApppplliiccaattiioonn
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TTaabbllee  II::  CCrroossss--rreeffeerreennccee  ooff  ccaattaalloogg  nnuummbbeerrss..  

PPrroodduucctt  LLiissttiinngg

Pinnacle and the Restek logo are trademarks of Restek; Hypersil is a trademark of Thermo Hypersil-Keystone.

PPiinnnnaaccllee™™ DDBB  CC1188  55µµmm  CCoolluummnnss PPiinnnnaaccllee™™ DDBB  CC88  55µµmm  CCoolluummnnss

PPiinnnnaaccllee™™ DDBB  CCyyaannoo  55µµmm  CCoolluummnnss PPiinnnnaaccllee™™ DDBB  SSiilliiccaa  55µµmm  CCoolluummnnss

PPiinnnnaaccllee™™ DDBB HHyyppeerrssiill®® BBDDSS
RReesstteekk TThheerrmmoo  HHyyppeerrssiill--KKeeyyssttoonnee PPhheennoommeenneexx

225500mmmm  lleennggtthh
1.0mm 9414571 28105-251030
2.1mm 9414572 28105-252130
3.2mm 9414573 28105-253030
4.6mm 9414575 28105-254630 00G-4022-E0

220000mmmm  lleennggtthh
1.0mm 9414521 28105-201030
2.1mm 9414522 28105-202130
3.2mm 9414523 28105-203030
4.6mm 9414525 28105-204630

115500mmmm  lleennggtthh
1.0mm 9414561 28105-151030
2.1mm 9414562 28105-152130 00F-4022-B0
3.2mm 9414563 28105-153030 00F-4022-R0
4.6mm 9414565 28105-154630 00F-4022-E0

110000mmmm  lleennggtthh
1.0mm 9414511 28105-101030
2.1mm 9414512 28105-102130 00D-4022-B0
3.2mm 9414513 28105-103030
4.6mm 9414515 28105-104630 00D-4022-E0

5500mmmm  lleennggtthh
1.0mm 9414551 28105-051030
2.1mm 9414552 28105-052130 00B-4022-B0
3.2mm 9414553 28105-053030 00B-4022-R0
4.6mm 9414555 28105-054630 00B-4022-E0

3300mmmm  lleennggtthh
1.0mm 9414531 28105-031030
2.1mm 9414532 28105-032130
3.2mm 9414533 28105-033030
4.6mm 9414535 28105-034630 00A-4022-E0

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## ccaatt..## ccaatt..## ccaatt..##
30mm 9414531 9414532 9414533 9414535
50mm 9414551 9414552 9414553 9414555

100mm 9414511 9414512 9414513 9414515
150mm 9414561 9414562 9414563 9414565
200mm 9414521 9414522 9414523 9414525
250mm 9414571 9414572 9414573 9414575

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## ccaatt..## ccaatt..## ccaatt..##
30mm 9416531 9416532 9416533 9416535
50mm 9416551 9416552 9416553 9416555

100mm 9416511 9416512 9416513 9416515
150mm 9416561 9416562 9416563 9416565
200mm 9416521 9416522 9416523 9416525
250mm 9416571 9416572 9416573 9416575

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## ccaatt..## ccaatt..## ccaatt..##
30mm 9413531 9413532 9413533 9413535
50mm 9413551 9413552 9413553 9413555

100mm 9413511 9413512 9413513 9413515
150mm 9413561 9413562 9413563 9413565
200mm 9413521 9413522 9413523 9413525
250mm 9413571 9413572 9413573 9413575

11..00mmmm  IIDD 22..11mmmm  IIDD 33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## ccaatt..## ccaatt..## ccaatt..##
30mm 9410531 9410532 9410533 9410535
50mm 9410551 9410552 9410553 9410555

100mm 9410511 9410512 9410513 9410515
150mm 9410561 9410562 9410563 9410565
200mm 9410521 9410522 9410523 9410525
250mm 9410571 9410572 9410573 9410575
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What is Siltek™ Deactivation?
The Siltek™ process (patent pending) produces a highly inert glass surface that
features high-temperature stability, extreme durability, and virtually no bleed.

Siltek™ deactivation is not susceptible to cleavage or formation of active silanols
like traditional deactivations can be; and, therefore, greatly reduce bleed, break-
down, and adsorption of active components.

Lower Limits of Detection for High Molecular
Weight Compounds

Traditional deactivated surfaces thermally degrade at the elevated temperatures used in GC analysis. As
the temperature increases, so does the rate of thermal degradation of the column phase, which is
reflected by an increase in the baseline of a detection system. This undesirable phenomena, called
bleed, can interfere with the accurate quantitation of analytes. Although deactivated guard columns
are not coated with stationary phase, their surface treatment can still show a measurable bleed level.

Siltek™ deactivation, however, results in extremely low bleed levels at elevated temperatures. A Siltek™

guard column has 60% less bleed than a standard deactivated guard column (Figure 1). Lower bleed
translates to lower limits of detection for high molecular weight compounds. Better deactivation
provides better analytical results!

Figure 1
An expanded bleed plot shows the Siltek™ guard column exhibits 60% less bleed than the

standard deactivated guard column at 330°C.

6 8 10 12 14

Siltek™ guard column

Standard guard column
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The Next Generation of Surface Deactivatio n

✔ Maximizes the inertness of sample pathway
✔ Minimizes breakdown and bleed
✔ Thermally stable

Generation
TheNext
of Surface Deactivation



Enhanced Recovery of Trace-Level
Chlorinated Pesticides

US Environmental Protection Agency (EPA) Method 8081A is a challenging
analysis that requires gas chromatographic (GC) separation and detection of
chlorinated pesticides in low ppb levels. Three compounds listed in the
8081A Method—endrin, DDT, and methoxychlor—are highly susceptible to
breakdown on a variety of active surfaces, making accurate analysis difficult.
A typical configuration for this analysis includes a direct injection sleeve and
a guard column connected to one or two analytical columns via a press-tight
connector. This entire chromatographic system needs to be optimized to
prevent breakdown and ensure accurate results.

In Figure 2a, an on-column analyte concentration of 50ppb shows 62% endrin
breakdown on an inadequately deactivated liner, as indicated by the integrated
decomposition products of endrin aldehyde (peak 18) and endrin ketone (peak
21). Use of a Siltek™ inlet liner results in less than 1% endrin breakdown, and
undetectable DDT and methoxychlor breakdown (Figure 2b). A completely deacti-
vated GC system shows unsurpassed response and resolution of the complete list
of 8081A analytes using a Siltek™ liner, Siltek™ Press-Tight® connector, Siltek™

guard column, and an Rtx®-CLPesticides analytical column (Figure 3).

Figure 2
a) Before

A chromatographic system that
is inadequately deactivated will
cause poor linearity, a loss of

reproducibility, and costly
analytical downtime.

b) After
Siltek™-deactivated Uniliner®

inlet liners result in less than
1% endrin breakdown, and

undetectable DDT and
methoxychlor breakdown.

Conditions for Figure 2
30m, 0.53mm ID, 0.42µm Rtx-CLPesticides2
(cat.#11340) with open-top Siltek™ Uniliner®

w/o wool (cat.# 20843-214.1)
Inj.: 1µL of 50pg/µL standard of tetrachloro-

meta-xylene (IS), endrin, 4,4'-DDT, methoxychlor,
and decachlorobiphenyl (IS); Oven temp.: 120°C
(hold 1 min.) to 300°C @ 9°C/min. (hold 10 min.)

Inj. temp.: 250°C; Det.: ECD, 300°C
Carrier gas: helium

Figure 3
A completely deactivated GC system shows excellent resolution of the

complete list of US EPA Method 8081A analytes at very low levels.
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Peak List for Figures 2 and 3
1. 2,4,5,6-tetrachloro-m-xylene (IS)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDE
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. endosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl (IS)

Conditions for Figure 3
30m, 0.32mm ID, 0.5µm (cat.# 11139)

Rtx®-CLPesticides with a 5m, 0.32mm ID
Siltek™ guard column (cat.# 10027) and a

Siltek™ gooseneck liner (cat.# 20798-214.1)
On-column conc.: 16-160pg

Oven temp.: 120°C (hold 1 min.) to 300°C
@ 9°C/min. (hold 10 min.)
Inj. temp.: 250°C, splitless

(hold for 0.75 min.)
Det.: ECD, 300°C with anode purge

Carrier gas: helium, 31cm/sec.
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Restek trademarks: Siltek, CarboFrit, Press-Tight,
Uniliner, Rtx, and the Restek logo.

©2001 Restek Corp.



Type Ea. 3-Pk. 5-Pk. 25-Pk. 100-Pk.

straight — — 20480, $48 20449, $202 20481, $650

angled — — 20482, $65 20483, $225 20484, $750

“Y” 20485, $62 20486, $166 — — —

angled “Y” 20487, $67 20469, $180 — — —

Qty. cat.#

10 g 21100, $50

Restek Corporation
110 Benner Circle
Bellefonte, PA  16823-8812

The Next Generation of Surface Deactivatio n

Qty. Siltek™ Siltek™ with Siltek™ wool  Siltek™ with CarboFrit™

each -214.1, $5 addl. cost -213.1, $19 addl. cost -216.1, $19 addl. cost

5-pk. -214.5, $20 addl. cost -213.5, $49 addl. cost -216.5, $49 addl. cost

25-pk. -214.25, $90 addl. cost -213.5, $168 addl. cost -216.25, $168 addl. cost

Siltek™ Borosilicate Wool

Siltek™ Press-Tight® Connectors

Siltek™ Inlet Liners
For Siltek™ inlet liners, add the corresponding suffix number to your Restek liner catalog number.

Nominal ID Nominal OD 5-Meter 10-Meter

0.25mm 0.37 ±0.04mm 10026 $50 10036 $95

0.28mm 0.37 ±0.04mm 10016 $55 10017 $105

0.32mm 0.45 ±0.04mm 10027 $55 10037 $105

0.45mm 0.69 ±0.05mm 10018 $75 10019 $140

0.53mm 0.69 ±0.05mm 10028 $75 10038 $140

Siltek™ Guard Columns

U.S.: 110 Benner Circle • Bellefonte, PA  16823  •  814-353-1300 • 800-356-1688 • fax: 814-353-1309 • www.restekcorp.com
Restek Germany: (49) 06172 2797 0 Thames Restek U.K. LTD: (44) 01753 624111
Restek France: (33) 01 60 78 32 10 Thames Restek Scotland LTD: (44) 870 241 1247
Restek Ireland: (44) 2 890 814 576

Lit. Cat.# 59803A-INT

Nominal ID cat.#

30m, 0.53mm ID, 0.50µm Rtx®-CLPesticides column

30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 column 11197, $998

30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides column

30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2 column 11198, $930

30m, 0.25mm ID, 0.25µm Rtx®-CLPesticides column

30m, 0.25mm ID, 0.20µm Rtx®-CLPesticides2 column 11199, $899

Rtx®-CLPesticides Column Kits
Kits include a universal angled “Y” Siltek™ Press-Tight® connector, 5m Siltek™ guard column, and
columns listed.

Presorted Standard
US Postage

PAID
Restek



Low-Bleed Column,
New Reference Mixes for

Semivolatile Organic Analytes
in Drinking Water

Using Gas Chromatography/Mass
Spectrometry (EPA Method 525.2)

RESTEKthe

800-356-1688 ★ 814-353-1300
www.restekcorp.com

2003 vol.3

AdvantageInnovators of High Resolution
Chromatography Products

in this issueBy Christopher English, Environmental Innovations Chemist & Katia May, Ph.D., R&D Chemist

Rtx®-5Sil MS column provides:
✔ extremely low bleed, for greater sensitivity in GC/MS applications.
✔ excellent resolution of 110 target semivolatile compounds in

EPA Method 525.2.
EPA 525.2 reference materials are:

✔ economical — calibration mixtures at 1000µg/mL concentration, for more
analyses per ampul.

✔ convenient — 106 compounds in only six mixtures.
✔ calibration mixtures formulated by chemical class: semivolatiles, PCB

congeners, organochlorine pesticides, nitrogen/phosphorus pesticides.
✔ six nitrogen/phosphorus pesticides in a separate mix, for stability.

Gas chromatographic analyses for semivolatile ana-
lytes in drinking water require an inert, thermally
stable, low-bleed stationary phase. EPA Method 525,
a liquid-solid extraction / capillary GC/MS analysis, is
applicable for monitoring a wide range of semi-
volatiles in an aqueous matrix. The new revision,
Method 525.2, includes 110 target compounds.
Restek provides the materials needed for this analysis:
extraction disks, reference materials, and an inert

column capable of excellent response for acids and
bases, even at single digit nanogram on-column

quantities.

Of the EPA GC/MS methods for analyz-
ing semivolatiles, Method 525.2 is

the most demanding for column
inertness. Method 525.2 target

analytes include many active
compounds, e.g., endrin,

methoxychlor, DDT, pen-
tachlorophenol. Simple
adjustments to the
injection conditions
can yield great
improvements in

sensitivity, especially for active and high molecular
weight compounds. Analytes can degrade in the
injection port and exhibit excessive tailing. To pre-
vent this, we use a Drilled Uniliner® inlet liner: a
Press-Tight® seal between the fused silica column
and the internal surface of the liner eliminates con-
tact between the sample and the hot metal surfaces
in the injection port. A pulsed injection (30psi, 0.5
min.) reduces the time the analytes spend in the
injection port, and helps to minimize breakdown.
Pulsed pressure injection increases the possibility of
breaking the seal between the column and the liner.
Therefore, head pressure should not exceed 50psi
when using the pulsed splitless mode. A starting
temperature of 35°C helps ensure excellent peak
shapes for early eluting target analytes.

To reduce bleed and activity, Restek continues to
explore new synthesis routes for both column
deactivation and the stationary phase polymer.
Improvements in technology allow our Rtx®-5Sil MS
columns to withstand high bake-out temperatures
without loss of deactivation. The inset in Figure 1 is
an example of superior efficiency and low bleed for
a mid-point standard, at 330°C. Peak shape and
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response are excellent for the very active compounds endrin, DDT, and
methoxychlor, peaks 89, 95, and 102, respectively. 

Low-bleed Rtx®-5Sil MS columns ensure low detection limits and excellent instru-
ment stability in semivolatiles analysis.

We incorporate 106 Method 525.2 target compounds in six new, stable mixtures.
The concentration of each component in these mixes, 1000µg/mL,1 is consider-
ably higher than in mixes from other sources, and significantly more analyses can
be conducted from each ampul of material. We have formulated the new calibra-
tion mixes by chemical class: semivolatiles, PCB congeners, organochlorine pesti-
cides, nitrogen/phosphorous pesticides.2 Pentachlorophenol is included in the
semivolatiles mix at a concentration four times higher than the other analytes, as
required by the method. For the convenience of our customers we include hep-
tachlor epoxide isomer A, an analyte not on the target list for Method 525.2, in
Chlorinated Pesticides Mix #2. Six of the nitrogen/phosphorous pesticide analytes
on the target list are unstable in aqueous matrices; we combine these analytes in

a separate mix (cat.# 32423). We do not include two compounds, disulfoton sul-
foxide and disulfoton sulfone, in either our new mixes or our existing mixes. In
water, disulfoton is rapidly oxidized by chemical reaction to the analogous sulfox-
ide and sulfone. Consequently, the sulfoxide and sulfone cannot be included in the
mix with disulfoton. We offer individual solutions of the two analytes — please
refer to our catalog or web site.3

In addition to calibration mixes for Method 525, we also have all needed quality
control standards: internal and surrogate standards, a fortification recovery stan-
dard, and a GC/MS performance check standard. New Method 525.2 Surrogate
Standards Mix includes optional pyrene-d10. All new mixes are described on page 3.

References
1 Components in Method 525.2 PCB Congeners Mix (cat.# 32420) are at 200µg/mL each.
2 Previously available mixes for Method 525 include Organochlorine Pesticides Mix AB #3

(cat.# 32415), individual Aroclor® PCB solutions (cat.# 32075, 32077, 32079, 32081, 32083, 32085,
32087), and TCLP Toxaphene (cat.# 32015).

3 Catalog # MET 652-A and MET 652-B, respectively.

Figure 1 - Low bleed and excellent
resolution of complex semivolatiles
sample, using an Rtx®-5Sil MS column.

1. isophorone
2. 2-nitro-m-xylene
3. dichlorvos
4. hexachlorocyclopentadiene
5. EPTC
6. mevinphos
7. butylate
8. vernolate
9. dimethylphthalate

10. etridiazole (Terrazole®)
11. 2,6-dinitrotoluene
12. pebulate
13. acenaphthylene
14. acenaphthylene-d10
15. chloroneb
16. 2-chlorobiphenyl (BZ#1) 
17. tebuthiuron
18. 2,4-dinitrotoluene
19. molinate
20. diethyl phthalate
21. fluorene
22. propachlor
23. ethoprop
24. cycloate
25. trifluralin  
26. chlorpropham
27. α-BHC
28. 2,3-dichlorobiphenyl (BZ#5)
29. hexachlorobenzene
30. atraton
31. prometon
32. simazine
33. atrazine
34. propazine
35. β-BHC
36. pentachlorophenol
37. γ-BHC (lindane)
38. terbufos
39. diazinon
40. pronamide
41. phenanthrene-d10

42. chlorothalonil
43. phenanthrene
44. methyl parathion OA
45. disulfoton
46. terbacil
47. anthracene
48. δ-BHC
49. 2,4,5-trichlorobipenyl 

(BZ#29)
50. metribuzin
51. alachlor
52. simetryn
53. ametryn
54. prometryne
55. heptachlor  
56. terbutryn
57. di-n-butylphthalate
58. bromacil

59. 2,2',4,4'-tetrachloro-
biphenyl (BZ#47)

60. metolachlor
61. chlorpyrifos
62. cyanazine (Bladex)
63. DCPA methyl ester 

(Dacthal®)
64. aldrin
65. triadimefon
66. diphenamid
67. MGK-264
68. merphos
69. heptachlor epoxide (isomer B)
70. 2,2',3',4,6-pentachloro-

biphenyl (BZ#98)
71. heptachlor epoxide (isomer A)
72. stirofos (tetrachlorvinphos)
73. butachlor

74. α-chlordane
75. fenamiphos
76. pyrene-d10
77. γ-chlordane
78. endosulfan I
79. pyrene
80. trans-nonachlor
81. napropamide
82. 4,4'-DDE
83. tricyclazole
84. p-terphenyl-d14
85. 2,2',4,4',5,6'-hexachloro-

biphenyl (BZ#154)
86. carboxin
87. dieldrin   
88. chlorbenzilate
89. endrin   
90. 4,4'-DDD

91. endosulfan II
92. endrin aldehyde  
93. norflurazon
94. butyl benzyl phthalate
95. 4,4'-DDT
96. bis(2-ethylhexyl)adipate
97. endosulfan sulfate
98. hexazinone
99. triphenylphosphate

100. endrin ketone  
101. 2,2',3,3',4,4',6-hepta-

chlorobiphenyl (BZ#171)
102. methoxychlor  
103. 2,2',3,3',4,5',6,6'-octa-

chlorobiphenyl (BZ#207)
104. benzo(a)anthracene
105. chrysene-d12
106. chrysene

107. bis(2-ethylhexyl)phthalate
108. fenarimol
109. cis-permethrin
110. trans-permethrin
111. benzo(b)fluoranthene
112. benzo(k)fluoranthene
113. fluridone (Sonar®)
114. benzo(a)pyrene
115. perylene-d12
116. dibenz(a,h)anthracene
117. indeno(1,2,3-cd)pyrene
118. benzo(ghi)perylene

Rtx®-5Sil MS  30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: US EPA Method 525.2  Mix 

1µL 10ppm (20ppm IS)  
Standards used:  cat. #s 31824, 32420,
32421, 32422, 32423, 31825, 31826,
31828, 32291

Inj.: 1.0µL 30psi 0.4min. pulsed splitless 
(hold 0.4 min.), 
4mm  Drilled Uniliner® (cat.# 21055)

Inj. Temp.: 300°C
Carrier Gas:  helium, constant flow  
Flow Rate: 0.8 mL/min. 
Oven Temp.: 35°C (hold 1 min.) to 270°C @ 

18°C/min. (hold 0 min.) to 330°C 
@ 5°C/min. (hold 1 min.) 

Det: Agilent 5973 GC/MS
Transfer Line Temp.:  280°C
Scan Range: 40–550 amu
Solvent Delay: 4.0 min.
Tune: DFTPP
Ionization: EI
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acenaphthylene 1,000µg/mL
anthracene 1,000
benzo(a)anthracene 1,000
benzo(a)pyrene 1,000
benzo(b)fluoranthene 1,000
benzo(ghi)perylene 1,000
benzo(k)fluoranthene 1,000
benzylbutylphthalate 1,000
bis(2-ethylhexyl)adipate 1,000
bis(2-ethylhexyl)phthalate 1,000
chrysene 1,000
dibenzo(a,h)anthracene 1,000
diethylphthalate 1,000
dimethylphthalate 1,000
di-n-butylphthalate 1,000

2,4-dinitrotoluene 1,000
2,6-dinitrotoluene 1,000
fluorene 1,000
hexachlorobenzene 1,000
hexachlorocyclopentadiene 1,000
indeno(1,2,3-cd)pyrene 1,000
isophorone 1,000
pentachlorophenol 4,000
phenanthrene 1,000
pyrene 1,000

Method 525.2 Semivolatile Mix (25 components)

In acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31824 31824-510 —

ww//ddaattaa  ppaacckk
31824-500 31824-520 31924

2-chlorobiphenyl (BZ#1)
2,3-dichlorobiphenyl (BZ#5)
2,4,5-trichlorobiphenyl (BZ#29)
2,2',4,4'-tetrachlorobiphenyl (BZ#47)

2,2',3',4,6-pentachlorobiphenyl (BZ#98)
2,2',4,4',5,6'-hexachlorobiphenyl (BZ#154)
2,2',3,3',4,4',6-heptachlorobiphenyl (BZ#171)
2,2',3,3',4,5',6,6'-octachlorobiphenyl (BZ#200)

Method 525.2 PCB Congener Mix (8 components)

200µg/mL each in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32420 32420-510 —

ww//ddaattaa  ppaacckk
32420-500 32420-520 32520

chlorobenzilate
chloroneb
chlorothalonil
chlorpyrifos
cyanazine (Bladex)
DCPA methyl ester (Dacthal®)

etridiazole (Terrazole®)
heptachlor epoxide (isomer A)
trans-nonachlor
cis-permethrin
trans-permethrin
propachlor

Method 525.2 Chlorinated Pesticide Mix #2 (12 components)

1,000µg/mL each in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32421 32421-510 —

ww//ddaattaa  ppaacckk
32421-500 32421-520 32521

alachlor
ametryn
atraton
atrazine
bromacil
butachlor
butylate
chlorpropham
cycloate
dichlorvos (DDVP)
diphenamid
EPTC
ethoprop (ethoprophos)
fenarimol
fluridone (Sonar®)
hexazinone
methyl parathion OA
metolachlor
metribuzin*
mevinphos (phosdrin)

MGK-264
molinate
napropamide
norflurazon
pebulate
prometon
prometryne
pronamide
propazine
simazine
simetryn
stirofos (tetrachlorvinphos)
tebuthiuron
terbacil
terbutryn
triadimefon
tricyclazole
trifluralin
vernolate

Method 525.2 Nitrogen/Phosphorous Pesticide Mix #1 (39 components)

1,000µg/mL each in acetone, 1mL/ampul

*Offered independently; please inquire.

EEaacchh 55--ppkk.. 1100--ppkk..
32422 32422-510 —

ww//ddaattaa  ppaacckk
32422-500 32422-520 32522

carboxin
diazinon
disulfoton

fenamiphos
merphos (tributylphosphorotrithioite)
terbufos

Method 525.2 Nitrogen/Phosphorous Pesticide Mix #2 (6 components)

1,000µg/mL each in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32423 32423-510 —

ww//ddaattaa  ppaacckk
32423-500 32423-520 32523

p-terphenyl-d14
Method 525.2 Fortification Recovery Standard

1,000µg/mL in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31828 31828-510 —

ww//ddaattaa  ppaacckk
31828-500 31828-520 31928

acenaphthene-d10
chrysene-d12

phenanthrene-d10
Method 525.2 Internal Standard Mix

1,000µg/mL each in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31825 31825-510 —

ww//ddaattaa  ppaacckk
31825-500 31825-520 31925

2-nitro-m-xylene
(1,3-dimethyl-2-nitrobenzene)

perylene-d12

pyrene-d10
triphenylphosphate

Method 525.2 Surrogate Standard Mix

1,000µg/mL each in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31826 31826-510 —

ww//ddaattaa  ppaacckk
31826-500 31826-520 31926

4,4'-DDT
DFTPP (decafluorotriphenylphosphine)

endrin
Method 525.2 GC/MS Performance Check Mix

1,000µg/mL each in acetone, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31827 31827-510 —

ww//ddaattaa  ppaacckk
31827-500 31827-520 31927

Resprep™-C18 SPE Disks
• 47mm glass fiber embedded with C18 bonded silica. 
• Deep-pore design reduces clogging and allows faster flow rates.
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Resprep™-C18–47 Disks 20-pk. 24004

aldrin
a-BHC
b-BHC
d-BHC
g-BHC (lindane)
a-chlordane
g-chlordane

4,4'-DDD
4,4'-DDE
4,4'-DDT
dieldrin
endosulfan I
endosulfan II
endosulfan sulfate

endrin
endrin aldehyde
endrin ketone
heptachlor
heptachlor epoxide (isomer B)
methoxychlor

Organochlorine Pesticide Mix AB # 3 (20 components)

2,000µg/mL each in hexane:toluene (1:1), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32415 32415-510 —

ww//ddaattaa  ppaacckk
32415-500 32415-520 32515
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Verify Fruit Juice Quality
from Organic Acid Profiles

Using New Allure™

Organic Acids HPLC Column
By Rebecca Wittrig, Ph.D., Senior Innovations Chemist

✔ One 30cm Allure™ Organic Acids column replaces two C18 columns in
AOAC methodology.

✔ Stable and reproducible retention, even with 100% aqueous mobile
phases, as in AOAC method 986.13.

✔ Facilitates detection of fruit juice adulteration.

The fruit juice industry in the US alone is worth over
$12 billion per year1 and is many times that world-
wide. High-value juices have been replaced or
extended through substitution of sugars for juice
solids, or by dilution with less expensive juices, such
as white grape juice or pear juice. To detect adulter-
ation, investigators examine sugar profiles and sor-
bitol content; minerals; anthocyanin pigments; phe-
nolics; oligosaccharides; carbon stable isotope ratio
for various components; and/or organic acid pro-
files. Because juices are chemically complex, several
complementary analyses should be performed to ver-
ify authenticity. The resolving power of high perform-
ance liquid chromatography (HPLC) is invaluable for
accurately quantifying many of these components.

The organic acids that give fruit products their char-
acteristic tartness vary in combination and in con-
centrations among different juices, and the organic
acid profile can be used to identify a juice or verify
its purity. For example, malic acid is a major com-
ponent of the organic acid content of apple juice. If
apple juice has been diluted, e.g., with sugar water,
the malic acid content will be low. Cranberry juice
contains quinic, malic, and citric acids; grape juice,
on the other hand, contains relatively high levels of
tartaric acid. A “cranberry juice” that contains meas-
urable amounts of tartaric acid should be suspect.

Typically, organic acids in fruit juices are identified
and quantified by using methods such as AOAC
method 986.13.2 In this procedure, reversed phase
HPLC is used to separate the acids. Because several
of the analytes are extremely difficult to resolve, a
100% aqueous mobile phase is needed to enhance
interaction between the acids and the C18 stationary
phase, but the C18 chains in conventional columns
collapse in a totally aqueous environment, greatly
reducing the resolving capability of the column. To
compensate, two columns must be used in series.

Now there is a simpler and more reliable approach:
a single 30cm Allure™ Organic Acids column effec-
tively resolves key organic acids, under the chro-
matographic conditions specified in AOAC method
986.13. Figure 1 shows a separation of typical fruit
juice organic acids: tartaric, quinic, malic, citric,
and fumaric acids. Note the excellent resolution of

tartaric and quinic acids! This superior performance
makes interpretation of the data more reliable.
Similarly, note the distinct organic acid profiles for
grape juice and cranberry juice cocktail in Figure 2.

Analysis of polar organic acids is difficult at best on
conventional reversed phase columns. In contrast,
an Allure™ Organic Acids column provides excellent
retention and selectivity for these compounds, allow-
ing the separation to be performed on a single col-
umn. Retention is stable and reproducible, even with
a 100% aqueous mobile phase as specified in AOAC
method 986.13. If you are monitoring fruit juice
quality, and want a trouble-free analysis with accu-
rate results, we highly recommend an Allure™

Organic Acids column.

References
1 Authenticity of Apple Juice Technical Bulletin #2 (1996),

Analytical Chemical Services of Columbia, Inc.
2 Official Methods of Analysis (2000), AOAC International, 17th

edition, method #986.13.

Peak List: Conc.
1. tartaric acid 1mg/mL
2. quinic acid 1mg/mL
3. malic acid 1mg/mL
4. citric acid 1mg/mL
5. fumaric acid 0.005mg/mL

Sample: organic acids; for concentrations, see Peak List
Inj.: 10µL
Conc.: See peak list
Sample Diluent: purified water
Column: Allure Organic Acids
Catalog #: 9165585
Dimensions: 300 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å
Conditions:
Mobile Phase: 100mM phosphate buffer, pH 2.5
Flow: 0.5mL/min
Temp.: ambient
Det.: UV @  226nm

Figure 1 – Excellent separation of organic acids, including tartaric and quinic acids,
using one 30cm Allure™ Organic Acids column.

LC_0238

Organic acids are difficult to analyze

on conventional reversed phase

columns. A 100% aqueous mobile

phase increases interaction between

the acids and the stationary phase, but

C18 chains collapse in a totally aque-

ous environment. The Allure™ Organic

Acids column was designed to

enhance retention and selectivity for

this challenging application. Novel

binding chemistry ensures the alkyl

groups in Allure™ Organic Acids

columns remain extended in 100%

aqueous mobile phases; retention is

stable and reproducible.

New organics acids

reference mix listed

on page 5!
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Allure™ Organic Acids Column (5µm silica; 4.6mm ID)

Peak List: Ret. Time (min.)
1. tartaric acid 8.03
2.malic acid 11.9
U. unidentified juice component

Sample: grape juice
Inj.: 10µL
Conc.: grape juice:water (50:50, v/v)
Sample Diluent: purified water

Column: Allure™ Organic Acids
Catalog #: 9165585
Dimensions: 300 x 4.6mm
Particle Size: 5µm
Pore Size: 60Å

Conditions:
Mobile Phase: 100mM phosphate buffer, pH 2.5
Flow: 0.5mL/min
Temp.: ambient
Det.: UV @ 226nm

Figure 2 – Sharp, easily differentiated organic acid profiles for
grape juice and cranberry juice cocktail, provided by an Allure™

Organic Acids column.

LC_0237

Peak List: Ret. Time (min.)
1. quinic acid 8.88
2. malic acid 11.92
3. citric acid 27.00
U. unidentified juice component

Sample: cranberry juice cocktail
Inj.: 10µL
Conc.: cranberry juice cocktail:water (50:50, v/v)
Sample Diluent: purified water

LC_0236

Baseline Separation of
PAHs by HPLC, Using a

Pinnacle II™ PAH Column
✔ Fast analysis — resolve 16 target PAHs in less than 18

minutes!
✔ Excellent resolution — cross-linked C18 phase gives

baseline separation.
✔ Column-to-column reproducibility — we control the

entire manufacturing process: silica production -
column manufacture - final testing. You will see the same
outstanding performance from every Pinnacle II™ PAH
column you use!

6 8 10 12 14 16 18
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Column: Pinnacle II™ PAH
Catalog #:  9219563
Dimensions:  150 x 3.2mm
Particle Size: 5µm
Pore Size:     110Å
Conditions:
Mobile Phase:  A: purified water, B: acetonitrile

Time (min.) %B
0 40
7 60

11 100
17.9 100

18 40
Flow: 1.2 mL/min
Temp.: ambient
Det.: UV @  254nm
Sample:
Inj.: 5µL PAH standard

(cat.#31264)
Conc.: see peak list
Sample Diluent: 1:9 methylene

chloride:acetonitrile
Sample Temp.: ambient

LC_0303

Figure 1 - Baseline separation of US EPA Method 610 PAHs
in <18 minutes.

Peak List: Conc. (µg/mL)
1. naphthalene 100
2. acenaphthylene 100
3. acenaphthene 100
4. fluorene 100
5. phenanthrene 50
6. anthracene 100
7. fluoranthene 50
8. pyrene 50
9. benzo(a)anthracene 50

10. chrysene 50
11. benzo(b)fluoranthene 50
12. benzo(k)fluoranthene 50
13. benzo(a)pyrene 50
14. dibenzo(a,h)anthracene 50
15. benzo(ghi)perylene 50
16. indeno(1,2,3-cd)pyrene 50

Other reference mixes available —
please see our catalog or website.

An example chromatogram from our new Environmental HPLC flyer.
Request your copy today! lit. cat.#59741

Grape Juice

Cranberry
Juice Cocktail

citric acid 2000µg/mL
fumaric acid 10
malic acid 2000

quinic acid 2000
tartaric acid 2000

Organic Acids Reference Mixture

min.

min.

Baseline resolution
in less than
18 minutes!

U

U

LLeennggtthh ccaatt..##
150mm 9165565
250mm 9165575
300mm 9165585

EEaacchh 55--ppkk.. 1100--ppkk..
IInn  wwaatteerr,,  11mmLL//aammppuull

35080 35080-510 —
35080-500* 35080-520* 35180* 

IInn  wwaatteerr,,  55mmLL//aammppuull
35081 35081-510 —

35081-500* 35081-520* 35181* 
*w/data pack

min.
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By Katia May, Ph.D., R&D Chemist and Chris English, Environmental Innovations Chemist

Figure 1 – Ten-minute analysis of 50+ OLC 03.2 volatile compounds, using an Rtx®-VMS column and new Restek reference mixes.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. carbon disulfide
9. Freon® 113

GC_EV00681

Rtx®-VMS 20m, 0.18mm ID, 1.0µm (cat.# 49915)
Sample: Components at 10ppb (50 ppb ketones) in 5mL RO water 

OLC 03.2 VOA MegaMix™, cat.# 30492
502.2 Calibration Mix #1 (gases), cat.# 30042
VOA Calibration Mix #1 (ketones), cat.# 30006
L/C VOA Internal Standard Mix, cat.# 30091

Concentrator: Tekmar 3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min. @  ambient temperature
Dry purge: 1 min. @ 40mL/min. (MCS bypassed)
Desorb preheat: 245°C
Desorb: 250°C for 1 min. @ 40mL/min.
Bake: 260°C for 8 min. 
Interface: 30:1 split using 1/16" Silcosteel® tee (cat.# 20513) 

& 0.3m of 0.25mm ID fused silica tubing for split line  
Carrier gas: 24psi helium, constant pressure 
Flow rate: 1.3 mL/min. @ 45°C
Dead time: 0.77  min. @ 45°C
Oven temp.: 45°C (hold 4 min.) to 225°C @ 32°C/min. (hold 2 min.)
Det: Agilent 5971A GC/MS w/ K&M electron multiplier
Transfer line temp.: 280°C
Scan range: 35–260 amu
Tune: PFTBA/BFB
Ionization: EI

10. methylene chloride
11. acetone
12. trans-1,2-dichloroethene
13. methyl acetate
14. methyl tert-butyl ether
15. 1,1-dichloroethane
16. cis-1,2-dichloroethene
17. cyclohexane
18. bromochloromethane
19. chloroform
20. carbon tetrachloride

21. 1,1,1-trichloroethane
22. 2-butanone
23. benzene
24. 1,2-dichloroethane
25. methyl cyclohexane
26. trichloroethene
27. 1,4-difluorobenzene
28. 1,2-dichloropropane
29. bromodichloromethane
30. cis-1,3-dichloropropene
31. toluene
32. tetrachloroethene
33. 4-methyl-2-pentanone
34. trans-1,3-dichloropropene
35. 1,1,2-trichloroethane
36. dibromochloromethane
37. 1,2-dibromoethane
38. 2-hexanone
39. chlorobenzene-d5
40. chlorobenzene
41. ethylbenzene
42. m-xylene
43. p-xylene
44. o-xylene
45. styrene
46. bromoform
47. isopropylbenzene
48. 1,1,2,2-tetrachloroethane
49. 1,3-dichlorobenzene
50. 1,4-dichlorobenzene-d4
51. 1,4-dichlorobenzene
52. 1,2-dichlorobenzene
53. 1,2-dibromo-3-chloropropane
54. 1,2,4-trichlorobenzene
55. 1,2,3-trichlorobenzene

OLC 03.2 VOA MegaMix™ (42 components)
Components listed in Figure 1 (bold)
2,000µg/mL each in P&T methanol (m-& p-xylene at
1,000µg/mL), 1 mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30492 30492-510 —

ww//ddaattaa  ppaacckk
30492-500 30492-520 30592

Bold type–components of OLC 03.2 VOA MegaMix™  (cat.# 30492)

NNoonn--KKeettoonneess::
benzene-d6
bromoform-d
chloroethane-d5
chloroform-d
1,2-dichlorobenzene-d4
1,2-dichloroethane-d4

1,1-dichloroethene-d2
1,2-dichloropropane-d6
trans-1,3-dichloropropene-d4
1,1,2,2-tetrachloroethane-d2
toluene-d8
vinyl chloride-d3

OLC 03.2 VOA Deuterated
Monitoring Compounds (DMC) (14 components)

100µg/mL each in P&T methanol, 1mL/ampul

Ketones:
2-butanone-d5 2-hexanone-d5
200µg/mL each in P&T methanol, 0.5mL/ampul

EEaacchh 55--ppkk..
30493 30493-510

Rtx®-VMS Column (fused silica)
IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 4400--MMeetteerr

0.18mm 1.00 -40 to 240/260°C 49915

The latest revision to the US EPA Contract
Laboratory Program (CLP) methods, OLC 03.2,
adds nine compounds to the target list of volatile
organic analytes: cyclohexane, dichlorodifluo-
romethane, isopropylbenzene, methyl acetate,
methyl tert-butyl ether, methylcyclohexane, 1,2,3-
trichlorobenzene, trichlorofluoromethane, and
1,1,2-trichloro-1,2,2-trifluoroethane (Freon® 113).
Further, the method requires adding 14 deuterated
monitoring compounds (DMC) to a volatiles sam-
ple as a sample-by-sample accuracy indicator.
Volatiles and DMC are purged from a sample,
trapped, and desorbed into the GC/MS for analysis.

Our new OLC 03.2 VOA MegaMix™ reference mix
contains the maximum number of volatile analytes
consistent with stable formulation. Co-eluting m- and
p-xylene are included at one-half the concentration
of the other 40 compounds, allowing these analytes

New Volatiles Reference Mix
for OLC 03.2 Statement of Work

✔ All materials needed for analysis of volatiles.
✔ New MegaMix™ includes 42 target compounds in a single mixture.
✔ Co-eluters m- and p-xylene at one-half concentration of other volatiles.
✔ Deuterated monitoring compound mixes for quality control.
✔ Rtx®-VMS column separates OLC 03.2 volatiles in less than 10 minutes.

to be calibrated at lower detection limits and thus
eliminating the time and expense of a second cali-
bration. New OLC 03.2 VOA Deuterated Monitoring
Compounds Mix contains all 14 DMC specified in
OLC 03.2. In combination with the two new mixes,
our gas and ketone mixes (cat.# 30042 and cat.#
30006) and L/C VOA Internal Standard Mix (cat.#
30091) make a complete set of reference materials
for OLC 03.2 SOW volatiles.

We designed Rtx®-VMS capillary columns specifi-
cally for fast analyses of volatile organics. Excellent
thermal stability ensures low bleed when analyzing
higher-boiling analytes. A 20m, 0.18mm ID, 1.0µm
Rtx®-VMS column separates the OLC 03.2 volatiles
in less than 10 minutes (Figure 1). These opti-
mized conditions resolve carbon tetrachloride from
1,1,1-trichloroethane (peaks 20 and 21) and pre-
vent ions from these analytes from interfering with

quantification. The 45ºC initial temperature allows
rapid oven cycles without sacrificing resolution of
the gases.
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By Katia May, Ph.D., R&D Chemist, and Gary Stidsen, Innovations Team Manager

4,6-dinitro-2-methylphenol
2,4-dinitrophenol
2-nitroaniline
3-nitroaniline

4-nitroaniline
4-nitrophenol
2,4,5-trichlorophenol

Fortification Mix (7 components)

2,000µg/mL each in methylene chloride, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31813 31813-510 —

ww//ddaattaa  ppaacckk
31813-500 31813-520 31913

acenaphthylene-d8 
anthracene-d10 
benzo(a)pyrene-d12 
4-chloroaniline-d4 
bis-(2-chloroethyl)ether-d8 
2-chlorophenol-d4 
2,4-dichlorophenol-d3 
dimethylphthalate-d6 

4,6-dinitro-methylphenol-d2 
fluorene-d10 
4-methylphenol-d8 
nitrobenzene-d5 
2-nitrophenol-d4 
4-nitrophenol-d4 
phenol-d5 
pyrene-d10 

OLC 03.2 SVOA Deuterated Monitoring
Compounds (DMC) (16 components)

2,000µg/mL each in methylene chloride, 1mL/ampul
EEaacchh 55--ppkk..

31810 31810-510

Figure 1 - Excellent resolution and rapid analysis of OLC 03.2 semivolatile compounds, using
an Rtx®-5Sil MS column and new Restek reference mixes.

1. benzaldehyde
2. phenol
3. bis(2-chloroethyl)ether
4. 2-chlorophenol
5. 1,4-dichlorobenzene-d4 (IS)*
6. 2-methylphenol
7. bis(2-chloroisopropyl)ether

8a. 4-methylphenol
8b. 3-methylphenol

9. acetophenone
10. N-nitroso-di-n-propylamine
11. hexachloroethane
12. nitrobenzene
13. isophorone
14. 2-nitrophenol

15. 2,4-dimethylphenol
16. bis(2-chloroethoxy)methane
17. 2,4-dichlorophenol
18. naphthalene-d8 (IS)*
19. naphthalene
20. 4-chloroaniline
21. hexachlorobutadiene
22 caprolactam
23. 4-chloro-3-methylphenol
24. 2-methylnaphthalene
25. hexachlorocyclopentadiene
26. 1,2,4,5-tetrachlorobenzene
27. 2,4,6-trichlorophenol
28. 2,4,5-trichlorophenol**
29. biphenyl

30. 2-chloronaphthalene
31. 2-nitroaniline**
32. dimethylphthalate
33. 2,6-dinitrotoluene
34. acenaphthylene
35. 3-nitroaniline**
36. acenaphthene-d10 (IS)
37. acenaphthene
38. 2,4-dinitrophenol**
39. 4-nitrophenol**
40. dibenzofuran
41. 2,4-dinitrotoluene
42. diethyl phthalate
43. fluorene
44. 4-chlorophenyl phenyl ether

45. 4-nitroaniline**
46. 4,6-dinitro-2-methylphenol**
47. diphenylamine
48. 4-bromophenyl phenyl ether
49. hexachlorobenzene
50. atrazine
51. pentachlorophenol
52. phenanthrene-d10 (IS)*
53. phenanthrene
54. anthracene
55. di-n-butylphthalate
56. fluoranthene
57. pyrene
58. butyl benzyl phthalate
59. benzo(a)anthracene
60. 3,3'-dichlorobenzidine**
61. chrysene-d12 (IS)*
62. chrysene
63. bis(2-ethylhexyl)phthalate
64. di-n-octyl phthalate
65. benzo(b)fluoranthene
66. benzo(k)fluoranthene
67. benzo(a)pyrene
68. perylene-d12 (IS)*
69. indeno(1,2,3-cd)pyrene
70. dibenzo(a,h)anthracene
71. benzo(ghi)perylene

GC_EV00683

Rtx®-5Sil MS 30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: 1µLof a combination of cat.# 31812 (10µg/mL), 

cat.# 31813 (50µg/mL), cat.# 31026 (50µg/mL), cat.# 31206 (20µg/mL), 
cat.# 31211 (10µg/mL). 10ppm each component on-column, except as noted.

Inj.: splitless (hold 0.4 min.), Drilled Uniliner® (cat.# 20756)
Inj. Temp.: 275°C
Carrier Gas:  helium, constant flow  
Flow Rate: 1mL/min. 
Oven Temp.: 35°C (hold 1 min.) to 260°C @ 20°C/min. to 330°C @ 6°C/min. (hold 1 min.)
Det: MS
Transfer Line Temp.: 280°C
Scan Range: 35–550amu
Ionization: EI
Mode: scan

*20ppm  **50ppm

Bold type indicates components of
OLC 03.2 SV MegaMix™  (cat.# 31812)

OLC 03.2 SV MegaMix™ (57 components)
Components listed in Figure 1 (bold)
1,000µg/mL each in methylene chloride:benzene (75:25)
(3-methylphenol & 4-methylphenol at 500µg/mL), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31812 31812-510 —

ww//ddaattaa  ppaacckk
31812-500 31812-520 31912

For other reference mixes, refer to our catalog or web site.

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr
0.25mm 0.25 -60 to 330/350°C 12723

Rtx®-5Sil MS  Column (fused silica)

New Semivolatiles Reference Mix
for OLC 03.2 Statement of Work

✔ All reference materials needed for analysis of semivolatiles.
✔ New MegaMix™ includes 57 target compounds; co-eluters 3- and

4-methylphenol at one-half concentration of other semivolatiles.
✔ Fortification mix includes seven semivolatiles that must be calibrated

at higher, variable concentrations.
✔ Deuterated monitoring compounds mix for quality control.

Revision OLC 03.2 adds six compounds to the target list of CLP semivolatile analytes: acetophenone, atrazine, ben-
zaldehyde, 1,1'-biphenyl, caprolactam, and 1,2,4,5-tetrachlorobenzene. Balancing economy, convenience and long
shelf life, Restek chemists have combined 64 target compounds in two mixes: a new semivolatiles MegaMix™ ref-
erence mix and a fortification mix. OLC 03.2 SV MegaMix™ contains 57 analytes, at 1000µg/mL each, in methanol-
free methylene chloride. We include co-eluting isomers 3- and 4-methylphenol at one-half the concentration of the
other compounds, allowing these analytes to be calibrated at lower detection limits (Figure 1). N-Nitrosodiphenyl-
amine decomposes to diphenylamine at the GC inlet. In formulating the new MegaMix™ we include the compound
that is analyzed, diphenylamine, rather than the parent compound, N-nitrosodiphenylamine.

We designed the new Fortification Mix to simplify the analysis — it includes the seven compounds that must be
calibrated at higher and variable concentrations, at 2000µg/mL each. To avoid decomposition and reaction issues,

we offer 3,3'-dichlorobenzidine (cat.# 31835) and
4-chloroaniline (cat.# 31211) as individual solutions.

Because benzaldehyde reacts with alcohols, we use
methanol-free methylene chloride to prepare the OLC
3.2 calibration and single component mixes, to
improve the shelf-life of these mixes. In addition, we
recommend working dilutions be prepared with
methanol-free methylene chloride, to ensure stability.
Benzaldehyde also reacts rapidly with 4-chloroaniline
or 3,3'-dichlorobenzidine; the analyst should consider
generating a separate calibration curve for 4-
chloroaniline and 3,3'-dichlorobenzidine, independ-
ent of the primary calibration curve.

OLC 03.2 specifies addition of deuterated monitoring
compounds to every semivolatiles sample, standard,
and blank. Our new OLC 03.2 SVOA Deuterated
Monitoring Compounds (DMC) mix meets the
requirement. Together with our Semivolatile Internal
Standard Mix (cat.# 31206 or 31006), Acid Matrix
Spike Mix (cat.# 31005, 31075, or 31085),
Base/Neutral Spike Mix (cat.# 31492) and SV Tuning
Compound (cat.# 31001), the new formulations
make a full complement of reference materials for
the semivolatiles listed in OLC 03.2 SOW.

Carefully formulated reference mixes and capillary
columns designed specifically for challenging environ-
mental analyses make Restek the perfect source for all
of your CLP methods needs.
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New Semivolatiles Reference Mix
for Wastewater Analysis

by Gas Chromatography/Mass Spectrometry
By Katia May, Ph.D., R&D Chemist, Chris English, Environmental Innovations Chemist,

and John Lidgett, Analytical Reference Materials Manager

✔ New MegaMix™ formulation of all 54 target compounds, for fast preparation
of working solutions.

✔ Mix includes “additional” extractable Method 625 compounds.
✔ Inert, low-bleed Rtx®-5Sil MS column ensures fast analysis, reliable data.

US EPA Method 625 is a GC/MS method applicable to
analysis of organic compounds in water and soil. The
sample is serially extracted with methylene chloride
at pH >11, then at pH <2; the extract is dried, con-
centrated to 1mL, and analyzed.

Method 625 is appropriate for several classes of
chemicals: phenols, benzidines, phthalate esters, pol-
yaromatic hydrocarbons, chlorinated pesticides,
toxaphene, and Aroclor® PCBs. Our new calibration
mix, Semivolatiles MegaMix™, EPA Method 625,
combines many of these analytes in a single mix, for
faster and more convenient preparation. For com-

Figure 1 - Method 625 semivolatile analytes resolved for mass spectrometry, using an Rtx®-5Sil MS column.

pleteness, we also include target compounds listed as
“additional” in Method 625. The mixture has been
formulated carefully, to ensure maximum stability,
and two independently prepared lots are available.
The components of the mix are listed in Figure 1.

Some of the target compounds in Method 625 are
subject to thermal or chemical degradation in the
heated GC injection port. The most labile compound,
N-nitrosodiphenylamine, totally decomposes to
diphenylamine at the GC inlet. In formulating the new
MegaMix™ we have taken steps to compensate for the
degradation problem. For example, we include the

compound that is analyzed, diphenylamine, rather
than the parent compound, N-nitrosodiphenylamine,
in the mix.

Hexachlorocyclopentadiene, pentachlorophenol, 2,4-
dinitrophenol, and other compounds will degrade to
varying degrees on contact with active sites in the
injection port. To minimize this problem, we use a
Drilled Uniliner® inlet liner to prevent the sample
from coming into contact with the metal surface
below the inlet sleeve. The end of the column seals
against the tapered end of the Drilled Uniliner® inlet
liner, and the sample is channeled directly from the
liner into the column, eliminating the most active
portion of the sample flow path. A hole in the side of
the liner allows carrier gas to flow normally during
split/splitless injections.

Method 625 calls for a column that exhibits low
bleed, in addition to providing adequate analyte sep-
aration. We recommend a 30m, 0.25mm ID, 0.25µm
Rtx®-5Sil MS column (cat.# 12723) — these
columns are characterized by effective selectivity for
the target analytes, low bleed, excellent inertness,
and a high maximum operating temperature. A 30m,
0.25mm ID, 0.25µm column separates critical ana-
lyte pairs in less than 22 minutes (Figure 1).

Rtx®-5Sil MS  30m, 0.25mm ID, 0.25µm (cat.# 12723)
Sample: US EPA Method 625  Mix 1µL 10ppm  (20ppm IS)  

Standards used:  cat. #s 31048, 31044, 31039, 31047, 31046, 31040, 31829
Inj.: 1.0µL 20psi 0.3 min. pulsed splitless (hold 0.3 min.), 4mm  Drilled Uniliner® (cat.# 21055) 
Inj. Temp.: 300°C
Carrier Gas:  helium, constant flow  
Flow Rate: 1.0mL/min.  
Oven Temp.: 35°C (hold 1 min.) to 270°C @ 18°C/min

(hold 0 min.) to 305°C @ 5°C/min. (hold 0 min.) 
to 330° @ 30°C (hold 1 min.) 

Det: Agilent 5973 GC/MS
Transfer Line Temp.:  280°C
Scan Range: 35-450 amu
Solvent Delay: 3.0 min.
Tune: DFTPP
Ionization: EI

1. N-nitrosodimethylamine
2. pyridine-d5 (SS)
3. 2-fluorophenol (SS)
4. pentafluorophenol (IS)
5. phenol
6. bis(2-chloroethyl)ether
7. 2-chlorophenol
8. 1,3-dichlorobenzene
9. 1,4-dichlorobenzene

10. 1,2-dichlorobenzene
11. bis(2-chloroisopropyl)ether
12. N-nitroso-di-n-propylamine

13. hexachloroethane
14. nitrobenzene-d5 (IS)
15. nitrobenzene 
16. isophorone
17. 2-nitrophenol
18. 2,4-dimethylphenol
19. bis(2-chloroethoxy)methane
20. 2,4-dichlorophenol
21. 1,2,4-trichlorobenzene
22. naphthalene
23. hexachlorobutadiene
24. 4-chloro-3-methylphenol

25. hexachlorocyclopentadiene
26. 2,4,6-trichlorophenol
27. 2-chloronaphthalene
28. dimethylphthalate
29. 2,6-dinitrotoluene
30. acenaphthylene
31. acenaphthene
32. 2,4-dinitrophenol
33. 4-nitrophenol
34. 2,4-dinitrotoluene
35. diethyl phthalate
36. fluorene

37. 4-chlorophenyl phenyl ether
38. 4,6-dinitro-2-methylphenol
39. diphenylamine
40. 4,4’-dibromooctafluorophenol (SS)
41. 4-bromophenyl phenyl ether
42. hexachlorobenzene
43. pentachlorophenol
44. phenanthrene
45. anthracene
46. di-n-butylphthalate
47. 4,4’-dibromobiphenyl (IS)
48. fluoranthene

49. pyrene
50. butyl benzyl phthalate
51. benzo(a)anthracene
52. chrysene
53. bis(2-ethylhexyl)phthalate
54. di-n-octyl phthalate
55. benzo(b)fluoranthene
56. benzo(k)fluoranthene
57. benzo(a)pyrene
58. indeno(1,2,3,-cd)pyrene
59. dibenzo(a,h)anthracene
60. benzo(ghi)perylene

GC_EV00700
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acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl butyl phthalate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
4-chloro-3-methylphenol
2-chloronaphthalene
4-chlororphenyl phenyl ether
2-chlorophenol
chrysene
dibenzo(a,h)anthracene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethylphthalate
2,4-dimethylphenol
dimethylphthalate

di-n-butylphthalate
4,6-dinitro-2-methylphenol
2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-octylphthalate
diphenylamine*
fluoranthene
fluorene
hexachlorobenzene
hexachloro-1,3-butadiene
hexachlorocyclopentadiene*
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
naphthalene
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine*
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
1,2,4-trichlorobenzene
2,4,6-trichlorophenol

*Listed as an “additional” compound in Method 625
(diphenylamine is included in this mix in place of
unstable N-nitrosodiphenylamine). The six other
“additional” compounds are components in other
Restek reference mixes used for Method 625: benzi-
dine is included in cat.# 31030; β-BHC, δ-BHC,
endosulfan I, endosulfan II, endrin are in cat.# 32291.

Semivolatiles MegaMix™, EPA Method 625
(54 components)

1,000µg/mL each in methylene chloride:benzene (75:25),
1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31829 31829-510 —

ww//ddaattaa  ppaacckk
31829-500 31829-520 31929

Rtx®-5Sil MS Columns:
Ideal for Semivolatiles Extracts!

✔ Excellent low bleed column for semivolatile pollutants, pesticides, PCBs, other environmental applications.
✔ Thermally stable to 350ºC.
✔ Silarylene phase with polarity similar to 5% diphenyl/95% dimethyl polysiloxane.

acenaphthene-d10
chrysene-d12
1,4-dichlorobenzene-d4

naphthalene-d8
perylene-d12
phenanthrene-d10

SV Internal Standard Mix

**Requires special handling (warming and sonication) before use.

Let us create the right solution for you!
We can make CUSTOM MIXTURES
to meet your specific compound lists.

Call us at 800-356-1688 or 814-353-1300 or
use the Custom Reference Materials Request

Form on our website:
www.restekcorp.com

EEaacchh 55--ppkk.. 1100--ppkk..
2,000µg/mL each in methylene chloride, 1mL/ampul

31206 31206-510 —

31206-500 31206-520 31306
4,000µg/mL each in methylene chloride, 1mL/ampul**

31006 31006-510 —

31006-500 31006-520 31106

Rtx®-5Sil MS Column (fused silica)
(Selectivity similar to Crossbond® 5% diphenyl/95%
dimethyl polysiloxane)

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss
0.25mm 0.25 -60 to 330/350°C 12723   

3300--MMeetteerr

Rtx®-5Sil MS columns are especially well suited for
Method 625. Extracts of environmental samples ana-
lyzed using this method commonly contain high
molecular weight contaminants, and high bake-out
temperatures are needed to remove these from the
column. The Rtx®-5Sil MS stationary phase and the
proprietary deactivation used to prepare these
columns can reliably withstand sustained tempera-
tures of 330ºC, and will not exhibit the activity that
often is caused by subjecting a column to these con-
ditions. Analysts using Rtx®-5Sil MS columns can
program their GCs to 350ºC for especially persistent
contamination. Figure 1 shows Restek analytical ref-
erence materials analyzed on an Rtx®-5Sil MS col-
umn programmed to 330ºC. Bleed is negligible, rela-
tive to the 10ng on-column concentration of the tar-
get analytes, such as benzo(ghi)perylene.

To obtain Figure 1, conditions were optimized to
achieve the fastest analysis without sacrificing resolu-
tion of analytes that share quantification ions, such as
benzo(b)fluoranthene and benzo(k)fluoranthene
(peaks 55 & 56). Steps were taken to focus N-
nitrosodimethylamine. To minimize tailing, the
pulsed-splitless hold-time was reduced to 0.3 min-
utes to reduce the time the analytes spend in the
injection port. This step also sends a higher percent-
age of solvent to the split vent, allowing resolution of
the amine from the solvent. The initial temperature,
35ºC, allows better analyte focus at the column inlet.
The pulsed pressure was reduced from 30psi to
20psi to allow even transfer of N-nitrosodimethy-
lamine to the column. Finally, the flow rate was
reduced from 1.1mL/min. to 1.0mL/min. Analytes
present at higher concentrations will exhibit less tail-
ing at the lower rate.

benzidine 3,3'-dichlorobenzidine
605 Benzidines Calibration Mix

2,000µg/mL each in methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31030 31030-510 —

ww//ddaattaa  ppaacckk
31030-500 31030-520 31130

The silarylene stationary phase in Rtx®-5Sil MS columns incorporates phenyl rings into the polymer backbone.
This improves thermal stability and makes the phase less prone to oxidative degradation, significantly reducing
bleed. Rtx®-5Sil MS columns are ideal for use with GC/MS systems, including ion trap systems. The 0.28mm ID
columns increase sample capacity, relative to 0.25mm ID columns, without significant loss in resolution. We
recommend them for environmental analyses.

Rtx®-5Sil MS Columns (fused silica)
(Selectivity similar to Crossbond® 5% diphenyl/95% dimethyl polysiloxane)

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 1155--MMeetteerr 3300--MMeetteerr
0.25mm 0.10 -60 to 330/350°C 12705 12708

0.25 -60 to 330/350°C 12720 12723
0.50 -60 to 330/350°C 12735 12738
1.00 -60 to 325/350°C 12750 12753

0.28mm 0.25 -60 to 330/350°C 12790 12793
0.50 -60 to 330/350°C 12791 12794
1.00 -60 to 325/350°C 12792 12795

For Rtx®-5Sil MS columns of other IDs, refer to our chromatography supplies catalog,
or visit our website.
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Highly Base-Deactivated HPLC
Columns from Restek

Pinnacle™ DB Columns: the Performance
of Popular BDS Columns, with

Plus 1™ Quality and Service

✔ Performance-equivalent replacement for Hypersil® BDS columns.
✔ In stock, ready to ship.
✔ Stock columns in analytical to prep scale.

By Greg France, HPLC Products Marketing Manager, and Vernon Bartlett, HPLC Innovations Team Manager

When we set out to create a new base-deactivated sili-
ca, we had five specific goals:

- A material that would match or exceed the per-
formance of any base-deactivated “Type B” silica.

- A material that would provide chromatographic
separations equivalent to Hypersil® BDS silica.

- A material with low metals content, for sharp,
symmetric peaks for basic analytes.

- A material capable of long lifetime in challenging
HPLC environments.

- An effective and efficient manufacturing process,
to ensure columns are always available.

Pinnacle™ DB silica meets all of these goals.

Pinnacle™ DB silica performs as well as any base-
deactivated Type B silica, or better, and closely
matches the desirable physical characteristics of

Hypersil® BDS silica. For certain physical parame-
ters we intentionally deviated from Hypersil® BDS
material — total metals content, for example.
Fewer metal ions on the surface of Pinnacle™ DB
silica particles ensure sharper and more symmetric
peaks for basic analytes.

Of course, what really matters is how separations on
columns made with the two silicas compare. Figure
1 pairs chromatograms for a neutral/base test mix
from a C18 bonded phase Pinnacle™ DB column
and a Hypersil® BDS column, obtained using the
same instrument, mobile phase, and conditions.
Retention, peak shape, and efficiency are nearly
identical in the two chromatograms.

If physical data and chromatographic comparisons
show Pinnacle™ DB and Hypersil® BDS materials are

very closely matched, why use Pinnacle™ DB columns?
In brief: competitive prices, fast delivery, and unsur-
passed Restek service. Why settle for less? But, we
want you to be completely comfortable in evaluating
our columns. With that in mind, we guarantee sepa-
rations of your samples on Pinnacle™ DB columns will
be comparable to separations on Hypersil® BDS
columns. If a Pinnacle™ DB column does not meet
your satisfaction, simply send us copies of chro-
matograms for your application on the Pinnacle™ DB
column and on a Hypersil® BDS column. We will
credit your account for the price of the Pinnacle™ DB
column, and you can keep the column - free!

The Pinnacle™ DB line currently includes C18, C8,
and cyano bonded phases, and bare silica. Example
applications for each of the bonded phase columns,
including fast LC analysis, and Pinnacle™ DB /
Hypersil® BDS comparisons, are shown in Pinnacle™

DB HPLC Columns as Replacements for Hypersil®

BDS, Restek lit. cat.# 59742, available on request.

If you need a second source for Hypersil® BDS col-
umn performance, if you want a rugged, high quality,
base-deactivated material, or if you simply are looking
for a reliable supplier who provides columns quickly,
Pinnacle™ DB columns are your answer. Of course, as
always, you'll get Plus 1™ service and prompt, expert
technical help when you deal with Restek.

Figure 1- Pinnacle™ DB columns and Hypersil® BDS columns provide nearly identical
retention, peak symmetry, and efficiency.

LC_0264

LC_0263

Hypersil® BDS C18 Column

Pinnacle™ DB C18 Column
Retention Time (min.)

Peak List Conc. (µg/mL) Pinnacle™ DB Hypersil® BDS
1. uracil 50 1.676 1.706
2. aniline 750 2.077 2.127
3. 2-nitroaniline 350 2.618 2.687
4. 2,4-dinitroaniline 350 2.909 2.970
5. 3,5-xylenol 2500 3.668 3.804
6. anisole 2500 4.181 4.359
7. toluene 3500 6.979 7.383

Column: Pinnacle™ DB C18 Hypersil® BDS C18
cat.#: 9414565 25105-154630*
Dimensions: 150 x 4.6mm 150 x 4.6mm
Particle Size: 5µm 5µm
Pore Size: 140Å 130Å
Conditions:
Mobile Phase: 50mM KH2PO4, pH 3.5:methanol (35:65 v/v)
Flow: 1.0mL/min.
Temp.: ambient
Det.: UV @ 254nm
Sample:
Inj.: 2µL
Sample Diluent: methanol:water (50:50 v/v)
Sample Temp.: ambient
*Hypersil catalog number; column not available from Restek.

Pinnacle™ DB C18 Column (USP L1)
(5µm silica, 4.6mm ID)

LLeennggtthh ccaatt..##
150mm 9414565

HPLC Column Selection Guide
(lit. cat.# 59454A)
A useful chart to keep with your workbooks, or
post on a wall.
Quickly scan
important charac-
teristics of Restek
HPLC columns.
Includes brief,
practical guide-
lines for choos-
ing stationary
phase, particle
size, pore
diameter, and
column
dimensions.

For the complete selection of
Pinnacle™ DB Columns, visit our website,

www.restekcorp.com,
or request Applications Note 59742.

More information and additional
Pinnacle™ DB / Hypersil® BDS
comparisons are included in

Applications Note 59742
(free on request).
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✔ Efficiently controls foam; effective
over a wide pH range.

✔ Add an antifoaming agent, rather than
diluting the sample, to ensure lower
detection limits.

✔ Effective at less than 0.1% of sample
volume.

Methods for monitoring volatile organic compounds
(VOC) in waste streams, such as US EPA methods 624
and 8260, involve purge & trap techniques. Often,
foam is generated as the purge gas passes through the
sample. Foam can enter the analytical trap and poten-
tialy be carried into the GC column. Silica/silicone
antifoam agents easily control polyglymes and alkaline
detergent-based foams, the most commonly encoun-
tered foams in these analyses. Our new silica-contain-
ing antifoam agent generally is effective at very low
concentration: 1µL per 5mL.1 By eliminating the need
to dilute samples, it allows lower detection limits.

1 Good laboratory practices call for assaying an antifoam
blank as a control.

Miniature Air Sampling Canisters
✔ 400cc — ideal for indoor air, personal, emergency response, or soil

gas sampling.
✔ Available with quick-connect fitting that is compatible with sampling and

analysis instruments.
✔ Also available with non-treated or Sulfinert™-treated valve.

These small canisters are designed for controlled sampling, such as personal air sampling, as an alternative to
tube and pump samplers.

Restek offers these products in stainless steel or with Sulfinert™ coating for greatest inertness. We continue to
offer passive coating technologies that are unmatched in the air sampling industry—try a Sulfinert™-treated
canister and achieve the ultimate in analyte stability.

Miniature Air Sampling Canisters with Quick-Connect Stem Fittings
DDeessccrriippttiioonn VVoolluummee qqttyy.. ccaatt..##
Electro-Polished Miniature Canister with Quick-Connect Stem Fitting 400cc ea. 24188
Sulfinert™-Coated Miniature Canister with Quick-Connect Stem Fitting 400cc ea. 24189
Sulfinert™-Coated Miniature Canister with Sulfinert™-Treated Quick-Connect Stem Fitting 400cc ea. 24190

Miniature Air Sampling Canisters with Metal-Seated Diaphragm Valve
DDeessccrriippttiioonn VVoolluummee qqttyy.. ccaatt..##
Electro-Polished Miniature Canister with Metal-Seated Diaphragm Valve 400cc ea. 24191
Sulfinert™-Coated Miniature Canister with Metal-Seated Diaphragm Valve 400cc ea. 24192
Sulfinert™-Coated Miniature Canister with Sulfinert™-Treated Diaphragm Valve 400cc ea. 24193

Fittings for Miniature Air Sampling Canisters
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Quick-Connect Stem Fitting ea. 24185
Sulfinert™-Treated Quick-Connect Stem Fitting ea. 24186
Quick-Connect Body Fitting ea. 24187

Metal-Seated
Diaphram Valve

Miniature
Canister

Quick-Connect
Stem Fitting

Quick-Connect
Body Fitting

New Reference Materials
Purge and Trap Analysis – Environmental – Forensics

Antifoam Agent for Purge & Trap Samples
Neat, 1mL/ampul

EEaacchh 55--ppkk..
31822 31822-510

Antifoam Agent for Purge & Trap Samples Explosives Standard
✔ Propylene glycol dinitrate (PGDN),

the main component of Otto Fuel II
for torpedoes and other weapons.

✔ Convenient 1,000µg/mL concentration.

PGDN is very similar to nitroglycerin, but is signifi-
cantly safer to handle, and can be stored for long
periods of time. Nonetheless, the material is an envi-
ronmental hazard; the National Institute for
Occupational Safety and Health (NIOSH) recom-
mended limit of exposure to airborne PGDN is
0.05ppm over a 40-hour work week. Otto Fuel II is
in at least 2 National Priorities List sites identified by
the US EPA. PGDN enters the environment primarily
in wastewater from naval facilities.

Many of our customers have asked us to include
PGDN among our stock offerings. We are now able
to comply with this request.

PGDN Standard (Propylene Glycol Dinitrate)
1,000µg/mL in methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31821 31821-510 —

ww//ddaattaa  ppaacckk
31821-500 31821-520 31921

Bank Dye Standard
✔ Qualitative standard of red dye used

to thwart bank robberies.

The dye pack or “security pack” used in over 75%
of the banks in the United States contains a red dye,
1-N-methylaminoanthraquinone (MAAQ). The dye
pack, which is activated when it is taken outside the
bank, explodes and releases an aerosol of red
smoke, and burns at a temperature of about 400ºF.
When events go as planned, the thief discards the
bag, the money is recovered, and stained hands and
clothes expose the robber. The dye pack has con-
tributed to the recovery of $20 million in stolen
money and apprehension of 2500 criminals. Restek
offers this new qualitative standard to help investiga-
tors in municipal police stations and criminal labo-
ratories fight crime.

1-(methylamino)anthraquinone
Bank Dye Standard (MAAQ)

100µg/mL in methylene chloride, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31823 31823-510 31923

By Katia May, Ph.D., R&D Chemist

www.restekcorp.com
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Canisters Optimized for Air Sampling
by EPA Methods TO-14 and TO-15

By Donna Lidgett, Air Sampling Products Marketing Manager

✔ SUMMA® canister equivalent.
✔ Excellent analyte recovery — even after 14 days of storage.

TO-Can™ Canisters for EPA Methods TO-14 and TO-15
vvoolluummee qqttyy.. ccaatt..##

1L ea. 24150
3L ea. 24152
6L ea. 24153
15L ea. 24154

Chromatogram courtesy of Gina Maio, Severn Trent Laboratories, Inc., Burlington, VT.

Figure 1 - TO-Can™ canisters ensure excellent recovery for TO-14/TO-15 compounds, even after 14 days of storage.

Feature

US Environmental Protection Agency (EPA)
Compendium of Air Methods TO-14 and TO-15
regulate the collection, storage, and analysis of
volatile organic compounds (VOCs) using treated
air sampling canisters.

Restek offers a line of TO-Can™ canisters (SUMMA®

can equivalent), which are electropolished and
extensively cleaned using proprietary processes.
This ensures a high-quality, passivated surface to
maintain stability of the TO-14/TO-15 compounds
during storage. The design of the frame surround-
ing the electropolished canister eliminates welds
on the sphere, thereby eliminating active sites. A
Parker Hannifin metal-to-metal diaphragm valve
further improves the performance of the canister. 

To collect VOCs in ambient air, TO-Can™ canis-
ters should be cleaned and evacuated prior to
being sent to the field. In the field, the sample is
drawn through a sampling train that regulates
the rate and duration of sampling. The TO-Can™

canister is then sent to the analytical laboratory.
In the laboratory, a known amount of sample is
drawn from the canister and concentrated onto a
trap. The sample is analyzed according to
Method TO-14/TO-15, typically using a 60m,
0.32mm ID, 1.0µm Rtx®-1 capillary column in a
GC/MS system.

To show the inertness of these canisters, and how
well they meet the holding time criteria for Methods
TO-14/15, a 62-component TO-15 standard

(10ppbv) was injected into a TO-Can™ canister and
humidified to 70% relative humidity. The standard
was analyzed on day 1, day 7, and day 14. The TO-
Can™ canister ensured excellent stability for these
polar and non-polar compounds, even after 14
days of storage (for data, request lit. cat.# 59189).
We also offer sampling kits, sampling bags, thermal
desorption tubes, and a range of gas reference
standards to meet your environmental gas sampling
requirements.

Vacuum/pressure gauge (optional).
Variety of sizes.
Temperature stability to 250°C.

High-purity, 2/3-turn valve with stainless steel diaphragms. No sample adsorption, for more accurate results; easy to use.

Indicates internal conditions.
Meet a range of sampling needs.

Higher temperature cleaning saves time.

Benefit

TO-Can™ Canisters with Vacuum/Pressure Gauge
vvoolluummee qqttyy.. ccaatt..##

1L ea. 24155
3L ea. 24156
6L ea. 24157
15L ea. 24158

Rtx®-1 column, 60m, 0.32mm ID, 1.0µm (cat.# 10157).

Sample: 200mL of 10ppbv TO-15 standard (cat.# 34436), injected into TO-Can™ canister and humidified to 70% RH. 
Concentrator: Nutech 3550 Preconcentrator

200mL of sample concentrated at 160°C, thermally desorbed at 150°C, and cryofocused at 185°C.  
Oven Temp.: 30°C (hold 4 min.) to 175°C @  9°C/min. to 

220°C @  40°C/min.
Carrier Gas: helium @ 1.2mL/min.
Det.: Agilent 5971 MS
Scan Range: 35-265amu

For peak indentifications, request
Applications Note #59189.

For more information, request our Air Monitoring
Products Catalog (lit. cat. #59661A).

For information about environmental gas
reference mixes, request lit. cat.#59276A.



Our 20-page technical guide describes the
components of a passive sampling train, and
presents procedures for sampling, for cleaning,
and for certifying the sampling train and canister.
Request lit. cat.# 59977A.
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SilcoCan™ Canisters
Ideal for Low-Level (1ppb-20ppb)

Reactive Sulfur Compounds

Reference
1 Stability study of Low-Level (1ppb-20ppb) Reactive Sulfurs in SilcoCan™ Canisters. Restek Corporation, 2001.

Available on request: lit. cat.# 59347.

SilcoCan™ Air Sampling Canisters

SilcoCan™ Canisters with
Vacuum/Pressure Gauge

vvoolluummee qqttyy.. ccaatt..##
1L ea. 24112
3L ea. 24113
6L ea. 24114
15L ea. 24115

Feature

High-purity, 2⁄3-turn valve with stainless steel valve diaphragms.
Vacuum/pressure gauge (optional).
Variety of sizes.

Temperature stability to 250°C.
Silcosteel® valve available (add suffix “-650” to cat. #).

No sample adsorption, for more accurate results; easy to use.
Silcosteel® coated. Inert surface, ideal for containing low-level sulfur compounds.

Indicates internal conditions.

Meet extensive range of sampling needs.

Can be cleaned at higher temperature, producing a cleaner can.
Completely passive sample pathway ensures sample stability.

Analysis of low-level sulfur volatile organic com-
pounds (VOCs), such as hydrogen sulfide (H2S),
methyl mercaptan (CH3SH), ethyl mercaptan
(C2H5SH), and dimethyl disulfide (CH3SSCH3) is
important because of health concerns and odor
complaints near manufacturing sites and refineries.
Collection and measurement of these compounds in
the atmosphere is very difficult because of their low
concentrations and high reactivity. Sulfur VOCs can
react not only with each other, but also with the

Benefit

vessels in which they are collected. This causes low
recoveries. SilcoCan™ air monitoring canisters,
which feature a Silcosteel®-treated surface, ensure
stability of low-level sulfur VOCs. 

We evaluated the stability of sulfur VOCs in
SilcoCan™ canisters at very low levels (1–20ppbv)
for six days.1 Comparison of dry vs. humidified
standards demonstrates the ability of SilcoCan™

canisters to store low-level sulfur VOCs in real-world

conditions (Figure 1). Electropolished canisters
allowed rapid degradation of hydrogen sulfide,
methyl mercaptan, and ethyl mercaptan during a
similar study.

When you need to perform sensitive air monitoring
analyses for sulfur VOCs, use SilcoCan™ canisters to
collect and store your samples.

Rtx®-1, 60m, 0.53mm ID, 7.0µm (cat.# 10193) 

GC: Agilent 5890GC
Det.: Sievers Model 355 SCD
Oven Temp.: 30°C (hold 1.0 min.) to 

180°C @ 10°C/min. (hold 5 min.)
Flow Rate: 8.5mL/min.
Sample: 1mL (sample loop)

 

Standards: 2mL of 100ppm stock sulfur standard added to each precleaned and evacuated canister, then pressurized to 30psig with ultra-pure nitrogen.
The resultant concentrations are listed in Applications Note #59347. Humidified standards made by injecting evacuated canisters with 100µL of deionized
water prior to adding 2mL aliquot of stock standard (50% RH).

Dry SilcoCan™ (n=18)
Humidified SilcoCan™ (n=5)
Electropolished canister (n=2)

●
◆
▲

Figure 1 - SilcoCan™ canisters effectively store low-level organic sulfur compounds under real-world conditions.
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By Donna Lidgett, Air Sampling Products Marketing Manager

✔ Stable, long-term storage of sulfur volatile organic compounds.
✔ More accurate data than with electropolished canisters.
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SSiimmiillaarr  ttoo
DDeessccrriippttiioonn PPEE  ppaarrtt  ## QQttyy.. ccaatt..##
A  O-Ring Liner Seals for PerkinElmer PSS N6101747 10-pk. 20366
B  O-Rings Liner Seals for PerkinElmer Auto SYS® GCs N6101374 10-pk. 20262

Peak Performers

✔ Easily attach your purge and trap with pre-installed low dead volume fittings.

For Agilent GCs with Tekmar purge and trap systems
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Weldment for Agilent 6890 GCs ea. 22664
Weldment for Agilent 6890 GCs with optional canister filter ea. 22668
Weldment for Agilent 5890 GCs ea. 22666

For Agilent GCs with OI purge and trap systems
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Weldment for Agilent 6890 GCs ea. 22665
Weldment for Agilent 6890 GCs with optional canister filter ea. 22669
Weldment for Agilent 5890 GCs ea. 22667

Injector/FID Heater & PRT Sensor for Agilent 5890 GCs
✔ Use with 5890 FID and split/splitless weldments.
✔ Meets or exceeds OEM specifications.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..##
A+B Injector/FID Heater/PRT Sensor Assembly 05890-61140 ea. 22068
A   Injector/FID Heater 19231-60620 ea. 22069
B   Injector/FID PRT Sensor 19231-60660 ea. 22070

Heat Sink for Agilent 5890/6890/6850 GC Split/Splitless Injector
✔ Meets or exceeds original equipment manufacturer’s specifications.

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..##

Heat Sink for Agilent 5890/6890/6850 GCs
18740-20940
G1544-20570 ea. 20409

B

A

PSS Inlet Liners and O-Ring Liner Seals for PerkinElmer GCs

deactivated!
all liners are

For more information: Request our current catalog (lit. cat.# 59473) for a complete listing of our consumables
for Agilent, Varian, Shimadzu, PerkinElmer, and Thermo instruments.

PPSSSS  LLiinneerrss
ffoorr  PPeerrkkiinnEEllmmeerr  GGCCss BBeenneeffiittss//UUsseess::

IIDD**//OODD  &&
LLeennggtthh  ((mmmm))

SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ##

ccaatt..##
eeaa..

ccaatt..##
55--ppkk..

PPSSSS  SSpplliitt//SSpplliittlleessss  ((11mmmm  IIDD))

trace
samples

1.0 ID
4.0 OD x 86.2

N612-1006
20738 20741

AAuuttoo  SSYYSS®®  XXLL  PPSSSS  SSpplliitt//SSpplliittlleessss  ww//  FFSS  WWooooll

most
common analyses

2.0 ID
4.0 OD x 86.2

N612-1004
21717 21718

For use with Tekmar
purge and trap system

For use with OI
purge and trap system

By Donna Lidgett, GC Accessories Products Marketing Manager

A

B

Direct Replacement Split/Splitless Injection Port Weldments for Agilent GCs,
for use with Purge and Trap Systems

*Nominal ID at syringe needle expulsion point.

cat.# 22666

cat.# 22665
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DDeessccrriippttiioonn qqttyy.. ccaatt..##
Rethreading Tool for 1/16" compression fitting ea. 23016
Rethreading Tool for 1/8" compression fitting ea. 23017
Rethreading Tool for 1/4" compression fitting
for Agilent split/splitless injection ports ea. 23018
Rethreading Tool for 7/16" compression fitting
for Varian injection ports ea. 23019
Rethreading Tool for 1/4"
Varian-style capillary column fittings ea. 21893

✔ Achieve a better seal.
✔ Repair worn or damaged threads.
✔ Built-in guide, to prevent cross-threading.

The inlet seal at the base of a
split/splitless injector forms a
seal between the injection port
and the inlet liner. This inlet
seal wears over time and may
become scratched or pitted,
which compromises the seal-
ing ability of the injector. Use
the Restek injection port
repair tool to easily resurface
the inlet seal and remove con-
taminants; it saves time and
money by preventing leaks.

by Brad Rightnour and Michael Goss, Instrument Innovations Team

For Easier GC
Maintenance Try These

Tools from Restek
tools

✔ Four scoring edges for cutting fused silica tubing, four
serrated edges for cutting MXT® metal capillary columns.

✔ Sure-grip handle included.

Due to constant installation,
removal, and exposure to
extreme temperature changes,
threads on GC parts become
worn and damaged. This can
cause a poor seal, and oxygen
can enter the system, compro-
mising analytical results and
possibly destroying expensive
analytical columns.

Screw the rethreading tool
completely onto the injection
port in a clockwise direction.

Unscrew the rethreading
tool and inspect the threads.
Repeat as necessary.

✔ Resurfaces critical inlet seal areas.
✔ For Agilent split/splitless injection ports.*

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Ceramic Scoring Wafers 5-pk. 20116

Check the cut against the
white of the scoring wafer.
Look for a clean, square
cut.

Hold the scoring wafer at a
45° angle to the tubing. Use
gentle pressure and a
smooth, perpendicular stroke.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Injection Port Repair Tool ea. 21393
Replacement Sanding Disks
(5 fine & 5 medium) 10-pk. 22689

Try Our Exclusive
™-Treated Injection Ports

For more information, request newly updated Genuine Restek Replacement Parts for Agilent GCs (lit. cat.#59627D)

Ceramic Scoring Wafers—Clean, square cuts for better connections

Rethreading Tool—Save the cost of replacing expensive injectors

Injection Port Repair Tool—Remove contaminants, achieve a better seal

Injection port bore cleaner

Alumnium oxide sanding disk resurfaces
critical seal at base of injector

*Should not be used on Siltek™-treated injection ports.
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Restek Corporation has formed an alliance with
some of the premiere independent instrument serv-
ice providers in the United States, with a goal of
bringing you the finest chromatography operating
supplies, equipment service, and applications sup-
port available.

We are pleased to introduce a new program that
pays you for using Restek products, by reducing
your costs for quality instrument service: STAR
Service Rewards. Similar to our popular Restek
Wizard Dollar program, STAR Service Rewards pays
you one STAR Point for every $50 of Restek prod-
ucts you purchase. Redeem STAR Points with partic-
ipating STAR member service providers for selected
service, equipment, and training products. You get
the finest chromatography operating supplies from
Restek and high quality instrument service from
your preferred service provider. STAR Service
Rewards is one more example of why Restek is the
company chromatographers trust for complete
chromatography support.

STAR™ Service Rewards Program
Register Your Lab, Start Saving on Service

SSEERRVVIICCEERREEWWAARRDDSS

STAR, the Service and Technology Alliance by
Restek, is an affiliation of independent instrument
service providers, original equipment manufactur-
ers, and instrument remanufacturers, working with
Restek to provide chromatographers with the most
complete level of support available in the industry.

For more information about the STAR Service
Rewards Program, to view the list of member service
providers, or to register your lab:

• Call Restek Customer Service at
800-356-1688 ext.3, or

• Go to the STAR page on the Restek web site—
http://www.restekcorp.com/star

• Request our STAR flyer, lit. cat.# 59522. 

SSEERRVVIICCEERREEWWAARRDDSS
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Analysis of Trace Oxygenates in Petroleum-Contaminated Wastewater,
Using Purge-and-Trap/GC/MS (US EPA Methods 5030B & 8260)

Gasoline and other petroleum-derived fossil fuels consist mainly of compounds that contain only carbon and hydrogen atoms.
Oxygenates - ethers and alcohols - contain oxygen atoms in addition to carbon and hydrogen. Oxygenates are added to gasoline to
enhance various aspects of its performance as a fuel. Methyl tertiary-butyl ether (MTBE) is the most common fuel oxygenate.
MTBE was first introduced into gasoline in 1979, to reduce overall emissions, replace lead, and increase octane rating. In 1992,
gasoline with up to 15% MTBE content by volume was used nationally to meet the first federally mandated wintertime reduction of
carbon monoxide emission.

With over one million underground fuel tanks in the United States, contamination of ground and surface water with gasoline compo-
nents, including oxygenates, is a major environmental concern. Storage tanks worldwide potentially will require monitoring and
cleanup in the future. The US EPA has not sanctioned any wastewater method specifically for analysis of oxygenates from gasoline.
Consequently, environmental laboratories in the US have used a variety of methods to report these analytes, including EPA Methods
8015, 8021, and 8260. Regulatory agencies recommend adding tert-butyl alcohol (TBA) to the target list for contaminated sites
known to contain MTBE because it is both a breakdown product of MTBE and a gasoline additive in its own right. Identification and
quantification of these fuel-derived pollutants in a gasoline-water matrix is a challenging task, because compounds such as MTBE
and TBA coelute on many of the stationary phases in capillary gas chromatography columns, and share ions used for identification in
gas chromatography/mass spectrometry (GC/MS).

Method 8015 calls for using a flame ionization detector (FID) to match a known chromatographic pattern for gasoline to an
unknown sample containing peaks that fall within the gasoline pattern range. This method can be used to identify oxygenates by
retention time, but a high probability of misidentifications dictates the need for confirmation on a second column. A second analysis
entails additional costs and additional time.

Method 8021 was written specifically for analysis of aromatic and halogenated volatiles, and employs a photoionization detector
(PID). This is the least reliable of the three methods: a PID is very sensitive to double bonds, but is much less sensitive to ether and
hydroxy groups. In a test analysis of a gasoline composite standard conducted in our laboratories, use of Method 8021 resulted in
false positive identification of a sample component as diisopropyl ether. Confirmation analysis by GC/MS correctly identified the
compound as 2-methyl-1-pentene.1

Purge-and-trap/GC/MS methods, such as Method 8260, are favored for monitoring oxygenates in gasoline because they ensure a higher
level of confidence in the data obtained, compared to GC methods, as illustrated by the 2-methyl-1-pentene example cited above. Under
appropriate conditions, GC/MS circumvents the problem of false identification of unresolved constituents and provides positive identifi-
cations. Studies conducted by analysts at Lawrence Livermore National Laboratory indicate that GC/MS is the most reliable method of
detecting oxygenates in complex gasoline-containing sam-
ples, regardless of the concentration of the gasoline (from
neat to greatly diluted with groundwater).2 Although confi-
dence in the GC/MS approach is well founded, the station-
ary phase must be carefully chosen and tested to assure
that there are no critical coelutions between target oxy-
genated analytes and other gasoline components, which
could result in false positives for the former. Further, care-
ful attention to operating conditions is necessary, to maxi-
mize analyte response and optimize resolution between
oxygenates and other compounds of interest. TBA and
MTBE, for example, must be separated, because they
share ions used for identification. Figure 1 is an example
of inadequate resolution of these analytes; "624"-type sta-
tionary phases are not recommended for oxygenates analy-
sis due to this limitation. Similarly, incomplete resolution
of tert-amyl-methyl ether (TAME) and benzene makes an
Rtx®-Volatiles column inappropriate for this application.

Figure 1:

"624"-type stationary phases do not resolve TBA and MTBE
adequately for positive identification and reliable quantification.

GC_EV00687

Rtx®-624, 30m, 0.25mm ID, 1.4µm (cat.# 10968)
Carrier gas: helium, constant flow  
Flow rate: 1.3 mL/min. 
Dead time: 1.47 min. @ 35°C
Oven temp.: 35°C (hold 7 min.)

1. tert-butyl alcohol (QI 59)
2. methyl tert-butyl ether (QI 73)

MTBE’s minor 59
ion contributes to
area of TBA.

Extracted ion chromatogram.
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We evaluated the Rtx®-VMS stationary phase for recovery of oxygenates, verifying passing criteria by following EPA Method 5030B
(with modification) and Method 8260. Samples of non-oxygenated gasoline, spiked with low levels of oxygenates, enabled us to
determine if operating conditions were appropriate for separating and detecting these target compounds in the presence of high con-
centrations of other gasoline components. Purge and trap conditions in Method 5030B were modified to address the oxygenates in
the samples: to increase responses for the oxygenates, we used a 40°C purge temperature, rather than the ambient temperature sug-
gested. GC oven conditions were optimized to eliminate coelutions of ion-sharing analytes.

The GC/MS system was tuned using a 25ng standard of 4-bromofluorobenzene (BFB). Commonly analyzed compounds on the
Method 8260 target list were added to the calibration mix, along with internal standards, ethers, and TBA. Methanol and ethanol
were not added to these samples; alcohols are more amenable to headspace or direct injection techniques.

Method 8260B does not specifically assign internal standards to target compounds. Therefore, we used the internal standards and
corresponding analytes listed in Table 6 of Method 8260.3 This allowed us to measure relative response factors (RF) against estab-
lished internal standards. We also incorporated the Method 8260 surrogates, and the characteristic primary ions for quantification,
into our experimental design. The curve was calibrated using mean response factors, as outlined in Method 8260, section 7.6.2.1.
Minimum mean response factors for the volatile system performance check compounds (SPCC), as described in the method, are list-
ed in Table 1. These values confirm acceptable performance by the purge and trap concentrator. Note that the 40°C purge tempera-
ture used to increase responses for the oxygenates also will increase responses for the SPCC compounds.

After the system passed the SPCC evaluation, the calibration check compounds (CCC) were used to verify the validity of the calibra-
tion. Relative standard deviations (%RSD) for these compounds must be less than 15% (Table 2). The internal standards in Table 3
were used for calculating RFs, %RSDs, and % recoveries (%Recov.) of target analytes, as shown. Oxygenates were calculated rela-
tive to internal standard methyl-d3-tert-butyl ether, to account for differences in purging efficiency specific to the ethers.

Table 1:

System performance check compound (SPCC) response factor
criteria for all columns under specific conditions.

EPA Rtx®-VMS
Criterion Column

(Minimum Mean RF) (RF)
pentafluorobenzene (IS)

chloromethane (SPCC) >0.10 0.59
1,1-dichloroethane (SPCC) >0.10 0.64

chlorobenzene-d5 (IS)
chlorobenzene (SPCC) >0.30 1.06
bromoform (SPCC) >0.10 0.32

1,4-dichlorobenzene-d4 (IS)
1,1,2,2-tetrachloroethane (SPCC) >0.30 0.71

Table 2:

Calibration check compound (CCC) relative standard devia-
tion criteria for all columns under specific conditions.

EPA Rtx®-VMS
Criterion Column
(%RSD) (%RSD)

pentafluorobenzene (IS)
1,1-dichlorothene (CCC) <15 11.4
chloroform (CCC) <15 5.5

1,4-difluorobenzene (IS)
1,2-dichloropropane (CCC) <15 4.9
toluene (CCC) <15 3.0

chlorobenzene-d5 (IS)
ethylbenzene (CCC) <15 5.5

1,4-dichlorobenzene-d4 (IS)
1,1,2,2-tetrachloroethane(SPCC) <15 8.6

Table 3:

methyl-d3-tert-butyl ether (IS)
methyl-tert-butyl ether
tert-butyl alcohol (x5)*
diisopropyl ether
ethyl-tert-butyl ether
tert-amyl-methyl ether

Internal standards with corresponding analytes assigned for quantification.

*Compound added at 5 times or 2.5 times the concentration of other target analytes.

pentafluorobenzene (IS)
chloromethane (SPCC)
1,1-dichlorothene (CCC)
acetone (x2.5)*
1,1-dichloroethane (SPCC)
chloroform (CCC)
dibromofluoromethane (SS)

1,4-difluorobenzene (IS)
1,2-dichloroethane-d4 (SS)
1,2-dichloropropane (CCC)
toluene-d8 (SS)
toluene (CCC)
bromofluorobenzene (SS)

chlorobenzene-d5 (IS)
chlorobenzene (SPCC)
ethylbenzene (CCC)
bromoform (SPCC)
1,4-dichlorobenzene-d4 (IS)
1,1,2,2-tetrachloroethane(SPCC)
naphthalene
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Purge and Trap Procedures
Table 4 summarizes the purge and trap conditions used for recovering oxygenates from gasoline. Samples were heated using the
Infra-Sparge™ sample heater on an O.I. 4560 concentrator. The minimum purge temperature effective for detecting TBA at a concen-
tration of 25ppb in 10mL of water was 40°C. Purge flow rate was carefully adjusted to 38mL/min.; lower flows dramatically affect
recovery of the brominated compounds, higher flows contribute to analyte breakthrough and excessive water retention on the trap.

Analytical Procedures
An Agilent 5890 Series II GC coupled with an Agilent 5971A GC/MS detector fitted with a K&M electron multiplier was used for
the analysis. Helium carrier gas was adjusted to 1.3mL/min. constant flow. The oven temperature program was optimized as follows:
35°C (hold 7 min.) to 90°C @ 4°C/min. (hold 0 min.), to 220°C @ 45°C/min. (hold 1 min.). Analysis time was 25 minutes; cycle
time was 30 minutes. The MS was set for full scan from 35amu to 260amu and was initially tuned with FC-43 or PFTBA calibration
gas, followed by BFB. A 30m x 0.25mm x 1.4µm Rtx®-VMS column (cat.# 19915) was used for the separations.

Standards
The five points of the calibration were 5, 10, 20, 40, and 80 ppb, with internal standards (IS) and surrogate standards (SS) added to
each calibration standard at 20ppb. Intermediate standards were made separately for each calibration point, to maintain equal
amounts of methanol added to the 10mL volume of water. Samples were spiked and were transferred to the concentrator by hand.
Calibration was performed using the analyte list in Table 3, but all compounds shown in Figure 2 were added in order to check for
critical coelutions between oxygenates and Method 8260B target compounds. Calibration verification standards (CVS) were added at
10ppb; recoveries were within 20% of expected values. Two blanks were analyzed, followed by a 5ppb QC standard to verify recov-
eries at the low point of the curve.4 Reference materials used are listed in Table 5.

Gasoline-Spiked Samples
Analysis of the 5ppb QC standard was followed by analysis of a 1ppm non-oxygenated gasoline standard, then by analysis of the
non-oxygenated standard with 5ppb of each target compound added. % recoveries for the 5ppb oxygenate standards were calculated
from this high concentration gasoline matrix. The final standard analyzed was 1ppm (unweathered) unleaded gasoline. All samples
were spiked with the appropriate IS and SS. The calibration curve passed EPA 8260 criteria for response factors and relative standard
deviations. Only two compounds in the test set showed poor response: acetone and TBA.

Table 4:

Purge and trap conditions for recovering oxygenates from 
gasoline (O.I. 4560 concentrator).

Trap: #10 (Tenax®/silica gel/carbon molecular sieve)
Purge Time: 11 min.
Purge Flow Rate: 38mL/min.
Desorb Flow Rate: 32mL/min.
Desorb Time: 1.0 min.
Bake Time: 10 min.
Sample Size: 10mL
Water Management: 110°C purge, 0°C desorb, 240°C bake
Split Ratio: 1:25
Temperatures:

Sample: 40°C
Trap: 20°C purge, 190°C desorb, 210°C bake
6-Port Valve: 110°C
Transfer Line: 110°C
Sparge Mount: 45°C
Desorb Preheat: 150°C
Valve Manifold: 50°C

Other Conditions: pre-purge, pre-heat, dry purge OFF
Conditions suggested by O.I. Analytical.

Optimizing the Analysis
of Volatile Organic Compounds
Our technical guide is a concise, thorough overview to
analyzing volatile organics in environmental samples:

✔ Purge and trap theory - adsorbents and traps -
troubleshooting

✔ GC system configurations for narrow-bore or
wide-bore capillary columns

✔ Optimizing detection systems

Many chromatograms show how changes in
chromatographic parameters achieve
specific goals. Invaluable
information for new
chromatographers;
experienced analysts
can find ideas and justi-
fication for updating
methodology.
72 pages.

Free on request - ask for
lit. cat.# 59887A, or visit
our website.
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Figure 2:

Detecting oxygenates in gasoline-water samples: 80ppb each analyte.
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Rtx®-VMS, 30m, 0.25mm ID, 1.4µm (cat.# 19915)
Sample: Calibration, internal standard, surrogate standard mixes (cat.# 30475B, 30465, 30006, 30240, 30074)
Purge and trap conditions 
Trap: #10 (Tenax®/silica gel/carbon molecular sieve)
Purge Time: 11 min.
Purge Flow Rate: 38mL/min.
Desorb Flow Rate: 32mL/min.
Desorb Time: 1.0 min.
Bake Time: 10 min.
Sample Size: 10mL
Water Management: 110°C purge, 0°C desorb, 240°C bake
Split Ratio: 1:25
Temperatures:

Sample: 40°C
Trap: 20°C purge, 190°C desorb, 210°C bake
6-Port Valve: 110°C
Transfer Line: 110°C
Sparge Mount: 45°C
Desorb Preheat: 150°C
Valve Manifold: 50°C

Other Conditions: pre-purge, pre-heat, dry purge OFF
Chromatography
Inj. temp.: 250°C
Carrier gas: helium, constant flow  
Flow rate: 1.3 mL/min. 
Dead time: 1.47 min. @     35°C
Oven temp.: 35°C (hold 7 min.) to 90°C @ 4°C/min.(no hold) to 220°C @ 45°C/min. (hold 1 min.).  
Det.: Agilent 5971A GC/MS
Transfer line temp.: 280°C
Scan range: 35-260 amu
Tune: PFTBA/BFB

*carbon dioxide   
1. dichlorodifluoromethane  
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane  
7. diethylether
8. 1,1-dichloroethene
9. carbon disulfide

10. Freon® 113
11. iodomethane
12. allyl chloride
13. methylene chloride
14. acetone
15. trans-1,2-dichloroethene
16. methyl-d3-tert-butyl-ether
17. methyl acetate
18. methyl-tert-butyl-ether
19. tert-butyl alcohol
20. acetonitrile
21. diisopropyl ether
22. chloroprene
23. 1,1-dichloroethane
24. acrylonitrile
25. ethyl-tert-butyl ether

26. cis-1,2-dichloroethene
27. 2,2-dichloropropane
28. bromochloromethane
29. chloroform
30. carbon tetrachloride
31. tetrahydrofuran
32. methyl acrylate
33. 1,1,1-trichloroethane
34. dibromofluoromethane
35. 1,1-dichloropropene
36. 2-butanone
37. benzene
38. propionitrile
39. methacrylonitrile
40. 1,2-dichloroethane-d4
41. pentafluorobenzene
42. tert-amyl-methyl ether
43. 1,2-dichloroethane
44. isobutyl alcohol
45. trichloroethene
46. 1,4-difluorobenzene
47. dibromomethane
48. 1,2-dichloropropane
49. bromodichloromethane
50. methyl methacrylate
51. cis-1,3-dichloropropene

52. 2-chloroethyl vinyl ether
53. toluene-d8
54. toluene
55. 2-nitropropane
56. tetrachloroethene
57. 2-bromo-1-chloropropane
58. 4-methyl-2-pentanone
59. trans-1,3-dichloropropene
60. 1,1,2-trichloroethane
61. ethyl methacrylate
62. dibromochloromethane
63. 1,3-dichloropropane
64. 1,2-dibromoethane
65. 2-hexanone
66. chlorobenzene-d5
67. chlorobenzene
68. ethylbenzene
69. 1,1,1,2-tetrachloroethane
70. m-xylene
71. p-xylene
72. o-xylene
73. bromoform
74. stryrene
75. isopropylbenzene
76. 4-bromo-1-fluorobenzene (SS)
77. bromobenzene

78. cis-1,4-dichloro-2-butene
79. 1,4-dichlorobutane
80. n-propylbenzene
81. 1,1,2,2-tetrachloroethane
82. 2-chlorotoluene
83. 1,2,3-trichloropropane
84. 1,3,5-trimethylbenzene
85. trans-1,4-dichloro-2-butene
86. 4-chlorotoluene
87. tert-butylbenzene
88. pentachloroethane
89. 1,2,4-trimethylbenzene
90. sec-butylbenzene
91. p-isopropyltoluene
92. 1,3-dichlorobenzene
93. 1,4-dichlorobenzene-d4
94. 1,4-dichlorobenzene
95. n-butylbenzene
96. 1,2-dichlorobenzene
97. 1,2-dibromo-3-chloropropane
98. nitrobenzene
99. hexachlorobutadiene

100. 1,2,4-trichlorobenzene
101. naphthalene
102. 1,2,3-trichlorobenzene

Acknowledgment: purge & trap courtesy of O.I. Analytical.
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Not detected: 2-chloroethanol



Results
Table 6 summarizes results. All oxygenates were resolved from other target compounds and potentially interfering gasoline compo-
nents. TBA and MTBE were well resolved using the 35°C starting temperature. Figure 3 represents a TIC of 1ppm non-oxygenated
unleaded gasoline spiked with 5ppb of oxygenates. The inset is an extracted ion chromatogram showing oxygenates are recovered
without interference from the gasoline matrix.

The internal standard methyl-d3 tert-butyl ether was added to compensate for variations in purging efficiency specific to the ethers.
After the data were acquired we observed a small ion 73 component as part of the IS spectra (Figure 4). MTBE and the IS share
retention time and MTBE produces ion 73. Our initial thought was to discard the data, but we determined the distribution of the rela-
tive abundance of ion 73 to ion 76 for the IS was between 0.3% and 0.5%. This would affect calculated concentrations of MTBE by
no more than 2%. Analysts in environmental laboratories can decide if this is an acceptable degree of error. We are currently evaluat-
ing other potential internal standards that behave in a manner similar to the ethers. One such substitution used in some laboratories is
TBA-d9, which accounts for variations common to alcohols, but not to ethers.

Rtx®-VMS, 30m, 0.25mm ID, 1.4µm (cat.# 19915)
Sample: calibration mixes: cat.# 30475B, 30465, 30006, 30042;

unleaded gasoline (cat.# 30096); non-oxygenated unleaded gasoline (custom)
internal / surrogate standards: cat.# 30240, 30074

Purge and trap conditions
O.I. 4560 Purge and Trap Concentrator
Sample: 10mL
Sample temp.: 40°C
Trap: #10 (Tenax®/silica gel/carbon molecular sieve)
Trap temp.: purge: 20°C; desorb: 190°C; bake: 210°C
Purge: 11 min., 38mL/min.
Desorb: 1.0 min., 32mL/min.
Bake: 10 min.

Chromatography
Inj. temp.: 250°C, split 1:25
Carrier gas: helium, constant flow
Flow rate: 1.3mL/min.
Dead time: 1.47 min. @ 35°C
Oven temp.: 35°C (hold 7 min.) to 90°C @ 4°C/min. (no hold)

to 220°C @ 45°C/min. (hold 1 min.)
Det.: Agilent 5971A GC/MS
Scan range: 35–260 amu
Tune: PFTBA/BFB
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Acknowledgement: purge & trap courtesy of O.I. Analytical.

5ppb oxygenates in 1ppm
non-oxygenated gasoline.

area of enlargement

Figure 3:

GC/MS with an Rtx-VMS® column allows reliable identification of 5ppb oxygenates added to 1ppm gasoline. 



Table 5:

Table 6:

Calibration mixes and other reference materials for oxygenates analysis.
Reference Material Restek cat.# / lot#
Internal Standard & Surrogate Standard Mix cat.# 30240 lot# A025538

custom lot# 03010401s
cat.# 30074 lot# A022472

Calibration Mix cat.# 30475A lot# A020908
cat.# 30465 lot# A024826
cat.# 30006 lot# A024175
cat.# 30042 lot# A024616

QC Second Source Calibration Mix cat.# 553595 lot# A025888
Unleaded Gasoline (Unweathered) cat.# 30096 lot# A022384
Non-Oxygenated Unleaded Gasoline (Unweathered) custom lot# OFR-TK253

Efficient recovery of ppb oxygenates, using an Rtx®-VMS column.

1ppm 1ppm
1ppm Non-oxygenated Gasoline

5-Point 5-Point Method 5ppb Non-oxygenated Standard, Composite
Curve Curve Blank Standard Standard 5ppb Spike Standard

Compound (RF) (%RSD) (%Recov.) (%Recov.) (%Recov.) (%Recov.) (%Recov.)
methyl-d3-tert-butyl ether (IS)
tert-butyl alcohol (x5)* 0.13 17 93 90
methyl-tert-butyl ether 0.91 7 99 92 6.2ppb
diisopropyl ether 1.08 7 100 94
ethyl-tert-butyl ether 1.21 8 98 90
tert-amyl-methyl ether 1.15 5 105 98 < D.L.

pentafluorobenzene (IS)
acetone (x2.5)* 0.05 12 62 < D.L. N.D.
dibromofluoromethane (SS) 0.43 3 102 89 106 97 98

1,4-difluorobenzene (IS)
1,2-dichloroethane-d4 (SS) 0.22 6 103 111 102 100 102
toluene-d8 (SS) 1.02 4 101 108 98 97 98
toluene (CCC) 0.78 3 106 94.4ppb 89.6ppb 81.9ppb
bromofluorobenzene (SS) 0.45 2 91 103 90 90 95

chlorobenzene-d5 (IS)
chlorobenzene (SPCC) 1.06 6 108
ethylbenzene (CCC) 1.71 5 110 21.4ppb 24.9ppb 23.9ppb

1,4-dichlorobenzene-d4 (IS)
naphthalene 2.08 3 93 4.7ppb 8.8ppb 5.0ppb

*Compound added at 5 times or 2.5 times the concentration of other target analytes.
<D.L. - below detection limit.  N.D. - not detected.

Column: Rtx®-VMS, 30m x 0.25mm x 1.4µm (cat.# 19915)
Conditions: given in text

Restek Corporation • (800) 356-1688 • http://www.restekcorp.com
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GC_EV00688

Methyl tert-butyl ether-d3

MTBE

GC_EV00689

Rtx®-VMS, 30m, 0.25mm ID, 1.4µm (cat.# 19915)
Sample: custom
Inj. temp.: 250°C
Carrier gas: helium, constant flow  
Flow rate: 1.3mL/min. 
Dead time: 1.47 min. @ 35°C
Oven temp.: 35°C (hold 7 min.) to 90°C @ 

4°C/min.(no hold) to 220°C @    
45°C/min. (hold 1 min.).

Det: Agilent 5971A GC/MS
Transfer line temp.: 280°C
Scan range: 35-260 amu
Tune: PFTBA/BFB
Ionization: EI

Figure 4:

MTBE and internal standard methyl-d3-tert-butyl ether share identification ion 73.

Conclusion
With an expanding target list and difficult sample matrixes, such as petroleum distillates, extreme care must be taken, even with GC/MS,
to assure correct identification of oxygenates in the presence of interfering analytes. Under the conditions used here, an Rtx®-VMS
column is suitable for analyzing low levels of oxygenates in the presence of other gasoline components. For additional information, see
reference 5.
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Product Listing

Rtx®-VMS Columns (fused silica)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr 6600--MMeetteerr 7755--MMeetteerr
0.25mm 1.40 -40 to 240/260°C 19915 19916
0.32mm 1.80 -40 to 240/260°C 19919 19920
0.45mm 2.55 -40 to 240/260°C 19908 19909
0.53mm 3.00 -40 to 240/260°C 19985 19988 19974
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss 2200--MMeetteerr 4400--MMeetteerr
0.18mm 1.00 -40 to 240/260°C 49914 49915

4-bromofluorobenzene
dibromofluoromethane

1,2-dichloroethane-d4
toluene-d8

8260A/B Surrogate Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30240 30240-510 —

ww//ddaattaa  ppaacckk
30240-500 30240-520 30340

chlorobenzene-d5
1,4-dichlorobenzene-d4

1,4-difluorobenzene
pentafluorobenzene

8260 Internal Standard Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30074 30074-510 —

ww//ddaattaa  ppaacckk
30074-500 30074-520 30174

8260B MegaMix™ Calibration Mix (76 + 1 components)

Note: This product is provided as a two ampul set:

2,000µg/mL each component in P&T methanol, 1mL/ampul
2,000µg/mL 2-chloroethyl vinyl ether in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30475 30475-510 —

ww//ddaattaa  ppaacckk
30475-500 30475-520 30575

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000
tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000

California Oxygenates Mix

In P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30465 30465-510 —

ww//ddaattaa  ppaacckk
30465-500 30465-520 30565

acetone
2-butanone

2-hexanone
4-methyl-2-pentanone

VOA Calibration Mix #1 (ketones)

5,000µg/mL each in P&T methanol:water (90:10), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30006 30006-510 —

ww//ddaattaa  ppaacckk
30006-500 30006-520 30106

bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1 (gases)

2,000µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30042 30042-510 —

ww//ddaattaa  ppaacckk
30042-500 30042-520 30142

Unleaded Gasoline Standard: Unweathered
Prepared from a single source (one refinery) product. Samples of regular and premium grade
unleaded gasoline were collected, then blended in equal volumes.

5,000µg/mL in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30096 30096-510 —

ww//ddaattaa  ppaacckk
30096-500 30096-520 30196

Restek Trademarks: Rtx, Restek logo.
Other Trademarks: Freon (E.I. du Pont de Nemours & Co., Inc.), Infra-Sparge (O.I Analytical Corp.),  Tenax ( Enka Research Institute, Arnhem).
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chloroform
1,1-dichloroethene
1,2-dichloropropane

ethylbenzene
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8240/8260 Calibration Check Mix

2,000µg/mL each in P&T methanol, 1mL/ampul
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W
idespread use of

un
dergroun

d tan
ks to con

tain
 all types of

fuels
an

d lubrican
ts dictates that environ

m
en

tal laboratories perform
frequen

t U
ST

 (un
dergroun

d storage tan
k) an

alyses accordin
g to

state or federally m
an

dated guidelin
es.Tests are required durin

g
site assessm

en
ts,to determ

in
e w

hether releases have occurred,an
d

after closure of
a site,to en

sure it is safe for altern
ate uses in

 the
future.Toxicity of

hydrocarbon
s has been

 docum
en

ted as both
acute an

d chron
ic,so it is im

portan
t for site m

an
agers to m

on
itor

surroun
din

g stream
s,w

astew
ater,an

d soils for possible m
igration

of
these fuels.Laboratory verification

 of
results from

 on
-site quick

tests can
 presen

t a large num
ber of

sam
ples an

d a n
eed for im

m
e-

diate results.

W
ith so m

any an
alyses,testin

g laboratories w
ould ben

efit from
shorter run

 tim
es that w

ould m
ake sam

ple turn
-aroun

d faster.
Fast tem

perature program
s can

 speed up elution
 of

high boilin
g

poin
t com

poun
ds an

d late eluters,but often
 are n

ot used to m
axi-

m
um

 advan
tage.T

he A
gilen

t 5890 has a m
axim

um
 tem

perature
program

 rate of
70°C

/m
in

.,but the factory heatin
g elem

en
ts in

the 5890 on
ly allow

 this m
axim

um
 rate to be m

ain
tain

ed up to a
tem

perature of
100°C

.T
he A

gilen
t 6890 allow

s a m
axim

um
 ram

p
rate of

75°C
/m

in
.at startin

g tem
peratures of

50–70°C
 an

d
20°C

/m
in

.at startin
g tem

peratures of
300–450°C

.* For an
alysts

tryin
g to push tem

perature ram
ps as fast as possible,these

restricted program
 rates can

 lead to lon
ger an

alysis tim
e an

d
broader peaks.

T
h

e G
C

 R
acer tem

peratu
re program

m
in

g system
** en

h
an

ces
conven

tion
al oven

s w
ith an

 auxiliary heater that is con
trolled by

the G
C

.T
he G

C
 R

acer system
 w

ill m
aintain a tem

perature program
rate of

70°C
/m

in
.up to 350°C

 or 60°C
/m

in
.to tem

peratures as
high as 450°C

 in
 an

 A
gilen

t 5890 or a rate of
70°C

/m
in

.up to
400°C

 in
 an

 A
gilen

t 6890.T
he G

C
 R

acer con
sists of

a con
trol un

it
an

d a resistive heatin
g elem

en
t that is placed on

 the floor of
the

G
C

 oven
 (Figu

re 1).T
he heatin

g elem
en

t is con
n

ected to the
con

troller,w
hich is plugged in

to the m
ain

 P
C

 board of
the G

C
an

d in
to a 120V

 stan
dard groun

ded w
all outlet.W

hen
 the G

C
R

acer con
troller detects that the factory heatin

g elem
en

ts are n
ot

keepin
g up w

ith the program
m

ed heatin
g rate,the G

C
 R

acer
h

eater is brou
gh

t in
to th

e circu
it to au

gm
en

t th
e h

eat bein
g

su
pplied to the oven

.T
he auxiliary heater design

 is sim
ilar to that

of
the origin

al G
C

 heater.A
t n

o tim
e durin

g the in
stallation

 of
the G

C
 R

acer system
 is the colum

n
 rem

oved from
 the oven

,or
discon

n
ected from

 the detector or in
jection

 port.

Exam
ple application: TNRCC

T
N

R
C

C
 M

ethod 1005,R
evision

 03 - the curren
t U

ST
 m

ethod
released by the Texas N

atural R
esource C

on
servation

 C
om

m
ission

in
 Jun

e 2001 - describes liquid/liquid sam
ple preparation

 for
aqueous an

d solid sam
ples,follow

ed by capillary G
C

-FID
 an

alysis.
Sam

ples m
ust be an

alyzed for hydrocarbon
s in

 tw
o boilin

g poin
t /

carbon
 num

ber ran
ges:C

6-12 an
d C

12-C
28,an

d in
 an

 option
al

e
n
v
iro

n
m

e
n
ta

l
A

pplicationsnote

Restek C
orporation • (800) 356-1688 • http://w

w
w

.restekcorp.com

#
5
9
8
5
7

U
S

T
 M

o
n

ito
rin

g
:Fast S

am
p

le Tu
rn

-A
ro

u
n

d
,U

sin
g

 R
ap

id
 Tem

p
eratu

re P
ro

g
ram

m
in

g

Figure 1 - G
C

 R
acer tem

perature
program

m
ing system

 installed in an A
gilent G

C
.

C
28-C

35 ran
ge if

presen
ce of

heavier fuels or lubricatin
g oils

is suspected.M
ethod 1005 can

 be used in
 con

jun
ction

 w
ith a

secon
d (draft) m

ethod,T
N

R
C

C
 M

ethod 1006.In
 this m

ethod,
authorized in

 2000,solid phase extraction
 on

 silica gel is used
to separate the total petroleum

 hydrocarbon
s (T

P
H

) extract
obtain

ed in
 M

ethod 1005 in
to aliphatic an

d arom
atic fraction

s,
to further characterize an

d defin
e the in

itial sam
ples.

A
n

alysis techn
iques for both T

N
R

C
C

 m
ethods are com

plex,an
d

several an
alytical referen

ce m
ixes are used to en

sure that the
an

alytical system
 m

eets the basic quality criteria set in
 the m

eth-
ods.T

he colum
n

 an
d G

C
 con

dition
s m

ust be optim
ized so that

the solven
t peak is w

ell separated from
 the C

6 peak,for adequate
quan

tification
 of

volatiles in
 the sam

ples.It is also im
portan

t to
m

in
im

ize in
jection

 port discrim
in

ation
,so that heavy ran

ge
hydrocarbon

s can
 be properly quan

tified:the C
35 respon

se
m

ust be greater than
 75%

 of
the C

28 respon
se. n

-A
lkan

e m
arkers

are used to defin
e approxim

ate boilin
g poin

t / carbon
 num

ber
distribution

 ran
ges for calibration

 an
d reportin

g purposes.
Finally,m

atrix spike solutions containing diesel fuel and unleaded
gasolin

e com
posites,an

d surrogates,are used as "real w
orld"

*U
se of higher voltage and am

perage or a special insert purchased w
ith the

G
C

 w
ill allow

 slightly higher ram
p rates.

**M
anufactured by Zip Scientific,available from

 R
estek.

For perm
ission to reproduce any portion of this application note, please contact R

estek’s publications/graphics departm
ent by phone (ext. 212

8
) or FA

X
.
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GC Racer
•by Zip Scientific

•Patent pending.

IIDD
ddff  ((µ mm

))
tteemm

pp..  lliimm
iittss

1155--MM
eetteerr

0.25m
m

0.25
-60 to 330/350°C

10220

Rtx
®- 5 Colum

n (fused silica)
(Crossbond

®
5%

 diphenyl/95%
 dim

ethyl polysiloxane)

DDeessccrriippttiioonn
vvoollttaaggee  

qqttyy..
ccaatt..##

GC Racer for Agilent 5890 Series II (only) GC
120 volt

ea.
23024

GC Racer for Agilent 5890A (only) GC
120 volt

ea.
23025

GC Racer for Agilent 6890 (only) GC
120 volt

ea.
23028

For analytical reference m
aterials request our Texas U

ST
 Fast Facts,

lit.cat.# 59394 and/or ou
r Florida U

ST
 Fast Facts,lit.cat.# 59395.

R
estek T

radem
arks:

C
rossbond,R

tx,U
niliner,R

estek logo.
O

ther T
radem

arks:
Freon (E

. I. du Pont de N
em

ours &
 C

o.,Inc.)

For D
rilled U

n
ilin

er
®in

let lin
ers,refer to ou

r cu
rren

t catalog,
requ

est ou
r D

rilled U
n

ilin
er®

 Fast Facts (lit.cat.# 59877),or visit
ou

r w
eb site.

GC Racer by Zip Scientific
•

Saves tim
e an

d m
on

ey by in
creasin

g throu
ghpu

t.
•

M
akes fast G

C
 possible w

ith any capillary G
C

 colu
m

n
.

•
E

asy to operate an
d in

stall—
tru

ly a “plu
g an

d u
se”

accessory.

R
estek an

d Z
ip Scien

tific have team
ed up to brin

g you the G
C

R
acer tem

perature program
m

er,
a system

 that en
han

ces conven
-

tion
al oven

s w
ith an

 auxiliary heater that is con
trolled by the G

C
.

T
he G

C
 R

acer con
sists of

a con
trol un

it an
d a resistive heatin

g
elem

en
t that is placed on

 the floor of
the G

C
 oven

.
T

he heatin
g

elem
en

t is con
n

ected to the con
troller,w

hich is plugged in
to the

m
ain

 P
C

 board ofthe G
C

 an
d in

to a 120V
 stan

dard groun
ded w

all
outlet.W

hen
 the G

C
 R

acer con
troller detects that the factory heat-

in
g elem

en
ts are n

ot keepin
g up w

ith the program
m

ed heatin
g

rate,the G
C

 R
acer heater is brought in

to the circuit to augm
en

t the
heat bein

g supplied to the oven
.

T
he G

C
 R

acer system
 w

ill m
ain

tain
 a tem

peratu
re program

 rate of
70°C

/m
in

.u
p to 350°C

 or 60°C
/m

in
.to tem

peratu
res as high as

450°C
 in

 an
 A

gilen
t 5890 or a rate of

70°C
/m

in
.u

p to 400°C
 in

 an
A

gilen
t 6890.

T
he 

sim
plicity 

of
its 

com
pon

en
ts 

an
d 

in
stallation

 
m

ake 
the

Z
ip Scien

tific G
C

 R
acer system

 a valu
able tool in

 the qu
est for

high-speed G
C

,an
d a m

u
st-have add-on

 accessory for every 5890
or 6890 G

C
.T

he speed of
an

alysis that can
 be achieved an

d the
ease of

in
stallation

 w
ill lead to direct savin

gs of
tim

e an
d m

on
ey

by decreasin
g ru

n
 tim

e an
d in

creasin
g sam

ple throu
ghpu

t.

F
ig

u
re 5-Faster tem

p
eratu

re p
ro

g
ram

s
in

crease sam
p

le th
ro

u
g

h
p

u
t.

GC: Agilent 6890; Start Tem
p: 50°C,

Program
: 60°C/m

in. to 320°C

0
2

4
6

8
m

in.

50

100

150

200

250

300

°C
6890 GC +

 GC
Racer6890 GC alone

From
 th

e Custom
er....

“W
e tried a GC Racer Tem

perature Program
m

er from
 Restek and now

 w
e w

ant
m

ore! W
ith the GC Racer, w

e can perform
 high speed tem

perature program
m

ing to
get the results w

e need, and w
e can use conventional colum

ns and fittings. This is a
great tim

e and cost savings for us. Not only that, but, w
ith this system

, w
e don’t

experience any leaks at the fittings, so w
e can use it w

ith our m
ass spectrom

eter.
All this for an econom

ical price.”

Josh Hildabrand, Chem
ist, and W

illiam
 M

ock, Lab M
anager, Environm

ental Science
Corporation

In a W
ashington Lab Report, Environm

ental Science Corporation w
as listed 5th in

productivity, 2nd in sales for a single-location laboratory, and 13th in overall sales.
Keep up the good w

ork!
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check sam
ples,to verify sam

ple preparation
 techn

iques an
d

appropriaten
ess of

an
alytical con

dition
s.A

n
alysis tim

es for these
stan

dards w
ill be betw

een
 20 m

in
.an

d 90 m
in

.,accordin
g to the

guidelin
es in

 T
N

R
C

C
 1006.A

fter system
 qualification

,each
extracted sam

ple is screen
ed for T

P
H

 con
ten

t,as required in
T

N
R

C
C

 1005,and then possibly also for the aliphatic and arom
atic

fractions,as described in
 T

N
R

C
C

 1006.

C
heckin

g Q
A

/Q
C

,locator,an
d calibration

 m
ixes can

 be an
alyzed

rapidly - often
 in

 less than
 12 m

inutes - usin
g a G

C
 R

acer system
in

stalled in
 an

 A
gilen

t 5890 or 6890 G
C

.A
 tem

perature ram
p rate

of
60ºC

/m
in

.to 330ºC
 durin

g the G
C

 an
alysis produces quick

iden
tification

 of
hydrocarbon

s across the en
tire m

on
itored ran

ge,
from

 C
6 to C

35.Figure 2 show
s the chrom

atogram
 obtain

ed by
usin

g a G
C

 R
acer an

d a 60ºC
/m

in
.tem

perature ram
p for the

A
ltern

ate B
oilin

g Poin
t/C

arbon
 N

um
ber D

istribution
 M

arker
Stock Stan

dard (R
estek cat.# 31639):even

 w
hen

 the an
alysis

is exten
ded to C

36,an
alysis tim

e is cut in
 half,w

ith n
o loss of

resolution
,relative to conven

tion
al tem

perature program
s.

Figure 3 dem
on

strates the fast iden
tification

 that is possible for
the diesel fuel #2 com

posite / un
leaded gas com

posite (T
X

 T
P

H
M

atrix Spike M
ix,cat.# 31484) w

ith surrogate stan
dards (2-fluo-

robiphenyl,cat.# 31096;1-chlorooctan
e,cat.# 30084),as required

in
 m

ethods 1005 an
d 1006,usin

g the sam
e con

dition
s as in

Figure 2.T
he thin

 film
 R

tx
®-5 colum

n
 used in

 these an
alyses

dem
on

strates great stability,even
 at a tem

perature ram
p rate of

60ºC
/m

in
.,an

d exhibits very low
 bleed over the en

tire tem
pera-

ture ran
ge,to 330ºC

.

Exam
ple application: Florida DEP

In
 N

ovem
ber 1995,in

 an
 effort to develop m

ore environ
m

en
tally

sen
sitive testin

g m
ethods,the Florida D

epartm
en

t of
E

nviron
m

en
tal Protection

 (D
E

P
),D

ivision
 of

W
aste

M
an

agem
en

t,released the Florida R
esidual Petroleum

 O
rgan

ic

F
ig

u
re 2 - Texas U

S
T:

12-m
in

u
te an

alysis fo
r altern

ate b
o

ilin
g

 p
o

in
t/carb

o
n

 n
u

m
b

er d
istribu

tio
n

 m
arker

R
tx

®-5   15m
,0.25 ID

,0.25µm
 (cat.# 10220)

Sam
ple:

200µg/m
L

 A
lternate B

P/C
N

 D
istribution M

arker Stock
Solution (cat.# 31639) in pentane

Inj.:
0.5µL

 splitless (hold 0.2 m
in.),4m

m
 D

rilled U
niliner

®

inlet liner (hole at bottom
) (cat.# 20756)

Inj. tem
p.:

285°C
C

arrier gas:
helium

,constant pressure  
L

inear velocity:
27cm

/sec. @
 30°C

O
ven tem

p.:
30°C

 (hold 1 m
in.) to 330°C

 @
 60°C

/m
in. (hold 6 

m
in.) w

ith G
C

 R
acer for A

gilent 5890 Series II G
C

 
(cat.# 23024)

D
et.:

FID
 @

 330°C

1.hexane (C
6)

2.octane (C
8)

3.decane (C
10)

4.dodecane (C
12)

5.hexadecane (C
16)

6.heneicosane (C
21)

7.octacosane (C
28)

8.pentatriacontane (C
35)

9.hexatriacontane (C
36)

GC_EV00690

M
ethod (FL-P

R
O

),V
ersion

 1.T
he FL-P

R
O

 m
ethod replaces

Freon
® fluorocarbon

 extraction
 w

ith a m
ethylen

e chloride
liquid/liquid extraction

 an
d silica gel clean

-up for w
ater an

d soil
sam

ples,an
d recom

m
en

ds an
alysis by capillary G

C
/FID

.

A
ccordin

g to the FL-P
R

O
 m

ethod,sam
ples m

ust be an
alyzed for

alkan
es over a ran

ge of
C

8 to C
40,w

hich en
com

passes gasolin
e,

diesel fuel,an
d m

otor oil com
pon

en
ts.T

he colum
n

 an
d G

C
con

dition
s m

ust be optim
ized to en

sure that the solven
t peak is

w
ell separated from

 the C
8 hydrocarbon

,for reproducibly
quan

tifyin
g the volatile com

pon
en

ts in
 the sam

ples.It also is
im

portan
t to assure adequate resolution

 of
the surrogates from

the closely elutin
g alkan

es.T
he techn

ique recom
m

en
ded in

 the
m

ethod en
sures that the an

alytical system
 is able to m

eet the
basic quality criteria set out in

 the m
ethod,but the an

alytical
run

s last approxim
ately 60 m

inutes.

C
heckin

g Q
A

/Q
C

,locator,an
d calibration

 m
ixes can

 be an
alyzed

rapidly - often
 in

 less than
 17 m

inutes - usin
g a G

C
 R

acer tem
-

perature program
m

in
g system

 in
stalled in

 an
 A

gilen
t 5890 or

6890 G
C

.A
 tem

perature ram
p rate of

60 ºC
/m

in
.to 330 ºC

 allow
s

quick iden
tification

 of
hydrocarbon

s across the en
tire m

on
itored

ran
ge,from

 C
8 to C

40.
Figure 4 show

s the results obtain
ed by

F
ig

u
re 3 - Texas U

S
T:

identify diesel/gas com
posites

in less than 10 m
inu

tes

R
tx

®-5   15m
,0.25m

m
 ID

,0.25µm
 (cat.# 10220)

Sam
ple:

1000µg/m
L

 unleaded gas and diesel fuel #2 com
posites 

standard (cat.# 31483) in pentane
250µg/m

L
 2-fluorobiphenyl standard (cat.# 31096) in 

dichlorom
ethane

250µg/m
L

 1-chlorooctane (cat.# 30084) in P&
T

 m
ethanol

Inj.:
0.5µL

 splitless (hold 0.2 m
in.),4m

m
 drilled U

niliner
®

inlet 
liner(hole at bottom

) (cat.# 20756)
Inj. tem

p.:
285°C

C
arrier gas:

helium
,constant pressure  

L
inear velocity:

27cm
/sec. @

 30°C
O

ven tem
p.:

30°C
 (hold 1 m

in.) to 330°C
 @

 60°C
/m

in. (hold 6 m
in.) 

w
ith G

C
 R

acer for A
gilent 5890 Series II G

C
 (cat.# 23024)

D
et.:

FID
 @

 330°C

1.1-chlorooctane (surrogate)
2.2-fluorobiphenyl (surrogate)

GC_EV00692

usin
g a G

C
 R

acer an
d a 60 ºC

/m
in

.tem
perature ram

p for the
Florida T

R
P

H
 Stan

dard (R
estek cat.# 31266):an

alysis tim
e is cut

by m
ore than

 tw
o thirds,relative to conven

tion
al tem

perature
program

s,w
ith n

o loss of
resolution

.

A
 D

rilled U
n

ilin
er

®in
let lin

er,listed in
 the con

dition
s for

these chrom
atogram

s,preven
ts discrim

in
ation

 again
st the high

m
olecular w

eight hydrocarbon
s,an

d excellen
t results can

 be
achieved w

ithout the expen
sive electron

ic pressure con
trol (E

P
C

)
techn

ology option
 m

en
tion

ed in
 the T

N
R

C
C

 m
ethod.T

he hole
at the bottom

 (in
let en

d) of
the lin

er en
sures a sharper solven

t
peak,w

ith little tailin
g - ideal for separatin

g an
d quan

tifyin
g the

volatile C
6 or C

8 hydrocarbon
,w

hich elutes in
 proxim

ity to the
solven

t in
 Figure 2 an

d Figure 4,respectively.T
his lin

er also is
com

patible w
ith an

 E
P

C
 system

,m
akin

g it a versatile choice an
d

better altern
ative to stan

dard split/splitless in
let lin

ers.

T
he sim

plicity of
its com

pon
en

ts an
d ease of

in
stallation

 m
ake

the G
C

 R
acer system

 a valuable tool in
 the quest for high-speed

G
C

,an
d a m

ust-have add-on
 accessory for every 5890 or 6890

G
C

.T
he speed of

an
alysis that can

 be achieved w
ill lead to

direct savin
gs of

tim
e an

d m
on

ey by decreasin
g run

 tim
e an

d
in

creasin
g sam

ple throughput.

F
ig

u
re 4 - F

lo
rid

a U
S

T:
rap

id
 an

alysis fo
r to

tal recoverab
le p

etro
leu

m
 hyd

ro
carb

o
n

s (T
R

P
H

),
u

sin
g

 a G
C

 R
acer an

d
 an

 R
tx

®-5
co

lu
m

n

GC_EV00694

R
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®-5 15m
,0.25m

m
 ID

,0.25µm
 (cat.# 10220)

Sam
ple:

250µg/m
L

 Florida T
R

PH
 standard (cat.# 31266) in hexane,

1,000µg/m
L

 o-terphenyl (cat.# 31097) in 
dichlorom

ethane,600µg/m
L

 nonatriacotane (cat.# 31456) in carbon disulfide
Inj.:

0.5µL
 splitless (hold 0.2 m

in.),4m
m

 drilled U
niliner

®
inlet liner (hole at bottom

) (cat.# 20756)
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12.octacosane (C

28)
13.triacontane (C
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14.dotriacontane (C

32)
15.tetratriacontane (C

34)
16.hexatriacontane (C

36)
17.octatriacontane (C

38)
18.nonatriacontane  (C

39) (surrogate)
19.tetracontane (C

40)
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✔ Resolves 2,3,7,8-substituted congeners from each other and from non-toxic congeners.
✔ Resolves furan congeners from chlorodiphenyl ethers.
✔ Stable to 320ºC, for longer column life.

An accurate GC analysis of dioxin and furan con-
geners is a challenge. Separation of the toxic con-
geners (configurations with substitutions at the 2, 3,
7, and 8 positions) from the non-toxic congeners is

difficult on
almost any sta-
tionary phase.
Most laborato-
ries perform an
initial analysis
using a 5%
diphenyl / 95%
dimethyl poly-
siloxane col-
umn (e.g.,
Rtx®-5) to

obtain reasonable estimates of concentrations for the
2,3,7,8-substituted congeners. For some of the target
congeners, this quantitation is biased toward high
values, due to coelution with non-toxic congeners.
As many as five non-toxic TCDFs can coelute with
2,3,7,8-tetrachlorodibenzofuran, for example, in an
analysis on a 5% diphenyl / 95% dimethyl polysilox-
ane (5-type) column.

Because of this coelution issue, many laboratories
use confirmation columns, most commonly high

cyanopropyl (225-type) stationary phases (e.g.,
Rtx®-225, Rtx®-2330), in order to more accurately
quantify the toxic congeners. Unfortunately,
cyanopropyl columns exhibit poor thermal stability,
and therefore column lifetimes are short.

Since most methods for analysis of dioxins and
furans include extensive sample extract cleanup, and
high-resolution mass spectrometry, a primary
requirement of the ideal analytical column is com-
plete separation of the toxic dioxin and furan con-
geners from each other. Additionally, it is desirable
for the column to have high thermal stability and
long lifetime.

With these characteristics in mind, Restek chemists
developed Rtx®-Dioxin2 capillary GC columns. These
new columns completely resolve the 2,3,7,8- substi-
tuted congeners from each other, and from the non-
toxic congeners as well. Figure 1 shows the separa-
tion of the tetrachlorodibenzodioxins on a 60m x
0.25mm ID x 0.25µm Rtx®-Dioxin2 column. 2,3,7,8-
TCDD is well resolved from the other congeners in
this group and can be quantified accurately. The col-
umn also is available in an alternative format com-
monly used for this analysis: 40m x 0.18mm ID x
0.18µm. Either column is stable to 320ºC.

We’ve
expanded

our web site!
• New Features.
• Fast searches.

• Easy navigation.
We welcome

your visit.

www.restekcorp.com

Figure 1—2,3,7,8-Tetrachlorodibenzodioxin can be resolved from other TCDD congeners by using
an Rtx®-Dioxin2 column.

60m, 0.25mm ID, 0.25µm Rtx®-Dioxin2
(cat.# 10758)

Oven temp.: 130°C (hold 1 min.) to
205°C @ 45°C/min. to 305°C @
6°C/min. (hold 30 min.); Dead time:
2.89 min.; Carrier gas: helium at
1.5mL/min., constant flow

Chromatogram courtesy of Karen MacPherson and Eric Reiner, Ontario Ministry of the Environment, Etobicoke, Ontario, Canada.

Native TCDDs
321.8936 m/z

1,2,3,4-TCDD-C13
2,3,7,8-TCDD-C13

C13 labels
331.9386 m/z

GC_EV00702

Restek
Exclusive!

new

2,3,7,8-TCDD
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Quantitation of the hexachlorodibenzofurans on
Rtx®-5 or equivalent columns, like quantitation of the
dioxins, can be made difficult by coelutions of toxic
and non-toxic congeners. The new column resolves
furan congeners as effectively as dioxins. Figure 2 is
a chromatogram for the HCDF congener group in
reference material WMS-01; the congeners are very
well resolved (reference material courtesy of
Wellington Laboratories, Guelph, Ontario, Canada).

Figure 2— Hexachlorodibenzofuran congeners resolved by an Rtx®-Dioxin2 column.

Chromatogram courtesy of Karen MacPherson and Eric Reiner, Ontario Ministry of the Environment, Etobicoke, Ontario, Canada.

Table 1 lists values for 1,2,3,4,7,8-hexachlorodiben-
zofuran in several reference materials. In analyses
on 5-type stationary phases, a number of non-toxic
hexafuran congeners can coelute with the toxic
1,2,3,4,7,8-HCDF congener, producing inflated val-
ues for 1,2,3,4,7,8-HCDF. In fact, it is generally
assumed that in fly ash the actual value for
1,2,3,4,7,8-HCDF is approximately 3-fold less than
the value obtained when using a 5-type column. This

Table 2—Values for 2,3,7,8-tetrachlorodibenzofuran in biota reflect the Rtx®-Dioxin2 column’s
ability to resolve target compounds from potentially interfering chlorodiphenylethers (all values pg/g;
provisional (non-2,3,7,8-TCDF confirmed)).

Column Certified
5-type 225-type Rtx®-Dioxin2 Value

Biota-1 1 1.3 0.8
Biota-2 4.3 4.3 2.2
Sediment 37 19 19
Fly ash 240 38 32
EC-2 (DX-1) 88 n/a 37 89 ±44
NST 1974 4.7 n/a 3.3

is one of the reasons confirmation on a high-cyano
phase is necessary. As shown in Table 1, the value
for 1,2,3,4,7,8-HCDF  on an Rtx®-Dioxin2 column is
approximately 3-fold less than what was quantified
using a 5-type column. The difference is explained
by the excellent separation in Figure 2: the lower,
more accurate value is due to elimination of coelu-
tions with non-toxic congeners. Values for other
congeners compare equally well.

An additional advantage of the Rtx®-Dioxin2 column
is its ability to separate the chlorodiphenylethers,
commonly found in biota extracts, from the furans.
Coelution of these materials is a common problem
on both 5% diphenyl / 95% dimethyl stationary
phases and cyanopropyl stationary phases, but chro-
matographic separation is necessary for accurate
quantification of the chlorofurans: the
chlorodiphenylethers form chlorofurans in the ion
source of the mass spectrometer, and therefore can-
not be separated spectrally from the target com-
pounds. Table 2 summarizes results from analyzing
several matrices for 2,3,7,8-tetrachlorodibenzofuran
(2,3,7,8-TCDF). The values for the biota extracts
demonstrate the importance of the
furan/chlorodiphenylether separation. Because nei-
ther the 5% diphenyl / 95% dimethyl-type column
nor the cyanopropyl-type column solves the coelution
problem, quantified values for 2,3,7,8-TCDF in biota
are high for both columns. The Rtx®-Dioxin2 column
separates these compounds, and the quantified values
for 2,3,7,8-TCDF, approximately one-half of the values
obtained on the other stationary phases for these par-
ticular samples, are more accurate values.

If you are involved in analyzing dioxins and furans,
and would like detailed information about Rtx®-
Dioxin2 columns, we can provide elution orders for
all of the commonly analyzed congeners, and chro-
matograms for each congener group in the WMS-01
reference material. Please contact our Technical
Service chemists at 800-356-1688 or 814-353-1300,
ext. 4, or contact your Restek representative.

Native HCDFs
373.8207 m/z

WMS-01

C13 labels
331.9386 m/z

1,2,3,4,7,8-HCDF-C13

1,2,3,6,7,8-HCDF-C13

2,3,4,6,7,8-HCDF-C13

1,2,3,7,8,9-HCDF-C13

GC_EV00703

Table 1—An Rtx®-Dioxin2 column gives more accurate quantitation than 5-type columns for 
1,2,3,4,7,8-hexachlorodibenzofuran in common matrices (all values pg/g).

Certified
5-type column Rtx®-Dioxin2 column Value

Biota-1 nd nd
Biota-2 nd nd
Sediment 290 210
Fly ash 570 200
EC-2 (DX-1) 780 630 714 ±276
NST 1974 nd nd

Rtx®-Dioxin2 Columns (fused silica)
IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 4400--MMeetteerr 6600--MMeetteerr

0.18mm 0.18 20°C to 320°C 10759 —
0.25mm 0.25 20°C to 320°C — 10758

Additional columns for dioxins analysis
Rtx®-Dioxin, 60m, 0.25mm ID, 0.15µm, cat.# 10755, $715
Rtx®-Dioxin, 40m, 0.18mm ID, 0.11µm, cat.# 10756, $655
Rtx®-5, 60m, 0.25mm ID, 0.25µm, cat.# 10226, $705
Rtx®-5MS, 60m, 0.25mm ID, 0.25µm, cat.# 12626, $710

60m, 0.25mm ID, 0.25µm Rtx®-Dioxin2
(cat.# 10758)

Oven temp.: 130°C (hold 1 min.) to
205°C @ 45°C/min. to 305°C @
6°C/min. (hold 30 min.); Dead time:
2.89 min.; Carrier gas: helium at
1.5mL/min., constant flow

Genuine
Restek
Replacement
Parts for
Agilent GCs
(lit. cat.# 59627D)
Restek chromatography
supplies and acces-
sories—designed by

chromatographers, for chromatographers.
This 50-page reference manual lists the consumer-
replaceable items, supplies, and accessories you need
to keep your Agilent GC running at top performance:
injector and inlet supplies, detector parts and supplies,
gas system components, tools, vials, syringes, and
much more. Many items have been designed to save
you time or improve your results, and are exclusive to
Restek. Many other items are manufactured 
specifically to duplicate or exceed the performance of
the instrument manufacturer’s parts.

1,2,3,4,7,8-HCDF
1,2,3,6,7,8-HCDF

2,3,4,6,7,8-HCDF

1,2,3,7,8,9-HCDF
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AAnnaallyyzzee  UUnnddeerriivvaattiizzeedd  CChhlloorroopphheennooxxyyaacciidd
HHeerrbbiicciiddeess  bbyy  HHPPLLCC

Using an Ultra Aqueous C18 Column and New Reference Mixtures
By Rebecca Wittrig, Ph.D., Senior Innovations Chemist, and Katia May, Ph.D., Senior R&D Chemist

✔ HPLC eliminates time-consuming derivatizations (required for GC).
✔ Ultra Aqueous C18 column has excellent selectivity for chlorophenoxyacid herbicides.
✔ New reference mixes for the most widely performed analyses.

Chlorophenoxyacid herbicides - 2,4-D, dicamba,
picloram, Silvex (2,4,5-TP), and others - are used to
control agricultural and aquatic weeds. While not
considered highly toxic, chlorophenoxyacid herbi-
cides are monitored in agricultural monitoring wells
and drinking water sources. They are encountered
in the acid form, or as the salts or esters.
Traditionally, these compounds have been analyzed
by gas chromatography, according to US EPA Method
8151 or other methods. To make them amenable to
GC, the acids must be converted to methyl esters,
using a derivatizing agent such as diazomethane.
High performance liquid chromatography is an

attractive option to this lengthy, hazardous procedure.
Unlike in the GC procedures, derivatization is not
necessary; the analytes can be separated and detected
in the free acid form. Comparatively large injection
volumes, relative to GC, also make HPLC attractive.

US EPA Method 555 was developed for analysis of
chlorophenoxyacid herbicides, in the acid form, in
drinking water. To minimize coelutions, the herbi-
cides are divided into two sets. Figure 1 includes a
chromatogram for each set, analyzed on an Ultra
Aqueous C18 column, using gradient conditions
optimized for each analysis. Note that this column

has excellent selectivity for resolving these struc-
turally similar compounds. The gradient procedure
is useful when analyzing a range of these herbicides;
an isocratic mobile phase saves analysis and reequi-
libration time if samples contain only 2,4-D and
Silvex.1 EPA Method 8321, a general LC/MS or LC/UV
method for semivolatile compounds, also includes a
discussion of these herbicides.

Restek chemists have formulated a full complement
of reference materials for Method 555. New chlori-
nated acids mixes A and B include all target com-
pounds except 5-hydroxydicamba, a product of
dicamba oxidation. Dicamba is stable under normal
chromatographic conditions, but strong oxidizers in
a sample could convert it to 5-hydroxydicamba and
make identification difficult. To avoid this problem,
we offer 5-hydroxydicamba in a single, separate
solution. We designed these mixes with special con-
sideration for stability, which is a concern because
these herbicides, especially in the acid form, are
light sensitive and readily degrade in the presence of
alkaline substances.
(continued on pg. 5)

LC_0313

Phenoxyacid Herbicides (Mix A)

Peak List:
1. picloram
2. chloramben
3. dicamba
4. bentazon
5. 2,4-D
6. dichlorprop
7. 2,4,5-TP
8. acifluorfen
9. 1,4-dichlorobenzene (IS)

Conditions for Mix A:
Mobile Phase A: 0.05% H3PO4

Mobile Phase B: acetonitrile
Time %B

0 20
15 80
20 80
21 20

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 225nm

Phenoxyacid Herbicides (Mix B)

Peak List:
1. 4-nitrophenol
2. MCPA
3. 3,5-dichlorobenzoic acid
4. MCPP
5. 2,4,5-T
6. 2,4-DB
7. 1,4-dichlorobenzene (IS)
8. dinoseb
9. pentachlorophenol

Conditions for Mix B:
Mobile Phase A: 0.05% H3PO4

Mobile Phase B: acetonitrile
Time %B

0 10
10 45
16 45
22 90
24 90
25 10

Flow: 1.0mL/min
Temp.: ambient
Det.: UV @ 225nm

Figure 1—Chlorophenoxyacid herbicides are resolved well by an Ultra Aqueous C18 column. HPLC eliminates time-consuming, hazardous derivatizations.

acifluorfen (Blazer®)
bentazon
chloramben
2,4-D

dicamba
dichlorprop
picloram
2,4,5-TP (Silvex)

Chlorinated Acids by HPLC, Mix A

1,000µg/mL each in acetonitrile, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32431 32431-510

ww//ddaattaa  ppaacckk
32431-500 32431-520 32531

2,4-DB
3,5-dichlorobenzoic acid
dinoseb
MCPA

MCPP (mecoprop)
4-nitrophenol
pentachlorophenol
2,4,5-T

Chlorinated Acids by HPLC, Mix B

1,000µg/mL each in acetonitrile, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

32430 32430-510
ww//ddaattaa  ppaacckk

32430-500 32430-520 32530

Column and Sample for both chromatograms:
Column: Ultra Aqueous C18
Cat. #: 9178565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 100Å
Sample:
Inj.: 10µL
Conc.: 10 ppm each herbicide
Sample Diluent: acetonitrile

HPLC columns and additional 
reference materials listed on pg. 5.
1Isocratic mobile phase: 0.05% phosphoric acid:acetonitrile,
60:40. For an example chromatogram of the isocratic analysis,
request Environmental HPLC: Applications-Columns-Reference
Materials (lit. cat.# 59741).

LC_0314

“After the disaster of 9-11, Diazald, a highly explo-
sive compound used in Herbicide analysis, was
immediately controlled by the U.S. government
which made shipment impossible. Restek was
instrumental in helping me to develop an isocratic
HPLC method that did not require the use 
of Diazald.  This method is not only safer, but it
saves us time and money. Thanks, Restek!”

CChhrriiss  DDoommaarraaddzzkkii,,  Organics manager,
Environmental Testing Laboratories

A Good Word
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EExxttrraaccoolluummnn  VVoolluummee  aanndd  iittss  EEffffeeccttss  iinn  GGrraaddiieenntt  HHPPLLCC
To Maintain Efficiency and Resolution, Use Short Lengths of Narrow-Bore Tubing

✔ Amount and location of extracolumn volume affect efficiency and resolution.
✔ Extracolumn volume after the column has greater effect than extracolumn volume before

the column.
✔ 150µL of extra volume can cut efficiency by almost 50%.

Effects of extracolumn volume on band broadening,
and the resulting chromatography, have been well
studied and documented. These investigations, how-
ever, have primarily explored effects in isocratic sep-
arations. In this investigation, we have taken a prac-
tical look at extracolumn volume in gradient analy-
ses, and studied the effects on actual separations.
The data we have obtained show that the location of
extracolumn volume in the sample flow path, as well
as the amount of extracolumn volume, has a nega-
tive effect on theoretical plates (efficiency) and reso-
lution. These extracolumn effects, in combination
with the variables of column dimension and analyte
retention, play important roles in the resulting chro-
matography.

To establish baseline chromatographic perform-
ance, we analyzed a homologous series of com-
pounds consisting of toluene, ethylbenzene,
propylbenzene, butylbenzene, and pentylbenzene
on an optimized Agilent series 1100 chromato-
graph, using a 150 x 4.6mm Pinnacle II™ C18
column (5µm packing) and a methanol gradient
(80-100% in 10 min.) or a 50 x 4.6mm

Pinnacle II™ C18 column and methanol gradient
(80-100% in 3.3 min.). After establishing per-
formance baselines, we added PEEK® tubing of a
known internal volume to the sample flow path,
ahead of the column or after the column, and
repeated the analysis.

Effect of Extracolumn Volume and Location:
15cm Column
Figures 1a and 1b show the effect on efficiency
(plates/meter, N/m) and resolution caused by
increased extracolumn volume when using a 150 x
4.6mm C18 column under gradient conditions.
Chromatographic performance deteriorates, as
expected. Unlike observations from isocratic sepa-
rations, however, extracolumn volume in the por-
tion of the sample path between the column and the
detector has a more significant effect than extracol-
umn volume in the tubing, connections, guard col-
umn, etc. located before the column inlet. In fact,
for the later-eluting compounds in the test mix,
150µL of extra volume after the column had the
same effect as 500µL of extra volume before the
column. 

Effect of Extracolumn Volume and Location:
5cm Column
Figures 1c and 1d show the effect on efficiency and
resolution caused by adding extracolumn volume
when using a 50 x 4.6mm C18 column. The effects
are, overall, equivalent to those observed with the
150 x 4.6mm column. Since the peak volume is
much smaller for this shorter column, however,
equal amounts of extracolumn volume have greater
effect than on a 150mm column. In this system,
150µL of extra volume before the column reduced
efficiency by 46%, whereas with the 150mm column
the loss in efficiency was only 20%.

Conclusions
In a gradient analysis, the location of extracolumn
volume in the sample flow path can be equally
important to the amount of extracolumn volume in
its effects on chromatographic performance. In par-
ticular, extra volume after the column should be
reduced. This is especially important for fast analy-
ses on short columns.

For any HPLC separation, it is best to keep tubing as
short and the ID as narrow as practical. Additionally
it is wise to use precut stainless steel tubing, or
PEEK® tubing cut with a guillotine-style cutter, to
ensure square, burr-free ends for minimal dead vol-
ume at connections.

For an extensive selection of tubing, low-volume fit-
tings, and related tools, request our HPLC catalog
(lit. cat.# 59241A).

Figure 1— Extracolumn volume after the column has greatest negative impact on efficiency and resolution in gradient analysis, as shown by 
consistently lowest values for plates/meter and resolution versus k.

15cm column a) efficiency b) resolution

5cm column c) efficiency d) resolution
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Gradient: 80–100%
methanol in 10 min.

150µL, before the column

150µL, after the column

500µL, before the column

500µL, after the column

Gradient: 80–100%
methanol in 3.3 min.

150µL, before the column

150µL, after the column

By Randy Romesberg, HPLC Applications Chemist
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Inert PEEK® Tubing
• Replaces stainless steel, titanium, Teflon® and Tefzel® tubing. 
• Use to 7,000psi.

DDeessccrriippttiioonn CCoolloorr  CCooddee qqttyy.. ccaatt..## pprriiccee
PEEK® Tubing, 1/16" OD x 0.0025" ID x 1m natural 3-pk. 25320
PEEK® Tubing, 1/16" OD x 0.005" ID x 3m red stripe ea. 25065
PEEK® Tubing, 1/16" OD x 0.007" ID x 3m yellow stripe ea. 25066
PEEK® Tubing, 1/16" OD x 0.010" ID x 3m blue stripe ea. 25067
PEEK® Tubing, 1/16" OD x 0.020" ID x 3m orange stripe ea. 25068

HPLC Stainless Steel Capillary Tubing
• 316 grade stainless steel.
• Precise pre-cut lengths.

LLeennggtthh IIDD OODD qqttyy.. ccaatt..## pprriiccee
5cm 0.005" 1/16" 3-pk. 25240

10cm 0.005" 1/16" 3-pk. 25241
20cm 0.005" 1/16" 3-pk. 25242
30cm 0.005" 1/16" 3-pk. 25243
5cm 0.007" 1/16" 3-pk. 25244

10cm 0.007" 1/16" 3-pk. 25245
20cm 0.007" 1/16" 3-pk. 25246
30cm 0.007" 1/16" 3-pk. 25247
5cm 0.010" 1/16" 3-pk. 25248

10cm 0.010" 1/16" 3-pk. 25249
20cm 0.010" 1/16" 3-pk. 25250
30cm 0.010" 1/16" 3-pk. 25251
5cm 0.020" 1/16" 3-pk. 25252

10cm 0.020" 1/16" 3-pk. 25253
20cm 0.020" 1/16" 3-pk. 25254
30cm 0.020" 1/16" 3-pk. 25255

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Clean-Cut™ Tubing Cutter ea. 25069
Replacement Blade for Clean-
Cut™ Cutter ea. 25070

Clean-Cut™ Tubing Cutter
• Burr-free, perpendicular cuts that will not

distort tubing OD.
• Use on PEEK®, Teflon®, Tefzel®, other poly-

meric tubing.

Historically, 2,4-D and Silvex mixtures have com-
prised many herbicide formulations, and we devel-
oped a reference mix for laboratories that analyze
only these two compounds. Similarly, we offer an
individual solution of dalapon, a herbicide not listed
in Method 555, but included in more general
Method 8321A. We offer 1,4-dichlorobenzene as an
internal standard for this assay. All of our new herbi-

AAnnaallyyzzee  UUnnddeerriivviittiizzeedd  CChhlloorroopphheennooxxyyaacciidd  HHeerrbbiicciiddeess
bbyy  HHPPLLCC ((ccoonntt..  ffrroomm  ppgg..  33))

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh  ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee

33µµmm  CCoolluummnnss
30mm 9178331 9178332 9178333 9178335
50mm 9178351 9178352 9178353 9178355

100mm 9178311 9178312 9178313 9178315
55µµmm  CCoolluummnnss

30mm 9178531 9178532 9178533 9178535
50mm 9178551 9178552 9178553 9178555

100mm 9178511 9178512 9178513 9178515
150mm 9178561 9178562 9178563 9178565
200mm 9178521 9178522 9178523 9178525
250mm 9178571 9178572 9178573 9178575

Ultra Aqueous C18 HPLC Columns (USP L1)
particle size: 3 or 5µm, spherical; not end-capped; pore size: 100Å; pH range: 2.5 to 7.5; temperature limit: 80°C

cides mixes are prepared in acetonitrile, as appro-
priate for HPLC applications, at a convenient con-
centration of 1000µg/mL.

If your analyses include monitoring chlorophenoxy-
acid herbicides, an Ultra Aqueous C18 column and
our new reference mixes will help you obtain the
most accurate data.

2,4-dichlorophenoxyacetic acid
2,4,5-TP (Silvex)

Chlorinated Acid Herbicide Mix

1,000µg/mL each in acetonitrile, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

32429 32429-510 —
ww//ddaattaa  ppaacckk

32429-500 32429-520 32529

dalapon
Dalapon

1,000µg/mL in acetonitrile, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32432 32432-510 —

ww//ddaattaa  ppaacckk
32432-500 32432-520 32532

1,4-dichlorobenzene
1,4-Dichlorobenzene

1,000µg/mL in acetonitrile, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

30498 30498-510 —
ww//ddaattaa  ppaacckk

30498-500 30498-520 30598

5-hydroxydicamba
5-Hydroxydicamba

100µg/mL in acetone:water (90:10), 5mL/ampul
EEaacchh

MET-346A

Environmental
HPLC: 
Applications,
Columns, 
Reference
Materials
(lit. cat.# 59741)
Restek HPLC columns
support environmental
HPLC applications with
rapid analysis times
and effective resolu-

tion of target analytes. Sample turn-around can be
50% faster, or more, than with alternative columns.
Applications in this 8-page publication include polyaro-
matic hydrocarbons, carbamates, phenoxyacid her-
bicides, explosives, and carbonyls. Analytical refer-
ence materials and solid phase extraction sample
clean-up products also are listed.



25198ea.—1090Pump Piston Rod (Sapphire)
25197ea.—1050, 1100Pump Piston Rod (Sapphire)
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RReesstteekk  RReeppllaacceemmeenntt  PPaarrttss  ffoorr  HHPPLLCC SSyysstteemmss
By Greg France, HPLC Products Marketing Manager

✔ Designed to meet or exceed original equipment performance.
✔ Simplify ordering—single source for parts for most popular equipment.
✔ Renowned Restek Plus 1™ service.

The column may be the heart of an HPLC system but,
just like the human body, the system can only per-
form as well as the weakest part. Detector lamps,
check valves,* pump piston seals, and other compo-
nents wear out or become contaminated over time.
Working with defective parts means poor chromatog-
raphy and, possibly, shortened column lifetimes.

*Check valves listed separately - please request our
HPLC catalog (lit. cat.# 59241A).

To keep your system running smoothly and your chro-
matography looking sharp, we carry a wide range of
replacement parts for Agilent, Shimadzu, and Waters
instruments. All components meet or exceed the per-
formance of original equipment manufacturer (OEM)
parts. If you don't see the part you need on these pages,
call us—we regularly add to our inventory.

Replacement Parts for Agilent HPLC Systems

Replacement Parts for Shimadzu HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

SShhiimmaaddzzuu  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve LC-6A, LC-10AS 228-12353-91 ea. 25287

Inlet Check Valve
LC-600, LC-9A,

LC-10AD 228-18522-91 ea. 25295
Outlet Check Valve LC-6A, LC-10AS 228-09054-93 ea. 25288
Check Valve Rebuild Kit LC-6A, LC-10AS 228-11200-91 2-pk. 25289

Outlet Check Valve
LC-600, LC-9A,

LC-10AD 228-18522-92 ea. 25282
Plunger Seal LC-6A 228-11999-00 ea. 25285
Plunger Seal LC-10AS 228-21975-00 ea. 25290

Plunger Seal
LC-600, LC-9A,

LC-10AD 228-18745-00 ea. 25293
Plunger Rinse Seal LC-10AS 228-28499-00 ea. 25292
Plunger LC-6A 228-12904-93 ea. 25286
Plunger (Sapphire) LC-10AS 228-17019-93 ea. 25291

Plunger (Sapphire)
LC-600, LC-9A,

LC-10AD 228-18523-91 ea. 25294
Deuterium Lamp SPD-6A 062-65056-02 ea. 25283
Deuterium Lamp SPD-10A, 10AV 228-34016-02 ea. 25284

Rheodyne® Style Replacement Parts for Waters™ HPLC Systems

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  RRhheeooddyynnee® ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
7010 Vespel® Rotor Seal 7010-039 ea. 25279
7125 Vespel® Rotor Seal 7125-047 ea. 25280
Isolation Seal, 7010 7010-015 ea. 25281

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Preventive Maintenance Kit 1050 01078-68721 kit 25259
Autosampler Preventive Maintenance Kit 1100 G1313-68709 kit 25271
Pump Maintenance Kit 1050 & 1100 G1311-68710 kit 25270
Outlet Ball Valve, Binary Pump 1100 G1312-60012 ea. 25267
Outlet Ball Valve 1050 & 1100 G1311-60012 ea. 25276
Sieves for Outlet Valve 1050 & 1100 5063-6505 10-pk. 25266
Piston Seals 1050 & 1100 5063-6589 2-pk. 25274
Seal Wash Kit, Binary Pump 
(4 seals, 4 gaskets) 1100 — kit 25268
Seal Wash Kit (2 seals, 2 gaskets) 1100 — kit 25269
Wash Seal 1050 & 1100 0905-1175 ea. 25277
Piston (Sapphire) 1050 & 1100 5063-6586 ea. 25273

Needle Seat 1050 79846-67101 ea. 25258
Needle Seat Assembly 1100 G1313-87101 ea. 25265
Needle Assembly 1100 G1313-87201 ea. 25278
Rotor Seal (not for use with 7125) 1050 0101-0626 ea. 25272
Rotor Seal 1100 0100-1853 ea. 25275
Detector Lamp, 1090 DA, 1050 VW/DA/MWD 1090, 1050 79883-60002 ea. 25260
Lamp, DAD G1315A, G1365A 1100 2140-0590 ea. 25261
Lamp, VWD G1314A 1100 G1314-60100 ea. 25262
8453 Deuterium Lamp — 2140-0605 ea. 25263
G1321 Fluorescence Detector Flash Lamp — 2140-0600 ea. 25264

PU
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AU

TO
SA
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PL
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DE

TE
CT

OR
PU

M
P

Replacement parts for Agilent
HPLC systems

Replacement parts for Waters™

HPLC systems

Pump piston rods for Waters™

HPLC systems

Replacement parts for 
Shimadzu HPLC systems

Restek also offers replacement parts for
PerkinElmer HPLC systems. Please contact

us for more information.



25196ea.—Alliance™ 2690Pump Piston Rod (Sapphire)
25195ea.—616, 625, 626Pump Piston Rod (Sapphire)
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Replacement Parts for Waters™ HPLC Systems

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

WWaatteerrss™ ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Inlet Check Valve Assembly M6KA, 501, 510, 515, 590, 600E 33679, 25214 ea. 25360
Inlet Check Valve Housing M6KA, 501, 510, 515, 590, 600E 25203 ea. 25361
Inlet Check Valve Rebuild Kit M6KA, 501, 510, 515, 590, 600E 60495 2-pk. 25362
Outlet Check Valve Assembly (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25030 ea. 25363
Outlet Check Valve Housing  (Actuator Style) M6KA, 501, 510, 515, 590, 600E 25212 ea. 25364
Outlet Check Valve Rebuild Kit (Actuator Style) M6KA, 501, 510, 515, 590, 600E 26016 2-pk. 25365
Outlet Check Valve Assembly (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25216 ea. 25366
Outlet Check Valve Housing (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 25207 ea. 25367
Outlet Check Valve Rebuild Kit (Ball & Seat Style) M6KA, 501, 510, 515, 590, 600E 26014 2-pk. 25368
Inlet Check Valve Assembly, 225µL (Extended Flow) M6KA, 501, 510, 515, 590, 600E 60307 ea. 25369
PerformancePLUS™ Check Valve Cartridge M6KA, 501, 510, 515, 590, 600E 700000254 2-pk. 25370
Check Valve Rebuild Kit (Extended Flow) M6KA, 501, 510, 515, 590, 600E 88223 2-pk. 25371
PerformancePLUS™ Check Valve Housing M6KA, 501, 510, 515, 590, 600E — ea. 25372
Round Pump Head w/ Actuator Outlets M6KA, 510, 590, 600 60058 ea. 25413
Round Pump Head, Ball & Seat Check Valves M6KA, M45, 501 — ea. 25414
Round Pump Head w/o Check Valves (Actuator
Style) M6KA — ea. 25415
Round Pump Head w/o Check Valves (Ball & Seat
Style) M45, 501 — ea. 25416
Check Valve Cartridges Alliance™ WAT270941 2-pk. 25373
Super Seal™ for Analytical Heads M6KA, 501, 510, 515, 590, 600E 22946, 22934 ea. 25374
Plunger Seal, Gold (Analytical Heads) M6KA, 501, 510, 515, 590, 600E 22934 ea. 25375
Plunger Seal, Tan M6KA, 501, 510, 515, 590, 600E 25384 ea. 25376
Plunger Seal, Red M6KA, 501, 510, 515, 590, 600E 25638 ea. 25377
Plunger Seal, Black M6KA, 501, 510, 515, 590, 600E 26613 ea. 25378
Plunger Seal, Black (EF Heads) 510, 590, 600E 26644 ea. 25379
Plunger Seal, Gold (EF Heads) 510, 590, 600E 26644 ea. 25380
Seal Wash Plunger Seal Alliance™ WAT271018 2-pk. 25386
Head Plunger Seal Kit Alliance™ WAT270938 2-pk. 25387
Head Plunger Seal Kit (Black) Alliance™ WAT271066 2-pk. 25388
Insert Seal Parts Kit M6KA, 501, 510, 515, 590, 600E 60012 kit 25389
Plunger (Sapphire) M6KA, 510, 590, 600 25656 ea. 25381
Plunger (Sapphire Extended Flow) 510, 590, 600E 60304 ea. 25382
Plunger (Sapphire) M45, M501 26524 ea. 25383
Plunger (Sapphire) M515 WAT207069 ea. 25384
Plunger (Sapphire) 616, 625, 626 31788 ea. 25420
Plunger (Sapphire) Alliance™ WAT270959 ea. 25385

Single Solvent Inlet Manifold 600E 60034, 60042 ea. 25390
Pressure Transducer M6KA, 501, 510, 515, 590, 600E 60328 ea. 25391
Draw-Off Tube Assembly M6KA, 501, 510, 515, 590, 600E 25470 ea. 25392
1/16" Stainless Steel TEE M6KA, 501, 510, 515, 590, 600E 75215 ea. 25411
Inlet Manifold Kit M45, 501, 510, 590, 600E 60448 kit 25412
Ferrule, Stainless Steel 515 22330 ea. 25417
Gradient Proportioning Valve, 9 Volt 600E 34423 ea. 25418
Gradient Proportioning Valve, 12 Volt 600E 62037 ea. 25419
Wash Face Seal Alliance™ 2690 WAT271017 ea. 25428
Wash Tube Seal Kit Alliance™ 2690 WAT270940 4-pk. 25429
Proportioning Valve Alliance™ 2690 WAT270927 ea. 25430

Replacement Parts for Waters™ Detectors

DDeessccrriippttiioonn MMooddeell  ##
SSiimmiillaarr  ttoo  

WWaatteerrss™ ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
LED 410 Refractometer 70162 ea. 25402
Solenoid Valve 410 Refractometer 70376 ea. 25421
Quartz Flow Cell 410, 401 48414, 70239 ea. 25422
Window Gasket 484, 486, 490 80335 ea. 25423
Lamp Side Gasket 484, 486, 490 80336 ea. 25424
Quartz Cell Window 484, 486, 490 97091 ea. 25425
Quartz Lens 486 80687 ea. 25427
Xenon Lamp (w/o holder or mirror) 470 — ea. 25404
Xenon Lamp 474 — ea. 25405
Deuterium Lamp (UV/Vis) 480, 481 99499 ea. 25403
Deuterium Lamp (UV/Vis) 484 80357 ea. 25406
Deuterium Lamp (UV/Vis) 486 80678 ea. 25407
Deuterium Lamp 996, 2996 WAT052586 ea. 25408
Deuterium Lamp 2487 WAS081142 ea. 25409
Deuterium Lamp, long life (2000 hours) — — ea. 25410

HPLC Mobile Phase
Accessories
(lit. cat.# 59728A)
Items in this 2-page note include:
Trident™ guard system compo-
nents; in-line and reservoir filters
and spargers; PEEK® tubing and
connectors, Teflon® tubing;
PEEK®/Teflon® tubing cutter; tub-
ing clips and elbows; ValvTool
wrench; our HPLC Survival Kit of
tubing, connectors, filters, and
tools. To see our latest HPLC
columns and accessories innova-
tions, visit our website.

HPLC Tech Tips Wall
Chart
(lit. cat.# 59894A)
Almost everything you need to
remember about HPLC, condensed
into 3 feet by 2 feet: mobile phase
basics, buffers (types, pKas, pH
ranges, formula masses, more),
miscibility and solubility chart
(invaluable!), system setup and
optimization, detector tips, pres-
sure conversion factors, most-
used chromatographic equations,
column storage essentials. Post
near your instrument to save time;
perhaps save a column.

Restek is your 
technical literature
source! 
Visit our website to request free
application notes, technical guides,
product catalogs, and more!
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FFaasstteerr  GGCC  AAnnaallyyssiiss  ooff  VVoollaattiillee  OOrrggaanniiccss
Using an Rtx®-624 Capillary GC Column and a New MegaMix™ Reference Mix

By Christopher English, Environmental Innovations Chemist, and Katia May, Ph.D., Senior R&D Chemist

✔ New MegaMix™ completes a line of reference materials for volatile organics in wastewater.
✔ High concentration mixes—more analyses per ampul.
✔ Rtx®-624 column: fast analysis, excellent resolution of early-eluting gases.

In the US Environmental Protection Agency method
for determining 31 volatile organic pollutants in
wastewater, EPA Method 624, the target volatile
organics are analyzed using purge and trap gas
chromatography/mass spectrometry. The purge and
trap system efficiently transfers the volatile analytes
from the aqueous phase to the vapor phase, from
which they are adsorbed to the packing material in a
sorbent trap. The concentrated sample is transferred
to the chromatographic column by heating the trap
under carrier gas flow.

Our new Volatiles MegaMix™ EPA Method 624
includes the 26 target compounds in Method 624 that
are not gases at ambient temperature and pressure.
The 5 target gases in Method 624—bromomethane,
chloromethane, chloroethane, trichlorofluo-
romethane, and vinyl chloride—are components in
our 624 Calibration Mix #1 (cat.# 30020). We pre-
pare the new MegaMix™, and the gas mix, at a high
concentration of 2000µg/mL each component, to
enable you to conduct several analyses from each
ampul of material.

One of the target compounds in Method 624, 
2-chloroethyl vinyl ether, is stable in solution by
itself, but hydrolyzes to the enol form in weakly
acidic media, then converts to the aldehyde and
ketone forms. Because the halocarbon target ana-
lytes in Method 624 are slightly acidic compounds,
2-chloroethyl vinyl ether usually is offered separately
from the other analytes. We studied the stability of 2-
chloroethyl vinyl ether and decided we could include
it in our MegaMix™ solution of Method 624 volatiles
if we also included a small amount of preservation
agent. 2-Chloroethyl vinyl ether is stable in the
MegaMix™ mix, but analysts should monitor the sta-
bility of this compound in working solutions, regard-
less of what reference material is the source of the
compound. To meet user preference, we also offer
2-chloroethyl vinyl ether in individual solution (cat.#
30265).

Method 624 calls for spiking all samples with surro-
gate standards, to monitor laboratory performance.

Figure 1—Rapid analysis of Method 624 analytes, with excellent chromatography for early-eluting gases, using a short, narrow bore Rtx®-624 column.

Rtx®-624, 40m, 0.18mm ID, 1.0µm (cat.# 40925)
Sample: 624 Internal Standard Mix (cat.# 30023)

624 Surrogate Standard Mix (cat.# 30243)
Volatiles MegaMix™ EPA Method 624 (cat.# 30497)

Purge and trap conditions: 
Concentrator: Tekmar LSC-3100 Purge and Trap  
Trap: Vocarb 3000 (type K)

compounds at 50 ppb (IS @ 40ppb) in 5mL of RO water
Purge: 11 min. @ 40 mL/min. @ ambient temperature
Dry purge: 1 min. @ 40mL/min. (MCS bypassed using Silcosteel® tubing)
Desorb preheat: 245°C
Desorb: 250°C for 2 min., flow 10mL/min.
Bake: 260°C for 8 min.
Interface: Silcosteel® transfer line, 1: 40 split at injection port. 

1mm ID liner

Chromatography:
Inj. temp.: 250°C
Carrier gas: helium, constant flow  
Flow rate: 1.1 mL/min. 
Dead time: 2.06 minutes @ 50°C
Oven temp.: 50°C (hold 4 min.) to 100°C @ 12°C/min. (no hold) 

to 330°C @ 27°C/min. (hold 2 min.).  
Det.: Agilent 5971A GC/MS
Transfer line temp.: 280°C
Scan range: 35-260 amu
Tune PFTBA/BFB
Ionization: EI

1. chloromethane
2. vinyl chloride
3. bromomethane
4. chloroethane
5. trichlorofluoromethane
6. 1,1-dichloroethene
7. methylene chloride
8. trans-1,2-dichloroethene
9. 1,1-dichloroethane

10. bromochloromethane
11. chloroform
12. 1,1,1-trichloroethane
13. pentafluorobenzene
14. carbon tetrachloride
15. benzene
16. 1,2-dichloroethane
17. fluorobenzene
18. trichloroethene
19. 1,2-dichloropropane

20. bromodichloromethane
21. 2-chloroethyl vinyl ether
22. cis-1,3-dichloropropene
23. toluene
24. 2-bromo-1-chloropropane
25. 1,1,2-trichloroethane
26. tetrachloroethene
27. dibromochloromethane
28. trans-1,3-dichloropropene
29. chlorobenzene
30. ethylbenzene
31. bromoform
32. 1,4-dichlorobutane
33. 4-bromofluorobenzene
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene

GC_EV00701
CO2
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Rtx®-624 Columns (fused silica)
(Crossbond® 6% cyanopropylphenyl/94% dimethyl polysiloxane)

benzene
bromodichloromethane
bromoform
carbon tetrachloride
chlorobenzene
2-chloroethyl vinyl ether
chloroform
dibromochloromethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethylene

trans-1,2-dichloroethylene
1,2-dichloropropane
cis-1,3-dichloropropylene
trans-1,3-dichloropropylene
ethylbenzene
methylene chloride

(dichloromethane)
1,1,2,2-tetrachloroethane
tetrachloroethylene
toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene

Volatiles MegaMix™, 
EPA Method 624 (26 components)

2,000µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30497 30497-510 —

ww//ddaattaa  ppaacckk
30497-500 30497-520 30597

bromomethane
chloroethane
chloromethane

trichlorofluoromethane
vinyl chloride

2,000µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30020 30020-510 —

ww//ddaattaa  ppaacckk
30020-500 30020-520 30120

4-bromofluorobenzene
fluorobenzene

pentafluorobenzene
624 Surrogate Standard Mix

2,000µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30243 30243-510 —

ww//ddaattaa  ppaacckk
30243-500 30243-520 30343

1,500µg/mL each in P&T methanol, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
30023 30023-510 —

ww//ddaattaa  ppaacckk
30023-500 30023-520 30123

MegaMix™ Reference Mixes
For US EPA Methods 
Volatiles: 524.2, 624, 8260, 
OLC 03.2, OLM 04.2, 502.2
Semivolatiles: 525.2, 625, 8270,
OLC 03.2, OLM 04.2

mixitup! Restek’s
MegaMix™

Standards

✔ Fewest mixes needed for calibration or matrix spike
✔ Maximum stability
✔ Most commonly analyzed compounds:

• 8260—76 volatile compounds in 1 mix
gases and ketones in separate mixes, for maximum stability

• 8270—76 semivolatile compounds in 1 mix
• Appendix IX—59 semivolatile compounds in 3 mixes
• 524—73 volatile compounds in 1 mix
• 525—90 semivolatile compounds in 5 mixes
• 625—54 semivolatile compounds in 1 mix
• CLP 03.2 (volatiles and semivolatiles)
• CLP 04.2 (volatiles and semivolatiles)

For details, visit our website at www.restekcorp.com

Our reference materials for the method include the
recommended surrogates (cat.# 30243). The
method also requires 3 or more internal standards
that are similar in analytical behavior to the target
compounds. Our internal standard mix (cat.#
30023) includes recommended compounds and sat-
isfies this requirement.

Based on a cyanopropylphenyl/dimethyl polysiloxane
phase, our Rtx®-624 column has unique polarity,
and provides excellent separation of the target com-
pounds. By using a short, narrow bore column
(40m x 0.18mm ID, 1.0µm phase) we reduced
analyses time and improved resolution. This particu-
lar column configuration also eliminates non-target
interference with target compounds. Figure 1 shows
an analyses of all Method 624 target compounds on
a 40m x 0.18mm ID Rtx®-624 column. Total cycle
time is 17 minutes, which matches the cycle time for
the purge and trap concentrator.

By using a 40m x 0.18mm ID, 1.0µm Rtx®-624 col-
umn and Restek’s convenient, carefully formulated
reference materials, you can obtain rapid analyses
and accurate data. These practical advantages make
Restek the best source for materials for EPA Method
624, and for wastewater volatiles analyses in general.

624 Calibration Mix #1

bromochloromethane
2-bromo-1-chloropropane

1,4-dichlorobutane
624 Internal Standard Mix

Stability of 2-Chloroethyl vinyl ether
2-Chloroethyl vinyl ether is stable in neutral pH and in slightly basic solutions. If the solution is slightly acidic, the
analyte will rapidly decompose. Restek specially prepares stable individual solutions of 2-chloroethyl vinyl ether in
neutral purge and trap methanol. These solutions are very stable and can be diluted without problems, using pure,
neutral, P&T grade methanol. Be careful when combining these solutions with other calibration materials - some
solutions can contain trace acidic impurities that will cause rapid decomposition of 2-chloroethyl vinyl ether. Be
especially cautious of calibration mixtures that contain high concentrations or a large number of chlorinated target
compounds; these often will contain sufficient trace HCl to cause stability problems with 2-chloroethyl vinyl ether.

Tech
Tip!HOT

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 2200--MMeetteerr 4400--MMeetteerr
0.18mm 1.00 -20 to 240°C 40924 40925

IIDD ddff  ((µmm)) tteemmpp..  lliimmiittss 3300--MMeetteerr 6600--MMeetteerr 7755--MMeetteerr 110055--MMeetteerr
0.25mm 1.40 -20 to 240°C 10968 10969
0.32mm 1.80 -20 to 240°C 10970 10972
0.45mm 2.55 -20 to 240°C 10982
0.53mm 3.00 -20 to 240°C 10971 10973 10974 10975
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By Katia May, Ph.D., Senior R&D Chemist

Forensic Ethanol Standards

✔ 0.08g/dL standard supports new federal blood alcohol limit.
✔ 0.4g/dL standard supports autopsy of alcohol-related deaths.
✔ 0.05g/dL standard supports limits for long-haul truck drivers.
✔ Many other concentrations available.

The United States’ blood alcohol limit has been reduced to 0.08g/dL. Consistent with our commitment to sup-
port police and crime laboratories, we are introducing three new reference mixes to meet current needs.
Restek Forensic Ethanol Standards are NIST traceable. Data packs included.

Carbazole

✔ No interference with OLC 03.2 target compounds.

Many laboratories following US EPA Contract
Laboratory Program OLC 03.2 Statement of Work
also analyze for carbazole. Most carbazole reference
solutions are in methanol, but certain target com-
pounds in OLC 03.2 SOW react with methanol (e.g.,
benzaldehyde, atrazine). We prepare our new refer-
ence standard in methanol-free methylene chloride,
to prevent reactions when it is added to OLC 03.2
Semivolatile MegaMix™ (cat.# 31812).

εε-Caprolactam
A precursor in the synthesis of nylon-6, ε-caprolac-
tam is one of the most heavily and widely used
chemical intermediates—more than 9.5 billion
pounds each year, worldwide. Environmental con-
tamination should be anticipated, and caprolactam
has toxic effects. This solution is suitable for moni-
toring ε-caprolactam.

Glyphosate and AMPA (glyphosate
metabolite)

✔ Glyphosate packaged in two volumes, to meet
varied requirements.

✔ Glyphosate at 1000µg/mL concentration, for
more analyses per ampul.

Glyphosate (N-phosphonomethyl glycine) is a broad-
spectrum post-emergence herbicide used in agricul-
ture and forestry and for aquatic weed control. A
weak organic acid, glyphosate usually is formulated
as the isopropylamine salt to increase solubility. Our
new mix is suitable for EPA Method 547, for identify-
ing and measuring glyphosate in drinking water
(HPLC with fluorescence detection and post-column
derivatization).

Aminomethylphosphonic acid—AMPA—is the pri-
mary degradation product of glyphosate in plants,
soil, and water. The chemical structures of the two
compounds are very similar, and they have similar
toxicological profiles. The health base value for
glyphosate also applies to AMPA, and to glyphosate
and AMPA in combination.

PCB-Free Transformer Oil

✔Convenient 5mL and 50mL packaging.

Use and disposal of all mineral oil-filled transform-
ers have been subject to federal regulation since
1978. Traditionally, transformer oil is tested for poly-
chlorinated biphenyls (PCBs) contamination by GC.

Acrolein & Acrylonitrile

✔High concentrations:
acrolein: 10,000µg/mL
acrylonitrile: 2,000µg/mL
acrolein/acrylonitrile: 2,000µg/mL.

Acrolein and acrylonitrile are monomers used in
manufacturing polyacrylamide and other acrylic
polymers. These new mixes are suitable for use with
US EPA Method 603, or other methods for testing
water samples for acrylonitrile and acrolein by purge
& trap GC. They have a shelf life of 2-3 months.

FFoorreennssiicc  eetthhaannooll  ssoolluuttiioonnss
ww//ddaattaa  ppaacckk

55--ppkk..
11mmLL//aammppuull

1100--ppkk..
11mmLL//aammppuull

eeaa..
55mmLL//aammppuull

eeaa..
2200mmLL//aammppuull

0.05g/dL forensic ethanol solution 36257 36259 36258 36260
0.08g/dL forensic ethanol solution 36262 36264 36263 36265
0.4g/dL forensic ethanol solution 36266 36268 36267 36269

carbazole
Carbazole

1,000µg/mL in methylene chloride (methanol free), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31836 31836-510 —

ww//ddaattaa  ppaacckk
31836-500 31836-520 31936

ε-caprolactam

ε-Caprolactam

2,000µg/mL in methylene chloride (methanol free), 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
31833 31833-510 —

ww//ddaattaa  ppaacckk
31833-500 31833-520 31933

glyphosate
Glyphosate

EEaacchh 55--ppkk.. 1100--ppkk..
11,,000000µµgg//mmLL  iinn  DDII  wwaatteerr,,  11mmLL//aammppuull

32426 32426-510 —

32426-500 32426-520 32526
11,,000000µµgg//mmLL  iinn  DDII  wwaatteerr,,  55mmLL//aammppuull

32427 32427-510 —

32427-500 32427-520 32527

aminomethyl phosphonic acid (AMPA)
AMPA (glyphosate metabolite)

100µg/mL in DI water, 1mL/ampul

EEaacchh 55--ppkk.. 1100--ppkk..
32428 32428-510 —

ww//ddaattaa  ppaacckk
32428-500 32428-520 32528

PCB-Free transformer oil
PCB-Free Transformer Oil

Neat
55mmLL 5500mmLL

32424 32425

acrolein
Acrolein

10,000µg/mL in P&T methanol, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

30499 30499-510 —
ww//ddaattaa  ppaacckk

30499-500 30499-520 30599

acrolein
acrylonitrile

Acrolein/Acrylonitrile

2,000µg/mL in P&T methanol, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

30600 30600-510 —
ww//ddaattaa  ppaacckk

30600-500 30600-520 30700

NNeeww  AAnnaallyyttiiccaall  RReeffeerreennccee  MMaatteerriiaallss
For Forensic and Environmental Analyses

acrylonitrile
Acrylonitrile

2,000µg/mL in P&T methanol, 1mL/ampul
EEaacchh 55--ppkk.. 1100--ppkk..

30246 30246-510 —
ww//ddaattaa  ppaacckk

30246-500 30246-520 30346

acetaldehyde
acetone
acetonitrile
ethanol (NIST certified value)

ethyl acetate
isopropanol
methanol
methyl ethyl ketone

Blood Alcohol Mix Resolution
Control Standard

0.100g/dL each in water, 1mL/ampul

EEaacchh  ww//ddaattaa  ppaacckk
36256

Forensic Reference
Materials

Environmental Reference
Materials



• 11 • www.restekcorp.com• 11 •

BBuullkk  HHPPLLCC SSiilliiccaa  aanndd  BBoonnddeedd  PPhhaassee  PPaacckkiinnggss
For Scale-Up or Other Applications

By Greg France, HPLC Product Marketing Manager

✔Consistent, high-quality porous spherical silicas for 
• neutral to slightly acidic compounds
• basic compounds.

✔ Silica and bonded materials rigorously tested; ISO 9001:2000 registered facility.

Restek is one of the few HPLC column suppliers
manufacturing chromatography grade silica. We now
offer our high-quality silicas and bonded phase
materials in bulk, for packing analytical-scale
columns, for preparative and process purification, or
as raw materials for other LC analytical platforms.

Pinnacle II™ is a Type A spherical silica with a mean
pore size of 110Å and a surface area of 180m2/g. It
matches Hypersil® silica in many respects, but the
metals content in Pinnacle II™ is almost an order of
magnitude less than that in Hypersil® silica.1

Practically, this is expressed as a less active surface
and a more durable particle. Packings based on

Pinnacle II™ silica are excellent for analyzing or
purifying neutral to slightly acidic compounds
(Figure 1). Standard particle sizes for Pinnacle II™

materials are 3µm and 5µm; 10µm and 15µm parti-
cles are available on request.

Highly base-deactivated Pinnacle™ DB silica has
mechanical strength and durability similar to
Pinnacle II™ silica, but Pinnacle™ DB silica has larg-
er pores (140 Å). The total metals content is less
than 250ppm, and no single metal exceeds
100ppm.2 Packings based on Pinnacle™ DB silica are
suitable for a wide range of analytes; basic analytes
often can be analyzed with little or no mobile phase

Metal ions on a silica particle weaken the particle
and negatively affect chromatography, particularly for
basic analytes. These problems can be overcome—
temporarily—by annealing the metals into the
framework of the particles. As the particles age, the
metals are re-exposed. Base deactivation is lost and
the particles' stability in highly aqueous mobile phas-
es is further eroded.

Pinnacle II™ and Pinnacle™ DB silicas do not require
annealing; they provide more consistent peak shapes
for bases as the column ages, and a potentially
longer column lifetime.

Figure 1—Morphine sulfate resolved from manufacturing solvent, 
using a Pinnacle II™ C18 column (USP 25 Resolution Solution).

Figure 2—Sharp, near-symmetric peak for a
basic analyte (pyridine) without a mobile phase
modifier, using a Pinnacle™ DB column.

modifier (Figure 2). Performance is very similar to
Hypersil® BDS material.

Our extensive QC program ensures the quality and
reproducibility of Pinnacle II™ and Pinnacle™ DB sil-
icas: each lot of material must meet specifications
for mean particle size, particle size distribution, pore
diameter, surface area, and total metals content. You
can use these materials with confidence.

Column: Pinnacle II™ C18
Cat.#: 9214575-700
Dimensions:  250 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

Conditions:
Mobile Phase:  A: 0.73g 1-heptane sulfonic acid and 10mL glacial acetic

acid diluted to 720mL with water, pH=2.33
B: methanol
72A:28B, v/v

Flow: 1.00mL/min
Temp.: 26.5°C 
Det.: UV @ 284nm

Sample:
Inj.: 20.0µL
Solvent: mobile phase

LC_0209

Peak List: Conc. (µg/mL)
U. unknown unknown
1. phenol 0.15
2. morphine sulfate 0.24

Column: Pinnacle™ DB C18
Cat. #: 9414565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 140Å
Conditions:
Mobile Phase: water:methanol (40:60 v/v)
Flow: 1.0mL/min.
Temp.: ambient  
Det.: UV @ 254nm
Sample:
Inj.: 5µL
Sample Diluent: methanol:water (50:50 v/v)

0 2 4 6

1

2
3

4

8 10 min.

LC_0276

3µm Pinnacle II™ Bulk Packing Materials
DDeessccrriippttiioonn mmiinn..  qqttyy.. ccaatt..## pprriiccee  ppeerr  ggrraamm
Pinnacle II™ C8 Bulk Packing 5g 92133
Pinnacle II™ C18 Bulk Packing 5g 92143
Pinnacle II™ Cyano Bulk Packing 5g 92163
Pinnacle II™ Phenyl Bulk Packing 5g 92153
Pinnacle II™ Silica Bulk Packing 5g 92103

5µm Pinnacle II™ Bulk Packing Materials
DDeessccrriippttiioonn mmiinn..  qqttyy.. ccaatt..## pprriiccee  ppeerr  ggrraamm
Pinnacle II™ C8 Bulk Packing 5g 92135
Pinnacle II™ C18 Bulk Packing 5g 92145
Pinnacle II™ Cyano Bulk Packing 5g 92165
Pinnacle II™ Phenyl Bulk Packing 5g 92155
Pinnacle II™ Silica Bulk Packing 5g 92105

5µm Pinnacle™ DB Bulk Packing Materials
DDeessccrriippttiioonn mmiinn..  qqttyy.. ccaatt..## pprriiccee  ppeerr  ggrraamm
Pinnacle™ DB C18 Bulk Packing 5g 94145
Pinnacle™ DB C8 Bulk Packing 5g 94135
Pinnacle™ DB Cyano Bulk Packing 5g 94165
Pinnacle™ DB Silica Bulk Packing 5g 94105

1Request publication 59517.
2Request Applications Note 59742.

Peak List: Conc.
1. uracil 1.0µg/mL
2. pyridine 0.64mg/mL
3. N,N-dimethylaniline 0.45mg/mL
4. benzophenone 0.59mg/mL

Tech
Tip!HOT

How important is metals content?

1

2

U
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PPeeaakk  PPeerrffoorrmmeerrss
Avoid Septum Problems

By Donna Lidgett, GC Accessories Marketing Manager

✔ Handle septa carefully, to prevent contamination.
✔ Minimize bleed—use preconditioned, low-bleed septa.

Septum Handling
All septa, regardless of their composition, punctura-
bility, or resistance to thermal degradation, will be a
source of problems if they are mishandled. Always
use clean forceps or wear clean cotton gloves when
handling septa; do not handle them with bare fin-
gers, nor with powdered latex gloves—contaminants
such as finger oils, perfumes, make-up, fingernail
polish, skin creams, hand soaps, and talcum can be
absorbed into the septum and will bleed from the
septum during your analyses.

Also, follow septum and instrument manufacturers'
recommendations when installing a septum.
Overtightening a septum nut invariably will reduce
septum lifetime by increasing septum coring and
splitting problems.

Septum Bleed
All septa contain various amounts of volatile materi-
als (e.g., silicone oils, phthalates) that can be
released when the septum is heated to analysis tem-
peratures. Septum bleed occurs when these volatiles
from the septum collect on the column, then elute
from the column and create baseline disturbances or
extraneous (ghost) peaks in the chromatogram. This
problem is prevalent in temperature-programmed
analyses, because the septum volatiles collect on the
column during the oven cool-down and initial hold
periods. Capillary columns require much lower gas
flow rates than packed columns, therefore septum
volatiles are more concentrated, and bleed problems
are more pronounced in capillary GC systems.

Because most GCs are equipped with a septum
purge, septum bleed generally will disappear within
30 minutes after installing a new septum and expos-
ing it to normal injector temperatures. All Restek
septa eliminate this conditioning period because they
are preconditioned and can be used without delay.

Why are Low-Bleed Septa Important?
Either baseline rise or extraneous peaks caused by
septum bleed can interfere with identification and
quantification of target analytes. And, because sep-
tum bleed is inconsistent, method reproducibility
can be a problem. Using low-bleed septa can mini-
mize these effects and help produce more reliable
results.

Why Does Septum Puncturability Matter?
A septum that can be penetrated cleanly and easily
by a syringe needle has a longer life, and consistent
injections made through such a septum help ensure
accurate results. The soft silicone rubber from
which all Restek septa are manufactured is specially

formulated for chromatographic performance,
which ensures our septa are easy to puncture.

What Septum Configurations are Available,
and for Which GCs?
Restek has fashioned septa for all major brands of
gas chromatographs and injectors. Use the septum
size chart to determine the septum diameter for your
instrument, or measure an old septum against the
template if your model is not listed.

Which Septa Should I Use?
Thermolite® septa are a proven low-bleed champion.
With a maximum temperature of 340ºC, there are
very few applications for which Thermolite® septa
are not suitable.

InfraRed™ septa are low bleed septa with a 325ºC
maximum temperature. Even at maximum tempera-
ture, InfraRed™ septa provide long lifetime with little
coring.

IceBlue™ septa are ideal for analysts using inlet tem-
peratures 250ºC or below, or using solid phase
microextraction (SPME) sampling techniques.
IceBlue™ septa will accommodate puncturing from
the large needles used in SPME, and still assure con-
sistent injections and long lifetime.

Thermolite® Septa
• Usable to 340°C inlet temperature.
• Each batch tested with FIDs, ECDs, and MSDs to ensure lowest bleed.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.

SSeeppttuumm  DDiiaammeetteerr 2255--ppkk..//pprriiccee 5500--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
5mm (3/16") 20351 20352 20353
6mm (1/4") 20355 20356 20357
7mm 20381 20382 20383
8mm 20370 20371 — —
9mm 20354 20358 20362
9.5mm (3/8") 20359 20360 20361
10mm 20378 20379 20380
11mm (7/16") 20363 20364 20365
11.5mm 22385 22386 22387
12.5mm (1/2") 20367 20368 20369
17mm 20384 20385 20386
Shimadzu Plug 20372 20373 20374

InfraRed™ Septa
• Usable to 325°C inlet temperature.
• Preconditioned and ready to use.
• Excellent puncturability.
• Do not adhere to hot metal surfaces.
• Low bleed.
• Packaged in non-contaminating glass jars.

SSeeppttuumm  DDiiaammeetteerr 2255--ppkk..//pprriiccee 5500--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
9mm 21417 21418 21419
9.5mm (3/8") 21421 21422 21423
10mm 21424 21425 21426
11mm (7/16") 21427 21428 21429
11.5mm 21430 21431 21432
12.5mm (1/2") 21433 21434 21435
17mm 21436 21437 21438
Shimadzu Plug 21439 21440 21441

We’ve
expanded

our web site!
• New Features.
• Fast searches.

• Easy navigation.
We welcome

your visit. www.restekcorp.com
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5 7 9 9.5 10 11 11.5 12.5 17

Measure
your old

septum here
(size in mm)

Instrument Septum Size (mm)    
Agilent (HP)

5880A, 5890, 6890, 6850, PTV 11
5700, 5880 9.5/10
On-Column Injection 5

CE Instruments (TMQ)
TRACE™ GC 17

Finnigan (TMQ)
GC 9001 9.5
GCQ 9.5
GCQ w/TRACE™, PTV 17
QCQ™ 9.5
TRACE™ 2000 9.5

Fisons/Carlo Erba (TMQ)
8000 series 17

Gow-Mac 
6890 series 11
All other models 9.5

PerkinElmer
Sigma series 11
900,990 11
8000 series 11
Auto SYS 11
Auto SYS XL 11

Pye/Unicam
All models 7

Shimadzu
All models Plug

SRI
All models Plug

Tracor
540 11.5
550,560 9.5
220,222 12.5

Varian
Injector type:
Packed column 9.5/10
Split/splitless 1078/1079 10/11
1177 9
1075/1077 11

IceBlue™ Septa
• Usable to 250°C inlet temperature.
• General-purpose septa.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.
• Ideal for SPME.

SSeeppttuumm  DDiiaammeetteerr 5500--ppkk..//pprriiccee 110000--ppkk..//pprriiccee
9mm 22381 22382
9.5mm (3/8") 22388 22389
10mm 22390 22391
11mm (7/16") 22392 22393
11.5mm 22383 22384
12.5mm (1/2") 22394 22395
17mm 22396 22397
Shimadzu Plug 22398 22399

Merlin Microseal™ Septa for Agilent GCs
• High-pressure capability allows operation from 2 to 100psi.  
• Top wiper rib improves resistance to particulate contamination and can be taken

apart for cleaning.  
• High resistance to wear greatly reduces shedding of septum particles into the

injection port liner, eliminating a major source of septum bleed and ghost peaks.  
• Longer life reduces the risk of septum leaks during extended automated runs.

MMiiccrroosseeaall™ SSeeppttaa,,  330000  SSeerriieess  ((3300ppssii)) MMeerrlliinn## SSiimmiillaarr  ttoo  AAggiilleenntt## ccaatt..## pprriiccee
Standard kit (nut, 2 septa) 304 5181-8833 22813
Starter kit (nut, 1 septum) 305 5181-8816 22814
Microseal replacement septum (1 septum) 310 5181-8815 22815
Replacement PTFE washers (2-pk.) 311 5181-0853 22808

Septum Puller

• Keep several on hand in your laboratory—can be
used in many different ways.

• Hooked end can remove septa and O-rings; point-
ed end works well for removing stuck ferrule
fragments.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Septum Puller ea. 20117

Leak Detective™ II Leak Detector
Compact, sensitive, affordable.
• Affordable thermal conductivity leak detector—every analyst should have one.
• Compact, ergonomic design is easy to hold and operate.
• Sensitive—detects helium, hydrogen, or nitrogen at 1x10-4cc/sec. (absolute

concentration as low as 100ppm.)*
• Fast results—responds in less than 2 seconds to trace leaks of gases with

thermal conductivities different from air.
• Auto zeroing with the touch of a button. 
• Battery-operated for increased portability (requires one 9-volt battery; two

Ni-MH rechargeable batteries and charger included for your conveniance).

*Never use liquid leak detectors on a capillary system because liquids can be drawn into the column.
Caution:  NOT designed for determining leaks of combustible gases. A combustible gas detector should be used for determining combustible
gas leaks in possible hazardous conditions.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Leak Detective™ II Leak Detector with 110Volt Battery Charger ea. 20413
Leak Detective™ II Leak Detector with 220Volt European Battery Charger ea. 20413-EUR
Leak Detective™ II Leak Detector with 220Volt UK Battery Charger ea. 20413-UK

size chart
handy

septum

Remove septa, 
o-rings, and
ferrules without
damaging fittings.

MMiiccrroosseeaall™ HHiigghh--PPrreessssuurree  SSeeppttaa,,  440000  SSeerriieess  ((110000ppssii)) MMeerrlliinn## SSiimmiillaarr  ttoo  AAggiilleenntt## ccaatt..## pprriiccee
Standard kit (nut, 2 septa) 404 Not offered 22810
Starter kit (nut, 1 septum) 405 5182-3442 22811
Nut kit (1 nut, fits 300 & 400 series septa) 403 5182-3445 22809
High-pressure replacement septum (1 septum) 410 5182-3444 22812
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By Donna Lidgett, GC Accessories Marketing Manager

✔ MS-quality output: 99.9999% pure gas.
✔ “Quick connect” fittings for fast, easy, leak-free cartridge changes.
✔ Glass inside prevents diffusion, plastic outside for safety.

Super-Clean™ system: fast, simple cartridge
changes
Cartridge-style gas purification systems make chang-
ing gas filters quick and easy, and the Super-Clean™

gas filter system is the latest improvement to car-
tridge-style technology. A baseplate in the Super-
Clean™ system allows cartridges to be exchanged
without introducing atmospheric oxygen and water
vapor: spring-loaded check valves seal when a car-
tridge is removed and open only when a new car-

tools

tridge has been locked in place. You no longer need
to loosen and tighten fittings every time you change a
cartridge, and your system cannot become contami-
nated during the changing process.

Use a 2- or 3-position baseplate to purify multiple
GC gas streams at one location—Figure 1 shows
some possible filter cartridge combinations. Many
combinations are possible because any Super-Clean™

filter cartridge can be used with any baseplate.

SSuuppeerr--CClleeaann™™ GGaass  FFiilltteerrss

High-purity output improves sensitivity
The Triple Filter cartridge (cat.# 22020) is ideal for
purifying carrier gas (Figure 1). It combines oxygen,
moisture, and hydrocarbon removers in one car-
tridge. Purity of carrier gas leaving a Triple Filter is
better than “six nines” (99.9999%), which is ideal
for noise-free baselines from sensitive mass spec-
trometry or electron capture detection equipment,
and for protecting your analytical columns against
damage from contaminants.

The Fuel Gas Filter cartridge (cat.# 22022) is perfect
for purifying flame ionization detector fuel gases,
removing both moisture and hydrocarbons. Use Fuel
Gas Filters in a 2-position baseplate for FID hydro-
gen and air (Figure 1), to produce a stable baseline
and improve overall sensitivity and reproducibility.
The new Helium Specific Carrier Gas Cleaning Kit
(cat.# 21983) is designed specifically for purifying
helium used in GC/MS systems. The cartridge is pre-
pared and conditioned using high-purity helium, to
minimize conditioning time in your system.

All Super-Clean™ filter cartridges except the
hydrocarbon cartridge feature
easy-to-read indicators.

The indicator code is shown on every trap 
so there is no confusion about when to

replace it.

Moisture
cat.# 22028

Oxygen
cat.# 22029

Hydrocarbons
cat.# 22030

Fuel Gas Filter
cat.# 22022

Triple (Moist., O2,
Hydroc.)
cat.# 22020

Helium 
cat.# 21982

>99.9999

>99.9999

>99.9999

>99.9999

>99.9999

>99.9999

11 bar
159psi

11 bar
159psi

11 bar
159psi

11 bar
159psi

11 bar
159psi

11 bar
159psi

Inert carrier gas
Air
Hydrogen

Inert carrier gas

Inert carrier gas
Air
Hydrogen

Inert carrier gas
Air
Hydrogen

Inert carrier gas

Helium

Yellow to Clear

Green to Grey

No Indicator

Yellow to Clear

Yellow to Clear
Green to Grey

Yellow to Clear
Green to Grey

7.2

NA

NA

3.6

1.8

1.8

—

1000

—

—

500

500

—

—

—

—

—

—

>2

>2

>2

>1.5

>1

>1

Type of Filter Outlet
Gas Quality
(%)

Max.
Pressure

Use for: Indicator
Color Change

Capacity
H20 (g) O2 (mL) Hydrocarb.

Estimated
Lifetime
(years)

carrier gas hydrogen

Triple Filter
hydrocarbons/

moisture/oxygen

Fuel Gas Filter
hydrocarbons/

moisture

air

Fuel Gas Filter
hydrocarbons/

moisture

carrier gas

Triple Filter
hydrocarbons/

moisture/oxygen

hydrogen

Fuel Gas Filter
hydrocarbons/

moisture

air

Fuel Gas Filter
hydrocarbons/

moisture

Complete Filter Bundle Kit for FIDFuel Gas Kit for FIDTriple Kit for
MS, ECD, NPD

Figure 1—Filter cartridges can be configured for different applications.

Table I—Each Super-Clean™ filter provides high-purity outlet gas.

cat.# 22020 cat.# 22022 cat.# 22022 cat.# 22020 cat.# 22022 cat.# 22022

Refer to the 
Purus™ Gas Systems

section of the Restek catalog
for all your gas system

needs:
• Many additional gas purifiers.
• Gas generators: convenient, safe, 

economical alternatives to gas cylinders.
• Pressure regulators.
• Tubing, tubing tools, fittings and valves.
• Leak detectors.
• Much more.
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Super-Clean™ Filter and Baseplate Kits
• High-purity output ensures 99.9999% pure gas.
• “Quick connect” fittings for easy, leak-free cartridge changes.
• Glass inside to prevent diffusion; plastic outside for safety.

All traps measure:  105/8" x 13/4"
Each baseplate unit measures:

4" x 4" x 17/8"

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee  
Carrier Gas Cleaning Kit 
(includes mounting baseplate, 1/8" inlet/outlet fittings, and 
oxygen/moisture/hydrocarbon Triple Filter) kit 22019
Fuel Gas Purification Kit 
(includes mounting baseplate, 1/8" inlet/outlet fittings, and 
hydrocarbon/moisture filter) kit 22021

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Replacement Triple Filter
(removes oxygen, moisture and hydrocarbons) ea. 22020
Replacement Fuel Gas Filter
(removes moisture and hydrocarbons) ea. 22022

Filter Bundle Kit
Kit includes two Fuel Gas Filters for FID fuel gases and one Triple Filter for carrier gas. Ideal for use in combi-
nation with 3-position baseplate—purchase separately.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Filter Bundle Kit kit 22031

Replacement Filters

Helium-Specific Super-Clean™ Filter and Kit
• Specifically designed for purification of helium in GC/MS Systems.
• Traps are packed and conditioned using helium.
• Uses standard single-position baseplate.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Helium-Specific Carrier Gas Cleaning Kit
(includes mounting baseplate, 1/8" inlet/outlet fittings, 
and helium-conditioned oxygen/moisture/hydrocarbon filter) kit 21983

Helium-Specific Replacement Filter
(removes oxygen, moisture and hydrocarbons) ea. 21982

Super-Clean™ Ultra-High Capacity Filters
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Ultra-High Capacity Hydrocarbon Filter ea. 22030
Ultra-High Capacity Moisture Filter ea. 22028
Ultra-High Capacity Oxygen Filter ea. 22029

Baseplates
All baseplate fittings are 1/8". To adapt to 1/4", order 1/8" to 1/4" tube-end union listed below.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Single-Position Baseplate ea. 22025
2-Position Baseplate ea. 22026
3-Position Baseplate ea. 22027

Replacement O-Rings
Pack includes 10 large O-rings and 10 small O-rings.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Replacement O-Rings for Cartridge Baseplates 20-pk. 22023

1/8-Inch to 1/4-Inch Tube-End Unions
All Super-Clean™ baseplate fittings are 1/8". To adapt to 1/4", use a 1/8" to 1/4" tube-end union.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/8" to 1/4" Tube-End Unions 5-pk. 21833

Wall Mounting Bracket
Baseplates may be mounted by using screws and the mounting holes on the
baseplate or by using this optional wall mounting bracket.
DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Wall Mounting Bracket for Super-Clean™ Baseplates ea. 21984

new

new
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Restek Corporation

The STAR™

Service Reward
Program was ini-
tiated in April
2002 in a test-
market mode on
the US west
coast. The pro-
gram was
launched nation-
ally in May of
2003. Since its
inception the
program has dis-

tributed more than 50,000 STAR™ Points to chro-
matography laboratories who are, in turn, using the
points to lower their service and repair parts costs.
One west coast lab already has redeemed 600 STAR™

Points with their preferred service provider, another
lowered their service costs by redeeming over 500
STAR™ Points.

If you're not participating in this program, it’s not
too late! Register your lab by calling the Restek
Customer Service Team at 1-800-356-1688, ext. 3.
Just provide your company account number and
your ship-to address—that's it! After your lab is reg-
istered, you will begin to receive STAR™ Points in
your product packages, just like Wizard Dollars—

SSeerrvviiccee  RReewwaarrddss  PPrrooggrraamm  DDiissttrriibbuutteess  
MMoorree  TThhaann  5500,,000000  SSTTAARR™™ PPooiinnttss

Labs Already Cutting Service Costs
By Doug Elliott, STAR Service Rewards Coordinator

✔ Order high quality products, obtain credits toward instrument service and repair.

1 STAR™ Point for every $50 increment of Restek
products you purchase.

Maximize your STAR™ Points by choosing Restek
supplies for all your chromatography needs. Take a
minute to review the Vials and Syringes, Instrument
Supplies, Purus™ Gas Systems, Column Installation,
and HPLC Products sections in the Restek catalog.
You will see the wide variety of quality, economical
supplies you can get from Restek, while increasing
your lab's STAR™ Points and Wizard Dollars at the
same time. Innovative and proven Restek chro-
matography supplies include:

• autosampler vials
• ferrules
• FID jets
• filters for GC & HPLC
• gas generators
• gas leak detectors
• gas purifiers
• Hamilton & SGE

syringes
• HPLC system parts
• inlet liners
• inlet seals

• instrument repair parts
• mobile phase acces-

sories
• PID lamps
• plumbing supplies
• pressure regulators
• Press-Tight® column-

connectors
• septa
• fittings and tubing, 

GC & HPLC
• tools

Register your lab with the STAR™ Service Reward
Program today, then let us know how much you save
on instrument service costs in 2004!

Coming soon!
2004 

Restek Chromatography Products
Catalog

• 775+ Pages  
10,000+ Innovative Products

• Many Application Chromatograms
• Helpful Technical Information
• New GC and HPLC Columns
• New Chromatography Accessories
• New Analytical Reference Materials
• New Books, Gas Delivery Products, Vials

and Syringes, Air Monitoring Apparatus

Look for your copy 
in January!

New!
Keep your Agilent Instrument

Running with Replacement Parts
from Restek!

If you're having difficulty locating parts for your
Agilent 5890, 6890, or 7673A/B, call Restek. We
now offer vial turrets, motors, belts, and more.
Performance will equal or exceed that of OEM
parts. For descriptions of current parts, see the
revolving Feature Product box on the home page
of our web site: www.restekcorp.com 

Please direct your comments on this publication to Carrie Sprout, Graphic Designer, at carrie@restekcorp.com or
call 814-353-1300, ext. 2151.



In sample injections into a hot splitless injection port liner, a typical 1µL sample expands to a volume of hundreds
of microliters.1 The sample solvent vapor, and the analytes, fill the entire injector system. During sample expan-
sion, analyte molecules come in contact with hot, active surfaces outside the injection port liner, and occupy the

dead volume at the bottom of the injection port, below the inlet end of the
column (Figure 1). In splitless injection mode, there is very little carrier
gas flow in this area to carry the analytes back up to the column inlet.
This situation is most noticeable with active compounds that degrade
when they come in contact with active surfaces; recoveries can be signifi-
cantly reduced. In addition, late-eluting compounds that do not readily
vaporize are affected by injection port discrimination.

The innovative geometry of a Drilled Uniliner® inlet liner minimizes
active sites in the sample pathway, and reduces injection port discrimi-
nation. The analytical column connects to the bottom of a Drilled
Uniliner® inlet liner via a Press-Tight® seal (Figure 1), eliminating sam-
ple contact with any part of the injector below the column inlet.
Recoveries of active analytes are significantly improved.2 Additionally,
the hole in the side of the liner allows the injector to be operated in tra-
ditional split/splitless mode.

Restek offers Drilled Uniliner® inlet liners in two configurations (Figure
2). The liner to use depends on the analysis, and how closely the early-
eluting compounds elute to the solvent peak.

In flash on-column injections, all of the solvent is transferred from the
injector to the column, producing a substantial solvent peak tail.
Splitless injection eliminates the solvent tail, because the injector goes
into the split mode after the compounds of interest are transferred to the
column, and all solvent remaining in the injection port is flushed out
through the purge vent. The solvent peak ends abruptly, as shown in
Figure 3a. Elimination of the solvent peak tail is an advantage to using
the splitless injection technique when analyzing compounds that elute
close to the solvent.

A Drilled Uniliner® inlet liner produces a distinctly different solvent peak
shape than the single gooseneck splitless liner, as shown in Figure 3. The most noticeable difference is the peak
width; the peak is considerably narrower than the peak from the single gooseneck liner. The position of the hole in

the Drilled Uniliner® also affects solvent peak shape. A Drilled Uniliner® with the
hole near the bottom produces a sharply ending solvent peak, similar to that from a
single gooseneck liner (Figure 3b). This liner is a direct replacement for a splitless
liner, and should be used when analytes elute closely behind the solvent.

At-a-Glance Product
Information from Restek

www.restekcorp.com

800-356-1688 ● 814-353-1300

Minimize Adsorption of Active
Analytes, Using a Drilled
Uniliner® GC Inlet Liner
Two Configurations, to Match

Chromatographic Conditions

Analytes
contact hot
surface and
dead volume
at base of
splitless
liner

Figure 1 — Inlet liner geometry affects
analyte recovery.

Drilled
Uniliner®

inlet liner
efficiently
transfers
sample onto
column

Use hole near top configuration if analytes elute later than
the solvent peak, or when the sample solvent is water

Figure 2 — Drilled Uniliner® inlet liners
are available in two configurations. The hole
allows the injector to be operated in
split/splitless mode.

Use hole near bottom configuration if analytes elute near
the solvent peak

Continued
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Drilled Uniliner® GC Inlet Liners

Under the same conditions, a Drilled
Uniliner® with the hole near the top
produces a solvent peak with a small
tail (Figure 3c). This is because sol-
vent remaining in the liner, between
the hole and the column entrance, is
not swept out of the injection port
when the injector goes into the split
mode. Consequently, we recommend
this liner for analyses in which the
analytes would not be affected by a
solvent tail, such as chlorinated pesti-
cide analysis. A Drilled Uniliner® with
the hole near the top will provide the
best transfer of analytes to the col-
umn, and is recommended when
transfer of analytes to the column is
paramount. A Drilled Uniliner® with
the hole near the top also exhibits
excellent reproducibility for analysis
of glycols in water3.

For accurate, reproducible, problem-
free split/splitless injections, we rec-
ommend you use a Drilled Uniliner®

inlet liner—and connect it to a Restek
capillary GC column.

Rtx®- 5Sil MS 30m, 0.25 ID, 0.25µm (cat.# 12723)
Sample: methylene chloride, PR grade
Inj.: 0.5µL, splitless (hold 2.5 min.)

4mm single gooseneck inlet liner (cat.# 20799)
4mm Drilled Uniliner® inlet liner (cat.# 21055)
4mm Drilled Uniliner® inlet liner (cat.# 20756)

Inj. temp.: 260°C
Carrier gas:  helium, constant pressure
Linear velocity: 17cm/sec. @ 50°C
Oven temp.: 50°C, isothermal 
Det.: FID @ 330°C

GC_EV00680

3a) 4mm single gooseneck
splitless liner

3b) 4mm Drilled Uniliner®,
hole near bottom

3c) 4mm Drilled Uniliner®,
hole near top

Figure 3 – Solvent peak profiles from Drilled Uniliner® inlet liners and
a splitless liner

The position of
a hole in a

Drilled Uniliner®

inlet liner affects
solvent peak

shape

References
1.Operating Hints for Using Split/Splitless Injectors Restek

Corporation, Bellefonte, PA, 36pp, 2002.
(Reference free on request: cat.# 59880A)

2.Higher Responses for Chlorinated Pesticides, Using a
Drilled Uniliner® GC Inlet Liner and Rtx®-CLPesticides
Columns Restek Corporation, Bellefonte, PA, 4pp, 2003.
(Reference free on request: cat.# 59487.)

3. Techniques to Optimizing GC Aalysis of Ethylene glycol
in Water Restek Corporation, Bellefonte, PA, 4pp, 2001.
(Reference free on request: cat.# 59187.)

Tech
Tip!HOT

Drilled Uniliner®

The Drilled Uniliner® with the hole
near the bottom is recommended for
analysis in which compounds of inter-
est could be affected by a tailing sol-
vent peak. The Drilled Uniliner® with
the hole near the top is recommended
for aqueous injections, as well as analy-
sis in which the compounds of interest
elute away from the solvent peak.

Continued from page 1

Peak tail from solvent remain
in liner, between hole in liner
and column end

No solvent peak tail, equivalent
to single gooseneck liner

No solvent peak tail



DDiirreecctt  IInnjjeeccttiioonn  LLiinneerrss  ffoorr  PPeerrkkiinnEEllmmeerr  GGCCss
((FFoorr  00..3322//00..5533mmmm  IIDD  CCoolluummnnss)) BBeenneeffiittss//UUsseess

IIDD**//OODD  &&
LLeennggtthh  ((mmmm))

SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ## eeaa..

ccaatt..##
55--ppkk.. 2255--ppkk..

Auto SYS Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.2 OD x 92.1

— 20819 20822 —

Auto SYS Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.2 OD x 92.1

— 21293 21294 —

Auto SYS Gooseneck Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
5.0 OD x 92.1

— 21295 21296 —

Auto SYS Gooseneck Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.2 OD x 92.1

— 21297 21298 —

DDiirreecctt  IInnjjeeccttiioonn  LLiinneerrss  ffoorr  TThheerrmmoo  FFiinnnniiggaann  88000000
&&  TTRRAACCEE™ SSeerriieess  GGCCss  ((00..3322  &&  00..5533mmmm  IIDD  ccoolluummnnss)) BBeenneeffiittss//UUsseess

IIDD**//OODD  &&
LLeennggtthh  ((mmmm))

SSiimmiillaarr  ttoo
TTFF  ppaarrtt  ## eeaa..

ccaatt..##
55--ppkk.. 2255--ppkk..

Drilled Uniliner® (hole on top)

trace, active samples, high
recovery, & linearity

5.0 ID
8.0 OD x 105

— 22411 22412 —

Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery, & linearity

5.0 ID
8.0 OD x 105

— 22413 22414 —

DDiirreecctt  IInnjjeeccttiioonn  LLiinneerrss  ffoorr  AAggiilleenntt  55889900  &&  66889900  GGCCss
((FFoorr  00..2255//00..3322//00..5533mmmm  IIDD  CCoolluummnnss)) BBeenneeffiittss//UUsseess

IIDD**//OODD  &&
LLeennggtthh  ((mmmm))

SSiimmiillaarr  ttoo
AAggiilleenntt  ppaarrtt  ## eeaa..

ccaatt..##
55--ppkk.. 2255--ppkk..

Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

— 21054 21055 20998

Siltek™ Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

— 21054-214.1 21055-214.5 20998-214.25

Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

G1544-80730 20756 20771 —

Double Gooseneck Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

— 20508 20509 —

Double Gooseneck Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

G1544-80700 20954 20989 —

Siltek™ 1mm Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

1.0 ID
6.3 OD x 78.5

— 21390-214.1 21391-214.5 —

At-a-Glance
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from Restek

Drilled Uniliner® GC Inlet Liners

Hole makes direct injection possible
with EPC-equipped Agilent 6890 GCs!

010 %
deactivated

all liners are

DDiirreecctt  IInnjjeeccttiioonn  LLiinneerrss  ffoorr  SShhiimmaaddzzuu  GGCCss
((FFoorr  00..3322//00..5533mmmm  IIDD  CCoolluummnnss)) BBeenneeffiittss//UUsseess

IIDD**//OODD  &&
LLeennggtthh  ((mmmm))

SSiimmiillaarr  ttoo
SShhiimmaaddzzuu  ppaarrtt  ## eeaa..

ccaatt..##
55--ppkk.. 2255--ppkk..

Open-top Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

— 21285 21286 —

Open-top Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

— 21287 21288 —

Gooseneck Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

— 21289 21290 —

Gooseneck Drilled Uniliner®® (hole on bottom)

trace, active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95

— 21291 21292 —

All liners are shipped intermediate
polarity (IP) deactivated unless

otherwise requested.

*Nominal ID at syringe needle expulsion point.

DDiirreecctt  IInnjjeeccttiioonn  LLiinneerrss  ffoorr  VVaarriiaann  11117777  GGCCss
((FFoorr  00..2255//00..3322//00..5533mmmm  IIDD  CCoolluummnnss)) BBeenneeffiittss//UUsseess

IIDD**//OODD  &&
LLeennggtthh  ((mmmm))

SSiimmiillaarr  ttoo
VVaarriiaann  ppaarrtt  ##

ccaatt..##
eeaa..

ccaatt..##
55--ppkk..

ccaatt..##
2255--ppkk..

Drilled Uniliner® (hole on top)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

— 21470 21471 —

Drilled Uniliner® (hole on bottom)

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5

— 21468 21469 —
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Drilled Uniliner® GC Inlet Liners

Restek is your free technical
literature source!

For literature:
•  Call 814-353-1300 or 

800-356-1688, ext. 5
•  Fax 814-353-1309

•  Online www.restekcorp.com

Restek (U.S.):
110 Benner Circle

Bellefonte, PA 16823
800-356-1688 • 814-353-1300

fax: 814-353-1309

Restek France:
33-01-60-78-32-10

fax: 33-01-60-78-70-90
restekfr@club-internet.fr

Restek GmbH:
49-06172-2797-0

fax: 49-06172-2797-77
RESTEK-GMBH@t-online.de

Restek Ireland
44-2890-814576

fax: 44-2890-814576
restekeurope@aol.com

Thames Restek U.K., Ltd.:
44 01494 563377

fax: 44 01494 564990
Sales@Thamesrestek.co.uk

Siltek™ Deactivation—The Next Generation
• Maximizes the inertness of the sample pathway.
• Minimizes breakdown.
• Low bleed.
• Thermally stable.
• “Clean and green”—manufactured without the use of

harmful organic solvents.

Restek offers the next generation of deactivation. The Siltek™ deactivation process (US Patent
6,444,326) produces a highly inert glass surface, that features high temperature stability,
extreme durability, and low bleed. Try Siltek™ liners, guard columns, wool, and connectors for
better recovery of sample analytes.

● For details about Siltek™ performance,
request FREE publications 59803A and
59111 – or view them on our website.

● Many Siltek™ treated accessories are
listed in Genuine Restek Replacement
Parts for Agilent GCs (59627D), also
FREE on request.

SSiilltteekk™ wwiitthh SSiilltteekk™ wwiitthh
qqttyy.. SSiilltteekk™ SSiilltteekk™ wwooooll CCaarrbbooFFrriitt™

each -214.1 -213.1 -216.1
5-pk. -214.5 -213.5 -216.5
25-pk. -214.25 -213.25 -216.25

Liner Deactivations

Intermediate Polarity (IP) Deactivation
• Phenylmethyl-deactivated surface for better recovery of polar and nonpolar compounds.
• Compatible with most common solvents.
• Our standard deactivation—every Restek liner is IP deactivated unless otherwise requested.

Siltek™ Deactivation
• Revolutionary deactivation for difficult matrices and reactive compounds.
• Inertness retained over a wide sample pH range.
• Minimal bleed.
• Ideal for chlorinated pesticide analysis; lowers endrin breakdown to less than 1%.
• Recommended for use with Rtx®-CLPesticides, Stx™-CLPesticides, Stx™-1HT, and

Rtx®-TNT columns.

Base Deactivation
• Excellent inertness for basic compounds.
• Recommended for use with Rtx®-5 Amine, Rtx®-35 Amine, and Stabilwax®-DB columns.

Base-Deactivated Inlet Liners for Agilent GCs

Add the corresponding suffix number to the liner catalog number. (Additional cost.)

Add the corresponding suffix number to the liner catalog number.
(Additional cost.)

qqttyy.. BBaassee--DDeeaaccttiivvaatteedd BBaassee--DDeeaaccttiivvaatteedd  ww//  BBaassee--DDeeaaccttiivvaatteedd  WWooooll
each -210.1 -211.1
5-pk. -210.5 -211.5
25-pk. -210.25 -211.25

“I installed Siltek™ liners on one of our GCs to replace standard quartz liners that
required deactivating daily. I found the results to be excellent, saving many hours of
instrument time with no detrimental effects on the analysis.”

MMaatttthheeww  TTuurrnneerr,,  Laboratory Manager-food contaminants, Global Analysis (UK)

A Good Word

Ideal for amines
and basic compounds!



Restek Innovat ion Saves 
You Time and Money

Ceramic Scoring Wafers
• Four straight scoring edges for cutting

fused silica tubing and four serrated edges
for cutting MXT® metal capillary columns.

• Sure-grip handle included.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Ceramic Scoring Wafers 5-pk. 20116 $25

Scoring Wafer with Handle
• Unique, ergonomic handle is made of

soft, comfortable rubber.
• Ceramic wafer is serrated on one side and

straight-edged on the other to cut both
fused silica and metal tubing cleanly.

Hold tubing firmly
in one hand, allow-
ing about two inch-
es to extend freely.
Hold the scoring
wafer at a 45°
angle to the tub-
ing. Exert slight
pressure—just

enough to put a slight arc in the tubing. Pull
perpendicularly across the tubing.

The tubing should fall off
on its own, or it should
easily break at the score
with a slight tap of the
wafer. Check the cut
against the white of the
scoring wafer. Look for a
clean, square cut.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Scoring Wafer with Handle 2-pk. 23015 $27

Hold the scoring
wafer at a 45° angle
to the tubing. Use
gentle pressure and a
smooth, perpendicular
stroke.

Check the cut against
the white of the scor-
ing wafer. Look for a
clean, square cut.

Sapphire Scribe
• Cuts fused silica tubing.
• Produces a clean, square cut.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sapphire Scribe ea. 20182 $45

One quick
stroke...

...and tap
leaves a
clean,
square
end.

Septum Puller

• Keep several on hand in your laboratory—can be used in many dif-
ferent ways.

• Use hooked end for removing septa and O-rings; pointed end works
well for removing stuck ferrule fragments.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Septum Puller ea. 20117 $13

Remove septa
without 
damaging an
expensive
weldment.

Dislodge a stuck
ferrule quickly
and easily—with-
out scoring the
fitting.

Inlet Liner Removal Tool
• Easily remove liner from injector.
• Made from high-temperature silicone.
• Won’t chip or crack the liner.

Gently push
the liner
removal tool
onto the liner
in the injec-
tion port, with
a slight circu-
lar motion.

No more
burned
fingers!

Slowly pull
the liner
out of the
injection
port in a
straight
vertical
motion.

Use the liner
removal tool to
place a new
liner into the
injection port,
avoiding hot
metal surfaces.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Inlet Liner Removal Tool 3-pk. 20181 $25

Mini Wool Puller/Inserter
Insert and remove wool plugs easi-
ly.* Order a spare pack so you’ll
always have one available.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Mini Wool Puller/Inserter 2-pk. 20114 $13

Place a 1cm plug
of loosely bound
wool in the liner.
Adjust its posi-
tion with the
puller/inserter
tool.

Use the
hooked
end to
retrieve a
wool plug.

Coo Too s!f or  GC and HPLC

800-356-1688 •  814-353-1300  •  www.restekcorp.com

Make clean,
square cuts

Great scoring,
comfortable

grip

Clips in shirt or lab coat
pocket

*Not recommended for use with double gooseneck liners.



Inlet Liner Packing Tool

• Position wool reproducibly every time.
• Accurate placement to a specific, measured depth, up to 100mm.

Recommended for inlet liners with an ID ≥2mm.

Loosen the nut
on the side of
the tool and
adjust the
gauge to the
manufacturer’s
recommended
depth.

Eliminate
user 

variation!

Place a
one-cen-
timeter
plug of
loosely
bound wool
at the top
of the inlet
liner.

Insert the liner
packing tool into
the liner until the
tool bottoms out.
Remove the tool.
The wool is now
positioned cor-
rectly in the liner
and the liner is
ready for use.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Inlet Liner Packing Tool ea. 20339 $62

Injection Port Repair Tool
• Resurfaces critical inlet seal areas.
• For Agilent split/splitless injection ports.

Remove contaminants,
achieve a better seal!

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Injection Port Repair Tool ea. 21393 $84
Replacement Sanding Disks (5 fine & 5 medium) 10-pk. 22689 $15

The critical seal at the base of
a split/splitless injector allows
a seal to form between the
injection port and the inlet
liner. This critical seal wears
over time and may become
scratched or pitted, which com-
promises the sealing ability of
the injector. Use the Restek
injection port repair tool to
easily resurface the inlet seal
and remove contaminants; it
saves time and money by pre-
venting leaks.

aluminum oxide sanding disk (resurfaces critical
seal at base of injector)

injection port
bore cleaner

Injector Wrench for Agilent 5890/6890/6850 GCs
• Use to remove the septum nut and weldments during GC maintenance.
• High-quality stainless steel construction.
• Meets original equipment performance.

Use the smaller
end to remove
the septum nut.

Use the larger end to
tighten the split/split-
less weldment nut.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Injector Wrench for Agilent
5890/6890/6850 GCs 19251-00100 ea. 22065 $28

Capillary Installation Gauge for Agilent 5973 MS
• Pre-seats ferrule onto column for consistent installations.
• Made from high-quality stainless steel.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
Capillary Installation Gauge for Agilent
5973 MS G1099-20039 ea. 21894 $178

Install the nut and ferrule onto the 
column, then insert the column through
the installation tool, exposing several
centimeters at the exit end. Tighten the
nut.

Score and remove the
exposed end of the
column, then loosen
the nut.

The ferrule will be proper-
ly seated and should
remain in place when light
force is applied. Install
the column into the
GC/MS interface.

Capillary Installation Gauge
• Pre-seats graphite* ferrule onto column for consistent installations.
• Prevents crushed column ends.
• Made from high-quality stainless steel.

*Recommended for use with graphite ferrules.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Capillary Installation Gauge for Agilent-style fittings
(compact ferrules) ea. 21034 $65
Capillary Installation Gauge for 1/16" fittings 
(1/16" ferrules) ea. 21399 $65

Install the column nut and ferrule onto
the capillary column. Cut the column
end squarely. Slide the column into the
installation gauge to the recommend-
ed insertion distance. Finger-tighten
the column nut.

Tighten the assembly
with moderate force to
ensure a properly seated
ferrule. Loosen the
assembly and remove the
column and column nut
with seated ferrule.

The ferrule will be properly
seated in the column nut,
and should remain in place
when light force is applied.
If it slides loosely on the col-
umn, repeat procedure.

GC Accessories Organizer for Agilent 5890/6890 and Varian GCs
• Ideal for keeping GC accessories and supplies organized and easy to find.
• Built-in syringe and vial holders.
• Mounts on the GC for easy access.
• Includes all mounting hardware.

GC accessories
and supplies not
included.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
GC Accessories Organizer for Agilent 5890/6890 and Varian GCs ea. 22681 $140

800-356-1688 •  814-353-1300  •  www.restekcorp.com

Easily pre-seat ferrules for consistent installations!



Rethreading Tool
• Repair worn or damaged threads.
• Multiple uses (fittings, injectors, detectors, etc.)
• Built-in guide to prevent cross-threading.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Rethreading Tool for 1/16" compression fitting ea. 23016 $50
Rethreading Tool for 1/8" compression fitting ea. 23017 $50
Rethreading Tool for 1/4" compression fitting
(Agilent split/splitless injection ports) ea. 23018 $50
Rethreading Tool for 7/16" compression fitting
(Varian injection ports) ea. 23019 $50
Rethreading Tool for 1/4" Varian-style capillary column fittings ea. 21893 $50

Due to constant installation,
removal, and exposure to extreme
temperature changes, threads on
GC parts become worn and dam-
aged. This can cause a poor seal,
and oxygen can enter the system,
compromising analytical results
and possibly destroying expensive
analytical columns.

Screw the
rethreading tool
completely onto the
injection port in a
clockwise direction.
Depending on the
severity of thread
damage, this may
require some force.

Inlet and FID Maintenance Kits for Agilent GCs
• Include the most common consumable supplies.
• All parts meet or exceed perfomance of instrument 

manufacturer’s parts.
• Parts list makes reordering easy.

Inlet kit includes:
•0.4, 0.5, and 0.8mm ID graphite ferrules.
•Viton® O-rings.
•Capillary nuts.
•Inlet seals.
•Reducing nut.
•Scoring wafer.
•11mm Thermolite® septa.
•4.0mm single gooseneck liner.
•4.0mm split liner with wool.
•Capillary column caps.
•1/4- x 5/16-inch wrench.
•Septum puller.
•Installation gauge.
•Wire cleaning brush.
•Jet reamers/ferrule removers.
•Inlet liner removal tool.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Inlet Maintenance Kit for Agilent 5890/6890/6850 GCs kit 21069 $320
FID Maintenance Kit for Agilent 5890 GCs kit 21070 $450
FID Maintenance Kit for Agilent 6890/6850 GCs kit 21071 $450

FID kits include:
• 1/4-inch, 0.4, 0.5, and 0.8mm ID graphite ferrules.
• FID/NPD capillary adaptor.
• Capillary nuts.
• Jet reamers/ferrule removers.
• 1/4-inch nut.
• Scoring wafer.
• Capillary column caps.
• Ignitor for Agilent 5890 or 6890/6850 GCs.
• FID flow measuring adaptor.
• 1/4- x 5/16-inch wrench.
• Installation gauge.
• Wire cleaning brush.
• High-performance Siltek™-treated FID jet for

Agilent 5890 or 6890/6850 GCs.
• 1/4-inch nut driver for jet removal.

Dislodge ferrules or remove silica
deposits with the Jet
Reamer/Ferrule Remover.

The Capillary Installation
Gauge makes seating the
ferrule and installing the
column consistent and
easy.

The Inlet Liner
Removal Tool safely
removes an inlet
liner from a hot
injection port without
cracking the liner.

The Inlet Maintenance Kit includes these tools and many others.

FID maintenance made easy
with tools and replacement
components specifically
matched to your instrument.

The FID ignitor meets original
equipment specifications.

The high-performance Siltek™

FID jet will stay clean
longer—even when exposed
to highly active compounds.

The FID Maintenance Kit includes these tools and many others.

MLE Capillary Tool Kit
Make life easier! The MLE Tool Kit conveniently provides tools necessary
for installing and maintaining capillary columns.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
MLE Capillary Tool Kit kit 20180 $180

The MLE Tool Kit includes:
• Rubber-tipped slide-lock

tweezers.
• 15cm compact steel ruler.
• Three ceramic scoring wafers

with handles.
• Pocket magnifier.
• Four-inch tapered needle file.
• Six stainless steel jet reamers

(0.25–0.65mm OD).
• Septum puller.
• Three nylon brushes (1/8-, 3/16-,

and 1/4-inch OD).
• Pipe cleaner (one-foot length).
• 1/4- x 5/16-inch wrench.
• 3/8- x 7/16-inch, 7/16- x 1/2-inch, 

and 1/2- x 9/16-inch wrench.
• One-meter length of high-tem-

perature string (400°C).
• Stainless steel surface brush.
• Mini wool puller/inserter tool.
• Inlet liner removal tool.
• Three stainless steel tube brushes (3/16-, 1/4-, and 3/8-inch OD).
• 25-pack cotton swabs.
• Flashlight.
• Column installation gauge for Agilent-style nuts.
• Mini hand drill set.

Free
Literature! Chromatography Columns and Supplies Catalog

(lit. cat.# 59854)
Designed by chromatographers, for chromatographers.

The 2004 Restek catalog features unique new GC and
HPLC columns, problem-solving chromatography tools and
accessories, high-value instrument parts, sample collec-
tion and sample preparation products, many new refer-
ence chemical mixes, proprietary surface treatments for
sample pathways, new chromatograms, and more.

800-356-1688 •  814-353-1300  •  www.restekcorp.com



PEEK® Fitting Extractor
Drill into the broken fitting, then
screw the extractor into the fitting
and remove it easily.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Fitting Extractor ea. 25325 $37

HPLC Piston Seal Insertion Tool
• Simplify pump maintenance.
• One end removes old piston seal, other

end easily and securely installs new seal.

Do you have to search for a paper clip or screw to remove worn seals
from your HPLC pump? Then, once you get the old seal out, do you
struggle to correctly seat the new seal? Now Restek has a tool that can
help. Use one end to remove your old seal, then simply slip your new
seal on the other end and push it flush into position. The tool cannot
mar the surrounding metal surface of the pump housing.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
HPLC Piston Seal Insertion Tool ea. 21356 $42

Remove a
seal

Seat
a seal
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Restek trademarks: MXT, Siltek, Thermolite, and the Restek logo.
Other trademarks: Agilent (Agilent Technologies, Inc.), 
PEEK (Victrex plc), Viton (E.I. du Pont de Nemours & Co., Inc.)

Restek USA: Phone: 800-356-1688 or 814-353-1300 • Fax: 814-353-1309 • www.restekcorp.com
110 Benner Circle, Bellefonte, PA  16823

Restek France: Phone: (33) 01 60 78 32 10 • Fax: (33) 01 60 78 70 90 • restekfr@club-internet.fr
Restek GmbH: Phone: (49) 06172 2797 0 • Fax: (49) 06172 2797 77 • RESTEK-GMBH@t-online.de
Restek Ireland: Phone: (44) 28 9081 4576 • Fax: (44) 28 9081 4576 • restekeurope@aol.com
Thames Restek UK Ltd: Phone: (44) 01494 563377 • Fax: (44) 01494 564990 • Sales@Thamesrestek.co.uk

Restek Corporation
110 Benner Circle
Bellefonte, PA 16823-8812

Presorted
Standard

U.S. Postage
PAID

Restek

HPLC Columns and Accessories
(lit. cat.# 59241A)
In addition to general-purpose and special-purpose HPLC
columns and guard columns, this 114-page catalog con-
tains instrument parts, innovative tools, and other acces-
sories, and many example chromatograms from analyses
on Restek columns. Columns are prepared from four dis-
tinct lines of silica with characteristics tailored to meet
specific analytical requirements.

Free
Literature!

Visit www.restekcorp.com for a complete listing of HPLC 
replacement parts for Agilent, Waters, Perkin Elmer, 

Shimadzu, Hitachi, and Beckman systems.
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Overview of Split/Splitless Injection Techniques
In capillary and micropacked gas chromatography (GC) there are four primary techniques
for vaporizing a sample and transferring it onto the inlet of the analytical column: split, split-
less, direct, and on-column injections. Of these, split and splitless injections are the most
commonly used techniques. This technical guide focuses on split and splitless injections—
their optimization, troubleshooting, and system maintenance.

Split and splitless injections are techniques that introduce the sample into a heated injection
port as a liquid, and then rapidly and completely vaporize the sample solvent as well as all of
the analytes in the sample. The vaporized sample is transferred to the head of the column.

In the split injection mode, only a fraction of the vaporized sample is transferred onto the head
of the column. The remainder of the vaporized sample is removed from the injection port via
the split vent line. Split injections should be used only when sample concentrations are high
enough to allow a portion of the sample to be discarded during the injection process, while still
maintaining a sufficient concentration of analytes at the detector to produce a signal.

When target analyte concentrations are so low that splitting the sample in the injection port
will not allow an adequate signal from the detector, the injector should be operated in the
splitless injection mode. In the splitless injection mode, most of the vaporized sample is
transferred to the head of the column. 

The process of performing either a split or splitless injection is controlled by changing the
flow path and flow rate of carrier gas through the injection port. The position of a switching
valve in the injection port determines the flow path. In split injections, a high carrier gas
flow rate rapidly moves the vaporized sample through the injection port liner, past the col-
umn (with only a minimal amount directed to the head of the column), and out the split vent.
In splitless injections, a relatively slow carrier gas flow rate directs most of the vaporized
sample into the head of the column. 

Split/splitless injection ports can be either backpressure-regulated or headpressure-regulated
systems. Most modern GCs are backpressure regulated. However, some GC manufacturers
still find headpressure regulation advantageous and use this design in their split/splitless
injectors. It is important for analysts to be familiar with their injection port hardware and the
operating principles of their instruments, so that they factor in the variables affecting the
accuracy and reproducibility of their results.

Backpressure-Regulated Injection Systems
Figure 1 illustrates the components of a typical backpressure-regulated split/splitless injection
system (e.g., Agilent 5890, 6850, 6890 GCs; Varian 3300, 3400, 3500, 3600, 3800 GCs;
Shimadzu 17A GCs). A flow controller, positioned upstream from the injection port, controls the
total amount of carrier gas that enters the injection port. A backpressure regulator, located down-
stream from the injection port body, regulates the pressure inside the injection port. Carrier gas
flow rate in the column is determined by the pressure that is maintained in the injection port. The
outlet of the backpressure regulator is the outlet of the split vent line. The split vent line outlet is
at the ambient pressure of the laboratory. The flow controller and the backpressure regulator work
together to determine the column flow rate, septum purge flow rate, and split vent flow rate.

Split and splitless injections in backpressure-regulated systems are controlled by the position
of the 3-way solenoid valve. In the split injection mode, the flow path is always open from
the injection port body through the 3-way solenoid valve to the split vent line. In the splitless
injection mode, the flow path is temporarily closed from the injection port body to the split
vent line. The carrier gas flow rate through the injection port liner is simply the column flow
rate. Any excess flow is directed through the septum purge line, into the 3-way solenoid
valve, and out the split vent line.

In backpressure-regulated systems, the split vent flow rate is changed by adjusting the flow
controller. An increase in the total flow being delivered to the injection port will result in a
higher split vent flow rate and a higher split ratio. Column flow rate is not affected by
changes in the total flow being delivered to the injection port, but by the backpressure regu-
lator. To maintain the same pressure at all times, use the backpressure regulator to compen-
sate for a change in the total flow delivered to the injection port.
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Figure 1. 
Split injection flowpaths in a typical flow-controlled/backpressure-regulated system.
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A flow-controlled, backpressure-regulated system is beneficial as it gives some measure of
protection against a catastrophic loss of carrier gas. If there is a leak at an injection port fit-
ting or a column fitting, the maximum rate of carrier gas loss would be the total flow rate
into the injection port as determined by the flow controller. Unlimited flow of carrier gas
into the injection port is prevented by having the flow controller at the inlet of the injection
port. Leaks are indicated by a failure to maintain split vent flow rate. A common mistake
analysts make when they observe a reduced split vent flow is to increase the total system
flow, rather than check for leaks at the injector and column fittings. By understanding the
characteristics of backpressure regulated pneumatics, analysts can detect and correct a leak,
to avoid poor chromatography.

analytical
column

Figure 1.
• All carrier gas except septum purge 

flow directed through injector.

• Column flow (established by backpres-
sure regulator) enters column.

• Solenoid valve open from injector to split 
vent. Bulk of gas flows out of injector 
liner, through solenoid valve, out split
vent.

• Sample vapor is directed onto column or
vented through split vent and is split in
the same proportions as for carrier gas.

• Split ratio = portion of sample vented
from split vent/portion of sample that
enters column.
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Headpressure-Regulated Injection Systems
Figure 2 illustrates the components of a typical headpressure-regulated split/splitless injec-
tion system (e.g., PE Autosystem; Shimadzu 9A & 14A; Thermo Finnigan Trace 2000
GCs). A pressure regulator upstream from the injection port regulates or maintains the pres-
sure inside the injection port. The pressure regulator supplies an unlimited flow of carrier
gas until the desired pressure is reached. The pressure inside the injection port establishes
the carrier gas flow in the column and determines the column flow rate. Flows through the
split vent line and the septum purge line are controlled by needle valves or restrictors down-
stream from the injection port. The outlet pressure of the septum purge and split vent lines
is ambient pressure. As long as constant pressure is maintained in the injection port, needle
valves and restrictors will give constant flows.

Figure 2. 
Split injection flowpaths in a typical headpressure-regulated system.

throttling valve
(optional safety

device)

carrier inlet

injection port

o-ring or
ferrule

injector
liner

solenoid
valve

needle
valve

septum
purge vent

split vent

pressure
regulator

needle
valve

to detector

column

open

Figure 2.
• Solenoid valve open: column flow passes 

into column, split flow exits through split
vent.

• Throttling valve guards against loss of 
carrier gas caused by leaks in injection 
system.
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An on/off solenoid valve is used in headpressure-regulated systems instead of the 3-way
solenoid valve used in backpressure-regulated systems. The position of the solenoid valve
determines whether the injection port is operated in the split or splitless injection mode. In
the split injection mode, the solenoid valve is always in the open position and the carrier gas
is allowed to flow through the injection port liner and out the split vent line. In the splitless
injection mode, the solenoid valve is closed and the only flow through the injection port
liner is the column flow. The pressure regulator compensates for excess carrier gas flow
available when the solenoid valve closes. 

The throttling valve upstream from the pressure regulator (Figure 2) is an optional compo-
nent not typically included by the chromatograph manufacturer. We recommend installing a
throttling valve (flow controller or needle valve) to guard against catastrophic loss of carrier
gas if a leak occurs at an injection port fitting or a column fitting. To adjust the throttling
valve, gradually close the valve, reducing the gas flow until it matches the requirements of
the injection system. When the column headpressure begins to decrease, the throttling valve
is closed too far.

Operating in the Split Injection Mode
When operating in the split injection mode (Figures 1 and 2), the solenoid valve is always
open along the flowpath from the injection port body to the split vent. With the exception of
the septum purge flow, all of the carrier gas entering the injection port flows through the
injection port liner and toward the head of the column. At the head of the column, the carrier
gas flow is split between two flow paths: a portion of the flow enters the column as the col-
umn flow rate, and the remaining carrier gas flow is allowed to escape from the injection
port, out the split vent line via the solenoid valve. The amount of flow entering the column
is determined by the pressure of the carrier gas inside the injection port and the dimensions
of the analytical column. The relative proportions of the split vent flow and the column flow
determine the split vent ratio.

Samples completely vaporized in the injection port liner behave in the same fashion as the
carrier gas; sample vapors are split in the same proportions as the carrier gas, thereby allow-
ing only a fraction of the sample to be introduced into the head of the column. A 50-to-1
split ratio can be used as a starting point when developing split injection methods. Table I
shows the appropriate split vent flow rates for helium and hydrogen carrier gases when
using common capillary column IDs.

Equation 1 shows how the split ratio is calculated. Split vent flow rates easily can be measured
using a standard electronic flowmeter (cat.# 21622). However, measuring low flow rates (from
0.3 to 5cc/min.) exiting a capillary column can be difficult unless a special low-volume bub-
blemeter (cat.# 20135) or a sensitive electronic flowmeter is used. If a low flow-measuring
device is not available, Equation 2 can be used to determine the approximate column flow.  

Calculating the on-column concentration of analytes is necessary to ensure that the column
is not overloaded and is operating within its capacity limits. Although quantitative analysis
does not require that the on-column concentration be known, exceeding column capacity
decreases resolution and reduces quantitative accuracy. Equation 3 illustrates how to calcu-
late the approximate on-column concentration in the split mode.

Setting the injection port temperature properly is critical for obtaining good peak shape and
response. Injection port temperature must be hot enough to provide rapid vaporization of all

Table I.
Typical split vent flow rates for 50-to-1 split ratio at optimum linear velocity when using

a 30-meter column at 40°C.

Column ID (mm)/Split Vent Flow Rate

Carrier Gas 0.18 0.25 0.32 0.53

helium* 25cc/min. 37.5cc/min. 55cc/min. 135cc/min. 

hydrogen** 50cc/min. 75cc/min. 110cc/min. 270cc/min.
*optimum carrier gas linear velocity=20cm/sec.
**optimum carrier gas linear velocity=40cm/sec.

Restek Flowmeter 6000

• Calculates linear velocity based on col-
umn ID.

• Useful for measuring flows for N2, air,
He, H2, CO2, O2, Ar, 7.5% CH4/Ar.

• Reads flow accurately from 0 to
500mL/min. (0–300mL/min. for CO2).

• Accuracy is 0.2mL/min. or +/- 2.5%.
• Usable with inlet pressures up to 25psi.
• Measures split flow and calculates split

ratio.
• Automatic shut-off.

Description qty. cat.#

Restek Flowmeter 6000
(9-volt battery-operated) ea. 21622

Recalibration Service for
Restek Flowmeter 6000 ea. 24618

Soap Film Bubble Flowmeters
• 1mL flowmeter measures flows

between 0.1 and 10cc/min. 
• 50mL flowmeter designed for flows

between 10 and 300cc/min.
• Both flowmeters come with a reser-

voir bulb, twenty-four inches of 
1/4-inch ID tubing, adaptor tubes for 
1/8-inch tubing and 0.53mm ID capil-
lary columns, and Velcro® fasteners.

Description qty. cat.#
1mL Bubble Flowmeter ea. 20135
50mL Bubble Flowmeter ea. 20136
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sample components. In the split injection mode, the residence time of the sample in the
injection port is very short because of the high carrier gas flow rate through the injection
port liner and out the split vent. As a result, vaporization must be completed as rapidly as
possible. However, injection port temperatures must not be so high that they cause sample
degradation. 

When set up properly, split injections are very reproducible. Samples introduced under con-
stant temperature, pressure, and flow conditions will vaporize and split consistently.

Split injections can be used for both qualitative and quantitative work. Internal or external
reference compounds are split under identical conditions compared to analytes in samples.
Any variations experienced by the sample also are experienced by the reference compounds
when the sample matrix and standard matrix match exactly. In general, split inlet liners are
designed to have added surface area to help with sample vaporization. Improved vaporiza-
tion can be acheived with changes in liner geometry that increase the surface area.
Examples include incorporating fused silica or glass wool, CarboFrit™ packing, or using a
laminar cup.

Equation 1.
Calculating the split ratio.

Split ratio =
column flow + split vent flow 

column flow

Equation 2. 
Calculating the approximate column flow rate.

Flow =
(π) (column radius in cm)2 (column length in cm)

dead volume time (min.)

where π = 3.14159

For example, a 30m x 0.53mm ID column operated at 20cm/sec. linear velocity (helium)
retains methane for 2.50 min., and therefore has a flow rate of 2.65cm3/min.:

Flow =
(3.14159) (0.0265cm)2 (3000cm) 

= 2.65cm3/min.
2.50 min.

Equation 3.
Calculating the approximate on-column concentration for split injections.

Concentration = concentration in sample (µg/µL) × sample vol. injected (µL)
split ratio

Caution!
When  analyzing hazardous compounds in the split mode, make sure they do not enter
the lab atmosphere through the split vent. A small, charcoal-filled split vent trap con-
nected to the split vent protects you from breathing contaminated air (cat. # 20698).

Methane Cylinder
Setting the column flow rate by injecting
methane and optimizing linear velocity
is a preferred method for establishing
reproducible retention times (ASTM
Method E1510-93). Measuring the lin-
ear velocity of your carrier gas is made
easy by using the Scotty® 14 cylinder
containing 1% methane in helium. The
complete kit includes the Scotty® 14
cylinder, a MINICYL regulator, a
syringe adaptor, and a package of twenty
septa for the adaptor. 

Description qty. cat.#
Complete Kit kit 20197
Replacement Septa 20-pk. 20198
Replacement Cylinder ea. 20199

✶For customer service, call
800-356-1688, ext. 3

(814-353-1300, ext. 3)

or call your local 
Restek representative.

High-Capacity Split 
Vent Trap
• Reduces the release of hazardous

materials from the capillary split vent
into the lab.

• Lasts one month or 1,500 injections.
• Includes connecting lines and mount-

ing kit.

Description qty. cat.#

High-Capacity Split Vent
Trap ea. 20698

High-Capacity Split Vent
Trap 5-pk. 20699



6

www.restekcorp.com

Inlet Liners for Split Injections
Split liners are designed with mixing chambers and tortuous flow paths, to fully vaporize the
sample into a homogeneous vapor cloud before it reaches the split point. All Restek split lin-
ers are fully deactivated using a high-temperature silanizing reagent. This caps surface
silanol groups so active compounds in the sample do not degrade or adsorb onto the hot
glass surface.  

To trap non-volatile residue and prevent column contamination when analyzing dirty sam-
ples, pack split liners with wool, CarboFrit™ packing, or fused silica beads. Some of the
more commonly used inlet liners are described below.

A) Split Liner with Wool
The wool provides a large surface area to allow
rapid vaporization of the sample and deliver a uni-
form vapor cloud to the split point. The low mass
of the wool fiber promotes complete vaporization.
Benefits:
• Low cost.
• Reproducible performance.
Drawbacks:
• Wool can be adsorptive, especially if fibers are 

broken.
• High maintenance requirements.

B) Laminar Cup Splitter
The sample flows through a small opening and en-
counters the head of the elongated glass cup. It
then travels around the outside of the elongated
cup before the flow is inverted twice. Larger vol-
ume injections are possible because the liquid is
trapped at the inner base and cannot escape until
vaporized. 
Benefits:
• Recommended by chromatography expert

Dr. Konrad Grob1.
• Best splitter liner for high molecular weight 

compounds.
• Laminar flow profile provides highest 

resolution.
Drawbacks:
• Costly.

C) Frit Splitter
The sample must pass through the porous ceramic
frit. The high surface area and tortuous flow path
ensure complete vaporization.
Benefits:
• Traps septum particles and residue.
Drawbacks:
• Ceramic frit can be active.
• Difficult to clean.

D) Cup Splitter
The sample flows through a mini funnel and en-
counters a glass cup. The flow path then inverts
twice before reaching the split point.
Benefits:
• Tortuous flow path aids in sample vaporization.
• Minimizes molecular weight discrimination.
• Can be packed with wool to trap particles.
Drawbacks:
• Difficult to clean.

E) Cyclosplitter® (Patent #: 5,119,669)
This patented design incorporates a cylindrical
glass spiral in the sample pathway, providing a
large area for sample vaporization.
Benefits:
• Ideal for dirty samples.
• Allows many injections of dirty samples before 

cleaning is required.    
• Easy to clean.
Drawbacks:
• Not recommended for large volume injections.

F) Baffle Splitter
The baffle induces turbulent flow that directs the
sample against the wall of the glass liner.
Benefits:
• Reproducible performance.
Drawbacks:
• Prone to molecular weight discrimination.
• Septum particles and residue can enter column.
• Subject to incomplete vaporization.

1“Injectors Providing Complete Sample Evaporation Above the Column Entrance in Vaporizing GC Injec-
tions,” K. Grob and C. Wagner, HRC & CC, Vol. 16, p. 429.

A

B

C

D

E

F

010 %
deactivated

all liners are

See page 17.

All Restek liners are deactivated to prevent
adsorption of active compounds. Call for

information on custom deactivations.
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Figure 4.
Splitless injection flowpaths in a typical headpressure-regulated system.
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Figure 3. 
Splitless injection  flowpaths (injector purge off) in a typical 

flow-controlled/backpressure-regulated system.
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Figure 3.
• Solenoid valve closed between injector

and split vent: only column flow enters
injector; column flow passes into column.

• Needle valve at septum purge vent allows
only septum purge flow to exit septum 
purge vent: most of carrier gas diverted 
through solenoid valve, out through split 
vent.

• Sample vapor in injector liner can exit
only to column, mixed with column flow
of carrier gas.

• Solenoid valve switched to establish 
flowpaths as in split injection: sample 
vapor remaining in injection port swept
out of split vent.

• Splitless hold time determined by sample 
composition.

to detector

analytical
column

Figure 4.
• Solenoid valve closed: entire carrier gas 

flow and entire sample directed onto 
analytical column.

• Carrier gas flow rate into system reduced 
to enable entire flow to pass through 
analytical column.

to detector

column

closed

Operating in the Splitless Injection Mode
When operating in the splitless injection mode (Figures 3 and 4), the solenoid valve is
switched, changing the flow path of the carrier gas. At the beginning of a splitless injection,
the solenoid valve is set to prevent the flow of carrier gas from the injection port body through
the solenoid valve. When the solenoid valve is in this position, only the column flow moves
through the injection port liner. Column flow rate is determined by the pressure of the carrier
gas in the injection port as set by the pressure regulator and the analytical column dimensions.

After a carefully determined time (the splitless hold time) the solenoid valve is switched to
re-establish the flow paths as used in the split injection mode. This allows any vaporized
sample remaining in the injection port to be quickly swept out of the injection port liner
through the split vent. A typical splitless hold time is between 60 and 90 seconds. The ideal
splitless hold time is long enough to allow most of the vaporized sample in the injection
port liner to be transferred to the analytical column. Excessively long splitless hold times
can produce tailing peaks and broad peaks. The splitless hold time must be determined
through experimentation, and will vary according to sample composition, column length and
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ID, carrier gas flow rate, and injection port liner configuration. Table II lists approximate
splitless hold times for various column IDs when operated with helium or hydrogen. The
splitless hold time will decrease as either the column ID or column flow rate increases.

Setting an optimal splitless hold time also is dependent on the choice of sample solvent and
the sample size. Use Table III to estimate the volume of vapor produced when using differ-
ent solvents at different pressures. The volume of vapor cloud formed should be divided by
the column flow rate to determine the approximate time needed to keep the solenoid valve
closed for complete sample transfer. The calculated splitless hold time also should be evalu-
ated to provide the optimum response for the sample analytes. If the solenoid valve is

Table II. Typical splitless hold times.

Column Flow Rate Sample Transfer Time*

Column ID Hold Time He H2 He H2

0.18mm 2 min. 0.3cc/min. 0.6cc/min. 2.7 min. 1.4 min.

0.25mm 1 min. 0.7cc/min. 1.4cc/min. 1.2 min. 0.6 min.

0.32mm 0.75 min. 1.2cc/min. 2.4cc/min. 0.7 min. 0.4 min.

0.53mm 0.5 min. 2.6cc/min. 5.2cc/min. 0.3 min. 0.2 min.

*2µL of liquid methylene chloride expanded to 0.8mL vapor at 250°C (10psig headpressure).

Table III. 
Solvent expansion volumes.

Expansion Volume in µL
at various column headpressures

Solvent Density (g/mL) MW 5psig l0psig 15psig

Heptane 0.68 100 219 174 145

Hexane 0.66 86 245 196 163

Pentane 0.63 72 280 224 186

Toluene 0.87 92 303 242 201

Ethyl acetate 0.90 88 328 261 217

Chloroform 1.49 119 400 319 266

Methylene chloride 1.33 85 500 399 332

Methanol 0.79 32 792 629 525

H2O 1.00 18 1776 1418 1179

The expansion volumes were determined using a 1.0µL injection volume, a 250° C injection port tem-
perature, and a headpressure of 5, 10, or 15psig (common operating pressures for 30m columns hav-
ing IDs of 0.53, 0.32, or 0.25mm, respectively). For 2µL injections, double the expansion volumes. 

Use these formulas to calculate values not listed in Table III:

Expansion volume = nRT / P
n = number of moles of solvent and sample.

= [volume (mL) × density (g/mL)] / mol. wt. (g/mole)
R = gas law constant

= 82.06cc atm/mole °K
T = absolute temperature of injector (°K)

(°K = °C + 273)
P = absolute column headpressure = gauge pressure (atm) + 1 atm

atm = psig × 0.06804 atm / psig

injector liner volume* = πr2L
π = 3.14
r = liner internal radius (cm)
L = liner length (cm)

*Also use this formula to determine capillary column internal volume.

✶For customer service, call
800-356-1688, ext. 3

(814-353-1300, ext. 3)

or call your local 
Restek representative.

http://www.restekcorp.com/calculators/backflash.htm
http://www.restekcorp.com/calculators/backflash.htm
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opened too quickly, responses will be low. However, if the solenoid valve remains closed
too long, the solvent peak will tail and peak resolution will suffer. To help determine the
optimal splitless hold time, a series of injections should be made using increasingly longer
splitless hold times. When the response for the analytes of interest plateaus, the sample
transfer process has been optimized (Figure 5).

Setting the injection port temperature for splitless injections is critical, just as it is for split
injections. The injection port temperature must be high enough to completely vaporize the
sample, yet not so high that it causes sample degradation. This is especially important
because the residence time for a sample in the injection port during splitless injections is
longer, compared to split injections.

Solvent Focusing and Analyte Focusing 
The long residence time for samples in the injection port also affects peak shape. In splitless
injections, samples are transferred to the head of the column over a longer period of time
than in split injections. As a result, initial peak bandwidths can be very broad unless vapor-
ized samples are refocused at the head of the column. Two techniques can be used to refo-
cus vaporized samples at the head of the column: solvent focusing and analyte focusing.
The difference between the two methods is the initial temperature of the column oven. For
solvent focusing, the initial oven temperature is low enough to allow the solvent to recon-
dense at the head of the column. This forms a zone of liquid solvent that traps all of the
vaporized sample analytes in a narrow band at the head of the column. Analyte focusing
requires an initial oven temperature that allows the solvent to move through the column as a
vapor immediately after injection. Analytes that have a significantly higher boiling point
than the solvent are recondensed at the head of the column because of the lower oven
termperature. 

A typical sequence of events for performing a splitless injection using solvent focusing is as
follows:

1. Set the initial oven temperature approximately 20°C below the boiling point of the sam-
ple solvent.

2. Close the solenoid valve to divert the entire sample onto the head of the column.

3. Inject the sample and hold the oven temperature at the initial temperature to recondense
the solvent and focus the sample at the head of the column. The initial oven temperature
is typically held for the same amount of time that the solenoid valve is closed.

4. Switch the solenoid valve to open the flow path to the split vent line and rapidly program
the oven temperature (10 to 30°C/min.) until the first analyte of interest elutes.

5. Slow the oven program rate to enhance resolution of the remaining analytes of interest.

Figure 5. 
Optimization of splitless hold time.

The splitless hold time is optimized 
when further increases do not increase analyte

response but result in solvent tailing.

ar
ea

hold time (sec.)

Split and Splitless Injection in
Capillary GC, 4th Ed.
This comprehensive handbook of split
and splitless injection techniques has
been totally revised and updated, con-
taining information on sample evapo-
ration in the injector, matrix effects,
and a new chapter on injector design.
It also includes a CD-ROM contain-
ing visualization of the evaporation
process during split and splitless
injection.

K. Grob, Wiley-VCH, 2001, 460pp.,
ISBN 3-527-29879-7
cat.# 20451 (ea.)
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The sequence of events for analyte focusing is the same, except for the initial oven tempera-
ture; instead of starting 20°C below the boiling point of the solvent, the oven temperature is
started 60–80°C below the boiling point of the earliest eluting compound.

Figure 6 shows an example of improper solvent focusing. The sample solvent is hexane,
which has a boiling point of 69°C. The initial oven temperature is 150°C, or 80°C above the
boiling point of hexane. The solvent peak is tailing, and the early-eluting compounds have
broad peak shapes and are poorly resolved from one another. Figure 7 illustrates proper sol-
vent focusing. The initial oven temperature, 40°C, is well below the boiling point of hexane.
The square solvent peak is a good indicator of proper solvent focusing. Also notice the sharp
peak shapes for both early- and late-eluting compounds. When the solvent is not detected or
elicits a low response, such as hexane with electron capture detectors (ECDs), the only indi-
cation of proper solvent focusing is narrow peaks for early-eluting compounds.

For optimal solvent focusing, choose a solvent that has a boiling point at least 20°C below
the boiling point of the earliest eluting target analyte. In some cases, it is not possible to
select the perfect solvent to achieve focusing. For example, methylene chloride (boiling
point 40°C) is frequently used for splitless work because of sample preparation techniques.
Analyses performed with an initial oven temperature of 40°C will not allow the solvent to
recondense at the head of the column and will not refocus the sample analytes. Ideally, ana-
lysts would start the oven temperature at 20°C when using methylene chloride as the sample
solvent, but because this is not practical, they must rely more on analyte focusing to refocus
sample analytes at the head of the column.

An important part of solvent focusing is the ability of the solvent to “wet” the stationary
phase in the column. Non-polar solvents should be used for splitless injections on non-polar
stationary phases (e.g., use hexane or isooctane for injections on Rtx®-1 and Rtx®-5
columns). Non-polar solvents are more soluble in non-polar stationary phases and will form
a more efficient zone of recondensed solvent in the column. Polar solvents are not as soluble
in non-polar stationary phases and will bead up on the stationary phase rather than forming
an even layer of recondensed solvent at the head of the column. Mismatches between the
polarity of the solvent and the polarity of the stationary phase can cause band broadening,
peak splitting, and poor resolution.

Once again, the same basic procedures are followed for analyte focusing, except the initial
oven temperature is 60–80°C below the boiling point of the earliest eluting compound,
instead of 20°C below the boiling point of the solvent, as with solvent focusing.

Figure 6. 
Initial oven temperature too high for

improper solvent focusing: solvent peak 
and early eluting compounds are tailing.

Figure 7. 
Initial oven temperature at least 20°C

below boiling point of earliest
eluting analyte: early eluting compounds

are symmetrical.

30m, 0.25mm  ID, 0.25µm Rtx®-5 (cat.# 10223) 
1.0µL splitless injection of a pesticide mix in 

hexane (5ng/µL); 
Oven temp.: 150°C to 275°C @ 4°C/min.

30m, 0.25mm  ID, 0.25µm Rtx®-5 (cat.# 10223) 
1.0µL splitless injection of a pesticide mix in 

hexane (5ng/µL); Oven temp.: 40°C to 150°C 
@ 25°C/min. then to 275°C @ 4°C/min.

A unique situation with Agilent 5890 and
6890/6850 split/splitless inlets makes a double
gooseneck liner highly desirable for samples
that contain compounds prone to catalytic deg-
radation through contact with hot metal sur-
faces. Agilent splitless inlets contain a metal
seal at the base of the inlet (just under the liner
outlet). Because the column is installed only a
few millimeters above the seal surface, the sam-
ple contacts the seal while it is being slowly
drawn into the column. A double gooseneck
inlet liner minimizes contact between the sam-
ple and the metal seal. A dirty seal increases the
breakdown of endrin (a pesticide prone to de-
composition) from 6% to 12.8% in an Agilent
5890 inlet when a 4mm straight inlet liner is
installed. However, when a  double gooseneck
inlet liner is used, the breakdown remains at 2%
regardless of whether the seal is clean or dirty.
(For more information, see page 24 of this
guide for a description of our Vespel® Ring Inlet
Seal.)

Endrin Breakdown

Liner Type Clean Seal Dirty Seal

Splitless with Wool 6.0% 12.8%

Double Gooseneck 2.0% 2.4%

splitless
liner

double 
gooseneck

liner

inlet
seal

Double gooseneck inlet liner minimizes 
the catalytic effects of sample contact
with the metal disk in an Agilent inlet.
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Inlet Liners for Splitless Injections
The residence time of the sample in a splitless liner is between 0.5 and 2 minutes, so splitless
inlet liners do not require large surface areas for efficient vaporization (unless you are using
a rapid-injecting autosampler). Splitless liners usually are designed as straight tubes. Alterna-
tive splitless liner designs, such as gooseneck restrictions, help contain the sample cloud in
the injector and minimize the breakdown of compounds sensitive to catalytic decomposition
on metal inlet parts. Splitless liners should be packed with wool or fused silica beads to help
with vaporization, trap non-volatile residue, and prevent column contamination when analyz-
ing dirty samples. Some of the more commonly used splitless liners are described below.

A) Straight Tube
Use for samples containing a narrow molecular
weight distribution and for those not prone to
thermal decomposition. Packing with wool is rec-
ommended. Wool aids in vaporization of high
molecular weight compounds and minimizes dis-
crimination.
Benefits:
• Low cost.
Drawbacks:
• Potential decomposition of active compounds

such as endrin and phenols when packed with 
wool.

• Prone to high molecular weight 
discrimination.

• Sample exposed to metal surface below liner.

B) Gooseneck

C) Recessed Gooseneck
Benefits:
• Increases splitless efficiency.
• Decreases breakdown of active compounds 

such as endrin and DDT.
• Chamber contains sample vaporization cloud.
• Can be packed with wool.
Drawbacks:
• No known drawbacks.

D) Double Gooseneck

E) Recessed Double Gooseneck
Best liner for catalytically labile or high molecu-
lar weight compounds. Isolates sample from
metal injection port parts. Use the cyclo-version
for dirty samples.
Benefits:
• Highest splitless efficiency.
• Breakdown of active compounds decreased.
• Chamber contains vaporization cloud.
Drawbacks:
• Higher cost than straight splitless liners.
• Only recessed double goosenecks can be packed

with wool.

Note: Recessed gooseneck liners offer the same
benefits as single or double gooseneck liners, but
the base of the recessed gooseneck can be packed
with wool and the liner can be used for dual-col-
umn analysis with a two-hole ferrule.

F) Drilled Uniliner®

This direct injection liner features a hole drilled
into the inlet end that reduces sample discrimina-
tion, compared to typical splitless injections.
Benefits:
• Excellent transfer of analytes to column.
• Decreases injection port discrimination.
• Removes excess solvent vapor.
• Eliminates the need for wool.
• No sample contact with metal parts below liner,

less adsorption.
Drawbacks:
• Higher amounts of non-volatile materials 

transferred to column.

G) 4mm Splitless with Fused Silica Wool
The wool provides a large surface area to allow
rapid vaporization of the sample and deliver a uni-
form vapor cloud to the split point. The low mass
of the wool fiber promotes complete vaporization.
Benefits:
• Low cost.
• Reproducible performance.
Drawbacks:
• Wool can be adsorptive, especially if fibers are 

broken.
• High maintenance requirements.

A

B

C

D

E

F

G

010 %
deactivated

all liners are

See page 17.

All Restek liners are deactivated to prevent
adsorption of active compounds. Call for

information on custom deactivations.
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Septum Purge Optimization
The septum purge (Figure 8) serves two func-
tions: to sweep septum bleed volatiles out of
the system and to reduce the potential for
sample backflash contaminating the carrier
gas inlet line. Optimization of the septum
purge flow rate is important, especially when
the inlet is operated in the splitless mode.
Most GC manufacturers recommend that the
septum purge flow rate be set between 3 and
5cc/min. Flow rates exceeding 5cc/min.
should not be used because highly volatile
sample components could be preferentially
purged from the inlet liner buffer volume after
vaporization. Flow rates lower than 3cc/min.
can allow septum bleed to enter the inlet liner
and cause ghost peaks to appear on the chro-
matogram. 

The septum purge flow rate must be readjust-
ed each time the injection pressure is changed
by more than 5psig. Most GCs have a low-
flow needle valve that makes septum purge
adjustments easy.

Figure 8. 
Typical carrier gas flowpath in a 

Varian split injector.

septum purge
out

carrier gas in

split liner

column

spring

split point

split vent out

ferrule

GC_EX00600

Rtx®-5 15m, 0.32mm ID, 1.50µm (cat.# 10266)
Sample: 50µg/mL PAH standard (cat.#31011 ) in hexane
Inj.: 1.0µL splitless (hold 2 min.),

4mm single gooseneck inlet liner w/FSwool (cat.# 22405)
Inj. temp.: 200°C
Carrier gas: helium, constant pressure
Linear velocity: 76cm/sec. @ 40°C
Oven temp.: 40°C(hold 4min.) to 325°C @10°C/min. (hold 5 min.)
Det.: FID @350°C

Figure 9. 
Injector temperature affects the recovery of higher molecular weight compounds.

GC_EX00601

1. naphthalene
2. acenaphthylene
3. acenaphthene
4. fluorene
5. phenanthrene
6. anthracene
7. fluoranthene
8. pyrene
9. benzo(a)anthracene

10. chrysene
11. benzo(b)fluoranthene
12. benzo(k)fluoranthene
13. benzo(a)pyrene
14. indeno(1,2,3-cd)pyrene
15. dibenzo(a,h)anthracene
16. benzo(ghi)perylene

Injector temp: 300°CInjector temp: 200°C
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Problems Associated with Split and Splitless Injections
When performed properly, split and splitless injections are easy to automate, produce nar-
row peaks, and yield consistent run-to-run peak areas. However, split and splitless injections
have inherent limitations associated with vaporizing the sample in a hot injection port.

Thermal Decomposition: The injection port temperature is a critical factor in optimizing
hot vaporization injection techniques. If the injection port temperature is too low, high
molecular weight analytes will not vaporize completely and will not be transferred to the
head of the column efficiently (as shown by peaks 14, 15 and 16 in Figure 9). If the injec-
tion port temperature is too high, thermally labile compounds can break down inside the
injection port before reaching the column. Figure 10 shows the effect of temperature on
thermally labile TMS derivatives of fatty acids. When the injection port temperature is set at
280°C, the response for the TMS derivatives is reduced. When the injection port tempera-
ture is lowered to 200°C, the response for the TMS derivatives is comparable to triacontane
at equivalent sample concentrations. Careful optimization of injection port temperatures will
maximize sample vaporization while minimizing sample decomposition.

Active Compounds: Active compounds can be problematic in split or splitless injections.
The high surface area and heat needed to uniformly vaporize the sample can cause these
compounds to break down or be adsorbed onto the surface of the injection port liner.
Deactivated inlet liners, and Silcosteel®-treated or gold-plated inlet seals can help minimize
active sites in the injection port. If tailing peaks and poor response for active compounds
cannot be corrected by using properly deactivated inlet liners and treated inlet seals, other
injection techniques such as cold on-column or temperature-programmed injections should
be considered.

Molecular Weight Discrimination: In hot vaporization injections, one injection port temper-
ature is used to vaporize all of the analytes in one sample injection. Compounds spanning a
range of molecular weights and boiling points will exhibit differences in response for equal
concentrations of analyte. High molecular weight, high boiling point analytes will have a
noticeably reduced response when compared to lower molecular weight, lower boiling point
analytes. This effect is more pronounced when analyzing samples that have a broad range of
molecular weights and boiling points. Samples containing analytes that are more closely
grouped by molecular weight and boiling point show less molecular weight discrimination.

1. TMS  tetracosanoate  (thermolabile) 
2. n-triacontane (stable) 
3. TMS  hexacosanoate  (thermolabile)

15m x 0.32mm ID fused silica coated with
0.25µm bonded methyl silicone
Sample: 1µL each of TMS n-tetracosanoate,
TMS n-hexacosanoate, and n-triacontane in n-
nonane at 2ng/µL each component. 

GC:  3000 Series Varian gas chromatograph
with 1077 split/splitless injector, FID and
autosampler. 
Split/splitless injector: 

Run 1: SPI held at 280° C
Run 2: SPI held at 200°C

Carrier gas: helium at 47cm/sec.
Oven: 130° to 280°C 20°C/min. (hold 2 min.)
FID: 300°C, 32 x 10-12

1

2

3

1 2
3

Chromatograms courtesy of Varian
Instrument Co.

280°C: Injector too hot,
thermal degradation evident

200°C: Injector tempera-
ture appropriate, break-

down minimized

Figure 10. 
The Donike Test illustrates the importance of injector temperature when a sample

contains thermally labile compounds.

✶For customer service, call
800-356-1688, ext. 3

(814-353-1300, ext. 3)

or call your local 
Restek representative.
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Figure 11 demonstrates the molecular weight discrimination experienced when analyzing a
series of hydrocarbons with a broad range of molecular weights (C6 through C44).
Alternative injection techniques, such as cold on-column injection, can be used to minimize
molecular weight discrimination.

Molecular weight discrimination is usually very repeatable. In split and splitless injections,
if the same injection port temperature, carrier gas pressure, sample size and sample solvent
are used for every injection, sample vaporization should be a reproducible process. Any
molecular weight discrimination experienced should be the same from one injection to the
next. Because of this consistency, many analysts choose to ignore molecular weight discrim-
ination unless it compromises overall sensitivity. To help compensate for differences in
response due to molecular weight discrimination, multiple internal standards can be used to
mimic the range of molecular weights and boiling points for the analytes in the sample.

Molecular weight discrimination can be minimized by choosing an injection port liner that
ensures the sample is completely and uniformly vaporized. Inadequate vaporization causes
the sample to approach the head of the column in both the aerosol and vapor states. Aerosol
droplets, consisting predominantly of high molecular weight compounds, can be driven past
the head of the column by the momentum of the carrier gas and will be preferentially swept
out of the injection port and through the split vent. Injection port liners that are packed with
glass wool or that incorporate a flow diverting device within their bore assist in vaporizing
the sample and transferring a homogeneous representation to the head of the column.

Needle Discrimination: During sample injections, the syringe needle undergoes some
degree of heating in the injection port. The temperature reached by the needle can influence
the relative response for low and high molecular weight analytes. During the process of
expelling the sample from the syringe, the contents in the needle are not completely trans-
ferred to the injection port. As the needle begins to heat, low molecular weight analytes
begin to vaporize from the needle while higher molecular weight analytes remain inside the
needle. Therefore, the lower molecular weight analytes will show enhanced response com-
pared to higher weight analytes (Figure 12). Three techniques can be used to minimize nee-
dle discrimination in split and splitless injections. 

The first technique is to inject the sample as rapidly as possible. Rapid injections minimize
the amount of time the needle spends in the injection port and reduces the amount of heating
the needle experiences. When making rapid injections in straight injection port liners for
split or splitless analysis, the sample can be propelled beyond the inlet of the column and
onto the injector base fitting. Always pack injection port liners with deactivated glass wool
or CarboFrit™ packing, or use a flow diverting device like a laminar cup to assist in sample

Figure 11.
Splitter discrimination typical of split and splitless injections.

Splitter discrimination is evident from relatively enhanced peak heights for the early-eluting com-
pounds and diminished peak heights for the later-eluting higher molecular weight compounds. The
same sample analyzed by cold on-column injection shows no discrimination; the peak heights for low
and high molecular weight compounds are truly representative of this sample.

Discrimination typical of a split or splitless
injector. Injector temperature: 340°C

Cold on-column injection provides accurate
information. Injector temperature: 40°C.

30m, 0.32mm ID, 0.25µm Rtx®-1 (cat.# 10124)
Inj. volume: 0.2µL
On-column conc.: 15ng. 
Oven temp.: 40°C to 340°C @ 5°C/min.

Det. (FID) temp.: 340°C
Linear velocity: 50cm/sec., hydrogen 
Attenuation: 8x10-11AFS

4 12 20 28 36 44 52min. 4 12 20 28 36 44 52min.

septum

vaporizing
chamber

syringe

volatile solutes
(vapor state)

high boiling
materials
(aerosols)

residual layer
of high-boiling
point materials

evaporating
solvent and

volatile solutes

sample liquid

column
inlet

needle

Figure 12.
Factors in discrimination: high molecular

weight material clinging to the syringe
needle and non-homogeneous vapor-
ization of the sample in the inlet liner.
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C44
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C44
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vaporization. Figure 13 shows the improvement in peak shape when an HP autosampler is
used with an injection port liner packed with wool, versus a liner without wool.

The second technique is to use hot needle injection. Hot needle injections are performed by
drawing the sample all the way into the syringe barrel, leaving the needle empty. When the
needle is introduced into the injection port the injection in delayed for a short period of time
(3–5 seconds, for example) to allow the needle to heat completely. Then the syringe plunger
is depressed and the sample is expelled into the injection port liner. 

The third technique is to use a solvent flush with each injection. This technique involves
drawing a small amount of solvent into the syringe, followed by a small amount of air, fol-
lowed by the desired amount of sample. All of the solvent, air, and sample are then drawn
into the barrel of the syringe, just as in a hot needle injection. The needle is preheated, as in
the hot needle injection, and the contents of the syringe are expelled into the injection port
liner. The solvent that was first drawn into the syringe acts to flush the syringe barrel and
needle, and completely transfers all of the sample during the injection process.

Backflash: Backflash occurs when the volume of the vaporized sample exceeds the volume
inside the injection port liner. Most of the excess vaporized sample escapes out the top of
the injection port liner. Some of it is swept down the septum purge line. Another portion of
it can back up into the carrier gas supply line, and some of it can be re-introduced into the
injection port. Backflash can cause poor peak area reproducibility, tailing peaks, split peaks,
and poor resolution.

Table III (page 8) shows the estimated expansion volumes for 1µL injections of a variety of
solvents. When using an injection port temperature of 250°C and a carrier gas pressure of
10psig, most solvents will vaporize and expand to a volume that exceeds the capacity of a
2mm ID injection port liner (approximately 240µL, see Table IV). In order to minimize
backflash, injection port parameters must be carefully optimized. Injection port temperature,
carrier gas pressure, sample size, and rate of injection all should be adjusted to ensure the
vaporized sample remains inside the liner prior to being transferred to the head of the col-
umn.

Sample Size and Injection Port Temperature: As the equation in Table III shows, the vol-
ume of vaporized sample produced is directly related to the size of the liquid sample (n) and
the temperature of the injection port (T). A decrease in either of these values will translate
into a smaller vaporized sample volume. If the injection port temperature cannot be
decreased because of vaporization problems and the sample size cannot be decreased
because of sensitivity issues, backflash must be minimized by optimizing the rate of injec-
tion or by adjusting the carrier gas pressure.

Figure  13. 
Always pack splitless inlet liners with wool when using rapid injection autosamplers.

4mm ID splitless liner without wool 
may exhibit fronting peaks.

4mm ID splitless liner with wool 
eliminates fronting peaks by promoting 

sample vaporization.

20 24 28 32 36 20 24 28 32 36

Table IV.
Liner Volumes.
Theoretical* Effective

1.0mm ID = 59µL 30µL

2.0mm ID = 236µL 118µL

3.0mm ID = 530µL 265µL

4.0mm ID = 942µL 471µL

*Liner volume actually available for vaporization
with carrier gas present is ≤ 1/2 theoretical, due to
the presence of carrier gas in the liner.

From Split and Splitless Injection in Capillary GC,
3rd Ed., K. Grob, Wiley-VCH, 2001.



Optimizing the Rate of Injection: Figure 14 shows the effect of varying rates of injection for
a 5µL sample. When a rapid injection (5µL/sec.) is made, the solvent peak tails and the
responses for equal concentrations of each analyte are not reproducible. A 1µL/sec. injection
rate improves the solvent peak shape, but the response for each analyte still is not proportion-
al to the concentration of each analyte. Only when the injection rate is slowed to 0.2µL/sec.
does the response for each analyte become consistent with the amount injected.

Some autosamplers are capable of slowing the injection rate to minimize backflash, but
most autosamplers use a rapid injection sequence. If large-volume injections must be made
rapidly, adjustments to the carrier gas pressure must be used to control sample expansion.

Pressure Programming: Pressure (P) is in the denominator of the equation in Table III
(page 8). Any increase in carrier gas pressure will help to reduce sample expansion volume.
Most of the latest models of GCs incorporate electronic pressure control (EPC) of the carrier
gas pressure. Pressure can be time-programmed so that the carrier gas pressure initially is
very high, then is reduced after the injection to optimize carrier gas flow rate for best resolu-
tion. Setting the initial carrier gas pressure to a high value will reduce the amount of sample
expansion that occurs at the point of injection and will speed up the transfer of the vaporized
sample from the liner to the head of the column.

Direct Injection as an Alternative to Splitless Injection
Direct injections are an alternative approach
for injecting samples with low concentrations
of analytes. Direct injections vaporize the
entire sample in a heated injection port, just
like split and splitless injections. However, in
direct injections, there is only one flow path
through the injection port. All of the carrier
gas is directed into the column and, hence, the
entire vaporized sample is directed into the
column as well. This can be accomplished by
using a specially designed injection port liner.
Unliner® injection port liners have an internal
taper in one end that allows a direct connec-
tion between the liner and the capillary col-
umn. With this connection, the flow path from
the injection port body through the split vent
is blocked and all of the carrier gas flow is
directed into the capillary column. Figure 15
illustrates how a Uniliner® injection port liner
with a Press-Tight® seal forms a leak-free
connection between the liner and the column.
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5µL/sec.
injection rate

1µL/sec.
injection rate

0.2µL/sec.
injection rate

Figure 14. 
The injection rate must be slower for large volume splitless injections.

Solvent: Isooctane 
1. n-C12
2. n-C14
3. n-C16
4. n-C18
5. n-C20

5µL injection

Chromatograms courtesy of Varian Instrument Co.

Figure 15. 
A Uniliner® liner forms a leak-tight seal
with the column, preventing the sample
from contacting metal parts at the base

of a splitless injection port.

inlet seal

splitless
liner

Uniliner®

with a
Press-Tight®

seal

1
2 3 4 5

✶For customer service, call
800-356-1688, ext. 3

(814-353-1300, ext. 3)

or call your local 
Restek representative.
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✶For customer service, call
800-356-1688, ext. 3

(814-353-1300, ext. 3)

or call your local 
Restek representative.

Because all of the carrier gas flow and the entire vaporized sample is directed into the capil-
lary column, direct injections give comparable performance to splitless injections. Faster
carrier gas flow rates usually are used to speed up the sample transfer process, and improve
peak shapes and resolution. Direct injections can be used as another option to minimize
molecular weight discrimination and loss of active compounds.

A Uniliner® inlet liner can be used as a direct replacement for a splitless liner. It can be installed
in the same manner as a splitless liner, except that the system must be operated continuously
with the solenoid valve closed. Uniliner® inlet liners are designed to accommodate 0.32 or
0.53mm ID columns. Request Restek’s Guide to Direct On-Column Vaporization Injection (lit.
cat.# 59882) for more information on how to perform and optimize direct injections.

Standard Gooseneck Uniliner® Inlet Liner

The buffer volume chamber contains the sample vaporization cloud and prevents analyte
contact with metal injector parts. Peak tailing is reduced and larger injections can be made. 

Cyclo-Uniliner® Inlet Liner

The glass cyclo spiral provides an excellent vaporization surface for high and low
molecular weight samples. Particles are trapped on the first turn of the spiral, reducing
subsequent residue/sample interaction. In comparison to liners packed with wool, Cyclo-
Uniliner® liners accept up to five times as many injections of dirty samples before cali-
bration curves degrade. Because they are deactivated, they are ideal for active samples.

Open-top Uniliner® Inlet Liner

Open-top Uniliner® liners are ideal for extremely dirty samples because they can be
packed with fused silica wool to trap dirt and sample residue. Contaminated wool is
easily replaced and the liner can be cleaned with a nylon brush or pipe cleaner.

Drilled Uniliner® Inlet Liner

A specially modified injection port liner, developed by Restek chemists, reduces sample
contact with active metal parts in split/splitless injection ports. The Drilled Uniliner® liner
gives the benefits of both direct injection and splitless injection. The column is connected
to the liner by a press-fit connection, thus preventing the sample from contacting the metal
at the bottom of the injection port. The hole on the side of the liner allows the purge flow
to escape from the liner when the injection mode is switched from splitless to split.

Deactivation
Siltek™ Deactivation
• Revolutionary deactivation lowers endrin breakdown to less than 1%.
• Inertness retained over a wide range of sample pH.
• Minimal bleed.
• Recommended for difficult matrix and reactive compound analysis.
• Ideal for chlorinated pesticide analysis.
• Recommended for use with Rtx®-CLPesticides, Stx-CLPesticides, Stx-1HT, and Rtx®-

TNT columns.

Base-Deactivation
• Provides excellent inertness for basic compounds.
• Recommended for use with Rtx®-5 Amine, Rtx®-35 Amine, and Stabilwax®-DB columns.

Intermediate Polarity (IP) Deactivation
Our standard deactivation for liners. Phenylmethyl-deactivated surface provides opti-
mum compatibility for both polar and non-polar compounds.

In most cases, the standard IP deactivation should be chosen. The IP surface contains methyl
groups, as well as phenyl groups, making this surface compatible with most common 
solvents.
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Hints for Analyzing Dirty Samples
When injecting dirty samples, non-volatile contaminants such as high molecular weight
compounds, septum particles, derivatization reagents, salts, and pyrolyzed samples adhere to
the interior wall of the injection port liner after the sample solvent and sample analytes have
been vaporized. As this layer of residue thickens, it can cause loss of response for active
compounds. Figure 16 illustrates this effect when highly active phenols are analyzed on a
clean and a dirty inlet liner. In this example, responses are reduced because of adsorptive
effects in the liner.

Non-volatile contamination can be trapped in the injection port liner by using a small plug
of deactivated fused silica or glass wool. Usually a 1cm plug of wool, positioned in the cen-
ter of the injection port liner, is sufficient to provide a surface for non-volatile contamination
to collect. Some instrument manufacturers provide specific instructions on packing injection
port liners to maximize quantitative accuracy and minimize discrimination. If fused silica
wool or glass wool is used in an injection port liner, it should be replaced as part of the rou-
tine maintenance schedule for the injection port. Regular replacement of the wool in the
injection port liner will extend the lifetime of the injection port liner as well as prevent chro-
matographic problems from extensive non-volatile contaminant build up. When replacing
the wool during routine maintenance, minimize handling of the wool by using a wool puller
tool (cat.# 20114).

If fused silica or glass wool is not an effective mode of trapping non-volatile contamination
under your conditions, injection port liners with a “cyclo” or glass frit design can be used to
trap non-volatile contamination. While these types of injection port liners may provide
effective trapping of non-volatile contamination, they are harder to clean than straight injec-
tion port liners packed with wool.

In the past, some instruments were supplied with injection port liners that were packed with
a small amount of packed column packing material. We do not recommend using this type
of injection port liner. Diatomites used in packed column GC packings often are active and
contain impurities that increase adsorptive effects for active compounds. Also, the stationary
phases that are used in these packings can produce significant bleed when used in injection
ports at elevated temperatures.

Guard Columns
Guard columns protect analytical

columns in several ways:

Guard columns trap non-volatile resi-
dues, preventing them from collecting
at the analytical column inlet. These
residues may be very high molecular
weight organic compounds, inorganic
salts, or particles. If these contaminants
enter the analytical column, they can
cause adsorption of active compounds,
loss of resolution, and poor peak sym-
metry. When this contamination begins
to affect sample analysis, a small sec-
tion of the analytical column must be
removed to restore proper performance.
Each time a column section is removed,
retention times change, and some reso-
lution is lost. By using a guard column
and removing contaminated loops from
it instead of from the analytical column,
analytical column length and inertness
remain intact. 

Guard columns also allow more injec-
tions to be made before contamination
interferes with analytical results.
Because there is no stationary phase
coated on a guard column, the amount
of time the sample spends in the guard
column is minimal. This reduces the
interaction between sample components
and contamination from non-volatile
residue in the guard column.

For more information on selecting a
guard column for your analysis, request
our Fast Facts GC Capillary Column
Guard Columns (lit. cat.# 59319).

Figure 16.
Phenols are adsorbed after several injections of a dirty sample.

1. phenol  
2. 2-chlorophenol  
3. 2-nitrophenol  
4. 2,4-dimethylphenol  
5. 2,4-dichlorophenol  
6. 4-chloro-3-methylphenol  
7. 2,4,6-trichlorophenol  
8. 2,4-dinitrophenol  
9. 4-nitrophenol 

10. 2-methyl-4,6-dinitrophenol 
11. pentachlorophenol

Initially, phenols respond well
on a clean, deactivated inlet
liner. However, after several
injections of Southern
Louisiana crude oil, responses
are greatly diminished due to
the sample’s interaction with
non-volatile residue in the
inlet liner.
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15m, 0.32mm ID, 1.0µm Rtx®-5 (cat.# 10251)
0.2µL split injection of phenols (604 Phenol Mix, cat.# 31029)
Oven temp.: 80°C to 290°C @ 8°C/min.
lnj.& det: temp.: 310°C
Carrier gas: hydrogen 
Linear velocity: 45cm/sec.
FID sens.: 16x10-11

Split ratio: 9:1
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Mini Wool Puller/Inserter
Makes inserting and removing wool
easy. Not recommended for double
gooseneck liners.

Description qty. cat.#
Mini Wool Puller/Inserter 2-pk. 20114
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In addition to using a clean and deactivated injection port liner, we recommend using a five-
meter deactivated guard column when analyzing dirty samples. Routine maintenance of the
liner and the guard column will prevent dirty samples from contaminating the analytical col-
umn, and will help ensure reproducible and accurate analytical results. 

Hints for Performing Routine Injection Port Maintenance
Injection port maintenance should be performed prior to installing any capillary column.
Maintenance of the injection port after a column is installed should be performed periodical-
ly, based on the number of injections made and the cleanliness of the samples. Maintenance
includes cleaning, deactivating, or replacing injection port liners, and replacing critical inlet
seals and the septum. Review the instrument manual inlet diagram prior to disassembling
the inlet.

Cleaning and Deactivating Injector Liners 
For optimum column performance, the injection port liner must be free of septum particles,
sample residue, and ferrule fragments. Use a deactivated injection port liner when analyzing
samples with compounds that are active or prone to decomposition or adsorption on untreat-
ed glass surfaces. Table V illustrates the importance of a deactivated injection port liner
when analyzing active compounds. The response factors (RF) for all three of these active
compounds were much lower with non-deactivated inlet liners.

If the injection port liner is deactivated and is not excessively dirty, cleaning with organic
solvents usually is enough to restore original performance. Most organic solvents will not
affect the integrity of the surface deactivation. First, remove septum particles that adhere to
the inside wall of the injection port liner by rinsing with methanol or isopropanol. Next, use
pentane, methylene chloride or toluene to remove sample residue. Do not use laboratory
detergents, acids, or bases to clean injection port liners. Harsh cleaning agents will remove
or damage the deactivation layer and the liner will require re-deactivation. Nylon brushes
and pipe cleaners (cat.# 20108) can be used for mild abrasive cleaning of injection port liners.

Replacing Critical Seals
Replace critical seals prior to installing an injection port liner (see the instrument manual for
seal locations). In most capillary injection ports, an o-ring or ferrule made of rubber or
graphite is used to seal the injection port liner into the injection port body. It is critical that
the seal fits tightly around the liner, to prevent the carrier gas from leaking around the out-
side of the liner. Check for leaks with a thermal conductivity-type leak detector (e.g., Leak
Detective™ II, cat.# 20413).

Changing Septa
Always use a high-quality, low-bleed septum. We recommend replacing the septum fre-
quently, to prevent leaks and fragmentation. Multiple injections and continuous exposure to
hot injection port surfaces will decompose the septum and cause particles to fall into the
injection port liner. Septum particles are a potential source of ghost peaks, loss of inertness,
and carrier gas flow occlusion. It is best to install a new septum at the end of an analytical
sequence so that it can condition in the injector and reduce the incidence of ghost peaks. To
avoid contamination, always use forceps when handling septa. Restek’s high quality, low-
bleed Thermolite® septa are available for most common models of capillary GCs. For more
information, request a copy of Restek’s Guide to Minimizing Septa Problems (lit. cat.#
59886).

Compound RF Deactivated Liner RF Undeactivated Liner

2,4-dinitrophenol 0.248 0.185

pentachlorophenol 0.240 0.188

benzidine 0.327 0.234

Table V.
Deactivated inlet liners show higher response factors for active components.

RF relative to 
naphthalene;

N=3

For additional hints for analyzing dirty samples, request a copy of Restek’s A Guide When
Injecting Dirty Samples (lit. cat.# 59881).

Nylon Tube Brushes and Pipe
Cleaner
Use to remove small septum fragments
and residue from dirty glass inlet liners.
Brushes are 1/8-, 3/16-, and 1/4-inch in diam-
eter; pipe cleaner is one foot long.

Leak Detective™ II
Leak Detector
• Affordable thermal conductivity leak

detector—every analyst can have one.*
• Compact, ergonomic design is easy to

hold and operate with one hand.
• Helium, hydrogen, and nitrogen can

be detected at 1x10-4cc/sec. or at an
absolute concentration as low as
100ppm.**

• Fast results—responds in less than 2
seconds to trace leaks of gases with
thermal conductivities different than air.

• Micro-chip design improves sensitivity
and response time over previous models.

• Auto zeroing with the touch of a button.
• Battery-operated for increased porta-

bility (one 9-volt).

Description qty. cat.#

Leak Detective™ II Leak Detector
(9 volt, Battery-Operated) ea. 20413

Description qty. cat.#

Nylon Tube Brushes and Pipe
Cleaner set 20108

*Never use liquid leak detectors on a capillary sys-
tem because liquids can be drawn into the column.
**Caution: NOT designed for determining leaks of
combustible gases. A combustible gas detector
should be used for determining combustible gas
leaks in possibly hazardous conditions.
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Base-Deactivated Inlet Liners for Agilent GCs
If you do not see the deactivated liner you need, you can order it on a custom basis by
adding the appropriate suffix number to the liner catalog number. For base deactivation:
each (-210.1), 5-pack (-210.5), 25-pack (-210.25). For base-deactivated liners packed with
base-deactivated wool: each (-211.1), 5-pack (-211.5), 25-pack (-211.25).

Prepacked Liners
Let Restek do the work! Just add the appropriate suffix to the liner catalog number.

Siltek™ Deactivation—The Next Generation
• Maximizes the inertness of the sample pathway.
• Minimizes breakdown.
• Low bleed.
• Thermally stable.
• “Clean and green”—manufactured without the use of harmful organic solvents.

Restek offers the next generation of deactivation. The Siltek™ deactivation process (patent
pending) produces a highly-inert glass surface, which features high temperature stability,
extreme durability, and low bleed. Try Siltek™ liners, guard columns, wool, and connectors
for better recovery of sample analytes.

For Siltek™ inlet liners, add the corresponding suffix number to your liner catalog
number.

ea. 5-pk. 25-pk.
4mm Split Straight w/ Wool

20781-211.1 20782-211.5 20783-211.25
Cyclosplitter®

20706-210.1 20707-210.5 —
4mm Splitless Straight

20772-210.1 20773-210.5 20774-210.25
2mm Gooseneck

20795-210.1 20796-210.5 20797-210.25
4mm Gooseneck

20798-210.1 20799-210.5 20800-210.25

Prepacked Inlet Liners Suffix Numbers
qty. FS Wool FS Beads Glass Wool CarboFrit™†
ea. -200.1 -201.1 -202.1 -209.1

5-pk. -200.5 -201.5 -202.5 -209.5
25-pk. -200.25 -201.25 -202.25 -209.25

Siltek™ with Siltek™ with
qty. Siltek™ Siltek™ wool CarboFrit™

each -214.1 addl. cost -213.1 addl. cost -216.1 addl. cost
5-pk. -214.5 addl. cost -213.5 addl. cost -216.5 addl. cost
25-pk. -214.25 addl. cost -213.25 addl. cost -216.25 addl. cost

✶For customer service, call
800-356-1688, ext. 3

(814-353-1300, ext. 3)

or call your local 
Restek representative.

featuring

Siltek™

deactivation

†CarboFrit™ inserts require a neck greater than 2mm.

Deactivation—Which
Should You Choose?
Siltek™ Deactivation
• Revolutionary deactivation lowers

endrin breakdown to less than 1%.
• Inertness retained over a wide range

of sample pH.
• Minimal bleed.
• Recommended for difficult matrix

and reactive compound analysis.
• Ideal for chlorinated pesticide analysis.
• Recommended for use with Rtx®-

CLPesticides, Stx-CLPesticides,
Stx-1HT, and Rtx®-TNT columns.

Base-Deactivation
• Provides excellent inertness for basic

compounds.
• Recommended for use with Rtx®-5

Amine, Rtx®-35 Amine, and
Stabilwax®-DB columns.
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Splitless Liners
for Agilent/Finnigan GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Agilent part # ea.

cat.#
5-pk. 25-pk.

2mm Splitless
trace samples <2µL 2.0 ID

6.5 OD x 78.5
18740-80220
5181-8818 20712 20713 20714

4mm Splitless
trace samples >2µL 4.0 ID

6.5 OD x 78.5 19251-60540 20772 20773 20774

Siltek™ 4mm Splitless
trace samples >2µL 4.0 ID

6.5 OD x 78.5 19251-60540 20772-214.1 20773-214.5 20774-214.25

4mm Splitless w/ FS Wool
trace samples >2µL 4.0 ID

6.5 OD x 78.5 19251-60540 22400 22401 22402

2mm Splitless (quartz)
trace samples <2µL 2.0 ID

6.5 OD x 78.5
18740-80220
5181-8818 20914 20915 —

4mm Splitless (quartz)
trace samples >2µL 4.0 ID

6.5 OD x 78.5
18740-80220
5181-8818 20912 20913 —

4mm Splitless (quartz) w/ FS Wool
trace samples >2µL 4.0 ID

6.5 OD x 78.5
18740-80220
5181-8818 22403 22404 —

Gooseneck Splitless (2mm)
trace samples <2µL 2.0 ID

6.5 OD x 78.5 5181-3316*** 20795 20796 20797

Siltek™ Gooseneck Splitless (2mm)
trace samples <2µL 2.0 ID

6.5 OD x 78.5 5181-3316*** 20795-214.1 20796-214.5 20797-214.25

Gooseneck Splitless (4mm)†
trace samples >2µL 4.0 ID

6.5 OD x 78.5 5181-3316 20798 20799 20800

Siltek™ Gooseneck Splitless (4mm)†
trace samples >2µL 4.0 ID

6.5 OD x 78.5 5181-3316 20798-214.1 20799-214.5 20800-214.25

Gooseneck Splitless (4mm) w/ FS Wool†
trace samples >2µL 4.0 ID

6.5 OD x 78.5 5062-3587 22405 22406 22407

Siltek™ Gooseneck Splitless (4mm) w/ Siltek™ Glass Wool†
trace samples >2µL 4.0 ID

6.5 OD x 78.5 5062-3587 22405-213.1 22406-213.5 22407-213.25

Double Gooseneck Splitless (4mm)
trace, active samples >2µL 4.0 ID

6.5 OD x 78.5 5181-3315 20784 20785 20786

Siltek™ Double Gooseneck Splitless (4mm)
trace, active samples >2µL 4.0 ID

6.5 OD x 78.5 5181-3315 20784-214.1 20785-214.5 20786-214.25

Cyclo Double Gooseneck (2mm)

trace, active, dirty samples
<2µL

2.0 ID
6.5 OD x 78.5 — 20907 20908 —

Cyclo Double Gooseneck (4mm)

trace, active, dirty 
samples >2µL

4.0 ID
6.5 OD x 78.5 — 20895 20896 20997

Siltek™ Cyclo Double Gooseneck (4mm)

trace, active, dirty 
samples >2µL

4.0 ID
6.5 OD x 78.5 — 20895-214.1 20896-214.5 20997-214.25

Recessed Gooseneck (2mm)*

base easily packs with wool 
for dirty samples <2µL

2.0 ID
6.5 OD x 78.5 — 20980 20981 20982

Recessed Gooseneck (4mm)*

base easily packs with wool 
for dirty samples >2µL

4.0 ID
6.5 OD x 78.5 — 20983 20984 20985

Siltek™ Recessed Gooseneck (4mm)*

base easily packs with wool 
for dirty samples >2µL

4.0 ID
6.5 OD x 78.5 — 20983-214.1 20984-214.5 20985-214.25

Recessed Gooseneck (4mm)* w/ FS Wool

base easily packs with wool
for dirty samples > 2µL

4.0 ID
6.5 OD x 78.5 — 22408 22409 22410

Recessed Double Gooseneck (4mm)*

base easily packs with wool
for dirty, active samples 

> 2µL

4.0 ID
6.5 OD x 78.5 — 20986 20987 20988
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*Use with two-hole ferrule for dual-column analysis.
**Nominal ID at syringe needle expulsion point.

***Restek design changes improve performance over
the original Agilent liner.
†Use this liner for increased sensitivity.

010 %
deactivated

all liners are
Liners for Agilent/Finnigan GCs
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Split/Splitless Liners for
Agilent 6890 GCs Benefits/Uses

ID**/OD &
Length (mm)

Similar to
Agilent part #

cat.#
ea.

Low Pressure Drop Liner w/ Wool

universal, use with Agilent 6890
GCs

4.0 ID
6.3 OD x 78.5 5183-4647 21032 21033

Split Liners
for Agilent/Finnigan GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Agilent part# ea.

cat.#
5-pk. 25-pk.

1mm Split†

for purge & trap inlet
splitting 

or sample <1µL 

1.0 ID
6.3 OD x 78.5 — 20972 20973 —

4mm Split with Wool*

universal, use with
Agilent 7673 
autosampler

4.0 ID
6.3 OD x 78.5 19251-60540 20781 20782 20783

Siltek™ 4mm Split w/ Siltek™ Glass Wool

universal, use with
Agilent 7673 
autosampler

4.0 ID
6.3 OD x 78.5 19251-60540 20781-213.1 20782-213.5 20783-213.25

Laminar Cup Splitter
high MW compounds 4.0 ID

6.3 OD x 78.5 18740-80190 20801 20802 —

mini-Lam™ Split
high MW compounds 4.0 ID

6.3 OD x 78.5 — 20990 20991 —

Cup Splitter

high & low MW 
compounds

4.0 ID
6.3 OD x 78.5 18740-80190 20709 20710 —

Siltek™ Cup Splitter

high & low MW 
compounds

4.0 ID
6.3 OD x 78.5 18740-80190 20709-214.1 20710-214.5 —

Cyclosplitter®

dirty samples, many
injections before
cleaning required

4.0 ID
6.3 OD x 78.5 — 20706 20707 20708

4mm Split Precision Liner

dirty samples, trace
samples

4.0 ID
6.3 OD x 78.5 — 21022 21023 20979

Siltek™ 4mm Split Precision Liner w/ Siltek™ Glass Wool

dirty samples, trace
samples

4.0 ID
6.3 OD x 78.5 — 21022-213.1 21023-213.5 20979-213.25

*Use with two-hole ferrule for dual-column analysis.
**Nominal ID at syringe needle expulsion point.

***Restek design changes improve performance over
the original Agilent liner.
†Use this liner for increased sensitivity.
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cat.#
5-pk.

featuring

Siltek™
deactivation

featuring

Siltek™
deactivation

featuring

Siltek™
deactivation

DI Liners for Agilent/Finnigan GCs
(For 0.32/0.53mm ID Columns) Benefits/Uses:

ID**/OD &
Length (mm)

cat.#
ea.

cat.#
5-pk.

Siltek™ 1mm Uniliner®***

trace, active samples,
samples <1µL

1.0 ID
6.3 OD x 78.5 21052-214.1 21053-214.5

Uniliner®***

trace, active samples, high 
recovery & linearity

4.0 ID
6.3 OD x 78.5 20335 20336

Siltek™ Uniliner®***

trace, active samples, high 
recovery & linearity

4.0 ID
6.3 OD x 78.5 20335-214.1 20336-214.5

Cyclo-Uniliner®***

trace, dirty, high MW active 
samples, high recovery &

linearity

4.0 ID
6.3 OD x 78.5 20337 20338

Siltek™ Cyclo-Uniliner®***

trace, dirty, high MW active 
samples, high recovery &

linearity

4.0 ID
6.3 OD x 78.5 20337-214.1 20338-214.5

Open-top Uniliner® with Wool***

trace, dirty, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5 20843 20844

featuring

Siltek™
deactivation

featuring

Siltek™
deactivation

featuring

Siltek™
deactivation

DI Liners for Agilent 5890 & 6890 GCs 
(For 0.25/0.32/0.53mm ID Columns) Benefits/Uses:

ID**/OD &
Length (mm)

cat.#
ea.

cat.#
5-pk.

Drilled Uniliner®

allows direct injection when using an
EPC-equipped GC

4.0 ID
6.3 OD x 78.5 21054 21055

Siltek™ Drilled Uniliner®

allows direct injection when using an
EPC-equipped GC

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

allows direct injection when using an
EPC-equipped GC

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

Hole makes
direct

injection
possible

with EPC-
equipped
Agilent

6890 GCs!

featuring

Siltek™
deactivation

featuring

Siltek™
deactivation

010 %
deactivated

all liners are
Liners for Agilent/Finnigan GCs
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O-Rings
Viton® O-Rings
• For Agilent and PE AutoSys GCs.
• Viton® O-rings fit split (6.3mm OD) or splitless (6.5mm OD) liners.
• Graphite O-rings have excellent thermal stability.

Similar to Restek
Description Max. temp. Agilent part # qty. cat.#
Viton® (fluorocarbon) O-rings 350°C 5180-4182 25-pk. 20377

Graphite O-Rings
• For Agilent and Varian 1177 GCs.
• Excellent thermal stability at injection port temperature up to 450°C!

High-Temperature O-Rings
• Stable to 400°C.
• Will not crack or melt.
• Softer and easier to use than graphite.

Description Max. temp. qty. cat.#
High-temperature O-rings 400°C 5-pk. 20437

Similar to Restek cat.#
Description Max. temp. Agilent part # 10-pk. 50-pk.
6.35mm ID Graphite O-rings for split liners 450°C 5180-4168 20296 20297
6.5mm ID Graphite O-rings for splitless liners 450°C 5180-4173 20298 20299

Inlet and FID Maintenance Kits for Agilent GCs
• Kits include the most common consumable supplies.
• All parts meet or exceed instrument manufacturer’s specifications.
• Includes parts list that makes reordering easy.

Description qty. cat.#
Inlet Maintenance Kit for Agilent 5890/6890/6850 GCs kit 21069
FID Maintenance Kit for Agilent 5890 GCs kit 21070
FID Maintenance Kit for Agilent 6890/6850 GCs kit 21071

Inlet kits include:
• 0.4, 0.5, and 0.8mm ID

graphite ferrules.
• Viton® o-rings.
• Capillary nuts.
• Inlet seals.
• Reducing nut.
• Scoring wafer.
• 11mm Thermolite® septa.
• 4.0mm single gooseneck liner.
• 4.0mm split liner with wool.
• Capillary column caps.
• 1/4- to 5/16-inch wrench.
• Septum puller.
• Installation gauge.
• Wire cleaning brush.
• Jet reamers/ferrule removers.
• Inlet liner removal tool.

FID kits include:
• 1/4-Inch, 0.4, 0.5, and 0.8mm ID graphite ferrules.
• FID/NPD capillary adaptor.
• Capillary nuts.
• Jet reamers/ferrule removers.
• 1/4-Inch nut.
• Scoring wafer.
• Capillary column caps.
• Ignitor for either Agilent 5890 or 6890/6850 GCs.
• FID flow measuring adaptor.
• 1/4- to 5/16-inch  wrench.
• Installation gauge.
• Wire cleaning brush.
• High-performance Silcosteel®-treated FID jet for

either Agilent 5890 or 6890/6850 GCs.
• 1/4-Inch nut driver for jet removal.
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In Agilent split/splitless injection ports, it can be diffi-
cult to make and maintain a good seal with a conven-
tional metal inlet disk. The metal-to-metal seal dictates
that the analyst apply considerable torque to the reduc-
ing nut, and, based on our testing, this does not ensure
a leak-tight seal.  Over the course of oven temperature
cycling, metal seals are prone to leaks, which ultimate-
ly can degrade the capillary column, and cause other
analytical difficulties.

Our Vespel® Ring Inlet Seal greatly improves injection port performance—it seals even
after repeated temperature cycles and without retightening the reducing nut! This seal fea-
tures a Vespel® ring embedded into its face. This soft Vespel® ring will not harm the critical
seal on the injector body, and is outside the sample flow path. Tests using a high sensitivi-
ty helium leak detector indicate the Vespel® Ring Inlet Seal seals equally effectively at
torques of 5lb. or 60lb. (Figure 1).

Why trust a metal-to-metal seal when you can make leak-tight seals quickly and easily—
and more reliably—with the Restek Vespel® Ring Inlet Seal? Use the stainless steel seal for
analysis of unreactive compounds. To reduce breakdown and adsorption of active com-
pounds, use the gold-plated or Silcosteel®-treated seals. The gold surface offers better inert-
ness than standard stainless steel;  Silcosteel® treatment provides inertness similar to that of
fused silica capillary columns. 

Vespel® Ring Inlet Seals for Agilent 5890/6890/6850 GCs
0.8mm ID Vespel® Ring Inlet Seal (washers included) 2-pk. 10-pk.
Gold-Plated 21562 21563
Silcosteel® 21564 21565
Stainless Steel 21560 21561
1.2mm ID Vespel® Ring Inlet Seal (washers included) 2-pk. 10-pk.
Gold-Plated 21568 21569
Silcosteel® 21570 21571
Stainless Steel 21566 21567

Vespel® ring 
minimizes leaks

Re-Threading Tool
• Repair worn or damaged threads.
• Multiple uses (injection ports, fittings, etc.).
• Built-in guide to prevent cross-threading.

Description qty. cat.#

Re-threading Tool for 1/4" compression fitting
for Agilent split/splitless injection ports ea. 23018

1) Worn & damaged threads can
allow oxygen into the sys-
tem—compromising analyti-
cal results and destroying
columns.

2) Screw the tool completely
onto the injection port in a
clockwise direction.

3) Unscrew the tool and inspect
the threads, repeat as neces-
sary, and, when done, wipe
threads with methanol to
remove any debris.

1 2 3

Achieve a better seal!

• Easy-to-use, patent-pending design makes a better seal, easily.
• Prevents oxygen from damaging your columns.
• Reduces wear on the injection port body.

Vespel® Ring Inlet Seals for Agilent 5890/6890 and 6850 GCs

Figure 1
The Vespel® Ring Inlet Seal achieves

leak-tight seals even at low torque, reduc-
ing the chance of leaks.
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Replacement Inlet Seals
• Special grade of stainless steel that is softer and deforms more easily, ensuring a com-

pletely leak-free seal.
• Increases column lifetime because oxygen cannot permeate into the carrier gas.
• Reduced noise benefits high-sensitivity detectors (e.g., ECDs, MSDs).
• Silcosteel® seal offers the inertness of glass.
• All seals include washers.

Replacement Inlet Seals for Agilent 5890/6890/6850 Split/Splitless Injection Ports
The inlet seal at the base of the Agilent 5890/6890 GC injection port contacts the sample
and must be changed frequently to prevent adsorption of active compounds. In addition,
septum fragments and sample residue accumulate on the disk surface, requiring disk
replacement.

The inlet seal design increases column lifetime because oxygen cannot permeate into the
carrier gas. Detector noise also is reduced with high-sensitivity detectors (e.g., ECDs or
MSDs). To reduce breakdown and adsorption of active compounds, use the gold-plated or
Silcosteel® seals. The gold surface offers better inertness than standard stainless steel, and
the Silcosteel® treatment offers inertness similar to that of fused silica capillary columns.

Single-Column Installation,
Opening Size 0.8mm ID*

0.25/0.32mm ID Dual-Column
Installation, Opening Size 1.2mm ID

0.53mm ID Dual-Column Installation
Opening Size (1/16-inch hole)

2-pk. 10-pk. 2-pk. 10-pk. 2-pk. 10-pk.

Stainless Steel Inlet Seal
21315 21316 20390 20391 20392 20393

Gold-Plated Inlet Seal
21317 21318 21305 21306 — —

Silcosteel® Inlet Seal
21319 21320 21307 21308 — —

Replacement Inlet Cross-Disk Seal for Agilent GCs
• Ideal for high-flow split applications on Agilent 5890 GCs.
• All seals include washers.

(Similar to Agilent part # 5182-9652.)

0.8mm ID Cross-Disk Inlet Seal for Agilent GCs 2-pk. 10-pk.
Gold-Plated 20477 20476
Silcosteel® 20475 20474
1.2mm ID Cross-Disk Inlet Seal for Agilent GCs 2-pk. 10-pk.
Gold-Plated 21009 21010
Silcosteel® 21011 21012

*0.8mm ID stainless steel inlet seal is equivalent to Agilent part #18740-20880,
0.8mm ID gold-plated inlet seal is equivalent to Agilent part #18740-20885.
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Splitless Liners for
Varian 1075/1077 GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

2mm Splitless
trace samples <2µL 2.0 ID

6.3 OD x 74 01-900109-05 20721 20722 20723

4mm Splitless
trace samples >2µL 4.0 ID

6.3 OD x 74 01-900109-05 20904 20905 20906

Double Gooseneck

trace, active samples 
up to 4µL

4.0 ID
6.3 OD x 74 — 20847 20848 20849

Cyclo Double Gooseneck

trace, dirty, active samples
up to 4µL

4.0 ID
6.3 OD x 74 — 20897 20898 —

DI Liners for Varian 1075/1077 GCs 
(0.32/0.53mm ID) Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

Uniliner®

trace, active samples,
high recovery & linearity

4.0 ID
6.3 OD x 72 — 20345 20346 —

Cyclo-Uniliner®

trace, dirty, high MW,
active samples, linearity

4.0 ID
6.3 OD x 72 — 20347 20348 —

Open-top Uniliner® with Wool*

trace, dirty, active samples,
high recovery & linearity

4.0 ID
6.3 OD x 72 — 20845 20846 —

SPI Liners
for Varian GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

0.5mm SPI

high linearity
for 0.25 & 0.32mm ID columns

0.53 ID
4.6 OD x 54 01-900109-06 20775 20776 20777

Siltek™ 0.5mm SPI

high linearity
for 0.25 & 0.32mm ID columns

0.53 ID
4.6 OD x 54 01-900109-06 20775-

214.1 20776-214.5 20777-
214.25

0.8mm SPI

high linearity
for 0.53mm ID columns

0.80 ID
4.6 OD x 54 01-900109-07 20778 20779 20780

SPI with Buffer

dirty samples >1µL, fits 0.25, 0.32 &
0.53mm ID columns

2.4 ID
4.6 OD x 54 01-900109-08 20850 20851 20852
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featuring

Siltek™

deactivation

*Prepacked with fused silica wool. For glass wool instead, add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.

010 %
deactivated

all liners are

Split Liners
for 1075/1077 Varian GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

1mm Split

purge & trap inlet splitting 
or samples <1µL

1.0 ID
6.3 OD x 72 — 20970 20971 —

Splitter with Wool*

universal, use with rapid autosam-
plers

4.0 ID 
6.3 OD x 72 01-900109-01 20792 20793 20794

Laminar Cup Splitter
high MW compounds 4.0 ID

6.3 OD x 72 01-900109-02 20803 20804 —

Cup Splitter
high & low MW  compounds 4.0 ID

6.3 OD x 72 — 20724 20725 —

Cyclosplitter®

dirty samples, many injections before
cleaning required

4.0 ID
6.3 OD x 72 — 20727 20728 —

Frit Splitter

dirty samples, non-active
compounds

4.0 ID
6.3 OD x 72 01-900109-03 20715 20716 20717

Baffle Splitter
close boiling compounds 4.0 ID

6.3 OD x 72 01-900109-04 20718 20719 20720

Split Precision™ Liner
dirty samples, active samples 4.0 ID

6.3 OD x 72 — 21030 21031 —

Liners for Varian GCs
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1078/1079 Liners
for Varian GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

1078/1079 Split

dirty samples, non-active
compounds

3.4 ID
5.0 OD x 54 03-918464-00 21708 21709 —

1078/1079 Splitless
trace samples <2µL 2.0 ID

5.0 OD x 54 03-918466-00 21711 21712 —

Siltek™ 1078/1079 Splitless
trace samples <2µL 2.0 ID

5.0 OD x 54 03-918466-00 21711-
214.1 21712-214.5 —

Open 0.5mm ID
trace samples <1µL 0.5 ID

5.0 OD x 54 03-925331-00 20992 20993 —

1078/1079 Split–No Frit
active samples 3.4 ID

5.0 OD x 54 03-918464-00 20859 20901 20909

Siltek™ 1078/1079 Split–No Frit
active samples 3.4 ID

5.0 OD x 54 03-918464-00 20859-
214.1 20901-214.5 20909-

214.25

Open 0.75mm ID
trace, low volume samples 0.75 ID

5.0 OD x 54 03-925330-00 21714 21715 21716

1078/1079 Split Precision™ Liner
trace samples, dirty samples 3.4 ID

5.0 OD x 54 — 21024 21025 —

Inlet Liner Removal Tool
• Easily remove liners from injectors.
• Made from high-temperature silicone.
• Won’t chip or crack the liner.

Description qty. cat.#
Inlet Liner Removal Tool 3-pk. 20181
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featuring

Siltek™

deactivation

featuring

Siltek™

deactivation

Liners for
Varian 1177 GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

4mm Split
universal 4.0 ID

6.3 OD x 78.5 39-26119-36 21045 21046 —

2mm Splitless w/wool*
trace samples <2µL 2.0 ID

6.5 OD x 78.5 39-26119-38 — 21077 —

4mm Split w/wool*
universal 4.0 ID

6.3 OD x 78.5 39-26119-37 — 21079 —

*Prepacked with fused silica wool. For glass wool instead, add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.

No more burned fingers!

5mm Liner Seals for Varian 1078/1079 GCs
Description qty. cat.#
5mm Liner Seals for Varian 1078/1079 GCs 10-pk. 22683

010 %
deactivated

all liners are
Liners for Varian GCs

Inlet Liner Seals for Varian 1177 Injectors
Meets original equipment specifications.
(Similar to Varian part # 39-26119-40.)

Description qty. cat.#
Inlet Liner Seals for Varian 1177 Injectors 10-pk. 20298
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Split Liners
for PerkinElmer GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
PE part # ea.

cat.#
5-pk. 25-pk.

Baffle Splitter

universal, for most
common analyses 

3.5 ID
5.0 OD x 100 0330-5181 20736 20737 —

Cup Splitter

high & low MW
compounds

3.5 ID
5.0 OD x 100 — 20739 20740 —

Cyclosplitter®

dirty samples, max.
injections before
cleaning required

3.5 ID
5.0 OD x 100 — 20745 20746 —

Laminar Cup Splitter
high MW compounds 3.5 ID

5.0 OD x 100 — 20805 20806 —

Auto SYS Splitter with Wool*

universal for most
common analyses

4.0 ID
6.2 OD x 92.1 N6101052 20832 20833 20834

Siltek™ Auto SYS Splitter w/ Siltek™ Glass Wool

universal for most
common analyses

4.0 ID
6.2 OD x 92.1 N6101052 20832-213.1 20833-213.5 20834-213.25

Auto SYS Cup Splitter

high & low MW
compounds

4.0 ID
6.2 OD x 92.1 — 20835 20836 —

Auto SYS Cyclosplitter®

dirty samples, max.
injections before
cleaning required

4.0 ID
6.2 OD x 92.1 — 20910 20911 —

Auto SYS Laminar Cup Splitter
high MW compounds 4.0 ID

6.2 OD x 92.1 — 20827 20828 —

Auto SYS Split Precision™ Liner

dirty samples, trace
samples

4.0 ID
6.2 OD x 92.1 — 21026 21027 —

Splitless Liners
for PerkinElmer GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
PE part # ea.

cat.#
5-pk. 25-pk.

Splitless (2mm ID)
trace samples 2.0 ID

5.0 OD x 100 0330-5180 20730 20731 20732

Auto SYS Splitless w/Wool (2mm ID)*
trace samples 2.0 ID

6.2 OD x 92.1 N6101372 20829 20830 20831

Siltek™ Auto SYS Splitless w/Siltek Glass Wool (2mm ID)
trace samples 2.0 ID

6.2 OD x 92.1 N6101372 20829-213.1 20830-213.5 20831-213.25

Auto SYS Double Gooseneck

trace, active samples
up to 4µL

4.0 ID
6.2 OD x 92.1 — 20853 20854 —

Auto SYS Cyclo Double Gooseneck

trace, dirty, active
samples, up to 4µL

4.0 ID
6.2 OD x 92.1 — 20899 20900 —

*Prepacked with fused silica wool. For glass wool instead, add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.
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featuring

Siltek™

deactivation

featuring

Siltek™

deactivation

DI Liners for PerkinElmer GCs 
(0.32/0.53mm ID) Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
PE part# ea.

cat.#
5-pk. 25-pk.

Uniliner®

trace, active samples,
high recovery & 

linearity

3.5 ID
5.0 OD x 100 — 20855 20856 —

Cyclo-Uniliner®

trace, dirty, active
samples, high 

linearity

3.5 ID
5.0 OD x 100 — 20857 20858 —

Auto SYS Open-top Uniliner® w/Wool*

trace, dirty, active
samples, high recov-

ery & linearity

4.0 ID
6.2 OD x 92.1 — 20837 20838 —

Auto SYS Cyclo-Uniliner®

trace, dirty, high MW
active samples, 
high linearity

4.0 ID
6.2 OD x 92.1 — 20839 20840 —

Auto SYS Drilled Uniliner®

allows direct injec-
tion when using an
EPC-equipped GC

4.0 ID
6.2 OD x 92.1 — 20819 20822 —

010 %
deactivated

all liners are
Liners for PerkinElmer GCs
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Split Liners for
Shimadzu GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Shimadzu part # ea.

cat.#
5-pk. 25-pk.

17A 1mm Split
purge & trap & fast GC 1.0 ID

5.0 OD x 95 — 20976 20977 20978

128mm Split

universal, for most
common analyses 

3.5 ID
5.0 OD x 128 221-25822-01 20751 20752 20753

128mm Cyclosplitter®

dirty samples, many
injections before cleaning required

3.5 ID
5.0 OD x 128 — 20754 20755 —

128mm Cup Splitter

high & low MW
compounds

3.5 ID
5.0 OD x 128 — 20757 20758 —

128mm Laminar Cup Splitter
high MW compounds 3.5 ID

5.0 OD x 128 — 20807 20808 —

99mm Split

universal, for most
common analyses

3.5 ID
5.0 OD x 99 221-32544-01 20860 20861 20862

99mm Cyclosplitter®

dirty samples, many
injections before cleaning required

3.5 ID
5.0 OD x 99 — 20870 20871 —

99mm Cup Splitter
high MW compounds 3.5 ID

5.0 OD x 99 — 20866 20867 —

99mm Laminar Cup Splitter
high MW compounds 3.5 ID

5.0 OD x 99 — 20868 20869 —

17A Split Precision™ Liner

trace samples, dirty
samples

3.5 ID
5.0 OD x 95 — 21020 21021 —

Splitless Liners
for Shimadzu GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Shimadzu part # ea.

cat.#
5-pk. 25-pk.

128mm Splitless (3mm ID)
trace samples 3.5 ID

5.0 OD x 128 221-25440-03 20748 20749 20750

99mm Splitless (3mm ID)
trace samples 3.5 ID

5.0 OD x 99 221-32544-00 20863 20864 20865

17A 95mm Double Gooseneck

reduces backflash and catalytic decom-
position 

3.5 ID
5.0 OD x 95 — 20958 20959 20960

17A 95mm Single Gooseneck

reduces backflash, also operates in DI
mode

3.5 ID
5.0 OD x 95 221-41599-00 20961 20962 20963

Split/Splitless Liners
for Shimadzu GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Shimadzu part # ea.

cat.#
5-pk. 25-pk.

17A 95mm Split/Splitless with Wool*
universal, for most common analyses 3.5 ID

5.0 OD x 95 221-41444-00 20955 20956 20957

Siltek™ 95mm Split/Splitless w/ Siltek™ Glass Wool
universal, for most common analyses 3.5 ID

5.0 OD x 95 221-41444-00 20955-
213.1 20956-213.5 20957-

213.25
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featuring

Siltek™

deactivation

DI Liners for
Shimadzu GCs (0.32/0.53mm ID) Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
Shimadzu part # ea.

cat.#
5-pk. 25-pk.

128mm Uniliner®

trace, active samples, high recovery &
linearity

3.5 ID
5.0 OD x 128 — 20872 20873 —

128mm Cyclo-Uniliner®

trace, dirty, high MW active samples,
high linearity

3.5 ID
5.0 OD x 128 — 20874 20875 —

99mm Uniliner®

trace, active samples, high recovery &
linearity

3.5 ID
5.0 OD x 99 — 20876 20877 —

99mm Cyclo-Uniliner®

trace, dirty, high MW active samples,
high recovery & linearity

3.5 ID
5.0 OD x 99 — 20893 20894 —

95mm Uniliner® with Wool*

trace, dirty, high MW active samples,
high recovery & linearity

3.5 ID
5.0 OD x 95 — 21713 21719 —

*This liner is prepacked with fused silica wool. To order glass wool instead, add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.

Liners for Shimadzu GCs010 %
deactivated

all liners are
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Split Liners for
5000-6000 Series GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

Laminar Cup Splitter
high MW compounds 4.0 ID

5.4 OD x 79.5 — 20809 20810 —

Cyclosplitter®

dirty samples, many
injections before 
cleaning required

4.0 ID
5.4 OD x 79.5 — 20817 20818 —

Cup Splitter Gooseneck

high & low MW 
compounds

4.0 ID
5.4 OD x 79.5 — 20885 20886 —

Splitless Liners for
8000 & TRACE™ Series GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

Splitless (3mm ID)
trace samples 3.0 ID

8.0 OD x 105 453 20032 20942 20943 20944

Siltek™ Splitless (3mm ID)
trace samples 3.0 ID

8.0 OD x 105 453 20032 20942-214.1 20943-214.5 20944-214.25

Splitless (5mm ID)
trace samples 5.0 ID

8.0 OD x 105 453 20033 20945 20946 20947

Double Gooseneck

trace active samples up
to 4µL

4.0 ID
8.0 OD x 105 — 20952 20953 —

Split Liners for
8000 & TRACE™ Series GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

1mm Split
purge & trap & fast GC 1.0 ID

8.0 OD x 105 453 20075 20916 20917 —

3mm Split
universal 3.0 ID

8.0 OD x 105 453 20031 20936 20937 20938

5mm Split
universal 5.0 ID

8.0 OD x 105 453 20030 20939 20940 20941

Laminar Cup Splitter
high MW compounds 4.0 ID

8.0 OD x 105 — 20948 20949 —

Cup Splitter

high & low MW 
compounds

4.0 ID
8.0 OD x 105 — 20950 20951 —

5mm Split Precision™ Liner

trace samples, dirty
samples

5.0 ID
8.0 OD x 105 — 21028 21029 —

DI Liners for 5000-6000 Series GCs 
(0.32/0.53 ID) Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

Open-top Uniliner® w/Wool*

trace, dirty, 
active samples,

high recovery & linearity

4.0 ID
5.4 OD x 79.5 — 20841 20842 —

*Prepacked with fused silica wool. For glass wool instead, add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.
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Splitless Liners for
5000-6000 Series GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

Splitless (2mm ID)
trace samples 2.0 ID

5.4 OD x 79.5 — 20811 20812 20813

Splitless (4mm ID)
trace samples 4.0 ID

5.4 OD x 79.5 — 20814 20815 20816

featuring

Siltek™

deactivation

010 %
deactivated

all liners are
Liners for Thermo Finnigan
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Split Liners for
TRACE™ 2000 GCs Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

1mm ID Trace 2000 Glass Liner

trace samples, high
recovery & linearity

1mm ID 
2.95 OD x 120 — 21114 21115 —

2mm ID Trace 2000 Glass Liner
universal 2mm ID 

2.95 OD x 120 — 21116 21117 —
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Inlet Liner Seal for TRACE™ 2000 GCs
Description qty. cat.#
Inlet Liner Seal 2-pk. 21392

**Nominal ID at syringe needle expulsion point.

Liners for Thermo Finnigan
DI Liners for

8000 & TRACE™ Series GCs Benefits/Uses:
ID**/OD &

Length (mm)
Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

Uniliner® w/Wool

trace, active samples,
high recovery, 

& linearity

5.0 ID
8.0 OD x 105 — 21005 21006 —

010 %
deactivated

all liners are

Graphite Sealing Ring and Washer for 8000 Series and TRACE™ GC
Inlet Liners
(Similar to Thermo Finnigan part # 290-03406)

Description qty. cat.#
Graphite Sealing Ring and Washer ea. 21898
Graphite Sealing Rings and Washers 2-pk. 21899

Graphite Ferrules for M4 Fittings
• High-purity, high-density graphite.
• Smoother surface and cleaner edges than conventional graphite ferrules.
• Contain no binders that can off-gas or adsorb analytes.
• Stable to 450°C.

*0.4mm ID ferrule is similar to Thermo Finnigan part #290-13488, 0.5mm ID ferrule is similar to
Thermo Finnigan part #290-13487, and 0.8mm ID ferrule is similar to Thermo Finnigan part #290-
13486.

Ferrule Fits Column Graphite Graphite
ID ID 2-pk. 10-pk.

0.4mm* 0.18–0.25mm 20280 20281
0.5mm* 0.28/0.32mm 20282 20283
0.8mm* 0.45/0.50 & 0.53mm 20284 20285

Graphite Ferrules for M4 Fittings for QCQ Thermo Finnigan 8000 & TRACE™ 2000
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InfraRed™ Septa
• Usable to 325°C inlet temperatures.
• Preconditioned and ready to use.
• Excellent puncturability.
• Do not adhere to hot metal surfaces.
• Low bleed.
• Packaged in non-contaminating glass jars.

IceBlue™ Septa
• Usable to 250°C inlet temperatures.
• General-purpose septa.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.
• Ideal for SPME.

Septum Diameter 25-pk. 50-pk. 100-pk.
9mm 21417 21418 21419
9.5mm (3/8") 21421 21422 21423
10mm 21424 21425 21426
11mm (7/16") 21427 21428 21429
11.5mm 21430 21431 21432
12.5mm (1/2") 21433 21434 21435
17mm 21436 21437 21438
Shimadzu Plug 21439 21440 21441

Septum Diameter 50-pk. 100-pk.
9mm 22381 22382
9.5mm (3/8") 22388 22389
10mm 22390 22391
11mm (7/16") 22392 22393
11.5mm 22383 22384
12.5mm (1/2") 22394 22395
17mm 22396 22397
Shimadzu plug 22398 22399

Instrument Septum Size
Agilent (HP)

5880A, 5890, 6890,6850 11mm
5700, 5880 9.5/10mm
On-Column Injection 5mm

CE Instruments (TMQ)
TRACE GC 17mm

Finnigan (TMQ)
GC 9001 9.5mm
GCQ 9.5mm
GCQ w/TRACE 17mm
QCQ™ 9.5mm
TRACE 2000 9.5mm

Fisons/Carlo Erba
(TMQ)

8000 series 17mm
Gow-Mac 

6890 series 11mm
All other models 9.5mm

PerkinElmer
Sigma series 11mm
900,990 11mm
8000 series 11mm
Auto SYS 11mm
Auto SYS XL 11mm

Pye/Unicam
All models 7mm

Shimadzu
All models Plug

SRI
All models Plug

Tracor
540 11.5mm
550,560 9.5mm
220,222 12.5mm

Varian
Injector type:
Packed column 9.5/10mm
Split/splitless 
1078/1079 10/11mm
1177 9mm
1075/1077 11mm

Septum Size Chart
handy Thermolite® Septa

• Usable to 340°C inlet temperatures.
• Each batch tested on FIDs, ECDs, and

MSDs to ensure lowest bleed.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.

Septum Diameter 25-pk. 50-pk. 100-pk.
5mm (3/16") 20351 20352 20353
6mm (1/4") 20355 20356 20357
7mm 20381 20382 20383
8mm 20370 20371 —
9mm 20354 20358 20362
9.5mm (3/8") 20359 20360 20361
10mm 20378 20379 20380
11mm (7/16") 20363 20364 20365
11.5mm 22385 22386 22387
12.5mm (1/2") 20367 20368 20369
17mm 20384 20385 20386
Shimadzu Plug 20372 20373 20374
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Siltek™ Press-Tight® Connectors
• Siltek™ deactivation for inert pathways to maintain sample integrity.
• Ideal for connecting guard columns to analytical columns.
• Angled Press-Tight® connector designed at an angle approximating the curvature of a

capillary column to reduce strain on column-end connections.
• Fits 0.18, 0.25, 0.32, & 0.53mm ID columns.

Siltek™ Press-Tight™ Connectors
Press-Tight® Connector ea. 3-pk. 5-pk. 25-pk. 100-pk.
Universal Press-Tight® Connector — — 20480 20449 20481
Universal Angled Press-Tight® Connector — — 20482 20483 20484
Universal “Y” Press-Tight® Connector 20485 20486 — — —
Universal Angled “Y” Press-Tight® Connector 20487 20469 — — —

Universal Angled Press-Tight® Connectors
• Designed at an angle approximating the curvature of a capillary column.
• Reduces strain on column-end connections.
• Ideal for connecting guard columns to analytical columns.
• Seals all common sizes of fused silica tubing (0.18 to 0.53mm ID, outside diameters

from 0.3 to 0.75mm).
• Made from inert fused silica.

Description qty. cat.#
Universal Angled Press-Tight® Connectors 5-pk. 20446
Universal Angled Press-Tight® Connectors 25-pk. 20447
Universal Angled Press-Tight® Connectors 100-pk. 20448

Universal Press-Tight® Connectors
• Connect guard columns to analytical columns.
• Repair broken columns.
• Connect column outlets to transfer lines.

Description qty. cat.#
Universal Press-Tight® Connectors 5-pk. 20400
Universal Press-Tight® Connectors 25-pk. 20401
Universal Press-Tight® Connectors 100-pk. 20402

Deactivated, Universal Press-Tight® Connectors
• High-temperature silanization for excellent inertness. 
• Ideal for trace analysis of active compounds.
• Ideal for analysis of pesticides, semivolatile pollutants, or clinical/forensic samples.

Description qty. cat.#
Deactivated, Universal Press-Tight® Connectors 5-pk. 20429
Deactivated, Universal Press-Tight® Connectors 25-pk. 20430
Deactivated, Universal Press-Tight® Connectors 100-pk. 20431

Universal “Y” Press-Tight® Connectors
• Split sample flow onto two columns.
• Split a single column flow into two detectors—

perform confirmational analysis with a single
injection.

• Fit 0.18, 0.25, 0.32, & 0.53mm ID columns.

Description qty. cat.#
Universal “Y” Press-Tight® Connector ea. 20405
Universal “Y” Press-Tight® Connectors 3-pk. 20406

Siltek™—the most
inert deactivation available!

Polyimide Resin
• Permanently connects a Press-

Tight® connector to a fused silica
column.

• 350°C maximum operating temper-
ature.

Description qty. cat.#

Polyimide
Resin 5 grams 20445
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MXT®-Union Connector Kits—For Fused Silica Columns
• Low-dead-volume, leak-free connection.
• Reusable.
• Silcosteel® treatment ensures maximum inertness.
• Ideal for connecting guard columns and transfer lines.
• Use to oven temperatures of 350°C.
• Available in union and “Y” configurations.

Previously, easy-to-use MXT® connectors could only be used with metal tubing. Now
MXT® connectors can be used with fused silica capillary columns, because of a Valcon
polyimide 1/32-inch one-piece fused silica adaptor. This unique graphite-reinforced compos-
ite allows capillary columns to slide into and be locked in place simply by loosening and
tightening the MXT® union 1/32-inch fitting.

MXT®-Union Connector Kits—For Fused Silica Columns
Each kit contains the MXT® union, two 1/32-inch nuts and two one-piece fused silica adaptors.

Description qty. cat.#
For 0.25mm ID Fused Silica Columns kit 21386
For 0.32mm ID Fused Silica Columns kit 21385
For 0.53mm ID Fused Silica Columns kit 21384

MXT® “Y”-Union Connector Kits—For Fused Silica Columns
Each kit contains the MXT® union, three 1/32" nuts and three one-piece fused silica adaptors.

Description qty. cat.#
For 0.25mm ID Fused Silica Columns kit 21389
For 0.32mm ID Fused Silica Columns kit 21388
For 0.53mm ID Fused Silica Columns kit 21387

1/32-Inch Replacement Nut
Description qty. cat.#
1/32" Replacement Nut 5-pk. 20389

Valco® Connectors—One-Piece Fused Silica Adaptor Ferrule
We recommend a one-piece adaptor ferrule for use in fittings where the ferrule will not be
removed.  Connections are made and disconnected by loosening the fitting nut and sliding
the tube out. Fused silica adaptor ferrules are available in Valcon polyimide for use up to
350°C. Valcon polyimide is a unique graphite-reinforced composite, specially prepared to
maximize mechanical stability at high temperatures. The determining factor in adaptor fer-
rule size selection is the fused silica tubing outer diameter (OD).

Valcon Polyimide
Tubing OD Tubing ID Valco® # qty. cat.#

<0.25–0.4mm 0.25mm FS.4-5 5-pk. 20137
0.4–0.5mm 0.32mm FS.5-5 5-pk. 20140
0.5–0.8mm 0.53mm FS.5V-5 5-pk. 20141

1/32" Replacement Nut 5-pk. 20389

1/32-Inch Adaptor Ferrule

Gerstel GRAPHPACK® 3D/2 Connectors
GRAPHPACK® technology provides a complete system that quickly and reliably makes
leak-free, low-dead-volume connections. The central component is a metal-jacketed
graphite ferrule—the ideal seal for GC applications. GRAPHPACK® ferrules eliminate all
the disadvantages and shortcomings associated with previous sealing systems.

**Use only with GRAPHPACK® 3D/2 ferrules.

Ideal for MXT® stainless steel to fused
silica capillary connections!

Description qty. cat.#

GRAPHPACK® 3D/2 Connector**
(0.25mm to 0.32mm ID) ea. 20272

GRAPHPACK® 3D/2 Connector**
(0.45mm to 0.7mm ID) ea. 20273

Use for fused silica-to-fused silica or
fused silica-to-metal connections!

GRAPHPACK® 3D/2 Ferrules
Ferrule ID Fits Column ID qty. cat.#
0.4mm 0.25mm 10-pk. 20271
0.5mm 0.32mm 10-pk. 20270
0.8mm 0.45/0.53mm 10-pk. 20274
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MXT® Guard Columns/Transfer Lines
Nominal ID Nominal OD 5-Meter 5-Meter/6-pk. 10-Meter
0.28mm 0.53 ± 0.025mm 70044 70044-600 70046
0.53mm 0.74 ± 0.025mm 70045 70045-600 70047

Fused Silica Guard Columns/Transfer Lines

*Not tested with the Grob test mix because of a high pressure drop.
**30- and 60-meter lengths are banded in 5-meter sections.
†Recommendation: Cut 60m guard columns into shorter lengths. Using full length may cause peak dis-
tortion.

Nominal ID Nominal OD 1-Meter 5-Meter 5-Meter/6-pk.
0.025mm* 0.363 ± 0.012mm 10097
0.05mm 0.363 ± 0.012mm 10098 10040 10040-600

0.075mm* 0.363 ± 0.012mm 10099
0.10mm 0.363 ± 0.012mm 10100 10041
0.15mm 0.363 ± 0.012mm 10101 10042
0.18mm 0.37 ± 0.04mm 10102 10046
0.25mm 0.37 ± 0.04mm 10043 10043-600
0.28mm 0.37 ± 0.04mm 10003 10003-600
0.32mm 0.45 ± 0.04mm 10044 10044-600
0.45mm 0.69 ± 0.04mm 10005 10005-600
0.53mm 0.69 ± 0.05mm 10045 10045-600

Intermediate-Polarity Deactivated Guard Columns & Transfer Lines
• Useful for a wide range of applications.
• Compatible with most common solvents.

Nominal ID Nominal OD 10-Meter 10-Meter/6-pk. 30-Meter** 60-Meter**†
0.25mm 0.37 ± 0.04mm 10049 10049-600 10012 10013
0.32mm 0.45 ± 0.04mm 10048 10048-600 10022 10023
0.53mm 0.69 ± 0.05mm 10047 10032 10033

Siltek™-Deactivated Guard Columns
• Revolutionary deactivation process lowers analyte breakdown to less than 1%.
• Minimizes bleed.
• Ideal for chlorinated pesticide analysis.
• Analyze tough samples quickly and accurately.
• Maximum temperature of 380°C.

Siltek™-Deactivated Guard Columns
Nominal ID Nominal OD 5-Meter 10-Meter

0.25mm 0.37 ± 0.04mm 10026 10036
0.32mm 0.45 ± 0.04mm 10027 10037
0.53mm 0.69 ± 0.05mm 10028 10038

Let Restek Make the Connection for You!
Restek will connect a Siltek™ guard column to any analytical column using a universal
Siltek™ Press-Tight® connector and polyimide sealing resin. To order a preconnected guard
column, add the three-digit suffix from the chart below to any analytical column catalog
number when ordering.

A 5m, 0.32mm ID Siltek™ guard column
connected to a 30m, 0.32mm ID, 1.0µm
Rtx®-5 column is cat.# 10254-365.

Example:5m Siltek™ Guard Column/Transfer Line

ID cat.# suffix
0.25mm -364
0.32mm -365
0.53mm -366

Restek Trademarks: Siltek, Press-Tight, MXT,
CarboFrit, Rtx, Uniliner, Silcosteel, Stx, Leak Detective,
Stabilwax, Cyclosplitter, mini-Lam, Precision, InfraRed,
IceBlue, Plus 1. 

Other Trademarks: Valco (Valco Instruments Co., Inc.),
GRAPHPACK (Gerstel GmbH), Carbowax (Union
Carbide Corp.), TRACE (ThermQuest Corp.), Velcro
(Velcro Industries BV), Scotty (Scott Specialty Gases,
Inc.), Viton & VESPEL (E.I du Pont de Nemours & Co.,
Inc.).
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Introduction to Direct Injection

While splitless injection is still the most popular trace sample introduction technique, direct
injection is rapidly gaining in popularity as analysts search for better ways to analyze trace-
level compounds or for simpler conversions from packed to capillary systems. Compared to
splitless analysis, direct injection offers higher sensitivity, reduced adsorption of active com-
pounds, and operational simplicity. In addition, the high performance and low cost of the
equipment required to perform direct injection has accelerated its acceptance as a main-
stream sample introduction technique.

This guide discusses the many important aspects of direct flash vaporization injection on
0.32mm or 0.53mm ID capillary columns. Advantages and disadvantages of direct injection
are outlined and compared to the performance of other injection techniques. Considerations
such as modifying splitless inlets, retrofitting packed column injection ports, and the need
for make-up gas are discussed. Finally, operational parameters such as flow rates and sample
injection volume versus injection speed are reviewed.

What is direct flash vaporization injection?
In direct flash vaporization injection, a liquid sample is injected via a syringe into a heated
injection port. The sample is rapidly vaporized in the injection port, then transferred to the
column. This injection technique is very popular with packed columns but, when used with
the first-developed capillary columns, the highly concentrated samples caused overloaded
peaks and poor resolution. Subsequently, split systems were developed to provide on-column
sample volumes and analyte quantities that were compatible with the low flow rates and lim-
ited capacities of capillary columns. Split injections produced symmetrical peaks, while
allowing concentrated samples to be injected in the same manner as in packed column sys-
tems. Later, split systems were modified to include a splitless injection mode to direct the
entire sample into the column for analysis of trace analytes. Direct injection parallels split-
less injection at the beginning of the sample introduction process ("purge off" mode or split
vent closed), but in splitless injection gas flow in the injection port is switched to the "purge
on" mode after a short period of time, thereby flushing excess solvent vapor from the injec-
tion port. (See Restek’s Operating Hints for Using Split/Splitless Injectors Lit. cat.# 59880A
for more information.) Because direct injections do not include a "purge on" mode, the entire
sample vapor cloud is swept into the column.

Today, direct flash vaporization injections are better understood and are recognized as offer-
ing many advantages over splitless injections for the analysis of difficult components. These
advantages include less adsorption of active compounds, less discrimination against high-
boiling compounds, and better sensitivity for trace components. Direct injection also can be
used for concentrated samples commonly analyzed on split/splitless systems, provided the
sample is first diluted with a solvent and the injection volume is kept small to prevent col-
umn overload. Superior responses for active, high-boiling, or trace compounds, combined
with its simplicity and low cost have led to the resurgence of direct injection in many labora-
tories.

What is the difference between direct and on-column flash vaporization injection?
Both direct injection and on-column injection deliver the entire sample to the column. The
difference between the two techniques is denoted by the termination point of the syringe nee-
dle during the sample injection and vaporization process (Figure 1). In an on-column injec-
tion, the tip of the needle enters the column and the liquid sample is deposited directly inside
the column. In a direct injection, the tip of the needle enters a glass injection port liner and
the sample is vaporized in the buffer volume of the injection port liner. Thus, in a direct
injection, the sample is a vapor before it reaches the column.

Of the two, direct injection is the preferred mode of sample introduction because the injec-
tions are less problematic. On-column injections usually are made by introducing the tip of a
26-gauge needle (0.48mm OD) into the bore of a 0.53mm ID column. This tight fit leaves
little space for sample expansion during the explosive vaporization process, and solvent peak
tailing is a common result. On-column injections cannot be made into a 0.32mm or smaller
ID column because the syringe needle is too wide to introduce into the column. 
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In contrast, a direct injection is
made into a 2mm or 4mm ID
injection port liner, and the large
buffer volume of the liner ensures
adequate space for sample vapor-
ization. The vaporized sample is
transferred to a 0.32mm or
0.53mm ID column. Larger sam-
ple volumes can be used with
direct injections, with minimal
sample backflash and solvent
peak tailing.

Direct injection also reduces the
need for column maintenance rel-
ative to on-column injection. In
on-column injections, the tip of
the syringe needle enters the col-
umn bore and there is a potential
for chipping the edge of the col-
umn or damaging its inner sur-
face. Fragments of fused silica
and scratches in the stationary
phase coating in the interior of
the column inlet can produce
adsorptive sites for active sample
components, thereby requiring
portions of the inlet side of the
column to be removed periodical-

ly. Direct injection, however, reduces the frequency of maintenance cycles because there is
less physical damage to the column inlet. On the other hand, direct injection dictates that the
injection port liner be changed or cleaned during routine maintenance.

When samples are dirty or contain non-volatile residue, direct injection should be used
instead of on-column injection. The injector liner will trap the non-volatile sample residue
and keep it from entering the column. Maintenance is minimal—simply clean or replace the
injector liner. In contrast, column maintenance as a consequence of on-column injections of
dirty samples requires removing the inlet end of the column from the injection port, discard-
ing several loops of the column, then reinstalling the column. The only potential advantage
to on-column injection over direct injection is that delivery of the sample into the bore of an
inert fused silica column might reduce the possibility of analyte adsorption, compared to
depositing the sample in an injector liner. However, using deactivated injector liners (all
Restek injector liners are fully deactivated) helps minimize the likelihood of analyte adsorp-
tion during the sample vaporization and transfer process. Because direct injection results in
significantly less column maintenance and allows a larger injection volume than on-column
injection, direct injection is becoming much more popular as a sample introduction tech-
nique in capillary GC.1

1 Most factory-installed GC injectors are designed for split or splitless injections, but these injectors can
be adapted for direct injections simply by purchasing liners designed for direct injection. For informa-
tion about the availability of direct injection liners for your GC model, refer to pages 14-16, or call
Restek’s Technical Service Group at 800-356-1688 or 814-353-1300, ext. 4.

What are the advantages of direct injection over splitless injection?
Because both direct and splitless injections attempt to deliver the entire sample vapor cloud
onto the column in the narrowest band possible, both techniques are used primarily for trace-
level sample analysis. Only in a direct injection system, however, does the injector liner
make a positive seal with the column inlet. This leak-tight connection between the liner and
the column ensures that the entire sample enters the column, thereby enhancing the overall
sensitivity of the analysis. Adsorption of active species is minimized and responses are
greater for higher molecular weight compounds.

Figure 1.
Direct injection and on-column injection differ
in where the syringe needle terminates during

sample vaporization.

Press-Tight®

connection

direct 
injection 

on-column
injection

Press-Tight®

connection

capillary 
column inlet

needle termination
capillary 

column inlet
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We compared a splitless injection liner and a direct injection liner installed in a capillary GC
injector (Figure 2). Notice that the splitless injection liner allows the sample vapor to contact
the metal inlet seal at the base of the injection port. Sample vapor potentially can adsorb
onto this metal surface, or can condense in the area below the column inlet. Either occur-
rence can cause low response for active or high molecular weight compounds. In contrast,
because the direct injection liner makes a positive seal with the column inlet, all sample
vapor is directed onto the column and cannot interact with metal injection port surfaces.
Therefore, sensitivity for active and high molecular weight compounds is significantly
improved.

Table I summarizes the chromatographic results obtained when a mixture containing active
and high molecular weight compounds was injected into three different splitless injection
liners and two different direct injection liners. The most typical injection port liner used for
splitless injections is a straight liner with a 4mm internal diameter, packed with deactivated
fused silica or glass wool (A). The benefit in using a straight liner packed with wool is that
the wool enhances sample vaporization and thereby improves the responses for high molecu-
lar weight compounds (represented in this analysis by benzo(b)- and benzo(k)fluoranthene).
However, when the relative responses obtained by using a straight liner packed with wool
(A) are compared to responses from two splitless injection liners with a gooseneck restric-
tion of the internal diameter at each end (B and C), it is apparent that the active probes (2, 4-
dinitrophenol, nitrophenol, and pentachlorophenol) were completely adsorbed in the injec-
tion port when the straight liner packed with wool was used. A double gooseneck liner (B)
improves the response for active compounds by confining the sample cloud within the buffer
volume of the liner. This reduces sample contact with the metal support disk in the injector
and, thus, reduces adsorption. A double gooseneck liner with an internal glass spiral (C) not
only provides good response for active compounds, but also provides better vaporization of
high boiling analytes compared to a double gooseneck liner without a glass spiral. Because a

inlet seal

splitless
liner press-tight

seal

Figure 2. 
Splitless and direct injection liners 

installed in a splitless capillary injector.

The data illustrate that direct injections improve
responses in general, but especially improve re-
sponses for active high molecular weight com-
pounds compared to splitless injections. A double
gooseneck splitless injection liner provides better
responses than an open, wool-packed splitless in-
jection liner, but it is not until a positive seal is
made between the liner and the capillary column
(D and E) that significant improvements are
observed.

Analysts who use direct injections instead of split-
less injections can expect better overall sensitivi-
ty and greater response factors for both active
and high molecular weight compounds.

30m, 0.32mm ID, 0.25µm XTI-5 column (cat.# 12224),
splitless or direct injection of 1µL XTI Mix,
concentration = 29ng/µL.
Oven temp.: 100°C to 285°C @ 6°C/min.,

then to 360°C @ 30°C/min. 
(hold 5 min.)

Inj./Det. temp.: 250°C/360°C
Carrier gas: hydrogen
Linear velocity: 40cm/sec. set @ 100°C
FID sensitivity: 8 x 10-11 AFS
Splitless hold time: 0.75 min.

A: splitless injection, 4mm ID injector liner packed with glass wool (cat.# 20781)
B: splitless injection, double gooseneck injector liner (cat.# 20784)
C: splitless injection, cyclo double gooseneck injector liner (cat.# 20895)
D: direct injection, Uniliner® injector liner (cat.# 20335)
E: direct injection, Cyclo-Uniliner® injector liner (cat.# 20337)
All analyses conducted with an Agilent 5890 II GC equipped with an autosampler
and a dirty inlet seal.

Response Relative to C14
Splitless Injection Direct Injection

A B C D E
4mm ID Double Cyclo

Analyte wool-packed Gooseneck Double Gooseneck Uniliner® Cyclo-Uniliner®

benzoic acid NA 0.90 1.23 1.06 1.21
C14 1.00 1.00 1.00 1.00 1.00
2,4-dinitrophenol NA 0.33 0.46 0.68 0.58
nitrophenol NA 0.73 0.93 1.24 1.17
nitroaniline 1.03 0.78 0.93 1.20 1.20
pentachlorophenol NA 0.45 0.55 0.70 0.66
carbazole 2.01 1.43 1.69 2.17 2.06
C20 1.13 0.89 0.98 1.16 1.09
C21 1.08 0.81 0.92 1.10 1.04
C22 1.13 0.81 0.94 1.15 1.09
benzo(b)fluoranthene 2.18 1.18 1.90 2.22 2.47
benzo(k)fluoranthene 2.09 1.15 1.84 2.27 2.36

Table I. 
Responses for active and high molecular weight compounds are greater with direct 

injection, compared to the same injector configured for splitless injection.

splitless injection 
liner

Uniliner® direct
injection liner

A Uniliner® direct injection liner prevents
the sample from contacting metal surfaces
in an injection port, so sample adsorption
and catalytic decomposition are reduced
and responses for high molecular weight

compounds are greater.

NA – Peak not quantifiable; data not available.
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Uniliner® direct injection liner (D or E) connects directly to the column inlet, responses for
both active and high molecular weight compounds are greater than for any of the splitless
injection liners. There is little difference between responses when using a Uniliner® direct
injection liner (D) or a Cyclo-Uniliner® liner (E). Both liners direct all of the sample onto the
column while minimizing contact between the vaporized sample and other injection port sur-
faces. However, a Cyclo-Uniliner® liner or a Uniliner® containing deactivated wool always
should be used when injecting dirty samples.

Injection Port Setup for Direct Injection

Types of injector liners used in direct injection systems
Restek carries three styles of direct injection liners (Figure 3). Of these, the buffer volume
chamber in standard Uniliner® injection port liners (A) will accommodate the largest sample
vapor cloud. Because of the open design, samples should be relatively clean, otherwise con-
taminants could be delivered into the column inlet. For extremely dirty samples, open-top
Uniliner® injection port liners (B) can be packed with deactivated fused silica wool to trap dirt
and non-volatile sample residue. Contaminated wool can be replaced easily and the liner
cleaned with solvent and a nylon brush. The glass spiral in a Cyclo-Uniliner® injection port
liner (C) provides a surface for vaporizing high and low molecular weight compounds. Non-
volatile sample residue is trapped on the first turn of the spiral, reducing subsequent interac-
tion between that contamination and the rest of the sample. In comparison with liners packed
with wool, a Cyclo-Uniliner® injection port liner will accept up to five times as many injec-
tions of dirty samples before calibration curves degrade. Each of these Uniliner® designs
incorporates a gradual, press-tight taper in the base of the liner, which forms a positive seal
with the column end and prevents sample components from interacting with heated metal sur-
faces in the injection port. The seal of the column into the press-tight taper of the injection
port sleeve is the key to obtaining maximum responses for all analytes and minimizing sol-
vent peak tailing.

Converting a split/splitless injection port to direct injection
The most common problems associated with splitless injections are caused by the absence of
a direct, physical connection between the injection port liner and the column inlet (Figure 2).
Sample vapor that accumulates in the space around the inlet of the column is exposed to hot,
catalytic metal surfaces of the injection port. Excess sample vapor and less volatile high
molecular weight compounds also can be swept out the split vent during the purge on mode.
By making a leak-free connection between the injection port liner and the inlet end of the col-
umn via the press-tight taper, contact between the vaporized sample and the metal surfaces of
the injection port is eliminated and the loss of sample out of the split vent is prevented.

Figure 3.
Choose a direct injection liner based on sample characteristics. The buffer 

volume chamber accommodates the sample vapor cloud and prevents 
sample components from contacting metal injection port surfaces.

C

B

A

D

A) Standard Uniliner® Injector Liner
Accommodates large, relatively clean samples.

B) Open-Top Uniliner® Injector Liner with Wool
Ideal for extremely dirty samples.

C) Cyclo Uniliner® Injector Liner
Excellent for high and low molecular weight compounds; accepts many injections of dirty samples.

D) Drilled Uniliner® Inlet Liner
The drilled hole in a Uniliner® injection port liner makes direct injection possible with EPC systems
by equalizing pressure in the injection port.
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A Uniliner® direct injection port liner can be directly substituted for a split or splitless injec-
tion port liner, quickly and easily adapting the injection port for use in the direct injection
mode. A Uniliner® direct injection port liner is installed in the same manner as a splitless
liner, but it must be operated continuously in the purge off mode. Uniliner® injection port lin-
ers are available for a wide variety of instruments, and are manufactured to the exact external
dimensions specified for the split/splitless liners they are designed to replace.

Converting a packed column injector to direct injection
A 1⁄4-inch packed column injection port configured for on-column injections easily can be con-
verted for direct injections onto 0.32mm or 0.53mm ID capillary columns by using a specially
designed glass liner that forms a seal with the column inlet. Conversion of a packed column
inlet is accomplished in less than 15 minutes. Note that only packed column injectors with an
on-column configuration can be retrofitted with these liners.

We offer two injection port conversion kits in our chromatography products catalog: 1) A
glass Vu-Tight® injection port liner fits directly into a 1⁄4-inch packed column injection port
and allows visual confirmation of the connection between the injection port liner and the
inlet of the capillary column (Figure 4). 2) A 1⁄4-inch Uniliner® sleeve adapter is fitted into a
1⁄4-inch injection port. A 5mm Uniliner® injection port liner can be inserted into the adapter in
either direction to allow direct or on-column injections (Figure 1 on page 3). Both conver-
sion kits incorporate the press-tight connection between the injection port liner and the inlet
of the column. The combination of a sample expansion chamber and a leak-free connection
between the injection port liner and the column delivers superior chromatographic perform-
ance. Direct connection of the liner to the column inlet also minimizes dead volume, reduc-
ing solvent peak tailing and sharpening peaks for early-eluting components.

Either the Vu-Tight® injection port liner or the Uniliner® sleeve adapter with liner will fit
Agilent, Varian, or other common GCs with 1⁄4-inch packed column injection ports. Either
0.32mm or 0.53mm ID fused silica columns can be used with either conversion kit, as long
as the tubing OD is 0.4mm or greater. A special high-temperature deactivating procedure 
creates an inert surface in the liners, so they will not absorb or react with active compounds
such as pesticides, phenols, acids, or basic compounds. Liners that incorporate a glass 
spiral are available for either conversion system and should be used for the injection 
of dirty samples.

Careful – don’t crush the column end!
Frequently, analysts setting up a direct injection system for the first time will crush the col-
umn end into the Press-Tight® taper. When a column is installed with a new graphite ferrule,
excessive movement of the column into the Press-Tight® taper will crush the end of the col-
umn and force fused silica particles into the column bore. In order to limit the movement of
the column and prevent damage, the ferrule must be seated in the fitting before the column is
installed all the way into the Press-Tight® taper. To properly install a column in a direct
injection liner, withdraw the column end several millimeters away from the Press-Tight®

taper and tighten the ferrule into the fitting until the column end no longer moves forward
into the liner. The ferrule is now seated and conforms to the interior dimensions of the fit-
ting. Next, loosen the ferrule and push the column into the liner until it seals against the
Press-Tight® taper. A dark brown ring at the tip of the column where it contacts the inside
surface of the injection port liner indicates a good seal. Now, when the ferrule is retightened,
the column end will not be crushed against the liner. Figure 5 shows a column properly
installed in a Vu-Tight® liner, and a column that has been crushed because the ferrule was not
seated first.

Detector Setup for Direct Injection

Use of make-up gas with a direct injection system
Most flame ionization detectors (FIDs) do not function optimally unless they are supplied
with approximately a 1:1 ratio of carrier gas and hydrogen fuel. Because most columns used
in direct injection systems operate at a carrier gas flow of between 5 and 10cc/min., make-up
gas must be added to augment the low carrier gas flow.2 Make-up gas improves peak shape,
and may reduce detector noise and improve linearity. Similarly, electron capture detectors
(ECDs) require up to 100mL of make-up gas to improve sensitivity and linearity.

Figure 5. 
Good vs. poor column installation 

in a Vu-Tight® liner.

good installation
A brown ring indicates a good press-tight seal.

poor installation
Failure to seat the ferrule before connecting 
the column leads to a crushed column end.

Always seat the ferrule before 
connecting the column

Figure 4. 
Vu-Tight® injection liner—in a 1⁄4-inch 
packed column injection port—allows 

visual confirmation of the liner-column 
connection.

oven
ceiling

Press-Tight®

connection is
visible

PerkinElmer FIDs do not use make-up gas.
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To minimize adsorption and prevent peak tailing, always make sure that the outlet end of the
column is correctly positioned inside the FID jet tip (Figure 6), close to the jet orifice or
close to the entrance of the ECD detector cell. Read and carefully follow the instrument
manufacturer’s specifications. In an instrument designed for packed column GC, the FID jets
should be replaced with jets designed to function with capillary columns or peaks might tail.

Optimizing Direct Injection

When using direct injection as the  sample introduction technique, the sample is injected in a
liquid form via a syringe. The sample is vaporized in the heated injection port and the carrier
gas transfers the vapor to the head of the column. The two most common problems associated
with hot vaporization injections in the direct injection mode are broad, tailing peaks and sam-
ple backflash. Choosing the proper carrier gas flow rate and sample size will allow you to
achieve optimum chromatographic performance.

In the direct injection mode, all of the sample and carrier gas is directed into the head of the
column. In order to produce the narrowest sample bandwidth possible, the vaporized sample
must be transferred from the injection port liner to the head of the column as quickly as pos-
sible. If the sample is not transferred quickly, a broad, tailing solvent front will be produced
and resolution of early-eluting compounds will be compromised.

Direct injection requires higher carrier gas flow rates than split or splitless injection
Direct injection systems perform best when high column flow rates are used. When a 30m,
0.32mm ID capillary column is operated with helium at a linear velocity of 20cm/sec., a col-
umn flow rate of approximately 1cc/min. is obtained. When 1µL of a sample diluted in
methylene chloride is injected into a heated injection port, the sample expands to more than
400µL of gas volume. At a column flow rate of 1cc/min., it takes more than 24 seconds to
transfer the vaporized sample from the buffer volume in the direct injection liner to the head
of the column. If the carrier gas flow is increased to a linear velocity of 80cm/sec. (approxi-
mately 7cc/min.), the 400µL of methylene chloride vapor will be transferred from the liner
to the head of the column in less than four seconds. This rapid transfer of the sample cloud
ensures narrow initial sample bandwidths.

Significant differences in chromatography arising from the difference in sample delivery
time are evident in Figure 7. Figure 7a shows a mixture of phenols injected using an opti-
mum carrier gas linear velocity (hydrogen, 40 cm/sec.). Notice the tailing of the solvent
peak, coelution of 2-nitrophenol and 2,4-dimethylphenol (peaks 3 and 4), and minimal base-
line resolution of 2,4-dinitrophenol and 4-nitrophenol (peaks 8 and 9). Figure 7b shows the
same sample delivered and separated using a faster carrier gas linear velocity (80 cm/sec.).
The solvent peak is significantly sharper, and 2-nitrophenol / 2,4-dimethylphenol and 2,4-
dinitrophenol / 4-nitrophenol are fully resolved. For Figure 7c, the carrier gas linear velocity
was increased to 120cm/sec. (approximately 120 cm/sec.). The solvent peak shape is further
improved and the two pairs of phenols are well resolved. Further increases in flow rate are
counterproductive, however, because they decrease the efficiency of the column and reduce
resolution of the early-eluting compounds.

Figure 6.
Restek designed the flared jet tip (arrows)
to make capillary column insertion easy.

2Restek offers high performance make-up gas kits to fit most GCs. For details, see our current chromatog-
raphy products catalog.

Replacement FID Jets
• Standard Version: Engineered with a

fluted tip to guide the capillary column
into the jet.

• High-Performance Version: Identical to
the standard version, except that it has
been Silcosteel®-treated. Extremely
inert, use with active compounds.

Capillary Adaptable FID Replacement
Jet for Agilent 5890/6890/6850 GCs 
(0.011-inch ID tip)
(Similar to Agilent part # 19244-80560.)

Description qty. cat.# qty. cat.#
Standard ea. 20670 3-pk. 20671
High-Performance Silcosteel® ea. 20672 3-pk. 20673

Capillary Dedicated Replacement FID
Jets for Agilent 6890/6850 GCs 
(Similar to Agilent part # G1531-80560.)

Description qty. cat.# qty. cat.#
Standard ea. 21621 3-pk. 21682
High-Performance Silcosteel® ea. 21620 3-pk. 21683

Capillary FID Replacement Jets for
Agilent 5880 GCs 
(Similar to Agilent part # 19301-80500.)

Description qty. cat.#
Standard ea. 21637
High-Performance Silcosteel® ea. 21638
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7a  -flow rate: 2.1cc/min. (µ: 40cm/sec.) 7b -flow rate: 5.1cc/min. (µ: 80cm/sec.)

7c -flow rate: 9.0cc/min. (µ: 120cm/sec.)

1. phenol
2. 2-chlorophenol
3. 2-nitrophenol
4. 2,4-dimethylphenol
5. 2,4-dichlorophenol
6. 4-chloro-3-methylphenol
7. 2,4,6-trichlorophenol

2 4 6 8 10 12 14 16 18 20 22 24 26 min.

Figure 7. 
When used with direct injections, 0.32mm or 0.53mm ID columns perform better at elevated flow rates.

Use only high-quality septa when making direct injections 
Because all of the carrier gas flow is directed into the inlet of the column, high-quality, low-
bleed septa must be used with direct injection systems that are not equipped with a septum
purge. Volatile compounds that are released from septa material after heating in an injection
port can make their way onto the column if not vented off using a septum purge. These com-
pounds will focus at the head of the column when using low flow and low temperature con-
ditions and will be displayed as ghost peaks in the chromatogram, or as increased back-
ground or column bleed. 

8. 2,4-dinitrophenol
9. 4-nitrophenol

10. 2-methyl-4,6-dinitrophenol
11. pentachlorophenol

1µL direct injection of Method 604 - Phenols Calibration Mix (cat.# 31029),
using an open-top Uniliner® injector liner 
Oven temp: 50°C (hold 4 min.) to 250°C @ 8°C/min. (hold 5 min.)
Inj./Det. temp.: 250°C/300°C
Carrier gas: hydrogen

Direct injections can be performed with or without using the solvent focus-
ing mechanisms normally required for splitless injections. If solvent focus-
ing is used, the 0.32mm or 0.53mm ID column can be operated at flow
rates closer to the predicted optimum, because early-eluting compounds
will be recondensed at the head of the column. If solvent focusing is not
used, employ a faster carrier gas rate to narrow the sample band at the
head of the column.

1 2 3,4 5 6 7

8

9

10

11

1 2 3 5 6 7

8

9 10

11

4

1 2 3 5 6

7

8

9 10

11

4

2 4 6 8 10 12 14 16 18 20 22 24 min.

2 4 6 8 10 12 14 16 18 20 22 24 min.



9

www.restekcorp.com

9

Figure 8 shows a pesticide analysis performed on a direct injection system fitted with a low-
quality septum, then with a high-quality Thermolite® septum. Notice that outgassed products
from the low-quality septum interfere with peaks 3, 4, and 5, and with peaks 18 and 19. Use
of a packed purged injector or a splitless injector (either of which incorporates a septum
purge system) greatly diminishes this problem. To ensure that your analyses are free of sep-
tum contaminants, however, it is wise to always use high-quality septa, even with a septum
purge system. For more information on the advantages of using high-quality septa, request
our Guide to Minimizing Septa Problems (Lit. cat. # 59886).

Keep injection volumes small when making direct injections
In general, analysts should strive to keep sample injection volumes as small as possible when
using direct injections, ideally less than 1µL. Sample sizes greater than 1µL increase the
probability of backflash, in which a portion of the vaporized sample can spill out of the top
of the injection port liner. Sample backflash can lead to tailing peaks, split peaks, and poor
resolution. If the sample volume must exceed 1-2µL, higher injection port pressures or slow-
er rates of injection can minimize backflash.

Figure 8. 
Low-quality septa will cause ghost peaks when used with direct injections.

Low-quality septum High-quality Thermolite® septum

1

2

3

4
5

6
7

8 9
10

11

12,13
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18
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20

21 22

4 8 12 16 20 24 28 32 36 min.

1

2

3

4
5

6

7
8

9
10
11

12,13

14
15

16

17

18
19

20

21 22

1. 2,4,5,6-tetrachloro-m-xylene
2. a-BHC
3. b-BHC
4. g-BHC
5. d-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. g-chlordane

10. endosulfan I
11. a-chlordane
12. dieldrin
13. 4,4'-DDE

30m, 0.53mm ID, 0.50µm Rtx®-5 column (cat.# 10240)
1.0µL direct injection of 50pg pesticide standard using a
Uniliner® liner
Oven temp: 150°C to 275°C @ 

4°C/min. (hold 15 min.)
Inj./Det. temp.: 250°C/300°C
Carrier gas: helium
Linear velocity: 40cm/sec. (flow rate: 10cc/min.)
ECD sensitivity: 8x10-11 AFS

14. endrin
15. endosulfan II
16. 4,4'-DDD
17. endrin aldehyde
18. endosulfan sulfate
19. 4,4'-DDT
20. endrin ketone
21. methoxychlor
22. decachlorobiphenyl (IS)

4 8 12 16 20 24 28 32 36 min.

septum bleed
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Table II shows typical expansion volumes for common sample solvents at a pressure of
10psig. These expansion volumes can be compared to the injector liner volumes in Table III
to determine whether a specific combination of solvent, sample volume, and liner ID is com-
patible at this pressure. For example, 1µL of liquid methylene chloride will expand to more
than 400µL of vapor in a heated injection port, and 2µL of liquid methylene chloride will
expand to more than 800µL of vapor. A 4mm ID Uniliner® direct injection liner can accom-
modate as much as 900µL of vapor before the vapor will backflash out of the injector liner
and cause gross solvent tailing. The liner can accept only half this volume of solvent vapor,
however, because it already contains carrier gas. Thus, the 400µL of vapor produced by
injecting 1µL of methylene chloride can be accommodated by a 4mm ID Uniliner® liner, but
the 800µL of vapor produced by 2µL of methylene chloride cannot be accommodated.
Solvents with a larger expansion volume than methylene chloride also will exhibit backflash.
For example, 1µL of a water-based sample would expand to more than 1400µL of vapor and
would exceed the buffer volume in any of the direct injection liners.

Compress the sample vapor cloud when making large injections
Table IV further illustrates the importance of minimizing sample volume to avoid backflash.
Values in this table show that when a 2µL injection of methylene chloride is made in combi-
nation with a typical column flow rate of 10cc/min., it would take approximately 1.7 seconds
for the entire vaporized sample to be carried from the injection port liner and into a 0.53mm
ID column. If a 5µL sample is used instead of a 2µL sample, it would take almost nine sec-
onds for the entire sample to enter the column. 

In order accommodate the size of the vaporized sample, a slower rate of injection  could be
used to allow the carrier gas flow to transfer the sample onto the column as the vapor cloud
is formed. Keep in mind that slow rates of injection cannot be reproduced consistently when
performing manual injections.

A better alternative for making injections larger than 1–2µL is to use higher carrier gas pres-
sures in the injection port to compress the vaporized sample cloud. Table V shows how sol-
vent density, solvent molecular weight, and pressure affect sample vapor cloud volume. Note
that pressure (“P”) is in the denominator of the ideal gas law. This indicates that an increase
in column head pressure will reduce the volume of the sample vapor cloud. Thus, by increas-
ing the injection port pressure from a typical 10psig to a pressure of 15psig or more, the size
of the sample vapor cloud can be reduced, allowing rapid injections of large volume samples
to be made without resulting solvent peak tailing or backflash.

Table II. 
Typical expansion volumes for sample solvents.

Injection
Volume Expansion Volume (vaporized, µL)*

(liquid) (µL) water carbon disulfide methylene chloride hexane isooctane

0.1 142 42 40 20 16
0.5 710 212 200 980 78
1.0 1420 423 401 195 155
2.0 2840 846 802 390 310
3.0 4260 1270 1200 585 465
4.0 5680 1690 1600 780 620
5.0 7100 2120 2000 975 775

Table III. 
Internal volumes of injector liners.†

Liner Internal Volume (µL)
ID (mm) Theoretical* Effective**

0.53 16
1.0 59 30
2.0 236 118
3.0 530 265
4.0 942 471

*Expansion volumes based on a 250°C injection port temperature and a 10psig head pressure.

*Total internal volume for a typical 75mm-long
liner.
**Liner volume available to accommodate an
injection (carrier gas present in liner).
†From Grob, Split and Splitless Injection, 3rd ed.
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Expansion Volume (µL)*
at various column headpressures

Solvent Density (g/mL) Molecular Weight 5psig l0psig 15psig
heptane 0.68 100 219 174 145
hexane 0.66 86 245 196 163
pentane 0.63 72 280 224 186
toluene 0.87 92 303 242 201

ethyl acetate 0.90 88 328 261 217
chloroform 1.49 119 400 319 266

methylene chloride 1.33 85 500 399 332
methanol 0.79 32 792 629 525

water 1.00 18 1776 1418 1179

11

Table IV. 
Injection speed must be based on volume of solvent and column flow rate.

Injection Rate =
[solvent/sample expansion volume (cc) - injector liner buffer volume (cc)]

column flow rate (cc/min.)

Injection Expansion Injection Time (sec.) for 0.53mm ID Columns
Volume Volume Flow rate: 5cc/min. 10cc/min. 20cc/min. 30cc/min.
(liquid) (vaporized) Injection: DI OC DI OC DI OC DI OC
0.1µL 38µL 0.5 0.5 0.5 .23 0.5 .11 0.5 .08
0.5µL 194µL 0.5 2.3 0.5 1.2 0.5 .58 0.5 .39
1.0µL 388µL 1.3 4.7 0.67 2.3 0.5 1.16 0.5 .78
2.0µL 779µL 3.3 9.3 1.7 4.7 0.84 2.3 0.6 1.6
5.0µL 1952µL 17.4 23.4 8.7 11.7 4.4 5.9 2.9 3.9

Table V. 
The ideal gas law indicates that an increase in pressure greatly reduces sample expansion volume.

Use these formulas to calculate values not listed in
Table IV or V:

Solvent/sample expansion volume (v)= nRT / P
n = number of moles of sovent and sample.

[volume (mL) x density (g/mL)] / mol wt (g/mole)
R = gas law constant

82.06cc atm/mole °K
T = absolute temperature of injector (°K)

(°K = °C + 273)
P = absolute column headpressure (atm) + 1 atm

Injector liner volume** = pr2L
p = 3.14
r = liner internal radius (cm)
L = liner length (cm)

**Also use this formula to determine capillary column
internal volume.

DI = direct injection
OC = on-column injection

*Expansion volumes determined using a 1.0µL injection volume, a 250°C injection port temperature,
and a headpressure of 5, 10, or 15psig (common operating pressures for 30m columns having IDs of
0.53, 0.32, or 0.25mm, respectively). For 2µL injections, double the volumes. 

Electronic pressure control and direct injection
Some GCs offer electronic pressure control (EPC), which can be used to momentarily pulse
the pressure in the injection port, briefly causing an increase in carrier gas velocity during
the initial injection period. Notice the reduction in solvent tailing when a 4µL sample of a
hydrocarbon mix in methylene chloride was analyzed using EPC (Figure 9). A rapid injec-
tion was made using an Agilent 7673 autosampler into an injection port capable of EPC. The
injection port pressure was increased from 8psig to 23psig just prior to the injection and was
held at 23psig for 10 seconds after the injection was made. The solvent peak shape, and sep-
aration of early-eluting compounds from the solvent, are greatly improved by EPC.
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Figure 10. 
Uniliner® injector liner for 

Agilent 6890 GCs (cat.# 21054).

enlarged view

12

Figure 9. 
4µL samples can be rapidly injected via an autosampler if EPC is 

used to compress the sample vapor cloud—note the improved solvent peak shape.

Direct injection of 4µL hydrocarbons (EPA/Wisconsin DRO Mix, cat.# 31064) 
using an autosampler.

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

*EPC program: the head pressure was initially set at 23psi, held for
10 sec., then decreased to 8.2psi (80cm/sec. @ 40°C).1. decane (C10)

2. dodecane (C12
3. tetradecane (C14)
4. hexadecane (C16)
5. octadecane (C18)
6. eicosane (C20)
7. docosane (C22)
8. tetracosane (C24)
9. hexacosane (C26)

10. octacosane (C28)

30m, 0.53mm ID, 1.5µm Rtx®-1 column (cat.# 10170)
Conc.: 114µg/mL in CH2Cl2

Oven temp.: 40°C (hold 2 min.) to  310°C @ 12°C/min. (hold 8 min.)
Inj./Det. temp.: 280°C/310°C
Carrier gas: helium
Linear velocity: 80cm/sec. set @ 40°C
FID sensitivity: 8x10-11 AFS

no electronic pressure control electronic pressure control*

If large samples must be used for
direct injection, an injection port
system that incorporates a septum
purge line is preferred over one
without a septum purge. A septum
purge will sweep away any excess
solvent or sample vapor that flashes
out of the top of the injection port
liner. Problems associated with
backflash, such as peak tailing and
ghost peaks, will be minimized.
However, low molecular weight or
low-boiling point sample compo-
nents also can be swept away in the
septum purge if they experience
backflash problems similar to the
sample solvent. This can lead to
irreproducible peak areas for early-
eluting compounds, and poor quan-
titative accuracy.

HOT techtip

Optimizing Direct injection When Using Agilent 6890 
EPC GCs

The pneumatics in an Agilent 6890 EPC GC are not the same as in previous models of
Agilent GCs.  The EPC design includes one pressure sensor upstream of the injection port
and a second pressure sensor downstream of the injection port, at the split vent. Because a
traditional Uniliner® direct injection liner seals to the analytical column, there is no down-
stream flow to the split vent and there will be a difference in the pressure that is measured
between the two sensors when setting up for direct injection. The upstream sensor will over-
compensate for the difference and a high-pressure malfunction will result.

To prevent this problem, we have designed a Uniliner® liner with a unique geometry (Figure
10) that allows you to make direct injections using your Agilent 6890 EPC GC. A small hole
in the upper part of the Uniliner® liner allows a portion of the carrier gas to escape from the
liner and equalize the pressure at the second sensor, thereby eliminating pressure malfunc-
tions. The design of the Uniliner® liner for Agilent 6890 GCs requires no software or hardware
modifications, or flow adjustments. For optimum performance, keep the purge on and use a
very low split flow (3 to 5mL/min. or less).

Summary
Direct injection offers higher sensitivity, less potential for adsorption of active compounds,
and greater simplicity, relative to splitless injection. Less adsorption of sample components,
in turn, reduces the need for column maintenance. Excellent performance and low cost of
the equipment needed also are strong arguments for adopting this technique.
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Products for Direct Injection Analyses

Inlet and FID Maintenance Kits for Agilent GCs
• Include the most common types of consumable supplies.
• All parts meet or exceed instrument manufacturer’s specifications.
• Include parts list that makes reordering easy.

Description qty. cat.#
Inlet Maintenance Kit for Agilent 5890/6890/6850 GCs kit 21069
FID Maintenance Kit for Agilent 5890 GCs kit 21070
FID Maintenance Kit for Agilent 6890/6850 GCs kit 21071

Inlet kits include:
• Viton® o-rings.
• Capillary nuts.
• Inlet seals.
• Reducing nut.
• Scoring wafer.
• 11 mm Thermolite®

septa.

• 4.0mm single gooseneck liner.
• 0.4, 0.5, and 0.8mm ID graphite ferrules.
• 4.0mm split liner with wool.
• Capillary column caps.
• 1/4- to 5/16-inch wrench.
• Septum puller.
• Installation gauge.
• Wire cleaning brush.
• Jet reamers/ferrule removers.
• Inlet liner removal tool.

FID kits include:
• 1/4-inch, 0.4, 0.5,

and 0.8mm ID
graphite ferrules.

• FID/NPD capilary 
adaptor.

• Capillary nuts.
• Jet reamers/ferrule 

removers.
• 1/4-inch nut.
• Scoring wafer.

• Ignitor for either Agilent 5890 or 
6890/6850 GCs.

• Capillary column caps.
• FID flow measuring adaptor.
• 1/4- to 5/16-inch  wrench.
• Installation gauge.
• Wire cleaning brush.
• High-performance Silcosteel® FID jet for 

either Agilent 5890 or 6890/6850 GCs.
• 1/4-inch nut driver for jet removal.

Dislodge ferrules or remove
silica deposits with the
Jet Reamer/Ferrule Remover.

The Capillary Installation
Gauge makes seating the
ferrule and installing the
column consistent and easy.

The Inlet Liner Removal
Tool safely removes an inlet
liner from a hot injection
port without cracking the
liner—and you won’t burn
your fingers!

The Inlet Maintenance Kit includes these tools and many others.

FID maintenance made easy
with tools and replacement
components specifically
matched to your instrument.

The FID Ignitor meets
original equipment specifi-
cations.

The High-Performance
Silcosteel® FID Jet will stay
clean longer—even when
exposed to highly active com-
pounds.

The FID Maintenance Kit includes these tools and many others.
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Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to

Agilent part#
cat.#
10-pk.

Straight Glass Inlet Liner
general use 2.0 ID

3.0 OD x 71 5181-2036 21157

Baffled Glass Inlet Liner
active compounds, drugs, pesticides 1.5 ID

3.0 OD x 71 5183-2037 21704

Siltek™ Baffled Glass Inlet Liner
active compounds, drugs, pesticides 1.5 ID

3.0 OD x 71 5183-2037 21704-214.10

Glass Inlet Liner with Wool*
large volume injections 2.0 ID

3.0 OD x 71 5183-2039 21156

Description Benefits/Uses:
ID**/OD &

Length (mm)
cat.#
ea.

cat.#
5-pk.

Siltek™ 1mm Uniliner® ***

trace, active samples,
samples <1µL

1.0 ID
6.3 OD x 78.5 21052-214.1 21053-214.5

Uniliner® ***

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5 20335 20336

Siltek™ Uniliner® ***

trace, active samples, high
recovery & linearity

4.0 ID
6.3 OD x 78.5 20335-214.1 20336-214.5

Cyclo-Uniliner® ***

trace, dirty, high MW active
samples, high recovery &

linearity

4.0 ID
6.3 OD x 78.5 20337 20338

Siltek™ Cyclo-Uniliner® ***

trace, dirty, high MW active
samples, high recovery &

linearity

4.0 ID
6.3 OD x 78.5 20337-214.1 20338-214.5

Open-top Uniliner® with Wool***

trace, dirty, active samples,
high recovery & linearity

4.0 ID
6.3 OD x 78.5 20843 20844

Description Benefits/Uses:
ID**/OD &

Length (mm)
cat.#
ea.

cat.#
5-pk.

Drilled Uniliner®

allows direct injection when
using an EPC-equipped GC

4.0 ID
6.3 OD x 78.5 21054 21055

Siltek™ Drilled Uniliner®

allows direct injection when
using an EPC-equipped GC

4.0 ID
6.3 OD x 78.5 21054-214.1 21055-214.5

Siltek™ 1mm Drilled Uniliner®

allows direct injection when
using an EPC-equipped GC

1.0 ID
6.3 OD x 78.5 21390-214.1 21391-214.5

Prepacked Inlet Liners Suffix Numbers
qty. FS Wool FS Beads Glass Wool CarboFrit™†

ea. -200.1 -201.1 -202.1 -209.1
5-pk. -200.5 -201.5 -202.5 -209.5
25-pk. -200.25 -201.25 -202.25 -209.25

†CarboFrit™ inserts require a neck greater than 2mm.

Prepacked Liners
Order liners packed with fused silica wool, fused silica beads, glass wool, or CarboFrit™

inserts by adding the appropriate suffix to the inlet liner catalog number.

*This liner is prepacked with fused silica wool. To order glass wool instead, add the suffix “-202” to the
liner catalog number.
** Nominal ID at syringe needle expulsion point.
*** These Uniliner® liners are for split/splitless injection ports.

Direct Injection Liners for Agilent & Finnigan GCs (for O.32/0.53mm ID columns)

Direct Injection Liners for use with EPC Systems (for 0.25/0.32/0.53mm ID columns)

CIS4 and PTV Liners for Agilent GCs
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Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to

Shimadzu part # ea.
cat.#
5-pk. 25-pk.

Detector Make-up Liner

FIDs, ECDs & misc.
detectors

1.0 ID
5.0 OD x 75 — 20760 20761 —

Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to

Shimadzu part # ea.
cat.#
5-pk. 25-pk.

17A PTV Liner with Wool*

trace, dirty, high & low
MW active samples

1.6 ID
4.0 OD x 95 225-09212-01 21705 21706 21707

Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to

Shimadzu part # ea.
cat.#
5-pk. 25-pk.

128mm Uniliner®

trace, active samples,
high recovery & linearity

3.5 ID
5.0 OD x 128 — 20872 20873 —

128mm Cyclo-Uniliner®

trace, dirty, high MW
active samples, 
high linearity

3.5 ID
5.0 OD x 128 — 20874 20875 —

99mm Uniliner®

trace, active samples,
high recovery & linearity

3.5 ID
5.0 OD x 99 — 20876 20877 —

99mm Cyclo-Uniliner®

trace, dirty, high MW
active samples, high
recovery & linearity

3.5 ID
5.0 OD x 99 — 20893 20894 —

95mm Uniliner® with Wool*

trace, dirty, high MW
active samples, high
recovery & linearity

3.5 ID
5.0 OD x 95 — 21713 21719 —

Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to
Varian part # ea.

cat.#
5-pk. 25-pk.

0.5mm SPI

high linearity
for 0.25 & 0.32mm ID columns

0.53 ID
4.6 OD x 54 01-900109-06 20775 20776 20777

Siltek™ 0.5mm SPI

high linearity
for 0.25 & 0.32mm ID columns

0.53 ID
4.6 OD x 54 01-900109-06 20775-214.1 20776-214.5 20777-214.25

0.8mm SPI

high linearity
for 0.53mm ID columns

0.80 ID
4.6 OD x 54 01-900109-07 20778 20779 20780

SPI with Buffer

dirty samples >1µL, for 0.25,
0.32 & 0.53mm ID columns

2.4 ID
4.6 OD x 54 01-900109-08 20850 20851 20852

Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to

Varian part # ea.
cat.#
5-pk. 25-pk.

Uniliner®

trace, active samples,
high recovery & linearity

4.0 ID
6.3 OD x 72 — 20345 20346 —

Cyclo-Uniliner®

trace, dirty, high MW,
active samples, high linearity

4.0 ID
6.3 OD x 72 — 20347 20348 —

Open-top Uniliner® with Wool*

trace, dirty, active samples,
high recovery & linearity

4.0 ID
6.3 OD x 72 — 20845 20846 —

See pg. 17 for details on

Siltek™ deactivation.

Direct Injection Liners for Shimadzu GCs (for 0.32/0.53mm ID columns)

17A PTV Liners for Shimadzu GCs

Make-up Liners for Shimadzu GCs

*This liner is prepacked with fused silica wool. To order glass wool instead,
add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.

Direct Injection Liners for Varian GCs (for 0.32/0.53mm ID columns)

SPI Liners for Varian GCs (for 0.32/0.53mm ID columns)
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Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to
TF part # ea.

cat.#
5-pk. 25-pk.

Open-top Uniliner® w/Wool*

trace, dirty, active samples,
high recovery & linearity

4.0 ID
5.4 OD x 79.5 — 20841 20842 —

Description Benefits/Uses:
ID**/OD &

Length (mm)
Similar to
PE part # ea.

cat.#
5-pk. 25-pk.

PTV Press-Tight®

high linearity for 0.25, 0.32, &
0.53mm ID columns

1.0 ID
2.0 OD x 88 — 20733 20734 20735

PTV Injector
high linearity 1.0 ID

2.0 OD x 88 — 20742 20743 20744
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prepacked
order

liners Prepacked Inlet Liners Suffix Numbers
qty. FS Wool FS Beads Glass Wool CarboFrit™†

ea. -200.1 -201.1 -202.1 -209.1
5-pk. -200.5 -201.5 -202.5 -209.5
25-pk. -200.25 -201.25 -202.25 -209.25

†CarboFrit™ inserts require a neck greater than 2mm.

Prepacked Liners
Order liners packed with fused silica wool, fused silica beads, glass wool, or CarboFrit™

inserts by adding the appropriate suffix to the inlet liner catalog number.

Direct Injection Liners for PerkinElmer GCs (for 0.32/0.53mm ID columns)

PTV Liners for PerkinElmer GCs

Direct Injection Liners for 5000-6000 Series Thermo Finnigan GCs (for 0.32/0.53mm ID columns)

*This liner is prepacked with fused silica wool. To order glass wool instead, add the suffix “-202” to the liner catalog number.
**Nominal ID at syringe needle expulsion point.
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DI Liners for PerkinElmer GCs 
(0.32/0.53mm ID) Benefits/Uses:

ID**/OD &
Length (mm)

Similar to
PE part# ea.

cat.#
5-pk. 25-pk.

Uniliner®

trace, active samples,
high recovery & linearity

3.5 ID
5.0 OD x 100 — 20855 20856 —

Cyclo-Uniliner®

trace, dirty, active
samples, high linearity

3.5 ID
5.0 OD x 100 — 20857 20858 —

Auto SYS Open-top Uniliner® w/Wool*

trace, dirty, active
samples, high recovery

& linearity

4.0 ID
6.2 OD x 92.1 — 20837 20838 —

Auto SYS Cyclo-Uniliner®

trace, dirty, high MW
active samples,
high linearity

4.0 ID
6.2 OD x 92.1 — 20839 20840 —

Auto SYS Drilled Uniliner®

allows direct injection
when using an EPC-

equipped GC

4.0 ID
6.2 OD x 92.1 — 20819 20822 —
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basic
Siltek™

standard
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Siltek™ -Deactivated Inlet Liners
• Maximize the inertness of the sample pathway.
• Minimize breakdown.
• Low bleed.
• Thermally stable.
• “Clean and green”—manufactured without the use of harmful organic solvents.

For Siltek™ inlet liners, add the corresponding suffix number to the catalog number for your
liner. Refer to pages 14-16, or to the Restek Product Guide, for liner catalog numbers.

Request the
handy, pocket-sized 
Inlet Supplies Guide
(lit. cat.# 59893A).

It’s a must-have for
every lab.

Siltek™ with Siltek™ with
qty. Siltek™ Siltek™ Wool CarboFrit™†

each -214.1 -213.1 -216.1
5-pk. -214.5 -213.5 -216.5
25-pk. -214.25 -213.25 -216.25

†CarboFrit™ inserts require a neck greater than 2mm.

Base-Deactivated Inlet Liners for Agilent GCs
For Amines & Basic Compounds
If the liner you need is not listed here, you can order it on a custom basis by adding the
appropriate suffix number. For base deactivation: each (-210.1), 5-pack (-210.5), 25-pack
(-210.25). For base-deactivated liners packed with base-deactivated wool: each (-211.1),
5-pack (-211.5), 25-pack (-211.25).

Standard Deactivation
All Restek Liners Are Deactivated for Superior Inertness

Restek uses unique procedures for deactivating all of our liners.
Each lot of liners is evaluated with an endrin breakdown test to
ensure inertness. If you need a higher level of inertness for
demanding applications such as pesticide analyses, try Siltek™

deactivation, described above. Our base deactivation, described
below, is available for amines and basic compound analyses.

ranges of deactivation
acidic neutral basic

ea. 5-pk. 25-pk.
4mm Split Straight w/ Wool

20781-211.1 20782-211.5 20783-211.25
Cyclosplitter®

20706-210.1 20707-210.5 —
4mm Splitless Straight

20772-210.1 20773-210.5 20774-210.25
2mm Gooseneck

20795-210.1 20796-210.5 20797-210.25
4mm Gooseneck

20798-210.1 20799-210.5 20800-210.25
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TIP!

2029010-pk.
Ferrules for split liners (6.3mm OD):
1/4" dual-taper Vespel®/graphite ferrules

18

Special dual-taper, 1⁄4-inch ID Vespel®/graphite
ferrules fit over split liners (OD 6.3mm).

Ferrules with a slightly enlarged ID are re-
quired for splitless liners (OD 6.5mm) and are

available from Restek.

Original liner dimen-
sions and column
insertion distances
maintained.

Compact, locking 
pin-and-slot assembly

prevents inlet lines
from snapping.

Leak-free injection 
port seals at 

temperatures as high 
as 400°C.

Redesigned injector
base improves seal 

and simplifies 
column installation.

Uses standard 
1⁄4-inch ferrule instead

of sealing disk.

•
• Silcosteel®-treated 

for an inert 
sample pathway!

Design

Restek

Enhanced

Restek Enhanced Split/Splitless Injection Port for Agilent 5890 GCs

✶
For technical support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

or call your local 
Restek representative.

Description qty. cat.#
Complete injection port assembly includes:
base fitting, split/splitless weldment, shell weldment, stainless steel base screw,
septum nut, 1/16" and 1/4" stainless steel nuts, 1/4" graphite ferrule
Silcosteel® Injection Port for Agilent 5890 GCs kit 22675

Ferrules for splitless liners (6.5mm OD):
1/4" dual-taper Vespel®/graphite ferrule 10-pk. 20291
Silcosteel® Base Screws for Restek 5890 Injection Port 10-pk.

50-pk.
21631
21632

Gold-Plated Base Screws for Restek 5890 Injection Port 2-pk.
10-pk.

21629
21630

Septum Nut ea. 20631
Base Fitting for Restek 5890 Injection Port ea. 21626
Silcosteel® Split/Splitless Weldment for Restek 5890 Injection Port ea. 22677
Silcosteel® Shell Weldment for Restek 5890 Injection Port ea. 22678

Please note: Complete injection port assembly does not include inlet liner, 1/16" capillary ferrule, or
split/splitless liner ferrules. Order separately.

Due to constant installation,
removal, and exposure to
extreme temperature changes,
threads on GC parts easily
become worn and damaged.
This can cause a poor seal,
and oxygen can enter the sys-
tem, compromising analytical
results and possibly destroy-
ing expensive analytical
columns.

Screw the rethreading tool
completely onto the injection
port in a clockwise direction.
Depending on the severity of
thread damage, this may
require force. 

Unscrew the rethreading
tool and inspect the
threads. Repeat as neces-
sary. When done, wipe
clean with methanol to
remove any debris.

1 2 3

Re-Threading Tool
• Repair worn or damaged threads.
• Multiple uses.
• Built-in guide to prevent cross-threading.

Description qty. cat.#
For Agilent split/splitless injection ports ea. 23018
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Inlet Seals for Agilent 5890/6890
Split/Splitless Injection Port

Split/splitless weldment for 
Agilent 5890 

Septum nut not included

Shell weldment for 
Agilent 5890

Weldment and shell weldment for
Agilent 6890/6850

Direct Replacement Split/Splitless Injection Ports for Agilent GCs
Would you like better performance from your injector? Restek’s Silcosteel®-coated
split/splitless injector is a direct replacement for Agilent 5890 and 6890/6850 GCs. The
injector is manufactured from high-quality stainless steel and meets or exceeds Agilent
original equipment specifications. Silcosteel® passivates the metal surface to ensure an inert
pathway for the sample, delivering increased performance.

Similar to
Description Agilent part # qty. cat.#
Replacement Weldment with manual flow 19251-60575 ea. 20265
Replacement Shell Weldment 19251-80570 ea. 20266
Silcosteel® Weldment with manual flow — ea. 20267
Silcosteel® Shell Weldment — ea. 20268

Direct Replacement Split/Splitless Injection Port for Agilent 5890 GCs

Similar to
Description Agilent part # qty. cat.#
Replacement Weldment with EPC G1544-60575 ea. 22674
Replacement Weldment with manual flow 19251-60575 ea. 20265
Replacement Shell Weldment G1544-80570 ea. 22673
Silcosteel® Weldment with EPC — ea. 22672
Silcosteel® Weldment with manual flow — ea. 20267
Silcosteel® Shell Weldment — ea. 22671

Direct Replacement Split/Splitless Injection Port for Agilent 6890/6850 GCs

Replacement Inlet Seals for Agilent 5890/6890/6850 Split/Splitless
Injection Ports
• Special grade of stainless steel that is softer and deforms more easily, ensuring a com-

pletely leak-free seal.
• Increases column lifetime because oxygen cannot permeate into the carrier gas.
• Reduced noise benefits high-sensitivity detectors (e.g., ECDs, MSDs).
• Silcosteel® seal offers the inertness of glass.
• All seals include washers.

Note: We recommend the 1.2mm inlet
seal for use with VESPEL®/graphite 
ferrules or when installing two columns
using a two-hole ferrule. Use the 0.8mm
inlet seal with graphite ferrules and a 
single capillary column.

Single-Column Installation
Opening Size 0.8mm ID*

0.25/0.32mm ID Dual-Column
Installation 

Opening Size 1.2mm ID

0.53mm ID Dual-Column
Installation

Opening Size (1/16-inch hole)
2-pk. 10-pk. 2-pk. 10-pk. 2-pk. 10-pk.

Stainless Steel Inlet Seal*
21315 21316 20390 20391 20392 20393

Gold-Plated Inlet Seal**
21317 21318 21305 21306 — —

Silcosteel® Inlet Seal
21319 21320 21307 21308 — —

Replacement Cross-Disk Inlet Seal for Agilent GCs
• Ideal for high-flow split applications on Agilent 5890 GCs.

0.8mm ID Cross-Disk Inlet Seal for Agilent GCs 2-pk. 10-pk.
Gold-Plated 20477 20476
Silcosteel® 20475 20474
1.2mm ID Cross-Disk Inlet Seal for Agilent GCs 2-pk. 10-pk.
Gold-Plated 21009 21010
Silcosteel® 21011 21012

(Similar to Agilent part # 5182-9652.)

*0.8mm ID stainless steel inlet seal is equivalent to Agilent part #18740-20880.
**0.8mm ID gold-plated inlet seal is equivalent to Agilent part #18740-20885.

All seals include washers.

Vespel® Ring Inlet Seal
Reliable leak-tight seal for Agilent GCs. 

Ask your Restek representative.
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Finger-Tight Column Nuts
• Allows wrench-free column installations.
• Works with standard or compact (Agilent-style) ferrules.
• Made from high-quality stainless steel.

Description qty. cat.#
For use with “short” Agilent-style ferrules* ea. 21311
For use with standard ferrules ea. 21312

Finger-Tight Nut
• Rapidly tighten columns without wrenches and avoid overtightened stripped threads.
• Two versions available—both can be used with 0.25, 0.32, or 0.53mm ID columns.

Capillary Nuts (for Agilent 5890/6890 GCs)

Description qty. cat.#
1/16-inch Capillary Inlet Adaptor Fitting Kit kit 20633
Replacement Inlet Seal (1.2mm hole) 2-pk. 20390
Replacement Inlet Seal (1.2mm hole) 10-pk. 20391

1/16-Inch Capillary Inlet Adaptor Fitting Kit
(Split/splitless fitting for 0.25 and 0.32mm ID capillary columns)
Restek has specially engineered a high-precision, 1/16-inch fitting that uses standard size,
two-hole capillary ferrules. Our design makes it easier to install capillary columns because
the nut protrudes farther from the insulated injection port chamber. The column insertion
depth is the same as the original equipment. The fitting kit comes with everything needed
for dual-column confirmational analysis using 0.25 and 0.32mm ID capillary columns (two-
hole ferrules must be ordered separately).

Description qty. cat.#
Reducing Nut ea. 22078

Direct Replacement Reducing Nut
Restek offers the replacement reducing nut for Agilent 5890/6890/6850 GCs. It is made
from high-quality stainless steel and meets original equipment specifications.

Description qty. cat.#
1/8-Inch Capillary Inlet Adaptor Fitting Kit kit 20645
0.53mm ID Dual-Column Installation
Opening Size (1/16-inch hole) Replacement Inlet Seal

2-pk.
10-pk.

20392
20393

1/8-Inch Capillary Inlet Adaptor Fitting Kit
(Split/splitless fitting for 0.53mm ID capillary columns)
Restek has specially engineered a high-precision, 1/8-inch fitting that uses standard 1/8-inch,
two-hole capillary ferrules. Our design makes column installation easy because the nut pro-
trudes farther from the insulated injection port chamber. The column insertion depth is the
same as the original equipment. The fitting kit comes with everything needed for installation.

Description qty. cat.#
For use with “short” Agilent-style ferrules 2-pk. 21040
For use with standard 1/16" capillary ferrules 2-pk. 21041
For use with standard 1/16" compression fittings 2-pk. 21042

See previous page for gold and Silcosteel® inlet seals.

*Similar to Agilent part # 5020-8293 and 5020-8292, except that the Restek nut can be used with
Vespel® ferrules.

Stainless Steel
Similar to

Agilent part # qty. cat.#
For use with “short” Agilent-style ferrules 5181-8830 2-pk. 21884
For use with standard ferrules—redesigned to fit a 
wider variety of 1/16" ferrules — 2-pk. 20883

Brass
Similar to

Agilent part # qty. cat.#
For use with “short” Agilent-style ferrules 5181-8830 2-pk. 21878
For use with standard 1/16" -type ferrules — 2-pk. 21879



21

www.restekcorp.com

Instrument Septum Size

Agilent (HP)
5880A, 5890, 6890,
and 6850 11mm
5700, 5880 9.5/10mm
On-Column Injection 5mm

CE Instruments (TMQ)
TRACE GC 17mm

Finnigan (TMQ)
GC 9001 9.5mm
GCQ 9.5mm
GCQ w/TRACE 17mm
QCQ™ 9.5mm
TRACE 2000 9.5mm

Fisons/Carlo Erba (TMQ)
8000 series 17mm

Gow-Mac 
6890 series 11mm
All other models 9.5mm

PerkinElmer
Sigma series 11mm
900,990 11mm
8000 series 11mm
Auto SYS 11mm
Auto SYS XL 11mm

Pye/Unicam
All models 7mm

Shimadzu
All models Plug

SRI
All models Plug

Tracor
540 11.5mm
550,560 9.5mm
220,222 12.5mm

Varian
Injector type:
Packed column 9.5/10mm
Split/splitless
1078/1079 10/11mm
1177 9mm
1075/1077 11mm
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size chart
handy

septumThermolite® Septa
• Use to 340°C inlet temperatures.
• Each batch tested on FIDs, ECDs, and

MSDs to ensure lowest bleed.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Packaged in non-contaminating glass jars.

InfraRed™ Septa
• Use to 325°C inlet temperatures.
• Preconditioned and ready to use.
• Excellent puncturability.
• Do not adhere to injectors.
• Low bleed.
• Packaged in non-contaminating glass jars.

IceBlue™ Septa
• Use to 250°C inlet temperatures.
• General-purpose septa.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.

• Packaged in non-contaminating 
glass jars.

• Ideal for SPME.

Septum Diameter 25-pk. 50-pk. 100-pk.
5mm (3/16") 20351 20352 20353
6mm (1/4") 20355 20356 20357
7mm 20381 20382 20383
8mm 20370 20371 —
9mm 20354 20358 20362
9.5mm (3/8") 20359 20360 20361
10mm 20378 20379 20380
11mm (7/16") 20363 20364 20365
11.5mm 22385 22386 22387
12.5mm (1/2") 20367 20368 20369
17mm 20384 20385 20386
Shimadzu Plug 20372 20373 20374

Septum Diameter 25-pk. 50-pk. 100-pk.
9mm 21417 21418 21419
9.5mm (3/8") 21421 21422 21423
10mm 21424 21425 21426
11mm (7/16") 21427 21428 21429
11.5mm 21430 21431 21432
12.5mm (1/2") 21433 21434 21435
17mm 21436 21437 21438
Shimadzu Plug 21439 21440 21441

Septum Diameter 50-pk. 100-pk.
9mm 22381 22382
9.5mm (3/8") 22388 22389
10mm 22390 22391
11mm (7/16") 22392 22393
11.5mm 22383 22384
12.5mm (1/2") 22394 22395
17mm 22396 22397
Shimadzu Plug 22398 22399

Measure
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Save $$$!
Buy Restek ferrules in bulk

50-packs!

Capillary Ferrules—For 1/16-Inch Compression-Type Fittings
Ferrule Fits Column Vespel® /

ID ID qty. Graphite Graphite
0.3mm < 0.20mm 10-pk. 20233 —
0.4mm 0.25/0.28mm 10-pk. 20200 20211
0.4mm 0.25/0.28mm 50-pk. 20227 20229
0.5mm 0.28/0.32mm 10-pk. 20201 20212
0.5mm 0.28/0.32mm 50-pk. 20228 20231
0.8mm 0.45/0.53mm 10-pk. 20202 20213
0.8mm 0.45/0.53mm 50-pk. 20224 20230
1.0mm 0.75mm* 10-pk. 21058 —
1.6mm 1.00mm* 10-pk. 21060 —

Compact Ferrules for Agilent 5890/6850/6890 GCs
Ferrule Fits Column Vespel® /

ID ID qty. Graphite Graphite
0.4mm 0.25/0.28mm 10-pk. 20250 20238
0.4mm 0.25/0.28mm 50-pk. 20251 20239
0.5mm 0.28/0.32mm 10-pk. 21007 20248
0.5mm 0.28/0.32mm 50-pk. 21008 20249
0.8mm 0.45/0.53mm 10-pk. 20252 20263
0.8mm 0.45/0.53mm 50-pk. 20253 20264
1.0mm 1.00mm 10-pk. 21059 21056
1.6mm 1/16" 10-pk. 21061 21057

Standard Ferrules—For 1/16"-, 1/8"-, and 1/4" - Inch Fittings
Fitting Ferrule Vespel® /

Size ID qty. Graphite Graphite
1/4" 3/16" 5-pk. — 20258
1/16" 1/16" 10-pk. 20207 20218
1/8" 1/8" 10-pk. 20208 20219
1/8" red. to 1/16" 10-pk. 20209 20220
1/4" 1/4" 10-pk. 20210 20221
1/4" red. to 1/8" 10-pk. 20225 20222
1/4" red. to 1/16" 10-pk. 20226 20223

Fitting Ferrule Fits Column Vespel® /
Size ID ID qty. Graphite
1/16" 0.4mm 0.25mm 5-pk. 20241
1/16" 0.5mm 0.28/0.32mm 5-pk. 20242
1/8" 0.8mm 0.45/0.53mm 5-pk. 20246

Two-Hole Ferrules—For 1/8- and 1/16-Inch Compression-Type Fittings

Ferrules
Vespel® /graphite

Graphite

• Vespel®/graphite ferrules are a 60%/40% blend, offering the best combi-
nation of sealing performance and ease of workability.

• Seal with minimal torque, reusable, and preferred for vacuum and high-
pressure uses.

• Stable to 400°C.

• High-purity, high-density graphite.
• Smoother surface and cleaner edges than conventional graphite ferrules.
• Contain no binders that can off-gas or adsorb analytes.
• Stable to 450°C.
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✶
For technical support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

or call your local 

Reducing Ferrules
Fitting Ferrule Fits Column Vespel® /

Size ID ID qty. Graphite Graphite
1/8" 0.4mm 0.25mm 5-pk. 20205 20254
1/8" 0.5mm 0.32mm 5-pk. 20205 20255
1/8" 0.8mm 0.53mm 5-pk. 20206 20215
1/4" 0.4mm 0.25mm 5-pk. 20203 —
1/4" 0.5mm 0.32mm 5-pk. 20203 20257
1/4" 0.8mm 0.45/0.53mm 5-pk. 20204 20217

Blank Ferrules—For 1/16-Inch Fittings
Fitting Ferrule Vespel® /

Size ID qty. Graphite
1/16" no hole 10-pk. 20240

Ferrule Fits Column Graphite Graphite
ID ID 2-pk. 10-pk.

0.4mm 0.18–0.25mm 20280 20281
0.5mm 0.28/0.32mm 20282 20283
0.8mm 0.45/0.50 & 0.53mm 20284 20285

Graphite Ferrules for M4 Fittings for GCQ Thermo Finnigan 8000* & TRACE™ 2000

Encapsulated Ferrules—For 1/16-Inch Compression Fittings
• Will not deform and stick in fittings.
• Reusable.
• Less torque needed to seal ferrule.
• Restek’s unique blend of graphite provides low fragmentation and outgassing.

Ferrule ID Fits Column ID qty. cat.#
0.4mm 0.25mm 10-pk. 21036
0.5mm 0.28/0.32mm 10-pk. 21037
0.8mm 0.45/0.53mm 10-pk. 21038

HOT techtip
Choosing the Right Ferrule

Although graphite and Vespel®/graphite
ferrules each have advantages and dis-
advantages, the choice of ferrule com-
position is largely a personal preference.
Graphite ferrules are soft, easy to seal,
stable to 450°C, and contain no binders
that might off-gas. Vespel®/graphite fer-
rules work better for vacuum and high-
pressure applications (e.g., GC/MS)
because they will not allow oxygen to
permeate into the system, whereas
graphite ferrules will. In addition,
Vespel®/graphite ferrules do not frag-
ment, which also makes them ideal for
GC/MS use. Because Vespel®/graphite
ferrules are made from a harder materi-
al, they might require retightening after
several temperature cycles.

Teflon® Ferrules
• Upper temperature limit 250°C.
• 100% Teflon®; completely inert.
• One-piece design requires no back ferrule.

Fitting Ferrule
Size ID qty. cat.#
1/16" 1/16" 10-pk. 21122
1/16" 0.4mm 10-pk. 21123
1/16" 0.5mm 10-pk. 21124
1/16" 0.8mm 10-pk. 21125
1/8" 1/8" 10-pk. 21126
3/16" 3/16" 10-pk. 21127
1/4" 1/4" 10-pk. 21128
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Our Technical Service Department is
staffed with over 35 experienced chemists
from various departments within Restek.
Whether your chromatography problem is
simple or complex, reach for Restek’s Tech-
nical Service Team and we will do every-
thing we can to help you find a solution. 

Our regular technical service hours are
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building the largest library of chromato-
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tomizing it to fit your needs.
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Introduction
Optimizing the Analysis of Volatile Organic Compounds
One of our standing goals is to provide you with practical technical information to help you
obtain reliable data from your chromatographic and peripheral systems. This guide presents
information on the common US Environmental Protection Agency (EPA) gas chromatogra-
phy (GC) methods and procedures used to analyze volatile organic compounds (VOCs). It is
a compilation of information based on our experience and that of experts in this field. Much
of this guide is dedicated to discussing purge and trap techniques, and showing applications
using a variety of configurations and conditions.

We would like to thank the following people for their technical contributions to this guide:

Jessie Crocket Butler, Applications Chemist
Thermo Finnigan, GC & GC/MS Division
2215 Grand Avenue Pkwy
Austin, Texas 78728

Laura Chambers, Applications Chemist
OI Corporation
151 Graham Road
College Station, Texas 77845

Jeff Grindstaff, GC/MS Manager
Columbia Analytical
1317 South 13th Avenue
Kelso, Washington 98626

Alan Hilling, Lab Supervisor
Pace Analytical Services Inc.
9800 Kincey Avenue, Suite 100
Huntersville, North Carolina 28078

Darrell Robbins, GC/MS Volatiles Chemist
Severn Trent Laboratories
55 South Park Drive
Colchester, Vermont 05446

Glynda Smith, Applications Chemist
Tekmar-Dohrmann
4736 Socialville-Foster Road
Mason, Ohio 45040

Alex Tam, GC/MS Volatiles Chemist
Severn Trent Laboratories
1220 Quarry Lane
Pleasanton, California 94566

We hope you enjoy reading this guide and find it useful in your work. If you have any ques-
tions, or have input for future editions, please don’t hesitate to contact Restek Corporation -
we’ll be happy to hear from you.

Christopher English
Environmental Innovations Specialist
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EPA Method Definitions 
Many EPA methods have been developed for the analysis of VOCs. Virtually all VOC meth-
ods employ purge and trap techniques to concentrate the volatiles from the sample matrix. The
type of sample matrix being analyzed determines which method is used. We will discuss
drinking water methods (500 series), wastewater methods (600 series), hazardous waste
methods (8000 series), and Contract Laboratory Program (CLP) methods. In addition, we will
discuss state gasoline range organic (GRO) methods. 

Drinking Water Methods (500 Series)
Proposed in 1973 by the EPA and passed by Congress a year later, the Safe Drinking Water
Act (SDWA) establishes national standards for drinking water from surface and ground water
sources. These methods regulate the analysis of trace-level organic pollutants in drinking
water. Enforcement of the SDWA provides that states shall have the primary authority, while
the EPA will oversee activities pertaining to the public water supply system. These methods
have evolved over the years, which has resulted in a growing list of compounds of interest in
the subsequent revisions. 

Method 502.2: This capillary column GC method is used to monitor 60 regulated volatile
contaminants in drinking water. It employs a purge and trap concentrator, combined with a
photoionization detector (PID) and an electrolytic conductivity detector (ELCD) in series.
The PID detects aromatic and double-bond compounds, and the ELCD detects halogenated
compounds. 

Method 504: This capillary column GC method is used to monitor ethylene dibromide
(EDB) and dibromochloropropane (DBCP) in drinking water. It employs microextraction,
using hexane, and analysis using an electron capture detector (ECD). 

Method 524.2: This capillary column GC/mass spectroscopy (GC/MS) method is used to
monitor the same 60 drinking water contaminants listed in Method 502.2. It also employs
purge and trap concentration, but uses the MS to determine both aromatic and halogenated
compounds.

Method 524.2, Revision IV: This capillary column GC/MS method is used to monitor the
60 compounds listed in Methods 524.2 and 502.2, plus 24 additional compounds. As of
Fall 2001, revisions were proposed to replace hydrochloric acid sample preservation with
sodium thiosulfate. These revisions, however, were not promulgated at the time of this
printing.

Wastewater Methods (600 Series)
In 1977, President Carter signed the Clean Water Act (CWA) allowing the EPA to study and,
if necessary, regulate 65 priority wastewater pollutants. A cooperative effort between envi-
ronmental laboratories and the EPA resulted in the final version of what are now known as
the 600 series methods. These methods regulate the analysis of organic pollutants in industri-
al and municipal wastewater discharges. They were written for packed GC columns, but
most environmental laboratories now use capillary column technology. 

Method 601: This GC method was developed to monitor 29 halogenated volatile pollutants
in wastewater. It employs purge and trap concentration combined with an ELCD. 

Method 602: This GC method was developed to monitor seven aromatic volatile pollutants
in wastewater. It employs purge and trap concentration combined with a PID. Many labora-
tories combine Methods 601 and 602 by using a PID and an ELCD connected in series. 

Method 624: This GC/MS method uses purge and trap concentration to monitor 35 halo-
genated and aromatic volatile pollutants in wastewater. 

Method 1624: This isotope dilution GC/MS method uses purge and trap concentration to
monitor 58 volatile pollutants in wastewater. Stable, isotopically labeled analogs of the target
compounds are added to correct for analyte recoveries that might vary due to matrix interfer-
ence in the analyzed samples. 
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Hazardous Waste Methods (8000 Series)
The Resource Conservation and Recovery Act (RCRA) of 1976 was enforced shortly after
front-page headlines revealed the presence of serious hazardous waste sites like Love Canal,
NY and Times Beach, MO. The analytical methods for determining hazardous waste, known
as the 8000 series methods, fall under US EPA SW-846. These methods were designed for
monitoring organic pollutants in waste samples prior to disposal at hazardous waste facilities.
They also can be used for monitoring groundwater at these facilities. 

Method 8010B: This packed column GC method is used to monitor 50 halogenated volatile
pollutants in hazardous waste samples. It employs purge and trap concentration and an
ELCD. 

Method 8011: This capillary column GC method is used to monitor 1,2-dibromoethane
(EDB) and 1,2-dibromo-3-chloropropane (DBCP) in hazardous waste samples. It employs
microextraction, using hexane, and analysis using an ECD. 

Method 8015A: This packed column GC method is used to monitor  non-halogenated
volatile pollutants in hazardous waste samples. It employs purge and trap concentration and
an FID. Total petroleum hydrocarbon analysis, commonly refered to as 8015-TPH, also falls
under this method. Method 8015-TPH uses an FID to match a known pattern of gasoline
with an unknown sample containing peaks that fall within the gasoline pattern range. If a
pattern falls within the gasoline window it may be reported as gasoline. 

Method 8020A: This packed column GC method is used to monitor ten aromatic volatile
pollutants in hazardous waste samples. It employs purge and trap concentration and a PID. It
is common for analysts to combine Methods 8010 and 8020, by using a PID and an ELCD
in series. 

Method 8021A: This capillary column GC method is used to monitor 60 volatile contami-
nants in hazardous waste samples. It employs purge and trap concentration, combined with a
PID and an ELCD in series. The PID detects aromatic compounds and double-bond com-
pounds, and the ELCD detects halogenated compounds. 

Method 8021B: Using the same analytical technique as Method 8021A, the compound list
for Method 8021B includes ten additional compounds but does not require the analysis of
several branched aromatics and halogenated compounds. 

Method 8240B: This packed column GC/MS method is used to monitor 79 volatile pollu-
tants in hazardous waste samples. It employs purge and trap concentration for most ana-
lytes, but direct injection can be used for some limited applications.

Method 8260B: This capillary column GC/MS method is used to monitor 98 volatile pollu-
tants in hazardous waste samples. It employs purge and trap concentration for most analytes,
but direct injection can be used for some limited applications. 

State GRO Methods
Leaking underground storage tanks (LUST) pose significant environmental risks throughout the
country. States have the responsibility to develop LUST testing methods. State gasoline range
organics (GRO) methods are based on EPA methods such as 602, 8020 and 8015. The most
common EPA method used is 8015, which relies on baseline-integrating the total area of the
gasoline fingerprint, using marker compounds such as hexane (C6) and dodecane (C12). The
8015-TPH Method analysis uses an FID and pattern recognition—the specific ratio of peaks
that make up a particular fuel—to identify the type of fuel. If a pattern falls within the window
markers it may be reported as gasoline, then quantified. Difficult matrices can result in misiden-
tification or poor quantitation of the sample, and deterioration in the environment (weathering)
further complicates the analysis. Therefore, many states have combined EPA methods, using a
PID/FID in series (e.g., Methods 8020/8015-TPH). Specific aromatic compounds are analyzed
using PID (Methods 602, 8020), which is connected to the FID (Method 8015-TPH). The com-
mon target compounds are benzene, toluene, ethylbenzene, and m-, o-, and p-xylene (BTEX),
however many states also have added other compounds to their methods (Table I).

Drinking Water Disinfection Byproducts
1996 amendments to the SDWA require the
EPA to review and revise existing National
Primary Drinking Water Regulations
(NPDWR) at least once every six years. Much
of this renewed interest in changes to drink-
ing water regulation standards stems from
studies suggesting negative reproductive
effects, such as spontaneous abortions,
resulting from trihalomethanes (THMs) in
water. Current studies using compliant levels
of THMs in water have revealed adverse
reproductive effects, therefore method detec-
tion limits (MDLs) will continue to be lowered
in methods that address THMs.1

1. S. Richardson, Anal. Chem. 73 (2001)
2719-2734.
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Contract Laboratory Program (CLP)
In 1980 the US Congress addressed the cleaning of the most contaminated abandoned and
inactive dumpsites. This new legislation was known as the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) and the Superfund Amendments and
Reauthorization Act (SARA). These acts required cleanup of the sites and the prosecution
of those responsible for the contamination. The methods monitor volatile pollutants at
Superfund sites. 

Method OLM04.1 (04.2): The US EPA has awarded contracts for organic low-medium
(OLM) concentration samples within the Superfund program under the 04.2 revision
Statement of Work (SOW). This is a capillary column GC/MS method used to monitor in
hazardous waste 50 volatile pollutants that fall under CERCLA and SARA guidelines. While
this method employs purge and trap concentration, direct injection can be used for higher
concentration samples that require extraction with methanol.

Method OLC03.2: This new EPA Statement of Work (SOW) describes analytical methods
for aqueous low concentration organics. This capillary GC/MS method adds nine new
volatile compounds to the OLC03.1 target compound list (TCL), for a total of 52 com-
pounds. Deuterated Monitoring Compounds (DMC) are introduced as a sample-by-sample
accuracy indicator.

Where can EPA
methods be obtained?

Drinking Water Methods (500 Series)
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
703-487-4600 

Wastewater Methods (600 Series)
Environmental Monitoring and
Support Laboratory
U.S. EPA
Cincinnati, OH  05268
513-569-7562 

Hazardous Waste Methods (8000 Series)
U.S. Government Printing Office
Washington, DC 20402
202-783-3238

Websites:
U.S. EPA Homepage
www.epa.gov

Federal Register Link
www.epa.gov/fedrgstr/

Ground Water/ Drinking Water (500 Series)
www.epa.gov/safewater/

Wastewater Office (600 Series)
www.epa.gov/OWM/

Solid and Hazardous Waste (8000 Series)
www.epa.gov/epaoswer/osw/

Updated List of EPA Methods
and Web Locations
www.epa.gov/region01/oarm/testmeth.pdf

Table I.
State gasoline methods include specific compounds.

State Method-Specific Compounds
Alaska (AK101AA) BTEX, branched aromatics
Arizona BTEX, C6-C32
California BTEX, MTBE
California (WIP) Method 8020, MTBE
Connecticut GRO
Florida PVOC
Georgia GRO Method 8015B
Iowa (OA-1) GRO, BTEX, MTBE
Louisiana GRO (C6-C12)
Maryland GRO Method 8015B
Massachusetts (VPH) BTEX, m-naphthalene, MTBE, etc. 
Michigan (GRO) BTEX, m-naphthalene, MTBE, etc.
Mississippi GRO
Missouri (OA-1) GRO, BTEX, MTBE
Montana Method 8015
New York GRO Method 8015B
North Carolina Massachusetts VPH
Oklahoma GRO
Oregon C5, C6, C8, C10, C12, BTEX, MTBE, etc.
Pennsylvania (DEP) BTEX, MTBE, 1,2-dibromoethane, 1,2-dichloroethane
South Carolina GRO Method 8015B 
Tennessee GRO
Texas (TNRCC 1005) hexane, decane (locator mix)
Utah BTEX, MTBE, naphthalene
Virginia GRO Method 8015B
Washington (VPH) C5, C6, C8, C10, C12, BTEX, MTBE, etc.
West Virginia Method 8015B
Wisconsin PVOC/GRO BTEX, MTBE, naphthalene, TMB, 1,3,5-TMB

Acronyms:
BTEX - benzene, toluene, ethylbenzene, xylenes
MTBE - methyl-tert-butylether
GRO - gasoline range organics
PVOC - petroleum volatile organic compounds
VPH - volatile petroleum hydrocarbons
TMB - trimethylbenzene.
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The Love Canal Scandal
In the early 1900s William T. Love started work on his dream—to build a canal between the
upper and lower Niagara Rivers to generate power for a planned model city. Before the
canal was a mile long, the economy failed—and with it, Love's dream. Hooker Chemical
purchased the land in 1920 and for the next three decades the City of Niagara, the US Army,
and Hooker dumped waste into the canal. Eventually, the dump was filled and a clay cap
was placed over the waste site. Soon after, the city persuaded Hooker to sell the property for
$1 with the threat of the Constitution's imminent domain clause. Although Hooker added a
lengthy disclaimer to the property deed detailing the toxic nature of the site, within two
years sewer lines were dug into the clay cap that had sealed the waste from leaching to the
surface. In the late 1950s, about 100 homes and a school were built near the 20,000 tons of
waste (Figure 1). Heavy snow and rainfall in 1975 and 1976 caused high water levels, which
exposed the 55-gallon drums (Figure 2).  

Niagara Gazette reporter Michael Brown broke the story, explaining that many residents
were living on a toxic waste dump. From the time the families moved in during the ’50s
they had noticed strange odors, and in the early ’70s a tar-like substance was reported in
many basements. Analysis using the 8000 series methods, and later the 600 series and CLP
methods, identified 248 chemicals, including 2,3,7,8-tetrachlorodibenzo-p-dioxin, which is
believed to be the most toxic substance known to man. Many VOCs were discovered in the
ground, water, and air—most notably benzene—a known carcinogen. There were no toxico-
logical data available for 100 of the 248 compounds. On August 2, 1978 state health offi-
cials ordered all pregnant women and children under the age of two to leave the area. A
week later, with headlines across the country detailing the Love Canal disaster, President
Carter approved the immediate evacuation of 221 families. That number would soar to near-
ly 900 families by the time this tragedy completely unfolded. 

This was the first environmental disaster given daily front-line media coverage. It was a
turning point for environmental awareness and ultimately helped to shape the environmental
testing methods that are used today for the identification of VOCs in air, water, and soil. The
combined efforts of environmental laboratories, engineering firms, and regulatory agencies
have evolved since Love Canal to protect the public and ultimately save lives.

Figure 2.
Four decades after dumping, toxic waste

drums like these were exposed 
at Love Canal, NY.

Figure 1.

www.restekcorp.com

Infrared aerial photo of Love
Canal area (spring 1978)
showing 99th Street elemen-
tary school (center), two
rings of homes bordering the
landfill, and LaSalle Housing
Development (upper right).
White patchy areas are barren
sections where vegetation will
not grow, presumably due to
leaching chemicals.

Image courtesy of State University of New York at Buffalo University Archives.

We thank Dan Di Landro, Visiting Assistant Librarian, for help with obtaining the photograph.
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Figure 3.
Volatile analyte in equilibrium between the gas and sample phases.

Sample purging in progress in a
Tekmar 3100 concentrator.

G=gas phase (headspace) 
The gas phase, commonly referred to as the headspace,
is above the sample phase.

S=sample phase 
The sample phase contains the compound(s) of interest,
usually in the form of a liquid or solid in combination
with a dilution solvent or a matrix modifier.

Once the sample phase is introduced into the vial and
the vial is sealed, molecules of the volatile component(s)
diffuse into the gas phase until the headspace reaches a
state of equilibrium, as depicted by the arrows. An
aliquot is then taken from the headspace.
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Purge and Trap Theory
Concentration of Volatile Organics
Volatile organic compounds can be concentrated by either static headspace or dynamic
headspace (i.e., purge and trap) sampling. In static headspace concentration, a sample is
placed in a closed sample chamber. Molecules of the volatile compounds in the sample
migrate to the headspace above the sample and equilibrium is established between the con-
centration of the compounds in the vapor phase and in the liquid phase (Figure 3). Once
equilibrium is reached, an aliquot of the headspace above the sample is injected onto the GC
column. A major problem with static headspace techniques is that the sample matrix signifi-
cantly affects equilibrium. Analyses for compounds that show high solubility in the sample
matrix often yield low sensitivity as a result of matrix effects. Further, static headspace
analysis only samples an aliquot of the volatiles (i.e., 1mL, 2mL, or whatever the size of the
sample loop), which also affects sensitivity. 

Purge and trap concentration is a dynamic headspace technique that reduces matrix effects
and increases sensitivity, relative to static headspace techniques. Samples containing VOCs
are introduced into a purge vessel and a flow of inert gas is passed through the sample at a
constant flow rate for a fixed time. Volatile compounds are purged from the sample into the
headspace above the sample and are transferred to and concentrated on an adsorbent trap
(Figure 4). After the purging process is complete, the trap is rapidly heated and backflushed
with carrier gas to desorb and transfer the analytes to the GC column. 

out to vent

trap

GC

The purge and trap concentrator in “purge” mode.
The 6-port valve allows carrier gas to bubble

through the aqueous sample, transferring volatiles
to the adsorbent material.

The purge and trap concentrator in
“desorb” mode. VOCs concentrated on the trap 

are desorbed to the chromatograph for separation,
identification and quantification.

Figure 4.
The purging process transfers the VOCs from the sample to the GC column.



Step 2.
Purge (wet)

• Volatiles in matrix diffuse into carrier
gas as gas is bubbled (purged) through
the matrix. Volatiles are transferred 
to the trap.

• Typical flow:
30–50mL/min. 
for 10–15 min.

Step 4.
Desorb Preheat

• Trap is heated without flow,
to minimize analyte desorb
time from packing material.

• Typical temp.:
5°C below desorb temp.

Sequences and Flow Paths of the Purge and Trap Unit
Purge and trap units are designed to have separate flow rates for the purge gas and the des-
orb (carrier) gas. The recommended gas for both purging and desorption is helium. The
purge gas flow typically is set at 30-50mL/min. The desorb gas flow ranges from 10-
80mL/min., depending on the column type and GC equipment used (see the Applications
section of this guide for example chromatograms). The desorb gas should be controlled
using a flow controller. The flow controller from the injection port of the GC commonly is
used, but a separate flow controller can be connected to the desorb gas bulkhead fitting on
the back of the purge and trap system. Hydrocarbon traps should be installed on the carrier
gas line prior to the purge and trap system. This will prevent trace hydrocarbon or solvent
“ghost peak” contamination from interfering with the analyses. 

Purge and trap techniques involve the following series of steps that must be followed to
ensure accurate and reproducible results:

Step 1. Standby
During the standby mode, the purge gas flow is stopped, the trap is cooled, and the system is
readied for the start of an analysis. The desorb gas bypasses the trap and is directed onto the
column as the carrier gas flow. The gas flow rate through the column can be measured. 

Step 2. Purge (wet)
During the wet purge, the purge gas flow passes through the purge vessel, removes volatile
analytes from the sample, and sweeps the analytes through the heated valve onto the adsor-
bent trap. The analytes are collected on the trap and the purge gas exits through the purge
vent. The purge gas flow typically is set at 30-50mL/min. and can be measured at the purge
vent. Samples usually are purged for 10-15 minutes. During the purge mode, the desorb
(carrier) gas is directed onto the column. 

Step 3. Purge (dry)
During the wet purge, a large amount of water is removed from the sample and collects on
the trap. The dry purge removes the excess water that accumulated. During the dry purge,
the purge gas bypasses the purge vessel and is directed to the trap. The dry purge gas
removes water and carries it out the exit vent. The desorb (carrier) gas is directed onto the
column. Only traps that incorporate hydrophobic adsorbents can be dry purged.

Step 4. Desorb Preheat
Once the analytes have been trapped and excess water removed, the purge gas flow is
stopped. During this static period, the trap is rapidly heated to ~5°C below the desorb tem-
perature of the adsorbent materials used. The desorb preheat step uniformly volatilizes the
sample to create a narrow sample band and a more efficient sample transfer onto the GC col-
umn. Without a desorb preheat step the peaks would tail, resulting in poor chromatography.
During the desorb preheat step the desorb (carrier) gas is directed onto the column. 

x

x

Step 3.
Purge (dry)

• Trap is dried by purging with 
gas only.

• Typical time: 1-4min.

8
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Figure 5.
Purge and trap frit spargers.
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Purge and Trap Components
Purge Vessel
Three types of purge vessels (i.e., spargers) commonly are used in purge and trap systems.
Frit spargers (Figure 5) are used for most water samples. The frit creates many small bubbles
that travel through the sample to increase purging efficiency. Fritless spargers are used for
samples that have high particulate content, or for industrial wastewater samples that may
foam. They create fewer bubbles, which decreases purging efficiency but eliminates plugged
frits and reduces foaming problems. Needle spargers are used when purging soil, sludge or
solid samples. A narrow gauge needle is inserted into the sample and used to release a small
stream of purge gas. The two common sizes of spargers are 5mL and 25mL.

Step 5.
Desorb

• Analytes are backflushed 
into column.

• Typical time: 2-4 min.

• Typical temp.: 180°-250°C.

• Typical flow: 10-80mL/min.

Step 6.
Trap Bake

• Trap is baked clean with flow.

• Typical time: 6-10 min.

• Typical temp.: 10-20°C
higher than desorb temp.

• Avoid overheating adsorbents.

Step 5. Desorb
Once the desorb preheat temperature is reached, the purge and trap unit valve is rotated. This
directs the desorb (carrier) gas flow to backflush the adsorbent trap and carry the analytes in
a narrow band to the GC system. Figure 4 (page 7) shows the flow path of the desorb mode.
While the sample transfer occurs, the trap is heated to its final desorb temperature. Desorb
temperatures range from 180°C-250°C, determined by the adsorbent materials and the model
of concentrator. The desorb flow rate is extremely important; it must be high enough to
ensure that the sample remains in a narrow band during the transfer to the GC column. The
optimum desorb flow rate for a purge and trap system is >20mL/min.; however, this flow
rate is too high to use with capillary columns and must be reduced to retain column efficien-
cy. The optimum flow rate for 0.53mm ID columns is 8-10mL/min. For narrow bore capil-
lary columns (0.18-0.32mm ID), the desorb flow rate usually is 1-2mL/min. when direct
interface is used. This low flow rate requires a longer desorb time due to the slow transfer of
the sample from the trap, which, in turn, creates a wide sample bandwidth resulting in broad
peak shapes for all early eluting compounds. Cryofocusing (i.e., cold trapping) can be used
to reduce band broadening, by installing a secondary cold trap or by cooling the GC column
to subambient temperatures. The desorb time is inversely proportional to flow rate and trap
temperature, so that as the flow rate/trap temperature increases, the desorb time decreases,
due to the analytes flushing off the trap at a higher rate. Also, it is possible to desorb at high-
er flow rates (25-80mL/min.), when using narrow bore capillary columns, by using a split
injector to split the flow prior to the column (for more details on this technique see the GC
System Configurations section, page 18).

Step 6. Trap Bake
After the desorb step the trap is baked, with gas flow, to remove any remaining sample com-
ponents and contaminants from the trap in preparation for its next use. This step generally
lasts 6-10 minutes; typical temperatures are 10-20°C above the desorb temperature. To pre-
vent damage to the adsorbent materials, do not exceed the maximum temperature of the trap.

Not recommended for wastewater samples because the sample might
foam or the frit might become plugged.

Description qty. cat.#
5mL Fritted Sparger, 1/2-inch mount ea. 21150
25mL Fritted Sparger, 1/2-inch mount ea. 21151

• For Tekmar 2000, 3000, or 3100.
• Available in 5mL and 25mL sizes.
• Uniform frits ensure maximum purge efficiency for 

water samples.
• Manufactured to tight tolerances to ensure a leak-free seal.



Figure 7.
The flow paths for purging and desorbing are determined by the valve position.
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Figure 6.
The 6-port automated switching valve (V) controls purge and desorb flow rates.

Valves
The purge and desorb flows are controlled by an automated switching valve (Figure 6). The
valve is contained in a heated compartment to prevent sample condensation inside. By rotat-
ing the valve, the purge and desorb flow paths can be changed during the purge and trap
sequence (Figure 7).
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Tekmar 3100 in 
Desorb Mode

heated transfer line to GC
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Silcosteel® line)

(3) desorb/carrier gas

(2) from outlet end of trap

(1) vent

(5) from
inlet end
of trap

x

(6) purge

GC column
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vent Valve position changed to
desorb sample from trap
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Adsorbent Materials and Traps
Adsorbent materials are used to trap the VOCs that have been purged from the sample. The
adsorbent must be able to retain compounds during the entire purging sequence and then
rapidly release them during the desorption step. Each adsorbent has a unique trapping capa-
bility for a specific class or classes of compounds. Therefore, a trap may have several differ-
ent beds of adsorbents. The weakest adsorbent material is placed at the inlet end of the trap,
then the next strongest adsorbent, and so on. The more volatile compounds pass through the
weaker adsorbents and are retained by the stronger adsorbents, while the less volatile com-
pounds are retained on the weaker adsorbents and never reach the stronger adsorbents (from
which they would be difficult to desorb). Once the compounds are collected, the trap is rap-
idly heated and backflushed with carrier gas to drive the sample components into the GC
system. Ideally, the adsorbents in the trap retain polar and non-polar analytes without retain-
ing water or methanol, efficiently release the trapped compounds onto the analytical column,
and withstand the temperatures required to desorb (i.e., “bake off”) the higher molecular
weight contaminants. A list of common traps used in purge and trap concentration can help
you choose the best one for your application (Table II, page 13).  

gas in

V

vent
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Adsorbent Materials
Tenax® Adsorbent (surface area: 50m2/g): Tenax® adsorbent is excellent for trapping non-
polar compounds and is hydrophobic so it does not retain water; however, it does have some
disadvantages. Very volatile compounds are not retained well and must be trapped on a
stronger adsorbent material. In addition, polar compounds like alcohols are poorly retained
on this adsorbent. Tenax® adsorbent also has limited thermal stability; the 2,6-diphenyle-
neoxide polymer thermally decomposes into toluene, benzene, and other aromatics. The par-
ticles melt together and permanently adhere to the trap; this then restricts carrier gas flow.
As the adsorbent degrades, there often is a loss in response for brominated compounds.

There are two grades of Tenax® adsorbent used as a trapping material: Tenax® GC and
Tenax® TA (Trapping Agent) adsorbents. Common background contaminants in Tenax® GC
adsorbent include benzene and toluene. Tenax® TA adsorbent is a purer form and is more
commonly recommended for thermal desorption applications. The manufacturer’s recom-
mended operating temperature is 230°C but, realistically, the material performs best when
kept below 200°C. Samples that contain organic acids can degrade Tenax® adsorbent. This
effect is more pronounced at higher temperatures; for longer trap life and better consistency
do not use traps containing this adsorbent at temperatures above 200°C.

Silica Gel (surface area: 200-800m2/g): Silica gel is a stronger adsorbent than Tenax®

adsorbent. Silica gel is commonly used in conjunction with Tenax® adsorbent as a trap for
volatile organic pollutants. It is an excellent trapping material for polar and highly volatile
compounds that are gases at room temperature; however, silica gel is extremely hydrophilic
and will retain large amounts of water. Be aware that if a trap contains silica gel, dry purg-
ing will not reduce the water content.

Coconut Charcoal (surface area: 900m2/g): Coconut charcoal is another strong adsorbent
material. It is commonly used in series after silica gel for trapping very volatile compounds
that might break through the gel. Coconut charcoal is hydrophobic, and does not retain sig-
nificant amounts of water. It does, however, trap carbon dioxide (CO2) purged from the sam-
ple, and it has been reported that charcoal is a source of CO2, which can interfere with the
quantitation of early-eluting compounds when using GC/MS systems.

Graphitized Carbon Black or Carbopack® Adsorbent (surface area: 10-100m2/g):
Graphitized carbon black (GCB) is an alternative to Tenax® adsorbent. GCB is available in
many pore sizes and is effective in trapping volatile organics in the same range as Tenax®

adsorbent. GCB is hydrophobic and has excellent thermal stability, making it ideal for purge
and trap techniques. Highly volatile compounds are not retained well on GCB and must be
trapped on stronger adsorbent materials such as carbon molecular sieves.

Carbon Molecular Sieves (surface area: 50-800m2/g): Carbon molecular sieves such as
Carbosieve™-SIII are alternatives to silica gel and charcoal. High surface areas make these
materials ideal for trapping highly volatile compounds. They are commonly used in series
after GCB because they retain compounds that break through the GCB. Carbon molecular
sieves are hydrophobic and have excellent thermal stability.

Carboxen®-1000 Adsorbent (surface area: 1200m2/g): Carboxen®-1000 adsorbent is a
strong adsorbent designed to be used as the innermost adsorbent bed in the trap (Figure 8,
page 12). This material traps Freon® compounds, permanent gases, and light hydrocarbons.
It has characteristics very similar to those of Carbosieve® S-III packing material. Carboxen®-
1000 adsorbent is stable to temperatures of 300°C. Its only shortcoming is the adsorption of
CO2, which can interfere with early-eluting compounds.2 Carboxen®-1001 and Carboxen®-
1002 are similar materials. 

2. Mosesman, N.H., W.R. Betz, and S.D. Corman. "Alternate Trapping Materials for Purge-and-Trap
Analysis of Volatile Compounds." Proc.-Water Qual. Technol. Conf. Adv. Water Anal. Treat.. 
14 (1987): 245-50.



Figure 8.
Type “K” trap (VocarbTM 3000 trap) 

showing the various layers.

6cm Carboxen 1000 
(for gases)
1cm Carboxen 1001
(to prevent breakthrough)
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Choosing the Right Trap for Your Analysis
Type “K” Trap (Vocarb™ 3000 Trap): The most effective trap on the market is the
Vocarb™ 3000 or type “K” trap (Figure 8). This trap has exceptional ability to retain highly
volatile compounds like difluorodichloromethane with minimal bleed, activity, or break-
down, yet it works well for trapping higher boiling compounds like naphthalene and
trichlorobenzene. The trap resists adsorption of water and methanol, and virtually eliminates
the need for moisture control systems (MCS) and the dry purge step on the concentrator.
Because this trap contains Carboxen™ 1000 adsorbent (described on page 11), which has a
surface area of over 1200m2/g, a desorb temperature of 245°C is required when using
Tekmar purge and trap instruments. For OI Analytical sample concentrators, such as the
Model 4560, the desorb temperature should be 220°C or lower. The lower temperature will
prevent overshooting the maximum temperature of the trap, which would damage the pack-
ing materials (caused by the rapid trap heating rate, 800°C/min., of the OI system).3 When
using this trap be sure to verify performance. Non-linear response for chloromethane is a
sign of breakthrough and an indication that the trap must be changed. Another indication of
a defective “K” trap is loss in response for acrolein.

Type “J” Trap (BTEXTRAP™ Trap): The “J” trap is excellent for concentrating gasoline
range organics (GRO) because it retains less water and methanol compared to the “K” trap,
and can withstand higher temperatures than the Tenax®/silica gel trap. Because many GRO
samples have high concentrations of gasoline components, it is necessary to dilute the sam-
ple in methanol, and this trap can accept a heavy sample load with percent levels of
methanol while still passing continuing calibration check criteria. The disadvantage of the
“J” trap is its limited ability to retain more polar analytes like the ethers and alcohols.
Laboratories analyzing for tert-butyl alcohol will attain lower detection limits by using the
“K” trap, compared to the “J” trap. For GRO samples containing methyl-tert-butyl ether
(MTBE), trap selection will depend on the sample matrix. When analyzing highly contami-
nated soils for MTBE, it is best to use the “J” trap. For cleaner samples, the “K” trap pro-
vides better sensitivity. 

Type “B” Trap (Tenax®/Silica Gel Traps): Tenax®/silica gel traps are used for a variety of
VOC methods. These traps exhibit better recoveries of polar analytes than the “K” trap, but
the silica gel layer adsorbs water, methanol, and carbon dioxide. The Tenax®/silica gel trap
also has better lot-to-lot reproducibility compared to the “K” or “I” traps. For laboratories
that are not trying to achieve MDLs for gaseous VOCs at concentrations above 10ppb, these
traps will work well. To achieve detection limits for gases at concentrations below 10ppb,
the lower water and methanol retention of the “K” trap is recommended.

Type “F” Trap (OV®-1 /Tenax®/Silica Gel Traps): Although these traps are recommended in
many EPA methods, they exhibit more bleed and activity than the Tenax®/silica gel trap,
with no significant improvement in performance. This suggests the bleed originates from the
OV-1 (methyl silicone) material.4 Therefore, laboratories wishing to adhere more closely to
the EPA Method Protocol should choose Tenex®/silica gel traps without OV®-1.

Type “I” trap (Vocarb 4000™): The “I” trap is used for increased response for less volatile
compounds such as the chloronaphthalenes and methylnaphthalenes. Generally, it is used
only for applications involving analytes of larger molecular size and is not the first choice
for ketones or alcohols. Common desorb times of two to four minutes should be increased
with the “I” trap, to optimize sensitivity for compounds having high boiling points. 

10cm Carbopack B
(for mid- and later-eluting volatiles)

Purge Flow

Vent

3. OI Analytical, “Volatile Organics Analysis: Building a State-of-the-Art Purge and Trap GC/MS 
system” Application Note 02971294.

4. OI Analytical, “Proper Trap Selection for the OI Analytical Model 4460A Purge and Trap Sample
Concentrator” Application Note 12851098.
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Moisture Control Systems—Water and Methanol Management 
Water and methanol can cause the biggest problems in purge and trap concentration. During
the desorb step, water and methanol that accumulated on the trap are released into the chro-
matographic system. As much as 10µL of water can accumulate on a trap containing silica
gel during a purge; this expands to 12mL of water vapor during desorption.5 Interference
caused by excess water is a problem during detection. For example, water vapor passing
through a PID can cause a negative dip in the baseline. Water also can saturate a PID,
decreasing its sensitivity and interfering with the identification of compounds that coelute
with water. Detector saturation also can occur with MS systems. Although the lower end of
the scan range typically is adjusted above the molecular weight of water, interference can
still occur. If the water plug is very large, the peaks for analytes that elute in the
water/methanol region will broaden and sensitivity will be reduced.

In similar fashion, methanol also causes interferences with target analytes. The PID gives a
positive signal for methanol as a broad, flat-topped peak that usually interferes with 2-
methylpentane, 3-methylpentane, and vinyl chloride. Adjusting the MS scan range to start
above 35amu can minimize the effects of methanol (mass/charge ratio of 31amu). When
using an Rtx®-VMS column, or a cyanopropylphenyl “624”-type column, methanol and
chloroethane will elute simultaneously. This can affect sensitivity and linearity for
chloroethane (Figure 9). When using a “502.2” phase column, methanol coelutes with bro-
momethane. Spiking higher concentration intermediate standards into the purge vessel or
autosampler vials can minimize methanol interference. Also note that an increase in
methanol added to the purge standard also inevitably increases the amount of water that
purges into the system.

In recent years, much work has gone into developing hydrophobic adsorbents that minimize
water collection on the trap. Extensive studies recommend incorporating a dry purge cycle
to remove water from the trap prior to desorption. Current designs of purge and trap systems
have added  features to eliminate water prior to delivering the sample to the chromatograph-
ic system. Moisture control systems (MCS) remove water by condensation, prior to the des-
orb step. Such systems typically are composed of a piece of metal tubing that is heated dur-
ing purge and then cooled to 30°C. The sample, desorbed from the heated trap, travels
through the MCS, where a large portion of the water is condensed from the saturated carrier
gas. These systems are very effective for GC methods that do not have polar/active com-
pounds, such as ketones, in the analyte list. An older purge and trap system that does not
have an MCS can be retrofitted with one. Restek offers an MCS bypass line for Tekmar
3000 and 3100 purge and trap concentrators, to increase response and maintain linearity for
ketones, alcohols, and acetates (Figure 10, page 14). When analyzing samples for ketones or
other polar compounds, the MCS should be bypassed to maintain linear calibration for these
compounds.

Table II.
Compositions and characteristics of common types of traps.

Description Trap Designation Dry Purge Preheat (°C) Desorb (°C) Bake (°C)
24cmTenax® A yes 175 180 200
15cm Tenax®/8cm silica gel B no 175 180 200
8cm Tenax®/7.7cm silica gel/7.7cm charcoal C no 175 180 200
16cm Tenax®/7.7cm charcoal D yes 175 180 200
1cm OV®-1/7.7cm Tenax®/7.7cm silica gel/ E no 175 180 200

7.7cm charcoal
1cm OV®-1/15cm Tenax®/7.7cm silica gel F no 175 180 200
1cm OV®-1/ 23cm Tenax® G yes 245 250 260
7.6cm Carbopack® B/1.3cm Carbosieve® S-III H yes 245 250 260
8.5cm Carbopack® C/10cm Carbopack® B/ I (Vocarb™ 4000) yes 245 250 260

6cm Carboxen® 1000/1cm Carboxen® 1001
7.7cm Carbopack® C/1.2cm Carbopack® B J (BTEXTRAP™) yes 245 250 260
10cm Carbopack® B/6cm Carboxen® 1000/ K (Vocarb™ 3000) yes 245 250 260

1cm Carboxen® 1001

5. OI Analytical, “OI Analytical Model 4560 Sample Concentrator Rapid Trap Heating”
Application Note 04521297.
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Figure 9.
MS scan rate adjusted to detect methanol and show the region 

where methanol elutes from an Rtx®-VMS column.

Figure 10.
An MCS bypass line can increase response and maintain

linearity for ketones, alcohols, and acetates. disconnected
MCS line

top of trap

Transfer Line
Once the sample is desorbed from the trap, it travels through the heated transfer line to the
GC. This line can be made of nickel, fused silica, or Silcosteel®-treated tubing. A heating
jacket surrounds the transfer line to keep it between 120-125°C, which prevents water and
analyte condensation in the line. For direct connection, we recommend matching the inside
diameter of the transfer line to the inside diameter of the capillary GC column, or use of tub-
ing of a slightly smaller inner diameter than the capillary column. This helps minimize band
broadening and poor peak symmetry for sample components. Because transfer lines can be a
source of active sites, use deactivated fused silica or Silcosteel®-treated tubing to reduce ana-
lyte adsorption. When using a fused silica transfer line, insert the line into a metal tube
before installing it into the heated jacket. This will protect the fused silica tubing from nicks
and scratches that could cause the line to break. Be sure to use the correct Valco® ferrules to
minimize dead volume (see Direct Connection, page 20).

1

2

3

4

5

1. difluorodichloromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane

EPA Method 8260, Rtx®-VMS column, 30m, 0.25mm ID,
1.40µm (cat.# 19915)
Carrier gas: 1.3mL/min. @ constant flow
GC: HP 6890
Detector: HP 5973 MSD
Oven temp.: 45°C (ISD)
MS scan range: 29-260amu methanol

CO2

MCS

min.

bypass line

Moisture Control Bypass Line for
Tekmar 3000 Purge & Trap
• Increases response for ketones, alcohols, and acetates.
• Suitable for US EPA Methods 8260, 524.2, and OLM4.1.
• Silcosteel® tubing for increased inertness.
• Easily attaches in minutes.

Description qty. cat.#
Moisture Control Bypass Line ea. 21035

1.90 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50 3.60 3.70
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Troubleshooting Common Problems 
Associated with Purge and Trap Units
Water: The most common problem with VOC analysis is water in the sample. Water does
not create problems with the purge and trap system, but it will create problems with the GC
system. A large quantity of water can quench the PID response, causing a negative dip in the
baseline. Water also can saturate the MS and create interference with early eluting gases.
Analysts using an MS can observe the water band eluting from the column as a large base-
line rise. Since VOC samples typically are aqueous or contain large amounts of water, water
vapor will be purged along with the target compounds. Although water cannot be complete-
ly prevented from collecting on the trap, the amount transferred to the GC system can be
minimized by using a trap that contains hydrophobic adsorbents (see Adsorbent Materials
and Traps, page 10). A dry purge step also may remove water from the adsorbent surface
(see Sequences and Flow Paths, page 8). Many new purge and trap systems employ water
management to minimize the amount of water reaching the GC system, but be aware that
these systems can have adverse effects on  the recovery of polar compounds such as ketones
(page 13). Many laboratories purge 5mL-10mL of sample in 25mL purge vessels (see
photo); water condenses on the inner wall of the vessel, reducing the amount of moisture
that ultimately gets onto the trap.

Leaks and Active Sites: Another common problem in purge and trap systems is reduced
sensitivity caused by leaks or active sites in the system. Reduced sensitivity for all com-
pounds normally indicates a leak. To test for leaks in the purge and trap system, perform a
pressure decay test by capping off the purge vent during the purge cycle. The bubbles pass-
ing through the purge vessel should stop within 2 to 10 minutes. If the bubbles do not stop,
there is a leak in the purge system. To locate the leak, use a leak detector. Start checking for
leaks at the purge vessel and work back to the inlet line on the back of the instrument.
Leaks most commonly occur at the purge vessel and at the trap fittings.

Reduced sensitivity for specific compounds usually indicates the presence of active sites in
the system. Poor response for bromoform or other brominated compounds is a good indica-
tor of active sites in the purge and trap unit or transfer line. However, poor bromoform
response also can be caused by high transfer line temperatures (>130°C). Reduce the trans-
fer line temperature and determine if bromoform recoveries improve. Another component
that decomposes due to active sites is 1,1,2,2-tetrachloroethane (Figure 11).6 To reduce or
eliminate sources of activity, clean or replace sources of contamination, including internal
gas lines and the transfer line. Inert Silcosteel®-treated tubing is an excellent choice for re-
plumbing purge and trap gas lines. Tekmar’s newest purge and trap concentrator, Model
3100, incorporates Silcosteel® treatment on all tubing and internal surfaces.

Ghost Peaks: Ghost peaks typically are caused by carryover from sample components that
collect within the purge and trap system. This problem is most common when performing
total petroleum hydrocarbon (TPH) analysis because these samples often contain high
molecular weight components. If the valve oven and transfer line temperatures are set too
low, high molecular weight compounds can condense in the line, then bleed onto the col-
umn. To eliminate ghost peaks, temporarily increase the purge and trap valve oven and
transfer line temperatures to bake out the contaminants. The heated mount feature on some
purge and trap instruments can reduce carryover by up to 50%, but this also will increase
the amount of moisture entering the trap. The standard mount temperature is 40°C; increas-
ing the temperature to 70°C significantly reduces sample carryover. For severe contamina-
tion, steam cleaning or methanol rinsing can be performed (see instructions on page 11).
Unlike in other cleaning procedures, here we do not recommend using water after methanol
rinsing because it is very difficult to remove water from the purge and trap system. Ghost
peaks also are caused by adsorbent contamination or degradation. Tenax® can break down to
toluene, benzene, styrene, naphthalene, and other aromatic compounds (see Adsorbent
Materials and Traps, page 10). This normally is an indication of trap overheating. To prevent
this problem, do not expose a trap containing Tenax® adsorbent to temperatures above 200°C.

Purging a 5mL sample in a 25mL
purge vessel, to reduce water 

transfer to the trap.

6. Tekmar-Dohrmann, Purge and Trap Concentrator Course, 1989. Cincinnati, Ohio. 



20m, 0.18mm ID, 1.0µm Rtx®-502.2 column (cat.# 40914), 4ppb of VOA standards.
Oven temp.: 35°C (hold 5 min.) to 180°C @ 6°C/min.

to 210°C @ 20°C/min. (hold 5 min.)
Inj. / det. temp.: 100°C / 280°C
Linear velocity: 20cm/sec. set @ 35°C
Purge & trap: Tekmar 3000
Purge: 11 min.
Trap pressure control: 6psi
Desorb preheat: 250°C
Desorb time: 2 min.
Detector: MS
Split ratio: 40:1
Scan range: 35-260AMU
Trap: Vocarb™ 3000
Desorb temp.: 260°C
Desorb flow rate: 20mL/min.
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Figure 11.
No measurable response for bromoform (9), combined with a greatly diminished response

for 1,1,2,2-tetrachloroethane (10), strongly indicates a contaminated transfer line.

Instructions for Cleaning Purge and Trap Concentrators 
We developed these instructions using Tekmar LSC 2000 and 3000 concentrators. Always
remember to use safety glasses when working in the laboratory.

1. Keep the instrument power on and turn the line heaters off. Set all temperatures to the off
position. WAIT UNTIL HEATED ZONES HAVE COOLED.

2. Make sure the unit is in standby mode.

3. Disconnect the purge and trap vessel.

4. Flush methanol into the area where the top of the trap attaches, using a 5mL syringe
without a needle (i.e., a Luer-lock syringe - see photo). This is the area where the purge
vessel attaches to the purge and trap. You should see methanol coming out of the mount. 

5. Clean the mount, using a tissue. The mount is either nickel- or gold-plated, so be careful
not to scratch the surface. If you cannot clean the mount, it may need to be replaced.

6. Clean the purge vessel with methanol, then with ultra-pure water. Do not use soap. You
may use a brush. 

7. Increase purge and trap temperatures to normal operating conditions and hold for two
hours, with no trap or purge vessel installed.

8. Install an empty trap. Do not use an old trap with the packing removed;  particles of trap-
ping material may end up in the concentrator. If an empty trap is not available, refer to the
next paragraph. With the empty trap in place, attach all lines, including the line to the
purge vessel. Desorb for at least one hour with the transfer line disconnected from the col-
umn. This will help to drive any methanol remaining from step 6 out of the system.

If you do not have an empty trap, disconnect the transfer line from the column, connect
the purge vessel and all lines, and install an old trap. Desorb for one hour.

9. Install and condition a new trap and run blanks until a clean baseline is achieved. 

If you are still having activity problems after following this procedure, please contact the
Restek Technical Service Team via email at support@restekcorp.com or via phone at 
800-356-1688 or 814-353-1300, ext. 4.

Flushing the trap attachment area with
methanol. Repeat several times.
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Permission to publish this chromatogram
granted by Anne Williams, Tekmar Company.

1. chlorobenzene
2. ethylbenzene
3. 1,1,1,2-tetrachloroethane
4. m-xylene
5. p-xylene
6. o-xylene
7. styrene
8. isopropylbenzene
9. bromoform (not detected)
10. 1,1,2,2-tetrachloroethane
11. 1,2,3-trichloropropane
12. propylbenzene

13. bromobenzene
14. 1,3,5-trimethylbenzene
15. 2-chlorotoluene
16. 4-chlorotoluene
17. tert-butylbenzene
18. 1,2,4-trimethylbenzene
19. sec-butylbenzene
20. p-isopropyltoluene
21. 1,3-dichlorobenzene
22. 1,4-dichlorobenzene
23. n-butylbenzene
24. 1,2-dichlorobenzene

EPA Update
The US EPA promulgated update III of Test
Methods for Evaluating Solid Waste (SW-
846). This 1997 update deleted the previous
EPA purge and trap Method 5030A, “Sample
Preparation of Volatile Organic Compounds for
Purge and Trap Analysis” and replaced it with
Method 5035, “Closed System Purge and Trap
and Extraction for Volatile Organics in Soil and
Waste Samples.”  Method 5035 involves
extensive fieldwork and raises MDLs for soil
samples; however, accuracy is improved.

Previously, soil samples were collected using
Teflon®-lined screw-cap containers and stored
at 4°C, with a 14-day maximum holding time.
Once the samples were in the laboratory, 5g
aliquots of soil were added to 5mL of reverse
osmosis (RO) water. The volatiles in these
samples exit the soil matrix and leak from the
container. Method 5035 requires samples to
be collected and preserved in the field at the
time of sampling, using methanol and a stir-
bar. Volatiles dissolved in the methanol are
less likely to escape. The seal is not broken
until the time of analysis, thus minimizing
analyte loss through evaporative mechanisms.
Sodium bisulfate is used to prevent biodegra-
dation of VOCs. Unlike HCl preservation, sodi-
um bisulfate does not break down 2-
chloroethyl-vinyl-ether. This greatly improves
the accuracy of analytical results from soil
samples because evaporative loss occurs
almost immediately in soils that are not pre-
served in methanol. Disadvantages include the
higher detection limits and the problems asso-
ciated with purging higher percentages of
methanol.
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Broad Peaks: Peak broadening is another problem often experienced when analyzing VOCs
by purge and trap methods. Broad peaks are caused either by poor sample transfer from the
purge and trap to the GC or by dead volume within either system. Broad peaks frequently
result from dead volume in the connection between the purge and trap unit and the GC sys-
tem. (See pages 18-21 for connection methods.) Because trap desorption is a relatively slow
process, the sample band transferred to the GC can be very wide. To reduce this bandwidth,
the sample must be transferred quickly and/or refocused at the inlet of the GC column
through a secondary cold trapping technique such as cryofocusing or subambient cooling.
The transfer time can be reduced by using the desorb preheat feature. During this step, the
trap is heated to 5°C below the desorption temperature, and the valve is positioned so no
flow passes through the trap. This helps the compounds trapped on the adsorbents to rapidly
migrate from the trap when backflushing begins. 

The desorb flow rate also will affect the bandwidth. If the desorb flow is too low (<9mL/min.),
the band becomes broad (Figure 12) and must be refocused at the column inlet. If faster flow
rates are used (>9mL/min.) in conjunction with long, thick-film columns, the bandwidth can be
reduced enough so that secondary trapping is not required. Ideally, desorbing at a flow rate of
20-30mL/min. yields a very narrow bandwidth. However, when using narrow bore columns, it
might be necessary to split the flow at the injection port to maintain column efficiency.

Foaming Samples: Analysts deal with foaming samples in two primary ways: by dilution or
by addition of an anti-foaming agent. Diluting the sample compromises the detection limit,
but in the end may save instrument downtime. Anti-foaming agents such as polydimethyl-
siloxane and silicon dioxide methylcellulose are designed to reduce foaming of surfactants in
a liquid matrix. These are effective at preventing a sample from foaming, but they generally
produce artifact peaks that can interfere with the target analytes. An anti-foam blank must be
run prior to samples to determine the contribution of artifact peaks from the anti-foaming
agent. If dilution or anti-foaming agents do not reduce foaming or if samples have not been
screened for surfactants, use a 5 or 10mL sample in a 25mL purge vessel to prevent the bub-
bles from entering the fittings and, ultimately, the trap. If you are running an unattended
autosampler, you can insert a plug of deactivated fused silica or glass wool into the top of
the purge vessel to prevent foam from entering the purge and trap lines. If all else fails con-
sider switching to a fritless sparge tube and increasing the purge time to effectively remove
the volatile analytes.

3.50min. 4.50 5.50 6.50 7.50 8.50 9.50 10.50 11.50

5,6

4
3

2

1

Figure 12.
A low desorb flow can produce tailing peaks, as in this example, desorbed at 9mL/min.

1. benzene
2. α,α,α-trifluorotoluene (SS)
3. toluene
4. ethylbenzene
5. m-xylene
6. p-xylene
7. o-xylene

EPA Method 8020, Rtx®-5Sil MS column, 40m, 0.45mm ID, 1.5µm (cat. #12798)
Carrier gas: 9mL/min. @ constant pressure
GC: Finnigan 9001
Detector: FID
Oven temp.: 40°C (hold 2 min.) 

85°C @ 4°C/min. 
(hold 1 min.) to 
225°C @ 40°C/min. 
(hold 2 min.)

7

Wastewater samples commonly
contain surfactants and other
material that can contaminate

the concentrator. 
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Figure 13.
Plumbing a purge and trap interface to a GC injection port allows flow adjustment via the
GC flow controller. This is the most common way of analyzing volatile compounds by MS

because the flow can be split, allowing 1mL/min. into the MS source.

GC System Configurations
Wide-bore Systems (0.45mm ID and 0.53mm ID columns)
Wide-bore capillary columns are operated at faster flow rates than narrow-bore columns, and
can be connected directly to the purge and trap system with a 10mL/min. desorb flow. Wide-
bore columns used for VOCs analyses usually are coated with a thick film of stationary
phase to increase retention and separation of the highly volatile analytes (e.g.,
chloromethane and vinyl chloride, bromomethane and chloroethane), or other closely-eluting
sample components.

Wide-bore columns range from 30-105 meters in length. A longer column can refocus early-
eluting volatile compounds and greatly improve separation of the gases (see Applications,
page 37). Shorter columns require sub-ambient cooling for separating the gases; this increas-
es the cost of the analysis and adds laboratory time associated with handling tanks of liquid
nitrogen. For best overall results, we recommend using a 75m, 0.45mm ID capillary column
for analyzing the volatile compounds listed in US EPA Methods 502.2 and 8021B (see
Applications, page 37).

Resolution of the early-eluting gaseous analytes increases significantly with a decrease in
temperature. Use a starting temperature of 35°C-50°C, depending on the target list and the
purge and trap conditions (see Applications, page 37). A longer column can be used to
increase the pressure within the column, which, in turn, will increase the solubility of the
analytes in the stationary phase. Using optimized temperature programs and narrower band-
widths, reasonably fast analysis times can be achieved (see page 37). However, the higher
flow rates through wide-bore columns prevent the analyst from directly connecting the col-
umn to the vacuum system of an MS. A jet separator or open split interface must be used to
reduce the amount of carrier gas flowing into the MS (see Figure 31, page 32).

The method for connecting a purge and trap transfer line to a wide-bore GC column should
be carefully considered. The three connection methods are: 1) through the existing GC injec-
tion port; 2) using a low volume injector; and 3) with a direct column connection. These
alternatives are described below.

Injection Port Connection: In this connection option, the purge and trap transfer line is con-
nected to the GC injection port that accepts the carrier gas line. The carrier gas line is cut
close to the injection port body and a deactivated union (e.g., cat.# 20510, see our catalog) is
used to connect the purge and trap transfer line to the injection port (Figures 13 through 16).
This allows the analyst to make manual injections when troubleshooting, and to inject bro-
mofluorobenzene when tuning the MS in accordance with EPA methods. The injection port
can be a source of dead volume, however. Dead volume causes band broadening, resulting in
poor peak shape and loss of resolution for the most volatile target compounds. The severity
of the problem is determined by the inside diameter of the injection port liner and the total
desorb flow through the port. To reduce the dead volume in the injection port, use a 1mm ID
split liner (e.g., cat. #20972; see products section). If the injection port is designed for

Line From P&T

Septum Purge Line

Split Line

Description qty. cat.#
Vu-Tight® DI Liner ea. 20342
Vu-Tight® DI Liner 5-pk. 20343
Vu-Tight® DI Liner 25-pk. 20344

Vu-Tight® Direct Injection Liner
• Visually observe the Press-

Tight® connection between
the column end and liner.

• 1/4-Inch OD: accepts 0.32 
or 0.53mm ID capillary 
column (column OD from
0.5mm to 0.8mm).

• Slotted top prevents obstruc-
tion of carrier gas flow.

• Two designs available.*
• Operate in the direct injection mode.
• Can easily be packed with wool for

dirty samples.

* Refer to our catalog for information about
Cyclo Vu-Tight® liners, for use with dirty 
samples.



Figure 14.
Configuring your GC is simple! Prepare the lines by cutting them as shown. (Agilent 6880)
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Septum Purge

Attaches to Electronic Pressure
Control (EPC) Unit of

Chromatograph

Split Line

To P&T
Carrier Gas

Cut Lines, Add Brass Nuts

Figure 15.
Carrier gas flow is adjusted through the injection port regulator. Carrier gas sweeps

analytes from the trap, through the transfer line, onto the column. (Tekmar 3100)

Figure 16.
Reconnect the weldment lines to the GC and check for leaks. 

Be sure to set up the lines correctly. (Agilent 6890)

From GC
Carrier Gas

Heated Transfer
Line (To GC

Injection Port)

Septum Purge

Split Vent

Gas Lines

packed columns, we recommend using a Vu-Tight® inlet liner (cat. #20342, page 18). The
wide-bore capillary column is sealed into the tapered restriction in the liner, ensuring direct
transfer of the sample to the column. In addition, the Vu-Tight® inlet liner allows visual
inspection of the column-to-liner seal.

Low-Volume Injectors: A low-volume injector (LVI) will reduce dead volume, yet allow
limited manual injections. Such a system can be used to convert a packed column or a capil-
lary split/splitless injection port for purge and trap applications. The internal volume of the
injector is significantly reduced, compared to a conventional injection port, which improves
sample transfer from the purge and trap system. The purge and trap transfer line is connected
to the LVI, and the wide-bore column is connected at the base of the injector. A septum in the
LVI allows manual injections if needed. 

Low Volume Injectors

Description cat.#
Low-Volume Injector for Agilent
Split/Splitless GC Inlets 21692
Low-Volume Injector for Agilent
5890 Septum Packed Purge Port 21698
Low-Volume Injector for Varian
Split/Splitless GC Inlets 21693

For descriptions of low-volume injectors,
see page 63.
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Figure 18.
Connect the fused silica line directly to the 6-port valve. Notice a small (5mm) 

septum helps determine how far the column is inserted into the valve, preventing breakage
at the column end that could allow shards of fused silica to enter the valve.

Figure 17.
A dual-column configuration splits the sample equally between separate detector systems.

Direct Connection
A union between the purge and trap transfer line and the capillary column bypasses the
injection port, eliminating the problems associated with the injection port: loss of sample
through the septum purge, adsorption of active compounds, bleed from Viton® O-rings or
septum, and — most important — dead volume. Two direct connections are described
below. The disadvantage of a direct connection is it eliminates the ability to make manual
injections when attempting to isolate a chromatographic problem. Therefore, this connection
technique works best for experienced analysts and for instruments that undergo regular
maintenance.

Metal Transfer Line: This is the easier of the two direct connection methods. Using the
transfer line provided by the instrument manufacturer and an MXT® low dead volume con-
nector (cat.# 20394, see our catalog), connect the trap to the capillary column. This configu-
ration significantly improves peak shape, compared to injection port connections, especially
with an electrolytic conductivity detector (ELCD).

Fused Silica Transfer Line: A fused silica transfer line further reduces dead volume, rela-
tive to the original equipment line. We recommend using Siltek® fused silica tubing for VOC
or other sensitive analyses because it is not affected by moisture and is inert to active com-
pounds. To configure the line, disconnect the metal transfer line from the Valco® six-port
valve, then remove the metal ferrule and 1/16" nut by cutting the end of the tubing. While
wearing insulated gloves, heat the line to 200°C to melt the glue that holds the line in place,
then use pliers to pull the line out of the heater jacket. Cool the line, install a piece of metal
tubing (cat. #21503, see our catalog) inside the line, then install the Siltek®-treated fused sili-
ca transfer line within the metal tubing (cat. #10027, page 63). The metal tubing will prevent
the transfer line from being scratched or broken. Base the ID of the metal tubing on the OD
of the transfer line: 0.02" ID for a 0.25 or 0.32mm ID fused silica line, 0.30" ID for a 0.45
or 0.53mm ID line. In turn, base the ID of the transfer line on the ID of the analytical col-
umn; we recommend using a transfer line with an ID equal to or slightly smaller than that of
the column. A transfer line with an ID slightly smaller than that of the column will increase
backpressure, enhancing the resolution of early-eluting compounds. Use a Press-Tight® con-
nector (cat. #20400 or 20403, page 20) to connect the fused silica transfer line to the analyti-
cal column (Figure 17). Use the correct ferrule for connecting the column to the 6-port valve
(Figure 18); we recommend a one-piece fused silica adaptor (cat. #20137, page 64).

Angled “Y”
Press-Tight®

Connector

Septum

Fused Silica

MXT® Metal Tubing
(used to protect fused

silica column)

Universal Press-Tight®

Connectors

Description cat.#
Universal Press-Tight® Connectors, 5-pk. 20400
Universal Press-Tight® Connectors, 25-pk. 20401
Universal Press-Tight® Connectors, 100-pk. 20402
Universal Angled “Y” Press-Tight®

Connector, ea. 20403
Universal Angled “Y” Press-Tight®

Connectors, 3-pk. 20404

For additional connectors, see page 64.
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Narrow-bore Systems (0.18mm ID - 0.32mm ID columns)
Narrow-bore columns (0.18mm ID-0.32mm ID) offer higher resolution, compared to
0.45mm ID or 0.53mm ID columns. Because these columns typically are operated at lower
flow rates, they are not compatible with the fast desorb flow rates from common purge and
trap systems. Splitting the sample at the injection port or cryofocusing (i.e., secondary trap-
ping) will provide compatibility and help focus the sample at the column inlet.

Splitting the Sample: Many environmental laboratories analyzing VOCs by GC/MS use nar-
row-bore capillary columns and split the sample at the injection port. Higher sensitivity ion
trap GC/MS systems (e.g., Varian Saturn 2000™ and Thermo Finnigan GCQplus™ sys-
tems) 7 and recently developed quadrapole MS systems (e.g., the Agilent 5973 system) allow
high split ratios in the injection port while maintaining sensitivity adequate to meet the
requirements of EPA Method 524.2.8 Older quadrapole GC/MS systems require an increase
in purge volume (25mL) to compensate for the sample lost due to splitting.

Using a standard split/splitless injection port to split the desorb flow allows a higher desorb
flow rate while maintaining a lower column flow. With this technique, the trap is desorbed
at a flow rate of 10-60mL/min. and the column flow rate is adjusted to 1.0-1.3mL/min.,
which is compatible with the vacuum system of an MS. The remaining flow exits through
the split vent. The faster desorb flow rate produces a narrow sample bandwidth which, when
combined with the high efficiency of a narrow-bore column, allows high split ratios without
significant loss in sensitivity.8 Surprisingly, a 1:20 split ratio provides more sensitivity than a
1:10 split ratio, because the higher flow from the trap focuses the target compounds more
efficiently.

Cryofocusing (secondary trapping): A cryofocusing unit refocuses the volatile compounds
at the inlet of the narrow-bore column. This allows the trap to be desorbed at only 1-
2mL/min., while improving peak shape and resolution by reducing sample bandwidth.
Cryofocusing takes place on a short length of deactivated, uncoated, fused silica tubing that
is cooled to -160°C using liquid nitrogen. To increase retention for very volatile gases, or
when analyzing Freon® compounds, use tubing coated with a thick film of stationary phase.

While cryofocusing greatly improves peak shapes from narrow-bore columns, the approach
consumes large amounts of liquid nitrogen, increasing operating expenses and requiring liq-
uid nitrogen tanks in the lab. If the liquid nitrogen tank empties in the middle of a sample
sequence, there can be significant downtime before the tank is replaced.

Capillary Column Phases
Many capillary columns have been designed for the analysis of VOCs. Column selection
normally is based on the analytical method (e.g., US EPA method), compound list, and
detection system used. This section serves as an overview of the different phases used for
VOC analyses. See the Applications section (page 37) for examples of GC and GC/MS sep-
arations under specific conditions.

The first columns used for analyzing volatiles were based on diphenyl/dimethyl polysilox-
ane stationary phases. These include VOCOL®, Rtx®-Volatiles, HP®-VOC, and Rtx®-502.2
columns. The main advantages of these phases are their resistance to oxidative breakdown
and their lower bleed, compared to cyanopropylphenyl polysiloxane (i.e., “624”) phases.
The major drawback of diphenyl/dimethyl polysiloxane phases is the incomplete resolution
of bromomethane and chloroethane. Many environmental laboratories still use these
columns, especially when analyzing samples for a limited set of compounds.

7. Jessie Crockett Butler, Meredith Conoley, "Analysis of Volatile Organics in Solid Wastes, Soils, and
Water Using a Split Injection and the Polaris Q Ion Trap GC/MS." Application Note AN9167.
Thermo Finnigan, GC and GC/MS Division, Austin, TX. 

8. D.R. Decker, J.J. Harland, and M.J. Feeney, "Comparison of Detection Limits and Analysis Time
Using Wide and Narrow Bore Capillary Columns for Purge-and-Trap GC/MS Analyses." OI
Analytical. Application Note 02850896.
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Another type of column used for VOC analysis is based on cyanopropylphenyl/dimethyl
propyl polysiloxane phases, commonly known as the “624” phases. The Rtx®-624 column is
designed for EPA Method 624, but also performs well for Methods 524.2, Revision IV, and
8260. The main advantage of the Rtx®-624 column is the complete separation of the highly
volatile gases, including dichlorodifluoromethane, chloromethane, vinyl chloride,
chloroethane, and bromomethane.

More recently, the Rtx®-VRX column was developed, using computer-assisted stationary
phase design (CASPD), to address the expanded list of compounds in EPA Methods 8021
and 502.2. This unique column improves resolution and reduces overall analysis time com-
pared to traditional columns. Like the Rtx®-624 column, the Rtx®-VRX column provides
excellent separation of the highly volatile gases. Its only disadvantage is poor resolution of
the most common trihalomethanes (THMs), chloroform and bromodichloromethane, from
other target analytes. These analytes are frequently found in chlorinated drinking water sam-
ples. While the Rtx®-VRX column has been used for MS methods with favorable results,
because of this poor resolution it is not recommended for drinking water analysis using
PID/ELCD detection.

The most recent innovations for VOC analysis have been the development of the Rtx®-VGC
and Rtx®-VMS columns. These columns also were designed using CASPD. Designed for
PID/ELCD analyses, the Rtx®-VGC column resolves all compounds listed in EPA Methods
502.2 and 8021, with >80% resolution of each of the four trihalomethanes from the other
target compounds, >30% resolution between 2-chlorotoluene/1,1,2,2-tetrachloroethane, and
>60% resolution of all other volatile compounds in the two EPA methods. The column
resolves the gases and early-eluting compounds well enough that the GC oven program can
be started at 50°C.

The Rtx®-VMS column was designed to address the increasing number of analytes listed in
EPA Method 8260, and also is a good choice for separating compounds listed in EPA
Method 524.2, revision IV. The major difference between the Rtx®-VMS phase and others
such as “502.2,” “624,” or “VRX” is its overall selectivity and the distance between mem-
bers of isomeric pairs, like 2-/4-chlorotoluene. A faster final oven ramp rate is possible
because these compounds elute farther apart on the Rtx®-VMS phase, eliminating partial co-
elutions that would interfere with quantification. This column offers excellent separation of
EPA Method 8260B compounds in less than 18 minutes - the normal cycle time for a purge
and trap system. Using the EPA-suggested surrogates the analysis time can be less than 10
minutes with a narrow bore column. Even faster analyses are possible if you replace the
internal standard chlorobenzene-d5 with another compound, such as 4-bromofluorobenzene.
Sub-10-minute analysis times allow you to connect two purge & trap units to one GC/MS
instrument, significantly increasing sample throughput (see page 37).

Metal Columns
In addition to the standard fused silica versions of the analytical columns discussed above,
metal MXT® columns coated with the same stationary phases also are available from Restek.
To eliminate the activity problems associated with metal tubing, we make these columns
from Silcosteel®-treated stainless steel tubing, assuring excellent inertness. Because these
columns are much more durable than fused silica columns, and can be coiled to less than 5-
inch diameters, they are ideal for portable GC applications. Their durability makes them a
popular choice for teaching laboratories at colleges and universities. Analyte resolution on
MXT® columns is similar to that on fused silica columns.
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Detection Systems
VOCs can be analyzed using a variety of detection systems, including GC/MS, GC/PID, and
GC/ELCD. Here, we discuss consequences of using each of these systems, and present tips
for maintenance and troubleshooting.

Column Configurations
Single Column: Environmental engineers characterize a contaminated site using MS or
dual-column GC, or they might monitor the site solely with single-column GC methods.
Injections of standards on a single column, delivered to the detector, can provide tentative
identification and quantification. Retention times for analytes listed in a given method are
established by injecting a check standard containing all of the target compounds. Retention
times for analytes in site samples are compared against retention times for the standard, to
verify if unknown compounds match known targets. A single column configuration works
well with characterized samples, but retention times are not unique for every analyte, espe-
cially for early-eluting compounds that spend little time in the stationary phase (e.g., Freon®

compounds). In environmental laboratories coelutions from non-target compounds also are
very common, creating very complex chromatograms that are difficult to interpret using a
single-column design.

Dual Columns: In a dual-column configuration, the sample passes through a fused silica
guard column, then is split between two analytical columns of differing selectivity.
Standards are injected to establish retention times on both columns simultaneously. One dis-
advantage to this configuration is the 50% loss in sensitivity resulting from splitting the
sample. This loss can be overcome by increasing the sample volume or by optimizing the
detector. Flow rates for the two columns should agree within 20% because uneven splitting
will further affect sensitivity.

Detector Configurations
Detectors can be connected in parallel, in series, or in tandem, to double the amount of
information about the sample.

Parallel System: In a parallel system the sample is split equally between the two detectors,
allowing both detectors to be destructive (e.g., ELCD/FID). This detection system works
well but is unsuitable for a dual-column analytical configuration because the sample already
will have been split between the two columns.

Series System: Series detection involves connecting two detectors in sequence, using a short
length of deactivated metal or fused silica tubing. The sample passes through the first detec-
tor, which must be non-destructive (e.g., PID), then through the second detector. This pro-
duces two sets of information about the sample with no loss in sensitivity because the sam-
ple volume does not change from the first detector to the second. The only disadvantage is
dead volume, which can broaden the peaks. Minimize dead volume by minimizing the
length and ID of the line connecting the detectors.

Tandem System: The tandem configuration connects two detectors without the dead volume
associated with a series system. The non-destructive first detector is the base for the second
detector. The units can be connected to a single detector port on one GC. This makes it pos-
sible to use a dual-column configuration, with each column connecting to tandem detectors,
producing four sets of data per analysis. This approach is used in EPA Method 8021.9

Detectors: Method requirements determine the choice of detector(s). The current shift
toward analysis by performance-based criteria makes it possible to use detection other than
that listed in a method if it can be shown that performance is similar to, or better than, what
would be attained by following the guidelines in the method. The most common GC detec-
tors are the PID, the FID, and the ELCD. GC/MS eliminates the need for a confirmation
column.

9. R.D. Braun. Introduction to Instrumental Analysis. McGraw-Hill Book Company. New York. 1987.
pp. 915-916.
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PID Operation
The photoionization detector, PID, is a selective, non-destructive detector most commonly
used for characterizing aromatic compounds (Figure 19). It has excellent sensitivity (low pg
detection) and provides a linear dynamic range of 3 orders of magnitude.

In a PID, a krypton lamp emits photons in the form of light energy at a wavelength of
116.6nm and 123.6nm. The photons excite compounds having an ionization potential of less
than 10.2eV. Charged particles produced in this manner pass through a reaction cell with an
electrical potential of 50 to 200 volts, producing an electrical charge that is measured as a
signal. Sensitivity is a function of the chemical structure of the analyte, including the num-
ber of carbon atoms, the nature and position of functional groups, and the position of double
or conjugated double bonds.10 For suitable analytes, a PID is 10-times more sensitive than an
FID. Compounds such as benzene (9.3eV ionization potential) have ionization efficiencies of
less than 0.1%, allowing the majority of the sample to pass through the detector unaffected.
Even with this minute portion of the sample ionized, sensitivity for aromatic compounds is
measured at the pg level.

PID Maintenance and Troubleshooting: It is very common for silicone from column bleed
to collect on the PID window and reduce transmission from the lamp. Reduced sensitivity
for all components is evidence of this condition. We recommend cleaning the window on a
regular basis, using a mild abrasive material such as iron oxide. Alumina powder is more
abrasive than iron oxide and can scratch the lens. This will reduce sensitivity. Create a slurry
with the powder, scrub the window, then rinse with acetone or methanol. Avoid touching the
clean window. If sensitivity is not restored, replace the lamp. Dead volume within a PID will
produce broad peaks, and might cause peaks to tail. PIDs designed for packed column sys-
tems have a cell volume intended for high flow rates. When using these detectors with capil-
lary columns, 20-30mL/min. of make-up gas is required to minimize dead volume and, in
turn, reduce peak tailing. Newer PID designs have smaller cell volumes that are compatible
with capillary columns.

Figure 19.
Diagram of a typical PID.

10. Jessie Crockett Butler, “Tandem Detector Technology for Gas Chromatography.” Environmental
Analysis Technical Report No. 9110, p3. Thermo Finnigan, GC and GC/MS Division, Austin, TX.
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FID Operation
The flame ionization detector, FID (Figure 20), is a selective detector because it only
responds to materials that ionize in an air/hydrogen flame. This condition covers a very
broad range of compounds, however. An FID / PID combination often is used for petroleum
or volatile analyte applications.

In an FID, the combustion of hydrogen and air produces a flame. When an organic com-
pound enters the flame; the large increase in ions produced is measured as a positive signal.
Because response is proportional to the number of carbon atoms introduced into the flame,
an FID is considered a quantitative counter of carbon atoms burned.10 Among the detectors
discussed here, an FID has the largest linear dynamic range – nearly five orders of magni-
tude. The FID will detect most carbon-containing analytes at a sensitivity of approximately
0.5ng/µL.

Properly set gas flow rates are important to achieving maximum sensitivity with an FID, and
preventing the flame from being extinguished (flame-outs). Generally, the total flow to the
FID is 300mL/min. to 500mL/min., of which the hydrogen flow plus the carrier gas flow is
approximately 30mL/min. The balance of the flow (make-up gas) typically is nitrogen.

The carrier gas and hydrogen gas mix in the FID jet. Capillary columns require a small jet
(0.011 inch ID) whereas most packed column applications are compatible with a larger jet
(0.018 inch ID). Jets with even larger ID are available for applications involving packed
columns that exhibit higher bleed.

Capillary Adaptable FID Jet 
for Agilent 5890/6890/6850 GCs 
(0.011-inch ID tip)
(Similar to Agilent part # 19244-80560.)
Description qty. cat.# qty. cat.#
Standard ea. 20670 3-pk. 20671
High-Performance (Silcosteel®-Passivated) ea. 20672 3-pk. 20673

Capillary Dedicated FID Jet 
for Agilent 6890/6850 GCs
(Similar to Agilent part # G1531-80560.)
Description qty. cat.# qty. cat.#
Standard ea. 21621 3-pk. 21682
High-Performance (Silcosteel®-Passivated) ea. 21620 3-pk. 21683

Capillary FID Jet for Agilent 5880 GCs
(Similar to Agilent part # 19301-80500.)
Description qty. cat.#
Standard ea. 21637
High-Performance (Silcosteel®-Passivated) ea. 21638

Packed Column FID Jets for
Agilent 5890/6890/6850 GCs
0.018-Inch ID
(Similar to Agilent part # 18710-20119.) qty. cat.# qty. cat.#
Standard ea. 21694 3-pk. 21695
High-Performance (Silcosteel®-Passivated) ea. 21696 3-pk. 21697
0.030-Inch ID
(Similar to Agilent part # 18789-80070.) qty. cat.# qty. cat.#
Standard ea. 21688 3-pk. 21689
High-Performance (Silcosteel®-Passivated) ea. 21686 3-pk. 21687

Figure 20.
Components of a typical FID
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FID Maintenance and Troubleshooting: Contamination and a clogged jet are common
problems associated with using an FID in analyses of volatile compounds, such as gasoline
range organics (GRO) analyses that involve samples containing diesel fuel or oils. Flame-
outs at the beginning of a VOCs analysis usually are the combined result of incorrect gas
flows and excessive water from the purge trap. When performing maintenance on an FID
always check the gas flows before calibrating the instrument. Water management is dis-
cussed on page 13.

ELCD (Hall® detector) Operation
In typical applications, an electrolytic conductivity detector, ELCD (Figure 21), is a chemi-
cal detector that catalytically reduces halogenated materials to haloacids, HCl and HBr, by
mixing them with high-temperature hydrogen in a heated nickel reaction tube. In other
words, this detector pyrolyzes these analytes in the presence of a catalyst and a reaction gas
(hydrogen):

H2 + CH3(CH2)nCH2R (heat and catalyst) –> CH3(CH2)nCH3 + RH
where R=halogen (Br or Cl)

Example:
H2 + CH3Cl –> CH4+HCl

The haloacid molecules flow into the electrolytic conductivity cell via a Teflon® transfer line,
and are dissolved in a stream of n-propanol. The conductivity of the alcohol is monitored
because the concentration of hydrogen halide is directly proportional to the current. The sig-
nals thus produced characteristically have tailing peaks. Although the ELCD is most com-
monly used for halogenated compounds and, in the halogen mode, it is selective only for
these species (Figure 21), it can be configured to detect sulfur, nitrogen, and nitrosamine
compounds. Figures 22-25 and Figure 27 show various important parts of the ELCD system.

Figure 21.
ELCD configured for detecting halogens.
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Figure 22.
Cross-section of the Thermo Finnigan PID/ELCD
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Figure 23.
Electrolytic conductivity detector: top view
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Figure 24.
Side view of the tandem detectors.
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Teflon® Transfer Lines for ELCDs

Description cat.#
Teflon® Transfer Lines for ELCDs
(five 6.5-inch lines), 5-pk. 20121

• Stringently cleaned with HCl.
• Convenient precut pieces.
• Fit Tracor, Tremetics, O.I., many

other ELCDs.

Chromatographic Detectors:
Design, Function, and Operation
Comprehensively covers
the design, construction,
and operation of gas 
chromatography, liquid
chromatography and 
thin-layer chromatography
detectors—all in one convenient,
up-to-date source.
R.P.W. Scott, Marcell Dekker, Inc.,
1996, 514pp., ISBN 0-8247-9779-5
cat.# 21090
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Figure 25.
Electrolytic conductivity detector: propanol tank with pump.
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With any detector, always be sure that gas flows are adjusted properly.
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ELCD Maintenance and Troubleshooting: ELCD performance depends on the reactor tem-
perature, the volume of the conductivity cell, the propanol flow rate, the hydrogen gas flow
(Figure 26), and the purity of the solvent system. The goal is to minimize tailing as much as
possible without losing sensitivity. Depending on the amount of use and the types of sam-
ples analyzed, the nickel reaction tube – the reaction catalyst – should be replaced as often
as monthly. Hydrocarbons and certain other compounds can “poison” the reaction tube and
reduce its catalytic activity. Oxygen and moisture can oxidize the reaction tube, affecting
sensitivity. High-purity hydrogen gas is critical for a stable baseline. Use gas regulators with
stainless steel diaphragms and the proper purifiers for reaction gases.

A drop in sensitivity (particularly for brominated compounds), baseline instability, or
appearance of unknown peaks indicate it might be necessary to replace the reaction tube.
Reconditioning the reaction tube might restore baseline stability: disconnect the Teflon®

transfer line, then increase the reactor temperature to 1000°C for one hour, then reset the
reaction temperature to 900°C for re-calibration.

Ultra-High-Purity Brass
Line Regulator
• Use wherever you 

need to reduce the 
line pressure by 
20psi or more.

• Same purity level 
as high-pressure 
cylinder regulators.

* Please order appropriate male connector,
pipe-to-tube fittings; see our catalog.

Fitting qty. cat.#
1/4" female NPT ports* ea. 21666



Table III.
Common causes of excessive peak tailing from an ELCD.

Contaminated conductivity cell
Contaminated reaction tube
Contaminated resin cartridge
Contaminated Teflon® transfer line
Dead volume between detectors in series
Leak at the base of the reaction tube

Low makeup gas flow
Low propanol flow
Low reaction gas flow (hydrogen)
Low reaction temperature (below 850°C)
Unpure gas (carrier / makeup / reaction)
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Figure 27.
ELCD reactor removed from detector 

assembly, reaction tube exposed.

Always
Check Here
for Leaks.

Nickel
Reaction

Tube

Similarly, the Teflon® transfer line between the reactor and the conductivity cell requires fre-
quent cleaning or replacement. Flushing the transfer line should remove most of the contamina-
tion. To do this, disconnect the line from the reaction tube and plug the drain line leading from
the reaction cell. This will force propanol through the transfer line, flushing contamination out.
If this does not improve response and peak shape, replace the transfer line (cat# 20121, page 27).

Use only high-purity solvents in the ELCD (only HPLC-grade for halogen mode). The solvent
intake line is equipped with a scrubber resin cartridge that removes contaminants from the sol-
vent. To maintain solvent purity and a stable baseline, change this cartridge every six months. 

ELCD: Minimizing Peak Tailing: Peak tailing is a characteristic of the ELCD – the key to
successful ELCD operation is regular maintenance to minimize the tailing. Most tailing
problems are caused by contamination or leaks in the system. Peak tailing also can be
caused by contamination in the Teflon® transfer line from the reaction tube to the conductivi-
ty cell.  Table III lists factors that can contribute to tailing peaks. Reaction tube deterioration
can be due to water and/or oxygen corroding the tube surface over time, or to carbon
deposits left by the organic solvent. In purge and trap applications, water management can
help slow this corrosion.

Poor responses for brominated compounds indicate active sites in the pathway. Isolate the
purge and trap system by making a manual injection. If responses for brominated com-
pounds still are poor, the reaction tube probably is deteriorating. A combination of tailing
peaks and poor responses for brominated compounds also is an indication that the reaction
tube must be replaced. Maintain detailed notes on instrument maintenance to minimize trou-
bleshooting problems in the future.

ELCD performance also depends on the internal volume of the conductivity cell. Older
ELCDs have larger cell volumes that cause more tailing. Smaller cells in newer ELCDs sig-
nificantly reduce peak tailing.

Replacement Nickel Reaction Tubes
• Pretreated for maximum sensitivity.
• Quality-controlled for reliability.
• Available for different models.

To replace these instrument part numbers:

Order these
Restek part 
numbers:

ELCD Model # Tremetrics Varian PerkinElmer Shimadzu O.I. Analytical qty. cat.#
Hall 700A 115439-0003 00-996724-14 0330-2675 — — 2-pk. 21580
Hall 1000 117459-0003 00-997625-12 N660-1072 220-90435-00 — 2-pk. 21581
O.I. 4420 — — — — 183780 2-pk. 21582
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GC/MS Operation
Mass spectrometry (MS) is the most common detection system used for VOC analysis. The
MS provides unique spectral information for accurately identifying components eluting from
the capillary column. As a compound exits the column it is bombarded with high-energy 
electrons and is broken into structurally significant charged fragments. These fragments are
separated by their mass-to-charge ratios in the analyzer, to produce a spectral pattern (i.e.,
fingerprint) unique to the compound. To confirm the identity of the compound the spectral
fingerprint is matched to a library of known spectra. By knowing the spectral patterns for
compounds in the target list, the appropriate masses for quantification can be chosen.

For analyzing volatile compounds in environmental samples, the most common types of MS
operating systems are the quadrupole system and the ion trap system.

Quadrupole Operation
A narrow bore (<0.25mm ID) capillary column can be inserted into the source of the
quadrupole MS in electron impact mode (EI). The carrier gas flowing through the column,
approximately 1mL/min., is quickly swept away under the high vacuum of the source while
analytes exiting the column are bombarded with a stream of electrons at 70eV.
Electromagnets begin focusing the ions (Figure 28). Positively charged fragments are pushed
away from the positively charged repeller, toward a series of focusing lenses. The first lens,
the draw-out plate or extractor, accelerates the ions, then the ion focus lens further acceler-
ates the ions and squeezes them into a tight beam of charged particles before they enter the
mass analyzer – an array of four parallel rods, or quadrupoles. Other plates (i.e., a ground
plate), if present, are connected to a ground that discharges the defocused ions, to prevent
them from causing charge interference with the ion focus lens. In this way ions that are not
correctly directed down the quadrupoles are discarded. Electromagnetic fields produced by a
combination of direct current (DC) and an oscillating radio frequency (RF), enables ions that
have a specific mass-to-charge ratio to pass through the quadrupoles to the detector, forcing
these ions into a spiral, or corkscrew-shaped, three-dimensional sine wave that passes
through the center of the quadrupole arrangement (Figure 29). As the DC/RF waves are
swept up or down, specific mass-to-charge ions strike the electron multiplier (detector),
which translates ions to electrons. The electrons bounce off the dynodes (walls) of the elec-
tron multiplier, generating a cascade of electrons. These electrons are exchanged to photons,
which are measured as a current by the photomultiplier.11

Figure 28.
Electromagnets focus the ions produced from fragmented analyte molecules.
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11. F.G. Kitson, B.S. Larsen & C.N. McEwen. Gas Chromatography and Mass Spectrometry:
A Practical Guide, Academic Press, New York. 1996.

{

Gas Chromatography & Mass
Spectrometry, A Practical Guide
• Separation conditions

for numerous compound
types, derivatized and
underivatized.

• How to interpret mass-
spectral data, with
examples.

F.G. Kitson, B.S. Larsen and C.N.
McEwen, Academic Press, 1996,
381pp., ISBN 0-12-483385-3
cat.# 20497
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Ion Trap Operation
The major difference between a quadrupole MS and an ion trap MS are the mechanisms of
ion focus and scanning. Three hyperbolic electrodes, a ring and two endcaps, form the core
of an ion trap MS (Figure 30). In electron impact mode the sample is ionized, fragmented,
and introduced into the ion trap through a pulsing electronic gate that opens and closes, con-
trolling the number of ions that enter the trap. Ions that enter the trap are stored in stable
orbits. Adjusting the voltage around the ring electrode pushes some of these ions into unsta-
ble orbits, causing them to exit to the detector. Because all ions entering the trap are stored
temporarily, only a finite amount of sample can be allowed to enter the trap area, otherwise
the system would be overloaded.

Interfacing the Capillary Column to the MS
The ion source and analyzer of the MS are under vacuum. To enable the pumping system to
maintain this vacuum, the volume of carrier gas entering the MS must be small. Regardless
of the pumping capacity of the MS vacuum system, the best sensitivity is achieved if the
carrier gas flow rate is approximately 1mL/min. Because a narrow-bore capillary column
routinely is operated at near 1mL/min. flow rates, it can be connected directly to the MS
without overwhelming the pumping system. Wide-bore capillary columns, however, usually
are operated at flow rates that are too high for most MS systems. Consequently, an interface
must be used to reduce the flow to a level that is compatible with the MS pumping system.
Figure 31 shows the two most common interfaces – the open split and the jet separator.

An open split interface (OSI) functions like an inlet splitter system in a chromatograph. It
allows as much as 90% of the carrier gas to be vented away from the MS vacuum system.
Correspondingly, this is reflected by a sample loss of up to 90%, which reduces sensitivity
by an order of magnitude. Therefore, an OSI is not suitable for trace-level environmental
analysis. Splitting the sample at the injection port, combined with analysis on a narrow-bore
column, is favored over using an OSI because a high desorb flow rate can be used to ensure
better sample transfer from the trap. Also, a 0.25mm ID or narrower column increases effi-
ciency and improves resolution of analytes.

Another alternative to an OSI, the jet separator, reduces the carrier gas flow without signifi-
cant loss of sensitivity. A jet separator works on the principle of momentum. Very small
molecules such as helium (or other carrier gas) do not have sufficient momentum to pass
across a small gap in the jet separator and are routed away from the MS, using a vacuum
pump. Larger molecules, such as most target components, have the necessary momentum to
carry them across the gap and into the MS. Using this device, much of the carrier gas can be
eliminated without significant loss of target compounds. Added momentum is required to
carry very small analyte molecules, such as gases, across the gap, however. In these situa-
tions we recommend adding make-up gas to provide the extra momentum and improve
responses for low molecular weight target compounds.

Figure 29.
Electromagnetic fields force the ions into a spiral, three-dimensional 

sine wave through the center of the quadrupole arrangement.
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Ring and end caps form the 

core of an ion trap MS.
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MS Calibration and Tuning
Calibration allows the correct identification of masses, whereas tuning adjusts the intensity
and peakwidths for masses. The MS is calibrated by adjusting the DC/RF frequency so that
mass axis points are aligned with expected mass fragments of known spectra. Tuning
ensures that target compounds analyzed on the MS will have the same distribution (pattern)
of ions, and peak widths for ions will be narrow enough that adjacent mass peaks will not
overlap. A compound widely used for calibrating and tuning MS systems is perfluorotributy-
lamine (PFTBA or FC43). Modern instruments introduce PFTBA into the ion source during
the autotune procedure. The instrument software adjusts the MS parameters to match the
known fragmentation pattern for PFTBA. The ion of greatest abundance in the spectrum is
mass 69; the relative abundances of masses 131 and 219 are roughly 50% of that for mass
69 (Figure 32). In analyses of volatiles, mass 502 is less important because its relative abun-
dance is 1% of the mass 69 value. Low peak heights or a loss of mass 502 generally indicate
a cleanliness problem at the source.

Specific Tuning Requirements: 4-Bromofluorobenzene: After the system is calibrated and
tuned, using PFTBA, a 50ng solution of 4-bromofluorobenzene (BFB) is introduced. BFB
usually is introduced by injection through the GC injection port but, alternatively, it can be
purged from a water blank. Abundance criteria for BFB are listed in Table IV.

If tuning with BFB fails under criteria acceptable for PFTBA, decrease the relative abun-
dance of masses 131 and 219 to 30% of mass 69 by adjusting the entrance lens. If necessary,
slightly decrease the repeller voltage. This procedure targets the ions from mass 173 through
mass 177. A second tuning failure with BFB may dictate recalibration and tuning with
PFTBA. Ion ratios for BFB should be checked every 12 hours. As long as results meet the
specifications in Table IV, no further calibration or tuning is required.

Poor tuning can significantly affect the sensitivity of the MS. Figure 33 shows spectra for a
sample analyzed twice, first after a failing PFTBA tuning with mass 131 as the base peak
(Figure 33, A), then after a passing tuning (Figure 33, B). The second analysis exhibits a
three-fold increase in sensitivity.

Figure 31.
An open split interface or a jet separator
will reduce the gas flow entering a mass

spectrometer vacuum system.

Figure 32.
Perfluorotributylamine (PFTBA) fragmentation, using a quadrupole mass spectrometer.
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Table IV.
US EPA ion abundance criteria for 4-bromofluorobenzene (BFB).

Mass/Charge Ratio Relative Abundance Criterion
50 15-50% of mass 95
75 30-80% of mass 95
95 Base peak, 100% relative abundance
96 5-9% of mass 95
173 <2% of mass 174
174 >50% of mass 95
175 5-9% of mass 174
176 >95% but <101% of mass 174
177 5-9% of mass 176
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Leak Checks: The MS is a powerful tool for determining the presence of leaks in the
GC/MS system because it is able to detect air and water. Check for leaks by turning on the
PFTBA valve and scanning for m/z 69, 18, and 28. By using the base peak for PFTBA (m/z
69), a relative concentration of water/nitrogen can be determined. The combined relative
abundance of 18/28 to 69 should be between 0.1% and 3%. Figure 34 shows an air/water
value of 0.14% (0.05+0.09). If the value is below 0.1%, compare the current total abun-
dance of ion 69 with its abundance at the last leak check. Instruments with large leaks have
reduced sensitivity for 69 and may show abundances of 0 for lower ions, suggesting there is
no leak. This is due to saturation of the detector. If a leak is present, the instrument will not
tune. An MS with a diffusion pump should be allowed more time to equilibrate because it is
less efficient at removing low molecular weight contamination. After this preliminary
air/water check, begin tuning the instrument. After the instrument passes tuning, check again
for air and water.

Figure 33.
Optimize MS tuning to increase sensitivity.
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Figure 34.
An initial air/water check on an Agilent 5971A MS, before tuning.
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Identifying Target Analytes
Qualitative identification of a target compound is based on retention time (± 0.06 minutes) and
on comparison of the sample mass spectrum to a reference mass spectrum. Compounds are
identified from three ions of the greatest intensity. The quantification ion, usually the highest
m/z fragment, is used for determining the concentration of a particular analyte. When using
any column for GC/MS, attention must be given to coeluting compounds to determine if
acceptable quantification ions can be found. It is important that there be no coelution between
compounds sharing ions used for quantification. As long as unique ions can be selected for
quantifying compounds that share retention time, chromatographic coelution is acceptable.
Reducing analysis time without carefully checking for coelutions can lead to problems. For
example, internal standard chlorobenzene-d5 and analyte 1,1,1,2-tetrachloroethane, which
share quantification ion 117, can coelute from a “VMS,” “624,” or “VRX” stationary phase.
Many laboratories eliminate the need for chromatographic resolution by changing the quantifi-
cation ion for chlorobenzene-d5 from 117 to 82 (Figure 35). An alternative solution is to
replace chlorobenzene-d5 with another internal standard that elutes in the same region of the
chromatogram, such as 4-bromofluorobenzene. In performance-based measurement systems
(PBMS), surrogates and internal standards may be changed, as long as the analyst can show
that the performance will be equivalent or better. Auditors for state or local regulatory agencies
might not allow these changes, however. An additional option, the suggested surrogates can be
used and the analysis performed using a slower GC oven temperature program that resolves
the coelution (Figure 36). This option eliminates the need to change either the internal standard
or the quantification ion, but prolongs analysis time. An analysis time of less than 10 minutes,
with chromatographic resolution of these compounds, is possible with a 20m x 0.18mm x
1.0µm df Rtx®-VMS column (see Application section, page 51).

Identifying Non-Target Analytes
For samples containing analytes that do not match retention time and/or mass spectra for the
target compounds, a library search can be used in an attempt to match the unknown spectra
with known spectra. Unknown compounds in the sample, referred to as tentatively identified
compounds (TICs), should be reported only as estimates.

Mass Spectral Clues for Identifying TICs: The MS provides three valuable clues to identi-
fying TICs: parent ion, isotopic composition, and common fragmentation ions. The parent
ion (also known as the molecular weight ion) is the ionized form of the neutral compound,
but not all compounds are stable enough to produce a molecular weight ion. Most environ-
mental contaminants, except compounds that contain nitrogen, will have an even number
mass for a parent ion. The parent ion reveals information about the elemental composition
and the distribution of isotopes. The term “isotope” is used to describe atoms of an element
with differing numbers of neutrons. Most elements have isotopes in a particular distribution
to each other. For example, carbon occurs primarily in two forms, 12C and 13C. 13C is at an
abundance of 1.1% relative to 12C.12 This information can contribute to determining the num-
ber of carbons present in the fragmented ion. Carbon is considered an A+1 element because
its isotopes vary by 1amu. Compounds such as oxygen, sulfur, silicon, chlorine, and bromine
are A+2 elements because their isotopes vary by 2amu or more (Figure 37, page 35).
Fragmentation ions also can offer clues to compound composition (Table V).

Leak-Free Column/MS Installation Using an Injection Port Connection
The most common problem associated with volatiles analyses by GC/MS is the presence of
leaks. The following procedure will help ensure optimum performance. Do not use this pro-
cedure with columns with IDs larger than 0.25mm, because the amount of oxygen that
would be introduced into the MS source during the last step will oxidize the metal parts and
reduce sensitivity.

Figure 36.
A slower oven temperature program 

eliminates the need to change the internal
standard or the quantification ion.

chlorobenzene-d5
ethylbenzene
chlorobenzene

Figure 35.
The quantification ion for 

chlorobenzene-d5 can be changed 
from ion 117 to ion 82, to eliminate the

need for chromatographic resolution from
1,1,1,2-tetrachloroethane.
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Extracted ion chromatogram (black)
overlayed on total ion chromatogram (green)

1,1,1,2-tetrachloroethene

12. F.W. McLafferty and F. Turecek. Interpretation of Mass Spectra, University Science Books, Mill
Valley, 4th edition, 1993, pp. 283-291.
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MSD Source Nut
(Similar to Agilent part # 05988-20066.)
Description qty. cat.#
(Detector) MSD Source Nut 2-pk. 20643

Figure 38.
To check for leaks, cap the split vent and

septum purge vent lines on the GC and the
column, then shut off the gas supply.

System pressure should remain constant.

Cap both

Connect the capillary column, 0.25mm ID or smaller, to the injection port, but not to the
MS source, and condition the column. When the column has been conditioned, remove
50cm from the detector end of the column to ensure complete removal of siloxanes and
other potential contaminants. Then, with the MS still turned off, insert the column end into
the MS source. Cut the column several centimeters from the connection to the injection port.
Use septa to cap the short length of column that is left in the injection port and the new,
unconnected inlet end of the column. Also cap the split vent and septum purge vent lines on
the GC (Figure 38). Perform a pressure decay test on the injection port by setting the pres-
sure to 30psi, then shutting off the gas supply. The pressure should remain constant for at
least 1 minute. If the pressure drops in less than 1 minute, turn on the gas supply and begin
leak checking, using an electronic leak detector, such as the Restek Leak DetectiveTM II (cat.
#20413, page 36).

Once you have confirmed the GC system is leak-tight, and while the injection port end of
the column is capped and there is no flow in the column, evacuate the MS and record the
source pressure in your maintenance logbook. After several hours equilibration, perform the
instrument leak-check using PFTBA (see MS Calibration and Tuning, page 32). If a leak is
present, draw 500µL of methanol into a syringe and apply drops of this solvent on areas
where leaks might be suspected, while scanning for mass 31. Alternatively, bathe these areas
with argon gas and scan for m/z 40. The brass source nut is the primary place for leaks in an
MS, this nut should be replaced every time the column is changed (cat. #20643, page 35).
Other areas to examine include the rubber seals and the PFTBA vial.

After you confirm the MS is leak-free, quickly install the inlet end of the column into the
injection port. The MS will draw air into the source during this connection time; after anoth-
er 2-hour equilibration the MS is ready for tuning/leak checking using PFTBA.

Figure 37.
Cl and Br are examples of A+2 elements (isotopes vary by 2amu or more).

Element Mass % Abundance Mass % Abundance
carbon 12 100 13 1.1
nitrogen 14 100 15 0.37
chlorine 35 100 37 32.5
bromine 79 100 81 98
oxygen 16 100 18 0.2

BrCl Cl2 Br2

Table V.
Fragment ions can offer clues to compound composition.

Compound Class Fragment Ions
Aldehydes, amides, amines 44, 58, 72, 59, 30
Aliphatic hydrocarbons 43, 57, 71, 85, 99
Alkylbenzenes 104, 91
Aromatic hydrocarbons 39, 50, 51, 52, 63, 65, 76, 77, 91
Fluorine-containing 50, 69
Methacrylates 41, 69
Methyl ketones 43, 58
Oxygen-containing 31,45,59,73
Sulfur-containing 47,61
Unsaturated hydrocarbons 41, 55, 69
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Table VI.
Common contaminants and their identifying ions.

Contaminant Characteristic Fragmentation Ions
Silicon 73, 147, 207, 221, 281, 355, 429, 503
Rough vacuum pump oil 55-57, 61-67, 81-85, 95-99
Diffusion pump oil 77, 115, 141, 168, 223, 260, 446
Plasticizers 149, 223, 278

MS Contamination
A universal detector, the MS responds to all organic compounds and, consequently, any con-
tamination potentially can interfere with target analyte identification. The common sources
of contamination are column bleed and septum bleed. High column bleed can be an indica-
tion of oxygen entering the system and degrading the stationary phase in the column. If high
column bleed is suspected, conduct a leak check of the system, using the procedure
described on page 34 and 35. Septum bleed introduces silicon fragments, characterized by
ion 73, into the system. Silicon compounds also are components of GC and MS seals. Table
VI lists common contaminants and the ions by which they can be identified.

Water / Methanol: The introduction of water and/or methanol vapor from the purge and trap
system can cause problems in an MS system. Excess water vapor entering the MS can
decrease the ionization of target analytes eluting at the same time. To overcome problems
associated with water vapor, use a trap containing hydrophobic adsorbents, such as the
Vocarb® 3000 trap. If you are using an ion trap system, increase the split ratio in the injec-
tion port. This will prevent overloading the ion trap and will increase overall linearity for the
gaseous analytes.

Leak Detective™ II
Leak Detector

* Never use liquid leak detectors on a capil-
lary system. Liquids can be drawn into the
system.

** Caution: NOT designed for determining
leaks of combustible gases. A combustible
gas detector should be used for determin-
ing combustible gas leaks in possibly haz-
ardous conditions.

Description qty. cat.#
Leak Detective™ II Leak Detector ea. 20413

• Affordable thermal conductivity leak
detector—every analyst should have one*

• Compact, ergonomic design is easy to
hold and operate with one hand.

• Helium, hydrogen, and nitrogen can be
detected at 1x10-4cc/sec. or at an absolute
concentration as low as 100ppm**

• Fast results—responds in less than 2 sec-
onds to trace leaks of gases with thermal
conductivities different than air.

• Micro-chip design improves sensitivity
and response time over previous models.

• Auto zeroing with the touch of a button.
• Battery-operated for increased portability

(one 9-volt).

Practical Introduction to GC/MS Analysis with Quadrupoles
The text gives answers to questions such as: how does the mass
spectrometer work, what problems can occur and how do I detect
them, how must separation and detection be adapted to each other,
and what pitfalls can be avoided when elucidating structures and
quantifying compounds.
M. Oehme, Wiley-VCH
1999, 195pp., ISBN 3-527-29748-0
cat.# 21098

Interpretation of Mass Spectra, 4th Edition
This updated version builds on the strengths of the previous editions
and presents the information required to clearly and concisely inter-
pret mass spectra. Chapters include information on elemental com-
position, molecular ions, mechanisms of ion fragmentations, unimol-
ecular ion decompositions, and mass spectra of common compound
classes. It is valuable and necessary resource for every person prac-
ticing mass spectrometry.
F.W. McLafferty and F. Turecek, University Science
1993, 371pp., ISBN 0-935702-25-3
cat.# 20498
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Applications Using GC Detection Systems
Purge and Trap Applications Using Tandem PID-ELCD:
US EPA Methods 502.2, 601, 602, 8010, 8020, 8021B
EPA methods for GC analyses of volatile compounds require purge and trap units for con-
centrating the contaminants in water, soil, or wastewater. While purge and trap concentration
significantly increases sensitivity, relative to other sample introduction techniques, it does
have a downside: early-eluting volatile compounds typically exhibit broad peaks, due to
inefficient sample transfer from the trap to the GC. This distorted peak shape decreases res-
olution between closely eluting compounds, placing demands on the analytical system and
requiring optimized GC operating conditions. Although cryofocusing improves separations
of early eluting compounds, most environmental laboratories do not use this approach
because it increases costs. 

EPA methods for monitoring volatiles by GC often recommend using a PID and an ELCD,
connected in tandem or series. Coelutions of target compounds are allowed, as long as they
are resolved by the detectors.13 For example, in Figure 39 bromoform and styrene elute with
the same retention time, but bromoform elicits a response only from the ELCD and styrene
elicits a response only from the PID. Thus, the selective detectors resolve these two com-
pounds. Because it characteristically produces tailing peaks, the ELCD is the more problem-
atic of the two detectors; sensitivity can be increased, but not without a sacrifice in peak
shape. Optimization of an ELCD minimizes tailing and maximizes sensitivity.

Analysis Time: Several factors contribute to the total analysis time for volatiles separations,
including purge and trap cycle time, sample analysis time, and GC oven cool-down time
(time required for the oven to cool from the final temperature to the initial temperature for
the next analysis). Long purge and trap cycles are a product of long purge times, dry purges,
long desorb times, and long trap bake times. Long oven cycle times result from low initial
oven temperatures (i.e., subambient to 35°C) and slow temperature program rates. A column
that unnecessarily exceeds the length needed to resolve the analytes can increase analysis
time and cost without significantly adding to the data obtained.

An Rtx®-VGC primary column paired with an Rtx®-VRX confirmation column make a good
combination for analyzing the compounds listed in Figures 39A & B. The target list
includes unregulated but commonly analyzed compounds such as methyl-tert-butyl ether
(MTBE) and Freon® 113 (1,1,2-trichloro-1,2,2-trifluoroethane). A 35°C starting temperature
is necessary to resolve Freon®113 from 1,1-dichloroethane. Figure 39A shows there are no
early-analyte coelution problems on the primary column when using PID/ELCD detectors in
tandem – the gases and the trihalomethanes are separated.

Figures 40A & B show the analysis of Method 8021A/502.2 compounds, without Freon®

113, using an Rtx®-VGC column and an Rtx®-502.2 column. A 50°C initial oven tempera-
ture can be used, which greatly reduces the time needed for the GC to complete the oven
cycle and return to the starting temperature (cycle time) and, therefore, increases through-
put. An Agilent 5890 GC oven will cool from 205°C to 35°C in 9 minutes; this time, added
to the 28-minute analysis time in Figure 39, produces the fastest cycle time for this analysis:
37 minutes. In the analysis in Figure 40, the starting temperature is 50°C, the final tempera-
ture is 200°C, and the oven takes 4 minutes to cool. The total cycle time, less than 30 min-
utes, is significantly faster than for other pairs of columns. For example, an Rtx®-VRX col-
umn requires a starting temperature of 40°C; this, combined with a 28 minute analysis time,
means the total cycle time cannot be faster than 35 minutes.

13. EPA Method 8000B, Determinative Chromatographic Separations; US EPA. U.S. Government
Printing Office: Washington, DC, 1996, Rev. 2.
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Figure 39A.
An Rtx®-VGC primary column and an Rtx®-VRX confirmation column separate volatile organic gases from the trihalomethanes – 

there are no coelutions on the primary column using the PID/ELCD detectors in tandem.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freonfi 113
9. allyl chloride

10. methylene chloride
11. trans-1,2-dichloroethene
12. methyl tert-butyl ether
13. 1,1-dichloroethane
14. cis-1,2-dichloroethene
15. 2,2-dichloropropane
16. bromochloromethane
17. chloroform

18. carbon tetrachloride
19. 1,1,1-trichloroethane
20. 1,1-dichloropropene
21. benzene
22. 1,2-dichloroethane
23. fluorobenzene (SS)
24. trichloroethene
25. dibromomethane
26. 1,2-dichloropropane
27. bromodichloromethane
28. 1-bromo-2-chloroethane (SS)
29. cis-1,3-dichloropropene
30. toluene
31. tetrachloroethene
32. trans-1,3-dichloropropene
33. 1,1,2-trichloroethane
34. dibromochloromethane

35. 1,3-dichloropropane
36. 1,2-dibromoethane
37. 1-chloro-3-fluorobenzene (SS)
38. chlorobenzene
39. ethylbenzene
40. 1,1,1,2-tetrachloroethane
41. m-xylene
42. p-xylene
43. o-xylene
44. styrene
45. bromoform
46. isopropylbenzene
47. bromobenzene
48. n-propylbenzene
49. 1,1,2,2-tetrachloroethane
50. 2-chlorotoluene
51. 1,2,3-trichloropropane

52. 1,3,5-trimethylbenzene
53. 4-chlorotoluene
54. tert-butylbenzene
55. 1,2,4-trimethylbenzene
56. sec-butylbenzene
57. p-isopropyltoluene
58. 1,3-dichlorobenzene
59. 1,4-dichlorobenzene
60. n-butylbenzene
61. 1,2-dichlorobenzene
62. 1,2-dibromo-3-chloropropane
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

20ppb in 5mL of RO water.
Primary column: 75m, 0.45mm ID, 2.55 m Rtxfi -VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55 m Rtxfi -VRX (cat.# 19309)
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 
Purge: 11 min. @ 40mL/min. 
Dry purge: 1 min. @ 40mL/min. (MCS by-passed with 

Silcosteelfi tubing [cat.# 21035])
Desorb preheat: 245 C
Desorb: 250 C for 2 min. 
Bake: 260 C for 8 min.
Interface: direct
Transfer line: 0.32mm ID Siltek tubing (Cat. #10027) 

GC: Finnigan 9001
Oven temp.: 35 C (hold 4 min.) to 75 C @ 3 C/min. (hold 2 min.) 

to 175 C @ 21 C/min. to 205 C @ 35 C/min. (hold 5 min.) 
Carrier gas: helium 11mL/min., constant pressure

Adjust dichlorodifluoromethane to a retention time of 2.28 min.
@ 35 C on the Rtxfi -VGC column.

Detectors: Gold Tandem PID/HALL 2000 ELCD
PID:  makeup 7mL/min., purge 7mL/min., set @ 0.35mV, 
base temp 200 C.
Hall 2000 ELCD:  RxnGas 25mL/min., RxnTemp. 940 C, 
propanol flow 470 L/min.

Rtx®-VGC 75m, 0.45mm ID, 2.55µm  (cat.# 19409)
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Figure 39B.
An Rtx®-VGC primary column and an Rtx®-VRX confirmation column separate volatile organic gases from the trihalomethanes – 

there are no coelutions on the primary column using the PID/ELCD detectors in tandem.
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon® 113
9. allyl chloride

10. methylene chloride
11. trans-1,2-dichloroethene
12. methyl tert-butyl ether
13. 1,1-dichloroethane
14. cis-1,2-dichloroethene
15. 2,2-dichloropropane
16. bromochloromethane
17. chloroform

18. carbon tetrachloride
19. 1,1,1-trichloroethane
20. 1,1-dichloropropene
21. benzene
22. 1,2-dichloroethane
23. fluorobenzene (SS)
24. trichloroethene
25. dibromomethane
26. 1,2-dichloropropane
27. bromodichloromethane
28. 1-bromo-2-chloroethane (SS)
29. cis-1,3-dichloropropene
30. toluene
31. tetrachloroethene
32. trans-1,3-dichloropropene
33. 1,1,2-trichloroethane
34. dibromochloromethane

35. 1,3-dichloropropane
36. 1,2-dibromoethane
37. 1-chloro-3-fluorobenzene (SS)
38. chlorobenzene
39. ethylbenzene
40. 1,1,1,2-tetrachloroethane
41. m-xylene
42. p-xylene
43. o-xylene
44. styrene
45. bromoform
46. isopropylbenzene
47. bromobenzene
48. n-propylbenzene
49. 1,1,2,2-tetrachloroethane
50. 2-chlorotoluene
51. 1,2,3-trichloropropane

52. 1,3,5-trimethylbenzene
53. 4-chlorotoluene
54. tert-butylbenzene
55. 1,2,4-trimethylbenzene
56. sec-butylbenzene
57. p-isopropyltoluene
58. 1,3-dichlorobenzene
59. 1,4-dichlorobenzene
60. n-butylbenzene
61. 1,2-dichlorobenzene
62. 1,2-dibromo-3-chloropropane
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

20ppb in 5mL of RO water.
Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-VRX (cat.# 19309)
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb™ 3000 
Purge: 11 min. @ 40mL/min. 
Dry purge: 1 min. @ 40mL/min. (MCS by-passed with 

Silcosteel® tubing [cat.# 21035])
Desorb preheat: 245°C
Desorb: 250°C for 2 min. 
Bake: 260°C for 8 min.
Interface: direct
Transfer line: 0.32mm ID Siltek™ tubing (Cat. #10027)

GC: Finnigan 9001
Oven temp.: 35°C (hold 4 min.) to 75°C @ 3°C/min. (hold 2 min.) 

to 175°C @ 21°C/min. to 205°C @ 35°C/min. (hold 5 min.) 
Carrier: helium 11mL/min., constant pressure

Adjust dichlorodifluoromethane to a retention time of 2.28 min.
@ 35°C on the Rtx®-VGC column.

Detectors: µGold Tandem PID/HALL 2000 ELCD
PID: makeup 7mL/min., purge 7mL/min., set @ 0.35mV,
base temp 200°C.
Hall 2000 ELCD: RxnGas 25mL/min., RxnTemp.  940°C,
propanol flow 470µL/min.



Figure 40A.
An Rtx®-VGC / Rtx®-502.2 column pair and a 50°C initial temperature reduce 

total cycle time to less than 30 minutes for EPA Method 8021A/502.2.
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Innovations at Work
Fastest cycle time for 8021/502.2!
50°C starting temperature brings
total cycle time to less than 30 min.

GC_EV00418

min. 5 10 15 20 25

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. allyl chloride
9. methylene chloride

10. trans-1,2-dichloroethene
11. methyl tert-butyl ether
12. 1,1-dichloroethane
13. cis-1,2-dichloroethene
14. 2,2-dichloropropane

15. bromochloromethane
16. chloroform
17. carbon tetrachloride
18. 1,1,1-trichloroethane
19. 1,1-dichloropropene
20. benzene
21. 1,2-dichloroethane
22. fluorobenzene (SS)
23. trichloroethene
24. dibromomethane
25. 1,2-dichloropropane
26. bromodichloromethane
27. 1-bromo-2-chloroethane (SS)
28. cis-1,3-dichloropropene

29. toluene
30. tetrachloroethene
31. trans-1,3-dichloropropene
32. 1,1,2-trichloroethane
33. dibromochloromethane
34. 1,3-dichloropropane
35. 1,2-dibromoethane
36. chlorobenzene
37. ethylbenzene
38. 1,1,1,2-tetrachloroethane
39. m-xylene
40. p-xylene
41. 1-chloro-2-fluorobenzene (SS)
42. o-xylene

43. styrene
44. bromoform
45. isopropylbenzene
46. bromobenzene
47. n-propylbenzene
48. 1,1,2,2-tetrachloroethane
49. 2-chlorotoluene
50. 1,2,3-trichloropropane
51. 1,3,5-trimethylbenzene
52. 4-chlorotoluene
53. tert-butylbenzene
54. 1,2,4-trimethylbenzene
55. sec-butylbenzene
56. p-isopropyltoluene

57. 1,3-dichlorobenzene
58. 1,4-dichlorobenzene
59. n-butylbenzene
60. 1,2-dichlorobenzene
61. 1,2-dibromo-3-chloropropane
62. 2-bromo-1-chlorobenzene (SS)
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization/HALL® 2000 Electrolytic Conductivity Detector provided courtesy of Thermo Finnigan GC & GC/MS
Division, 2215 Grand Avenue Pkwy, Austin, Texas 78728

Rtx®-VGC 75m, 0.45mm ID, 2.55µm  (cat.# 19409)
Primary column: 75m, 0.45mm ID, 2.55 m Rtxfi -VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55 m Rtxfi -502.2 (cat.# 10986)
Conc.: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245 C
Desorb:   250 C for 2 min.
Bake: 260 C for 8 min.
Interface: direct connection from concentrator to column
Transfer line: Siltek 0.32mm fused silica transfer line direct to

columns w/ Press-Tight Y connector (cat. # 20403)
Gas chromatograph: Finnigan 9001
Carrier gas: helium @ ~10mL/min. constant pressure

Adjust dichlorodifluoromethane to a retention time 
of 2.28 min. @ 50 C on the Rtxfi -VGC column.

Oven temp.: 50 C (hold 2 min.) to 70 C @ 2 C/min. to 130 C @
9 C/min. to 200 C @ 40 C/min. (final hold 5 min.)
Detectors: Gold Tandem PID/Hall 2000 ELCD

PID: makeup 7mL/min., purge 7mL/min.,
set @ 0.35mV base temp 200 C.
Hall 2000 ELCD: RxnGas 25mL/min., Temp.940 C,
propanol flow 470 L/min.
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Figure 40B.
An Rtx®-VGC / Rtx®-502.2 column pair and a 50°C initial temperature reduce 

total cycle time to less than 30 minutes for EPA Method 8021A/502.2.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. allyl chloride
9. methylene chloride

10. trans-1,2-dichloroethene
11. methyl tert-butyl ether
12. 1,1-dichloroethane
13. cis-1,2-dichloroethene
14. 2,2-dichloropropane
15. bromochloromethane
16. chloroform
17. carbon tetrachloride
18. 1,1,1-trichloroethane
19. 1,1-dichloropropene
20. benzene
21. 1,2-dichloroethane
22. fluorobenzene (SS)
23. trichloroethene
24. dibromomethane
25. 1,2-dichloropropane
26. bromodichloromethane
27. 1-bromo-2-chloroethane (SS)
28. cis-1,3-dichloropropene
29. toluene
30. tetrachloroethene
31. trans-1,3-dichloropropene
32. 1,1,2-trichloroethane
33. dibromochloromethane

34. 1,3-dichloropropane
35. 1,2-dibromoethane
36. chlorobenzene
37. ethylbenzene
38. 1,1,1,2-tetrachloroethane
39. m-xylene
40. p-xylene
41. 1-chloro-2-fluorobenzene (SS)
42. o-xylene
43. styrene
44. bromoform
45. isopropylbenzene
46. bromobenzene
47. n-propylbenzene
48. 1,1,2,2-tetrachloroethane
49. 2-chlorotoluene
50. 1,2,3-trichloropropane
51. 1,3,5-trimethylbenzene
52. 4-chlorotoluene
53. tert-butylbenzene
54. 1,2,4-trimethylbenzene
55. sec-butylbenzene
56. p-isopropyltoluene
57. 1,3-dichlorobenzene
58. 1,4-dichlorobenzene
59. n-butylbenzene
60. 1,2-dichlorobenzene
61. 1,2-dibromo-3-chloropropane
62. 2-bromo-1-chlorobenzene (SS)
63. hexachlorobutadiene
64. 1,2,4-trichlorobenzene
65. naphthalene
66. 1,2,3-trichlorobenzene

Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-502.2 (cat.# 10986)
Conc.: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245°C
Desorb: 250°C for 2 min.
Bake: 260°C for 8 min.
Interface: direct connection from concentrator to column
Transfer line: Siltek 0.32mm fused silica transfer line direct to

columns w/ Press-Tight “Y” connector (cat. #20403)

Gas chromatograph: Finnigan 9001
Carrier gas: helium @ ~10 mL/min. constant pressure

Adjust dichlorodifluoromethane to a retention time of 
2.28 min. @ 50°C on the Rtx®-VGC column.

Oven temp.: 50°C (hold 2 min.) to 70°C @ 2°C/min. to 130°C @ 9°C/min. 
to 200°C @ 40°C/min. (final hold 5 min.)

Detectors: µGold Tandem PID/Hall 2000 ELCD
PID: makeup 7mL/min., purge 7mL/min., set @ 0.35mV
base temp 200°C.
Hall 2000 ELCD: RxnGas 25mL/min., RxnTemp. 940°C,
propanol flow 470µL/min.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm  (cat.# 10986)
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Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization/HALL® 2000 Electrolytic Conductivity Detector provided courtesy of Thermo Finnigan
GC & GC/MS Division, 2215 Grand Avenue Pkwy, Austin, Texas 78728

GC_EV00419
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Figure 41A.
Analytes listed in EPA Method 601/602 can be separated in 20 minutes by an Rtx®-VGC / Rtx®-502.2 column pair.

PID ELCD

min. 5 10 15 20

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. methylene chloride
9. trans-1,2-dichloroethene

10. methyl tert-butyl ether
11. 1,1-dichloroethane
12. bromochloromethane (SS)
13. chloroform
14. carbon tetrachloride
15. 1,1,1-trichloroethane
16. benzene
17. 1,2-dichloroethane
18. fluorobenzene (SS)
19. trichloroethene

20. 1,2-dichloropropane
21. bromodichloromethane
22. 2-chloroethyl vinyl ether
23. cis-1,3-dichloropropene
24. toluene
25. tetrachloroethene
26. trans-1,3-dichloropropene
27. 1,1,2-trichloroethane
28. dibromochloromethane
29. chlorobenzene
30. ethylbenzene
31. 1-chloro-2-fluorobenzene (SS)
32. bromoform
33. 1,4-dichlorobutane (SS)
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene
38. 4-bromo-1-chlorobenzene (SS)

Primary column: 75m, 0.45mm ID, 2.55µm Rtx®-VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55µm Rtx®-502.2 (cat.# 10986)
Conc.: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245°C
Desorb: 250°C for  2 min.
Bake: 260°C for 8 min.
Interface: direct connection from concentrator to column
Transfer line: 0.53mm ID Silcosteel® tubing (cat. #70045)
Gas chromatograph: Finnigan 9001
Carrier gas: helium @ ~10mL/min. constant pressure

Adjust dichlorodifluoromethane to a retention 
time of 2.47 min. @ 40°C.

Oven temp.: 40°C (hold 2 min.) to 58°C @ 4°C/min. to 
90°C @ 10°C/min. (hold 5 min.) to 220°C @
40°C/min. (hold 5 min.)

Detectors: µGold Tandem PID/Hall 2000 ELCD
PID: makeup 7mL/min., purge 7mL/min., set @
0.35mV base temp: 200 C.
Hall 2000 ELCD: RxnGas 25mL/min., Rxn Temp. 940 C,
propanol flow 470 L/min.
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Acknowledgement: Finnigan 9001 GC, µGold Tandem
Photoionization/HALL® 2000 Electrolytic Conductivity Detector provided
courtesy of Thermo Finnigan GC & GC/MS Division, 2215 Grand
Avenue Pkwy, Austin, Texas 78728

suggested surrogates: peaks 12, 18, 31, & 38

GC_EV00420

min. 5 10 15 20

Client compound lists might match the compound list in Method 601/602, but the calibration criteria and low detection limits of Method
8021 are enforced. Figures 41A & B illustrate common compounds analyzed by GC/PID-ELCD, along with 2-chloroethyl vinyl ether. The
starting temperature is 40°C, and the analysis time is 20 minutes. An Rtx®-502.2 column is a good choice for this analysis because it exhibits
good resolution for 2-chloroethyl vinyl ether.

Innovations at Work
• Partial, quantifiable separation of

2-chloroethyl vinyl ether (peak 22).

• Fastest analysis (20 min.) for EPA
Method 601/602.

Standard cat.#
502.2 mix#1 30042
624 cal mix #2 30021
624 cal mix #3 30022
MTBE 30402
1,4-dichlorobutane 30227

Standard cat.#
fluorobenzene 30030
1-chloro-2-fluorobenzene 30040
4-bromo-1-chlorobenzene 30230
bromochloromethane 30225

Rtx®-VGC 75m, 0.45mm ID, 2.55µm  (cat.# 19409)
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Figure 41B.
Analytes listed in EPA Method 601/602 can be separated in 20 minutes by an Rtx®-VGC / Rtx®-502.2 column pair.
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Primary column: 75m, 0.45mm ID, 2.55 m Rtxfi -VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55 m Rtxfi -502.2 (cat.# 10986)
Conc.: 10ppb in 5mL of RO water
Concentrator: Tekmar LSC3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245 C
Desorb:   250 C for  2 min.
Bake: 260 C for 8 min.
Interface: direct connection from concentrator to column
Transfer line: 0.53mm ID Silcosteel® tubing (cat. #70045)
Gas chromatograph: Finnigan 9001
Carrier gas: helium @ ~10mL/min. constant pressure

Adjust dichlorodifluoromethane to a retention 
time of 2.47 min. @ 40 C.

Dead time: 2.04 min.
Oven temp.: 40 C (hold 2 min.) to 58 C @ 4 C/min. to 

90 C @ 10 C/min. (hold 5 min.) to 220 C @
40 C/min. (hold 5 min.)

Detectors: Gold Tandem PID/Hall 2000 ELCD
PID: makeup 7mL/min., purge 7mL/min., set @
0.35mV base temp: 200 C.
Hall 2000 ELCD: RxnGas 25mL/min., Rxn Temp. 940 C,
propanol flow 470 L/min.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. methylene chloride
9. trans-1,2-dichloroethene

10. methyl tert-butyl ether
11. 1,1-dichloroethane
12. bromochloromethane (SS)
13. chloroform
14. carbon tetrachloride
15 1,1,1-trichloroethane
16. benzene
17. 1,2-dichloroethane
18. fluorobenzene (SS)
19. trichloroethene
20. 1,2-dichloropropane

21. bromodichloromethane
22. 2-chloroethyl vinyl ether
23. cis-1,3-dichloropropene
24. toluene
25. tetrachloroethene
26. trans-1,3-dichloropropene
27. 1,1,2-trichloroethane
28. dibromochloromethane
29. chlorobenzene
30. ethylbenzene
31. 1-chloro-2-fluorobenzene (SS)
32. bromoform
33. 1,4-dichlorobutane
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene
38. 4-bromo-1-chlorobenzene (SS)

min. 5 10 15 20

GC_EV00540

Acknowledgement: Finnigan 9001 GC,  µGold Tandem
Photoionization/HALLfi 2000 Electrolytic Conductivity Detector provided
courtesy of Thermo Finnigan GC & GC/MS Division, 2215 Grand Avenue
Pkwy, Austin, Texas 78728 Standard cat.#

502.2 mix#1 30042
624 cal mix #2 30021
624 cal mix #3 30022
MTBE 30402
1,4-dichlorobutane 30227

Standard cat.#
fluorobenzene 30030
1-chloro-2-fluorobenzene 30040
4-bromo-1-chlorobenzene 30230
bromochloromethane 30225

Rtx®-502.2 75m, 0.45mm ID, 2.55µm  (cat.# 10986)
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Figure 42A.
An Rtx®-VGC / Rtx®-502.2 column pair separates the expanded list of compounds in EPA Method 8021B in less than 30 minutes.

Primary column: 75m, 0.45mm ID, 2.55 m Rtxfi -VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55 m Rtxfi -502.2 (cat.# 10986) 
Conc.: 10ppb in 5mL of RO Water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000
Purge:  11 min. @ 40 mL/min. 
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using Silcosteelfi tubing)
Desorb preheat:  245 C, Flow 10mL/min. 
Desorb: 250 C for 2 min.
Bake: 260 C for 8 min.
Interface: direct using 0.32mm ID Siltek transfer line (cat. #10027)
GC: Finnigan 9001
Carrier gas: helium @ ~10mL/min. constant pressure

Adjust dichlorodifluoromethane to a retention 
time of 2.40 min. @ 45 C on the Rtxfi -VGC column.

Oven temp.: 45 C (hold 4 min.) to 70 C @ 2 C/min. to 
210 C @ 20 C/min. (hold 10 min.)

Detectors: Gold Tandem PID/HALL 2000 ELCD
PID: makeup 7mL/min., purge 7mL/min., 
set @ 0.35mV base temp. 200 C.
Hall 2000 ELCD: RxnGas 25mL/min., 
RxnTemp.940 C, propanol flow 470 L/min.

PID

ELCD

PID ELCD

Rtx®-VGC
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GC_EV00421

min. 5 10 15 20 25
1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freonfi 113
9. chloromethyl methyl ether

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (40ppb)
16. chloroprene

17. 1,1-dichloroethane
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane
20. bromochloromethane
21. chloroform
22. carbon tetrachloride
23. 1,1,1-trichloroethane
24. 1,1-dichloropropene
25. benzene
26. 1,2-dichloroethane
27. fluorobenzene (SS)
28. tetrachloroethene
29. dibromomethane
30. 1,2-dichloropropane
31. bromodichloromethane
32. 1-bromo-2-chloroethane (SS)

33. 2-chloroethyl vinyl ether
34. cis-1,3-dichloropropene
35. toluene
36. tetrachloroethene
37. trans-1,3-dichloropropene
38. 1,1,2-trichloroethane
39. dibromochloromethane
40. 1,3-dichloropropane
41. 1,2-dibromoethane
42. chlorobenzene
43. ethylbenzene
44. 1,1,1,2-tetrachloroethane
45. m-xylene
46. p-xylene
47. 1-chloro-2-fluorobenzene (SS)
48. o-xylene

49. styrene
50. bromoform
51. isopropylbenzene
52. bromobenzene
53. n-propylbenzene
54. 1,1,2,2-tetrachloroethane
55. 2-chlorotoluene
56. 1,2,3-trichloropropane
57. 1,3,5-trimethylbenzene
58. 4-chlorotoluene
59. tert-butylbenzene
60. pentachloroethane
61. 1,2,4-trimethylbenzene
62. sec-butylbenzene
63. p-isopropyltoluene
64. 1,3-dichlorobenzene

65. 1,4-dichlorobenzene
66. benzyl chloride
67. n-butylbenzene
68. 1,2-dichlorobenzene
69. 1,2-dibromo-3-chloropropane
70. 2-bromo-1-chlorobenzene (SS)
71. hexachlorobutadiene
72. 1,2,4-trichlorobenzene
73. naphthalene
74. 1,2,3-trichlorobenzene
75. 2-methylnaphthalene (40ppb)
76. 1-methylnaphthalene (40ppb)

Acknowledgement: Finnigan 9001 GC, µGold Tandem
Photoionization/HALL® 2000 Electrolytic Conductivity
Detector provided courtesy of Thermo Finnigan GC &
GC/MS Division, 2215 Grand Avenue Pkwy, Austin,
Texas 78728

The chromatograms in Figures 42A & B incorporate a broader range of analytes, many of which are listed in EPA Method 8021B, along with
other requested compounds, such as 1-methylnaphthalene and 2-methylnaphthalene. Of these 72 target compounds, those that coelute on the
Rtx®-VGC column are resolved by the Rtx®-502.2 column. Even with the addition of the semivolatile methylnaphthalenes, the analysis time
is less than 30 minutes.
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Figure 42B.
An Rtx®-VGC / Rtx®-502.2 column pair separates the expanded list of compounds in EPA Method 8021B in less than 30 minutes.
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freonfi 113
9. chloromethyl methyl ether

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (40ppb)
16. chloroprene

17. 1,1-dichloroethane
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane
20. bromochloromethane
21. chloroform
22. carbon tetrachloride
23. 1,1,1-trichloroethane
24. 1,1-dichloropropene
25. benzene
26. 1,2-dichloroethane
27. fluorobenzene (SS)
28. trichloroethene
29. dibromomethane
30. 1,2-dichloropropane
31. bromodichloromethane
32. 1-bromo-2-chloroethane (SS)

33. 2-chloroethyl vinyl ether
34. cis-1,3-dichloropropene
35. toluene
36. tetrachloroethene
37. trans-1,3-dichloropropene
38. 1,1,2-trichloroethane
39. dibromochloromethane
40. 1,3-dichloropropane
41. 1,2-dibromoethane
42. chlorobenzene
43. ethylbenzene
44. 1,1,1,2-tetrachloroethane
45. m-xylene
46. p-xylene
47. 1-chloro-2-fluorobenzene (SS)
48. o-xylene

49. styrene
50. bromoform
51. isopropylbenzene
52. bromobenzene
53. n-propylbenzene
54. 1,1,2,2-tetrachloroethane
55. 2-chlorotoluene
56. 1,2,3-trichloropropane
57. 1,3,5-trimethylbenzene
58. 4-chlorotoluene
59. tert-butylbenzene
60. pentachloroethane
61. 1,2,4-trimethylbenzene
62. sec-butylbenzene
63. p-isopropyltoluene
64. 1,3-dichlorobenzene

65. 1,4-dichlorobenzene
66. benzyl chloride
67. n-butylbenzene
68. 1,2-dichlorobenzene
69. 1,2-dibromo-3-chloropropane
70. 2-bromo-1-chlorobenzene (SS)
71. hexachlorobutadiene
72. 1,2,4-trichlorobenzene
73. naphthalene
74. 1,2,3-trichlorobenzene
75. 2-methylnaphthalene (40ppb)
76. 1-methylnaphthalene (40ppb)

Primary column: 75m, 0.45mm ID, 2.55 m Rtxfi -VGC (cat.# 19409)
Confirmation column: 75m, 0.45mm ID, 2.55 m Rtxfi -502.2 (cat.# 10986) 
Conc.: 10 ppb in 5 mL of RO Water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000
Purge:  11 min. @ 40 mL/min. 
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using 

Silcosteelfi tubing)
Desorb preheat:  245 C, Flow 10mL/min. 
Desorb: 250 C for 2 min.
Bake: 260 C for 8 min.
Interface: direct using 0.32 mm ID Siltek transfer line (cat. #10027)
GC: Finnigan 9001
Carrier gas: helium @ ~10mL/min. constant pressure

Adjust dichlorodifluoromethane to a retention time 
of 2.40 min. @ 45 C on the Rtxfi -VGC column.

Oven temp.: 45 C (hold 4 min.) to 70 C @ 2 C/min. to 
210 C @ 20 C/min. (hold 10 min.)

Detectors: Gold Tandem PID/HALL 2000 ELCD
PID: makeup 7mL/min., purge 7mL/min., set @
0.35mV base temp. 200 C.
Hall 2000 ELCD: RxnGas 25mL/min., Rxn Temp. 940 C,
propanol flow 470 L/min.

Rtx®-502.2
75m, 0.45mm ID, 2.55µm  (cat.# 10986)

GC_EV00422

Acknowledgement: Finnigan 9001 GC, µGold Tandem Photoionization/HALL® 2000 Electrolytic Conductivity Detector provided courtesy of Thermo Finnigan GC
& GC/MS Division, 2215 Grand Avenue Pkwy, Austin, Texas 78728

min. 5 10 15 20 25 30
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Figure 43.
Peak shape affects quantification: 

separation of methylene chloride and Freon® 113 on a “VRX” column.

4.
57

4.
66

4.5

Quantification Values
Methylene Chloride & Freon® 113 

Replicate 1 19.85 18.48
Replicate 2 19.29 18.48
Replicate 3 19.36 18.52

Methylene Chloride 
Replicate 1 21.48
Replicate 2 20.79
Replicate 3 20.95

Freon® 113 
Replicate 1 16.3
Replicate 2 16.46
Replicate 3 16.25

Results of resolution tests @ 20ppb. 20ppb each
component in 5mL RO water, analyzed according
to US EPA Method 5030A/502.2.

Importance of Resolution in GC Analysis
Figure 43 shows the effects of resolution on quantification for methylene chloride and
Freon® 113 (1,1,2-trichloro-1,2,2-trifluororoethane) when separated on an Rtx®-VRX col-
umn. The first three replicates are check standards analyzed on a six-point curve. These val-
ues are taken from integrating the areas for the two closely eluting peaks. Based on peak
height (the methylene chloride peak is about twice the height of the Freon®113 peak), the
contribution of the first peak, methylene chloride, to the Freon®113 peak is more than twice
the contribution of Freon® 113 to the methylene chloride peak. Both compounds are quanti-
fied from the ELCD, creating another quantification issue with tailing peaks: the tail of the
methylene chloride peak contributes to the area of the Freon® 113 peak, thereby increasing
the quantification error.

Next, we analyzed methylene chloride and Freon® 113 separately, to determine if there
would be quantification differences off the six-point curve. With the addition of the peak tail,
the peak area for methylene chloride increased slightly, and the peak area for Freon® 113
decreased. Without the contribution from methlyene chloride, Freon® 113 exhibited a notice-
ably lower quantification value of 16ppb.

This experiment illustrates the importance of resolution for accurate quantification of ana-
lytes in environmental samples taken from the field. Obviously, no column can provide base-
line separation of all Method 502.2/8021 compounds. The key to accurate quantification is
to recognize which compounds are most commonly present in your samples and choose a
column that best resolves these analytes. As shown in the example described above, both the
Rtx®-VRX column and the Rtx®-VGC column have difficulty resolving methylene chloride
from Freon® 113.
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Figure 44.
An Rtx®-VGC column separates ethylbenzene from m/p-xylene, according to EPA method 8015.

GC_EV00467

1. benzene
2. toluene
3. ethylbenzene
4. m-xylene
5. p-xylene
6. o-xylene
7. isopropylbenzene
8. ethylmethylbenzene
9. 1,2,3-trimethylbenzene

10. 1,2,4-trimethylbenzene
11. napthalene
12. 2-methylnapthalene
13. 1-methylnapthalene

Purge and Trap Applications Using PID/FID in Tandem:
EPA Method 602 and Others; State Gasoline Methods
EPA Methods 602, 8015, 8020, and 8260 describe analyses of gasoline and oxygenates.
Most environmental laboratories have relied on one of these methods to report gasoline and
oxygenate concentrations in difficult sample matrixes. Success with these methods is based
on the ability of the capillary column to resolve close-eluting pairs. An analysis according to
Method 8015, for example, involves separating ethylbenzene from m/p-xylene (Figure 44).

Rtxfi -VGC 30m, 0.45mm, 2.55 m (cat.# 19408)
500ppb in 5mL of RO water
Oven program: 40 C (hold 2 min.) to 130 C @ 6 C/min. 

(hold 0 min.) to 230 C @ 30 C/min. 
(hold 2 min.)

Carrier gas: helium @ ~8mL/min.
Detector: Thermo Finnigan PID, make-up 7mL min., 

purge 7mL/min., set @ 0.35mV, 
base temperature 200 C



Figure 45.
For VPH analysis on an Rtx®-502.2 column, use PID for aromatic 

compounds and FID for aliphatic compounds
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PID

min. 4 8 12 16 20 24 28 32

min. 4 8 12 16 20 24 28 32
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105m, 0.53mm ID, 3.0 m Rtxfi -502.2 (cat.# 10910). 
Concentration: on-column at levels listed 

Oven temp: 45 C to 90 C @ 3 C/min., to 140 @ 5 C/min., 
to 230 C @ 45 C/min. (hold 8 min.)

Carrier gas: helium @ 15mL/min. Tekmarfi Model LSC 2000 
Trap: BTEX 
Purge: helium @ 40mL/min. for 11 min.
Dry purge: 2 min. 
Desorb preheat: 245 C
Desorb: 2 min. @ 250 C
Bake: 6 min. @ 260 C

Chromatograms courtesy of Severn Trent Laboratories, Burlington, VT.

1. methanol
2. n-pentane (40ng)
3. 2-methylpentane (60ng)
4. methyl tert-butyl ether (60ng)
5. 2,2,4-trimethylpentane (60ng)
6. benzene (20ng)
7. toluene
8. n-nonane
9. ethylbenzene (20ng)

10. p+m-xylene (40ng ea.)
11. o-xylene (40ng)
12. 1,2,4-trimethylbenzene (40ng)
13. naphthalene (40ng)
14. 2,5-dibromotoluene (SS)

FID

GC_EV00063
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Many state methods, such as the Massachusetts Volatile Petroleum Hydrocarbon (VPH)
method, require resolution of the oxygenates and the early eluting alkanes, such as 
2-methylpentane and 3-methylpentane (Figure 45). The most common column used for
GRO analysis is a 30m, 0.53mm ID column with a 1.5µm df film of 5% diphenylpolysilox-
ane phase, such as Rtx®-5. These columns resolve the difficult compounds chlorobenzene
and ethylbenzene from the xylenes. An Rtx®-502.2 column performs this separation equally
well, but a longer column is needed.
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Figure 46.
An Rtx®-VGC column resolves oxygen-containing gasoline derivatives from other GRO.
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30m, 0.45mm, 2.55 m Rtxfi -VGC (cat.# 19408)
each component 100ppb in 5mL of RO water, except tert-butyl alcohol 5000ppb; 2/1-methynapthalene 150ppb;
ethylmethylbenzene 50ppb.
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min. @ 35 C
Dry purge: 1 min. (MCS bypassed) 
GC: Finnigan 9001 
Oven temp.: 40 C (hold 2 min.) to 130 C @ 6 C/min. (hold 0 min.) to 230 C @ 30 C/min. (hold 2 min.). 
Carrier gas: helium @ ~8mL/min.
Detector: Thermo Finnigan PID, make-up 7mL min., purge 7mL/min., set @ 0.35mV, base temperature 200 C.

1. 2-methylpentane
2. 3-methylpentane
3. methyl-tert-buyl ether
4. tert-butyl alcohol
5. diisopropyl ether
6. ethyl-tert-butyl ether
7. isooctane
8. n-heptane
9. benzene

10. tert-amyl-methyl ether
11. α,α,α-trifluorotoluene
12. toluene
13. 1-chloro-3-fluorobenzene

14. ethylbenzene
15. m-xylene
16. p-xylene
17. o-xylene
18. isopropylbenzene
19. ethylmethylbenzene
20. 1,3,5-trimethylbenzene
21. 1,2,4-trimethylbenzene
22. 4-bromochlorobenzene
23. naphthalene
24. 2-methylnaphthalene
25. 1-methylnaphthalene

GC_EV00465

19

min. 5 10 15 20

Gasoline Analysis with Oxygenates and Alcohols
Success of gasoline range organics (GRO) analyses are based on the ability of the analytical
column to resolve oxygenates from the alkanes, alkenes, and, to a lesser extent, alkynes. To
minimize false positive results for methyl-tert-butyl ether (MTBE) it is important to separate
this analyte from 2-methylpentane and 3-methylpentane. Another potential interference is
tert-butyl alcohol (TBA). Both MTBE and TBA elicit response on a PID, and they share
ions used in MS detection, so they must be resolved regardless of which detector is used.
Figure 46 is an example of GRO target compounds analyzed using PID detection, with the
oxygen-containing gasoline additives resolved from the other analytes.
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Applications Using GC/MS Detection Systems
EPA Methods 8260, 524.2, 624, 8240 and OLM 04.2
Method 8260: Client target lists may remain the same as the Method 8240 compound list, but
the calibration criteria and low detection limits set by Method 8260 are enforced (Figure 48,
page 52).15 Chromatograms for the 8240 compound list can be produced from different GC
oven conditions, different compound concentrations, and altered MS scan windows. Alcohols
analyses require scanning below 35amu because many of the fragments used to identify the
spectra for these compounds are between 25 and 35amu. A good example is 2-chloroethanol
– this target analyte purges poorly and does not respond well by MS detection. The best way
to increase sensitivity by MS detection is by changing the scan rate to include ion 31, the
base peak. This also improves the ability of the software and the analyst to identify alcohols
because it gives more spectral data. The disadvantage of this approach is an increase in noise,
producing an overall decrease in sensitivity for all compounds. In Figure 48, the second chro-
matogram shows an increase in baseline noise as a result of the lower scan window. A com-
parison of peak 38 (2-chloroethanol) on the two chromatograms clearly shows a significantly
higher response on the second chromatogram, despite a lower concentration.

Method 8260 contains many mid-range volatile compounds that are the most common non-
petroleum contaminants in the environment. Unfortunately, these compounds tend to exhibit
broad peak shapes due to poor sample transfer from the purge and trap, making them diffi-
cult to resolve. Rtx®-VMS columns were designed using computer-assisted stationary phase
design (CASPD) software to improve solubility of these analytes in the stationary phase, and
thus provide greater separation for these compounds.16 This tuned selectivity ensures separa-
tion of tetrahydrofuran/2-butanone, carbon tetrachloride/1,1,1-trichloroethane, and methyl
acrylate/propionitrile. Although these compounds share common ions and have very similar
spectra, they are resolved by retention time difference on an Rtx®-VMS column (Figure 49,
page 53). Analytes that share ions and coelute on an Rtx®-624 column, but are resolved by
an Rtx®-VMS column, include: ether/ethanol, vinyl acetate/ethyl-tert-butyl ether, and tert-
butyl alcohol/methyl-tert-butyl ether. Several of these compounds require a lower initial oven
temperature (35°C), which is not shown in these applications.

Higher-boiling volatile compounds, typically branched or substituted aromatic compounds,
provide analytical challenges of their own. Isomers of the branched aromatic compounds
share the same parent ions and cannot be identified accurately by MS alone. The Rtx®-VMS
phase also was modeled for maximum separation of the substituted aromatic isomers, such
as 2- and 4-chlorotoluene. The comparison in Table VII shows isomer resolution on four
other stationary phases, modeled under the same conditions, compared to resolution on the
Rtx®-VMS phase. The tuned selectivity of the Rtx®-VMS phase allows a rapid final GC oven
ramp rate of 40°C/min., or faster, thereby promoting fast analysis times. Also, initial temper-
atures of up to 60°C are possible (Figure 49, page 53). This higher initial temperature pro-
vides the required separation and allows  faster oven cycle times, although some laboratories
prefer to start at 50°C, to better enhance the resolution of chloromethane from vinyl chloride
(peaks 2 and 3).

Figure 47 (page 51) shows an analysis of the Method 8260B compound list, using an Rtx®-
VMS column (20m, 0.18mm ID, 1.0µm film) without cryogenic cooling. Resolution is
greatly enhanced, due to the higher efficiency of the 0.18mm ID column. The desorb flow
rate is set at 40mL/min. for 1 minute. Many laboratories desorb under these conditions for 2
minutes, but the Rtx®-VMS column makes this unnecessary, because the higher flow rate
will desorb the volatiles from the trap in less than a minute.

Advances in Sample Throughput
The demand for increased productivity in
volatiles analysis by GC/MS has resulted in the
creation of automated water and soil autosam-
plers that reduce the amount of manual sample
preparation required. Autosamplers enable
environmental laboratories to run purge and
trap systems around the clock. Even though
prices for analyses of samples by Methods
8260 and 524.2 have stabilized, laboratories
still push for faster turn-around-time, to get a
better return on capital equipment invest-
ments. This has resulted in a need for columns
that can drastically reduce separation time and
for instruments that can accommodate short
cycle times. Currently, the limiting factor in
VOA is the purge and trap cycle time, because
it includes an 11-minute purge time followed
by a 6-12 minute bake-out time. A modern GC,
on the other hand, can acquire a sample in 10
minutes or less. To overcome the time limita-
tions of the purge and trap, connect two purge
and traps, each with its own autosampler unit,
to one GC/MS operating system. Use the dual-
concentrator configuration to synchronize the
steps so while the first system is desorbing the
sample and starting the GC/MS analysis, the
second system is completing the bake cycle
and starting to purge the next sample to be
desorbed onto the column. The Duet® system,
designed and sold by Tekmar-Dohrmann,
allows communication between the two con-
centrators for configuration to one GC/MS. The
Duet® interface gates the signals between the
concentrators to prevent a faster system from
catching up to a slightly slower one and allow-
ing a double injection. Calibration curves and
quality control samples (QC, MS, MSD) must
be run for each concentrator. 
A tracer compound must be added to one of
the concentrators, to eliminate any potential
question as to which purge and trap system
purged/desorbed the sample. With this system
it is possible to run 80 samples in 24 hours,
thereby increasing output from a single GC/MS
instrument. Figure 47 (page 51) shows an
analysis on an Rtx®-VMS column according to
US EPA Method 8260B, using the correct inter-
nal standards and surrogates. For more infor-
mation see the literature cited.14

Table VII.
An Rtx®-VMS column best separates 2- and 4-chlorotoluene.

Retention Time (min.) Rtx®-VMS Rtx®-624 Rtx®-502.2 Rtx®-VRX Rtx®-1
2-Chlorotoluene 8.35 8.63 8.80 8.49 8.38
4-Chlorotoluene 8.44 8.69 8.84 8.53 8.41
RT diff. 0.09 0.06 0.04 0.04 0.03



51

www.restekcorp.com

14. A.L. Hilling and G. Smith, Environmental
Testing & Analysis, 10(3),15-19, 2001.

15. Method 8260B Volatile Organic Compounds
in Water by Gas Chromatography/Mass
Spectrometry, Revision 2.0, 1996, SW-846,
Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, U.S.
Environmental Protection Agency,
Cincinnati, Ohio 45268.

16. F.L. Dorman, P.D. Schettler, C.M. English
and D.V. Patwardhan. “Predicting Gas
Chromatographic Separation and Stationary-
Phase Selectivity Using Computer
Modeling.” Anal. Chem. 
2002, 74, 2133-2138.

Figure 47.
Volatile organics by US EPA Method 8260B on an Rtx®-VMS column; conditions optimized for fast Method 8260 analysis. 

(Suitable for use with dual purge and trap units.)

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. methyl tert-butyl ether
15. tert-butyl alcohol (100ppb)
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate
20. allyl alcohol (250ppb)
21. ethyl-tert-buyl ether
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane
25. chloroform

26. ethyl acetate
27. carbon tetrachloride
28. methyl acrylate
29. propargyl alcohol (500ppb)
30. dibromofluoromethane (SMC)
31. tetrahydrofuran
32. 1,1,1-trichloroethane
33. 2-butanone
34. 1,1-dichloropropene
35. benzene
36. pentafluorobenzene (IS)
37. tert-amyl-methyl ether
38. 1,2-dichloroethane
39. isobutyl alcohol (500ppb)
40. isopropyl acetate
41. trichloroethene
42. 1,4-difluorobenzene (SMC)
43. dibromomethane
44. 1,2-dichloropropane
45. bromodichloromethane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)
49. cis-1,3-dichloropropene
50. toluene-d8(SMC)

51. toluene
52. pyridine (250ppb)
53. tetrachloroethene
54. 4-methyl-2-pentanone
55. trans-1,3-dichloropropene
56. 1,1,2-trichloroethane
57. ethyl methacrylate
58. dibromochloromethane
59. 1,3-dichloropropane
60. 1,2-dibromoethane
61. n-butyl acetate
62. 2-hexanone
63. 2-picoline (250ppb)
64. chlorobenzene-d5 (IS)
65. chlorobenzene
66. ethylbenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. stryrene
72. bromoform
73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. bromobenzene

76. n-propylbenzene
77. 1,1,2,2-tetrachloroethane
78. 2-chlorotoluene
79. 1,3,5-trimethylbenzene
80. 1,2,3-trichloropropane
81. 4-chlorotoluene
82. tert-butylbenzene
83. pentachloroethane
84. 1,2,4-trimethylbenzene
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4 (IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,4-trichlorobenzene
96. naphthalene
97. 1,2,3-trichlorobenzene

20m, 0.18 mm ID, 1.00 m Rtxfi -VMS (cat.# 49914)
Compounds at 10ppb in 5mL of RO water unless otherwise noted, ketones at 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarbfi 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245 C 
Desorb: 250 C for 2 min., Flow 40mL/min.
Bake: 260 C for 8 min.
Interface: 0.53mm ID Silcosteelfi tubing transfer line (cat. #70045)

1:40 split at injection port. 1mm ID liner.
Oven temp.: 50 C (hold 4 min.) to 100 C @ 18 C/min. (hold 0 min.)

to 230 C @ 40 C/min. (hold 3 min.)
Carrier gas: helium @ ~1.0mL/min. constant flow

Adjust dichlorodifluoromethane to a retention time of 1.03 min. @ 50 C.
Detector: Agilent 5973 MSD
Scan range: 35-300amu
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One of the most important factors in optimizing conditions for using the narrow-bore column is
adjusting the flow. Most MS systems are designed for optimum sensitivity at 1mL/min.; flow rates
higher or lower will greatly compromise the method detection limit (MDL). For Figure 47 (page
51) the retention time for the first gas, dichlorodifluoromethane, is 1.03 minutes at 50°C, which
dictates a column flow of 1mL/min. Figure 49 (page 53) also lists specific information for setting
the correct flow rate.

Electronic pressure control (EPC) makes it possible to maintain a constant flow over the course of
the oven temperature program, which can cut several minutes from the analysis time, compared to
a system set up for constant pressure. When setting up a system for constant pressure, always
adjust the flow at the initial oven temperature to be approximately 1mL/min. It is true that, under
constant pressure, higher flows at the beginning of the analysis will equate to normal flows (closer
to 1mL/min.) as the temperature, and carrier gas viscosity, increases, but maximum sensitivity is
needed for the more volatile analytes because they exhibit broader peaks. Also, higher flows at the
start of the analysis, while methanol and water are entering the MS, could cause excessive source
pressure and automatically shut the filament off. Figure 49 (page 53) shows an analysis on a 60m,
0.25mm ID, 1.4µm film Rtx®-VMS column, using an initial temperature of 60°C. The injection
port is set for a 1:20 split and constant flow is adjusted to 1.3mL/min. Again, the best way to set
the flow for these columns is to use the retention time for dichlorodifluoromethane or for an unre-
tained compound. Carbon dioxide is a good choice for an unretained compound.

EPA-recommended SMC/IS used.
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Figure 48.
EPA Method 8240 analysis using an Rtx®-VMS column. Alcohols require scans below 35amu.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol
8. 1,1-dichloroethene
9. carbon disulfide

10. iodomethane
11. allyl chloride
12. methylene chloride
13. acetone

14. trans-1,2-dichloroethene
15. 1,1-dichloroethane
16. acrylonitrile
17. allyl alcohol
18. vinyl acetate
19. bromochloromethane
20. chloroform
21. carbon tetrachloride
22. propargyl alcohol
23. 1,1,1-trichloroethane
24. 2-butanone
25. benzene
26. propionitrile

27. methacrylonitrile
28. 1,2-dichloroethane-d4
29. isobutyl alcohol
30. 1,2-dichloroethane    
31. trichloroethene
32. 1,4-difluorobenzene
33. dibromomethane
34. 1,2-dichloropropane
35. bromodichloromethane
36. methyl methacrylate
37. 1,4-dioxane
38. 2-chloroethanol  
39. 2-chloroethyl vinyl ether

40. cis-1,3-dichloropropene
41. toluene-d8
42. toluene
43. pyridine
44. 4-methyl-2-pentanone
45. tetrachloroethene
46. trans-1,3-dichloropropene
47. ethyl methacrylate
48. 1,1,2-trichloroethane
49. dibromochloromethane
50. 1,2-dibromoethane
51. 2-hexanone
52. 2-picoline

53. chlorobenzene-D5
54. ethylbenzene
55. chlorobenzene
56. 1,1,1,2-tetrachloroethane
57. m-xylene
58. p-xylene
59. o-xylene
60. styrene
61. bromoform
62. 4-bromo-1-fluorobenzene 
63. cis-1,4-dichloro-2-butene
64. 1,1,2,2-tetrachloroethane
65. 1,2,3-trichloropropane

66. trans-1,4-dichloro-2-butene
67. pentachloroethane
68. 1,3-dichlorobenzene
69. 1,4-dichlorobenzene
70. benzyl chloride
71. malononitrile 
72. 1,2-dichlorobenzene
73. 1,2-dibromo-3-chloropropane

Instrumentation & Conditions Common to BOTH RUNS
Carrier gas: 1.3mL/min. @ constant flow
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temp.
Dry purge: 1 min. @ 40mL/min. (MCS bypass)
Desorb preheat: 245 C
Desorb: 250 C for 2 min., Flow 26mL/min.
Bake: 260 C for 8 min.
Interface to GC: 0.32mm ID Siltek fused silica transfer line (cat. #10027)

1:20 split at injection port w/ 1mm ID sleeve. 
GC: HP 6890
Detector:  HP 5973 MSD

Rtx®-VMS 30m, 0.25mm ID, 1.40µm  (cat.# 19915)
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Top chromatogram:
Oven temp.: 40 C (hold 4 min.) to 90 C @ 16 C/min. (no hold) 

to 210 C @ 32 C/min. (hold 5 min.)
Adjust dichlorodifluoromethane to a retention time of 
2.27 min. @ 40 C.

MS Scan Range: 35-300amu
Compound Concentrations, by mix: (in 5mL of RO water)
Compounds at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols at 1ppm (cat.# 30214); 2-chloroethanol at 10ppm.
vinyl acetate at 500ppb (cat.#30216)
8240 Nitrile Mix at 200ppb (cat.# 30215)
8240 Mix 1A at 300ppb (cat.# 30217)
8240 Mix 2A at 500ppb (cat.# 30218)

Bottom chromatogram:
Oven temp.: 45 C (hold 4 min.) to 110 C @ 19 C/min. (hold 5 min.) to 

220 C @ 32 C/min. (hold 5 min.) 
Adjust dichlorodifluoromethane to 2.23 min. @ 45 C. 

MS Scan Range: 29-260amu, for 2-chloroethanol response
Compound Concentrations, by mix: (in 5mL of RO water)
Compounds at 100ppb (cat.# 30213, 30004, 30006, 30011, 30042)
Alcohols at 1ppm (cat.# 30214)   (see MS scan)
vinyl acetate at 100ppb (cat.# 30216)
8240 Nitrile Mix at 400ppb (cat.# 30215)
8240 Mix 1A at 300ppb (cat.# 30217)
8240 Mix 2A at 500ppb (cat.# 30218)



Figure 49.
An Rtx®-VMS column allows an initial temperature of 60°C, for fast oven cycle times by EPA Method 8260.
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1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. ethanol (2500ppb)
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. allyl chloride
11. methylene chloride
12. acetone
13. trans-1,2-dichloroethene
14. tert-butyl alcohol (100ppb)
15. methyl tert-butyl ether
16. diisopropyl ether
17. 1,1-dichloroethane
18. acrylonitrile
19. vinyl acetate*
20. allyl alcohol (250ppb)

21. ethyl-tert-butyl ether*
22. cis-1,2-dichloroethene
23. 2,2-dichloropropane
24. bromochloromethane
25. chloroform
26. ethyl acetate
27. methyl acrylate
28. propargyl alcohol (500ppb)
29. dibromofluoromethane (SMC)
30. tetrahydrofuran
31. carbon tetrachloride
32. 2-butanone
33. 1,1,1-trichloroethane
34. 1,1-dichloropropene
35. pentafluorobenzene (IS)
36. tert-amyl methyl ether
37. benzene
38. isobutyl alcohol (500ppb)
39. 1,2-dichloroethane
40. isopropyl acetate

41. 1,4-difluorobenzene (SMC)
42. trichloroethene
43. dibromomethane
44. bromodichloromethane
45. 1,2-dichloropropane
46. methyl methacrylate
47. n-propyl acetate
48. 2-chloroethanol (2500ppb)
49. cis-1,3-dichloropropene
50. toluene-d8 (SMC)
51. toluene
52. 4-methyl-2-pentanone
53. pyridine (250ppb)
54. trans-1,3-dichloropropene
55. ethyl methacrylate
56. tetrachloroethene
57. 1,1,2-trichloroethane
58. dibromochloromethane
59. 1,3-dichloropropane
60. n-butyl acetate

61. 1,2-dibromoethane
62. 2-hexanone
63. 2-picoline (250ppb)
64. ethylbenzene
65. chlorobenzene-D5 (IS)
66. chlorobenzene
67. 1,1,1,2-tetrachloroethane
68. m-xylene
69. p-xylene
70. o-xylene
71. styrene
72. bromoform
73. isopropylbenzene
74. 4-bromo-1-fluorobenzene (SMC)
75. n-propylbenzene
76. 1,1,2,2-tetrachloroethane
77. bromobenzene
78. 1,3,5-trimethylbenzene
79. 2-chlorotoluene
80. 1,2,3-trichloropropane

81. 4-chlorotoluene
82. tert-butylbenzene
83. 1,2,4-trimethylbenzene
84. pentachloroethane
85. sec-butylbenzene
86. p-isopropyltoluene
87. 1,3-dichlorobenzene
88. 1,4-dichlorobenzene-d4 (IS)
89. 1,4-dichlorobenzene
90. n-butylbenzene
91. 1,2-dichlorobenzene
92. 1,2-dibromo-3-chloropropane
93. nitrobenzene (250ppb)
94. hexachlorobutadiene
95. 1,2,4-trichlorobenzene
96. naphthalene
97. 1,2,3-trichlorobenzene

min. 6 8 10 12 14 16

60m, 0.25 mm ID, 1.40µm Rtx®-VMS (cat.# 19916)
Compounds at 10ppb in 5mL of RO water (unless noted) ketones at 2.5X
Concentrator: Tekmar LSC-3100 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature
Dry purge: 1 min. @ 40mL/min.
Desorb preheat: 245°C 
Desorb: 250°C for 2 min., Flow 26mL/min.
Bake: 260°C for 8 min.
Interface: 0.53mm ID Silcosteel® tubing transfer line (cat. #70045)

1:20 split at injection port. 1mm ID liner.
Oven temp.: 60°C (hold 2 min.) to 180°C @ 12°C/min. (hold 0 min.) to 

225°C @ 45°C/min. (hold 6 min.)
Carrier gas: helium @ ~1.3mL/min. constant flow

Adjust dichlorodifluoromethane to a retention time of
4.03 min. @ 60°C.

Detector: Agilent 5973 MSD
Scan range: 35-300amu
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*These compounds share ions, and coelute on “624”-type columns.
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Figure 50.
Volatile Organics by US EPA Method 524.2, rev. IV. A 30m x 0.25mm ID column and 

11 minute analysis provide excellent resolution of gaseous VOAs.

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. diethyl ether
8. 1,1-dichloroethene
9. carbon disulfide (40ppb)

10. iodomethane (40ppb)
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. methyl tert-butyl ether
16. 1,1-dichloroethane
17. acrylonitrile
18. cis-1,2-dichloroethene

19. 2,2-dichloropropane
20. bromochloromethane
21. chloroform
22. methyl acrylate
23. carbon tetrachloride
24. tetrahydrofuran (40ppb)
25. 1,1,1-trichloroethane
26. 2-butanone
27. 1,1-dichloropropene
28. 1-chlorobutane
29. benzene
30. propionitrile
31. 1,2-dichloroethane
32. fluorobenzene
33. trichloroethene
34. dibromomethane
35. 1,2-dichloropropane
36. bromodichloromethane

37. methyl methacrylate
38. cis-1,3-dichloropropene
39. toluene
40. chloroacetonitrile
41. 2-nitropropane*
42. 1,1-dichloropropanone*
43. 4-methyl-2-pentanone
44. tetrachloroethene
45. trans-1,3-dichloropropene
46. ethyl methacrylate
47. 1,1,2-trichloroethane
48. dibromochloromethane
49. 1,3-dichloropropane
50. 1,2-dibromoethane
51. 2-hexanone
52. ethylbenzene
53. chlorobenzene
54. 1,1,1,2-tetrachloroethane

55. m-xylene
56. p-xylene
57. o-xylene
58. styrene
59. bromoform
60. isopropylbenzene
61. 4-bromofluorobenzene
62. n-propylbenzene
63. bromobenzene
64. 1,1,2,2-tetrachloroethane
65. 1,3,5-trimethylbenzene
66. 2-chlorotoluene
67. 1,2,3-trichloropropane
68. trans-1,4-dichloro-2-butene
69. 4-chlorotoluene
70. tert-butylbenzene
71. 1,2,4-trimethylbenzene
72. pentachloroethane

73. sec-butylbenzene
74. p-isopropyltoluene
75. 1,3-dichlorobenzene
76. 1,4-dichlorobenzene
77. n-butylbenzene
78. hexachloroethane
79. 1,2-dichlorobenzene-d4
80. 1,2-dichlorobenzene
81. 1,2-dibromo-3-chloropropane
82. nitrobenzene
83. hexachlorobutadiene
84. 1,2,4-trichlorobenzene
85. naphthalene
86. 1,2,3-trichlorobenzene

2 3 4 5 6 7 8 9 10 11

30m, 0.25mm ID, 1.4 m Rtxfi -VMS (cat.# 19915)
Carrier gas: helium @ ~1.3mL/min. constant flow 

Adjust dichlorodifluoromethane to a retention time of 2.29 min. @ 45 C
Concentrator: Tekmar LSC-3000 Purge and Trap
Oven temp.: 45 C (hold 2 min.) to 85 C @ 14 C/min. to 

210 C @ 40 C/min. (hold 4 min.)
GC: Agilent 6890 Series II
Trap: Vocarb 3000
Purge: 11 min. @ 40mL/min.
Dry purge: 1 min. @ 40mL/min. (MCS bypassed)
Desorb preheat: 245 C
Desorb: 250 C for 2 min.
Bake: 260 C for 8 min.
Interface: 1:10 split in port
Transfer line: 5m, 0.32mm ID Siltek tubing (cat.# 10027)
Detector: Agilent 5973 MSD
Scan range: 35-300amu
Standards:
20ppb in 5mL of RO water (unless otherwise noted); ketones at 40ppb.
502.2 Cal Mix #1 (cat.# 30042)
502.2 Cal2000 MegaMix (cat.# 30431)
524 Cal Mix 7A & 7B (cat.# 30202)
524 Cal Mix #8 (cat.# 30203)
524 IS/SS Mix (cat.# 30201)
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*These compounds share a quantitation ion (43)

Method 524.2: In EPA method updates, such as Method 524.2, rev. IV, minor ions from newly listed target compounds interfere with the
quantification ions from other target compounds.17 An example of this problem occurs when a 75m, 0.53mm ID “624/1301” column is used
to resolve methyl acrylate and propionitrile. The quantification ion for methyl acrylate is mass 55, and propionitrile has a minor ion of mass
55, which thus can interfere with determining concentrations of methyl acrylate in “real world” samples. 1,1-dichloro-2-propanone and 4-
methyl-2-pentanone are another difficult pair to resolve on a “624/1301” column, because they share ion 43. These compounds can be
resolved (in more than 30 minutes), however, by using a 60m, 0.32mm ID column. Because Rtx®-VMS columns were designed to resolve
compounds by primary quantification ion, using extracted ion chromatography (Figure 50), the only compounds from Method 524.2, rev. IV,
that are difficult for an Rtx®-VMS column to resolve are 2-nitropropane and 1,1-dichloro-2-propanone, (peaks 41 and 42) which share ion 43.

17. Methods for the Determination of Organic Compounds in Drinking Water, Supplement II Method 524.2: U.S. Environmental Protection Agency, Office of
Research and Development, Environmental Monitoring Systems Laboratory, Cinncinnati, OH. 1992.



55

www.restekcorp.com

Method 624: Previously, analysts used packed columns to perform Method 624, but now they generally use capillary chromatographic tech-
niques. The compound list in Method 624 includes commonly analyzed aromatic and halogenated compounds in wastewater. This analysis
can be achieved on many capillary columns; Figure 51 shows a 30m, 0.25mm ID Rtx®-VMS column resolves the gaseous analytes to the
baseline.

Figure 51.
Gaseous analytes resolved to baseline on an Rtx®-VMS column.

1. chloromethane
2. vinyl chloride
3. bromomethane
4. chloroethane
5. trichlorofluoromethane
6. 1,1-dichloroethene
7. methylene chloride
8. trans-1,2-dichloroethene
9. 1,1-dichloroethane

10. bromochloromethane
11. chloroform
12. carbon tetrachloride
13. 1,1,1-trichloroethane
14. benzene
15. pentafluorobenzene (surr.)
16. 1,2-dichloroethane
17. fluorobenzene (surr.)
18. trichloroethene
19. 1,2-dichloropropane

20. bromodichloromethane
21. 2-chloroethyl vinyl ether
22. cis-1,3-dichloropropene
23. toluene
24. tetrachloroethene
25. trans-1,3-dichloropropene
26. 2-bromo-1-chloropropane
27. 1,1,2-trichloroethane
28. dibromochloromethane
29. ethylbenzene
30. chlorobenzene
31. bromoform
32. 4-bromofluorobenzene (surr.)
33. 1,4-dichlorobutane
34. 1,1,2,2-tetrachloroethane
35. 1,3-dichlorobenzene
36. 1,4-dichlorobenzene
37. 1,2-dichlorobenzene

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

30m, 0.25mm ID, 1.40 m Rtxfi -VMS (cat#19915)
Conc.: 20 ppb in 5mL of RO water
Concentrator: Tekmar LSC-3000 Purge and Trap
Trap: Vocarb 3000 (type K)
Purge: 11 min. @ 40mL/min. @ ambient temperature.
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using 

Silcosteelfi tubing)
Desorb preheat: 245 C
Desorb: 250 C for 2 min. , Flow 10mL/min.
Bake: 260 C for 8 min.

GC Interface: 1:10 split at injection port. 1mm ID sleeve.
GC: HP 6890 
Oven temp.: 40 C (hold 4 min.) to 95 C @ 24 C/min. (hold 3 min.), to 

210 C @ 40 C/min. (hold 6 min.)
Carrier gas: helium @ ~1mL/min. constant flow 

Adjust dichlorodifluoromethane to a retention time of 
2.54 min. @ 40 C

Detector: HP 5973 MSD
Scan range: 25-300amu
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Retention Time
Component Name Rtx-502.2 Rtx-1 Rtx-624
dichlorodifluoromethane 4.173 4.24 4.255
C3 4.181 4.241 4.211
chloromethane 4.838 4.513 4.857
C4 5.136 5.319 6.321
vinyl chloride 5.159 4.872 5.243
ethylene oxide 6.289 5.467 6.389
bromomethane 6.527 5.604 6.412
chloroethane 6.812 5.938 6.798
ethanol 7.109 6.261 9.056
C5 7.692 8.133 8.069
trichlorofluoromethane 7.715 7.426 7.672
diethyl ether 8.857 8.232 8.977
1,1,2-trichloro-
1,2,2-trifluoroethane 9.142 9.745 10.044
acrolein 9.285 6.831 9.817
acetone 9.558 7.042 10.6
1,1-dichloroethene 10.117 8.74 9.953
tert-butyl alcohol 10.516 8.864 13.546
acetonitrile 10.661 6.571 12.909
iodomethane 11.311 8.567 10.634
methyl iodide 11.311 8.567 10.634
allyl chloride 11.717 9.323 11.9
n-propylamine 11.815 9.36 11.69
carbon disulfide 12.069 9.658 10.747
dichloromethane 12.169 9.001 13.034
methylene chloride 12.169 9.001 13.034
allyl alcohol 12.659 10.215 16.115
methyl tert-butyl ether 12.785 12.074 13.734
acrylonitrile 13.429 7.947 14.158
trans-1,2-dichloroethene 13.438 11.346 13.725
C6 13.828 14.557 14.668
propargyl alcohol 14.458 11.32 18.532
di-isopropyl ether 14.874 14.602 15.745
1,1-dichloroethane 15.151 11.849 15.616
vinyl acetate 15.256 12.283 15.883
2-butanone 16.82 12.834 17.766
methyl ethyl ketone 16.82 12.834 17.766
propionitrile 17.053 10.733 18.167
2,2-dichloropropane 17.337 14.659 17.506
cis-1,2-dichloroethene 17.478 13.924 17.628
methacrylonitrile 17.837 12.732 18.505
methylacrylate 17.947 14.54 18.351
isobutyl alcohol 18.015 15.723 20.048
chloroform 18.104 14.659 18.625
pentafluorobenzene 18.628 16.371 19.273
bromochloromethane 18.667 14.289 18.355
tetrahydrofuran 18.777 15.554 18.341
dibromofluoromethane 18.893 14.966 19.086
1,1,1-trichloroethane 19.575 17.042 18.972
cyclohexane 19.619 18.779 16.854
1-chlorobutane 19.724 17.221 19.314

Retention Time
Component Name Rtx-502.2 Rtx-1 Rtx-624
1,1-dichloropropene 20.163 17.808 19.448
carbon tetrachloride 20.502 18.493 19.333
1,2-dichloroethane-d4 20.726 16.133 20.04
benzene-d6 20.91 17.998 19.888
C7 20.935 21.532 20.582
1,2-dichloroethane 21.047 16.411 20.263
benzene 21.097 18.124 19.999
fluorobenzene 21.897 18.917 20.802
2-chloroethanol 21.951 17.171 23.115
trichloroacetonitrile 22.125 33.558 30.181
1,4-difluorobenzene 22.209 19.061 21.179
trichloroethene 23.326 20.674 21.713
trifluorotoluene 23.607 21.311 22.527
1,2-dichloropropane 23.924 20.036 22.378
methyl methacrylate 24.233 21.258 22.632
chloroacetonitrile 24.239 17.035 23.993
bromodichloromethane 24.743 20.545 23.045
1,4-dioxane 24.808 20.645 22.644
dibromomethane 24.881 19.975 22.668
2-nitropropane 24.999 19.356 23.762
2-chloroethyl vinyl ether 25.888 22.108 23.796
dichloroacetonitrile 25.894 19.998 25.478
4-methyl-2-pentanone (MIBK) 26.001 22.887 24.458
epichlorohydrin 26.109 20.907 23.971
1,1-dichloropropanone 26.444 22.124 25.469
cis-1,3-dichloropropene 26.674 22.744 24.104
C8 27.186 27.642 24.868
toluene-d8 27.502 24.835 24.612
pyridine 27.525 22.8 24.598
toluene 27.78 25.081 24.768
trans-1,3-dichloropropene 28.428 24.014 25.417
ethyl methacrylate 28.455 25.852 25.489
1,1,2-trichloroethane 28.925 24.384 25.829
2-bromo-1-chloropropane 28.965 25.018 25.569
2-hexanone 29.03 25.778 26.326
1,3-dichloropropane 29.826 25.124 26.205
tetrachloroethene 30.036 27.8 25.928
dibromochloromethane 30.685 26.024 26.639
2-picoline 31.242 27.462 26.977
1,2-dibromoethane (EDB) 31.375 26.613 26.924
1-chlorohexane 32.066 29.717 27.831
bromochloroacetonitrile 32.079 25.757 28.837
C9 32.546 32.893 28.243
1,1,1-trichloro-2-propanane 32.633 28.967 28.104
chlorobenzene-d5 32.749 29.372 27.887
ethylbenzene-d10 32.756 30.191 27.934
chlorobenzene 32.864 29.473 27.949
ethylbenzene-d5 32.976 30.378 28.089
3-chloropropionitrile 33.001 24.824 29.176
1,1,1,2-tetrachloroethane 33.03 29.429 28.133
ethylbenzene 33.087 30.476 28.118

Retention Time
Component Name Rtx-502.2 Rtx-1 Rtx-624
m-xylene 33.351 30.898 28.37
p-xylene 33.354 30.961 28.358
1-chloro-2-fluorobenzene 33.68 30.232 28.605
malononitrile 34.623 26.078 31.796
o-xylene 34.877 32.149 29.238
styrene 34.975 31.843 29.294
1,3-dichloro-2-propanol 36.032 31.018 31.41
bromoform 36.123 30.983 29.746
isopropylbenzene 36.139 33.718 30.014
cis-1,4-dichloro-2-butene 36.312 31.594 30.302
1,4-dichlorobutane 36.471 31.864 30.377
1,1,2,2-tetrachloroethane 36.735 32.053 30.779
4-bromofluorobenzene 37.004 33.318 30.426
1,2,3-trichloropropane 37.233 32.402 30.902
C10 37.305 37.539 31.095
trans-1,4-dichloro-2-butene 37.516 32.626 30.929
n-propylbenzene 37.566 35.151 30.895
bromobenzene 37.652 33.875 30.772
dibromoacetonitrile 37.812 30.956 31.86
1,3,5-trimethylbenzene 38.133 35.817 31.268
2-chlorotoluene 38.166 34.986 31.145
4-chlorotoluene 38.33 35.214 31.4
tert-butylbenzene 39.393 37.008 31.959
1,2,4-trimethylbenzene 39.521 37.033 32.089
pentachloroethane 39.576 35.98 32.088
thiophenol 39.606 35.186 31.919
sec-butylbenzene 40.151 37.886 32.428
p-isopropyltoluene 40.657 38.413 32.731
1,3-dichlorobenzene 40.938 37.404 32.765
1,4-dichlorobenzene-d4 41.228 37.544 32.92
1,4-dichlorobenzene 41.317 37.624 32.972
C11 41.585 41.76 33.638
benzyl chloride 41.739 37.378 33.279
n-butylbenzene 42.12 39.764 33.612
bis(2-chloroisopropyl)ether 42.498 39.009 34.229
1,2-dichlorobenzene-d4 42.536 38.589 33.74
1,2-dichlorobenzene 42.62 38.685 33.8
hexachloroethane 43.898 40.901 34.244
3-bromochlorobenzene 45.335 41.342 35.231
1,2-dibromo-3-chloropropane 45.501 40.095 35.485
4-bromochlorobenzene 45.567 41.476 35.377
C12 45.586 45.659 35.96
nitrobenzene 45.742 40.282 35.992
2-bromochlorobenzene 46.885 42.47 36.162
bis(2-chloroethoxy)methane 47.514 42.935 36.98
1,2,4-trichlorobenzene 48.643 44.704 37.165
hexachlorobutadiene 49.219 46.558 37.418
C13 49.276 49.295 38.078
naphthalene 49.544 45.073 37.729
1,2,3-trichlorobenzene 50.481 46.076 38.23
C14 52.771 52.704 40.173

Table VIII
Volatile organic compounds: retention time indexes

Data collected using 105m, 0.53mm ID, 3.0µm Rtx®-502.2, Rtx®-1, and Rtx®-624 columns.

Oven temp.: Rtx®-502.2: 35°C (hold 10 min.) to 220°C @ 4°C/min. (hold 2 min.), Rtx®-1: 35°C (hold 10 min.) to 220°C @ 4°C/min. (hold 2 min.), 
Rtx®-624: 35°C (hold 12 min.) to 220°C @ 7°C/min.; Carrier gas: helium; Regulation: constant flow; Flow rate: 10.0mL/min.
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Table IX
Volatile organic compounds: retention time indexes

Data collected using a 60m, 0.25mm ID, 1.4µm Rtx®-VMS column; Oven: 40°C (hold 6 min.) to 230°C @ 14°C/min. (hold 11 min); 
Carrier gas: helium; Regulation: constant pressure; Flow rate: 1mL/min.; Linear velocity: 21cm/sec.; Dead time: 4.90 min.

Rtx®-VMS
Component Name Ret. Time
dichlorodifluoromethane 5.52
chloromethane 6.26
vinyl chloride 6.54
water 6.70
bromomethane 7.61
methanol 7.93
2-methylbutane 7.96
chloroethane 8.00
trichlorofluoromethane 8.41
n-pentane 8.61
diethylether 9.59
1,1-dichloroethene 9.64
carbon disulfide 9.65
Freon® 113 9.70
ethanol 9.74
iodomethane 9.99
3-chlorotrifluoropropane 10.45
chloro-methyl-methylether 10.54
acrolein 10.57
2-methylpentane 10.59
allyl chloride 10.72
methylene chloride 10.98
3-methylpentane 11.09
acetone 11.24
trans-1,2-dichloroethene 11.24
methyl tert-butyl ether 11.42
2-propanol 11.52
tert-butyl alcohol 11.56
methyl acetate 11.63
hexane 11.64
acetonitrile 12.22
chloroprene 12.30
1,1-dichloroethane 12.42
acrylonitrile 12.60
diisopropyl ether 12.62
2,4-dimethylpentane 12.68
vinyl acetate 13.02
ethyl-tert-buyl ether 13.08
1-propanol 13.18
cis-1,2-dichloroethene 13.32
allyl alcohol 13.35
2,2-dichloropropane 13.48
bromochloromethane 13.62
chloroform 13.75
cyclohexane 13.84

Rtx®-VMS
Component Name Ret. Time
methyl acrylate 13.87
carbon tetrachloride 13.94
tetrahydrofuran 14.03
1,1,1-trichloroethane 14.06
ethyl acetate 14.13
2-butanone 14.18
dibromofluoromethane 14.18
1,1-dichloropropene 14.20
propargyl alcohol 14.35
1-chlorobutane 14.51
2,2,4-trimethylpentane 14.53
propionitrile 14.59
benzene 14.60
n-heptane (C7) 14.62
methacrylonitrile 14.64
benzene-d6 14.72
pentafluorobenzene 14.75
1,2-dichloroethane-d4 14.79
1,2-dichloroethane 14.90
tert-amyl-methyl ether 15.00
isobutyl alcohol 15.06
fluorobenzene 15.16
isopropyl acetate 15.34
formic acid 15.37
trichloroethene 15.39
1,4-difluorobenzene 15.58
n-butanol 15.60
methyl cyclohexane 15.78
acetic acid 15.93
dibromomethane 16.05
1,2-dichloropropane 16.17
bromodichloromethane 16.23
methyl methacrylate 16.28
α,α,α-trifluorotoluene 16.45
1,4-dioxane 16.49
n-propyl acetate 16.70
2-chloroethyl vinyl ether 16.92
2-chloroethanol 16.93
cis-1,3-dichloropropene 17.04
1-bromo-2-chloroethane 17.05
n-octane 17.17
toluene-d8 17.28
toluene 17.36
propionic acid 17.61
chloroacetonitrile 17.64

Rtx®-VMS
Component Name Ret. Time
4-methyl-2-pentanone 17.76
2-bromo-1-chloropropane 17.81
2-nitropropane 17.83
pyridine 17.86
1,1-dichloropropanone 17.88
trans-1,3-dichloropropene 17.88
tetrachloroethene 17.89
ethyl methacrylate 17.92
1,1,2-trichloroethane 18.11
dibromochloromethane 18.40
1,3-dichloropropane 18.49
isobutyric acid 18.55
1,2-dibromoethane 18.78
n-butyl acetate 18.80
2-hexanone 18.82
butyric acid 19.17
1-chloro-3-fluorobenzene 19.17
ethylbenzene 19.36
chlorobenzene 19.39
1-chloro-4-fluorobenzene 19.39
ethylbenzene-d10 19.40
1-chlorohexane 19.41
1,1,1,2-tetrachloroethane 19.44
m-xylene 19.53
p-xylene 19.54
chlorobenzene-d5 19.55
1-chloro-2-fluorobenzene 19.67
o-xylene 20.13
styrene 20.17
isovaleric acid 20.18
bromoform 20.30
isopropylbenzene 20.51
1,2-butanediol 20.82
valeric acid 20.89
1,4-dichlorobutane 20.90
bromobenzene 20.91
4-bromo-1-fluorobenzene 20.95
cis-1,4-dichloro-2-butene 20.97
n-decane 21.04
n-propylbenzene 21.07
1,1,2,2-tetrachloroethane 21.10
1,3,5-trimethylbenzene 21.30
1-ethyl-4-methylbenzene 21.33
1-ethyl-3-methylbenzene 21.34
1,2,3-trichloropropane 21.39

Rtx®-VMS
Component Name Ret. Time
trans-1,4-dichloro-2-butene 21.40
2-chlorotoluene 21.40
4-chlorotoluene 21.61
cyclohexane 21.78
tert-butylbenzene 21.81
1-ethyl-2-methylbenzene 21.82
1,2,4-trimethylbenzene 21.88
pentachloroethane 21.92
1,3-dichloro-2-propanol 22.05
sec-butylbenzene 22.06
isocaproic acid 22.09
p-isopropyltoluene 22.22
1,3-dichlorobenzene 22.53
caproic acid 22.55
1,4-dichlorobenzene 22.64
n-butylbenzene 22.88
malononitrile 22.89
benzyl chloride 23.23
1,2-dichlorobenzene-d4 23.36
1,2-dichlorobenzene 23.38
hexachloroethane 23.63
1-octanol 23.70
bis (2-chloroisopropyl) ether 24.06
4-bromo-1-chlorobenzene 24.09
benzyl alcohol 24.23
heptanoic acid 24.29
n-dodecane 24.54
3-bromochlorobenzene 24.61
1,2-dibromo-3-chloropropane 24.78
2-bromochlorobenzene 25.54
hexachlorobutadiene 25.99
nitrobenzene 26.02
1,2,4-trichlorobenzene 26.19
benzyl acetate 26.29
n-tridecane 26.51
naphthalene 27.01
1,2,3-trichlorobenzene 27.46
n-tetradecane 28.83
2-methylnaphthalene 30.36
1-methyl-naphthalene 30.96
n-pentadecane 31.65
2-chloronaphthalene 33.36
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Table X.
Elution times for Method 502.2 compounds on various Rtx® GC columns.

Column: 60m x 0.53mm x 3.00 mdf
Flow: ~10mL/min., dead time 1.80 min.
Oven: 35 C (hold 9 min.) to 220 C @ 11 min. (hold 10 min.)

Elution Time in Minutes Rtx-VGC Rtx-502.2 Rtx-VRX Rtx-624 Rtx-1 Rtx-1701 Rtx-200 Rtx-35 Rtx-50
dichlorodifluoromethane 2.31 2.18 2.54 2.59 2.16 1.99 1.95 2.04 1.96
chloromethane 2.64 2.51 2.75 2.94 2.30 2.36 2.18 2.39 2.39
vinyl chloride 2.78 2.67 2.99 3.16 2.51 2.51 2.23 2.51 2.47
bromomethane 3.35 3.35 3.46 3.86 2.89 3.16 2.62 3.21 3.27
chloroethane 3.58 3.44 3.66 4.07 3.04 3.32 2.85 3.21 3.27
trichlorofluoromethane 3.83 3.91 4.50 4.56 3.80 3.45 2.85 3.46 3.25
1,1-dichloroethene 4.83 4.93 5.32 5.75 4.74 4.57 3.34 4.58 4.46
Freon® 113 4.91 4.61 5.77 5.68 4.93 4.17 3.56 3.78 3.38
methylene chloride 6.10 6.02 5.68 7.39 4.62 6.64 3.97 6.07 6.40
trans-1,2-dichloroethene 6.49 6.78 7.07 8.07 5.85 6.68 4.20 6.40 6.59
methyl-tert-butyl-ether 6.80 6.67 7.68 8.21 6.28 6.34 4.88 5.76 5.52
tert-butyl alcohol 7.19 5.76 5.99 8.40 4.62 7.61 4.86 5.08 5.48
1,1-dichloroethane 8.10 8.08 7.74 9.74 6.16 8.68 5.54 8.00 8.30
cis-1,2-dichloroethene 9.80 10.14 9.47 11.51 7.59 10.75 6.12 10.27 10.50
2,2-dichloropropane 10.10 10.01 10.24 11.37 8.22 10.15 7.41 9.60 9.41
bromochloromethane 10.33 11.05 9.88 12.13 7.91 11.66 6.12 11.46 12.06
chloroform 10.61 10.65 10.11 12.38 8.21 11.79 5.69 10.66 11.02
carbon tetrachloride 10.87 12.31 12.60 12.87 11.39 11.26 6.44 11.80 11.72
1,1,1-trichloroethane 11.07 11.68 11.85 12.59 10.28 11.31 7.59 11.40 11.25
1,1-dichloropropene 11.39 12.09 12.31 12.98 10.89 11.67 7.79 11.74 11.62
benzene 11.97 12.72 12.70 13.43 11.13 12.44 8.66 12.86 12.95
1,2-dichloroethane 12.44 12.73 11.67 13.70 8.78 13.38 9.52 12.90 13.60
fluorobenzene 12.90 13.22 13.24 14.11 11.70 13.27 10.55 13.25 13.38
trichloroethene 13.24 14.08 14.09 14.83 12.89 13.79 9.52 13.93 13.98
dibromomethane 14.03 14.97 13.89 15.63 12.47 15.23 10.03 15.51 16.02
1,2-dichloropropane 14.25 14.44 14.00 15.39 12.51 14.83 12.04 14.54 14.77
bromodichloromethane 14.39 14.92 14.20 15.94 12.83 15.48 9.68 15.22 15.60
2-chloroethyl vinyl ether 15.48 15.57 14.92 16.52 13.80 16.08 13.32 15.81 16.01
cis-1,3-dichloropropene 15.54 15.96 15.46 16.76 14.18 16.21 13.19 16.20 16.36
toluene 15.95 16.53 16.74 17.23 15.48 16.30 13.55 16.58 16.57
tetrachloroethene 16.58 17.67 17.92 18.13 16.94 16.88 13.77 17.51 17.35
trans-1,3-dichloropropene 16.61 16.87 16.23 17.78 14.91 17.39 14.47 17.16 17.45
2-bromo-1-chloropropane 16.71 17.13 16.48 17.88 15.46 17.28 14.43 17.32 17.52
1,1,2-trichloroethane 16.91 17.13 16.45 18.10 15.13 17.76 14.23 17.49 17.74
dibromochloromethane 17.18 18.01 17.20 18.71 16.03 18.28 13.30 18.50 18.86
1,3-dichloropropane 17.36 17.57 16.86 18.38 15.33 17.99 15.64 17.91 18.10
1,2-dibromoethane 17.56 18.35 17.58 18.92 16.34 18.46 14.49 18.77 19.16
chlorobenzene 18.42 19.05 18.97 19.69 17.79 18.91 16.31 19.27 19.38
ethyl benzene 18.47 19.15 19.31 19.79 18.26 18.83 16.14 19.25 19.09
1,1,1,2-tetrachloroethane 18.53 19.13 18.87 19.83 17.78 19.14 16.02 19.29 19.39
m-xylene 18.69 19.28 19.62 19.98 18.48 19.02 16.42 19.27 19.17
p-xylene 18.71 19.28 19.62 19.99 18.48 19.02 16.45 19.27 19.17
1-chloro-2-fluorobenzene 19.08 19.44 19.14 20.20 18.16 19.50 17.28 19.61 19.67
o-xylene 19.37 20.01 20.22 20.66 19.07 19.74 17.26 20.07 20.02
styrene 19.45 20.04 20.10 20.69 18.93 19.92 17.44 20.25 20.33
bromoform 19.49 20.56 19.96 21.08 18.58 20.64 15.88 21.19 21.63
isopropyl benzene 19.86 20.60 20.77 21.23 19.80 20.20 17.54 20.54 20.35
bromobenzene 20.47 21.30 21.09 21.83 19.92 21.08 18.32 21.65 21.78
n-propyl benzene 20.51 21.22 21.43 21.89 20.46 20.87 18.20 21.19 20.99
1,4-dichlorobutane 20.56 20.71 19.95 21.54 18.94 21.14 19.02 21.01 21.16
1,1,2,2-tetrachloroethane 20.62 20.83 20.21 21.84 19.06 21.49 17.72 21.19 21.41
2-chlorotoluene 20.76 21.47 21.55 22.10 20.42 21.22 18.66 21.68 21.66
1,3,5-trimethylbenzene 20.81 21.52 21.88 22.17 20.75 21.15 18.50 21.42 21.31
1,2,3-trichloropropane 20.84 21.08 20.42 21.93 19.22 21.61 18.81 21.45 21.65
4-chlorotoluene 21.03 21.59 21.67 22.28 20.52 21.46 19.04 21.68 21.76
tert-butylbenzene 21.32 22.04 22.26 22.69 21.31 21.62 19.06 21.98 21.72
1,2,4-trimethylbenzene 21.42 22.11 22.44 22.78 21.32 21.79 19.15 22.09 22.02
sec-butylbenzene 21.60 22.38 22.59 23.04 21.69 21.95 19.16 22.29 22.04
p-isopropyl toluene 21.81 22.60 22.87 23.26 21.91 22.17 19.30 22.49 22.24
1,3-dichlorobenzene 21.95 22.77 22.66 23.33 21.54 22.49 19.87 22.95 23.03
1,4-dichlorobenzene 22.09 22.93 22.77 23.48 21.64 22.68 20.00 23.15 23.30
n-butylbenzene 22.47 23.25 23.46 23.92 22.53 22.85 20.12 23.18 22.89
1,2-dichlorobenzene 22.76 23.52 23.30 24.10 22.13 23.36 20.73 23.84 23.96
4-bromo-1-chlorobenzene 23.77 24.82 22.18 25.28 23.37 24.50 21.55 25.15 25.33
1,2-bromo-3-chloropropane 24.02 24.75 23.96 25.38 22.78 24.98 21.70 25.26 25.54
hexachlorobutadiene 25.03 26.37 26.42 26.82 25.55 25.53 22.42 26.41 26.15
1,2,4-trichlorobenzene 25.13 26.16 25.95 26.66 24.79 25.77 22.96 26.37 26.55
naphthalene 25.64 26.61 26.30 27.13 24.98 26.40 23.70 27.18 27.45
1,2,3-trichlorobenzene 25.94 27.04 26.63 27.57 25.41 26.72 23.81 27.46 27.65

Choosing Columns for Subsets of 
Method 502.2/8021 Compound Lists
Table X shows the elution times for com-
pounds listed in EPA Method 502.2 under
the GC conditions given. Analysts monitor-
ing subsets of Method 502.2 compounds
may find one of these columns to be more
suitable for the analysis than a commonly
used volatile phase.
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Table XI.
Choosing a Volatiles GC Column for PID/ELCD

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. 1,1-dichloroethene
8. Freon ®113
9. methylene chloride

10. trans-1,2-dichloroethene
11. methyl tert-butyl ether
12. tert-butyl alcohol
13. 1,1-dichloroethane
14. cis-1,2-dichloroethene
15. 2,2-dichloropropane
16. bromochloromethane
17. chloroform
18. carbon tetrachloride

19. 1,1,1-trichloroethane
20. 1,1-dichloropropene
21. benzene
22. 1,2-dichloroethane
23. fluorobenzene
24. trichloroethene
25. dibromomethane
26. 1,2-dichloropropane
27. bromodichloromethane
28. 2-chloroethyl vinyl ether
29. cis-1,3-dichloropropene
30. toluene
31. tetrachloroethene
32. trans-1,3-dichloropropene
33. 2-bromo-1-chloropropane
34. 1,1,2-trichloroethane
35. dibromochloromethane
36. 1,3-dichloropropane

37. 1,2-dibromoethane
38. chlorobenzene
39. ethyl benzene
40. 1,1,1,2-tetrachloroethane
41. m-xylene
42. p-xylene
43. 1-chloro-2-fluorobenzene
44. o-xylene
45. styrene
46. bromoform
47. isopropyl benzene
48. bromobenzene
49. n-propylbenzene
50. 1,4-dichlorobutane
51. 1,1,2,2-tetrachloroethane
52. 2-chlorotoluene
53. 1,3,5-trimethylbenzene
54. 1,2,3-trichloropropane

55. 4-chlorotoluene
56. tert-butylbenzene
57. 1,2,4-trimethylbenzene
58. sec-butylbenzene
59. p-isopropyl toluene
60. 1,3-dichlorobenzene
61. 1,4-dichlorobenzene
62. n-butylbenzene
63. 1,2-dichlorobenzene
64. 4-bromo-1-chlorobenzene
65. 1,2-bromo-3-chloropropane
66. hexachlorobutadiene
67. 1,2,4-trichlorobenzene
68. naphthalene
69. 1,2,3-trichlorobenzene

Conditions for Rtx®-VGC, Rtx®-502.2, Rtx®-Volatiles, Rtx®-VRX and Rtx®-1:  optimum conditions on 75m,  0.45mm ID,  2.55µm columns. For more details please
see chromatograms in the applications section of our current catalog or call technical service (1-800-356-1688, ext. 4) or your Restek representative.

Conditions for all other columns:  
Column: 60m, 0.53mm ID, 3.0µm
Column Flow: 10mL/min.
GC Program: 35°C (hold 9 min.) to 220°C @ 11 min. (hold 10 min.)

Analytes identified using Thermo Finnigan PID/ELCD or HP5971a mass selective detector with splitless injection.

1 2-chloroethyl vinyl ether can be resolved under different conditions. See the applications section of our current catalog. 

Compounds listed in US EPA Methods 502.2, 8021, 8010, 8020, 601 & 602, plus commonly added compounds. 

m/p xylene coelute on all phases except Rtx®-200 in 60m, 0.25mm ID, 1.0µm under optimized conditions. See the applications section of our current catalog.

Volatile Analytes:

Coelutions by Peak #’s Suggested Poor Choice for Recomended 
Restek (Coelutions by PID/ELCD Close Pairs Confirmation Confirmation Thick Phase High Temp. for
Rtx® Phase are indicated in BOLD) by PID/ELCD Column Column Stable Temp. (°C) VOA Work (°C) Advantages

Rtx-VGC 28/29 1, 53/54 7/8,32/33 Rtx-502.2, Rtx-VRX, Rtx-VMS,
Rtx-1 Rtx-DX1 260 230 fast runtime

Rtx-502.2 14/15, 33/34, 39/40 4/5, 44/45,  56/57, Rtx-VGC, Rtx-VRX, Rtx-Volatiles,
52/55, 64/65 Rtx-1 Vocol, Rtx-35, Rtx-20 270 240 low bleed

Rtx-Volatiles 14/15, 21/22, 38/40,  56/57, 68/69 Rtx-VGC, Rtx-1, Rtx-502.2, Vocol,
44/45, 53/55 Rtx-624 Rtx-20, Rtx-35 270 240 low bleed

Rtx-624 7/8, 10/11, 52/53, 32/33, 44/45, Rtx-VGC, 
31/34, 53/55, 59/60 51/54 Rtx-502.2 Rtx-1701 280 240

Rtx-VRX 11/13, 39/43, 46/50, 40/44 8/9,15/17, 24/27, Rtx- VGC, 
58/60 Rtx-502.2 Rtx-1 260 230

Rtx-1 9/12, 15/17, 25/26, 24/27, 
33/36, 38/40, 40/44, 45/50, 56/57 7/12, 49/55 Rtx-502 Rtx-VRX 320 260

Rtx-1701 9/10, 18/19, 16/20, 50/53, 
51/55, 54/56 5/6,29/30,32/33 Rtx-502.2 Rtx-624 270 240

Rtx-200 2/3, 5/6, 11/12, 14/16, 22/24, 28/35, m/p xylene 
32/33/37, 43/44, 50/55/56, 57/58 13/17,36/37 Rtx-VGC 320 240 separation

Rtx-35 4/5, 16/19, 18/20, 21/22, 34/31, Rtx-VGC, Rtx-502.2, 
39/38/41/42/40, 46/51/49, 53/54, Rtx-624 Rtx-Volatiles, 
48/52/55, 61/62, 66/67 2/3 Rtx-20 270 240

Rtx-50 4/5/6, 8/7/12, 25/28, 32/33,
37/41/42, 38/40, 45/47, 46/54/52, 2/3, 20/18, 31/32, Rtx-VGC, 
56/55/48, 57/58 39/41/42 Rtx-624 Rtx-35 280 240

Rtx-DX1 4/5, 9/10, 25/27, 38/39, 47/50, 27/28, 32/36/31, 
(custom) 49/46/48, 52/54, 53/55 65/67 Rtx-502.2 Rtx-VGC 220 200
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Conclusion
Analyses of volatile organic compounds – VOCs – generally require concentration of the
sample using dynamic headspace (purge and trap), which reduces matrix effects and
increases sensitivity, relative to other extraction techniques. The concentrated sample is
transferred to the capillary GC column. Because GC detectors operate well with higher
flows (10mL/min.), wide-bore columns, 0.45mm ID to 0.53mm ID, are appropriate. GC/MS
instruments have the greatest sensitivity, but flow into the MS source cannot exceed
1mL/min. This makes narrow-bore columns, usually 0.18mm ID to 0.25mm ID, but up to
0.32mm ID, the preferred choice for GC/MS analysis. The column is plumbed through the
injection port to allow high desorb flows (>10mL/min.) and sample splitting at the injection
port (>10:1). Determining the type of stationary phase in the capillary column is a matter of
preference and requires an examination of conditions specific to the analysis to be per-
formed.

Information in this guide explains many of the factors to be considered in analyses of VOCs,
but cannot anticipate every situation. If you have any questions regarding this guide, or your
particular application, please contact our Technical Service Team via email at
support@restekcorp.com or via phone at 800-356-1688 or 814-353-1300, ext. 4.
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Ordering Information | Rtx®-624 (Fused Silica)
(Crossbond® 6% cyanopropylphenyl/94% dimethyl polysiloxane)

Rtx®-624
• Recommended for analyses of volatile organic compounds (VOCs) in EPA Methods.
• Crossbond® technology.
• 280°C thermal stability.
• Similar to DB-624 and HP-624 columns.

ID df (µm) temp. limits 30-Meter 60-Meter 75-Meter 105-Meter
0.25mm 1.40 -20 to 240°C 10968 10969
0.45mm 2.55 -20 to 240°C 10982
0.53mm 3.00 -20 to 240°C 10971 10973 10974 10975
ID df (µm) temp. limits 10-Meter 20-Meter 40-Meter
0.18mm 1.00 -20 to 240°C 40924 40925

Ordering Information | Rtx®-VMS (Fused Silica)

Rtx®-VMS
• Special polymer formulation designed specifically for volatiles analysis by GC/MS.
• Complete separation of all US EPA Method 8260 compounds in less than 18 minutes.
• Excellent thermal stability resulting in low bleed.
• Wide variety of column dimensions.

ID df (µm) temp. limits 30-Meter 60-Meter 75-Meter
0.25mm 1.40 -40 to 240/260°C 19915 19916
0.45mm 2.55 -40 to 240/260°C 19908 19909
0.53mm 3.00 -40 to 240/260°C 19985 19988 19974
ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -40 to 240/260°C 49914 49915

Ordering Information | Rtx®-VGC (Fused Silica)

Rtx®-VGC
• Special polymer formulation designed for volatiles analysis using PID/ELCD.
• Performs US EPA Method 8021A analysis in less than 28 minutes.
• Excellent separation of the trihalomethanes.
• Excellent inertness and thermally stable to 260°C.

ID df (µm) temp. limits 30-Meter** 60-Meter** 75-Meter 105-Meter
0.25mm 1.40 -40 to 240/260°C 19415 19416
0.45mm 2.55 -40 to 240/260°C 19408 19409
0.53mm 3.00 -40 to 240/260°C 19485 19488 19474 19489
ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -40 to 240/260°C 49414 49415

Ordering Information | Rtx®-VRX (Fused Silica)

Rtx®-VRX
• Excellent selectivity for volatile compound analysis.
• Equivalent performance to DB-VRX column.
• Excellent for US EPA Method 8021 analyses.

ID df (µm) temp. limits 30-Meter** 60-Meter** 75-Meter 105-Meter
0.25mm 1.40 -40 to 240/260°C 19315 19316
0.45mm 2.55 -40 to 240/260°C 19308 19309
0.53mm 3.00 -40 to 240/260°C 19385 19388 19374 19389
ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -40 to 240/260°C 49314 49315
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Ordering Information | Rtx®-1 (Fused Silica)
(Crossbond® 100% dimethyl polysiloxane)

The maximum temperatures listed are for 15- and 30-meter lengths.  
Longer lengths may have a slightly reduced maximum temperature.

Rtx®-1
• Ideal for analysis of solvents and petrochemicals.
• Available in unbreakable Silcosteel® (MXT®) tubing.
• Thermally stable to 350°C (MXT® stable to 400°C).
• Similar to DB-1, SPB-1, HP-1, and Ultra-1 phases.

ID df (µm) temp. limits 75-Meter 105-Meter
0.45mm 2.55 -60 to 270/290°C 10992
0.53mm 3.00 -60 to 270/290°C 10189

Ordering Information | MXT® (Silcosteel®)
Nominal ID Nominal OD 5-Meter 5-Meter/6-pk. 10-Meter
0.53mm 0.74 ± 0.025mm 70045 70045-600 70047

Ordering Information | Fused Silica

* Not tested with the Grob test mix because of a large pressure drop.
** 30- and 60-meter lengths are banded in 5-meter sections.

Intermediate-Polarity Deactivated Guard Columns & Transfer Lines
• Useful for a wide range of applications.
• Use with most common solvents.
• Maximum temperature: 325°C
• Reduce effects of dirty samples on column performance.
• Reduce downtime and maintenance.

Nominal ID Nominal OD 5-Meter 5-Meter/6-pk.
0.32mm 0.45 ± 0.04mm 10044 10044-600
0.53mm 0.69 ± 0.05mm 10045 10045-600

Ordering Information | Rtx®-502.2 (Fused Silica)
(EPA Volatiles in Methods 502.2, 524.2)

Rtx®-502.2
• Recommended for the analysis of volatile organic compounds (VOCs) in EPA Methods.
• Specified in many GRO methods for monitoring leaking underground storage tanks.
• Crossbond® technology. Reduced bleed, Increased column lifetime, Solvent rinsability.
• Similar to DB-502.2 columns.

Ordering Information | Rtx®-Volatiles (Fused Silica)
(EPA Volatile Organic Methods)

*The maximum temperatures listed are for 15- and 30-meter lengths. 
Longer lengths may have a slightly reduced maximum temperature.

Rtx®-Volatiles
• Analyze volatile organic compounds (VOCs) in EPA methods.
• Crossbond® technology.
• 280°C thermal stability.
• Similar to VOCOL® columns.

ID df (µm) temp. limits* 30-Meter 60-Meter 105-Meter
0.25mm 1.00 -20 to 270/280°C 10900 10903
0.53mm 2.00 -20 to 270/280°C 10902 10905 10906

ID df (µm) temp. limits 30-Meter 60-Meter 75-Meter 105-Meter
0.25mm 1.40 -20 to 250/270°C 10915 10916
0.45mm 2.55 -20 to 250/270°C 10986
0.53mm 3.00 -20 to 250/270°C 10908 10909 10910
ID df (µm) temp. limits 20-Meter 40-Meter
0.18mm 1.00 -20 to 250/270°C 40914 40915
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Ordering Information | Siltek™-Deactivated Guard Columns

Siltek™-Deactivated Guard Columns/Transfer Lines
• Revolutionary deactivation process lowers endrin breakdown to less than 1%.
• Minimize bleed.
• Ideal for chlorinated pesticide analysis.
• Analyze tough samples quickly and accurately.
• Maximum temperature of 380°C.
• Reduces effects of dirty samples on column performance.
• Reduces downtime and maintenance.

Nominal ID Nominal OD 5-Meter
0.32mm 0.45 ± 0.04mm 10027
0.53mm 0.69 ± 0.05mm 10028

Low-Volume Injector for Agilent 5890 Septum Packed Purge Port
• Allows syringe injections onto the column for purge & trap troubleshooting or

calibration.
• Silcosteel® treatment eliminates adsorption of active compounds.
• Attaches to GC inlet without cutting injection port lines.

Everything you need for installation is provided, including a 1/16-inch nut, a 1/16-inch ferrule,
a base nut and 1/4-inch Vespel®/graphite ferrule, a 1/16-inch capillary nut, a 5-pack of low-
bleed plug septa, and a special low-mass septum nut. Order appropriate capillary ferrules
separately—see our catalog.

Description qty. cat.#
Low-Volume Injector for Agilent 5890 Septum Packed Purge Port kit 21698

Low-Volume Injector for Agilent GCs
• Fits Agilent split/splitless injectors.
• Attaches to the GC inlet without cutting existing injection port lines.
• Allows injections from a syringe onto the column for purge & trap troubleshooting

or calibration.
• Silcosteel® treatment eliminates adsorption of active compounds.

Our low-volume injector can be installed in a matter of minutes. Remove the septum nut or
splitless weldment and insert the Restek low-volume injector through the split injector.
Tighten the base nut and you’re ready! Includes a 1/16-inch nut, a 1/16-inch ferrule, a base nut
and 1/4-inch Vespel®/graphite ferrule, a 1/16-inch capillary nut, a 5-pack of low-bleed plug
septa, and a low-mass septum nut. Order appropriate capillary ferrules separately—see our
catalog.

Description qty. cat.#
Low-Volume Injector for Agilent Split/Splitless GC Inlets kit 21692

Low-Volume Injector for Varian Split/Splitless Inlets
• Attaches to the GC inlet without cutting existing injection port lines.
• Allows injections from a syringe onto the column for purge & trap troubleshooting or

calibration.
• Silcosteel® treatment eliminates adsorption of active compounds.
• Order capillary ferrules separately—see our catalog.

Description qty. cat.#

Low-Volume Injector for Varian Split/Splitless GC Inlets kit 21693



201375-pk.FS.4-50.25mm0.25–0.4mm

21386kitFor 0.25mm ID Fused Silica Columns
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MXT®-Union Connector Kits—For Fused Silica Columns
• Low-dead-volume, leak-free connection.
• Reusable.
• Silcosteel® treatment ensures maximum inertness.
• Ideal for connecting a guard column or transfer line to an analytical column.
• Use to oven temperatures of 350°C.
• Available in union and “Y” configurations.

Each kit contains the MXT® union, two 1/32-inch nuts and two one-piece fused silica
adaptors.

Description qty. cat.#

For 0.32mm ID Fused Silica Columns kit 21385
For 0.53mm ID Fused Silica Columns kit 21384

Valco® Connectors—One-Piece Fused Silica Adaptor Ferrule
For connecting fused silica or 1/16- or 1/8-inch metal tubing.
• Use with Mxt®-Union Connectors
• Use to oven temperature of 350°C
• Made from graphite-reinforced polyimide

Valcon Polyimide
Tubing OD Tubing ID Valco® # qty. cat.#

0.4–0.5mm 0.32mm FS.5-5 5-pk. 20140
0.5–0.8mm 0.53mm ZF.5V-5 5-pk. 20141

1/32" Replacement Nut 5-pk. 20389

Heavy Duty Purge & Trap Syringe (Dynatech Precision Sampling)
• Heavy-duty glass barrel with metal front and rear flanges.
• Teflon® Luer-Lock® tip.
• Can fill and empty sparge tubes.
• Accepts standard Luer-Lock® needles.

2mL  5mL 10mL
Syringe cat.# cat.# cat.#
without Sample-Lok 21205 21206 21209
with Sample-Lok — 21208 21207

Teflon® Tip, Gas-Tight Syringe Replacement 
Needles for Luer-Lock Syringes

**For Rheodyne®/Valco® valves.

Hub Needle Needle Point SGE Restek
Material Gauge Length Style cat.# qty. cat.#

metal 23 50mm 2 039802 5-pk. 24763
metal 22 2"/51mm 3 039895** 2-pk. 24765
metal 18 50mm 2 039842 5-pk. 24764

1/32-Inch Adaptor Ferrule



PSS Liners for PerkinElmer GCs
ID*/OD &

Length (mm)
Similar to
PE part #

cat.#
ea.

cat.#
5-pk.

cat.#
25-pk.

PSS Split/Splitless (1mm ID)

1.0 ID
4.0 OD x 86.2 N612-1006 20738 20741 —
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Pre-Cleaned Volatile Organic Analyte Sampling Vials
• Container, liner and closure cleaned and assembled.
• Clear or amber.
• Open top caps.
• Teflon® faced 0.125" silicone septa.
• Each case lot numbered.

Description qty. cat.#
20mL Clear Pre-Cleaned VOA Vials 72-pk. 21798
20mL Amber Pre-Cleaned VOA Vials 72-pk. 21799
40mL Clear Pre-Cleaned VOA Vials 72-pk. 21796
40mL Amber Pre-Cleaned VOA Vials 72-pk. 21797

Leak Detective™ II Leak Detector
• Affordable thermal conductivity leak detector—every analyst should have one.
• Compact, ergonomic design is easy to hold and operate.
• Detects helium, hydrogen, and nitrogen at 1x10-4cc/sec. or at an absolute concentration

as low as 100ppm.*
• Fast results—responds in less than 2 seconds to trace leaks of gases with thermal con-

ductivities different than air.
• Microchip design improves sensitivity and response time over previous models.
• Auto zeroing with the touch of a button. 
• Battery-operated for increased portability (one 9-volt).

*Never use liquid leak detectors on a capillary system because liquids can be drawn into the column.
Caution: NOT designed for determining leaks of combustible gases. A combustible gas detector should
be used for determining combustible gas leaks in possible hazardous conditions.

The compact, affordable tool that every analyst should have!
Description qty. cat.#
Leak Detective™ II Leak Detector ea. 20413

for Agilent/Finnigan GCs
ID**/OD &

Length (mm)
cat.#
ea.

cat.#
5-pk.

1mm Split
1.0 ID

6.3 OD x 78.5 20972 20973

for Shimadzu GCs
ID**/OD &

Length (mm)
cat.#
ea.

cat.#
5-pk.

cat.#
25-pk.

17A 1mm Split
1.0 ID

5.0 OD x 95 20976 20977 20978

for Thermo Finnigan 8000 & TRACE Series GCs
ID**/OD &

Length (mm)
Similar to
TF Part #

cat.#
ea.

cat.#
5-pk.

1mm Split
1.0 ID

8.0 OD x 105 453 20075 20916 20917

for Varian GCs
ID**/OD &

Length (mm)
cat.#
ea.

cat.#
5-pk.

1mm Split
1.0 ID

6.3 OD x 72 20970 20971
We deactivate Restek liners using our
unique polymeric deactivation process to
ensure accurate chromatographic data. We
evaluate them with an endrin breakdown
test for complete inertness, and each liner
is dimensionally checked for a perfect fit.
Siltek™ and base deactivation are available
for specialized analyses

010 %deactivated

all liners are

1mm ID Liners



66

www.restekcorp.com

chlorobenzene-d5
1,4-dichlorobenzene-d4

fluorobenzene

8260A/B Internal Standard Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30241 30241-510 —

w/data pack
30241-500 30241-520 30341

4-bromofluorobenzene
dibromofluoromethane

1,2-dichloroethane-d4
toluene-d8

8260A/B Surrogate Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30240 30240-510 —

w/data pack
30240-500 30240-520 30340

4-Bromofluorobenzene

2,500µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30067 30067-510 —

w/data pack
30067-500 30067-520 30167

10,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30082 30082-510 —

w/data pack
30082-500 30082-520 30182

benzene
chlorobenzene
1,1-dichloroethene

toluene
trichloroethylene

8260B Matrix Spike Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30479 30479-510 —

w/data pack
30479-500 30479-520 30579

perfluorotributylamine (PFTBA)

4-bromofluorobenzene

PFTBA (MS Tuning Compound)

1mL/ampul, neat

Each
30482

acetone
2-butanone

2-hexanone
4-methyl-2-pentanone

VOA Calibration Mix #1 (ketones)

5,000µg/mL each in P&T methanol:water (90:10),
1mL/ampul

Each 5-pk. 10-pk.
30006 30006-510 —

w/data pack
30006-500 30006-520 30106

acetonitrile
acrylonitrile
allyl chloride
benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon disulfide
carbon tetrachloride
chlorobenzene
2-chloroethanol
chloroform
chloroprene
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloro-
propane

1,2-dibromoethane
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
cis-1,4-dichloro-2-butene
trans-1,4-dichloro-2-butene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane
2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene

trans-1,3-dichloropropene
diethyl ether
1,4-dioxane
ethylbenzene
ethyl methacrylate
hexachlorobutadiene
iodomethane
isobutyl alcohol
isopropylbenzene
p-isopropyltoluene
methacrylonitrile
methyl acrylate
methyl methacrylate
methylene chloride
naphthalene
nitrobenzene
2-nitropropane
pentachloroethane
propionitrile
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
tetrahydrofuran
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,1,2-trichlorotrifluororethane
(Freon® 113)

1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

8260B Calibration Mix #1
(76 + 1 components)

Note: This product is provided as a two ampul set:

2,000µg/mL each in P&T methanol, 1mL/ampul

2-chloroethyl vinyl ether
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30475 30475-510 —

w/data pack
30475-500 30475-520 30575

1,2-dichlorotetrafluoroethane (Freon® 114)

1,2-Dichlorotetrafluoroethane

2,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30476 30476-510 —

w/data pack
30476-500 30476-520 30576

diisopropyl ether 2,000µg/mL
ethyl-tert-butyl ether 2,000
tert-amyl methyl ether 2,000

tert-butyl alcohol 10,000
methyl tert-butyl ether 2,000

California Oxygenates Mix

In P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30465 30465-510 —

w/data pack
30465-500 30465-520 30565

ethanol

Ethanol Mix

10,000µg/mL in DI water, 1mL/ampul

Each 5-pk. 10-pk.
30466 30466-510 —

w/data pack
30466-500 30466-520 30566

acrolein

Acrolein Mix

10,000µg/mL in water, 1mL/ampul

Each 5-pk. 10-pk.
30478 30478-510 —

w/data pack
30478-500 30478-520 30578

vinyl acetate
ethyl acetate
isopropyl acetate

n-propyl acetate
n-butyl acetate

8260B Acetate Mix

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30477 30477-510 —

w/data pack
30477-500 30477-520 30577

n-amyl acetate
butyl acetate
ethyl acetate
isopropyl acetate

methyl acetate
propyl acetate
vinyl acetate

8260B Acetate Mix (Revised)

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30489 30489-510 —

w/data pack
30489-500 30489-520 30589

30005: VOA Matrix Spike Mix
30042: 502.2 Calib. Mix #1
30043: 502.2 Calib. Mix #2
30044: 502.2 Calib. Mix #3
30045: 502.2 Calib. Mix #4
30046: 502.2 Calib. Mix #5
30047: 502.2 Calib. Mix #6

30067: 4-bromofluorobenzene
30240: 8260A Surrogate Mix
30241: 8260A Internal
Standard Mix

30075: 8240/8260 System
Performance Check Mix

8260A Volatile Organics Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30242 30242-500

Method 8260B

Method 8260A
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chlorobenzene-d5
1,4-dichlorobenzene-d4

1,4-difluorobenzene
pentafluorobenzene

8260 Internal Standard Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30074 30074-510 —

w/data pack
30074-500 30074-520 30174

4-bromofluorobenzene
dibromofluoromethane

toluene-d8

8260 Surrogate Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30073 30073-510 —

w/data pack
30073-500 30073-520 30173

bromoform
chlorobenzene
chloromethane

1,1-dichloroethane
1,1,2,2-tetrachloroethane

8240/8260 System 
Performance Check Mix

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30075 30075-510 —

w/data pack
30075-500 30075-520 30175

chloroform
1,1-dichloroethene
1,2-dichloropropane

ethylbenzene
toluene
vinyl chloride

8240/8260 Calibration Check Mix

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30427 30427-510 —

w/data pack
30427-500 30427-520 30527

30005: VOA Matrix Spike Mix
30042: 502.2 Calib. Mix #1
30043: 502.2 Calib. Mix #2
30044: 502.2 Calib. Mix #3
30045: 502.2 Calib. Mix #4
30046: 502.2 Calib. Mix #5
30047: 502.2 Calib. Mix #6

30067: 4-bromofluorobenzene
30073: 8260 Surrogate Mix
30074: 8260 Internal 
Standard Mix

30075: 8240/8260 System
Performance Check Mix

8260 Volatile Organics Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30076 30076-500

Method 8260

benzene
ethylbenzene
methyl tert-butyl ether
toluene

m-xylene
o-xylene
p-xylene

PVOC Mix (California)

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30231 30231-510 —

w/data pack
30231-500 30231-520 30331

benzene
ethylbenzene
methyl tert-butyl ether
naphthalene
toluene

1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

PVOC/GRO Mix (Wisconsin)

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30095 30095-510 —

w/data pack
30095-500 30095-520 30195

benzene
ethylbenzene
3-methylpentane
naphthalene
1,2,4-trimethylbenzene

2,2,4-trimethylpentane
(isooctane)

toluene
m-xylene
o-xylene

GRO Mix

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30069 30069-510 —

w/data pack
30069-500 30069-520 30169

CCoommppoonneenntt CCoonncc..,, ((µµgg//mmLL))
benzene 500
ethylbenzene 500
heptane 500
2-methylpentane 1500
toluene 1500

CCoommppoonneenntt CCoonncc..,, ((µµgg//mmLL))
1,2,4-trimethylbenzene 1000
2,2,4-trimethylpentane 1500
m-xylene 1000
o-xylene 1000
p-xylene 1000

Gasoline Component Standard

10,000µg/mL total in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30486 30486-510 —

w/data pack
30486-500 30486-520 30586

benzene 500µg/mL
ethylbenzene 500
heptane 500
2-methylpentane 1,500
1,2,4-trimethylbenzene 1,000

2,2,4-trimethylpentane 1,500
toluene 1,500
m-xylene 1,000
o-xylene 1,000

GRO Mix (EPA)

In P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30065 30065-510 —

w/data pack
30065-500 30065-520 30165

PVOC, GRO, & BTEX

benzene
ethylbenzene
toluene

m-xylene
o-xylene
p-xylene

BTEX Standard

200µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30051 30051-510 —

w/data pack
30051-500 30051-520 30151

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30213 30213-510 —

w/data pack
30213-500 30213-520 30313

2,000µg/mL each in P&T methanol, except m-xylene
and p-xylene at 1,000µg/mL, 1mL/ampul 

Each 5-pk. 10-pk.
30488 30488-510 —

w/data pack
30488-500 30488-520 30588

benzene
ethylbenzene
toluene

m-xylene
o-xylene
p-xylene

BTEX Gas Mix

In nitrogen, 104 liters @ 1800psig

1ppm 100ppb
34414 (ea.) 34428 (ea.)

CCeerrttiiffiieedd ffoorr::
benzene
ethylbenzene
isopropyl benzene
methyl tert-butyl ether
naphthalene

toluene
m-xylene
o-xylene
p-xylene

Certified BTEX in Unleaded 
Gas Composite Standard

5,500ppm gasoline in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30237 30237-510 —

w/data pack
30237-500 30237-520 30337
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bromodichloromethane
bromoform
chloroform
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,2-dichloroethane

trans-1,2-dichloroethene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
ethylbenzene
1,1,2,2-tetrachloroethane
toluene
1,1,1-trichloroethane

624 Calibration Mix #3

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30022 30022-510 —

w/data pack
30022-500 30022-520 30122

30020: 624 Calib. Mix #1
30021: 624 Calib. Mix #2

30022: 624 Calib. Mix #3
30023: 624 Int. Standard Mix

624 Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30055 30055-500

benzene
carbon tetrachloride
chlorobenzene
2-chloroethyl vinyl ether
dibromochloromethane
1,1-dichloroethane

1,1-dichloroethene
1,2-dichloropropane
methylene chloride
tetrachloroethene
1,1,2-trichloroethane
trichloroethene

624 Calibration Mix #2

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30021 30021-510 —

w/data pack
30021-500 30021-520 30121

30020: 624 Calib. Mix #1
30021: 624 Calib. Mix #2
30022: 624 Calib. Mix #3

30023: 624 Int. Standard Mix
30243: 624 Surrogate
Standard Mix

624 Complete Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30244 30244-500

30042: 502.2 Calib. Mix #1
30021: 624 Calib. Mix #2

30022: 624 Calib. Mix #3

601/602 Purgeable 
Halocarbons Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30061 30061-500

benzene
chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene

1,4-dichlorobenzene
ethylbenzene
toluene

602 Purgeable Aromatics
Calibration Mix

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30035 30035-510 —

w/data pack
30035-500 30035-520 30135

Method 601 & 602

benzene
bromobenzene
bromochloromethane
bromodichloromethane
bromoform
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
carbon tetrachloride
chlorobenzene
chloroform
2-chlorotoluene
4-chlorotoluene
dibromochloromethane
1,2-dibromo-3-chloropropane
1,2-dibromoethane
dibromomethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
1,3-dichloropropane

2,2-dichloropropane
1,1-dichloropropene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
ethylbenzene
hexachlorobutadiene
isopropylbenzene
p-isopropyltoluene
methylene chloride
naphthalene
n-propylbenzene
styrene
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
1,2,3-trichloropropane
1,2,4-trimethylbenzene
1,3,5-trimethylbenzene
m-xylene
o-xylene
p-xylene

502.2 CAL2000 MegaMix™ Mixture

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30431 30431-510 —

w/data pack
30431-500 30431-520 30531

200µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30432 30432-510 —

w/data pack
30432-500 30432-520 30532

Method 502.2

1-chloro-2-fluorobenzene

1-Chloro-2-fluorobenzene

2,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30040 30040-510 —

w/data pack
30040-500 30040-520 30140

2-bromo-1-chloropropane fluorobenzene

502.2 Internal Standard Mix #2

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30041 30041-510 —

w/data pack
30041-500 30041-520 30141

bromochloromethane
2-bromo-1-chloropropane

1,4-dichlorobutane

624 Internal Standard Mix

1,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30023 30023-510 —

w/data pack
30023-500 30023-520 30123

Method 624

4-bromofluorobenzene
fluorobenzene

pentafluorobenzene

624 Surrogate Standard Mix

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30243 30243-510 —

w/data pack
30243-500 30243-520 30343

1,4-bromofluorobenzene α,α,α-trifluorotoluene

Surrogate Standard

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30484 30484-510 —

w/data pack
30484-500 30484-520 30584

bromomethane
chloroethane
chloromethane

trichlorofluoromethane
vinyl chloride

624 Calibration Mix #1

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30020 30020-510 —

w/data pack
30020-500 30020-520 30120
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bromochloromethane
1,4-difluorobenzene

chlorobenzene-d5
VOA Internal Standard Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30011 30011-510 —

w/data pack
30011-500 30011-520 30111

4-bromofluorobenzene
1,2-dichloroethane-d4

toluene-d8

VOA Surrogate Spike Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30004 30004-510 —

w/data pack
30004-500 30004-520 30104

benzene
chlorobenzene
1,1-dichloroethene

toluene
trichloroethene

VOA Matrix Spike Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30005 30005-510 —

w/data pack
30005-500 30005-520 30105

benzene
ethylbenzene
toluene

o-xylene
p-xylene

VOA Screening Mix #1

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30001 30001-510 —

w/data pack
30001-500 30001-520 30101

n-dodecane n-nonane
VOA Screening Mix #2

1,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30002 30002-510 —

w/data pack
30002-500 30002-520 30102

4-bromofluorobenzene
VOA Tuning Compound

5,000µg/mL in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30003 30003-510 —

w/data pack
30003-500 30003-520 30103

perfluorotributylamine (PFTBA)

PFTBA (MS Tuning Compound)

1mL/ampul, neat

Each
30482

bromochloromethane
4-bromofluorobenzene
chlorobenzene-d5

1,2-dichloroethane-d4
1,4-difluorobenzene
toluene-d8

CLP 04.1 VOA Internal
Standard/SMC Spike Mix

2,500µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30457 30457-510 —

w/data pack
30457-500 30457-520 30557

04.2, 04.1, & 3/90 SOW

1-bromo-2-chloroethane
1-chloro-3-fluorobenzene

fluorobenzene

8021/502.2 Surrogate Mix #1

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30463 30463-510 —

w/data pack
30463-500 30463-520 30563

1-bromo-2-chloroethane
4-bromochlorobenzene

1-chloro-3-fluorobenzene
fluorobenzene

8021/502.2 Surrogate Mix #2

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30464 30464-510 —

w/data pack
30464-500 30464-520 30564

30042: 502.2 Calib. Mix #1
30431: 502.2 CAL2000 MegaMix™

502.2 VOA Calib. Kit #2 (2000ppm)

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30445 30445-500

30439: 502.2 Calib. Mix #1A
30432: 502.2 CAL200 MegaMix™

502.2 VOA Calib. Kit #3 (200ppm)

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30446 30446-500

bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1 (gases)

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30042 30042-510

w/data pack
30042-500 30042-520 30142

bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1A

200µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30439 30439-510 —

w/data pack
30439-500 30439-520 30539

UDID   KNOW?

Restek reference materials
include a silanized vial for

sample transfer.
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bromodichloromethane
bromoform
dibromochloromethane
1,2-dichloroethane
cis-1,2-dichloroethene
trans-1,2-dichloroethene

cis-1,3-dichloropropene
trans-1,3-dichloropropene
styrene
1,1,2,2-tetrachloroethane
tetrachloroethene
1,1,1-trichloroethane

VOA Calibration Mix #4

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30009 30009-510 —

w/data pack
30009-500 30009-520 30109

30001: VOA Screening Mix #1
30002: VOA Screening Mix #2
30003: VOA Tuning Comp.
30004: VOA Surr. Spike Mix
30005: VOA Matrix Spike Mix
30006: VOA Calib. Mix #1
(ketones)

30010: VOA Calib. Mix #5
(gases)

30011: VOA Int’l Standard Mix
30438: CLP VOA CAL2000
MegaMix™

CLP Volatile Organics Kit #2

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30440 30440-500

30001: VOA Screening Mix #1
30002: VOA Screening Mix#2
30003: VOA Tuning Comp.
30004: VOA Surr. Spike Mix
30005: VOA Matrix Spike Mix
30006: VOA Calib. Mix #1
(ketones)

30007: VOA Calib. Mix #2
30008: VOA Calib. Mix #3
30009: VOA Calib. Mix #4
30010: VOA Calib. Mix #5
(gases)

30011: VOA Internal 
Standard Mix

Volatile Organics Kit

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30050 30150

benzene
bromodichloromethane
bromoform
carbon disulfide
carbon tetrachloride
chlorobenzene
chloroform
dibromochloromethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane

cis-1,3-dichloropropene
trans-1,3-dichloropropene
ethylbenzene
methylene chloride
styrene
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene
m-xylene
o-xylene
p-xylene

CLP VOA CAL2000 
MegaMix™ Mixture (29 components)
Note: This product is provided as a two-ampul set:

2,000µg/mL each in P&T methanol, 1mL/ampul

vinyl acetate
2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30438 30438-510 —

w/data pack
30438-500 30438-520 30538

30006: VOA Calibration Mix #1 (ketones)
30010: VOA Calibration Mix #5 (gases)
30438: CLP VOA CAL2000 MegaMix™

CLP VOA Calibration Kit #2

Contains 1mL each of these mixtures.  

Kit Kit w/Data Pack
30442 30442-500

bromomethane
chloroethane

chloromethane
vinyl chloride

VOA Calibration Mix #5 (gases)

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30010 30010-510 —

w/data pack
30010-500 30010-520 30110

benzene
carbon disulfide
ethylbenzene
toluene

vinyl acetate
o-xylene
p-xylene

VOA Calibration Mix #2

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30007 30007-510 —

w/data pack
30007-500 30007-520 30107

carbon tetrachloride
chlorobenzene
chloroform
1,1-dichloroethane
1,1-dichloroethene

1,2-dichloropropane
methylene chloride
1,1,2-trichloroethane
trichloroethene
m-xylene

VOA Calibration Mix #3

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30008 30008-510 —

w/data pack
30008-500 30008-520 30108

3/90 SOW
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bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1 (gases)

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30042 30042-510

w/data pack
30042-500 30042-520 30142

bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1A

200µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30439 30439-510 —

w/data pack
30439-500 30439-520 30539

30006: VOA Calibration Mix #1 (ketones)
30042: 502.2 Calibration Mix #1 (gases)
30456: CLP 04.1 VOA CAL2000 MegaMix™

CLP 04.1 VOA Kit #3

Contains 1mL each of these mixtures.

Kit Kit w/Data Pack
30460 30460-500

benzene
bromochloromethane
bromodichloromethane
bromoform
carbon disulfide
carbon tetrachloride
chlorobenzene
chloroform
cyclohexane
dibromochloromethane
(chlorodibromomethane)

1,2-dibromo-3-chloropropane
1,2-dibromoethane (EDB)
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethylene
cis-1,2-dichloroethylene
trans-1,2-dichloroethylene
1,2-dichloropropane
cis-1,3-dichloropropene(Z)

trans-1,3-dichloropropene (E)
ethylbenzene
isopropylbenzene (cumene)
methyl acetate
methylcyclohexane
methyl tert-butyl ether (MTBE)
methylene chloride
(dichloromethane)

styrene
1,1,2,2-tetrachloroethane
tetrachloroethylene
toluene
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene
1,1,2-trichlorotrifluoroethane
(Freon® 113)

m-xylene
o-xylene
p-xylene

OLC 03.2 VOA MegaMix™ Mixture
(42 components)

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30492 30492-510 —

w/data pack
30492-500 30492-520 30592

NNoonn-KKeettoonneess::
benzene-d6
bromoform-d
chloroethane-d5
chloroform-d
1,2-dichlorobenzene-d4
1,2-dichloroethane-d4

1,1-dichloroethene-d2
1,2-dichloropropane-d6
trans-1,3-dichloropropene-d4
1,1,2,2-tetrachloroethane-d2
toluene-d8
vinyl chloride-d3

OLC 03.2 VOA Deuterated
Monitoring Compounds (DMC)
(14 components)

EPA Contract Lab Program (CLP)
Statement of Work (SOW) OLC03.2 is an
analytical method for the detection of low
concentration volatile, semivolaitle, and
pesticide/Arclor® organics in aqueous sam-
ples. For VOA and SVOA GC/MS analysis
OLC03.2 introduces Deuterated Monitoring
Compounds (DMCs) as a sample-by-sam-
ple accuracy indicator.

100µg/mL each in P&T methanol, 1mL/ampul

Note: This product is provided as a two-ampule set:

KKeettoonneess::
2-butanone-d5 2-hexanone-d5
200µg/mL each in P&T methanol, 0.5mL/ampul

Each 5-pk.
30493 30493-510

benzene
bromodichloromethane
bromoform
carbon disulfide
carbon tetrachloride
chlorobenzene
chloroform
1,2-dibromo-3-chloropropane
cyclohexane
dibromochloromethane
1,2-dibromoethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
cis-1,2-dichloroethene
trans-1,2-dichloroethene
1,2-dichloropropane
cis-1,3-dichloropropene

trans-1,3-dichloropropene
ethylbenzene
isopropylbenzene
methyl acetate
methylcyclohexane
methylene chloride
styrene
methyl tert-butyl ether (MTBE)
1,1,2,2-tetrachloroethane
tetrachloroethene
toluene
1,2,4-trichlorobenzene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethylene
1,1,2-trichlorotrifluoroethane
(Freon® 113)

m-xylene
o-xylene
p-xylene

CLP 04.1 VOA CAL2000
MegaMix™ Mixture (40 components)

2,000µg/mL each in P&T methanol, 1mL/ampul

Each 5-pk. 10-pk.
30456 30456-510 —

w/data pack
30456-500 30456-520 30556

04.2 & 04.1 SOW

Can’t locate the
exact mixture

you need?
With thousands of com-
pounds in our inventory, 

we can make any mixture
to your specifications.
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The Rt-βDEXsm and Rt-βDEXse
chiral capillary columns offer

extensive enantiomeric separation
of monoterpenes, monoterpene

alcohols, and monoterpene ketones
that cannot be matched by

permethylated β-cyclodextrin
columns. Rt-βDEXsp and Rt-

βDEXsa are secondary columns
that best resolve specific flavor and

fragrance chiral components. The
Rt-βDEXcst provides excellent

resolution of some complex flavor
compounds and has demonstrated

great potential with pharmaceutical
substances as well.

Index:

Definitions of Chirality and
Chiral Chromatography ......3

Chiral Columns Offer
Unique Selectivity ...............5

Optimization of Chiral
Separations ..................... 10

Chiral Specific Applications
of Essential Oils, Flavors, and
Pharmaceuticals .............. 14

A team of researchers at the

University of Neuchâtel

developed βββββ-cyclodextrins with

superb enantiomeric

selectivity. They joined forces

with Restek, a manufacturer of

top quality columns, to provide

a unique line of commercially

available βββββ-cyclodextrin

stationary phases with

enhanced capabilities for

chiral capillary gas

chromatography.

Dr. Raphael Tabacchi
Born in Ticino, Switzerland,
Dr. Tabacchi has been a
professor for Analytical and
Organic Structure at the
University of Neuchâtel,
Switzerland, since 1978. His
research interests focused
upon natural product
chemistry, and development
of HPLC and GC stationary
phases. He has developed β-
cyclodextrins with unique
substitutions to create novel
chiral phases for capillary
GC.

Dr. Georges Claude Saturnin
Born in St. Joseph,
Martinique, Dr. Saturnin
became a Senior Assistant
and Assistant Professor in
1990 at the University of
Neuchâtel. He is involved in
the development of HPLC
phases. His focus is the
synthesis of these new
cyclodextrin materials that
characterize the new chiral
columns.

Lori Bitzer
After completing her
Chemistry degree at West
Virginia University in 1995,
Lori joined Restek as a Fused
Silica Manufacturing
Chemist. She is involved with
the design and production of
new products including
capillary chiral columns. Lori
ensures product quality and
consistency that are
characteristic of all Restek
products.

Sherry Sponsler
Sherry is an Applications
Chemist and has been with
Restek since 1990. She
conducts method and product
development for analysis of
foods, flavors and fragrances,
as well as some pharmaceuti-
cal samples. Frequent
communication with
customers has helped Sherry
to identify many important
chiral applications in these
industries. She has demon-
strated many of these key
separations, especially for
fragrances and amphet-
amines, using the new
cyclodextrin capillary
columns.

Maurus Biedermann
Maurus has been with Dr.
Konrad Grob’s GC/LCGC
group at the Kantonales
Laboratory Zurich (Official
Food Control Authority in
Switzerland) since 1990 and
has participated in the
development of several
LCGC methods for food
analysis. During his
sabbatical at Restek, he
demonstrated the ability of
these new and unique chiral
phases for many applications
such as the authenticity of
essential oils, “natural”
flavor extracts, and the
analysis of drugs for
enantiomeric composition.

Claire-Lise Porret
Born in Neuchâtel, Switzer-
land, Ms. Porret was
previously a technician at
Nestlé and joined Dr.
Tabacchi’s team in 1991. She
is also involved in the
synthesis of organic
compounds and with the
development of GC and
HPLC stationary phases.

restek
CORPORATION
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Linalool is a chiral compound because it contains an assymmetric carbon
center. The mirror images are not superimposable and so they are enanti-
omers.

S configuration

Enantiomers can be distinguished by configuration. Following groups from
high to low priority in the clockwise direction is denoted R, and S for the
counterclockwise direction.

R configuration

Figure 1A

Linalool oxides have two chiral centers at carbon numbers 2 and 5 and
exist as four enantiomers.

Figure 1B

2S, 5R
(+)-cis-linalool oxide

2R, 5S
(-)-cis-linalool oxide

2S, 5S
(-)-trans-linalool oxide

2R, 5R
(+)-trans-linalool oxide

WHAT ARE CHIRAL
COMPOUNDS?
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Any carbon atom that is bonded to
four different functional groups is
termed a chiral or an assymetric car-
bon. Molecules containing one or
more of these carbon centers are con-
sidered chiral molecules. Chiral cen-
ters can exist in two forms called
enantiomers. These two forms are
non-superimposable mirror images of
each other, but both have similar
properties. For example, both enan-
tiomers will have the same boiling
point, densities, and reaction rates as
achiral molecules. They do, however,
generally possess different aroma and
flavor characteristics; more impor-

tantly, they possess differences in
toxicity and biological activity.

Enantiomers are also known as opti-
cal isomers because they rotate plane
polarized light in different directions.
Optical isomers that rotate plane po-
larized light to the right, or clockwise,
are termed dextrorotary {denoted as
(d) or (+)}, Optical isomers that rotate
in the left direction are termed levoro-
tary {denoted (l) or (-)}.

Enantiomers can be denoted by the
specific configuration around the
chiral center. Groups on the carbon
center are assigned a “priority” based
on atomic number of the first bonded
atom (Cahn-Ingold-Prelog rules). The
group with the highest atomic num-

ber is rated first. If priority cannot be
established with the first atom, work
outward until priority differences can
be determined. Once priorities have
been established for all four groups,
specific configuration can be deter-
mined. An R configuration is desig-
nated when the priority around the
assymmetric carbon is in a clockwise
direction, whereas a counterclockwise
direction is denoted as S. (Figure 1A)1

A chiral compound can possess mul-
tiple chiral centers and many combi-
nations of configurations. Linalool
oxides possess two chiral centers, re-
sulting in four enantiomers. (Figure
1B) Note that configuration (R or S) is
independent from optical activity (+ or
-) or interaction with plane-polarized
light.

CH3(CH2)3CH2 CH2(CH2)3CH3CHCH2 CH2CH

OH HO

WHAT ARE CHIRAL
COMPOUNDS?

Any carbon atom that is

bonded to four different groups

is termed a chiral or an

assymetric carbon. Molecules

containing one or more of

these carbon centers are con-

sidered chiral molecules.

Chiral centers can exist in two

forms called enantiomers.

These two forms are non-

superimposable mirror images

of each other, but both have

similar properties.
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Figure 2
Restek’s chiral columns demonstrate exceptional lifetime and stability for

more than 250 injections without loss of resolution.
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min.  10 20 30
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Chiral chromatography is the

separation of enantiomeric

compounds. Common liquid

stationary phases do not

possess adequate selectivity

for enantiomeric separation.

Addition of derivatized

cyclodextrin macromolecules

to common stationary phases

creates capillary columns with

the ability to separate

many enantiomers.

1. (-) α-pinene
2. (+) α-pinene
3. decane
4. (-) 2,3-butanediol
5. (+) 2,3-butanediol

30m, 0.32mm ID, 0.25µm Rt-βDEXsa (cat.# 13108)
Oven temp.: 40°C (hold 1 min.) to 230°C @ 2°C/min.;

Carrier gas: hydrogen; 80cm/sec. set @ 40°C; Detector: FID set @ 220°C

WHAT IS CHIRAL
CHROMATOGRAPHY?
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Chiral chromatography is the separa-
tion of enantiomeric compounds.
Common liquid stationary phases
used in gas chromatography resolve
components from one another, but
they do not possess adequate selec-
tivity for enantiomeric separation.
Addition of derivatized cyclodextrin
macromolecules to common station-
ary phases creates capillary columns
with the ability to separate enanti-
omers as well.

The permethylated derivative of beta-
cyclodextrin in cyanopropyl-dim-
ethylpolysiloxane liquid stationary
phase is commonly used for such ste-
reochemical separations, but it exhib-
its limited applications. Beta-
cyclodextrins derivatized with alkyl
substituents can enhance the enan-
tiomeric resolution of various com-
pound classes. Restek’s five capillary
columns incorporate various combi-
nations of alkylated beta-cyclodex-
trins into a cyanopropyl-dimethyl
polysiloxane liquid stationary phase
to achieve significant separation.

These columns also exhibit stability
and extended lifetime. From the first
injection to the 250th injection on a
chiral column, enantiomeric separa-
tion is maintained with almost no loss
in resolution (Figures 2A and B).

A: 1st injection

B: 250th injection

6. undecane
7. nonanal
8. 1-octanol
9. 2,6-dimethylphenol

10. (+) phenylethanol

11. (-) phenylethanol
12. methyl decanoate
13. dicyclohexylamine
14. methyl undecanoate
15. methyl dodecanoate
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Figure 3
The Rt-βDEXsm column provides

the best chiral separation of
isoborneol and α-terpineol.

Figure 4
The Rt-βDEXsm column offers

complete resolution of α-ionone.

30m, 0.32mm ID, 0.25µm Rt-βDEXsm (cat.# 13104)
Oven temp.: 40°C (hold 1 min.) to 230°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec. set @ 40°C; Detector: FID set @ 220°C

min.  30 40

(+/-) isoborneol

(+/-) terpineol

min.  30 40

α-ionone

Figure 6
The Rt-βDEXse column resolves

limonene enantiomers.

min.  18 20

limonene

Figure 5
The Rt-βDEXse column resolves optical isomers of

ethyl-2-methylbutyrate, styrene oxide, and camphor
with some overlap.

min.  10 20 30

ethyl-2-methylbutyrate

styrene oxide

camphor

R S

S (-)

R (+)

30m, 0.32mm ID, 0.25µm Rt-βDEXse
(cat.# 13106)

Oven temp.: 40°C (hold 1 min.) to 230°C @
2°C/min. (hold 3 min.); Carrier gas: hydrogen;

80cm/sec. set @ 40°C; Detector: FID set @ 220°C

RESTEK’S CHIRAL COLUMNS OFFER UNIQUE
SELECTIVITY
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Each of the five chiral columns
posesses a specific combination of
alkyl substituents on the derivatized
β-cyclodextrins. These unique combi-
nations provide a wide range of
utilitization for each type of chiral
column. Table I, on page 8, indicates
that certain columns provide better
resolution of specific compounds.

Rt-βββββDEXsm
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Of the chiral columns evaluated, only
the Rt-βDEXsm separates all of the 25
tested compounds, with 19 being
baseline resolved. This column pro-
vides the best enantiomeric separa-
tion of α-pinene, isoborneol, α-ionone,
linalool oxides, hexobarbital, and me-
phobarbital (Figures 3 and 4).

Rt-βββββDEXse
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rt-βDEXse is similar in perfor-
mance to the Rt-βDEXsm, but it pro-
vides better resolution for limonene,
linalool, linalyl acetate, ethyl-2-
methylbutyrate, 2,3-butane-diol, and
styrene oxides. Sometimes extensive
separation results in overlap of enan-
tiomeric pairs, as shown in Figures 5
and 6.

SR
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Rt-βββββDEXsm and
Rt-βββββDEXse
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Cis and trans linalool oxides, linalool,
and linalyl acetate are commonly
found together in lavender oils, and
resolution of all enantiomers is desir-
able. The Rt-βDEXsm separates the
linalool oxides, but it does not resolve
linalyl acetate. Conversely, Rt-
βDEXse separates linalool and linalyl
acetate, but does not resolve all of the
linalool oxides. Combining both to-
gether in a dual column system will
provide resolution for all of these
enantiomers (Figure 7).

Rt-βββββDEXsp
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Rt-βDEXsp is a specialized column
that best resolves menthol. It would
be useful in addition to the Rt-
βDEXsm or Rt-βDEXse column for
analyzing complete profiles of mint
oils (Figure 8).

Rt-βββββDEXsa
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rt-βDEXsa has a significantly dif-
ferent selectivity than the other chiral
columns. It provides the best separa-
tion of 1-octen-3-ol, carvone, cam-
phor, 1-phenylethanol, β-citronellol,
and rose oxides (Figure 9).

Figure 7A
Cis and trans linalool oxide

enantiomers separated on an
Rt-βDEXsm column.

Figure 7B
Linalool and linalyl acetate
enantiomers are resolved on

the Rt-βDEXse column.

Figure 8
Menthol enantiomers are best resolved on the

Rt-βDEXsp column.

min.  20 30

linalool oxides

30 min.  20

linalool

linalyl acetate

menthol

min.  30

Figure 9A
1-octen-3-ol and carvone

enantiomers are best resolved
on an Rt-βDEXsa column.

Figure 9B
An Rt-βDEXsa column provides

baseline chiral resolution for
β-citronellol.

Figure 9C
An Rt-βDEXsa column

separates racemic cis and
trans rose oxides.

1-octen-3-ol

carvone
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(+/-)
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30m, 0.32mm ID, 0.25µm Rt-βDEXsp (cat.# 13110)
Oven temp.: 60°C (hold 1 min.) to 200°C @

2°C/min.; Carrier gas: hydrogen; 80cm/sec. set @
40°C; Detector: FID set @ 220°C

(-
)-

tr
an

s

30m, 0.32mm ID, 0.25µm
7A: Rt-βDEXsm (cat.# 13104)
7B: Rt-βDEXse (cat.# 13106)

Oven temp.: 40°C (hold 1 min.)
to 230°C @ 2°C/min. (hold 3
min.); Carrier gas: hydrogen;

80cm/sec. set @ 40°C;
Detector: FID set @ 220°C

30m, 0.32mm ID, 0.25µm
Rt-βDEXsa (cat.# 13108)

Oven temp.: 40°C (hold 1 min.)
to 230°C @ 2°C/min. (hold 3
min.); Carrier gas: hydrogen;

80cm/sec. set @ 40°C;
Detector: FID set @ 220°C
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1. (+/-)δ-pentalactones
2. (+/-)δ-hexalactones
3. (+/-)δ-heptalactones
4. (+/-)δ-octalactones
5. (+/-)δ-nonalactones
6. (+/-)δ-decalactones
7. (+/-)δ-dodecalactones

Figure 10
All of the irone isomers are resolved

without overlapping of the enantiomeric
pairs on the Rt-βDEXcst column.

Figure 11
The Rt-βDEXcst column provides maximum
resolution of the γ-lactones and δ-lactones.

A. γ-lactones on the Rt-βDEXcst
column

B. δ-lactones on the Rt-βDEXcst
column

min. 40

1. (-)-(2R,6R)-trans-α-irone
2. (+)-(2S,6S)-trans-α-irone
3. (+)-(2R,6R)-trans-γ-irone
4. (-)-(2S,6S)-trans-γ-irone
5. (+)-(2R,6S)-cis-α-irone
6. (+)-(2R,6S)-cis-γ-irone
7. (-)-(2S,6R)-cis-γ-irone
8. (-)-(2S,6R)-cis-α-irone
9. (+)-(2R)-β-irone

10. (-)-(2R)-β-irone

1

3

4

8
5

6

7

10

2

9

min.  100 120

1

3

4

5

2

140

1. (+/-)γ-heptalactones
2. (+/-)γ-octalactones
3. (+/-)γ-nonalactones
4. (+/-)γ-decalactones
5. (+/-)γ-dodecalactones

min.  100 120

1

3
4 5

2

140

6
7

30m, 0.32mm ID, 0.25µm
Rt-βDEXcst (cat.# 13102)

Oven temp.: 60°C (hold 1 min.) to 200°C
@ 1°C/min.; Carrier gas: hydrogen;

40cm/sec. set @ 60°C;
Detector: FID set @ 220°C

30m, 0.32mm ID, 0.25µm
Rt-βDEXcst (cat.# 13102)

Oven temp.: 40°C (hold 1 min.) to
230°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec. set @ 40°C;
Detector: FID set @ 220°C

Rt-βββββDEXcst
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

This column is optimum for semi-
volatile chiral compounds because
lower boiling components show peak
broadening (discussed in the “Optimi-
zation of Chiral Separations” section).
All of the irone isomers (found in iris
flowers) are resolved without overlap-
ping of the enantiomeric pairs (Figure
10). This is also the best column for
resolution of the γ- and δ-lactones
(Figures 11A and B).

The Rt-βDEXcst column is good for
separating the enantiomers of some
barbiturates and TFA-derivatives of
amphetamines as well. This is dis-
cussed in further detail on pages 22
and 23.

Visit Restek on-line at

www.restekcorp.com,

or call 800-356-1688,

ext. 4, for technical

assistance.

30m, 0.32mm ID, 0.25µm
Rt-βDEXcst (cat.# 13102)

Oven temp.: 60°C (hold 1 min.) to 200°C
@ 1°C/min.; Carrier gas: hydrogen;

40cm/sec. set @ 60°C;
Detector: FID set @ 220°C
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Table I
Resolution of common chiral compounds on Restek’s cyclodextrin columns.

ns = no separation of enantiomers
t  =  peak tailing
b  =  peak broadening

ad = adsorption of nonderivatized drug compound
*  =  cis and trans linalool oxides analyzed @ 9.0 psi head pressure

To demonstrate the abilities of the five
different types of chiral columns, we
analyzed twenty-five chiral com-
pounds commonly found in flavors,
fragrances, and pharmaceutical
analyses. The extent to which two
enantiomers are resolved (or any two
peaks) can be determined by the reso-
lution equation and are known as
resolution factors, sometimes de-

noted R. An R value of 1.5 indicates
baseline resolution. Resolution fac-
tors for all chiral compounds on all
the β-cyclodextrin columns were com-
pared to those obtained on the exist-
ing Rt-βDEXm (permethylated
cyclodextrin) column. Table I shows
the degree of enantiomeric separation
by resolution factor for all twenty-five
components on each column. The col-

umn that has the largest resolution
factor provides the best separation of
a particular compound. These values
can easily be compared to help deter-
mine which column is optimum for
specific chiral components. Charts 1–
6 illustrate the degree of enantiomeric
separation of each compound on each
chiral column.

Compounds Formula m.w.

Terpenes 1. α-pinene C10H16 136

2. limonene C10H16 136

Alcohols 3. 1-octen-3-ol C8H16O 128

4. linalool C10H18O 154

5. α-terpineol C10H18O 154

6. terpinen-4-ol C10H18O 154

7. isoborneol C10H18O 154

8. β-citronellol C10H20O 156

9. menthol C10H20O 156

10. 2,3-butanediol C4H10O2   90

11. 1-phenylethanol C8H10O 122

Ketones 12. carvone C10H14O 150

13. camphor C10H16O 152

14. α-ionone C13H20O 192

Lactones 15. γ-nonalactone C9H16O2 156

16. γ-undecalactone C11H20O2 184

17. δ-decalactone C10H18O2 170

Esters 18. ethyl-2-methylbutyrate C7H14O2 130

19. linalylacetate C12H20O2 196

Epoxides 20. styreneoxide C8H8O 120

21. trans-linalooloxides C10H18O2 170

21. cis-linalooloxides

Drugs 22. hexobarbital C12H16O3N2 236

23. mephobarbital C13H14O3N2 246

24. fenfluramine C12H16F3N 231

25. fenfluramine TFAA der. C14H15F6NO 327

Column Resolution Factors
Rt-βDEXsm Rt-βDEXse Rt-βDEXsp Rt-βDEXsa Rt-βDEXcst Rt-βDEXm

3.50 0.80 ns ns 0.90b 3.30

5.10 7.30 3.20 ns 2.70b 1.40

1.10 ns 0.50 2.30 0.60b 0.50t

 3.30 6.00 4.30b 3.70 2.60t 1.00

 5.30 5.50 2.20 4.00 4.30t 1.70

2.40 2.20 ns ns 1.20t 1.80t

4.00 3.30t ns ns 1.90t 2.00

0.90 0.80 ns 1.00t ns ns

1.10 1.10 2.20 ns 1.10 1.60t

7.50 8.10 2.20 4.60 4.00 2.60

7.30 6.40 1.10 7.80 6.30 6.60

1.30 ns ns 2.50 1.10 ns

1.80 2.10t 1.30b 4.30 2.50t ns

6.40 3.20 1.30 4.40 ns 3.20

4.70 5.00 3.40 4.40 5.90 1.00

2.90 2.90 1.70 3.70 4.50 ns

0.90 ns ns 2.10 2.70 ns

1.30 3.50 1.10b ns ns ns

0.60 2.20 1.20 0.10 ns ns

4.80 10.20 6.50 1.00 1.40t 2.50t

10.10 2.40 ns 1.50 4.30b 6.80*

6.20 3.60 ns 1.00 3.50b 4.20*

11.30 4.70 0.90 ns 8.90 6.30

8.40 3.80 0.60 ns 6.20 6.10

1.80 2.90t ad ad ns ad

1.20 ns ns 2.40 3.40 ns
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Charts 1-6 illustrate the unique separation capabilities of each cyclodextrin column.
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Figure 12B
Faster linear velocities provide maximum

resolution of chiral pairs.

Figure 12A
Higher Trennzahl values are obtained at 40 cm/sec

with hydrogen carrier gas.

Rt-βββββDEXsa: 40°C (80°C for lactones) to 200°C @
2°C/min. (hold 1 min.). Hydrogen carrier gas.

Rt-βββββDEXsa: 40°C to 200°C @ 2°C/min. (hold 1 min.).
Hydrogen carrier gas.

OPTIMIZATION OF
CHIRAL SEPARATIONS
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Although the new β-cyclodextrin col-
umns can resolve a variety of chiral
compounds, certain parameters must
be optimized to obtain maximum
separation and column performance.
Variation in linear velocity and tem-
perature ramp rate can greatly affect
the resolution of enantiomers. De-
pending on the type of chiral column,
initial GC oven temperature can affect
peak width. Column sample capacity
varies with different compounds, and
overloading results in broad tailing
peaks and reduced enantiomeric
separation.

Linear Velocity (Column Flow)
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The resolution between the enantio-
meric pairs can be improved by in-
creasing the linear velocity. This is es-
pecially important if the resolution
factor is below two for optical isomers
(see Table I). Trennzahl values are
measurements of column separation
efficiency, which are often optimum
at a linear velocity of 40 cm/sec with
hydrogen carrier gas. This is illus-
trated in Figure 12A. Although opti-
mal linear velocity can be different for
each chiral compound and column,
the typical optimum linear velocity for
maximum enantiomeric separation is
around 80 cm/sec with hydrogen
carrier gas, as illustrated with six
chiral compounds on the Rt-βDEXsa
column in Figure 12B. This is twice
the linear velocity required to achieve
maximum efficiency as indicated by
the Trennzahl values of 1-octen-3-ol
enantiomers in Figure 12A.
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α-ionone
γ-nonalactone
γ-undecalactone
δ-decalactone
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Figure 13B
Lower temperature ramp rates provide maximum

resolution of chiral pairs.

Figure 13A
Trennzahl values increase with enantiomeric resolution factors as

temperature ramp rates decrease.

Rt-βββββDEXsa: 40°C (80°C for lactones) to 200°C @
2°C/min. (hold 1 min.). Hydrogen carrier gas.

Rt-βββββDEXsa: 40°C to 200°C @ 2°C/min. (hold 1 min.).
Hydrogen carrier gas.

Call 800-356-1688, ext.

4, for knowledgeable

technical support

Monday–Thursday,

8 a.m.–7 p.m.,

Friday, 8 a.m.–6 p.m.,

or Fax anytime at

814-353-1310.

restek
CORPORATION

1-octen-3-ol
linalool
α-ionone
γ-nonalactone
γ-undecalactone
δ-decalactone

1.5°C/min.
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Temperature Program
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The resolution between the enantio-
meric pairs can be improved by using
slow temperature ramp rates. The
best temperature ramp rates are 1-
2°C/min. Trennzahl values improve
along with enantiomeric resolution as
the temperature ramp rate is de-
creased (Figures 13A and B).

Temperature Program Rate
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h
l 

V
al

u
e

Temperature Program Rate

R
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o
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o
n
 F

ac
to

r

Remember, to optimize

chiral separation use:

1) Faster linear velocities
(80 cm/sec.) with hydrogen
carrier gas.

2) Slower temperature ramp
rates (1-2°C/min.).

3) Appropriate minimum
operating temperature
(40 or 60°C).

4) On-column concentrations
of 50ng or less.
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Minimum Temperature
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

For maximum resolution of chiral
compounds with low boiling points
(below 100°C), initial temperatures of
35-40°C are recommended for the Rt-
βDEXsm, Rt-βDEXse, and Rt-βDEXsa
columns. In contrast, the same vola-
tile compounds exhibit a very broad
peak shape on the Rt-βDEXsp and Rt-
βDEXcst columns at these initial oven
temperatures. Linalool oxides are
volatile compounds that exhibit peak
broadening and almost no resolution
on the Rt-βDEXcst column with an
initial oven temperature of 40°C (Fig-
ure 14A). The peak shapes and over-
all resolution of the linalool oxides im-
prove when initial temperature is
increased to 70°C, even though the in-
dividual enantiomers of both the cis
and trans isomers are not separated
(Figure 14B). Higher initial tempera-
tures do not always completely elimi-
nate peak broadening for some com-
ponents. However, the improvement
in solvent peak shape indicates a
physical transition of the cyclodextrin
macromolecules from a crystalline
structure to a liquid at this higher
temperature. Thus the recommended
minimum operating temperature of
Rt-βDEXsp and Rt-βDEXcst columns
is 60°C.

Figure 14A
Linalool oxides exhibit extreme peak broadening and poor resolution on the

Rt-βDEXcst column with an initial oven temperature of 40°C.

Figure 14B
Linalool oxides exhibit improved peak shape and resolution on the

Rt-βDEXcst column when initial oven temperature is increased to 70°C.

cis & trans linalool oxides

15min. 20 25

cis & trans linalool oxides

15min. 20 25

30m, 0.32mm ID, 0.25µm Rt-βDEXcst (cat.# 13102)
Oven temp.: 70°C (hold 1 min.) to 200°C @

2°C/min.; Carrier gas: hydrogen; 80cm/sec. set @ 40°C;
Detector: FID set @ 220°C

30m, 0.32mm ID, 0.25µm Rt-βDEXcst (cat.# 13102)
Oven temp.: 40°C (hold 1 min.) to 200°C @

2°C/min.; Carrier gas: hydrogen; 80cm/sec. set @ 40°C;
Detector: FID set @ 220°C

Higher initial

temperatures do not

always completely elimi-

nate peak broadening

for some components.

However, the improve-

ment in solvent peak

shape indicates a physi-

cal transition of the

cyclodextrin macromol-

ecules from a crystalline

structure to a liquid at

this higher temperature.
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Figure 15A
Linalool and linalyl acetate have
symmetrical peak shapes and

excellent chiral separation on the
Rt-βDEXse column at 25ng per

component on-column.

linalool

min.  30 35 40

linalyl acetate

linalool

min.  30 35 40

linalyl acetate

linalool

min.  30 35 40

linalyl acetate

Figure 15C
Excessive overload of chiral com-
pounds on cyclodextrin columns

results in extreme peak tailing and
complete loss in resolution.

Figure 15B
Linalool shows signs of overload

with slight peak tailing, and linalyl
acetate has a small loss in

resolution when sample load is
increased to160ng.

R S

R S

R
S

R

S

R S

R,S

30m, 0.32mm ID, 0.25µm
Rt-βDEXse (cat.# 13106)

Oven temp.: 40°C (hold 1 min.) to 200°C
@ 2°C/min.; Carrier gas: hydrogen;

80cm/sec. set @ 40°C;
Detector: FID set @ 220°C

30m, 0.32mm ID, 0.25µm
Rt-βDEXse (cat.# 13106)

Oven temp.: 40°C (hold 1 min.) to 200°C
@ 2°C/min.; Carrier gas: hydrogen;

80cm/sec. set @ 40°C;
Detector: FID set @ 220°C

30m, 0.32mm ID, 0.25µm
Rt-βDEXse (cat.# 13106)

Oven temp.: 40°C (hold 1 min.)
to 200°C @ 2°C/min.;
Carrier gas: hydrogen;
80cm/sec. set @ 40°C;

Detector: FID set @ 220°C

Overloading and Tailing
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Some chiral compounds show over-
loading at lower concentrations than
achiral compounds. One reason is the
different amounts of cyclodextrin (5-
50%) dissolved in the stationary
phase. Unlike the classical fronting
peaks of normal stationary phases,
the characteristic of an overloaded
peak on cyclodextrin stationary
phases is indicated by a tailing peak.
Overloading chiral compounds re-
sults in loss of resolution, even when
column capacity has not been ex-
ceeded. Figure 15A shows the enan-
tiomeric separations of linalool and
linalyl acetate on the Rt-βDEXse. The
amount for each component in the
column is about 25 ng. Figure 15B
shows the same components at a
higher concentration of 160ng on-col-
umn. Note that the linalool enanti-
omers are beginning to tail, and there
is a small loss in chiral resolution for
linalyl acetate. Even though the maxi-
mum sample capacity for 0.32mm ID
capillary columns is normally 400-
500ng per component, the peak
shapes of chiral compounds indicate
overload at one-third of the sample
amount. Again, there is much less
cyclodextrin for which a chiral com-
pound can interact. Figure 15C
shows pronounced overloading of
these compounds at 5µg on-column.
Extreme tailing and complete loss in
resolution are the result.



○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

14

CHIRAL SPECIFIC APPLICATIONS OF ESSENTIAL
OILS, FLAVORS, AND PHARMACEUTICALS
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

ESSENTIAL OILS
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Chiral capillary GC has proven to be a convenient method for characterizing
essential oils and differentiating natural flavors from those of synthetic origin.
Chiral compounds from natural origins usually exist as one predominant op-
tical isomer. Also, the inspection of enantiomeric ratios can characterize re-
gional differences between oils. Although sometimes a result of processing, the
presence of racemic pairs (one-to-one ratios of each enantiomer) most often
indicates adulteration or unnatural origin.

Since most chiral compounds natu-
rally exist as one predominant isomer,
resolution is more challenging, espe-
cially for components in higher con-
centrations. For primary constituents
in essential oils, select a chiral col-
umn that provides a resolution factor
value greater than two to overcome
possible loss of resolution.

Since essential oils are mixtures of
many compounds, coelution of peaks
and overlapping of certain optical
pairs are sometimes hard to avoid.
Not all of the chiral compounds found
in an essential oil or flavor extract may
separate on the same column. Con-
necting two different columns to-
gether is possible, but the elution or-
der of some enantiomers may reverse
with this combination, resulting in
loss of separation. Dual column
analysis is a logical alternative to ob-
tain a more complete enantiomeric
profile and to provide confirmational
identification of individual constitu-
ents. To reduce analysis time, both
columns can be installed into the
same injection port for simultaneous
confirmation. (Consult Restek’s Chro-
matography Products Guide for more
information about dual column
analysis.)

For primary constituents

in essential oils, select

a chiral column that

provides a resolution

factor value greater than

two to overcome possible

loss of resolution.
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Lemon Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rt-βDEXsm is the optimum col-
umn for obtaining chiral profiles of
Lemon and other citrus oils since it
provides enantiomeric separation for
the main terpene constituents like α-
and β-pinenes, sabinene (these enan-
tiomers overlap with those of β-
pinene) and limonene (Figure 16).

Rosemary Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Chiral constituents in this oil include
α-pinene, β-pinene, camphene, li-
monene, linalool, camphor, terpinen-
4-ol,  α-terpineol, borneol, and
isoborneol. Baseline enantiomeric
separation is easily achieved for all of
these compounds on the new Rt-
βDEXsm column. The common
permethylated β-cyclodextrin column
cannot completely resolve the optical
isomers of limonene, linalool, and
camphor (Figure 17).

Figure 17
The Rt-βDEXsm, the most versatile β-cyclodextrin column for essential oil

analysis, resolves enantiomers of α-pinene, β-pinene, camphene, limonene,
linalool, camphor, terpinen-4-ol, α-terpineol, borneol, and isoborneol in

rosemary oil.

10min.  0 20

1

30 40

2

3

3

4

4 1. (-/+)α-pinene
2. (+/-)camphene
3. (+/-)β-pinene
4. (-/+)limonene
5. eucalyptol (cineole)
6. linalool
7. camphor
8. (-/+)terpinen-4-ol
9. isoborneol

10. borneol
11. α-terpineol

6
6

7

7

8

8
9
9 10

10

11
11

5

30m, 0.32mm ID, 0.25µm Rt-βDEXsm (cat.# 13104);
Oven temp.: 40°C (hold 1 min.) to 200°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec.; Detector: FID set @ 220°C

Figure 16
The Rt-βDEXsm column provides chiral resolution of the primary

terpenes in Artificial Lemon oil.

15min.  10 20 25

1

30 35 40 45

1

2
2

3

3

4

4

1. (-/+)α-pinene
2. sabinene
3. (+/-)β-pinene
4. (-/+)limonene

30m, 0.32mm ID, 0.25µm Rt-βDEXsm (cat.# 13104);
Oven temp.: 40°C (hold 1 min.) to 200°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec.; Detector: FID set @ 220°C

The Rt-βββββDEXsm is the

optimum column for

obtaining chiral profiles

of Lemon and other

citrus oils.

Visit Restek on-line at

www.restekcorp.com,

or call 800-356-1688,

ext. 4, for technical

assistance.
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Figure 18
The Rt-βDEXsm column is optimum

for the separation of (+/-) α- and
β-pinene, limonene, and menthone

in peppermint oil.

Figure 19A
Analyze spearmint oil on the
Rt-βDEXsm column to obtain

maximum separation of (+/-) α-
and β-pinene, limonene, and

menthone enantiomers.

15min.  10 20 25 30 35 40 45
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3
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1. (-/+) α-pinene
2. (+/-) β-pinene
3. (-/+) limonene
4. (+/-) menthone
5. (+/-) menthol (no sep.)

5

{

{

{

15min.  10 20 25 30 35 40 45

1. α-pinene
2. β-pinene
3. limonene
4. menthone
5. menthol (no sep.)
6. carvone (no sep.)
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33

4
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{
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{

6

Figure 19B
The optical isomers of carvone best
separate on the Rt-βDEXsa column.

30m, 0.32mm ID, 0.25µm Rt-βDEXsm (cat.# 13104); Oven temp.: 40°C (hold 1 min.) to
200°C @ 2°C/min. (hold 3 min.); Carrier gas: helium; 60cm/sec.; Detector: MSD set @ 220°C

30m, 0.32mm ID, 0.25µm Rt-βDEXsm (cat.# 13104); Oven temp.: 40°C (hold 1 min.) to
200°C @ 2°C/min. (hold 3 min.); Carrier gas: helium; 60cm/sec.; Detector: MSD set @ 220°C

Midwestern
Spearmint

(d)

(l)

Racemic
Carvone
Standard

(d)(l)

min. 38 39 40

30m, 0.32mm ID, 0.25µm Rt-βDEXsa
(cat.# 13108); Oven temp.: 40°C

(hold 1 min.) to 200°C @ 2°C/min.;
Carrier gas: helium; 60cm/sec. set @ 40°C;

Detector: MSD set @ 220°C

Peppermint Oil provided
by AM Todd.

Spearmint Oil provided
by AM Todd.

Peppermint Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rt-βDEXsm column is optimum for the separation of (+/-) α- and β-pinene,
limonene and menthone. Since menthone and menthol enantiomers are ma-
jor constituents of peppermint oil, reducing the sample size to prevent over-
loading of these components and provide better enantiomeric resolution may
be necessary.

An alternative solution is to use an Rt-βDEXsp as a secondary column since it
provides better resolution of menthol. However, do not use this column in a
dual column system with an Rt-βDEXsm. The minimum temperatures of these
phases differ by 20°C, which would minimize volatile terpene separation on
the Rt-βDEXsm (Figure 18).

Spearmint Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rt-βDEXsm column yields maxi-
mum separation of (+/-) α- and β-
pinene, limonene and menthone
enantiomers in spearmint oil. The
enantiomeric ratios of the primary
chiral constituents in an artificial
spearmint oil can be seen in the chro-
matogram shown in Figure 19A.

Although the optical isomers of
carvone best separate on the Rt-
βDEXsa column, α-pinene and li-
monene do not. For the separation of
carvone, use a dual column system
comprised of 30-meter Rt-βDEXsm
and Rt-βDEXsa columns, since both
have a minimum operating tempera-
ture of 40°C. Figure 19B compares
carvone in natural sources of spear-
mint oil to a racemic standard on the
Rt-βDEXsa column.

min. 38 39 40
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Figure 20A
Linalool and linalool oxides in lavender oils are stereochemically

separated on the Rt-βDEXsm column.

Figure 20B
The Rt-βDEXse column resolves enantiomers of

linalyl acetate in lavender oils.

20min.  10 30 40 50

20min.  10 30 40 50

1a. (-)-limonene
1b. (+)-limonene
2. (+)-trans-linalool oxide
3. (-)-cis-linalool oxide

4a. (-)- (R)-linalool
4b. (+)-(S)-linalool
5. (+/-)camphor
6. R,S linalyl acetate

1b

2 3

4a

5{

6

1a

Lavender oils provided by Belmay.

Lavender oils provided by Belmay.

30m, 0.32mm ID, 0.25µm Rt-βDEXse (cat.# 13106);
Oven temp.: 40°C (hold 1 min.) to 200°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec.; Detector: FID set @ 220°C

30m, 0.32mm ID, 0.25µm Rt-βDEXsm (cat.# 13104);
Oven temp.: 40°C (hold 1 min.) to 200°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec.; Detector: FID set @ 220°C

1a. (-)-limonene
1b. (+)-limonene
2. (+)-trans-linalool oxide
3. (-)-cis-linalool oxide

4a. (-)- (R)-linalool
4b. (+)-(S)-linalool
5. (+/-)camphor

6a. (-)-(R)-linalyl acetate
6b. (+)-(S)-linalyl acetate
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1
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2 3

4a

{5

6a
6b

Visit Restek on-line at

www.restekcorp.com,

or call 800-356-1688,

ext. 4, for technical

assistance.

Lavender Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rt-βDEXsm column separates
the enantiomers of the primary chiral
compounds found in lavender oil, in-
cluding linalool. Both the cis and
trans enantiomeric pairs of the
furanoid linalool oxides, which con-
tribute characteristic odors to laven-
der oils and Clary sage oil, are sepa-
rated on this column. (R)-Linalool is
present in at least 85% enantiomeric
excess. (2R)-Configured linalool ox-
ides are present in about 77% enan-
tiomeric excess in authentic Lavender
oils.2 Both the cis and trans (R)-lina-
lool oxides are essentially enantio-
merically pure in this oil, as shown in
Figure 20A (peaks 2 and 3).

Linalyl acetate is another primary
constituent in lavender oils. The (R)-
(-) enantiomer is predominant in au-
thentic lavender oils.3  A dual column
system comprised of both the Rt-
βDEXsm and Rt-βDEXse columns
can be used to resolve the enanti-
omers of linalyl acetate as well (peak
6 in Figure 20B). Note that the (-)-(R)-
enantiomer constitutes >92% of
linalyl acetate in this lavender oil.

4b

4b
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6b

7

1a. (+)-(2R,4S)-cis-rose oxide
1b. (-)-(2S,4R)-cis-rose oxide
2a. (-)-(2R,4R)-trans-rose oxide
2b. (+)-(2S,4S)-trans-rose oxide
3. isomenthone
4. menthone

5a. (-)-(R)-linalool
5b. (+)-(S)-linalool
6a. (-)-(S)-β-citronellol
6b. (+)-(R)-β-citronellol
7. geraniol
8. citronellyl formate

Figure 21A
The Rt-βDEXsa column provides chiral resolution for cis and trans rose

oxides, linalool, and β-citronellol in Chinese Geranium oil.

Figure 21B
The Rt-βDEXsa column reveals authenticity of Rose oil Maroc.

1a

40min.  30 50 60

40min.  30 50 60

1b

2a
2b

3

4

5a 5b

6a

8

1. (-)-(2S,4R)-cis-rose oxide
2. (-)-(2R,4R)-trans-rose oxide

3a. (-)-(R)-linalool
3b. (+)-(S)-linalool
4. phenylethyl alcohol

5a. (-)-(S)-β-citronellol
5b. (+)-(R)-β-citronellol
6. geraniol

6

1

2

3a

4 5a

5b

3b

Geranium oils provided by Belmay.

30m, 0.25mm ID, 0.25µm Rt-βDEXsa (cat.# 13109);
Oven temp.: 60°C to 110°C @ 1°C/min. (hold 30 min.);

Carrier gas: hydrogen; 40cm/sec. set @ 60°C; Detector: FID set @ 220°C

30m, 0.25mm ID, 0.25µm Rt-βDEXsa (cat.# 13109);
Oven temp.: 60°C to 110°C @ 1°C/min. (hold 30 min.);

Carrier gas: hydrogen; 40cm/sec. set @ 60°C; Detector: FID set @ 220°C

Geranium Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Chiral constituents in geranium oils
include cis and trans rose oxides,
linalool, and β-citronellol. The Rt-
βDEXsa column provides chiral reso-
lution for all of these compounds. In
authentic samples of geranium oil,
(-)-(4R)-configured diastereomers of
cis- and trans-rose oxides predomi-
nate over their (+)-enantiomers.3 The
(-)-(S) form of β-citronellol is 74-80%
of the enantiomeric ratio.4 Note that
cis- and trans-rose oxides and β-cit-
ronellol are racemic in this particu-
lar commercial geranium oil, as
shown in Figure 21A. These racemic
compounds indicate that this oil is
not authentic.

Rose Oil
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

As with geranium oils, (-)-(2S,4R)-cis
and (-)-(2R,4R)-trans rose oxides and
(-)-(S)-β-citronellol are specific indica-
tors of genuine rose oils.5 Note the
enantiomeric purity of these com-
pounds in Rose Oil Maroc, as shown
in Figure 21B.

Visit Restek on-line at

www.restekcorp.com,

 or call 800-356-1688,

ext. 4, for technical

assistance.
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Figure 22
The Rt-βDEXse column can differentiate Bergamot extract

from Bergamot flavor.
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30m, 0.32mm ID, 0.25µm Rt-βDEXse (cat.# 13106);
Oven temp.: 40°C (hold 1 min.) to 200°C @ 4°C/min.;

Carrier gas: helium; 60cm/sec. set @ 40°C; Detector: MSD set @ 220°C

FLAVORS
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Bergamot oil and a few of the popular
fruit flavorings such as raspberry,
strawberry, and peach were exam-
ined. The composition of extracts from
natural sources were compared to
those from commercially available fla-
vored teas and drinks. Some target
chiral compounds examined were
linalool and linalyl acetate in berga-
mot oil, α-ionone and δ-decalactone in
raspberry, and γ-lactones in peach
extracts.

Bergamot Flavor
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

A genuine cold-pressed bergamot oil
should contain only the (R)-isomers of
linalool and linalyl acetate.6 The enan-
tiomeric purity of (R) limonene should
also be considered.7 Chromatogram A
in Figure 22 is a natural source of
bergamot oil. Only the (R)-enanti-
omers of limonene, linalool and linalyl
acetate were present. Chromatogram
B illustrates an extract from an arti-
ficially flavored tea. Both samples
were analyzed on an Rt-βDEXse col-
umn. The presence of racemic linalool
and linalyl acetate indicates bergamot
flavor of unnatural origin.

A: Bergamot Extract

B: Bergamot Flavor
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Figure 23
The γ-lactones are analyzed for the adulteration of

peach flavor on the Rt-βDEXsa column.
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30m, 0.32mm ID, 0.25µm Rt-βDEXsa (cat.# 13108); Oven temp.: 60°C (hold 2 min.)
to 100°C @ 15°C/min., then to 220°C @ 3°C/min.;

Carrier gas: helium; 60cm/sec. set @ 60°C; Detector: MSD set @ 220°C.
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Peach Flavor
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Both δ- and γ-lactones are present in
peaches, but only the γ-lactones are
analyzed for the adulteration of peach
flavor. Gamma-decalactone occurs in
the 89% (R) : 11%(S)- enantiomers in
natural Peach flavor.8 In Figure 23,
Chromatogram A is a peach extract.
A significant amount of the (R)-γ-
decalactone was present, along with
the (S)-enantiomer, which coeluted
with an unknown. A small amount of
(R)-γ-dodecalactone was also de-
tected. Chromatogram B is an extract
from a beverage with “all natural”
peach flavor. Gamma-decalactone
was not present, but racemic γ-
undecalactone was found in a 1:1 ra-
tio. This was the same result with an-
other peach-flavored beverage.
Chromatogram C is from an “all natu-
ral-flavored beverage,” with peach
and vanilla flavors. Although only the
(R)-enantiomer of γ-decalactone was
present, the amount is very small.
Both γ-octalactone and γ-undecalac-
tone were found to be racemic, indi-
cating adulteration.

A: Peach Extract

B: Peach Flavor

C: Peach/Vanilla Flavor

The γγγγγ-lactones are

inspected for the

adulteration of

peach flavor.

S
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Raspberry Flavor
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Alpha-ionone from raspberries occurs
as an enantiopure (R)(+)-enantiomer,
illustrated on an Rt-βDEXsa column
in Figure 24A. Chromatogram B rep-
resents a “naturally flavored” rasp-
berry iced tea. A racemic mixture of
α-ionone was present, indicating that
it is not a completely natural rasp-
berry flavor. Thus, α-ionone serves as
a good marker compound for deter-
mining raspberry authenticity.

Figure 24
The Rt-βDEXsa column resolves isomers of α-ionone to

determine raspberry authenticity.
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30m, 0.32mm ID, 0.25µm Rt-βDEXsa (cat.# 13108);
Oven temp.: 60°C (hold 2 min.) to 200°C @ 3°C/min.;

Carrier gas: helium; 60cm/sec. set @ 60°C; Detector: MSD set @ 220°C.
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A: Raspberry Extract

B: Raspberry Flavor

Alpha-ionone serves as a

good marker compound

for determining

raspberry authenticity.

30m, 0.32mm ID, 0.25µm Rt-βDEXsa (cat.# 13108);
Oven temp.: 60°C (hold 2 min.) to 200°C @ 3°C/min.;

Carrier gas: helium; 60cm/sec. set @ 60°C; Detector: MSD set @ 220°C.
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Figure 25
The optical isomers of TFA-fenfluramine and its metabolite are

well resolved on the Rt-βDEXcst column.

Figure 26
 The Rt-βDEXcst column can resolve the enantiomers of

common barbiturates.

20min.  15 25 30 35 40

20min.  10 30 5040

Figure 27
The Rt-βDEXcst column simultaneously resolves the enantiomers of

TFA-amphetamine and TFA-methamphetamine.

12min.  10 14 16 18 20 22 24

30m, 0.32mm ID, 0.25µm
Rt-βDEXcst (cat.# 13102);

Oven temp.: 60°C (hold 1 min.) to
220°C @ 3°C/min.; Carrier gas:
hydrogen; 80cm/sec. set @ 60°C;

Detector: FID set @ 220°C.

30m, 0.32mm ID, 0.25µm
Rt-βDEXcst (cat.# 13102);

Oven temp.: 90°C (hold 1 min.) to
200°C @ 2°C/min. (hold 3 min.);

Carrier gas: hydrogen; 80cm/sec. set
@ 60°C; Detector: FID set @ 220°C.
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30m, 0.25mm ID, 0.25µm Rt-
βDEXcst (cat.# 13103); Oven
temp.: 120°C (hold 1 min.) to

175°C @ 1.5°C/min.; Carrier gas:
helium; 25cm/sec. set @ 120°C;

Detector: MSD set @ 220°C.
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DRUGS
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Stereochemical properties of chiral
drugs have been found in many in-
stances to be the controlling factor
concerning activity. One enantiomer
may provide a biological function. The
other may be inactive or exhibit an-
other functionality, which could re-
sult in side effects. In some cases, one
optical isomer may be harmful. The
FDA requires drug manufacturers to
test the individual enantiomers of
new drugs for toxicity.

Fenfluramine
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Fenfluramine is an appetite suppres-
sant to promote weight loss with
obese patients.9 Although it is struc-
turally similar to amphetamines, it
differs somewhat pharmacologically.
Norfenfluramine is a metabolite that
is found in urine and serum of pa-
tients. The purpose of the chiral iso-
lations, like many analyses in the
pharmaceutical industry, is of propri-
etary nature. The TFA derivatives of
both fenfluramine and norfenflur-
amine are separated into their enan-
tiomers on the Rt-βDEXcst column
(Figure 25).

Barbiturates
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Mephobarbital and Hexobarbital are
barbiturates with sedative, hypnotic
and anticonvulsant properties.10 Be-
cause psychological and physical de-
pendence may occur with continuing
use, they are controlled substances in
the U.S. Code of Federal Regulations.
The optical isomers of these barbitu-
rates can be simultaneously resolved
on an Rt-βDEXcst column (Figure
26).

Amphetamines
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Dextroamphetamine (d-amphet-
amine), d,l-amphetamine, and d-
methamphetamine are sympathomi-
metic amines with central nervous
system stimulant activity.11 They are
significant drugs of abuse in the
United States and are included
among the drugs to be tested under

(+)

(-)

(+) (-)
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Rt-βββββDEXsm (30m, 0.25µm) Rt-βββββDEXse (30m, 0.25µm)

mm ID cat.# min. temp. max. temp. mm ID cat.# min. temp. max. temp.

0.25 13105 40°C 230°C 0.25 13107 40°C 230°C

0.32 13104 40°C 230°C 0.32 13106 40°C 230°C

Rt-βββββDEXsa (30m, 0.25µm) Rt-βββββDEXsp (30m, 0.25µm)

0.25 13109 40°C 230°C 0.25 13111 60°C 230°C

0.32 13108 40°C 230°C 0.32 13110 60°C 230°C

Rt-βββββDEXcst (30m, 0.25µm) Rt-βββββDEXm (30m, 0.25µm)

0.25 13103 60°C 230°C 0.25 13100 40°C 230°C

0.32 13102 60°C 230°C 0.32 13101 40°C 230°C

Stereochemical proper-

ties of chiral drugs have

been found in many in-

stances to be the control-

ling factor concerning

activity. One enantiomer

may provide a biological

function and the other

may be inactive or may

exhibit another function-

ality, which could result

in side effects.

the federal guidelines for workplace
drug testing.12 However, l-metham-
phetamine (deoxyephedrine) is found
in over-the-counter decongestants
and is not a controlled substance.13

Enantiomeric separation of these

compounds, which is necessary for
accurate interpretation of drug tests,
is easily achieved on the Rt-βDEXcst
chiral capillary GC column (Figure
27).
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“Among the most widely used capillary columns today are the
polar polyethylene glycol (PEG) columns. While PEG columns
offer a unique selectivity for a wide variety of analyses, their
uses have been limited because of short column lifetimes, re-
stricted operating ranges, and poor inertness.

Restek Corporation has been providing chromatographers with
superior capillary columns since 1985. And, our PEG columns are just another ex-
ample of how we’ve improved on existing technology to solve customers’ problems.
The columns in this guide are durable, function at a wide range of temperatures, and
are highly inert.

We have designed six different PEG capillary GC column phases — Stabilwax®,
Stabilwax®-DA, Stabilwax®-DB, FAMEWAX™, Rtx®-Wax, and MXT®-Wax columns —
each an innovative improvement over existing, competitor PEG columns. In addition
to the wide variety of PEG columns, we offer many custom column materials and
configurations. We will try to match any column written into a method, or engineer a
new custom PEG phase if your needs are spe-
cial. If you cannot find what you are looking
for, call our technical support at 800-356-
1688, ext. 4.”

Restek Phase Temp. Limits Cross-Reference Typical Analyses Benefits

Stabilwax® 40 to 260°C Supelcowax™-10, FAMEs, Flavors, Resists oxidation,
MXT®-WAX HP-Innowax, Carbowax®, Essential Oils, extended lifetimes,

CP wax 52 CB Solvents, BTEX high thermal stability.

Stabilwax®-DA 40 to 260°C Nukol™, SP™-1000, Free Fatty Acids Provides efficiency and
HP-FFAP, AT-1000, inertness for

BP 21, CP Wax 58 CB, acidic compounds.
007 FFAP, DB-HAP

Stabilwax®-DB 40 to 220°C CAM, Carbowax® Amines Provides efficiency and
Amine, CP Wax 51 inertness for

basic compounds.

Rtx®-Wax 20 to 250°C DB-Wax, HP-Wax, Flavors, Essential Oils, Increased efficiency and
AT-Wax, 007-Wax Polar Solvents, BTEX inertness over conventional

wax columns, lower
minimum operating temperature.

FAMEWAX™ 20 to 250°C Omegawax™ Fatty Acid Methy Esters Specifically designed for fast,
efficient analysis of FAMEs.

Mark Lawrence & Tom Gurecki
Mark and Tom lead the manufacturing

efforts for all of the phases included in this
publication. Their goal is to bring you the

most consistent columns, while continuing
to expand the product offering.

Polyethylene Glycol Stationary Phase Selection Guide
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Rick Crago, Product Line Manager
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Stabilwax® Columns for Solvents, FAMEs, Xylene
Isomers, and Flavors
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

· Increased column lifetime.
· Remarkably low bleed.
· Solvent rinsable.

Stabilwax® columns are durable, all-purpose PEG columns. FAMEs, flavors,
acids, essential oils, amines, solvents, xylene isomers, BTEX, and EPA Method
603 compounds (acrolein and acrylonitrile) are all easily analyzed on these
rugged columns.

Restek’s research chemists developed a polar-deactivated surface that tightly
binds the Carbowax® polymer, thus increasing the polymer’s thermal stability
over competitive columns. Next, they incorporated antioxidant features into the
polymer backbone to resist damage from an influx of trace oxygen, the most
common cause of Carbowax® column failure. Finally, they fine-tuned the
bonding mechanisms to result in a column that can be rejuvenated by solvent-
washing.

Benefits of Low Bleed
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The low bleed at higher temperatures that is provided by a Stabilwax® column
ensures accurate identification and quantitation of higher-boiling components,
minimal detector contamination, and extended column lifetime. The Stabilwax®

column is thermally stable to 250°C. Only a minimal bleed level is evident at
this temperature. In fact, compared to similar PEGs from other manufactur-
ers, the Stabilwax® exhibits the lowest bleed profile at 250°C (Figure 1).

Figure 1
Stabilwax® Column Exhibits Lowest Bleed Profile at 250°C

30min.  28

17.500pA

30min.  28

26.938pA

Competitor B

Competitor A

30m, 0.25mm ID, 0.50µm
Oven temp.: 40°C to 175°C @ 6°C/min. to 250°C @ 15°C/min. (hold 5 min.);

Inj. & det. temp.: 250°C;
Carrier gas: hydrogen;

Linear velocity: 45cm/sec. set @ 40°C;
FID sensitivity: 8 x 10-11 AFS

30min.  28

Stabilwax® (cat.# 10638)

13.1pA

visit Restek on-line
www.restekcorp.com
○ ○ ○ ○

or call

800-356-1688ext. 4

for technical
assistance.
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Stabilwax® Columns for Complex Mixtures
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

This PEG column also provides an affinity toward and separation of many polar compounds found in complex samples
such as spearmint oil and industrial solvent mixtures. (Figures 2 and 3 )

Figure 2
Flavor Components of Native Spearmint Oil are Baseline Resolved on a Stabilwax® Column
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25

c-gram #97

60m, 0.25mm ID, 0.25µm Stabilwax® (cat.# 10626)
0.2µl split injection of a neat spearmint oil.

Oven temp.: 75°C (hold 4 min.) to 200°C @ 4°C/min. (hold 10 min.)
Inj. & det. temp.: 250°C; Carrier gas: hydrogen; Linear velocity: 40cm/sec. set @ 160°C;

FID sensitivity: 4 x 10-11 AFS; Split ratio: 100:1

6 8 10 12 14 16 18 20 22 24 26 28 30 32min.  4

6 7

Figure 3
Industrial Solvents Separated on a Stabilwax® Column in Under 10 minutes

15

14

c-gram #2002

1. pentane
2. hexane
3. methyl formate
4. acetone
5. tetrahydrofuran
6. 1,1,1-trichloroethane
7. ethyl acetate
8. methanol
9. methylethyl ketone

10. methylene chloride

30m, 0.53mm ID, 1.0µm Stabilwax® (cat.# 10655)
Wet needle injection of neat solvents.

Oven temp.: 50°C to 220°C @ 10°C/min.;
Inj. & det. temp.: 250°C; Carrier gas: helium;

Linear velocity: 20cm/sec.; FID sensitivity: 5.12 x 10-10 AFS

3
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5

8,9

6,72

1

10,11

16

13 17
18

19

20

12

min.  2 4 6 8 10

11. chloroform
12. benzene
13. n-propyl alcohol
14. sec-butyl alcohol
15. toluene
16. n-butyl acetate
17. isobutyl alcohol
18. n-butyl alcohol
19. o-xylene
20. ethoxyethane

1. α-pinene
2. β-pinene
3. sabinene
4. myrcene
5. α-terpinene
6. L-limonene
7. 1,8-cineole
8. cis-ocimene
9. γ-terpinene

10. p-cymene
11. terpinolene
12. 3-octyl acetate
13. 3-octanol
14. L-menthone
15. trans-sabinenehydrate
16. β-bourbonene
17. linalool
18. terpinene-4-ol
19. β-caryophyllene
20. dihydrocarvone
21. trans-dihydrocarvyl
acetate
22. trans-β-farnesene
23. α-terpineol
24. germacrene-D
25. carvone
26. cis-carvyl acetate
27. trans-carveol
28. cis-carveol
29. cis-jasmone
30. viridiflorol
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Stabilwax®-DA Columns for Acidic Compounds
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

· Ideal for free fatty acids analysis.
· Thermally stable to 250°C.
· Solvent rinsable.
· Resolves saturated and unsaturated free fatty acids.
· No derivatization needed of free fatty acids.
· Inertness increases sample capacity.
· Achieves good peak shapes.

The analysis of volatile free fatty acids has been difficult on common siloxane
stationary phases because of analyte adsorption and low sample capacity.
Although PEG stationary phases exhibit improved capacity and better selec-
tivity for many free acids, peak tailing still can occur. Stabilwax®-DA is a bonded
PEG stationary phase that has been specially deactivated to analyze acidic
compounds. The resulting inertness significantly reduces adsorption and in-
creases sample capacity of volatile-free acids, thereby improving peak shape
(Figure 4). It also eliminates the need to derivatize free fatty acids from C1 to
C20, which simplifies sample preparation. Restek’s deactivation and innova-
tive Crossbond® procedure produces columns that last longer and give better
peak shapes with high molecular weight acids than our
competitors.

2 9
8

76

4

3

1

13

Figure 4
Stabilwax®-DA Column Gives Good Peak Shapes for Free Fatty Acids

30m, 0.53mm ID, 0.25µm Stabilwax®-DA (cat.# 11025)
0.5µl direct injection of a 5mg/ml standard.

Oven temp.: 100°C (hold 2 min.) to 250°C @ 8°C/min.;
Inj. & det. temp.: 280°C; Carrier gas: helium;

Linear velocity: 40cm/sec. (flow rate: 5.2cc/min.); FID sensitivity: 8 x 10-11 AFS

1. C2:0 - acetic acid
2. C3:0 - propionic acid
3. C4:0 - butyric acid
4. C5:0 - valeric acid
5. C6:0 - caproic acid
6. C7:0 - enanthic acid
7. C8:0 - caprylic acid
8. C10:0 - capric acid
9. C12:0 - lauric acid

10. C14:0 - myristic acid
11. C15:0 - pentadecanoic acid
12. C16:0 - palmitic acid
13. C16:1 - palmitoleic acid
14. C18:0 - stearic acid
15. C18:1 - oleic acid
16. C18:2 - linoleic acid
17. C18:3 - linolenic acid

17

16

15

14
12

11

10

min.  4 8 12 242016

c-gram #162

5

Special deactivation

improves separations

and simplifies sample

preparation.

Restek’s Crossbond®

Procedure produces
columns with lower
bleed, longer lifetime,
solvent rinsability,
and you can use direct
acqueous injections.
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Stabilwax®-DB Columns for Basic Compounds
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

· Bonded phase reduces column bleed.
· Thermally stable to 220°C.
· Eliminates need for derivatization.
· No column priming required.
· Reproducible amine analyses.
· Stringently tested for analysis of difficult basic compounds.

This column was developed to reduce adsorption and improve response of basic
compounds without the need for column priming. Analyses that previously
required derivatization, or another analytical technique such as HPLC, can now
be performed on the Stabilwax®-DB column. In addition to the stringent Grob
test for efficiency, bleed, and inertness (excluding oxygenated compounds), the
Stabilwax®-DB column must also analyze a mixture that contains triamine,
diamine, and propylamine. This additional test ensures that every Stabilwax®-
DB column is basic enough to analyze these difficult amine compounds.

Some basic compounds, such as amines, are prone to adsorption in the GC
system, including the analytical column. The Stabilwax®-DB column is spe-
cially treated for better recovery and quantitation of amines (Figure 5).

Figure 5
Improved Recovery and Quantitation of Primary Amines

(low MW) on a Stabilwax®-DB Column

  1. trimethylamine
  2. dimethylamine
  3. ethylamine
  4. methylamine
  5. isopropylamine
  6. n-propylamine
  7. tert-butylamine
  8. diethylamine
  9. sec-butylamine

1

2

3

4

5

6

7

8
9

Visit Restek on-line

at www.restekcorp.com

for detailed product

information and to

order free literature.

30m, 0.53mm ID, 1.0µm Stabilwax®-DB (cat.# 10855)
1.0µl direct injection of low molecular weight amines in water.

Oven temp.: 45°C isothermal; Inj. & det. temp.: 250°C; Carrier gas: hydrogen;
Linear velocity: 40cm/sec. (flow rate: 5cc/min.); FID sensitivity: 1 x 10-11 AFS

c-gram #23

2 3min.  1

Unbreakable Metal
Capillary Columns

For harsh environments or spe-
cial applications where fused
silica tubing may not be the ideal
material, Restek offers MXT® cap-
illary columns. MXT® columns are
made from unbreakable, thin-wall
stainless steel that has been
treated with our Silcosteel® pro-
cess. This process deposits a sub-
micron layer of flexible fused silica
on the inside of the tubing, giving
it the same inertness as an Rtx®

column, but with the ruggedness
of stainless steel. MXT® columns
are caged in small diameter coils
that are ideal for portable or pro-
cess GCs.

MXT®-Wax columns combine the
unique selectivity of the PEG sta-
tionary phases with the rugged
durability of stainless steel tub-
ing. These columns are ideal for
use in the process and portable
GC industries, where column
breakage is a significant problem.

See page 12 for
ordering information.
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Rtx®-Wax Columns for Difficult Active Compounds
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

· Minimum temperature of 20°C for analysis of volatiles.
· Excellent efficiency and inertness for aldehydes.
· Fast BTEX analyses.
· Thermally stable to 250°C.

The Rtx®-Wax column features a bonded, highly inert PEG stationary phase
that provides excellent selectivity for compounds ranging in volatility, molecu-
lar weight, and polarity, and can even resolve aromatic isomers. It has a low
mimimum operating temperature (20°C) for analysis of volatile compounds.
Crossbond® cross-linking, or bonding of the stationary phase, provides ther-
mal stability at higher temperatures for analysis of higher boiling compounds.
Compared to other available Carbowax® columns, the crossbonded Rtx®-Wax
column provides a vast operational temperature range, excellent efficiency,
selectivity, and superior inertness. These advantages make it a logical im-
provement for all Carbowax® applications.

Benefits of Low Temperature Analyses
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Many PEG columns undergo a solid-liquid phase transition at temperatures
below 40°C, which results in loss of efficiency, reduced sample capacity, and
poor retention time reproducibility. The new Rtx®-Wax column can sustain
20°C for limited periods before solidification of the stationary phase occurs.
This is especially advantageous for applications involving purge-and-trap and
headspace analyses. Volatile components can be cold-trapped onto the col-
umn and elute as sharp, symmetrical, well-resolved peaks because column
efficiency is still maintained at this low temperature. Figures 6A and 6B dem-
onstrate the difference in PEG column performance at 20°C. The Rtx®-Wax
column provides better column efficiency and resolution of the analytes, which
demonstrates that it is far more suitable for low temperature analyses.

Figures 6A and 6B
Rtx®-Wax Columns Maintain Efficiency at 20°C

1. acetaldehyde
2. methanol
3. acetone
4. ethyl formate
5. ethanol
6. ethyl acetate
7. n-propanol
8. isobutanol

1

min.  5 10 2015

Figure 6A - Rtx®-Wax column
(cat.# 12455)

30m, 0.53mm ID, 1.0µm

Figure 6B - Stabilwax® column
(cat.# 10655)

30m, 0.53mm ID, 1.0µm

2

3
4

5
6

7

8

1

2,3

4
5

6 7

8

min.  5 10 2015

0.1µl split injection of volatile solvents.
Oven temp.: 20°C (hold 10 min.) to 100°C @ 5°C/min.;

Inj. & det. temp.: 200°C; Carrier gas: helium; Linear velocity: 40cm/sec. set @ 20°C;
FID sensitivity: 8 x 10-11 AFS; Split ratio: 10:1

visit Restek on-line
www.restekcorp.com
○ ○ ○ ○

or call

800-356-1688ext. 4

for technical
assistance.
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Excellent Inertness for Aldehydes
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Most PEG columns can effectively analyze alcohols, esters, and acids, but some exhibit peak-tailing with aldehydes.
The Rtx®-Wax column is inert to aldehydes as well because the stationary phase undergoes an extensive purification
procedure. Peak tailing of some straight-chain aldehydes is apparent on a typical bonded PEG column, but is absent on
the highly inert Rtx®-Wax column (Figures 7A and 7B).

Figures 7A and 7B
Rtx®-Wax Column Exhibits Excellent Symmetrical Peak Shape for Aldehydes1. ethanal

2. propanal
3. butanal
4. pentanal
5. hexanal
6. heptanal
7. octanal
8. nonanal
9. decanal

10. undecanal

1

min.  5

Figure 7A - Rtx®-Wax Column
(cat.# 12438)

30m, 0.25mm ID, 0.50µm

Figure 7B - Stabilwax® Column
(cat.# 10638)

30m, 0.25mm ID, 0.50µm

2

3 4
5

6 7

8

1 2

4

5
6

7

8

split injection of C2–C11 aldehyde mixture.
on-column concentration: 250ng;

Oven temp.: 40°C (hold 5 min.) to 200°C @ 10°C/min.;
Inj. & det. temp.: 200°C; Carrier gas: hydrogen; Linear velocity: 35cm/sec. set @ 40°C;

FID sensitivity: 8 x 10-11 AFS; Split ratio: 100:1

15 20

min.  5 10 15 20

9

10

3

9

10

10
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All Components Resolved for BTEX isomers
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

The Rtx®-Wax column offers the same selectivity as other Carbowax® columns
for isomers of substituted aromatics. This is useful for BTEX analyses requir-
ing the quantitation of the individual xylene isomers. Figure 8 illustrates that
all components in the BTEX analysis are resolved. The meta-, para-, and ortho-
xylene are baseline resolved in just 17 minutes.

2
6431

Figure 8
Rtx®-Wax Column Efficiently Baseline Resolves All Isomers in BTEX Analysis

30m, 0.53mm ID, 1.0µm Rtx®-WAX (cat.# 12455)
0.25µl direct injection of a BTEX sample.

on-column concentration: 50ppm;
Oven temp.: 35°C to 75°C @ 2°C/min. (hold 5 min.);

Inj. & det. temp.: 200°C; Carrier gas: helium;
Linear velocity: 26cm/sec. set @ 35°C; FID sensitivity: 8 x 10-11 AFS

min.  5 10 15

5

1. benzene
2. toluene
3. ethylbenzene
4. p-xylene
5. m-xylene
6. o-xylene

FAMEWAX™ Columns for FAME Analysis
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

· Fast, efficient analyses.
· Thermally stable to 250°C.
· Meets AOCS and AOAC method requirements.

The FAMEWAX™ column provides superb stationary phase consistency, excel-
lent column efficiency, and thermal stability to 250°C. The elution order of
complex polyunsaturated fatty acid methyl esters (FAMEs) is comparable to
that on other Carbowax® columns, but baseline resolution is achieved in sig-
nificantly less time.

Capillary column performance requirements for PUFA analysis are specified
in American Oil Chemists Society (AOCS) and Association of Official Analytical
Chemists (AOAC) methods. The AOCS Method CE 1b-89 FAMEs analysis by
Capillary GLC requires baseline resolution of C21:5n3 and C23:0 (internal
standard [IS]), and C24:0 and C22:6n3 (DHA). The AOAC Official Method
#991.39 Fatty Acids in Encapsulated Fish Oils and Fish Oil Methyl and Ethyl
Esters requires the same elution pattern as Carbowax® 20M and the addi-
tional resolution of C23:0(IS) from C22:4n6.

visit Restek on-line
www.restekcorp.com
○ ○ ○ ○

or call

800-356-1688ext. 4

for technical
assistance.
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Figure 9
FAMEWAX™ Columns Meet the Resolution Criteria of AOCS and AOAC

Methods and Cut Analysis Time By Up To 50%

30m, 0.25mm ID, 0.25µm Famewax™ (cat.# 12497).
0.8µl split injection of menhaden oil PUFA with C23:0 (IS).

On-column concentration: 100-150ng.
Oven temp.: 120°C to 220°C @ 7°C/min. (hold 20 min.);

Inj./det. temp.: 220°C; Carrier gas: hydrogen; Linear velocity: 60cm/sec. @ 120°C;
FID sensitivity: 8 x 10-11 AFS   Split ratio: 50:1.

min. 8 10 12 14 16 18 20 22

30

32

31 36

35

37

18 19 20 21 22

FAMEWAX™ columns meet all the criteria listed in the methods in significantly less time, with faster flow and tempera-
ture program rates than other Carbowax® columns. The menhaden oil PUFA analysis on a FAMEWAX™ column in
Figure 9 shows that C21:5n3 and C23:0 (IS) are well resolved, as are C24:0, C22:6n3 (DHA), and C24:1n9, with a total
analysis time of only 22 minutes. The same analysis on another PEG column typically used for FAMEs analysis shows
peaks C21:5n3 and C23:0 are not baseline resolved, nor are C22:6n3 and C24:1n9. To achieve resolution of these
components on this other column, the program rate must be decreased to 2°C or 3°C/minutes, which increases the
analysis time by 59%!
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For peak identifications, please
refer to Figure 10.
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Figure 10
0.32mm ID FAMEWAX™ Columns Allow More Concentrated Samples to be Analyzed in Less Than 20 Minutes

1. C14:0
2. C16:0
3. C161n7
4. C16:2n4
5. C16:3n4
6. C16:4n1
7. C18:0
8. C18:1n9
9. C18:1n7

10. C18:1n5

30m, 0.32mm ID, 0.25µm FAMEWAX™ (cat.# 12498). 0.5µl each split injection of menhaden oil PUFA & Omegawax® test mix.
On-column concentration: 200-350ng.

Oven temp.: 190°C (hold 4 min.) to 225°C @ 4°C/min. (hold 15 min.); Inj./det. temp.: 225°C/250°C;
Carrier gas: helium; Linear velocity: 35cm/sec. @ 190°C;

FID sensitivity: 8 x 10-11 AFS; Split ratio: 50:1.

min. 4 6 8 10 12 14 16 18

11. C18:2n6
12. C18:2n4
13. C18:3n6
14. C18:3n4
15. C18:3n3
16. C18:4n3
17. C18:4n1
18. C20:0
19. C20:1n9

20. C20:1n7
21. C20:2n6
22. C20:3n6
23. C20:4n6
24. C20:3n3
25. C20:4n3
26. C20:5n3
27. C22:0
28. C22:1n9

29. C22:2n6
30. C21:5n3
31. C23:0
32. C22:4n6
33. C22:5n6
34. C22:5n3
35. C24:0
36. C22:6n3
37. C24:1n9

The 0.32mm ID FAMEWAX™ column also meets the resolution criteria for PUFA analysis in less time. Plus, the larger
inner diameter columns provide 4 to 5 times more sample capacity (400–500ng vs. 50–100ng) to minimize overloading
of more concentrated samples without losing column efficiency. Figure 10 shows an analysis of menhaden oil FAMEs
completed in less than 19 minutes on a 30m, 0.32mm ID, 0.25µm FAMEWAX™ column.
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Product List
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Stabilwax® (Fused Silica) Crossbond®  Carbowax®  - provides oxidation resistance; Stable to 250°C
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter

0.25mm 0.10 40 to 250/260°C 10605 10608 10611
0.25 40 to 250/260°C 10620 10623 10626
0.50 40 to 250/260°C 10635 10638 10641

0.32mm 0.10 40 to 250/260°C 10606 10609 10612
0.25 40 to 250/260°C 10621 10624 10627
0.50 40 to 250/260°C 10636 10639 10642
1.00 40 to 240/250°C 10651 10654 10657

0.53mm 0.10 40 to 250/260°C 10607 10610 10613
0.25 40 to 250/260°C 10622 10625 10628
0.50 40 to 250/260°C 10637 10640 10643
1.00 40 to 240/250°C 10652 10655 10658
1.50 40 to 230/240°C 10666 10669 10672
2.00 40 to 220/230°C 10667 10670

Stabilwax®-DA (Fused Silica) Crossbond®  Carbowax® for acidic compounds; Stable to 250°C
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter

0.25mm 0.10 40 to 250/260°C 11005 11008 11011
0.25 40 to 250/260°C 11020 11023 11026
0.50 40 to 250/260°C 11035 11038 11041

0.32mm 0.10 40 to 250/260°C 11006 11009 11012
0.25 40 to 250/260°C 11021 11024 11027
0.50 40 to 250/260°C 11036 11039 11042
1.00 40 to 240/250°C 11051 11054 11057

0.53mm 0.10 40 to 250/260°C 11007 11010 11013
0.25 40 to 250/260°C 11022 11025 11028
0.50 40 to 250/260°C 11037 11040 11043
1.00 40 to 240/250°C 11052 11055 11058
1.50 40 to 230/240°C 11062 11065 11068

Stabilwax®-DB (Fused Silica) Crossbond®  Carbowax® for amines and basic compounds; Stable to 220°C
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter

0.25mm 0.25 40 to 210/220°C 10820 10823
0.50 40 to 210/220°C 10838

0.32mm 0.25 40 to 210/220°C 10821 10824
0.50 40 to 210/220°C 10839
1.00 40 to 210/220°C 10854 10857

0.53mm 0.50 40 to 210/220°C 10840
1.00 40 to 210/220°C 10852 10855 10858
1.50 40 to 210/220°C 10869

Rtx®-Wax (Fused Silica) Crossbond®; Stable to 250°C
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter

0.25mm 0.10 20 to 250°C 12405 12408
0.25 20 to 250°C 12420 12423 12426
0.50 20 to 250°C 12435 12438 12441

0.32mm 0.10 20 to 250°C 12406 12409
0.25 20 to 250°C 12421 12424 12427
0.50 20 to 250°C 12436 12439 12442
1.00 20 to 240/250°C 12451 12454 12457

0.53mm 0.25 20 to 250°C 12422 12425
0.50 20 to 250°C 12437 12440 12443
1.00 20 to 240/250°C 12452 12455 12458

ID df (µm) temp. limits 10-Meter 20-Meter
0.10mm 0.10 20 to 250°C 41601 41602

0.20 20 to 240/250°C 41603 41604
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For pricing & ordering information, please call
Restek’s Customer Service Department at 800-356-1688, ext. 3.

MXT®-WAX (Silcosteel®) Crossbond®  Carbowax®  - provides oxidation resistance; Stable to 250°C
ID df (µm) temp. limits 15-Meter 30-Meter 60-Meter

0.28mm 0.25 40 to 250°C 70621 70624 70627
0.50 40 to 250°C 70636 70639 70642
1.00 40 to 240°C 70651 70654 70657

0.53mm 0.25 40 to 250°C 70622 70625 70628
0.50 40 to 250°C 70637 70640 70643
1.00 40 to 240°C 70652 70655 70658
1.50 40 to 230°C 70666 70669 70672
2.00 40 to 220°C 70667 70670

FAMEWAX™ (Fused Silica) Crossbond®; Stable to 250°C
ID df (µm) temp. limits 30-Meter

0.25mm 0.25 20 to 250°C 12497
0.32mm 0.25 20 to 250°C 12498
0.53mm 0.50 20 to 250°C 12499

Analytical Reference Materials
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Fatty Acid Methyl Esters
Neat fatty acid methyl esters can be used to prepare specific mixtures not commercially available. These products are of
the highest purity available, typically 99% by GC/FID analysis. Each compound is packaged under a nitrogen blanket
to ensure product stability. A Certificate of Analysis is provided with each ampul.

Carbon Number Compound CAS # quantity cat.#
C6:0 Methyl caproate 106-70-7 100mg 35037

C7:0 Methyl heptanoate 106-73-0 100mg 35038
C8:0 Methyl caprylate 111-11-5 100mg 35039
C9:0 Methyl nonanoate 1731-84-6 100mg 35040
C10:0 Methyl caprate 110-42-9 100mg 35041
C11:0 Methyl undecanoate 1731-86-8 100mg 35042
C12:0 Methyl laurate 111-82-0 100mg 35043
C13:0 Methyl tridecanoate 1731-88-0 100mg 35044
C14:0 Methyl myristate 124-10-7 100mg 35045
C14:1 D 9 cis Methyl myristoleate 56219-06-8 100mg 35046
C15:0 Methyl pentadecanoate 7162-64-1 100mg 35047
C16:0 Methyl palmitate 112-39-0 100mg 35048
C16:1 D 9 cis Methyl palmitoleate 1120-25-8 100mg 35049
C17:0 Methyl heptadecanoate 1731-92-6 100mg 35050
C18:0 Methyl stearate 112-61-8 100mg 35051
C18:1 D 9 cis Methyl oleate 112-62-9 100mg 35052
C18:2 D 9,12 cis Methyl linoleate 112-63-0 100mg 35053
C18:3 D 9,12,15 cis Methyl linolenate 301-00-8 100mg 35054
C19:0 Methyl nonadecanoate 1731-94-8 100mg 35055
C20:0 Methyl arachidate 1120-28-1 100mg 35056
C20:1 D 11 cis Methyl eicosenoate 2390-09-2 100mg 35057
C20:2 D 11,14 cis Methyl eicosadienoate 2463-02-7 100mg 35058
C20:3 D 11,14,17 cis Methyl eicosatrienoate 55682-88-7 100mg 35059
C20:4 D 5,8,11,14 cis Methyl arachidonate 2566-89-4 100mg 35060
C21:0 Methyl heneicosanoate 6064-90-0 100mg 35061
C22:0 Methyl behenate 929-77-1 100mg 35062
C22:1 D 13 cis Methyl erucate 1120-34-9 100mg 35063
C24:0 Methyl lignocerate 2442-49-1 100mg 35064
C24:1 D 15 cis Methyl nervonate 2733-88-2 100mg 35065
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Chain Compound

6:00 methyl caproate

7:00 methyl heptanoate

8:00 methyl caprylate 7.0 1.5 6.3

9:00 methyl nonanoate

10:00 methyl caprate 5.0 3.0 9.1

11:00 methyl undecanoate

12:00 methyl laurate 48.0 6.0 12.1

13:00 methyl tridecanoate

14:00 methyl myristate 1.0 15.0 2.0 25.0 4.0 12.0 11.8 23.3 2.5 0.1

15:00 methyl pentadecanoate

16:00 methyl palmitate 6.0 7.0 4.0 11.0 7.0 30.0 10.0 40.0 19.4 23.6 49.2 4.2 3.0 26.3 10.0

16:01 methyl palmitoleate 3.0 6.9 1.0 0.4

17:00 methyl heptadecanoate 0.3

18:00 methyl stearate 3.0 5.0 3.0 3.0 3.0 14.0 65.0 56.0 24.9 13.1 7.3 2.0 33.7 3.0

18:01 methyl oleate 35.0 18.0 45.0 80.0 12.0 41.0 44.6 20.0 34.3 50.0

18:02 methyl linoleate 50.0 36.0 15.0 6.0 3.0 7.0 15.0 3.1 30.0

18:03 methyl linolenate 3.0 34.0 3.0 3.0 10.0 0.2

20:00 methyl arachidate 3.0 3.0 33.2 13.6 1.0 1.3 1.5

20:01 methyl eicosenoate 10.0 0.1 1.5

20:02 methyl eicosadienoate 2.0

22:00 methyl behenate 3.0 25.4 1.0 0.2 3.0

22:01 methyl erucate 20.0 30.0

22:02 methyl docosadienoate 2.0

24:0 methyl lignocerate 3.0 47.0 1.0 1.0

24:1 methyl nervonate 2.0

Analytical Reference Materials
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Quantitative Fatty Acid Methyl Ester (FAME) Mixtures
Analysis of fatty acid profiles for food products has come to prominent attention in recent years. While these analyses
have been performed for some time, the focus on healthy living has been increasing the demand for food testing. More
consumers are concerned about the level of saturated and unsaturated fatty acids in the foods they eat.

To help analytical chemists identify and calibrate their instruments, we now offer several common fatty acid methyl ester
mixtures. The mixtures, listed in the following chart, can be used for quantitation (AOCS Method CE 1-62) and correspond
to the following types of oils:

AOCS #1: Suitable for corn, poppy seed, cotton seed, soybean, walnut, safflower, sunflower, rice, bran, and sesame.
AOCS #2: Suitable for linseed, perilla, hempseed, and rubberseed.
AOCS #3: Suitable for peanut, rapeseed, and mustard seed.
AOCS #4: Suitable for olive, teaseed, and neatsfoot.
AOCS #5: Suitable for coconut, palm kernel, babassu, and ouri-curi.
AOCS #6: Suitable for lard, beef or mutton tallow, and palm.
FAME #13: Suitable for mustard seed oil.
FAME #14: Suitable for cocoa butter.
FAME #15: Suitable for peanut oil.

Packaged by volume
to contain 50+mg of
mixture.

The NIH mixtures are composed to the original compositions specified by the National Institutes of Health per Horning, et al., Journal of
Lipid Research, Volume 5, 20-27, 1964.
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Chain Compound

6:0 methyl caproate 20 20

7:0 methyl heptanoate 20 20

8:0 methyl caprylate 20 20 20

9:0 methyl nonanoate 20 20

10:0 methyl caprate 20 20 20

11:0 methyl undecanoate 20 20

12:0 methyl laurate 20 20 20

13:0 methyl tridecanoate 20 20 20

14:0 methyl myristate 20 20 20

15:0 methyl pentadecanoate 20 20 20

16:0 methyl palmitate 20 20 20 20

16:1 methyl palmitoleate 20

17:0 methyl heptadecanoate 20 20

18:0 methyl stearate 20 20 20 20

18:1 methyl oleate 20 20

18:2 methyl linoleate 20

18:3 methyl linolenate 20

19:0 methyl nonadecanoate 20 20 20

20:0 methyl arachidate 20 20 20 20

20:1 methyl eicosenoate 20 20

20:2 methyl eicosadienoate 20

20:3 methyl homo gamma linolenate 20

20:4 methyl arachidonate 20

21:0 methyl heneicosanoate 20 20

22:0 methyl behenate 20 20

22:1 methyl erucate 20

24:0 methyl lignocerate 20

24:1 methyl nervonate 20

Packaged by volume
to contain 50+mg of
mixture.

Important Information From Restek:
We certify that all raw materials used have a minimum purity of 99%. The exact composition of each mixture is determined
by precise gravimetric techniques based on a weight/weight % basis and is confirmed using high resolution capillary gas
chromatography. A Certificate of Analysis is supplied with each product and lists mixture composition, analysis
conditions, and includes a sample chromatogram. Products are packaged by volume and are guaranteed to contain a
minimum amount of 50mg/ampul.

Improper storage or handling after opening may result in degradation of the unsaturated compounds, for which we cannot
be responsible. All materials must be stored under nitrogen at -18°C to prevent degradation.

Custom fatty acid methyl ester mixtures are also
available. Call (800) 356-1688 for details.

F
A
M

E
 #

1

cat.# 35010

F
A
M

E
 #

2

cat.# 35011

F
A
M

E
 #

3

cat.# 35012

F
A
M

E
 #

4

cat.# 35013

F
A
M

E
 #

5

cat.# 35014

F
A
M

E
 #

6

cat.# 35015

F
A
M

E
 #

7

cat.# 35016

F
A
M

E
 #

8

cat.# 35017

F
A
M

E
 #

9

cat.# 35018

F
A
M

E
 #

1
0

cat.# 35019

F
A
M

E
 #

1
1

cat.# 35020

F
A
M

E
 #

1
2

cat.# 35021

Composition of each compound listed as a weight/weight % basis.



Restek Trademarks: FAMEWAX™, Rtx®, Stabilwax®, MXT®, Crossbond®, Silcosteel®

Other Trademarks: Innowax (HP), Carbowax (Union Carbide Corp.), NUKOL (Supelco),
SUPELCOWAX (Supelco), SP (Supelco), Omegawax (Supelco)

Lit. Cat. #59890

©Copyright 1998, Restek Corporation
For permission to reproduce any portion of this bulletin, please contact Restek’s publication/graphics department at (814) 353-1300, ext. 2128.

Restek (U.S.): 110 Benner Circle
Bellefonte, PA 16823

Phone: (800) 356-1688
(814) 353-1300

Fax: (814) 353-1309

Restek’s Customer Response Team
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Satisfying your needs is our number one priority! The recent
expansion of our Customer Response Team gives you a 24-
hour turnaround from the time we receive a literature re-
quest until it ships out the door. We continually update our
database with information about your communications, so
we can meet your specific needs more easily. Customers are
contacted through our follow-up program to keep them in-
formed and to ensure that overnight shipments were deliv-
ered on time. We also schedule and organize our technical
service department and act as a liaison for our outside tech-
nical sales people.

Whether your chromatography problem is simple or com-
plex, call the Customer Response Team and we will do ev-
erything we can to help you find a solution.

(L to R) Seated: Sherri Comly, Sharon Paloskey;
Standing: Cindy Ross, Kim Holliday, Tracy Hazenstab
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he analysis of chlorinated pesticides (as stated in US Environmental
Protection Agency (EPA) Methods 8081, 508, and 608) and polychlori-T

nated biphenyls (PCBs) (as stated in US EPA Methods 8081 and 8082), are
some of the most common tests performed by environmental laboratories.
However, many laboratories struggle with them because the samples often
are highly contaminated with non-target compounds such as lipids and
hydrocarbons, and the methods require rigorous quality control. Several
techniques, used in combination with Restek’s Rtx®-CLPesticides column
and Rtx®-CLPesticides 2 column, can help you more simply perform these
analyses.

The compounds addressed in these methods are listed in Table I. The table
includes additional compounds typically analyzed using the same meth-
ods. Herbicide compounds (US EPA Method 8151) also are listed because
many laboratories use the same instrument to analyze both pesticides and
herbicides. Although the separation of herbicides is included in this guide,
the extraction of them, which is significantly different than for pesticides,
is not included. If you are involved in the preparation and analysis of the
herbicides and would like more information, please contact Restek’s tech-
nical service.

Table I

US EPA 608

aldrin
Aroclor®1016*
Aroclor® 1221*
Aroclor® 1232*
Aroclor® 1242*
Aroclor® 1248*
Aroclor® 1254*
Aroclor® 1260*
α-BHC (α-HCH)
β-BHC (β-HCH)

δ-BHC (δ-HCH)
γ-BHC (γ-HCH, lindane)

4,4'-DDD
4,4'-DDE
4,4'-DDT
dieldrin

endosulfan I
endosulfan II

endosulfan sulfate
endrin

endrin aldehyde
endrin ketone

heptachlor
heptachlor epoxide

technical chlordane*
toxaphene*

US EPA 8081
aldrin

Aroclor®1016*
Aroclor® 1221*
Aroclor® 1232*
Aroclor® 1242*
Aroclor® 1248*
Aroclor® 1254*
Aroclor® 1260*

4,4'-DDD
4,4'-DDE
4,4'-DDT

α-BHC (α-HCH)
β-BHC (β-HCH)
δ-BHC (δ-HCH)

γ-BHC (γ-HCH, lindane)
α-chlordane
γ-chlordane

dieldrin
endosulfan I
endosulfan II

endosulfan sulfate
endrin

endrin aldehyde
endrin ketone

heptachlor
heptachlor epoxide

methoxychlor
technical chlordane*

toxaphene*
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*Multi-component standards.

chlorneb
chlorobenzilate
chlorothalonil

DCPA
4,4'-DDD
4,4'-DDE
4,4'-DDT
dieldrin

endosulfan I
endosulfan II

endosulfan sulfate
endrin

endrin aldehyde
endrin ketone

etridiazole
heptachlor

heptachlor epoxide
hexachlorobenzene

methoxychlor
cis-permethrin

trans-permethrin
propachlor

technical chlordane*
trifluralin

toxaphene*

aldrin
Aroclor®1016*
Aroclor® 1221*
Aroclor® 1232*
Aroclor® 1242*
Aroclor® 1248*
Aroclor® 1254*
Aroclor® 1260*
α-BHC (α-HCH)
β-BHC (β-HCH)
δ-BHC (δ-HCH)

γ-BHC (γ-HCH, lindane)
α-chlordane
γ-chlordane

US EPA 508

✶
For tech support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)
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Extraction Methods for Liquid, Solid, and Biota Samples

All of the pesticide compounds listed in Table I, except the US EPA 8151 herbi-
cides, are extracted under neutral conditions using a variety of organic solvents.
There are several sample extraction methods that can be applied, but the most
common will be addressed here.

Liquid Samples

For liquid samples, you can use either separatory funnel extraction (US EPA
Method 3510) or automated liquid-liquid extraction (US EPA Method 3520).
In comparison, separatory funnel extraction is faster and less expensive to set
up, but requires continuous attention. Automated liquid-liquid extractors can
operate unattended, but are more expensive. For some methods, if analyte
recovery is lower than allowed, you must re-extract the sample by separatory
funnel. Alternatively, if the sample forms an emulsion to the degree that ac-
ceptable solvent recovery is not possible using a separatory funnel, then some
methods require liquid-liquid extraction.

According to US EPA Method 3535, solid phase extraction (SPE) can be used
to extract pesticide compounds from aqueous samples.

Separatory Funnel Extraction

For separatory funnel extraction, measure up to 1L of sample into a 2L
separatory funnel, and check the pH. Adjust the pH to neutral using hydro-
chloric acid or sodium hydroxide, depending on the starting pH. Avoid using
sulfuric acid (see Sulfuric Acid Cleanup on page 8). If adjustment is necessary,
record on your sample tracking paperwork.

Extract the sample by adding 60mL of dichloromethane and shaking for two
minutes. It is critical to shake all samples in the same manner or you may see
variations in extraction efficiency—the best way to ensure consistency is to
use a mechanical separatory funnel shaker. The dichloromethane settles to
the bottom of the separatory funnel and then is decanted through a sodium
sulfate tube into a collection vessel such as a Kuderna-Danish (KD) concen-
trator or into a TurboVap® or RapidVap® container if using automated concen-
trators. This step is repeated two more times to achieve quantitative recovery
of all analytes (collect all three extractions into the same collection vessel).

Table I, cont.
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Use SPE (US EPA Method

3535), separatory funnel

extraction (US EPA Method

3510), or automated

liquid-liquid extraction

(US EPA Method 3520)

for liquid samples.
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acidfluorfen
bentazon

chloramben
2,4-D

dalapon
2,4-DB
DCAA

US EPA 8151 (herbicides)

DCPA
dicamba

3,5-dichlorobenzoic acid
dichloroprop

dinoseb
MCPA
MCPP

4-nitrophenol
pentachlorophenol

picloram
2,4,5-T

2,4,5-TP (Silvex)

alachlor
atrazine

cyanozine

US EPA 8081 Additional Compounds
metalachlor
metribuzin

pentachloronitrobenzene
simazine

2,4-DA (herbicide)

Common Surrogates
decachlorobiphenyl 2,4,5,6-tetrachloro-m-xylene
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Removing water from the dichloromethane with sodium sulfate is critical be-
fore the extract is concentrated to final volume. Dichloromethane can hold
approximately 11mL of water per liter. If water remains in the extract, it will
partition out of the extract when the volume is reduced. If this occurs, either
the dichloromethane will evaporate first, leaving only water in the collection
vessel, or a two-layer extract will form. In either event, the recoveries of the
analytes will be lower than desired, and the presence of water will interfere
with gas chromatographic (GC) analysis.

The best way to remove the water is to decant the dichloromethane extract
through granular sodium sulfate held in a funnel with a high-quality grade
(Whatman 541) filter paper or glass wool. Approximately 30g of sodium sul-
fate is sufficient for most samples. This step must not be skipped! Some meth-
ods may call for powdered sodium sulfate, but some analytes are adsorbed to
the smaller particles, so only a 10-60 mesh granular sodium sulfate or equiva-
lent should be used. It also is important that this material be free from or-
ganic contaminants, so it should be purchased as ACS pesticide residue grade
in glass containers. If purchased in bulk packages where exposure to plastic
is an issue, bake in a muffle furnace. To bake the sodium sulfate, spread it no
more than 1-inch thick into an appropriate container and place into a muffle
furnace, baking at 400°C for a minimum of two hours. After this time, place
the sodium sulfate into a glass container while still hot, and cap the container
to keep the material from resorbing contaminants from the atmosphere. If a
muffle furnace is not available, wash the sodium sulfate or extract it with
dichloromethane prior to use. This technique is extremely wasteful of solvent,
making the muffle furnace preferable.

Liquid-Liquid Extraction

Liquid-liquid extraction offers unattended extraction once the samples are
ready and the solvent is added. Extraction is performed under neutral condi-
tions and the recoveries are excellent for chlorinated pesticides. Set up of the
extractors should be done following manufacturer specifications. Due to the
extended contact time of the organic compounds with the glass surfaces, re-
active compounds could breakdown if these surfaces became contaminated.
Although, with the use of proper washing procedures, this is uncommon. As
with the separatory funnel technique, the use of granular sodium sulfate is
important to yield a dry dichloromethane extract.

Liquid-liquid extractors are available in two versions, conventional and accel-
erated. The accelerated type uses a hydrophobic membrane to separate the
aqueous and the organic phases, and the extraction time can be cut to 1/3 or
1/4 of the conventional extractor time. These membranes are expensive and it
is important to analyze the cost versus the number of samples extracted to
determine if there is a benefit to using this technique.

Solid Phase Extraction (SPE)

Finally, SPE also is used for the extraction of pesticide and herbicide com-
pounds from aqueous samples (US EPA Methods 3535, 508, and 515). When
using SPE, it is extremely important to follow the manufacturer’s recommen-
dations on the use of the material. There are several manufacturers of C18
tubes and disks, which are the typical media used for these compounds, and
the extraction steps will vary somewhat depending on the manufacturer. In
general, the biggest drawbacks with SPE are the plugging of the disk or tube
with suspended solids and the breakthrough of targeted organics; therefore
this extraction method works most reliably if contamination levels and solids
are low. SPE allows very fast extraction times and low solvent volumes; it also
is easily used in the field.

www.restekcorp.com

SPE allows very fast extrac-

tion times and low solvent

volumes; it also is easily used

in the field.

For ordering information,

see product listings

beginning on page 18.
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Soil Samples

For soil samples, soxhlet or ultrasonic extraction have been the most common
extraction methods; although pressurized fluid, microwave, and supercritical
fluid extraction (SFE) are used as well.

Pressurized fluid extraction (US EPA Method 3545) runs unattended, but has
some sample size limitations. Generally, no more than 10g of sample can be
extracted without using multiple vessels, so detection limits may be compro-
mised for certain analytical methods. It is important to take this into consid-
eration when evaluating the use of either pressurized fluid or microwave ex-
traction.

Although not currently cited by the US EPA, microwave extraction can be
useful for automated extraction as well. Microwave extraction extracts 12
samples simultaneously, but does require slightly more operator handling
than the pressurized fluid extraction instruments. The instrumentation is
less expensive than the pressurized fluid instrumentation, but lack of an EPA
method has limited the use of this technique in the US.

Supercritical fluid extraction has been promoted for a number of years as a
“solventless” extraction technique for environmental samples. SFE was added
to SW-846 as Method 3560, but its application is limited. SFE suffers from
severe matrix-related variation, resulting in the need to modify the SFE condi-
tions depending on soil type, water content, sample size, and the type of
analytes. This ultimately requires additional sample preparation prior to the
actual extraction. These requirements, added to the high cost of these instru-
ments, has virtually precluded the use of SFE for environmental sample prepa-
ration.

Sonication or Soxhlet Extraction

Sonication or soxhlet extraction works well for chlorinated pesticides and PCBs.
Sonication is a faster technique, but requires constant operator attention. In
both techniques, problems such as contamination are attributed to either
contaminated reagents, especially sodium sulfate, or poor laboratory prac-
tices being used when transferring sample extracts. Using sodium sulfate to
remove water (described on page 4) is important. Mix the sample with sodium
sulfate to achieve a sandy consistency prior to solvent addition. Using granu-
lar sodium sulfate is recommended because some of the pesticides will adsorb
to the powdered material.

Solvent Selection

Since soil and biota samples are essentially wet particles, acetone and
dichloromethane usually are used in a 1:1 combination as the extraction sol-
vent. The acetone is needed to adequately penetrate into the soil particle so
that compounds contained in the particle can be extracted. Several other
solvent systems can be used for unique extractions, but generally this combi-
nation works for most applications. Use pesticide residue grade solvents for
this application and run solvent assays to verify the material prior to its use.
To perform a solvent assay, reduce 300 to 400mL of solvent to a final volume
of 1mL, and exchange to hexane for analysis by GC/ECD (electron capture
detection). The extract analysis should have no chromatographic peaks above
50% of the detection limit for any target compound.

Finally, with regards to solvent selection, it is important to note that
dichloromethane will form hydrochloric acid spontaneously without a stabi-
lizer present. There are two classes of stabilizers: stabilizers that keep hydro-
chloric acid from forming, and stabilizers that eliminate hydrochloric acid
upon formation. Methanol and cyclohexane are used to stop hydrochloric acid
from forming. If water samples are extracted with dichloromethane contain-
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ing methanol as the stabilizer, the methanol will partition into the water, leav-
ing an unstabilized extract. Hydrochloric acid forms quickly in unstabilized
dichloromethane, and injection of an acidic solvent will result in reactivity of
liners and columns. The second type of stabilizers are alkene compounds,
which are used to reduce hydrochloric acid upon formation. It is desirable to
use an alkene stabilizer that is low-boiling to prevent interference with early
eluting target compounds.

Sample Cleanup Methods

Sample extract cleanup is probably the most important step in maintaining
long-term instrument performance. Generally, when instrument problems arise,
they are caused by exposure of the injection port and the column to contami-
nants in the sample extracts. While all of these contaminants cannot be elimi-
nated, most can be reduced to levels where they become much less of an issue.
Contained in many pesticide and PCB extracts are hydrocarbons, sulfur, ph-
thalate esters, and lipids in the case of biota samples. Many of these com-
pounds can be removed from the extract by one or more of the following tech-
niques, with little additional cost or time, which usually can be recovered by an
increase in instrumental stability, a decrease in instrument maintanence, and
possible improvements in detection limits.

Sulfur and Lipid Contaminants: Gel Permeation Chromatography

Gel permeation chromatography (GPC) is a preparative-scale chromatographic
method of separation based on molecular size. Since the target compounds
are similar in molecular size, they elute as a band of material and are easily
separated from lighter and heavier contaminants. For the pesticide and PCB
extracts, GPC is a very efficient method for removing sulfur and lipids. GPC is
the only cleanup technique cited here that requires considerable expense,
and the processing time per sample is between 30 to 70 minutes. For these
reasons, many laboratories choose not to use GPC. However, for soil and biota
samples, GPC is the most prudent cleanup method.

Sulfur also can be eliminated using mercury or activated copper powder, but
lipids are not as easily removed. Lipid content of biota extracts can be several
orders of magnitude higher than that handled using SPE methods, so GPC is
still a good alternative. If sample extracts with high lipid content are injected
into the GC, the injection port and head of the column will quickly become
contaminated, resulting in failure of continuing check standards.

US EPA Method 3640 details the requirements for GPC cleanup of extracts for
pesticide and PCB analysis. If the sample is to be analyzed for PCBs only, the
sulfuric acid cleanup (US EPA Method 3665) described on page 8 is more cost
effective than Method 3640, but is not amenable to all the pesticides. When
performing a GPC cleanup, verify the instrument retention time calibration
on a daily basis or before processing the next batch of samples, whichever is
less frequent. If a number of samples have been processed that contain large
amounts of contamination, the front of the GPC column can become reactive.
This is typically observed in the loss of 2,4,6-tribromophenol for semivolatile
extracts, but it may not be as easily observed in the pesticide GPC standard.
The use of a 2-3" guard column can prevent repacking of the 70g analytical
column.

GPC columns also are very sensitive to slight changes in mobile phase compo-
sition (solvent variations). Because soil and biota samples typically are ex-
tracted using a solvent mixture, and dichloromethane is the lowest boiling
solvent, it will evaporate first when the extract is concentrated. This leaves
nearly 100% acetone in the concentration vessel. If dichloromethane is then
added to adjust the extract to volume, significant amounts of acetone will be
introduced into the GPC column. This will lead to “solvent shock” and the
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formation of a void at the front of the column. This, in turn, will effect the
retention times of the compounds eluting from the GPC column and ulti-
mately result in the possibility of some target compounds being uncollected.
Therefore, to avoid large amounts of acetone being applied to the column, it is
critical that all extracts be reduced to as small a volume as possible prior to
reconstitution in dichloromethane.

Polar Contaminants and Co-Extractants: Adsorbent SPE Tubes

Both Florisil® and silica adsorbents have been used since the 1960s for chro-
matographic cleanup and fractionation of environmental samples, especially
those containing chlorinated pesticides. Florisil® is a magnesium silicate, while
silica is manufactured from a sodium silicate sol. Originally tested and used
in manually-packed, large open-column cleanup procedures, these adsorbents
were found to be useful in retaining polar contaminants from soil and waste
samples that had been extracted with organic solvents such as hexane. They
are ideal for retaining co-extractants, such as phenols, that may interfere
with GC analysis of pesticides, PCBs, and chlorinated hydrocarbons. Large
Florisil® tubes also were used to fractionate pesticide groups based on small
differences in polarity, by eluting with increasing percentages of polar sol-
vents such as ethyl ether.1 Testing based on this method is a standard QA
procedure for pesticide-grade Florisil® adsorbent. All grades of these bulk
adsorbents should be heat-activated at 130°C for 16 hours, stored in a sealed
glass container, and cooled to room temperature before being manually packed
into glass tubes.2

To increase laboratory efficiency and reduce the amount of solvents used for
these processes, the US EPA has allowed the use of pre-packed SPE tubes
containing Florisil® or silica packing. These small tubes are convenient to use,
require less solvent, and still are effective. They will cleanup small volumes of
pesticide-containing or chlorinated hydrocarbon-containing samples. They
often are used after GPC cleanup, as recommended in SW 846. Details on the
appropriate use and preparation of these cartridges is contained in SW 846
Method 3620B, 3630C, and in the CLP Pesticides Statement of Work (SOW).3

It is very important to evaluate each lot of tubes to ensure minimal back-
ground from the device itself, and to verify that the packing is at maximum
activity level to maintain the expected retention capacity. These tubes are
available with stainless steel or Teflon® frits to reduce interferences from ph-
thalates, which may be extracted from typical polyethylene frit materials. Using
adsorbent beds of 1g or more and slower gravity elution of the samples will
minimize premature breakthrough or channeling and ensure maximum re-
coveries in each recovered fraction.
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Contamination from Double-Bond, Triple-Bond, or Aromatic
Compounds: Sulfuric Acid Cleanup

Sulfuric acid will add to nearly any double-bond, triple-bond, or aromatic
compound, producing a compound that has the general structure shown in
Figure 1. The only compounds that do not undergo this reaction are those
with single bonds, or compounds that are stabilized by groups, which make

the multiple bond inaccessible to sul-
furic acid addition. This reaction can
be used to convert nearly every com-
pound found in pesticide and PCB ex-
tracts, from organic-soluble com-
pounds to aqueous-soluble com-
pounds. The resulting organic phase
then can be removed and concen-
trated, resulting in a much less con-
taminated extract. It is important to
note that many of the pesticides will
undergo this reaction, so this cleanup
can only be used for PCB analysis.

To perform sulfuric acid cleanup, place
the hexane extract in a vial about 3-
to 4-times the volume of the extract.
Add an equal amount of 1:1 sulfuric
acid, cap the vial, and shake for a few
minutes. Most of the color will be trans-
ferred to the aqueous (bottom) layer as
the reaction progresses. Allow the lay-
ers to separate either by standing or

centrifugation. Using a glass pipette, quantitatively remove the hexane (top)
layer and transfer to a KD or a concentrator vial. If the hexane extract still has
significant color, repeat the steps until no more color is exchanged into the
aqueous layer. Once the extract has been transferred to the KD or concentra-
tor vial, reduce it to final volume.

Following sulfuric acid cleanup, primarily only hydrocarbons, sulfur, some
chlorinated pesticides, and PCBs will be remaining.

General Contaminants: Carbon Cleanup

For many years, activated charcoal has been used to separate target com-
pounds from sample matrix interferences. Past problems have included lot-
to-lot variability of the material itself, as well as manual column packing in-
consistencies, which often resulted in variable elution patterns. Labs were
required to test each new lot of charcoal, and then correct the required elution
solvent volumes. Over the last decade, development of a new, chromatographic-
grade graphitized carbon has provided a more consistent product with pre-
dictable elution behavior. This carbon material has far fewer contaminants
than charcoal and also is available in commercially prepacked cartridges,
which further increases performance reproducibility.

Graphitized carbon tubes have a unique elution pattern characteristic com-
pared to Florisil®, alumina, and silica gel tubes; and have higher sample ca-
pacity in comparison to C18 tubes. In general, carbon elutes polar compounds
first, then nonpolar compounds. For this reason, carbon makes a very good
absorbent to remove nonpolar matrix interferences from sample extracts.

Graphitized carbon is a versatile, nonporous adsorbent, which retains or ex-
tracts a variety of compounds. The extraction system may be adjusted to
retain and elute aliphatic, aromatic, polar, and nonpolar analytes. For opti-
mal recoveries, compounds of interest should be applied in weak solvents, or

Figure 1: Sulfuric acid will add to nearly any double-bond,
triple-bond, or aromatic compound, producing a compound

that has this general structure:
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solutions with low solubility for the analytes, and eluted in strong solvents.
Mixed solvent systems, including dichloromethane, often are the most effec-
tive for elution. Carbon cartridges will retain pesticides and PCBs when intro-
duced as low volume (1mL) hexane extracts. They will retain the non-polar
sample interferences and release the chlorinated pesticides using up to 20mL
of a 20% dichloromethane/hexane solution*. However, caution should be taken
when using graphitized carbon to clean extracts for PCB analysis because the
coplanar PCB congeners BZ#77, 81, 126, and 169 are retained and do not
elute using the above solvent. These congeners can be eluted using a 1:1
mixture of ethyl acetate and benzene.

*Due to the uniqueness and high capacity of graphitized carbon, all fraction-
ation and elution volumes should be verified from lot to lot.

Sulfur Contamination: Mercury, Activated Copper Powder Cleanup

Sulfur also is a common contaminant in pesticide and PCB extracts, and it
produces a large signal on an ECD. Sulfur can be removed using GPC or one
of the many cleanup procedures listed in US EPA Method 3660.

Mercury added directly to the extract vial is probably the best method for
removing sulfur. (Note: Due to the hazardous nature of mercury, use caution
while working with this substance.) Add a few drops of mercury to the hexane
extract. The sulfur is then converted from an organic soluble species to mer-
cury sulfide on the surface of the mercury drop, which appears as a black
powder. The hexane is then pipetted off and re-vialed. Repeat this procedure
until this reaction no longer occurs.

Activated copper powder also removes sulfur, but can react with some of the
chlorinated pesticides if the exposure time is too long. The first compound to
show signs of this reaction is usually heptachlor. The best way to use this
cleanup method is to apply the activated copper powder to the top of a Florisil®

SPE tube, so that the cleanup is performed as the sample passes through the
cartridge, resulting in minimum exposure time. Sulfur cleanup is not ame-
nable to the organophosphorous pesticides as several of them break down in
the presence of activated copper or mercury.

Analysis of Chlorinated Pesticides

Calibration

The instrument used for the analysis of pesticides and PCBs must be cali-
brated prior to performing quantitative analysis. The calibration should be
linear over a 16- to 100-fold concentration range. The calibration of 3 to 5
points includes analyzing a low-point standard to meet the required reporting
limit, as well as a high-point standard to minimize the need for dilutions. The
linearity check should contain all the pesticides being reported. The necessity
to verify linearity for all target compounds is important because the different
classes of pesticides (i.e., α-BHC vs. methoxychlor) will cause differences in
injection port discrimination, chromatographic peak shape, or detector lin-
earity.

Aroclor® standards are mixtures of chlorinated biphenyls, called congeners.
The linearity of the PCB congeners is consistent from the monochlorinated
biphenyls to decachlorobiphenyl. For some methods, running calibration curves
for three Aroclor® standards covering the entire analytical range (i.e., 1242,
1254, and 1260), followed by the analysis of a single concentration for each
remaining Aroclor® standard is sufficient. See pages 19-22 for common cali-
bration standards.
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Injection Port Maintenance

The injection port is where a majority of analytical problems occur in the
analysis of pesticides. The main problem is the cleanliness and inertness of
the injection port with which the sample extract comes in contact. The two
compounds used to check the injection port inertness are endrin and 4,4'-
DDT. The breakdown components monitored for each compound are endrin
aldehyde and endrin ketone, and 4,4'-DDE and 4,4'-DDD, respectively.

The breakdown of 4,4'-DDT is generally indicative of a dirty injection port
caused by the analysis of oily or “dirty” sample extracts. Replacing the liner
and cutting 6-12 inches off of the guard column usually is needed to bring the
system back to the original state. Sample extracts causing 4,4'-DDT break-
down usually need GPC or carbon column cleanup to separate the pesticide
from the sample matrix interferences.

Endrin breakdown is usually indicative of a chemical reaction taking place in
the injection port. The breakdown could be caused by impurities in the carrier
gas, active metal surface, a non-deactivated liner or septa particles.

The carrier gas is usually the last troubleshooting area investigated and the
hardest to eliminate. Endrin may react with a contaminate being carried into
the injection port by the carrier gas. Having gas scrubbers in-line for the
carrier gas will help keep this problem from occurring. In some instances, a
contaminate, such as argon, in the helium carrier gas has been found when
high endrin breakdown has occurred. To check for contaminated helium, use
a GC/mass spectrometer (MS). For example, scan for mass 40 to check for
argon contamination.

When the extract is injected into the hot injection port, the extract backflash
that escapes from the top and bottom of the liner comes into contact with
metal surfaces. Therefore, the metal surfaces of the injection port must be
kept clean, including the inlet carrier gas line. Periodic rinsing of the carrier
gas lines and swabbing out the injection port may be necessary if endrin or
4,4'-DDT breakdown increases over short periods of time or when only ana-
lyzing standards. Rinsing of the metal surfaces using solvents, or in some
cases silanizing the injection port, has helped. To solvent rinse, trace the
carrier gas line from the injection port back to the first connection, rinse from
that point to the injection port with solvents using a syringe or HPLC pump.
Do not flush solvent through any actuator valves or rubber parts, and rinse
with injection port at room temperature.

Improperly deactivated injection port liners will also cause endrin breakdown.
The best way to avoid this problem is to replace the liner with a newly deacti-
vated liner when performing routine maintenance. There are two approaches
to liner deactivation: perform the operation in-house or send liners out to be
deactivated. Sending injection port liners to a company like Restek for clean-
ing and deactivating is inexpensive and keeps analysts from spending time
chemically deactivating liners. There is a standard procedure for deactivating
liners that includes a process of cleaning the liners in acid and deactivating
with dichlorodimethylsilane. Call Restek’s technical service for more informa-
tion on this procedure.

Septa particles are a major cause of endrin breakdown. The septa particles
will sit on top of a glass wool plug or at the bottom of the liner. Generally, filing
down the burrs on the end of the syringe needle will help eliminate the coring.
Another approach is to try different septa that feature reduced coring. As
technologies change, new septa are investigated for their bleed characteris-
tics and softness at different temperatures. The latest technologies on septa
are available by requesting A Guide to Minimizing Septa Problems (lit. cat.#
59886).

The effects of chromatographic peak shape on linearity vary widely. In some
cases, as with endrin aldehyde on the cyanopropyl phases (i.e., 1701 phase),
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the tailing of this compound is inherent with the liquid phase and does not
appear to affect linearity for the limited ranges used in pesticide calibrations.
However, when the tailing peaks are caused by nonvolatile contaminants de-
posited from sample extracts, the poor chromatography does affect linearity.
The nonvolatile compounds are usually located at the front end of the column
or guard column. The contaminated section of column can be removed by
cutting off a piece of the inlet end of the capillary column or rinsing the col-
umn with solvent. If dirty samples are being analyzed and tailing of com-
pounds is a problem, remove one loop of the guard column. This is usually
enough to eliminate the tailing. If the analytical column is affected, the col-
umn can be rinsed with solvent to remove nonvolatile compounds. Using
methylene chloride, rinse the column from back to front.

The linearity of ECDs for a 16- to 100-fold concentration range is sufficient to
pass linearity requirements. Linearity for ECDs is affected by the flow rate of
the make-up gas, nitrogen or argon/methane. To set the flow rate of the make-
up gas, run a calibration curve including α-BHC and methoxychlor. Using
response factors, calculate the percent relative standard deviation (RSD) of
each compound. Set the make-up gas flow rate so the percent RSD of these
two compounds is the same. An increase in make-up gas flow will improve the
linearity of α-BHC but make linearity worse for methoxychlor. The remaining
pesticides will exhibit linear curves once the make-up gas has been set to give
good linearity for α-BHC and methoxychlor.

Because several of the pesticide compounds, most notably endrin, react with
hot metal surfaces, cold on-column or direct injections are suggested. With
certain GCs this becomes even more important if the sample is exposed to
metal seals.

Cold On-Column Injections

In cold on-column injections, the needle is inserted directly into the column
and the sample extract is deposited. On-column injections work extremely
well for relatively clean samples. If contamination levels are low, and not too
much nonvolatile residue is present (lipids, hydrocarbons, sulfurs, etc.) in the
sample extracts, then on-column injections provide the best detectability and
linearity, and narrowest peak width.

On-column injections are best suited for the analysis of water sample ex-
tracts, where analyte concentration levels are usually low and the amount of
non-volatile material is relatively small. Both small and large volumes can be
injected on-column, with the large-volume injections being even more sensi-
tive to non-volatile residue. Conventional on-column injections are typically
less than 1µL, and require the use of 0.53mm ID columns. Large-volume, on-
column injections are typically 10µL to 100µL and require the use of a pre-
column to eliminate the solvent. Several suppliers now offer autosamplers
that permit both types of on-column injections. These systems are worth con-
sidering if you analyze relatively clean sample extracts. However, they gener-
ally only provide acceptable results for the drinking water methods (US EPA
Method 500 series). If used for solid and biota extracts, the systems would
require frequent maintenance.

Direct Injections

Direct injections are made by injecting the sample extract into a hot injection
port liner. The extract vaporizes and the carrier gas transfers the analytes to
the GC column, where they are refocused. In conventional direct injection
ports using a Uniliner® glass liner, the column is connected to it by means of
a press-tight seal at the bottom of the liner. This type of injection port set-up
eliminates contact of analytes with the active metal surfaces below the bot-
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tom of the liner (Figure 2). The benefits of using this type of injection are that
upwards of 3µL to 4µL of sample can be injected, and injection port discrimi-
nation is reduced.

A split/splitless injection port also may be adapted for direct injections using
Uniliner® liners. In this mode of operation, the split/splitless injection port
split valve (purge valve) must be turned off. Additionally, it is beneficial to
make a leak-free connection (press-tight seal) between the liner and the col-
umn. Refer to the steps presented in the supplied product information sheet,
or found in our catalog, to install a Press-Tight® connector. It is also helpful to
use graphite ferrules for this connection because the Vespel® ferrules may
cause the column connection to fracture if overtightened. Finally, before in-
serting the column into the connector, dip the end of the column into a vial of
methanol for 30 seconds. This causes the polyimide coating on the column to
swell, resulting in a better seal.

A third direct injection technique used for pesticide analysis involves large-
volume injections into a cold injection port. The injected solvents and com-
pounds are cold-trapped on the injection port liner walls. The injection port is
heated to about the boiling point of the solvent, and the solvent is vented out
of the system. The vent is turned off and the injection port is heated rapidly,
allowing the trapped analytes to transfer from the liner to the inlet end of the
analytical column.

Pesticide methods generally require a second column analysis for confirma-
tion, to give a higher degree of confidence in reported analytes. For dual-
column analyses, we recommend that these injections be made into a single
injection port and split onto two columns using a glass “Y” fitting (Figure 3).
Although there are alternative ways to set-up a dual-column system, this
method provides the best reproducibility, while achieving the required detec-
tion limits and minimizing instrument maintenance.

Splitless Injections

Splitless injection involves operating a split injection port with the split valve
(purge valve) closed during the injection, allowing all the carrier gas to be
directed into the column. The split valve remains closed for a short time (30
sec. to 2 min.) after the injection in an attempt to transfer as much of the
sample extract as possible from the injection port onto the column. After this
splitless hold, the purge vent is opened, and the remaining solvent and non-

transferred sample are vented out of
the injection port. The purge vent
should have a carbon trap attached to
remove any pesticides and other or-
ganic compounds before being vented
into the laboratory.

Splitless injection requires optimiza-
tion of the purge time to ensure that
the maximum amount of analyte is
transferred to the column, and mini-
mizes the amount of solvent. Gener-
ally, the purge time is determined by
maximizing the area count of the last
eluting analyte. For additional infor-
mation, please contact Restek’s tech-
nical service and ask for the technical
guide Operating Hints for Split/Splitless
Injectors (lit. cat.#59880).

Splitless injection is prone to inertness
problems because of the residence time

Figure 2: A press-tight seal
connects the liner to

the column.

Figure 3: “Y” fitting provides best dual-column system connection

analytical
columns

Press-Tight® “Y” or
Vu-Union™ “Y” connector

guard
column

split/splitless
or direct

injection inlet
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adaptor
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and exposure of the analytes, such as endrin, to the metal surfaces outside
the glass liner. During injection, the vapor cloud expands outside the glass
liner, exposing reactive analytes to metal surfaces. Endrin and 4,4'-DDT are
used as indicator compounds for active sites. The most common active area in
the injection port is the bottom of the injection port, below the liner. The vapor
cloud expands past the column and comes in contact with the metal disk
(inlet seal) below the liner. These inlet seals should be cleaned or replaced
during routine maintenance. The use of a gold or Silcosteel®-treated inlet seal
will provide greater inertness.

Resolution Discussion

For many years, environmental laboratories have struggled with various chlo-
rinated pesticide analytical methods. Not only do the labs keep track of reso-
lution requirements and breakdown performance criteria, but they also ana-
lyze extracts that usually contain high-boiling contaminants. While these con-
taminants don’t always appear in the GC/ECD chromatogram, they can cause
shifts in retention time, elevated baselines, and target compound breakdown.
Many laboratories have used cyanopropyl capillary column stationary phases
(1701 columns), which may provide the best resolution between target com-
pounds, but have several limitations:

1. 1701-type columns are prone to on-column breakdown of DDT and meth-
oxychlor as a result of degradation of the stationary phase. While each
column can be tested for this before leaving the manufacturer, it is no
guarantee that this problem will not arise after the column has been
subjected to sample analyses. The problem seems to be related to the
basic nature of the cyano group, and does not appear to be easily solved.

2. 1701-type columns have relatively low maximum operating tempera-
tures, which prohibit final oven temperature ramps high enough to re-
move the higher-boiling oils commonly found in pesticide and PCB ex-
tracts. This procedure, commonly referred to as baking out, is used by
many laboratories to eliminate or reduce the levels of heavier hydrocar-
bons at the end of each analysis, providing that the columns can be
heated to higher levels than those used in the analysis itself.

Several phenyl/methyl phases have also been used for this analysis, includ-
ing a 5% phenyl/35% phenyl/50% phenyl phase. While each of these phases
has a higher maximum temperature and is less reactive, as compared to the
cyanopropyl phases, they all have target compounds that coelute to some
extent. The specific compounds that coelute vary based on the percent of
phenyl composition, but each column has at least one coelution. This results
in additional work for the laboratory, and in some cases, requires that both
compounds be reported, even though only one may be present.

While using two phenyl-phase columns in a dual-column system allows bak-
ing-out of the system between analyses, the phenyl-phase columns are more
prone to coelution of the chlorinated pesticides than the cyanopropyl-phase
columns. This has kept the cyanopropyl-phase columns in demand for pesti-
cide analysis, despite their limitations—until now.

The development of the Rtx®-CLPesticides and the Rtx®-CLPesticides2 col-
umns has simplified the choice. These columns are capable of baseline reso-
lution of the 22 common chlorinated pesticides as listed in US EPA Methods
8081, CLP, and 608. Each column is available in 0.25mm, 0.32mm, and
0.53mm IDs, and has been optimized for ECD analysis. Both feature almost
zero bleed after conditioning. In addition to their separating ability, the Rtx®-
CLPesticides columns can be heated to temperatures previously only toler-
ated by phenyl-phase columns. The maximum temperature of the Rtx®-
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CLPesticides column and the Rtx®-CLPesticides2 column is 330°C, making it
similar to the 5% phenyl Rtx®-5 column.

When using cyanopropyl-phase or phenyl-phase columns, laboratories typi-
cally must calibrate using 5-point curves, injecting mix A and mix B com-
pounds separately because the target compounds coelute. Because no coelution
problems occur with the Rtx®-CLPesticides columns, the mixes can be com-
bined. This eliminates the need for at least 5 injections during calibration of
the instrument, and may free a minimum of 2.5 hours a day to analyze more
samples. (The CLP method, however, mandates the separate calibration se-
quence—it is the only method to do so.) Restek provides the calibration stan-
dards as a single mix for laboratories wishing to use only one calibration mix
in their calibration curves (see the product listings beginning on page 18 for
details).

Although Rtx®-CLPesticides columns are available in all three common ID
dimensions, we typically recommend using the 0.32mm ID size. This size
provides the best combination of capacity and peak width (Figure 4). If your
sample extracts are particularly contaminated, you may find that the 0.53mm
ID columns allow for longer duration of calibration, because of the large ca-
pacity (Figure 5). Columns of 0.25mm ID provide better resolution, but can-
not handle contaminated or large samples (Figure 6). In most cases, the 0.32mm
ID is the size of choice for this analysis.

When configuring the column pair, use a 5m section of guard tubing to con-
nect the glass “Y” to the injection port. This allows enough of a retention gap
so that the sample is evenly split into the two columns. The best flow rates
and oven programs are listed on the chromatograms, but it is possible to get
a total run time as low as 16 minutes using hydrogen as a carrier gas (Figure
7). Some laboratories may not be comfortable using hydrogen, though it af-
fords a shorter run time. In any event, both helium and hydrogen work well as
a carrier gas when using Rtx®-CLPesticides columns for this analysis.

The separations of US EPA Method 508 pesticides (Figure 8) and US EPA
Method 8151 herbicides (Figure 9) also are shown because these analyses
typically are run on the same instrument as the chlorinated pesticides al-
ready shown. It is important to note that Rtx®-CLPesticides columns also ex-
hibit baseline separation for these compounds, except for a few that are not
commonly observed. The Rtx®-CLPesticides column and the Rtx®-CLPesticides2
column combination results in the resolution of all compounds, allowing the
use of one column pair and the same instrument flow rate for many different
analyses.

Summary

Although the analysis of chlorinated pesticides historically has been one of
the more difficult tests performed by environmental testing laboratories, us-
ing Restek’s Rtx®-CLPesticides columns, coupled with the methods presented
in this guide will make your analyses easier. Optimized sample preparation
and extract cleanup, the proper injection technique, suitable analytical col-
umns and standards, and accurate quantitation will improve your results
and increase your lab’s throughput.

When problems occur, using proper troubleshooting and maintenance tech-
niques can quickly reestablish system integrity. When faced with difficulties
in your pesticide or PCB analysis, remember that the majority of problems
occur during the sample preparation and cleanup step, or at the injection
port of the GC. If you are still having difficulties with your analysis after fol-
lowing the steps in this guide, please contact Restek’s technical service at
800-356-1688, ext. 4, and we will be happy to help you.
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Figure 5
0.53mm ID columns for the best analysis of contaminated pesticide samples (US EPA Method 8081).

Figure 4
0.32mm ID columns provide best capacity and resolution of all 22 pesticides used in US EPA Method 8081.

1. 2,4,5,6-tetrachloro-
m-xylene

2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 120°C (hold 1 min.) to 300°C
(hold 10 min.) @ 9°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge;

Dead time: 1.9 min.; Head pressure: 8.7psi (constant); Flow rate: 1.3mL/min. @ 120°C, Helium.

Rtx®-CLPesticides
30m, 0.32mm ID, 0.50µm (cat.# 11139)

Rtx®-CLPesticides2
30m, 0.32mm ID, 0.25µm (cat.# 11324)
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2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 120°C (hold 1 min.) to 300°C
(hold 10 min.) @ 9°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge;

Dead time: 1.9 min.; Head pressure: 3psi (constant); Flow rate: 2.83mL/min. @ 120°C, Helium.

Rtx®-CLPesticides2
30m, 0.53mm ID, 0.42µm (cat.# 11340)

Rtx®-CLPesticides
30m, 0.53mm ID, 0.50µm (cat.# 11140)
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Figure 6
Smaller ID provides better detection limits. 0.25mm ID columns provide better signal-to-noise ratio.

(US EPA Method 8080).

1. 2,4,5,6-tetrachloro-
m-xylene

2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 120°C (hold 1 min.) to 300°C (hold 3 min.)
@ 8.5°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge; Dead time: 2.4 min.;

Head pressure: 11.2psi (constant); Flow rate: 0.64mL/min. @ 120°C, Helium.

Rtx®-CLPesticides2
30m, 0.25mm ID, 0.20µm (cat.# 11323)

Rtx®-CLPesticides
30m, 0.25mm ID, 0.25µm (cat.# 11123)

Figure 7
Fast screening of pesticides using hydrogen gas flow with 15m columns.

1. 2,4,5,6-tetrachloro-m-
xylene

2. α-BHC (α-HCH)
3. γ-BHC (lindane)
4. β-BHC (β-HCH)
5. δ-BHC (δ-HCH)
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. 4,4'-DDE
12. endosulfan I
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. 4,4'-DDT
18. endrin aldehyde
19. methoxychlor
20. ensdosulfan sulfate
21. endrin ketone
22. decachlorobiphenyl

On-column concentration: 16-160pg organochloride pesticide mix AB#2 (cat.# 32292); Oven temp.: 115°C to 280°C (hold 2 min.)
@ 29°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with Anode Purge; Dead time: 0.73 min.;

Head pressure: 4.5psi (constant); Flow rate: 1.33mL/min. @ 120°C, Hydrogen.

Rtx®-CLPesticides2
15m, 0.32mm ID, 0.25µm (cat.# 11321)

Rtx®-CLPesticides
15m, 0.32mm ID, 0.50µm (cat.# 11136)
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Figure 9
Primary herbicides are well-resolved (US EPA Method 8151).

On-column concentration: see peak ID list;
Oven temp.: 90°C (hold 1 min.) to 300°C (hold 10

min.) @ 9°C/min.; Inj. port: Direct, Uniliner®

sleeve (cat.# 20335), at 200°C; Detector: ECD,
300°C with Anode Purge; Dead time: 1.86 min.;

Head pressure: 12psi (constant); Flow rate:
1.2mL/min. @ 120°C, Helium.

Rtx®-CLPesticides2
30m, 0.32mm ID, 0.25µm (cat.# 11324)

Rtx®-CLPesticides
30m, 0.32mm ID, 0.50µm (cat.# 11139)

Figure 8
0.32mm ID Rtx®-CLPesticides and Rtx®-CLPesticides2 columns provide good separation of

Method 508.1 pesticides.

On-column concentration: see peak ID list; Oven temp.: 120°C (hold 1 min.) to 300°C (hold 10 min.)
@ 9°C/min.; Inj. port: Direct, Uniliner® sleeve (cat.# 20335), at 200°C; Detector: ECD, 300°C with

Anode Purge; Dead time: 1.7 min.; Head pressure: 12psi (constant);
Flow rate: 1.4mL/min. @ 120°C, Helium.

Rtx®-CLPesticides
30m, 0.32mm ID, 0.50µm (cat.# 11139)

Rtx®-CLPesticides2
30m, 0.32mm ID, 0.25µm (cat.# 11324)

1. hexachloropentadiene 1000
2. etridiazole 500
3. chlorneb 500
4. hexachlorobenzene 1000
5. propachlor 100
6. α-BHC (α-HCH) 500
7. simazine 100
8. γ-BHC (γ-HCH) 5000
9. atrizine 1000

10. trifluralin 100
11. pentachloronitrobenzene 100
12. β-BHC (β-HCH) 100
13. δ-BHC (δ-HCH) 100
14. metribuzin 100
15. heptachlor 1000
16. aldrin 1000
17. chlorothalonil 1000
18. 4'4-dibromobiphenyl 1000
19. alachlor 1000
20. metalachlor 100
21. DCPA (decthal) 100
22. heptachlor epoxide 5000
23. γ-chlordane 100
24. cyanozine 100
25. α-chlordane 100
26. 4,4'-DDE 100
27. endosulfan I 100
28. dieldrin 500
29. endrin 100
30. chlorobenzilate 100
31. 4,4'-DDD 100
32. endosulfan II 100
33. 4,4'-DDT 100
34. endrin aldehyde 100
35. methoxychlor 100
36. endosulfan sulfate 100
37. cis-permethrin 1000
38. trans-permethrin 1000
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1. dalapon methyl ester 1000
2. 1,4-dichlorobenzene 500
3. 3,5-dichlorobenzoic acid methyl ester 500
4. 4-nitroanisole 500
5. DCAA methyl ester 500
6. dicamba methyl ester 50
7. MCPP methyl ester 50000
8. MCPA methyl ester 50000
9. dichloroprop methyl ester 200

10. 2,4-D methyl ester 200
11. pentachloroanisole 200
12. 4,4'-dibromooctafluorobiphenyl 50
13. 2,4,5-TP (silvex) methyl ester 50
14. chloramben methyl ester 500
15. 2,4,5-T methyl ester 50
16. 2,4-DB methyl ester 200
17. picloram methyl ester 500
18. bentazon methyl ester 500
19. dinoseb methyl ester 150
20. DCPA dimethyl ester 500
21. acifluorfen methyl ester 500

pg/
µL

9
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Rtx®-CLPesticides Column
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✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)

Rtx®-CLPesticides Kits

(Note: Columns are not preconnected in the following kits.)

0.53mm ID Rtx®-CLPesticides Kit
Includes:
30m, 0.53mm ID, 0.50µm Rtx®-CLPesticides column
30m, 0.53mm ID, 0.42µm Rtx®-CLPesticides2 column
Universal Angled “Y” Press-Tight® Connector
5m, 0.53mm ID IP Deactivated Guard Column

cat.# 11197/kit

0.32mm ID Rtx®-CLPesticides Kit
Includes:
30m, 0.32mm ID, 0.50µm Rtx®-CLPesticides
30m, 0.32mm ID, 0.25µm Rtx®-CLPesticides2
Universal Angled “Y” Press-Tight® Connector
5m, 0.32mm ID IP Deactivated Guard Column

cat.# 11198/kit

0.25mm ID Rtx®-CLPesticides Kit
Includes:
30m, 0.25mm ID, 0.25µm Rtx®-CLPesticides
30m, 0.25mm ID, 0.20µm Rtx®-CLPesticides2
Universal Angled “Y” Press-Tight® Connector
5m, 0.32mm ID IP Deactivated Guard Column

cat.# 11199/kit

Rtx®-CLPesticides2 Column

Product Listings:

ID df (µm) temp. limits stable to 15-Meter 30-Meter

0.25mm 0.25 -60 to 310/330°C 340°C 11120 11123

0.32mm 0.50 -60 to 310/330°C 340°C 11136 11139

0.53mm 0.50 -60 to 310/330°C 340°C 11137 11140

ID df (µm) temp. limits stable to 15-Meter 30-Meter

0.25mm 0.20 -60 to 310/330°C 340°C 11320 11323

0.32mm 0.25 -60 to 310/330°C 340°C 11321 11324

0.53mm 0.42 -60 to 310/330°C 340°C 11337 11340
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Organochlorine Pesticide Mix AB #1

aldrin dieldrin
α-BHC endosulfan I
β-BHC endosulfan II
δ-BHC endosulfan sulfate
γ-BHC (lindane) endrin
α-chlordane endrin aldehyde
γ-chlordane endrin ketone
4,4'-DDD heptachlor
4,4'-DDE heptachlor epoxide (B)
4,4'-DDT methoxychlor

200µg/mL ea. in hexane/toluene (1:1),
1mL/ampul

w/data pack
Each 32291 32291-500
5-pk. 32291-510 32291-520
10-pk. 32391

Organochlorine Pesticide Mix AB #2

µg/mL µg/mL
aldrin 8 dieldrin 16
α-BHC 8 endosulfan I 8
β-BHC 8 endosulfan II 16
δ-BHC 8 endosulfan sulfate 16
γ-BHC (lindane) 8 endrin 16
α-chlordane 8 endrin aldehyde 16
γ-chlordane 8 endrin ketone 16
4,4'-DDD 16 heptachlor 8
4,4'-DDE 16 heptachlor epoxide (B)8
4,4'-DDT 16 methoxychlor 80

In hexane/toluene (1:1), 1mL/ampul

w/data pack
Each 32292 32292-500
5-pk. 32292-510 32292-520
10-pk. 32392

Resprep™-C18 and -C8 SPE Disks
Meets requirements for EPA Methods 525.1, 506, 550.1, and 549.1.

Resprep™-C18-47: cat.# 24004, 20-pack
Resprep™-C8-47: cat.# 24048, 24-pack

Resprep™ Resin SPE Disk
Meets requirements for EPA Methods 515.2 and 553.

Resprep™ Resin SPE Disk: cat.# 26023, 20-pack

Resprep™ SPE Cartridges
(All cartridges are polypropylene and have polyethylene frits unless otherwise noted):

C18 6mL 500mg 30-pk. cat.# 24052
6mL 1000mg 30-pk. cat.# 24051

Florisil® 3mL 500mg 50-pk. cat.# 24031
3mL 500mg 50-pk. cat.# 24032*
6mL 1000mg 30-pk. cat.# 24034
6mL 500mg 30-pk. cat.# 26086**
6mL 1000mg 30-pk. cat.# 26085**

Silica 3mL 500mg 50-pk. cat.# 24035
3mL 500mg 50-pk. cat.# 24036*
6mL 1000mg 30-pk. cat.# 24038

Carbon 3mL 250mg 50-pk. cat.# 26088
6mL 500mg 30-pk. cat.# 26087

*Stainless steel frits
**Glass cartridges with Teflon® frits.

✶
For tech support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

Save $ by ordering these reference materials with your Rtx®-CLPesticides Kits! Just add
the appropriate suffix # to the Rtx®-CLPesticides Kit catalog number.

Pesticide Mix AB#1: cat.# 32291 Suffix #-530
Pesticide Mix AB#2: cat.# 32292 Suffix #-535

Method 8080 Organochlorine Pesticides

Analytical Reference Materials

Sample Preparation
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Method 508.1

508.1 Internal Standard Mix

pentachloronitrobenzene at 100µg/mL in
ethyl acetate, 1mL/ampul

w/data pack
Each 32091 32091-500
5-pk. 32091-510 32091-520
10-pk. 32191

508.1 Surrogate Mix

4,4'-dibromobiphenyl at 500µg/mL in
ethyl acetate, 1mL/ampul

w/data pack
Each 32092 32092-500
5-pk. 32092-510 32092-520
10-pk. 32192

508.1 GC Degradation Check Mix

4,4'-DDT endrin

100µg/mL ea. in ethyl acetate,
1mL/ampul

w/data pack
Each 32093 32093-500
5-pk. 32093-510 32093-520
10-pk. 32193

508 Performance Check Mix

δ-BHC (δ-HCH) 0.4µg/mL
chlorothalonil 0.5
chlorpyrifos 0.02
DCPA (dacthal) 0.5

At concentrations listed in methyl-tert-
butyl-ether, 1mL/ampul

w/data pack
Each 32045 32045-500
5-pk. 32045-510 32045-520
10-pk. 32145

508.1 Pesticide Kit

32045: 508 Performance Check Mix
32091: 508.1 Internal Standard Mix
32092: 508.1 Surrogate Mix
32093: 508.1 GC Degradation Check Mix
32094: 508.1 Calibration Mix #1
32095: 508.1 Calibration Mix #2
32096: 508.1 Calibration Mix #3

Contains 1mL each of these products.

Kit
Kit w/data pack

32097 32097-500

508.1 Calibration Mix #1

aldrin endosulfan I
α-BHC endosulfan II
β-BHC endosulfan sulfate
δ-BHC endrin
γ-BHC (lindane) endrin aldehyde
4,4'-DDD heptachlor
4,4'-DDE heptachlor epoxide (B)
4,4'-DDT methoxychlor
dieldrin

500µg/mL ea. in ethyl acetate,
1mL/ampul

w/data pack
Each 32094 32094-500
5-pk. 32094-510 32094-520
10-pk. 32194

508.1 Calibration Mix #2

chlorobenzilate hexachlorobenzene
α-chlordane cis-permethrin*
γ-chlordane trans-permethrin*
chlorneb propachlor
DCPA trifluralin
etridiazole

* 1000µg/mL total permethrin. Exact
composition of each isomer is listed on
certificate of analysis.

500µg/mL ea. in ethyl acetate,
1mL/ampul

w/data pack
Each 32095 32095-500
5-pk. 32095-510 32095-520
10-pk. 32195

508.1 Calibration Mix #3

alachlor hexachlorocyclopentadiene
atrazine metolachlor
chlorthalonil metribuzin
cyanazine simazine

500µg/mL ea. in ethyl acetate,
1mL/ampul

w/data pack
Each 32096 32096-500
5-pk. 32096-510 32096-520
10-pk. 32196

www.restekcorp.com

✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)
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CLP GPC Calibration Mix

CLP GPC Calibration Mix

bis(2-ethylhexyl)phthalate 10mg/mL
corn oil 250mg/mL
methoxychlor 2.0mg/mL
perylene 0.2mg/mL
sulfur 0.8mg/mL

1mL/ampul: 10-Pack
Each w/data pack
32019 32119

5mL/ampul: 10-Pack
Each w/data pack
32023 32123

Revised GPC Calibration Mix

bis(2-ethylhexyl)phthalate 5mg/mL
corn oil 250mg/mL
methoxychlor 1.0mg/mL
perylene 0.2mg/mL
sulfur 0.8mg/mL

1mL/ampul: 10-Pack
Each w/data pack
32041 32141

5mL/ampul: 10-Pack
Each w/data pack
32042 32142

Method 608 Organochlo-
rine Pesticides & PCBs

Method 608 Calibration Mix

aldrin dieldrin
α-BHC endosulfan I
β-BHC endosulfan II
δ-BHC endosulfan sulfate
γ-BHC (lindane) endrin
4,4'-DDD endrin aldehyde
4,4'-DDE heptachlor
4,4'-DDT heptachlor epoxide (B)

200µg/mL ea. in hexane: toluene (1:1)
1mL/ampul

w/data pack
Each 32022 32022-500
5-pk. 32022-510 32022-520
10-pk. 32122

Method 608 Complete Kit

32022:Method 608 Calibration Mix
32006: Aroclor® 1016
32007: Aroclor® 1221
32008: Aroclor® 1232
32009: Aroclor® 1242
32010: Aroclor® 1248
32011: Aroclor® 1254
32012: Aroclor® 1260
32005:Toxaphene
32021:Chlordane (technical)

Contains 1mL ea. of these products.
Kit

Kit w/data pack
32060 32160

Pesticide Surrogate
Solutions

Dibutylchlorendate Mix
200µg/mL in acetone

1mL/ampul:
w/data pack

Each 32025 32025-500
5-pk. 32025-510 32025-520
10-pk. 32125

5mL/ampul:
w/data pack

Each 32026 32026-500
5-pk. 32026-510 32026-520
10-pk. 32126

2,4,5,6-Tetrachloro-m-xylene Mix
200µg/mL in acetone

1mL/ampul:
w/data pack

Each 32027 32027-500
5-pk. 32027-510 32027-520
10-pk. 32127

5mL/ampul:
w/data pack

Each 32028 32028-500
5-pk. 32028-510 32028-520
10-pk. 32128

Decachlorobiphenyl Mix
200µg/mL in acetone

1mL/ampul:
w/data pack

Each 32029 32029-500
5-pk. 32029-510 32029-520
10-pk. 32129

5mL/ampul:
w/data pack

Each 32030 32030-500
5-pk. 32030-510 32030-520
10-pk. 32130

Pesticide Surrogate Mix
decachlorobiphenyl

2,4,5,6-tetrachloro-m-xylene
200µg/mL ea. in acetone, 1mL/ampul

w/data pack
Each 32000 32000-500
5-pk. 32000-510 32000-520
10-pk. 32100

www.restekcorp.com

✶
For tech support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)
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Aroclor®, Toxaphene, and Chlordane Solutions

1000µg/mL Each w/ 5pk. w/ 10pk. w/
in hexane Each data pack 5pk. data pack data pack

1mL/ampul

Aroclor® 1016 32006 32006-500 32006-510 32006-520 32106

Aroclor® 1221 32007 32007-500 32007-510 32007-520 32107

Aroclor® 1232 32008 32008-500 32008-510 32008-520 32108

Aroclor® 1242 32009 32009-500 32009-510 32009-520 32109

Aroclor® 1248 32010 32010-500 32010-510 32010-520 32110

Aroclor® 1254 32011 32011-500 32011-510 32011-520 32111

Aroclor® 1260 32012 32012-500 32012-510 32012-520 32112

Aroclor® 1016/1260 32039 32039-500 32039-510 32039-520 32139

200µg/mL Each w/ 5pk. w/ 10pk. w/
in isooctane Each data pack 5pk. data pack data pack
1mL/ampul

Aroclor® 1016 32064 32064-500 32064-510 32064-520 32164

Aroclor® 1221 32065 32065-500 32065-510 32065-520 32165

Aroclor® 1232 32066 32066-500 32066-510 32066-520 32166

Aroclor® 1242 32067 32067-500 32067-510 32067-520 32167

Aroclor® 1248 32068 32068-500 32068-510 32068-520 32168

Aroclor® 1254 32069 32069-500 32069-510 32069-520 32169

Aroclor® 1260 32070 32070-500 32070-510 32070-520 32170

1000µg/mL Each w/ 5pk. w/ 10pk. w/
in hexane Each data pack 5pk. data pack data pack

1mL/ampul

chlordane (technical) 32021 32021-500 32021-510 32021-520 32121

toxaphene 32005 32005-500 32005-510 32005-520 32105

5000µg/mL Each w/ 5pk. w/ 10pk. w/
in isooctane Each data pack 5pk. data pack data pack
1mL/ampul

chlordane (technical) 32072 32072-500 32072-510 32072-520 32172

toxaphene 32071 32071-500 32071-510 32071-520 32171

PCB Kit #1
1000µg/mL in hexane, 1mL/ampul

1 ea. of 32006, 32007, 32008, 32009, 32010, 32011, and 32012.
Kit

Kit w/data pack

32089 32089-500

PCB Kit #2
200µg/mL in isooctane, 1mL/ampul

1 ea. of 32064, 32065, 32066, 32067, 32068, 32069, and 32070.
Kit

Kit w/data pack

32090 32090-500

www.restekcorp.com

Restek Trademarks:
Rtx, Press-Tight, Thermolite, and the Restek logo.

Other Trademarks:
Aroclor (Monsanto Co.), Florisil (U.S. Silica Co.), RapidVap (Labconco), Teflon (E.I. du Pont de
Nemours & Co., Inc.), TurboVap (Zymark), and Vespel (E.I. du Pont de Nemours & Co., Inc.).
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Universal “Y” Press-Tight® Connectors

• Split sample flow onto two columns.
• Split a single column flow into two different detectors.
• Perform confirmational analysis with a single injection.

Universal “Y” Press-Tight® Connectors

cat.# 20405 (ea.) cat.# 20406 (3-pk.)

Septum Diameter 25-pk. 50-pk. 100-pk.

5mm (3/16") 20351 20352 20353

6mm (1/4") 20355 20356 20357

7mm 20381 20382 20383

8mm 20370 20371 —

9.5mm (3/8") 20359 20360 20361

10mm 20378 20379 20380

11mm (7/16") 20363 20364 20365

12.5mm (1/2") 20367 20368 20369

17mm 20384 20385 20386

Shimadzu Plug 20372 20373 20374

To request a FREE sample of

Thermolite® septa, call 800-

356-1688, ext. 5, or your local

Restek representative.

Thermolite® Septa

• Lowest bleed on FIDs, ECDs, & MSDs.
• Excellent puncturability.
• Preconditioned and ready to use.
• Do not adhere to hot metal surfaces.
• Usable to 340°C inlet temperatures.
• Packaged in non-contaminating tins.

Universal Angled “Y” Press-Tight® Connectors

• Alleviates column-end connection strain.
• Inlet and outlet ends conform to the column radius.
• Perform confirmational analysis with a single injection.

Universal Angled “Y” Press-Tight® Connectors

cat.# 20403 (ea.) cat.# 20404 (3-pk.)

Request the Inlet Supplies

Catalog (#55980) for a

comprehensive list of

Restek’s inlet supplies.

For Uniliner® direct injection

sleeve product information,

refer to page 294 in our 1999

Chromatography Products

catalog, or visit our web site

(www.restekcorp.com).
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USA:
110 Benner Circle, Bellefonte, PA 16823
Phone: (800) 356-1688, (814) 353-1300
Fax: (814) 353-1309

Germany:
Sulzbacher Str. 15, D-65812 Bad Soden
Telefon: 49 6196 65130
Telefax: 49 6196 62301

France:
1, rue Montespan, 91024 Evry Cedex
Telefon: 33 01 60 78 32 10
Telefax: 33 01 60 78 70 90

Thames Restek UK Ltd.:
Fairacres Industrial Centre,
Dedworth Road, Windsor,
Berkshire, England SL4 4LE
Phone: 01753 624111
Fax: 01753 624666

For permission to reproduce any portion
of this technical guide, please contact
Restek’s publications/graphics depart-
ment by phone (ext. 2128) or FAX (814)
353-9278.

© Copyright 1999,
Restek Corporation

Lit. Cat. #59892

Our Technical Service Department is
staffed with over 35 experienced
chemists from various departments
within Restek. This group is able to
answer our customers’ questions con-
cerning accessories, applications,
chemical standards, columns,
method development, metals passi-
vation (Silcosteel®-treatment), and
troubleshooting for GC, HPLC, and
Air Analysis. Our regular technical
service hours are 8AM to 7PM EST,
Monday through Thursday, and 8AM

to 5PM EST on Fridays.

Count on Restek
for Customer Service & Technical Support

The recent expansion of our Customer
Response Team gives you a 24-hour
turnaround from the time we receive
a literature request until it ships out
the door. We continually update our
database with information about
your communications, so we can
meet your specific needs more eas-
ily. Customers are contacted through
our follow-up program to keep them
informed and to ensure that over-
night shipments were delivered on
time.

When you need to place an order,
track a package, check the status of
an open order, or request a price
quote, Restek’s highly-trained Cus-
tomer Service Team will exceed your
expectations. Because we know how
busy you are, we work hard to sim-
plify your requests. We will suggest
options that will save you time and
money and will get your products to
you as quickly as possible. That’s
what having the best customer ser-
vice in the business is all about!
Contact us during our extended
hours, 8AM to 6PM EST, Monday
through Friday. We look forward to
working with you.

We do what it takes to meet & satisfy our customer’s needs!

✶
For tech support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

✶
Visit our web site at

www.restekcorp.com.

✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)



Pressure PSI atm kg/cm2 torr kPa bar inches Hg

PSI = 1 0.068 0.0703 51.713 6.8948 0.06895 2.0359

atm = 14.696 1 1.0332 760 101.32 1.0133 29.921

kg/cm2 = 14.223 0.967 1 735.5 98.06 0.9806 28.958

torr = 0.0193 0.00132 0.00136 1 0.1330 0.00133 0.0394

kPa = 0.1450 0.00987 0.0102 7.52 1 0.0100 0.2962

bar = 14.5038 0.9869 1.0197 751.88 100 1 29.5300

in Hg = 0.49612 0.0334 0.0345 25.400 3.376 0.03376 1

When using a hydrated form of the salt, substitute the formula mass of the hydrated form and divide by 100.

To increase/decrease the buffer strength, divide the desired millimolar buffer strength by 10 to determine the correction factor. To prepare one
liter of buffer, multiply the correction factor by the mass listed for a 10mM concentration. When using a material that is less than 100% pure,
divide the final adjusted mass by the decimal value for the purity of the material.

A Generally, only first pKa value is significant for ion exchange.

B Low UV absorbance.

C Prolonged use will corrode stainless steel.

*Varies—consult manufacturer’s label.

System Optimization
Chemistry
1. Sample components must be at least partially soluble in the mobile phase.
2. Do not exceed the manufacturer’s recommended pH range for the column.
3. If possible, perform the separation at least 2 pH units above or below analyte pKa values.
4. When using ion exchange or ion pairing mode, reduce the pH below the pKa (acidic) to proto-

nate bases, raise the pH above the pKa (basic) to ionize acids. When using reversed phase
mode, prevent ionization by adjusting the pH above the pKa of bases or below the pKa of acids
(if possible).

5. Some separations can be improved by changing solvents and adjusting the isoelutropic strength.
6. To avoid equilibration problems, use ion pair agents only with isocratic methods.
7. Temperature and pH must be controlled during ion pair separations.
Plumbing
1. When doing gradient analyses, determine the delay volume of the system.

The larger the delay volume, the slower the gradient change.
To determine tubing volume: volume (cm3) = length x π x (diameter/2)2

Length and diameter in cm; 1 inch = 2.54cm
2. Minimize volume between injector and detector, to increase resolution and theoretical plate val-

ues. Restrict the diameter of all injector-to-detector tubing to 0.007" or less.
3. Tubing volume between the mixing chamber and the injector will contribute to the delay volume.
4. Minimize the length of all plumbing lines.
Pump
1. Verify miscibility of all solvents before use.
2. Degas all mobile phases before use (helium sparging) or in line (vacuum degasser). Gas bub-

bles can reduce sensitivity, obstruct check valves, and outgas in the detector flow cell. Use only
helium for sparging; helium molecules are small enough to displace other atmospheric gases.

3. Maintain a sparge of about 25cc/min., to prevent re-entry of atmospheric gases.
4. Over-sparging can change the mobile phase composition, through evaporation.
5. Sonication under vacuum is an effective method of degassing.
Injector
1. For greatest precision use the smallest syringe capable of providing the needed sample volume.
2. The elution strength of the sample solvent should be equal to or weaker than that of the mobile

phase. Dissolving a sample in a solution stronger than the mobile phase can cause peak
fronting.

Detector Quick Tips
Select flow cell volume according to column internal diameter.
If column internal diameter is 3mm or less, use a 3µL flow cell, or smaller.
Refractive Index
1. To increase sensitivity, exploit differences in solvent refractive indices by changing solvents and

adjusting isoelutropic strength.
2. Do not use refractive index detection with gradient methods.
3. Control of column and detector temperature is critical.
4. Reduce detector noise by using a backpressure regulator to reduce outgassing in the flow cell.
Fluorescence Detection
1. Determine maximum wavelengths of absorbance for the analyte(s), using a UV spectropho-

tometer. Remember: Not all compounds fluoresce.
2. Set the fluorescence detector to the greatest absorption excitation wavelength, then perform a

scan to determine the greatest emission wavelength.
Ultraviolet Detection
1. Adjust the wavelength to or near the absorbance maximum for the analyte(s).
2. Absorbance maxima can vary with the sample diluent and, sometimes, pH.
3. Determine if a secondary absorbance allows detection at a higher signal-to-noise ratio.
4. For greatest selectivity, the signal bandwidth should not exceed 2x the slit bandwidth.
5. Inorganic buffers, such as potassium phosphate, increase the range of an analysis and con-

tribute little UV background noise.
Evaporative Light Scattering
1. Evaporative light scattering can be used with gradient methods.
2. Mobile phase must be more volatile than all analytes. Avoid using nonvolatile buffers.
3. Use the lowest temperature required to vaporize the mobile phase.
Mass Spectrometry
1. Use only volatile buffers for LC/MS. Ammoniated species also stabilize ions.
2. For compounds already ionized, an electrospray interface (ESI) works well.
3. To improve sensitivity for ESI, select stationary phases for optimum retention to maximize the

amount of volatile organic solvent in the mobile phase.

Restek U.S. 800-356-1688 or 814-353-1300 • Restek France 33 01 60 78 32 10 • Restek GmbH 49 06172 2797 0 • Thames Restek UK LTD 01494-563377 • Restek Ireland 44 28 9081 4576

System Setup Essentials
Changing Mobile Phases
1. Verify the mobile phase is miscible with the previous mobile phase. Flush the HPLC system with 10–20 column vol-

umes of the new mobile phase.
2. Start the pump and increase the flow to the desired rate over a period of about 60 seconds. Check for leaks.
3. Allow the system to equilibrate until the baseline is stable.
Retrieving a Column from Storage
1. Verify the mobile phase is miscible with the column storage solvent. Flush the HPLC system with 10–20 column vol-

umes of the new mobile phase.
2. Attach the column to the system. Verify the ferrules are properly seated in the column, to minimize dead volume.
3. Start the pump and increase the flow to the desired rate over a period of about 60 seconds. Check for leaks.
4. Allow the system to equilibrate until the baseline is stable.
Switching HPLC System: Normal Phase to/from Reversed Phase
1. Remove the column and install a zero dead volume connector.
2. If necessary, flush the system with 10–20 column volumes of water to remove buffer from the previous mobile phase.

If going from normal phase to reversed phase, go to Step 4.
3. Make 3 injections of water at the maximum capacity of the sample loop.
4. Flush the system with 10–20 column volumes of isopropanol (IPA) or ethanol (EtOH).
5. Make 3 injections of IPA or EtOH at the maximum capacity of the sample loop.
6. Make 3 injections of the new mobile phase at the maximum capacity of the sample loop.

Miscibility and
Solubility

Parker Valco

Waters Rheodyne

Fitting Styles
Fitting styles differ

among various
manufacturers.

Swagelok Parker A-Lok

Ferrule not seated,
causing leak

Tubing not seated,
causing dead

volume

Tubing and ferrule
seated correctly

Column and HPLC System Storage Essentials
1. Failure to prepare and store a column properly can damage the column and shorten its life, and possibly damage

other HPLC system components.
2. Rinse the system and column with buffer-free mobile phase, to remove all traces of buffer.

Buffer precipitation within a column can cause microfractures in the packing bed. Precipitated buffer is difficult to
remove.
For reversed phase columns, maintain at least 10% organic solvent in the mobile phase during the rinse.

3. Rinse the system and column with the strong mobile phase solvent until the baseline stabilizes. Recommended stor-
age solvents are methanol, acetonitrile, or a buffer-free aqueous mobile phase containing at least 10% organic sol-
vent (to prevent bacterial growth in the column).

4. Remove the column from the system. Make sure the column is properly sealed with end plugs. Aluminum foil, paraffin
film sheeting, etc. are not substitutes for column plugs.
The packing bed in a poorly sealed column can dry out, creating microfractures and channeling in the bed.

5. Maintain a log for each column, and for the system. This information will assist in troubleshooting if a problem occurs.
Dates used, mobile phases, theoretical plates, pressure, compounds separated, and unusual observations (e.g., peak
tailing), are valuable items of information.
Periodically check column performance with a standard test mix.

6. Once ion pair reagents are introduced into a column, most manufacturers recommend that the column be dedicated
to that separation.

Mobile Phase Preparation Basics
1. Know the miscibility of all mobile phase components before mixing. If necessary, test the combination in a vial.
2. Filter all buffer solutions before use. Small particles, often present in buffer solutions; can plug a

column or damage equipment.
3. Use separate glassware to measure each mobile phase component. Combining solvents in the

same container will create volume displacement errors.
4. Adjust the pH of the buffer BEFORE adding the buffer to the

organic phase. pH is not defined in a non-aqueous system.
5. Verify the buffer is correct for the pH range. Verify the strength of

the buffer.
6. Whenever the aqueous component of a mobile phase includes a

buffer, add the organic component to the aqueous component.
Introducing the buffer into the organic component could cause the
buffer to precipitate.

7. Be especially alert to buffer precipitation, especially at high con-
centration,  when using gradient elution. When the organic solvent
exceeds 50% of the mix, the buffer could precipitate.

8. Allow the mobile phase to thermally equilibrate before beginning
an analysis. Isolate mobile phase reservoirs from locations that
could cause uncontrolled temperature fluctuations.

Acetone
Acetonitrile

Dimethyl formamide
Dimethyl sulfoxide

Dioxane
Ethanol

Isopropyl alcohol
Methanol

Tetrahydrofuran
Water

Benzene
Butanol

Carbon tetrachloride
Chloroform

Cyclohexane
1,2 Dichloroethane

Dichloromethane
Ethyl acetate

Ethyl ether
Heptane
Hexane

iso-Octane
Methyl t-butyl ether
Methyl ethyl ketone

Pentane
Toluene
Xylene
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Proper Connections
Problems can arise from an

incompatible fitting or improperly
seated ferrule or tubing.
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Chromatography Formulae

Retention time of an unretained solute sec. to ta

Retention time, measured from the start sec. tR t

Reduced retention time sec. t'R = tR - to —

* Modern Practice of Liquid Chromatography J.J. Kirkland, ed., Wiley, New York, 1971.
** United States Pharmacopoeia, USP 26/NF 21, pp 2135–2136, 2003.

HPLC Pump Pressure Conversion Factors
Multiply units in the left-most column by the conversion factors listed to the right.
e.g., 10PSI x 0.068 = 0.68atm or 10 bar x 29.5300 = 295.300 inches Hg

Peak width at 1/2 height sec. w1/2 wh/2

Resolution (general equation) — ( ) ( )N

Number of theoretical plates
(peak width at 1/2 height)

— 5.54 t
wh/2

( )
2

Optimum flow rates

HPLC Piston Seal Insertion Tool,
cat.# 21356

PEEK® Fitting Extractor, cat.# 25325

HPLC Survival Kit,
cat.# 25322

HPLC Stainless Steel Survival Kit, cat.# 25097

Sonic Debubbler, 
cat.# 20444

Last Drop Filters, cat.# 25314

Piston Seals, cat.# 25176

Check Valves for Waters
Instruments, cat.# 25161

Restek offers a full line of replacement
parts for all major HPLC manufacturers.
Refer to the HPLC Columns and
Accessories catalog (lit. cat.# 59241A)

Backpressure Regulator:
End-of-Line Design,
cat.# 25017

MicroPulse™ Pulse Damper,
cat.# 25238

LCLocker™ HPLC Organizer, cat.# 25149

Teflon™ Tubing,
cat.# 25306

© Copyright 2003, Restek Corporation       Lit. cat.# 59894A
Trademarks: LCLocker, MicroPulse, PEEK, Teflon, Trident. For ownership, refer to Restek catalog.

—

Trident™ Guard Columns

Parameter Unit Formulae

Kirkland et al.* USP**

For Free Technical Support Call
800-356-1688, ext. 4

H P L CH P L C from

Column 5µm Particles 3µm Particles
ID (mm) Flow Rate (mL/min.) Flow Rate (mL/min.)

4.6 1.00 1.5
3.2 0.50 0.73
2.1 0.20 0.31
1.0 0.05 0.07

tech tips

Universal 10-32 PEEK®

Column Connectors and
Plugs, cat.# 25324

Water Miscible Solvents

Miscible Solvents

Immiscible Solvents

Buffer Type pKa Buffer Typical Empirical Anhydrous g needed to prepare  
pH Range Examples Formula Formula Mass one liter at 10mM

Phosphate Note A 2.1 1.1 - 3.1 Potassium phosphate monobasic, KH2PO4 136.09 1.3609
Note B Sodium phosphate monobasic NaH2PO4 120.00 1.2000

7.2 6.2 - 8.2 Potassium phosphate dibasic, K2HPO4 174.18 1.7418
Sodium phosphate dibasic Na2HPO4 142.00 1.4200

12.3 11.3 -13.3 Sodium phosphate tribasic, Na3PO4 188.10 1.8810
Potassium phosphate tribasic K3PO4 212.30 2.1230
Phosphoric acid H3PO4 98.00 0.9800

Citrate Note C 3.1 2.1-4.1 Trisodium citrate, C6H5O7Na3 258.10 2.5810
Note A Tripotassium citrate C6H5O7K3 306.40 3.0640

4.7 3.7-5.7 Diammonium citrate (dibasic) C6H8O7(NH3)2 226.20 2.2620
5.4 4.4-6.4 Triammonium citrate (tribasic) C6H17N3O7 243.20 2.4320

Citric acid C6H8O7 192.20 1.9220

Formate 3.8 2.8-4.8 Ammonium formate, CH2O2(NH3) 63.06 0.6306
Sodium formate, CHO2Na 68.01 0.6801
Potassium formate CHO2K 84.12 0.8412
Formic acid CH2O2 46.03 0.4603

Acetate 4.8 3.8-5.8 Ammonium acetate, (NH4)C2H3O2 77.08 0.7708
Potassium acetate, KC2H3O2 98.14 0.9814
Sodium acetate C2H3O2Na 82.03 0.8203
Acetic acid CH3COOH 60.05 0.6005

Borate 9.2 8.2-10.2 Sodium borate Na2B4O7 381.40 3.8140
Boric acid H3BO3 61.83 0.6183

Ammonia 9.2 8.2-10.2 Ammonium phosphate monobasic, (NH4)H2PO4 115.00 1.1500
Ammonium phosphate dibasic (NH4)2HPO4 132.10 1.3210
Ammonium carbonate (NH4)2CO3 ~96* ~0.96*
Ammonium hydroxide (NH4)OH 35.05 0.3505

Carbonate 10.2 9.2–11.2 Sodium carbonate Na2CO3 105.99 1.0599
Ammonium carbonate (NH4)2CO3 ~96* ~0.96*
Potassium bicarbonate KHCO3 100.12 1.0012
Sodium bicarbonate NaHCO3 84.01 0.8402
Ammonium bicarbonate (NH4)HCO3 79.06 0.7906

Buffers for HPLC
1. Always prepare buffers and take pH measurements in 100% aqueous solutions.

2. When preparing a buffer of known absolute molarity, prepare the acidic and basic components individually, to the same ionic strength. Adjust
the final pH simply by adding a portion of the one component to the other.

3. Always adjust pH with an appropriate counterion (e.g., ammonium hydroxide and phosphoric acid are suitable for adjusting the pH of ammoni-
um phosphate, but hydrochloric acid or acetic acid are not).

www.restekcorp.com
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tatic headspace gas chromatography (GC) is a technique used for the concentra-
tion and analysis of volatile organic compounds. This technique is relativelyS

Time and money are two of the many reasons why an analyst
would use static headspace analysis. Other reasons may include
ease of operation and the ability to assay a variety of sample
matrices.

simple and can provide sensitivity similar to dynamic purge and trap analysis. The
popularity of this technique has grown and has gained worldwide acceptance for
analyses of alcohols in blood and residual solvents in pharmaceutical products.
Other common applications include industrial analyses of monomers in polymers
and plastic, flavor compounds in beverages and food products, and fragrances in
perfumes and cosmetics.

Sample matrices like blood, plastic, and cosmetics contain high molecular weight,
non-volatile material that can remain in the GC system and result in poor analytical
performance. Many laboratory analysts use extensive sample preparation techniques
to extract and concentrate the compounds of interest from this unwanted non-
volatile material. These extraction and concentration techniques can become time
consuming and costly. Static headspace analysis avoids this time and cost by directly
sampling the volatile headspace from the container in which the sample is placed.

Because of the diversities in the industry and related products, this guide attempts to
cover only the basic principles of static headspace and demonstrate how to apply
them to achieve optimum chromatographic results. With an understanding of these
principles, various instrumentation will then be reviewed to help build upon this
knowledge and identify the benefits and potential problems associated with each
mode of sample transfer. Information from the Basic Principles and Instrumentation
sections of this guide can then be brought together and applied to the conditions and
methodology of common analyses. Like most applications, a variety of problems
may arise in which the System Optimization section will help to identify these
problems and offer techniques to help resolve them.

✶
For technical support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

or call your local
Restek representative.
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Figure 1
Phases of the headspace vial.

Equation 1
Partition Coefficient (K) = Cs/Cg

Equation 2
Phase Ratio (β) = Vg/Vs

Cs=concentration of analyte in sample phase
Cg=concentration of analyte in gas phase
Vs=volume of sample phase
Vg=volume of gas phase

Figure 2
K and β are important variables in

headspace analysis.

Solvent K Value
cyclohexane 0.077
n-hexane 0.14
tetrachloroethylene 1.48
1,1,1-trichloromethane 1.65
o-xylene 2.44
toluene 2.82
benzene 2.90
dichloromethane 5.65
n-butyl acetate 31.4
ethyl acetate 62.4
methyl ethyl ketone 139.5
n-butanol 647
isopropanol 825
ethanol 1355
dioxane 1618

Table I
K Values of Common Solvents in Air-

Water Systems at 40°C

Basic Principles of Headspace Analysis
Most consumer products and biological samples are composed of a wide variety of
compounds that differ in molecular weight, polarity, and volatility. For complex
samples like these, headspace sampling is the fastest and cleanest method for
analyzing volatile organic compounds. A headspace sample is normally prepared in
a vial containing the sample, the dilution solvent, a matrix modifier, and the
headspace (see Figure 1). Volatile components from complex sample mixtures can
be extracted from non-volatile sample components and isolated in the headspace or
vapor portion of a sample vial. An aliquot of the vapor in the headspace is delivered
to a GC system for separation of all of the volatile components.

In order to achieve the best performance when using headspace/GC, careful atten-
tion should be used in sample preparation and instrument setup. Key issues to
address when setting up headspace/GC systems include minimizing system dead
volume, maintaining inert sample flow paths, and achieving efficient sample
transfer. These issues, as well as other instrument setup-related topics, are addressed
later in the System Optimization section of this guide.

Samples must be prepared to maximize the concentration of the volatile components
in the headspace, and minimize unwanted contamination from other compounds in
the sample matrix. To help determine the concentration of an analyte in the
headspace, you will need to calculate the partition coefficient (K), which is defined
as the equilibrium distribution of an analyte between the sample phase and the gas
phase (Figure 2).

Partition Coefficient

Compounds that have low K values will tend to partition more readily into the gas
phase, and have relatively high responses and low limits of detection (Figure 3). An
example of this would be hexane in water: at 40°C, hexane has a K value of 0.14 in
an air-water system. Compounds that have high K values will tend to partition less
readily into the gas phase and have relatively low response and high limits of
detection. An example of this would be ethanol in water: at 40°C, ethanol has a K
value of 1355 in an air-water system. Partition coefficient values for other common
compounds are shown in Table I.

volatile
analytes

sample, dilution
solvent, and matrix

modifier

}
}

G

S

G=the gas phase (headspace).
The gas phase is commonly referred to as the headspace
and lies above the condensed sample phase.

S=the sample phase.
The sample phase contains the compound(s) of interest
and is usually in the form of a liquid or solid in combina-
tion with a dilution solvent or a matrix modifier.

Once the sample phase is introduced into the vial and the
vial is sealed, volatile components diffuse into the gas
phase until the headspace has reached a state of equilib-
rium as depicted by the arrows. The sample is then taken
from the headspace.
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(Ideal)

K

Cg

(Ideal)

Figure 3
Sensitivity is increased when K

is minimized.

K and βββββ

Figure 5
Lower K and β result in higher Cg

and better sensitivity.

ammonium chloride
ammonium sulfate

sodium chloride
sodium citrate
sodium sulfate

potassium carbonate

Table II
Common salts used to decrease

matrix effects.

(Ideal)

βββββ

Cg

Figure 4
Sensitivity is increased when β

is minimized.

✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)

or call your local
Restek representative.

Cg

K can be lowered by changing the
temperature at which the vial is equili-
brated or by changing the composition of
the sample matrix. In the case of ethanol,
K can be lowered from 1355 to 328 by
raising the temperature of the vial from
40°C to 80°C. It can be lowered even
further by introducing inorganic salt into
the aqueous sample matrix. High salt
concentrations in aqueous samples
decrease the solubility of polar organic
volatiles in the sample matrix and promote their transfer into the headspace,
resulting in lower K values. However, the magnitude of the salting-out effect on K is
not the same for all compounds. Compounds with K values that are already rela-
tively low will experience very little change in partition coefficient after adding a
salt to an aqueous sample matrix. Generally, volatile polar compounds in polar
matrices (aqueous samples) will experience the largest shifts in K and have higher
responses after the addition of salt to the sample matrix. Table II lists most of the
common salts used for salting-out procedures.

Phase Ratio
The phase ratio (β) is defined as the relative volume of the headspace compared to
volume of the sample in the sample vial (Figure 2). Lower values for β (i.e., larger
sample size) will yield higher responses for volatile compounds (Figure 4). How-
ever, decreasing the β value will not always yield the increase in response needed to
improve sensitivity. When β is decreased by increasing the sample size, compounds
with high K values partition less into the headspace compared to compounds with
low K values, and yield correspondingly smaller changes in Cg. Samples that contain
compounds with high K values need to be optimized to provide the lowest K value
before changes are made in the phase ratio.

Combining K and βββββ
Partition coefficients and phase ratios
work together to determine the final
concentration of volatile compounds in
the headspace of sample vials. The
concentration of volatile compounds in
the gas phase can be expressed as
Cg=Co/(K+β) (where Cg is the concen-
tration of volatile analytes in the gas
phase and Co is the original concentra-
tion of volatile analytes in the sample).
Striving for the lowest values for both
K and β will result in higher concentra-
tions of volatile analytes in the gas
phase and, therefore, better sensitivity
(Figure 5).
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Compound of Interest Derivatizing Reagent Resulting Derivative

fatty acids methanol esterification
with boron trifluoride

glycerol acetic anhydride acetylation
with sodium carbonate

For more information on derivatization, please refer to the “Handbook of Analytical
Derivatization Reactions” by Daniel R. Knapp or to the text at right.

Table III
Common reagents used to derivatize compounds of interest.

Common derivatization techniques used in reaction headspace/GC are esterification,
acetylation, silylation, and alkylation. Any of these derivatization techniques can be
performed using the sample vial as the reaction vessel (see Table III for a list of
commonly used reagents). Although derivatization may improve chromatographic
performance and volatility for some compounds, derivatization reactions may
introduce other problems into the analytical scheme. Derivatization reagents as well
as the by-products from derivatization reaction may be volatile and can partition into
the headspace along with derivatized compounds. These extra volatile compounds
may pose problems by eluting with similar retention times as the compounds of
interest, causing either partial or complete coelutions.

Derivatization reactions also are typically run at elevated temperatures. Pressures
inside the sample vial may exceed the pressure handling capabilities of the vial or
the septa. Specially designed septa are available that allow excess pressure to be
vented during derivatization reactions.

Headspace Sample Size
In addition to working with K, β, and derivatization reactions, sensitivity also can be
improved by simply increasing the size of the headspace sample that is withdrawn
from the sample vial and transferred to the GC. Increasing the sample size also
means that the amount of time it takes to transfer the sample to the column will
increase in proportion to the column volumetric flow rate. Sample size can be
increased only to the point that increases in peak width, as a result of longer sample
transfer times, will not affect chromatographic separations. Larger sample sizes and
longer transfer times can be offset by using cryogenic cooling and sample refocus-
ing at the head of the column.

Derivatization/Reaction Headspace
Derivatization is another technique that can be used to increase sensitivity and
chromatographic performance for specific compounds. Compounds such as acids,
alcohols, and amines are difficult to analyze because of the presence of reactive
hydrogens. When attempting to analyze these types of compounds, they can react
with the surface of the injection port or the analytical column and result in tailing
peaks and low response. In addition, they may be highly soluble in the sample
phase, causing very poor partitioning into the headspace and low response.
Derivatization can improve their volatility, as well as reduce the potential for surface
adsorption once they enter the GC system.

For more information on headspace
anaysis, check out the textbook,

Static Headspace-Gas
Chromatography, Theory and Practice

by Bruno Kolb and Leslie S. Ettre.



Instrumentation
Gas-Tight Syringe Injection
Use of a gas-tight syringe autosampling system is one of three common techniques
(gas-tight syringe, balanced pressure, and pressure loop) used to transfer a
headspace sample. Most of the autosampling units can retrofit to a standard GC with
a split/splitless injection port, making them relatively simple to use and understand.
These systems do not require the use of special configurations or special instrumen-
tation other than the autosampler itself. The gas-tight syringe autosampler is
beneficial for use with diverse samples because of the variety of sampler configura-
tions and method options available.

The gas-tight syringe technique operates by initially thermostatting the sample in an
incubation oven at a given temperature and for a given time until it has reached a
state of equilibrium (Figure 6, Step 1). Once the sample has reached an equilibrium,
an aliquot is taken from the headspace using the gas-tight syringe (Figure 6, Step
2), and the aliquot is injected into the GC as if it were a liquid sample injection
(Figure 6, Step 3).

Several concerns exist regarding this technique. Because the sample is being trans-
ferred from a heated oven, the syringe also must be heated to ensure that the sample will
not recondense in the syringe. Many manufacturers have taken this into consideration
and their samplers now come with a heated syringe assembly. There also are reproduc-
ibility issues because of possible sample loss. As the sample is transferred from the vial
to the injection port, some of it may be lost because of the pressure differences between
the vial and atmospheric conditions. Beyond these concerns, the gas-tight syringe
technique is simple to use, can retrofit into a variety of GC systems, and is best suited
for diverse samples. Examples of manufacturers and models of the gas-tight syringe
units are: the ThermoQuest TRACE™ HS2000 and HS850 (Figure 7) Headspace
Autosamplers and the Leap Technologies CTC COMBI PAL Sampler.

Balanced-Pressure System

Figure 7
Gas-tight syringe autosampler

TRACE HS850
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Figure 6: Gas syringe system

Step 1
Sample reaches

equilibrium

Step 3
Sample is injected

Step 2
Sample is extracted from

headspace

Another common technique is the balanced-pressure system, which is capable of
generating results with a high degree of repeatability. It uses a seamless injection
directly from the vial into the carrier gas stream without additional moving parts other
than a valve and a needle. The balanced-pressure system, like other techniques, uses
an incubation oven to thermostat the vial so the sample reaches equilibrium (Figure 8,
Step 1). During these initial steps, a needle is inserted into the vial and then is
pressurized with a carrier gas (Figure 8, Step 2). After the vial is pressurized and
equilibrium has been reached, the valve is switched for a specific amount of time to
redirect the sample into the transfer line and onto the column (Figure 8, Step 3).



Figure 8: Balanced-pressure system

Because this technique uses a theoretical amount of time to inject the sample, the
absolute volume of the sample is unknown. However, this technique is highly repro-
ducible because the number of moving parts are minimized, which decreases the
chance for compound adsorption and loss via leaks. An example of a balanced-
pressure system is the HS 40XL manufactured by Perkin-Elmer (Figure 9).

Pressure-Loop System
The last common injection technique discussed in this guide is the pressure-loop
system. Unlike balanced-pressure, the pressure-loop system uses a known amount of
sample. This technique typically uses a six-port valve, and initially thermostats and
pressurizes the vial as in the previously described techniques (Figure 10,
Step 1). After pressurization, the valve is turned and the loop is filled with the
sample (Figure 10, Step 2). After the loop has been filled, the valve is turned again to
redirect the gas flow and flush the sample into the transfer line leading to the analyti-
cal column (Figure 10, Step 3).

Figure 9
Balanced-pressure autosampler

Perkin-Elmer HS 40XL

The pressure-loop system has several advantages and disadvantages. One of the
advantages of this system is that the loop can be thermostatted to high temperatures,
which helps to lessen adsorption of higher molecular weight and sensitive com-
pounds. The fixed volume of the sample loop also helps to improve run-to-run
reproducibility. A disadvantage of a pressure-loop system is that it may cause ghost
peaks because of sample carryover from a previous analysis.1 Several makes and
models of pressure-loop systems include the OI Model 4632 (Figure 11), Varian
Genesis, Tekmar 7000HT, and the HP 7694E.

Step 1
Sample reaches

equilibrium

Step 3
Sample is extracted and

injected

Step 2
Pressurization of injection

Figure 10: Pressure-loop system

Step 1
Sample reaches

equilibrium/pressurization

Step 3
Sample is injected

Step 2
Sample is extracted from

headspace

7

Figure 11
Pressure-loop system

OI Model 4632

outlet

inlet/outlet
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✶Always use pre-cleaned vials for
sample preparation and storage.

Sample Vial
Sample vials should be selected to match the type and size of the sample being
analyzed. Always use pre-cleaned vials for sample preparation and storage. Vials
that are not properly cleaned prior to packaging or that absorb contaminants during
shipping can produce unknown chromatographic peaks, or “ghost peaks.” Ghost
peaks that are the result of vial contamination can be identified by running method
blanks and zero standards during the system calibration sequence.

The septa used to seal the headspace vials also can be a source for contaminants,
which can bleed into the headspace of the vial during equilibration. These contami-
nants can appear as single peaks or multiple peak patterns. Some septa are available
with a Teflon® face to eliminate bleed from the rubber portion of the septa. These
septa should not be re-used. Once the Teflon® face has been punctured by a syringe,
contaminants from the rubber portion of the septa can migrate into the headspace
and show up as unidentified peaks. Again, the use of method blanks can help to
determine the source of contaminants.

System Optimization (Troubleshooting)
Chromatographic performance in Headspace/GC is greatly influenced by how the
sample is introduced into the analytical column. Variables that affect sample
preparation and transfer of the sample from the headspace unit to the analytical
column must be optimized to obtain reproducible and efficient separations. Key
issues to address when setting up headspace/GC systems include minimizing system
dead volume, maintaining inert sample flow paths, and achieving efficient sample
transfer. This section will explain how to optimize areas that are critical in address-
ing these issues and providing good chromatographic performance.

Sample Preparation
Samples for headspace/GC must be prepared in such a manner as to maximize the
concentration of the volatile sample components in the headspace while minimizing
unwanted contamination from other compounds in the sample matrix. Sample
matrices such as biological samples, plastics, and cosmetics can contain high
molecular weight, volatile material that can be transferred to the GC system. Water
from the sample matrix also can cause problems by recondensing in the transfer line.
Incomplete or inefficient transfer of high molecular weight compounds or water
vapor from sample matrices can produce adsorptive areas in the transfer line or
injection port that can lead to split peaks, tailing peaks, or irreproducible responses
or retention times. To minimize matrix problems and prevent water condensation
from aqueous samples, use a higher transfer line temperature (~125°C–150°C).

High-concentration samples need to be prepared appropriately to obtain optimal
chromatography. High-concentration samples can produce ghost peaks in subse-
quent analyses due to carryover of sample from previous injections. Sample
carryover can be minimized by using higher transfer line and injection port tempera-
tures, but some samples may need to be diluted and re-analyzed to obtain reliable
results. Additionally, we recommend injecting standards and samples in order from
low to high concentrations to help minimize carryover. When sample carryover or
ghost peaks are evident, you may need to bake-out the column at its maximum
operating temperature and elevate the transfer line temperature in order to remove
all of the residual sample. If high-concentration samples are anticipated in a
sequence of samples, running a blank after the suspected samples will reduce
carryover contamination of following ones. It is good lab practice to handle stan-
dards and method blanks the same way samples are handled to make any vial or
sample preparation problems easier to identify.
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Sample Vial Heater and Mixer
Once the sample is placed inside a clean, non-contaminating vial and the vial is
sealed, volatile compounds from the sample will partition into the headspace until a
state of equilibrium is reached. The rate at which volatile compounds partition out of
the sample matrix and into the headspace, as well as the equilibrium concentration
of volatile compounds in the headspace depends on several parameters (see also
Introduction of this guide).

Temperature, time, and mixing can be
used to improve the transfer of volatile
analytes from the sample into the
headspace of the vial. Adjusting the
temperature of the sample will change
the solubility of the analyte in the
sample matrix and can be used to drive
the equilibrium in favor of the gas
phase. Sufficient time must be built into
the sample cycle in order to achieve a
constant state of equilibrium. Some sample matrices require longer equilibration
times due to physical characteristics like high viscosity. Shaking or vibrating the vial
during heating can assist in achieving equilibrium more quickly by exposing more
sample surface area for the transfer of volatile analytes to the headspace.

Sampling
There are several techniques used to transfer samples from the vial to the
GC. When using a gas-tight syringe for sampling, heat the syringe to a
temperature comparable to the sample vial temperature. This minimizes
pressure differences and condensation problems. To prevent carryover from
inside the syringe, flush the syringe after each injection. Because gas-tight
syringe samplers inject through the GC injection port septum, ensure the
septum is well maintained to decrease the possibility of a leak.

For balanced-pressure sampling instruments, analysts should consider the
inertness and efficiency of the components that make up the sample pathway
inside the autosampler. If sensitive compounds are being analyzed, an inert
pathway should be used to decrease possible adsorption. Materials such as
stainless steel, nickel, Silcosteel®  and Teflon® coatings, or KEL-F® parts can

be used to minimize sample adsorption and peak tailing. Transfer line internal
diameter should be as narrow as possible to help maintain narrow sample band
widths and symmetrical peak shapes (see the following optimization of transfer lines
for more information). Analysts also should ensure that balanced-pressure instru-
ments are leak-free and operate with the least amount of dead volume in the sample
flow path. This will help obtain optimal peak shape and sensitivity.

When using pressure-loop sampling instruments, the same concerns apply as with
gas-tight syringe and balanced-pressure systems. Inert sample pathways and low
dead volume systems will yield the best chromatographic performance. In pressure-
loop systems, a gas sampling valve with a sample loop is used to transfer the sample
from the headspace unit to the GC. Adequate purging of the sample valve and loop
will guard against sample carryover. If low response or broad peaks are observed, it
may be necessary to increase the sample vial pressure to ensure that the sample loop
is being completely filled with headspace sample. If there are extraneous peaks
present due to carryover of matrix contaminants, increase the sample valve tempera-
ture to prevent sample carryover, condensation, and contamination.

✶Shaking or vibrating the
vial during heating can
assist in achieving
equilibrium.

✶
For technical support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

or call your local
Restek representative.
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✶

Transfer Line
After the headspace sample is withdrawn from the vial, it ready to be transferred to
the GC. In balanced-pressure and pressure-loop systems a short piece of tubing
called a transfer line is used to transfer the sample from the autosampler to the GC.
Transfer line material must be chosen that suits the sample analytes. Many different
materials can be used as transfer line tubing, including stainless steel, nickel, fused
silica, and Silcosteel®- or Siltek™-coated tubing. Stainless steel provides a strong,
flexible tubing material, but can be adsorptive towards more active analytes such as
alcohols, diols, and amines. Nickel and Silcosteel® tubing are highly inert towards
active compounds and provide ruggedness similar to stainless steel. Fused silica and
Siltek™ tubing are extremely inert
towards active compounds, however
they are not as rugged as nickel or
Silcosteel® tubing.

The internal diameter of the
transfer line should be chosen
depending on the internal
diameter of the analytical
column, the column flow rate,
and the flow rate delivered
from the autosampler. To elimi-
nate tubing dead volume, use the smallest diameter tubing possible. For
example, compound residence time in a 1.0mm ID transfer line is 3.6 times greater
than in the same length of 0.53mm ID tubing. Reducing the residence time of the
headspace sample in the transfer line helps to minimize band broadening. Therefore,
the flow rate should be set as high as possible to quickly move the sample cloud
through the tubing and minimize any dead volume effects.

Transfer line temperature should be set depending on the analytes of interest and the
sample matrix. Typical transfer line temperatures range from 80°C to 125°C. To
minimize matrix problems and prevent water condensation from aqueous samples,
use a higher transfer line temperature (~125°C to 150°C).

Injection Port Interface
The quality of the connection of the transfer line to the analytical column greatly
affects sample bandwidth. In most cases, the transfer line has a smaller internal
diameter than the injection port liner, and the vaporized headspace sample carrying
the compounds of interest will be diluted into a larger volume of carrier gas when
the sample elutes from the transfer line into the inlet liner. This can lead to broader
peaks, tailing peaks, lower sensitivity, and loss of resolution. Because headspace
samples are already in a gaseous state (vapor cloud) when they enter the injection
port, there is no need to use a large buffer volume in the liner to allow for sample
expansion as when analyzing liquid samples. Using injection port liners that have
smaller internal diameters and lower buffer volumes will help maintain a narrow
bandwidth as samples move from the end of the transfer line to the head of the
analytical column. 1.0mm ID deactivated injection port liners are recommended for
most headspace applications to achieve the lowest injection port dead volume.

If band-broadening due to excess dead volume in the system is still a problem, peak
shape may be improved by refocusing sample analytes at the analytical column head.
Highly volatile compounds can be trapped at the column head and refocused into a
narrow bandwidth by reducing the initial oven temperature below the boiling point of
compounds of interest. After the sample is completely transferred to the column, the
oven temperature can be increased to move the compounds through the column.

Use an inert transfer
line when optimizing
pressure-loop systems.

Restek’s technical service is here
to help. If you still have questions

after reviewing this guide,
please call us at 800-356-1688
or 814 353-1300, ext. 4, or call

your local Restek representative.
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Rtx®-BAC1: 30m, 0.32mm ID, 1.8µm (cat.# 18003) Rtx®-BAC2: 30m, 0.32mm ID, 1.2µm (cat.# 18002)

Dual-column analysis using a two-hole ferrule. 1.0mL headspace sample of a blood alcohol mix.
Oven temp.: 40°C isothermal; Inj. temp.: 200°C; Carrier gas: He; Sample equilibration temp.: 70°C; Sample equilibration time: 15 min.;
Vial pressure: 30psi; Vial pressurization time: 0.15 min.; Vial sampling time: 0.01 min.; Transfer line: 0.32mm ID FS Hydroguard™ tubing;

Transfer line temp.: 200°C; Injection port sleeve: 2mm ID; Split flow: 20mL/min.

                         Conc.
w/v

1. methanol 0.1%
2. acetaldehyde 0.2%
3. ethanol 0.2%
4. isopropanol 0.1%
5. acetone 0.01%
6. n-propanol 0.1%

Quantitation Technique for Blood
Alcohol Analysis (Internal Standard)
The internal standard technique uses one or
more designated compounds at known
concentrations spiked into the sample. The
response of the compounds of interest are
then compared to the results of the internal
standard. There are several advantages to
this technique. Multiple injections of the
standard are not necessary for concentra-
tion calculations; small changes in injection
volumes or detector response over time can
be determined.

Headspace Applications

Figure 12
Achieve baseline resolution of all blood alcohol components in less than 3 minutes using the

Rtx®-BAC1 and Rtx®-BAC2 columns and a Perkin-Elmer HS 40 headspace autosampler.
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A balanced pressure sampling unit was used to transport the sample to the GC. This
type of sampling works better with columns that require higher head pressure
(smaller ID) to improve flow efficiencies. 0.32mm ID analytical columns were
chosen for this application because of their higher operating pressure. Optimal
column performance during headspace analysis depends on GC/headspace system
set up. Band broadening can occur if there is excess dead volume in the sample flow
path between the sample valve and the head of the column. Low volume inlet liners
or interfaces in the injection port should be used to reduce the amount of excess
volume at the exit end of the transfer line. A 2mm ID liner was used in this analysis
to reduce dead volume and maintain narrow peak widths. High carrier gas flow rates
through the transfer line also can be used to maintain narrow sample bandwidths and
speed up sample transfer to the column head. A flow of 40mL-per-minute was used
to optimize the analysis on the Perkin-Elmer HS 40 system.

Simulated blood alcohol samples were prepared and analyzed using a modification
of a procedure published by Christmore et al.2 n-Propanol was used as the internal
standard and was prepared at a concentration of 0.03g/dL in 1.0M ammonium
sulfate as a diluent. Five milliliters of diluent were added to 1mL of sample in a
20mL headspace vial (Figure 12).

Blood Alcohol Analysis
Analysis time and resolution are two critical factors when developing a GC assay for
ethanol. Analysis time for each sample should be as short as possible while still
maintaining baseline resolution for all analytes. Isothermal analysis is the method of
choice because it eliminates the cool-down period between temperature-programmed
runs. Overall analysis time can be reduced in isothermal analysis by raising the oven
temperature or by increasing carrier gas flow rate. However, in attempting to shorten
the analysis time, either by increasing the flow rate or raising the temperature, many
traditional capillary column stationary phases fail to provide adequate resolution of
all the components commonly tested during blood alcohol analysis. Current advances
have aided in the design of two novel capillary column stationary phases to meet all of
these requirements—the Rtx®-BAC1 and the Rtx®-BAC2 columns.
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Quantitation Technique for USP <467>
(External Standard)
This technique uses a separate sample
(standard) that has the compounds of interest
at known concentrations in the same matrix.
This technique is advantageous if various
samples are being analyzed, and all
compounds of interest can be assayed using
a single set external standards.

These conditions (PE Auto SYS GC and HS 40 headspace autosampler), combined
with unique columns (Rtx®-BAC1 and Rtx®-BAC2), provided excellent accuracy
and precision in the analysis of blood alcohol with complete resolution in less than 3
minutes. Calibration curves were constructed using concentrations ranging from
0.01% to 0.5% ethanol. Correlation coefficients above 0.999 were easily obtained
for all compounds. Response factor repeatability was less than +1% standard
deviation while analyzing six samples at a concentration of 0.2% ethanol. Based on
our experimentation, a system detection limit of 0.001% ethanol should be achiev-
able while maintaining a minimum signal-to-noise ratio of 10.  For more informa-
tion on this analysis request, request cat.# 59548.

USP <467>
A new test for the gas chromatographic (GC) analysis of Organic Volatile Impurities
(OVI) in pharmaceutical products was published in the Third Supplement to the US
Pharmacopoeia (USP) XXII-NF XVII, which became effective November 15, 1990.

Since its original appearance in the USP, this
testing protocol has undergone many revisions
and additions.1-6 The most recent of which was
published as USP 24, effective January 1, 2000.7

The biggest change was to the limit test concen-
trations, which now match the European Pharma-
copoeia (EP) concentrations and the ICH
guidelines for the five USP <467>-regulated
solvents.8, 9

USP issued an in-process revision
announcing that the limit test for
benzene is not required unless a specific
limit for benzene is included in the
individual drug monograph.10 The
revision was needed because Methods I
and V were unable to detect benzene at
2ppm. Currently, Method IV is the only
method that detects benzene at 2ppm. It
is anticipated that USP will make more
revisions to benzene detection limits
during 2000.

USP also has clarified that a 5m phenyl-
methyl guard column is not needed for
the Method IV, headspace analysis.10

Figure 13 shows an analysis using
Method IV at the revised concentrations, the method-specified sample preparation
procedure, a G43 analytical column, and no guard column.

USP made changes in 1997 to overcome the difficulties resulting from unregulated
solvents coeluting with regulated solvents, and thereby causing over-representation
of their concentrations using GC/flame ionization detection (FID) methods.11 GC/
mass spectrometry (MS) or a second, validated column having a different stationary
phase may be used to confirm the presence of the coeluting unregulated solvent and
report the correct concentration of regulated solvent.  For more information on this
analysis request, request cat.# 59577A.

benzene 2ppm
chloroform 60ppm
1,4-dioxane 380ppm
methylene chloride 600ppm
trichloroethene 80ppm

Limit Test Concentrations
for USP <467>

Method IV - Static Headspace
6% cyanopropylphenyl/94%
dimethylpolysiloxane (G43)

30m, 0.53mm ID, 3.0µm
(Rtx®-G43 column, cat.# 16085-126)

Method for Coated Tablets -
Static Headspace

0.2% polyethylene glycol, MW 1500 (G39)
on graphitized carbon (S7)

(0.2% Carbowax® 1500 on 80/100
CarboBlack™ C packed column, cat. # 80122)

Table IV
Organic Volatile Impurities (OVI)

methods and corresponding
chromatographic systems.
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1. methylene chloride 600ppm
2. chloroform 60ppm
3. benzene 2ppm
4. trichloroethylene 80ppm
5. 1,4-dioxane 380ppm

Sample Preparation: 100µL of cat.# 36007 in 5mL distilled water, 1 gram
sodium sulfate in a 20mL headspace vial.
30m, 0.53mm ID, 3.0µm Rtx®-G43 (cat.# 16085)
Oven temp.: 40°C (hold 20 min.) to 240°C @ 35°C/min. (hold 20 min.);
Inj. temp: 140°C, 1mm split sleeve (cat.# 20916);
Det. temp.: 260°C;
FID sensitivity: 1.25 x 10-11 AFS;
Carrier gas: helium, 3.5psi constant pressure, 35cm/sec. set @ 40°C; Split
ratio: 2:1; ThermoQuest HS 2000 Headspace Autosampler Vial 80°C, 60
min. shaker on.

Figure 13
The Rtx®-G43 column provides the resolution and detection limits needed for USP 24th edition <467> revised limit

test concentrations in USP Method IV.

4

1

2 3 5

2             3             4             5              6             7             8
min.

Stock Solvent Methylene Chloride Chloroform Benzene 1,1,1-Trichlorethylene 1,4-Dioxane

Water 10.19 10.64 14.52 16.75 18.61

Water w/ Sample 8.29 9.25 11.3 13.38 15.26

DMSO 7.37 8.59 8.18 8.01 14.43

DMSO w/ Sample 7.25 7.54 8.8 8.67 7.37

Table V
Percent RSD for stock solutions in water vs. DMSO

Comments in the September/October 1992 Pharmacopoeial Forum3 propose the use
of dimethyl sulfoxide as the solvent for stock standard, but this has not been
approved as of the date of this publication.

In regards to this proposal, an investigation was conducted to determine if there
were significant changes in results if dimethyl sulfoxide was used as the diluent for
stock standard. Similar RSDs can be obtained when stock solutions are diluted in
dimethyl sulfoxide as opposed to solutions made with water (Table V).

✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)

or call your local
Restek representative.
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European Pharmacopoeia Tests
The International Conference on Harmonization (ICH) has proposed a set of guide-
lines for residue solvent testing in pharmaceutical formulation and the European
Pharmacopoeia (EP) was the first to revise their regulations.7,8 However, these
guidelines are challenging, containing over 60 compounds of regulatory interest to
manufacturers of active substances, excipients, and medicinal products. The EP
methods also allow testing limits based on either a concentration limit in a product,
or calculated from the maximum daily dosage of the product and the permissible
daily exposure limit of the solvent. These technical challenges affect the sampling
method and capillary column needed to ensure precise and accurate results.

The recommended primary capillary column for EP residual solvent testing is the
Rtx®-1301. The Rtx®-1301 column shows excellent resolution of most EP Class 1 and
Class 2 compounds at the regulation limit concentration (Figure 14). Restek also
offers Stabilwax® columns, the recommended confirmational column for European
Pharmacopoeia residual solvent testing. For more information on this analysis
request, request cat.# 59107.

min.   2      4       6      8     10    12     14    16    18     20    22    24    26     28    30    32    34

1 2 3

4
5

6

7
8

9,10

11
12

13,14

15

16

17
18

19

20
21

22,23

24,25

26

27

28

30m x .53mm ID x 3.0mm Rtx®-1301 w/5m phenyl methyl Integra-Guard™ guard column
(cat.# 16085-126). Oven temp.: 40°C (hold 20 min.) to 240°C @ 10°C/min. (hold 20 min.);

Inj./det. temp.: 200°C/250°C; FID sensitivity: 1.1 x 10-11 AFS;
Carrier gas: H

2
 @ 35cm/sec.; Split ratio: 2:1.

Figure 14
The Rtx®-1301 column shows
excellent resolution of most

European Pharmacopoeia Class 1
and 2 compounds at the regulation

limit concentration.

Quantitation Techniques for European
Pharmacopoeia

(External Standard)
This technique uses a separate sample
(standard) that has the compounds of
interest at known concentrations in the
same matrix. This technique is advanta-
geous if various samples are being
analyzed, and all compounds of interest
can be assayed using a single set
external standards.

(Standard Addition)
The standard addition technique uses
known amounts of the compounds of
interest and adds it to the existing sample.
The original concentration of the
compounds of interest are then calculated
using linear regression.

1. methanol
2. 1,1-dichloroethene
3. acetonitrile
4. methylene chloride (dichloromethane)
5. hexane (C6)
6. cis-1,2-dichloroethene
7. nitromethane
8. chloroform
9. cyclohexane

10. 1,1,1-trichloroethane
11. carbon tetrachloride
12. benzene
13. 1,2-dimethoxyethane
14. 1,2-dichloroethane
15. trichloroethylene (1,1,2-trichlorethene)
16. methylcyclohexane
17. 1,4-dioxane
18. pyridine
19. toluene
20. 2-hexanone
21. chlorobenzene
22. DMF
23. ethylbenzene
24. m-xylene
25. p-xylene
26. o-xylene
27. N,N-dimethylacetamide
28. 1,2,3,4-tetrahydronaphthalene

Headspace injection of 28 Class 1
and Class 2 residual solvents for

pharmaceutical processing. Prepared at
the regulatory limit concentration.

Samples shaken and heated at 80°C
for 15 minutes, 1mL headspace injection.

Peak List for Figure 15
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Rtx®-BAC1 Capillary Columns Rtx®-BAC2 Capillary Columns

Rtx®-G27 Integra-Guard™ Column Rtx®-G43 Integra-Guard™ Column

Stabilwax® Capillary Columns

Rtx®-1301 Capillary Columns

ID (mm) df (µm) 30-Meter

0.32 1.80 18003

0.53 3.00 18001

ID (mm) df (µm) 30-Meter

0.32 1.20 18002

0.53 2.00 18000

Rtx®-5 Capillary Columns

ID (mm) df (µm) 30-Meter

0.53 5.00 10279-126

ID (mm) df (µm) 30-Meter

0.53 3.00 16085-126

ID (mm) df (µm) 30-Meter

0.32 3.00 10284

0.53 5.00 10279

ID (mm) df (µm) 30-Meter

0.32 1.50 16069

0.53 3.00 16085

ID (mm) df (µm) 30-Meter

0.32 0.25 10624

0.53 0.50 10640

0.53 1.00 10655

Capillary Columns Guard Columns

Fused Silica Guard Columns

ID (mm) OD (mm) 5-Meter

0.32 0.45 + 0.04 10044

0.53 0.69 + 0.05 10045

Integra-Guard™ Guard Columns

ID (mm) OD (mm) Length Suffix

0.32 0.45 + 0.04 5m -125

0.32 0.45 + 0.04 10m -128

0.53 0.69 + 0.05 5m -126

0.53 0.69 + 0.05 10m -129

Universal Angled Press-Tight®

Connectors

• Ideal for connecting guard columns to
analytical columns.

• Designed at an angle approximating the
radius of a capillary column.

• Reduces strain on column-end
connections.

5-pk. 25-pk. 100-pk.

20446 20447 20448

Universal ‘Y’ Press-Tight®

Connectors

• Split sample flow onto two columns.
• Split a single column flow into two

different detectors.
• Perform confirmational analysis with a

single injection.

each 3-pk.

20405 20406

Universal Press-Tight®

Connectors

• Ideal for connecting guard columns to
analytical columns.

• Repair broken columns.
• Connect column outlets to transfer lines.

5-pk. 25-pk. 100-pk.

20400 20401 20402

Universal Angled ‘Y’
Press-Tight® Connectors

• Alleviates column-end connection strain.
• Inlet and outlet ends conform to the

column radius.
• Perform confirmational analysis with a

single injection.

each 3-pk.

20403 20404

Universal Angled Siltek™-Deactivated
Press-Tight® Connectors

• Siltek™ deactivation for inert pathways
to maintain sample integrity.

• Ideal for connecting guard columns to
analytical columns.

• Designed at an angle approximating the
radius of a capillary column.

5-pk. 25-pk. 100-pk.

20482 20483 20484

Recommended Static Headspace Analysis Products:

Press-Tight® Connectors

✶
For technical support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

or call your local
Restek representative.
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European Pharmacopoeia/ICH Reference Material Mixes

Analytical Reference Materials

USP <467> Calibration Mix #2

benzene 100µg/mL
chloroform 50
1,4-dioxane 100
methylene chloride 500
trichloroethene 100

Prepared in methanol, 1mL/ampul

Ea.: cat.# 36002 10-pk.: cat.# 36102

USP <467> Calibration Mix #3

benzene 100µg/mL
chloroform 50
1,4-dioxane 100
methylene chloride 500
trichloroethene 100

Prepared in DMSO, 1mL/ampul

Ea.: cat.# 36004 10-pk.: cat.# 36104

USP <467> Calibration Mix #4

benzene 2µg/mL
chloroform 60
1,4-dioxane 380
methylene chloride 600
trichloroethene 80

Prepared in methanol, 1mL/ampul

Ea.: cat.# 36006 10-pk.: cat.# 36106

USP <467> Calibration Mix #5

benzene 2µg/mL
chloroform 60
1,4-dioxane 380
methylene chloride 600
trichloroethene 80

Prepared in DMSO, 1mL/ampul

Ea.: cat.# 36007 10-pk.: cat.# 36107

Class 1 Mix

benzene 2µg/mL
carbon tetrachloride 4
1,2-dichloroethane 5
1,1-dichloroethene 8
1,1,1-trichloroethane 1500

Prepared in water:dimethylsulfoxide 90:10, 1mL/
ampul

Each 5-pk. 10-pk.
36228 36228-510 36328

Class 2 Mix A

chlorobenzene 360µg/mL
cyclohexane 3880
cis-1,2-dichloroethene 1870
dichloromethane 600
ethylbenzene 369
hexane 290
methylcyclohexane 1180
N,N-dimethylformamide 880
toluene 890
1,1,2-trichloroethene 80
m-xylene 1302
o-xylene 195
p-xylene 304

Prepared in water:dimethylsulfoxide 90:10, 1mL/
ampul

Each 5-pk. 10-pk.
36229 36229-510 36329

Class 2 Mix B

acetonitrile 410µg/mL
chloroform 60
1,2-dimethyoxyethane 100
N,N-dimethylacetamide 1090
1,4-dioxane 380
1,2,3,4-tetrahydronaphthalene (tetraline) 100
2-hexanone 50
methanol 3000
nitromethane 50
pyridine 200

Prepared in water:dimethylsulfoxide 90:10, 1mL/
ampul

Each 5-pk. 10-pk.
36230 36230-510 36330

Class 2 Mix C

2-ethoxyethanol 160µg/mL
ethylene glycol 620
formamide 220
2-methoxyethanol 50
N-methylpyrrolidone 4840
sulfolane 160

Prepared in water, 1mL/ampul

Each 5-pk. 10-pk.
36231 36231-510 36331

USP <467> Reference Material Mixes

✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)

or call your local
Restek representative.
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GC Accessories

Description 100-pk. 1000-pk.

6mL Clear Vial 21166 21167
10mL Clear Vial, Flat Bottom 24683 24684
10mL Clear Vial, Rounded Bottom 21164 21165
20mL Clear Vial, Flat Bottom 24685 24686
20mL Clear Vial, Rounded Bottom 21162 21163
27mL Clear Vial 21160 21161

Description 100-pk. 1000-pk.

Silver Seal w/ PTFE/Gray Butyl Rubber 21761 21762

Silver Seal w/ PTFE/Silicone 21763 21764

Pressure Release, Silver Seal w/ PTFE/
Gray Butyl Rubber Septa <125°C 21765 21766

Pressure Release, Silver Seal w/ PTFE/
Silicone Septa >125°C 21767 21768

Headspace Autosampler Vials

20mm Aluminum Seals w/Septa, Assembled

The crimper is adjustable for optimized sealing performance. It also is comfortable enough
for pro- longed use. For chromatographers who need to save, transfer, or dispose of their
samples, we provide a decapper that allows the user to remove a crimp-top cap safely and
easily. If you haven’t used an aluminum seal decapper, order one today!

Aluminum Seal Crimper and Decapper

Size Crimper Decapper

8mm 21735 21736
11mm 21170 21171
13mm 21739 21740
20mm 21737 21738

Septum Diameter 25-pk. 50-pk. 100-pk.

9.5mm (3/8") 20359 20360 20361

10mm 20378 20379 20380

11mm (7/16") 20363 20364 20365

12.5mm (1/2") 20367 20368 20369

17mm 20384 20385 20386

Shimadzu Plug 20372 20373 20374

To request a FREE sample of
Thermolite® septa, call
800-356-1688, ext. 5, or your
local Restek representative.

Thermolite® Septa

Crimper Decapper



Please request the Inlet Supplies
Guide (#59893) for a

comprehensive list of Restek’s
inlet supplies.

✶
For technical support, call

800-356-1688, ext. 4
(814-353-1300, ext. 4)

or call your local
Restek representative.
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Inlet Liners for HP/Finnigan GCs

Liner ID/OD/length ea. 5-pk. 25-pk.

2mm Splitless
2.0 x 6.5 x 78.5 20712 20713 20714

Gooseneck Splitless (2mm)
2.0 x 6.5 x 78.5 20795 20796 20797

Recessed Gooseneck (2mm)
2.0 x 6.5 x 78.5 20980 20981 20982

1mm Split
1.0 x 6.3 x 78.5 20972 20973 ——

Liner ID/OD/length ea. 5-pk. 25-pk.

1mm Split
1.0 x 6.3 x 72 20970 20971 ——

2mm Splitless
2.0 x 6.3 x 74 20721 20722 20723

Open 0.5mm ID
0.5 x 5.0 x 54 20992 20993 ——

Open 0.75mm ID
0.75 x 5.0 x 54 21714 21715 21716

Inlet Liners for Varian GCs

Liner ID/OD/length ea. 5-pk. 25-pk.

17A 1mm Split
1.0 x 5.0 x 94 20976 20977 20978

Inlet Liners for Shimadzu GCs

Inlet Liners for Perkin-Elmer GCs

Liner ID/OD/length ea. 5-pk. 25-pk.

2mm Splitless
2.0 x 5.5 x 79.5 20811 20812 20813

Inlet Liners for CE Instruments/ThermoQuest GCs

Liner ID/OD/length ea. 5-pk. 25-pk.

2mm Splitless
2.0 x 5.0 x 100 20730 20731 20732

Auto SYS Splitless w/Wool (2mm)
2.0 x 6.2 x 92.1 20829 20830 20831

Auto SYS XL Split/Splitless w/ wool
2.0 x 4.0 x 81.2 21717 21718 ——

for 5000 and 6000 GCs

1mm Split
1.0 x 8.0 x 105 20916 20917 ——

Liner ID/OD/length ea. 5-pk. 25-pk.

for TRACE and 8000 GCs

Fits Vespel®/
Ferrule Column Graphite Graphite
ID (mm) ID (mm) 50-pk. 50-pk.

0.4 0.25 20227 20229

0.5 0.32 20228 20231

0.8 0.53 20224 20230

Capillary Ferrules
(for 1/16" compression-type fittings)

Fits Vespel®/
Ferrule Column Graphite Graphite
ID (mm) ID (mm) 5-pk. 5-pk.

0.4 0.25 20235 20241

0.5 0.32 20235 20242

0.8 0.53 20245 20246

Two-Hole Ferrules
(for 1/16" compression-type fittings)

Fits
Ferrule Column Graphite Graphite
ID (mm) ID (mm) 2-pk. 10-pk.

0.4 0.18–0.25 20280 20281

0.5 0.32 20282 20283

0.8 0.50 & 0.53 20284 20285

Graphite Ferrules for
M4 Fittings

(for QCQ Fisons 8000 & TRACE 2000)
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Restek has specially engineered a high-precision, 1/16-inch fitting that uses standard size, two-hole
capillary ferrules. The fitting kit comes with everything needed for dual-column confirmational analysis
using 0.25 and 0.32mm ID capillary columns (two-hole ferrules must be ordered separately).

Capillary Inlet Adaptor Fitting Kit (for 0.25/0.32mm ID columns): cat.# 20633

Replacement Inlet Seal (1.2mm hole): cat.# 20390, (2-pk.); cat.# 20391, (10-pk.)

Hewlett-Packard 1/16-Inch Capillary Inlet Adaptor Fitting Kit

Restek has specially engineered a high-precision, 1/8-inch fitting that uses standard
1/8-inch, two-hole capillary ferrules. The fitting kit comes with everything needed for installation.

1/8-inch Capillary Inlet Adaptor Fitting Kit (for 0.53mm ID columns): cat.# 20645

Replacement Inlet Seal (1/16-inch hole): cat.# 20392, (2-pk.); cat.# 20393, (10-pk.)

Hewlett-Packard 1/8-Inch Capillary Inlet Adaptor Fitting Kit

Includes a 1/16-inch nut, a 1/16-inch ferrule, a base nut and 1/4-inch Vespel®/graphite ferrule, a 1/16-inch
capillary nut, a 5-pack of low-bleed plug septa, and a special low-mass septum nut. Order appropriate
capillary ferrules separately.

Low-Volume Injector for Hewlett-Packard and Varian GCs

Description Kit

LVI for HP Split/Splitless GC inlets cat.# 21692

LVI for Varian Split/Splitless GC inlets cat.# 21693

Includes a 1/16-inch nut, a 1/16-inch ferrule, a base nut and 1/4-inch Vespel®/graphite ferrule, a 1/16-inch
capillary nut, a 5-pack of low-bleed plug septa, and a special low-mass septa nut. Order appropriate
capillary ferrules separately.

Low-Volume Injector for Hewlett-Packard 5890 Septum Packed Purge Port

Description Kit

LVI for HP 5890 Septum Packed Purge Port cat.# 21698

• Calculates linear velocity based on column ID.
• Measures N2, He, H2, 5% Ar/Me, and Air.
• Measures split flow and mass flow.
• Has pulse-free operation that will not interfere with EPCs.
• Reads flow accurately from 5 to 500mL/min.

Description Each

Restek Veri-Flow 500 Electronic Flowmeter (110 volts) cat.# 21643

Restek Veri-Flow 500 Electronic Flowmeter (220 volts) cat.# 21645

Restek Veri-Flow 500 Electronic Flowmeter

The Leak Detective™ responds in less than 2 seconds to trace leaks of gases with thermal conductivities
different than air. Helium or hydrogen can be detected at 3 x 10-4 cc/sec.* or at an absolute concentra-
tion as low as 200ppm. Leaks are indicated by an audible alarm, as well as by an LED readout. (Batteries
and AC adaptor included.)

*Caution: not designed for determining leaks of combustible gases.

Description Each

Restek Leak Detective™ Electronic Leak Detector (110 volts) cat.# 21607

Restek Leak Detective™ Electronic Leak Detector (220 volts) cat.# 21609

Restek Leak Detective™ Electronic Leak Detector
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Technical Service Department
Our Technical Service Department is
staffed with over 35 experienced chemists
from various departments within Restek
on rotating shifts. This group is able to
answer our customers’ questions concern-
ing accessories, applications, chemical
standards, columns, education, method
development, metal passivation
(Silcosteel®) and troubleshooting for GC,
HPLC, and Air Analysis. Our regular
technical service hours are 8:00 a.m. to
7:00 p.m., Monday through Thursday,
and 8:00 a.m. to 5:00 p.m. on Fridays.

Count on Restek
for Customer Service & Technical Support

Chromatography Information
Services (CIS)

Our newly-
formed
Chromatog-
raphy
Information
Services
(CIS) team
focuses its

resources on innovating ways to teach the
art and science of chromatography. This
knowledge management group is
dedicated to exploring and implementing
ways of capturing, organizing, and
disseminating chromatographic knowl-
edge, experience, and wisdom to our
internal and external customers world-
wide. CIS enhances Restek’s vision of
becoming “the first company chromatog-
raphers think of whenever they have a
separation need or chromatographic
question.”

Customer Service Team
Restek’s highly trained customer service
team looks forward to working with you.
We are here when you need to place an
order, track a package, check the status of
an open order, or request a price quote.
We will suggest time- and money-saving
options and are dedicated to getting your
products to you fast. Because we know
how busy you are, we will do whatever it
takes to simplify your work. That’s what
having the best customer service in the
business is all about! Our extended hours
are 8:00 a.m. to 6:00 p.m. EST, Monday
thru Friday.

We do what it takes to meet & satisfy our customer’s needs!

Visit our web site at
www.restekcorp.com.

Restek (U.S.):
110 Benner Circle • Bellefonte, PA 16823
800-356-1688 • 814-353-1300
fax: 814-353-1309

Restek France:
(33) 01 60 78 32 10
restekfr@club-internet.fr

Restek GmbH:
(49) 06172 2797 0
RESTEK-GMBH@t-online.de

Thames Restek U.K., Ltd.:
(44) 01753 624111
SALESTHRES@aol.com

✶
For customer service, call

800-356-1688, ext. 3
(814-353-1300, ext. 3)

or your local Restek representative.

For technical support, call
800-356-1688, ext. 4

(814-353-1300, ext. 4)

or your local Restek representative.



Protection against both
contaminants and particulates

Integral leak-free design

Multiple configuration

Easy to install

Replaceable external frit

Extends column life and
saves money

Eliminates connecting tubing
and extra dead volume

Provides the appropriate level
of protection

Convenient, time-saving
installation

Protects column and guard
from particulates

Feature Benefit

Features & Benefits

Trident™ Integral HPLC
Guard Column System
Offers Maximum Protection Against
Contaminants and Particulate Matter
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At-a-Glance
Product
Information
from Restek

800-356-1688

814-353-1300

www.restekcorp.com

Hot Tech Tip!
High backpressure is one of the most
common problems encountered when
performing HPLC analysis. Normal
column backpressure is observed
after a new column has been installed
and equilibrated with the mobile
phase. Unfortunately, this pressure
will often increase with use because
of particulates collecting on the
column inlet frit.

The source of these particles can be
from sample impurities, mobile phase
contaminants, and the injector or
autosampler rotor seal. The presence
of particles can result in increased
backpressure, split peaks, tailing, and
eventually over-pressure shut-down.
In some circumstances, these
problems can be corrected by back-
flushing the column. However, in
many cases it results in an unusable
column.

To reduce backpressure problems, all
samples and mobile phase solvents
must be filtered before use; and rotor
seals should be changed on a routine
basis. Along with these preventative
measures, it is advisable to use
column prefilters such as the Tri-
dent™ column protection system.
When using a prefilter, particles
build up on its inexpensive, replace-
able frit, instead of the permanent frit
at the head of the column.

Trident™ Guard Column Protection
Systems save you time and money!

The system’s foundation consists of the analytical column configured with
our exclusive Trident™ end fitting and XF fitting. This configuration con-
tains the standard internal frit as well as a replaceable cap frit, which can be
easily changed without disturbing the packed bed. Changing the external frit
can reverse the effects of accumulated particles, such as high backpressure or
peak distortion. To obtain this basic configuration, simply order any Restek
HPLC column that has a ( -700) suffix catalog number.

For maximum protection against contaminants and particulate matter, the
system can be configured with both an integral guard cartridge and a replace-
able external frit. To obtain this configuration, simply order any Restek HPLC
column that has a ( -700) suffix catalog number, the XG-XF male fitting (cat.#
25026), and the appropriate pack of guard cartridges (see back).

XF
Fitting

Cap
Frit End

Fitting

XF
Fitting

Cap
Frit End

Fitting
XG-XF
Fitting

Guard
Cartridge



Trident™ HPLC Guard Column Fittings and Frits

Description cat.#

XG-XF Fitting for 1cm Guard Cartridge 25026

Replacement XF Filter Fitting 25024

Replacement Cap Frits, 2µm 25022

Replacement Cap Frits, 0.5µm 25023

Restek (U.S.):
110 Benner Circle

Bellefonte, PA 16823
800-356-1688• 814-353-1300

fax: 814-353-1309

Restek France:
33-01-60-78-32-10

restekfr@club-internet.fr

Restek GmbH:
49-6196-65130

Restekgmbh@aol.com

Thames Restek U.K., Ltd.:
44-1753-624111

SALESTHRES@aol.com

©  Copyright 1999, Restek Corporation
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Restek trademarks: Allure, Peek, Trident,
and the Restek logo.

Other trademarks: HP (Hewlett-Packard Corp.)

Trident™ Guard Column System

Restek is your free technical
literature source!

•  Call 800-356-1688, ext. 5
•  Fax 814-353-1309

•  Online www.restekcorp.com

Trident™ HPLC Guard Column Cartridges

 (10 x 2.1mm) (10 x 4.0mm)

Guard Cartridge cat.# cat.#

Allure Acidix 916250212 916250210

Allure Basix 916150212 916150210

Allure C18 916450212 916450210

Allure Silica 916050212 916050210

Ultra Amino 910750212 910750210

Ultra C1 910150212 910150210

Ultra C4 910250212 910250210

Ultra C8 910350212 910350210

Ultra C18 917450212 917450210

Ultra Cyano 910650212 910650210

Ultra IBD 917550212 917550210

Ultra Phenyl 910550212 910550210

Ultra Silica 910050212 910050210

Commonly Asked Questions
• Can the Trident™ Integral Guard system be used with other
manufacturers columns?
Due to the Trident’s integral design, the inlet end fitting is specifically machined
to accept the XF or XG-XF male fitting. Therefore the Trident™ Integral Guard
system can only be used with columns manufactured by Restek.*

• How do I know which Trident™ Guard system is right for me?

The standard Trident™ XF system provides protection against particulate matter
while the high-performance XG-XF system protects against particulates as well as
chemical contaminants or sample impurities.

• How do I order the XG-XF system?

Simply order any Restek HPLC column that has a ( -700) suffix catalog number,
an XG-XF fitting (cat.#25026), and the appropriate pack of guard cartridges
(see below).

* A stand alone version of the Trident system is available which can be used
with other manufacturers columns. Please call for more information.
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Restek Goes West!

Restek celebrates contin-
ued growth in 2005 with
the opening of Restek
West, our new R&D facili-
ty in Shingle Springs,
California. Roy Lautamo,
Director of Innovative
Research Chemistries, will
manage the facility,
focusing on R&D for our
chromatography column
product lines. Roy has an
extensive range of experi-
ence in chromatography,
acquired over more than
a quarter of a century of
research.

We welcome Roy and his staff into the Restek family!

Correction

In Advantage 2005v1: Fast GC/MS Analysis of
Semivolatile Organic Compounds, Figure 1 (page 14) the
splitless hold time and pressure pulse time are
reversed. The splitless hold time should be 0.15 min.
and the pressure pulse time should be 0.20 min. We
apologize for any inconvenience caused by this error.

Rtx®-PCB: Unique Selectivity for PCBs
110 of 158 target PCB Congeners Elute 

Individually, Using GC/ECD
by Gary Stidsen, GC Columns Marketing Manager

• NEW low polarity, inert polymer phase provides distinct separations
of PCB congeners.

• Unmatched selectivity and low bleed—a column of choice for trace
analysis.

• Thermally stable to 340ºC.

Rtx®-PCB columns show unique selectivity for polychlorinated biphenyl
(PCB) congeners. In previous publications (lit.# 59925 and Advantage
2005v1, lit.# 59077, page 13), we discussed the excellent performance of this
column and showed each of the European PCB congener indicator com-
pounds - PCBs 28, 52, 101, 118, 138, 153, and 180 - can be resolved from other,
interfering PCB congeners and quantified, using GC/MS.

“Weathering” of Aroclor® mixes that have been in the environment for more
than 30 years, and changes in Aroclor® patterns in tissue samples, due to
bioaccumulation, have dictated that PCBs now be reported as congeners,
rather than as Aroclor® mixes. Consequently, many laboratories are analyzing
longer lists of PCB congeners, using the data in determining specific congener
patterns, in compiling congener results to obtain an accurate total PCB con-
centration, and in other ways.

The structure of the
biphenyl molecule is
shown in Figure 1.
Identification and
quantification of PCB
congeners is chromato-
graphically challenging
because there are 209
possible combinations
in which chlorine
atoms can be added to
the biphenyl structure,
ranging from addition

of a single chlorine (monochlorobiphenyls) to addition at every available car-
bon atom (decachlorobiphenyl). In 1996, George Frame published work he
performed in order to determine which PCB congeners are present in
Aroclor® mixes.¹ Using this work as a guide, the list of 209 possible PCB con-
geners can be reduced to a target list of 158 congeners. This final target list
includes PCB congeners found in Aroclor® mixes above 0.01%wt/wt, and a
few compounds not detected in Aroclor® mixes, but detected in tissue due to

Figure 1 Biphenyl structure supports 209
PCB congeners, many with very similar
retention characteristics.

Roy Lautamo gliding
over Kings Canyon in
the southern Sierra.
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bioaccumulation (e.g., PCB#169). The list encom-
passes the seven European indicator compounds
and the 12 most toxic congeners, according to the
World Health Organization (WHO) list.²

Using a 40m x 0.18mm ID, 0.18µm film Rtx®-PCB
column and the conditions listed in Figure 2, we
evaluated a sample composed of Aroclor® PCB
mixes 1242, 1254, and 1262. The 158 target PCB
congeners were identified in the sample, eluted as
135 chromatographic peaks. Of the 158 congeners,
110 eluted singly and 48 were unresolved.

Produced through one of our newest polymer
technologies, Rtx®-PCB columns undergo rigor-
ous quality assurance measures, to ensure every
column meets exacting standards and to give you
highly reproducible performance, from column to
column. If you are analyzing PCBs—as congeners,
as Aroclor® mixtures, or as other mixtures (e.g.,
Kaneclor, Clophen, or Phenoclor mixes)—we
highly recommend using these new columns.

Table I 110 of 158 target PCB congeners in Aroclor® mixes are eluted
singly from an Rtx®-PCB column.
PPCCBB## ss//mm**

1 s
2 s
3 s
4 m
5 s
6 s
7 s
8 s
9 s

10 m
11 m
12 m
13 m
15 s
16 s
17 m
18 s
19 s
20 m
21 m
22 s
23 m
24 m
25 s
26 s
27 m
28 s
29 s
31 m
32 s
33 m
34 s

PPCCBB## ss//mm**
35 s
37 s
40 s
41 s
42 s
43 s
44 s
45 s
46 s
47 s
48 s
49 s
51 m
52 s
53 m
54 m
55 s
56 m
57 m
59 s
60 m
63 s
64 s
66 s
67 s
70 s
71 s
74 s
75 s
76 m
77 m
81 s

PPCCBB## ss//mm**
82 s
83 s
84 m
85 s
86 m
87 m
88 m
89 m
90 m
91 s
92 s
93 m
94 m
95 m
96 s
97 s
99 m

101 m
102 s
103 s
105 m
109 m
110 s
114 s
115 s
117 m
118 m
119 s
122 s
123 m
124 s
125 m

PPCCBB## ss//mm**
126 s
128 m
129 s
130 s
131 m
132 s
133 s
134 s
135 s
136 m
137 s
138 s
139 s
141 s
144 s
146 s
147 m
149 m
151 s
153 s
154 m
156 s
157 s
158 s
163 s
164 s
166 s
167 s
169 s
170 s
171 s
172 s

PPCCBB## ss//mm**
173 s
174 m
175 s
176 m
177 s
178 s
179 s
180 s
183 s
185 s
187 s
189 s
190 m
191 s
193 s
194 s
195 s
196 m
197 s
198 s
199 s
200 s
201 s
202 s
203 s
205 s
206 s
207 s
208 s
209 s

For additional PCB congener mixes, and Aroclor® reference
materials, please see our current catalog, or visit our website.

RReeffeerreenncceess
1. Frame, G., J. Cochran, and S., Bowadt, Complete PCB Congener

Distributions for 17 Aroclor Mixtures Determined by 3 HRGC Systems
Optimized for Comprehensive, Quantitative, Congener-Specific
Analysis J. High Res. Chromatogr. 19, Dec. 1996, pp. 657-668.

2. Executive Summary, Assessment of the Health Risk of Dioxins: 
Re-evaluation of the Tolerable Daily Intake (TDI), WHO Consultation,
May 25-29, 1998, Geneva Switzerland. See:
http://www.who.int/ipcs/publications/en/exe-sum-final.pdf

Figure 2 Excellent separation and peak shape for PCBs in three
Aroclor® mixes, using an Rtx®-PCB column.

2,4,4' (BZ #28)
2,2',5,5' (BZ #52)
2,2',4,5,5' (BZ #101)
2,3',4,4',5 (BZ #118)

2,2',3,4,4',5' (BZ #138)
2,2',4,4',5,5' (BZ #153)
2,2',3,4,4',5,5' (BZ #180)

PCB Congener Standard #2

10µg/mL each in isooctane, 1mL/ampul
cat. # 32294 (ea.)  $30

Rtx®-PCB (fused silica)

The maximum temperatures listed are for 15- and 30-meter
lengths.  Longer lengths may have a slightly reduced maximum
temperature.

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ## pprriiccee
0.18mm 0.18 30°C to 320/340°C 20-Meter 41302 $360
0.18mm 0.18 30°C to 320/340°C 60-Meter 41304 $470
0.25mm 0.25 30°C to 320/340°C 30-Meter 13223 $445
0.25mm 0.25 30°C to 320/340°C 60-Meter 13226 $470
0.32mm 0.50 30°C to 320/340°C 30-Meter 13239 $470

*s - compound eluted singly; m - compound eluted with one or more other congeners.

Column: Rtx®-PCB 40m, 0.18mm ID, 0.18µm (cat.# 41303)
Sample: 300ng/mL Aroclor® 1242/1254/1262 in hexane: Aroclor® 1242 (cat.# 32009), 

Aroclor® 1254 (cat.# 32011), Aroclor® 1262 (cat.# 32409)
Inj.: 1.0µL splitless (hold 0.75 min.), 4mm single gooseneck inlet liner (cat.# 20983)
Inj. temp.: 230°C
Carrier gas: hydrogen, constant pressure
Linear velocity: 40cm/sec. @ 100°C
Oven temp.: 100°C (hold 1 min.) to 200°C @ 30°C/min., to 320°C @ 2°C/min. (hold 1 min.)
Det.: ECD @ 330°C

GC_EV00768

min.

min.
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The United States Environmental Protection
Agency (US EPA) is actively developing regula-
tions, limits, and control measures for monitoring
and controlling mercury emissions from coal-fired
power generators—one of the major sources of
mercury emissions into the environment.¹ As these
regulations and guidelines are developed and
implemented, proper equipment will be needed
for accurate sampling and analysis. Testing costs
for mercury can be substantial (Table 1)², so inac-
curate analyses can have financial as well as envi-
ronmental repercussions.

In flue streams from coal-fired power generators,
mercury exists in three forms: elemental, the +2
oxidation state (Hg++), and attached to particulate
matter. Hg++ often reacts with sulfur compounds,
nitrogen, chlorine, and/or oxygen, to produce sul-
furous, nitrous, chloride, and oxide mercury
species. Elemental and oxidized mercury can easily be lost to reactions and
adsorption on the inner surfaces of monitoring equipment. In order to accu-
rately sample and quantify mercury in all forms, it is important to use inert
sample pathways. Laboratory testing and field results have proven that
Sulfinert® treated sampling and testing equipment is essentially inert to active
molecules³, including mercury.

Siltek®/Sulfinert® treatment can be applied to many of the components in a
mercury sampling stream, including probe tubing, impingers, fittings, filters,
housings, and transfer tubing (Figure 1). Treating all of the components of a
stack or continuous emission monitoring system will greatly improve analyt-
ical reliability and sensitivity, which will be needed as regulations are brought
on line and emission quotas are enforced. Fast and accurate testing, without
re-work, can save a great deal of time and money.

Similarly, a Siltek®/Sulfinert® treated sampling system will improve the relia-
bility of data for sulfurous oxides and nitrous oxides (SOx and NOx). As with
mercury, it is difficult to reliably transfer these compounds through untreated
sampling equipment.

In addition to preventing adsorption of reactive compounds,
Siltek®/Sulfinert® treatment will act as a barrier, protecting and prolonging
the lifetime of treated equipment. The durable layer will withstand tempera-
tures to 400°C.

We offer Siltek®/Sulfinert® treated tubing, sample cylinders, and other com-
ponents from stock; to discuss custom treatment of system components,
please contact the Restek Performance Coatings team.

Accurately Monitor Mercury-Sulfur-Nitrogen Compounds
Siltek®/Sulfinert® Treatment Prevents Adsorption of Mercury, Sulfur Oxides, 

or Nitrous Oxides in Emission Monitoring Equipment
By Gary Barone, Restek Performance Coatings Division Manager, David Smith, RPC Chief Scientist, and Martin Higgins, RPC Chief Engineer

• Improved analytical reliability and sensitivity for mercury, SOx, or NOx compounds.

• Protection from corrosion—longer component lifetime.

• Apply to new or existing equipment.

Table I Typical costs of mercury sampling (U.S.).²

MMeetthhoodd AApppprrooxx..  CCoosstt  ooff  AAnnaallyyssiiss
US EPA 29 $300
US EPA 101A $100
ASTM D6784-02 $250
US EPA 324 $430
FAMS $640

Figure 1 Highlighted components of a mercury sampling train,4

and all tubing in the system, can be Siltek®/Sulfinert® treated.

Restek offers treated and untreated tubing, fittings, and valves, passive air sampling kits, air sampling canisters
and miniature air canisters, sample loops, and more. For more information, request our catalog or visit us
online. wwwwww..rreesstteekkccooaattiinnggss..ccoomm

RReeffeerreenncceess
1. Pottinger, M., S. Stecklow, and J.J. Fialka, Invisible Export, A Hidden

Cost of China’s Growth: Mercury Migration The Wall Street Journal
Online, Dec. 17, 2004.

2. Serne, J.C., An Overview and Comparison of Available Mercury
Emission Test Methods for Boilers Symposium on Air Quality
Measurement; Methods and Technology 2005, San Francisco, CA; Air
& Waste Management Association. paper no. 439, pg. 9.

3. Barone, G., M. Higgins, D. Smith, S. Rowan, W.J. Gross, and P. Harris,
The Surface for Sulfurs Hydrocarbon Engineering, Dec. 2004, pp 47-
50.

4. Proposed Method 324. Determination of Vapor Phase Flue Gas
Mercury Emissions from Stationary Sources Using Dry Sorbent Trap
Sampling United States Environmental Protection Agency. Washington,
D.C. p. 5.
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Figure 1 An Rtx®-440 column resolves lidocaine/caffeine, and
other cocaine adulterants, to baseline.

Figure 2 Analyze cocaine adulterants in 6.5 minutes, using an 
Rtx®-440 column in a GC/MS analysis.

Illicit cocaine is commonly “cut”with adulterants or
diluents to increase the amount of product available
for sale. Because the composition of an illicit
cocaine mixture can be specific to one dealer, iden-
tification of adulterants and diluents in seized
cocaine is critical in determining the possible routes
of distribution and sales.

Either GC or HPLC can be used to identify cocaine
adulterants such as sugars, anesthetics, analgesics,
and stimulants. GC is the most common analytical
technique used for analyzing all cocaine adulterants
except sugars. Although sugars can be derivatized
for analysis by GC, they are more easily detected
using HPLC.

GC
Cocaine mixture components can be detected using
flame ionization detection (FID, Figure 1), nitro-
gen-phosphorus detection (NPD), or mass spec-
trometry (MS). Although FID or NPD provide
good sensitivity for the adulterants, GC/MS is the
most widely accepted detection method. MS is very
sensitive, provides positive identifications based on
mass spectra, and MS data are accepted as confirm-
ing evidence in courts of law.

Among the column types we evaluated, only
Rtx®440 columns resolved lidocaine and caffeine to
baseline (Figure 1). To evaluate the columns, we
prepared mock samples of illicit cocaine by adding
equal concentrations of a variety of adulterants and
diluents to cocaine hydrochloride. We used stimu-
lants, including caffeine, local anesthetics, such as
lidocaine, and over-the-counter analgesics, such as
phenacetin, and followed a simple “dilute and
shoot” sample preparation scheme to dissolve the
samples for analysis.

We developed a GC/MS method that enabled us to
identify each adulterant or diluent, focusing on
maximizing resolution while minimizing total
analysis time in order to increase sample through-
put. In the optimized GC/MS method (Figure 2),
total analysis time was 6.5 minutes. Unlike in the
GC/FID analysis (Figure 1), caffeine and lidocaine
were not resolved to baseline, but were resolved by
approximately 40% (Figure 2), due to MS vacuum
effects on sample flow through the column.
Caffeine and lidocaine have very different mass
spectra, however, and extracted ion analysis ensured

Identify and Quantify Adulterants in Seized Cocaine
Using GC/MS (Rtx®-440 Column) and HPLC/RI (Pinnacle II™ Amino Column)

By Kristi Sellers, Clinical/Forensic Innovations Chemist, and Rick Morehead, R&D GC Column Group Leader

• Low bleed Rtx®-440 column improves resolution and inertness for adulterants by GC/MS.

• GC/MS provides positive identification for all adulterants except sugars; data can be used as evidence.

• HPLC is the preferred chromatographic method for identifying sugars as adulterants.

GC_PH00769

Rtx®-440 30m, 0.25mm ID, 0.50µm (cat.# 12938)
Sample: 100µg/mL each compound in methanol
Inj.: 1.0µL split (split ratio 1:10), laminar cup splitter 

inlet liner (cat.# 20801)
Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1mL/min.
Oven temp.: 150°C to 275°C @ 25°C/min., 

to 300°C @ 15°C/min. 
(hold 5.0 min.)

Det.: FID @ 300°C

1. benzocaine
2. phenacetin
3. prilocaine
4. lidocaine
5. caffeine
6. procaine
7. cocaine
8. tetracaine

GC_PH00770

Column: Rtx®-440 30m, 0.25mm ID, 0.50µm (cat.# 12938)
Sample: 100µg/mL each compound in methanol
Inj.: 1.0µL split (split ratio 1:10), laminar cup splitter inlet liner (cat.# 20801)
Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1mL/min.
Oven temp.: 150°C to 275°C @ 25°C/min., to 300°C @ 15°C/min. (hold 5.0 min.)
Det.: MS
Transfer line temp.: 180°C
Scan range: 35-550amu
Ionization: EI
Mode: scan

1. benzocaine
2. phenacetin
3. prilocaine
4. lidocaine
5. caffeine
6. procaine
7. cocaine
8. tetracaine
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Figure 3 Distinctive mass fragments ensure positive identification
of lidocaine and caffeine.

Figure 4 Pinnacle II™ Amino column provides fast, reliable analyses
for sugars.

positive identification and allowed quantification of
each compound. Lidocaine and caffeine have dis-
tinctive mass fragments of 86m/z and 194m/z,
respectively (Figure 3).

HPLC
Sugars are not easily volatilized and, therefore, are
difficult to analyze by GC, making HPLC the better
chromatographic approach for this analysis.
Further, refractive index (RI) or evaporative light-
scattering (ELS) detection must be used because
sugars have no UV chromophore. HPLC/RI or
HPLC/ELS provides reproducible retention times,
adequate peak identification and good quantifica-
tion for sugars, as shown in Figure 4.

HPLC/MS methods for simultaneous analysis of
cocaine, sugars, and other classes of adulterants and
diluents have not yet been developed, but such
methods would enable analysts to evaluate street
cocaine mixtures in one analysis. Column parame-
ters and mobile phase composition will be critical
parameters to optimize.

Conclusions
Cocaine samples can be “fingerprinted” by identify-
ing and quantifying the adulterants and diluents
mixed with the drug. GC/MS provides adequate
quantitative information about the concentration
of each additive, relative to the cocaine concentra-
tion, and provides undisputable identification of a
substance (retention time and mass spectrum data).
Therefore, GC/MS is the preferred chromatograph-
ic method for analyzing cocaine and most cocaine
adulterants. Sugars are best analyzed by HPLC.

ffoorr  mmoorree  iinnffoorrmmaattiioonn
Smith, F.P, Handbook of Forensic Drug Analysis, pp.235-275,
Elsevier, 2005.

Telepchak, M.J., T.F. August, and G. Chaney, Forensic and Clinical
Applications of Solid Phase Extraction, pp.204-213, Humana
Press, 2004.

Pinnacle II™ Amino
33µµmm PPaarrttiicclleess,,  44..66mmmm IIDD ccaatt..  ## pprriiccee
150mm 9217365 $284

Rtx®-440 (fused silica)
(proprietary intermediate-polarity Crossbond® phase)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ## pprriiccee
0.25mm 0.25 20°C to 320/340°C 30-Meter 12923 $445
0.25mm 0.50 20°C to 320/340°C 30-Meter 12938 $445

PPeeaakk  LLiisstt:: CCoonncc..  ((mmgg//mmLL))
1. fructose 2.0
2. glucose 2.1
3. sucrose 4.0
4. maltose 4.5
5. lactose 4.4

LC_0223

CCoolluummnn:: PPiinnnnaaccllee  IIII™ AAmmiinnoo
Cat. #: 9217365
Dimensions: 150 x 4.6mm 
Particle size: 3µm
Pore size:   110Å

CCoonnddiittiioonnss::
Mobile phase:   water:acetonitrile (25:75, v/v)
Flow:  1.5 mL/min.
Temp.:  35°C  
Det.: refractive index @ 35°C

SSaammppllee::
Inj.:        5µL
Solvent:  mobile phase

glucose 2.0mg
fructose 2.1
lactose 4.4

maltose 4.5
sucrose 4.0

No data pack available.

Carbohydrate HPLC Performance Check Mix
Dry components in 4mL screw-cap vial.
Reconstitute in 1mL acetonitrile:water (75:25) to 2.0, 2.1, 4.4, 4.5,
4.0 mg/mL, respectively.

cat. # 31809 (ea.)  $30

tech tip
We recommend using an HPLC guard column for this application.
For Trident™ guard column systems, refer to our catalog, or visit
our website at wwwwww..rreesstteekk..ccoomm//hhppllcc.

Column: Rtx®-440 30m, 0.25mm ID, 0.50µm (cat.# 12938)
Sample: 100µg/mL each compound in methanol
Inj.: 1.0µL split (split ratio 1:10), laminar cup splitter inlet liner (cat.# 20801)
Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1mL/min.
Oven temp.: 150°C to 275°C @ 25°C/min., to 300°C @ 15°C/min. (hold 5.0 min.)
Det.: MS
Transfer line temp.: 180°C
Scan range: 35-550amu
Ionization: EI
Mode: scan

Lidocane Caffeine
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Testing of residual materials is important when
monitoring the disposal of expired or deteriorated
munitions. US EPA Method 8330 was developed
for quantifying 14 commonly monitored explo-
sives. The method calls for reversed phase HPLC
with UV detection, using a primary column and a
confirmation column. The primary column con-
tains a C18 stationary phase and, typically, the
confirmation column contains a cyano stationary
phase. Resolution of the target explosives is poor
on cyano stationary phases, however, and the
analysis provides qualitative confirmation only.

Restek chemists have developed a superior alterna-
tive to cyano phases for explosives analysis. The
Pinnacle II™ Biphenyl column provides excellent
resolution of EPA Method 8330 explosives, as
shown in Figure 1. Further, selectivity is markedly
different from that of a C18 column (Figure 2),
making the Pinnacle II™ Biphenyl column a true,
ideal, confirmation column. Separations on either
column are accomplished with a simple, isocratic
water:methanol mobile phase.

Restek offers a complete set of analytical reference
materials for Method 8330. Our calibration mate-
rials for explosives analysis by HPLC are available
in two options: as 1000ppm solutions of individual
analytes, or as two 7-component mixtures,
described on page 7. The internal standard, 3,4-
dinitrotoluene, and the surrogate standard, 1,2-
dinitrobenzene, also are available as described on
page 7.

For superior data from your confirmation analysis
for explosives, we highly recommend a Pinnacle
II™ Biphenyl HPLC column.

New HPLC Confirmation Column for Explosives Analysis
Introducing the Pinnacle II™ Biphenyl Column

By Becky Wittrig, Ph.D., HPLC Product Marketing Manager, Randy Romesberg, HPLC Applications Chemist, and Mike Wittrig, R&D Chemist

• Excellent resolution of US EPA Method 8330 explosives.

• Significantly different selectivity, relative to C18 columns; better resolution than cyano columns.

• Allows quantitative as well as qualitative confirmation.

Figure 2 An Ultra C18 column is an outstanding primary column
for explosives analysis.

For individual solutions of EPA Method 8330 analytes, please see our 
catalog, or visit our website.

Ultra C18 Columns
55µµmm PPaarrttiicclleess,,  44..66mmmm  IIDD ccaatt..  ##
250mm 9174575

0 2 4 6 8 10 12 14 16 18 min.
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LC_0254

PPeeaakk  LLiisstt::
1. HMX
2. RDX
3. 1,2-dinitrobenzene (SS)
4. 1,3,5-trinitrobenzene
5. 1,3-dinitrobenzene
6. tetryl
7. nitrobenzene
8. 3,4-dinitrotoluene (IS)
9. 2,4,6-trinitrotoluene

10. 4-amino-2,6-dinitrotoluene
11. 2-amino-4,6-dinitrotoluene
12. 2,6-dinitrotoluene
13. 2,4-dinitrotoluene
14. 2-nitrotoluene
15. 4-nitrotoluene
16. 3-nitrotoluene

SSaammppllee::
Inj.: 5µL
Conc.: 30µg/mL (30ppm) each
Sample diluent: acetonitrile

CCoolluummnn:: UUllttrraa  CC1188
Cat. #: 9174575
Dimensions: 250 x 4.6mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: water:methanol 

(44:56, v/v)
Flow: 1.0mL/min.
Temp.: 30°C
Det.: UV @  254nm

Pinnacle II™ Biphenyl
55µµmm PPaarrttiicclleess,,  44..66mmmm IIDD ccaatt..  ##
150mm 9209565

Figure 1 Excellent resolution of US EPA Method 8330 explosives,
using a Pinnacle II™ Biphenyl column.

LC_0322

PPeeaakk  LLiisstt::
1. HMX
2. RDX
3. nitrobenzene (SS)
4. 1,2-dinitrobenzene
5. 4-amino-2,6-dinitrotoluene
6. 2-amino-4,6-dinitrotoluene
7. 1,3-dinitrobenzene
8. 2-nitrotoluene

9a. 3-nitrotoluene
9b. 4-nitrotoluene
10. 2,6-dinitrotoluene
11. 3,4-dinitrotoluene (IS)
12. 1,3,5-trinitrobenzene
13. 2,4-dinitrotoluene
14. tetryl
15. 2,4,6-trinitrotoluene

SSaammppllee::
Inj.: 10µL
Conc.: 30µg/mL (30ppm) each
Sample Diluent: acetonitrile
Sample Temp.: ambient
Standard: Cat. #: 31452, 

31453, 31450, 31451

CCoolluummnn:: PPiinnnnaaccllee™ IIII  BBiipphheennyyll
Cat. #: 9209565
Dimensions: 150 x 4.6mm
Particle Size: 5µm
Pore Size: 110Å

CCoonnddiittiioonnss::
Mobile Phase: water:methanol, 

50:50, v/v
Flow: 1.5 mL/min.
Temp.: ambient
Det.: UV @ 254nm



• 7 •2005 vol. 2

Analytical Reference Materials
High-Purity Explosives - On-Line Data Packs - Custom Mixes

By Ken Herwehe, Analytical Reference Materials Product Marketing Manager

1,3-dinitrobenzene
2,4-dinitrotoluene
HMX
nitrobenzene

RDX
1,3,5-trinitrobenzene
2,4,6-trinitrotoluene

RReeffeerreennccee
1 US Environmental Protection Agency. Test Methods for Evaluating

Solid Waste, Physical/Chemical Methods. SW-846 Update III, Office of
Solid Waste, Washington, DC, 1997.

(Reference not available from Restek.)

8330 Calibration Mix #1 (7 components)

High-Purity Reference Materials for Explosives
HPLC with UV detection is used to measure
nitroaromatic and nitramine explosives and their
degradation products in water and soil samples.1

Obtaining pure, neat compounds for these stan-
dards can be very difficult. Some of these commer-
cial-grade materials contain desensitizing agents
such as beeswax, water, or other manufacturing by-
products. Many are shipped wet and must be care-
fully dried before preparation. To ensure the high-
est quality standards, Restek chemists carefully
purify or synthesize each compound to 98% pure
or higher.

1,000µg/mL each in acetonitrile, 1mL/ampul
cat. # 31450 (ea.)  $51

2-amino-4,6-dinitrotoluene
4-amino-2,6-dinitrotoluene
2,6-dinitrotoluene
2-nitrotoluene

3-nitrotoluene
4-nitrotoluene
tetryl

8330 Calibration Mix #2 (7 components)

1,000µg/mL each in acetonitrile, 1mL/ampul
cat. # 31451 (ea.)  $51

3,4-dinitrotoluene
8330 Internal Standard

1,000µg/mL in methanol, 1mL/ampul
cat. # 31452 (ea.)  $22

1,2-dinitrobenzene
8330 Surrogate

1,000µg/mL in methanol, 1mL/ampul
cat. # 31453 (ea.)  $22

31450: 8330 Calibration Mix #1
31451: 8330 Calibration Mix #2
31452: 8330 Internal Standard Mix
31453: 8330 Surrogate Mix

8330 Nitroaromatics Kit

Contains 1mL each of these mixtures.
cat. # 31454 (kit)  $135

searching for the perfect solution?
Restek, “the company chromatographers trust™”, should be your first 
choice for custom-made reference materials. Maximum convenience, 
maximum value, minimum time spent blending calibration 
mixtures in your laboratory.

●● Quotations supplied quickly.

●● Mixtures made to your EXACT specifications.

●● We have over 2,000 pure, characterized, neat compounds 
in our inventory! 

For our Custom Reference Materials Request Form, see our catalog, 
or visit our website at www.restek.com/solutions.

free data packs 
Restek now offers free downloadable data packs for 
analytical reference material products. Just visit our website 
at www.restek.com/datapacks. Enter the catalog number
and lot number for the product you ordered and obtain a
printable PDF file.

For individual solutions of these analytes, please see our 
catalog, or visit our website.

59923.qxd  4/29/2005  8:57 AM  Page 7
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Reversed phase HPLC is an important technique
for separating large biomolecules, such as proteins
and peptides. Analysts generally employ C18 sta-
tionary phases, because these typically provide the
best separations of related compounds, such as
genetic variants of a protein or complex tryptic
digests. However, limitations often are encoun-
tered when analyzing samples containing complex
mixtures of closely related analytes. Columns con-
taining wide pore silica (e.g., 300Å) are designed
specifically for large molecule analyses, addressing
this need for more resolving power.

Developed on Viva™ wide pore silica, Viva™
HPLC columns have ideal performance character-
istics for separating large molecules and biomole-
cules. Using a reversed phase test mix, we com-
pared column efficiency, peak asymmetry, and
retention for Viva™ C18 columns and four other
C18 wide pore HPLC columns. The Viva™ C18
column ranked highest in retention and selectivity
and produced the best peak symmetry measure-
ments (Table I).

To determine overall separating power, retention,
and peak shape, we evaluated each column with a
protein test mix. The Viva™ C18 column provided
excellent resolution and peak shapes, as Figure 1
shows.

300Å silicas enhance resolution of similar or relat-
ed analytes for several reasons. Large pore materi-
als can provide greater retention because higher
molecular weight analytes can enter more of the
pores and access more surface area. Theoretically,
the more surface to which an analyte has access,
the longer the retention. For analytes with molec-
ular weights greater than 3000, silica materials
with pore diameters in the 250-350Å range yield
the needed retention. Further, the mean pore
diameter within the distribution (e.g., 250Å vs
350Å) can define the selectivity in some separa-
tions, by changing the elution order for certain
analytes.

A 250-350Å mean pore diameter also is important
because silicas with excessive numbers of pores
smaller than 200Å can be more easily fouled by

Excellent Protein Separations from Viva™ HPLC Columns
Best Performance Among Five Tested Wide Pore Columns

By Bruce Albright, HPLC Chemist; Vernon Bartlett, HPLC Manager; Julie Kowalski, Foods, Flavors, and Fragrances Innovations Chemist; 
and Becky Wittrig, Ph.D., HPLC Product Marketing Manager

• Best overall performance among five columns evaluated.

• Best resolution and peak symmetry for test proteins.

• C18, C8, C4, and silica columns available; other phases on request.

Table I Viva™ wide pore C18 columns provide the best overall 
performance among five tested columns.

EEffffiicciieennccyy AAssyymmmmeettrryy RReetteennttiioonn  TTiimmee CCoolluummnn  PPrreessssuurree
CCoolluummnn ((ppllaatteess//mmeetteerr)) ((bbiipphheennyyll)) ((bbiipphheennyyll)) ((bbaarr))
Viva™ 300 C18 >50,000 1.16 6.30 60
Column A C18 ~50,000 1.46 5.77 72
Column B C18 >50,000 1.46 4.96 102
Column C C18 >50,000 1.30 5.89 66
Column D C18 <50,000 1.49 3.79 80

Figure 1 Analysis of a four protein test mix shows the superior 
performance of the Viva™ C18 column.

SSaammppllee::
Inj.: 20µL
Conc.: 0.08mg/mL each protein
Sample diluent: 0.10% TFA in water / 0.10% 

TFA in acetonitrile, 80:20, v/v
Sample temp.: 25°C

CCoolluummnnss::
Dimensions: 150 x  2.1 mm
Particle size: 5µm

CCoonnddiittiioonnss::
Mobile phase: A: 0.10% TFA in water, 

B: 0.10% TFA in acetonitrile, 
20% B to 70% B in 30 min.

Flow: 0.20mL/min.
Temp.: 25ºC (or ambient)
Det.: UV @ 214nm

Viva™ 

Wide Pore C18 
(cat. # 9514562)

PPeeaakk  LLiisstt MMWW RReett..  TTiimmee  ((mmiinn..))
1. ribonuclease A 13,700 11.31
2. cytochrome c 12,327 14.65
3. holo-transferrin 77,000 16.32
4. apomyoglobin 16,951 20.34

Column D

Column C

Column B

Column A

LC_0324

Reversed phase test mix; 150 x 2.1mm C18 phase columns, 5µm particles

59923.qxd  4/29/2005  8:57 AM  Page 8



Contains a wide range of stainless steel tubing, plus 
fittings and a ValvTool wrench.
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Restek HPLC survival kits contain practical selec-
tions of tubing, fittings, and tools for setting up or
maintaining your HPLC system. The PEEK®
Survival Kit contains PEEK® tubing, connectors,
and elbows, Teflon® tubing, a tubing cutter and
extra blades, a ValvTool wrench, open-end
wrenches, and more. The Stainless Steel Survival
Kit contains a selection of lengths and IDs of 1/16-
inch tubing, plus nuts, ferrules, a ValvTool wrench,
and a zero-dead-volume union.

Survival Kits for HPLC
Invaluable for Keeping Your System Running Smoothly!

By Becky Wittrig, Ph.D., HPLC Product Marketing Manager

• Tubing, fittings, and tools for system start-up or maintenance.

• Choose PEEK® or stainless steel components.

• More convenient and more economical than ordering components separately.

did you know?
Restek offers a wide range of HPLC columns, tools, and accessories, and
many replacement parts for Agilent, Beckman, Hitachi, PerkinElmer,
Shimadzu, Thermo Separation, and Waters instruments. Call us for a copy
of our latest HPLC catalog (lit. cat.# 59241B), or visit us on line.

PEEK® Survival Kit for HPLC
The PEEK® Survival Kit is an invaluable parts kit that
contains tools and supplies essential for setting up and
maintaining your HPLC system.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
PEEK® Survival Kit for HPLC kit 25322 $258

Stainless Steel Survival Kit for HPLC

DDeessccrriippttiioonn qqttyy.. ccaatt..##      pprriiccee
Stainless Steel Survival Kit for HPLC kit 25097 $295

larger molecular weight debris, and silicas with a
high percentage of pores larger than 500Å can be
impractically fragile for conventional HPLC appli-
cations. A narrow distribution around the mean
pore diameter is advantageous; it better ensures
that proper selectivity is maintained, and aids in
separating closely related analytes that differ only
slightly in hydrodynamic volume (molecular size
in solution).

We developed and introduced Viva™ wide pore
silica specifically to meet these challenging criteria.
Among the materials we have tested, this new sili-
ca provides the greatest available surface area rep-
resented by 250-350 Å pores, with a highly desir-
able pore volume and pore diameter distribution
(The Restek Advantage, 2005v1).

Superior physical characteristics and strong test
performances show Viva™ HPLC columns are an
excellent choice for analyzing proteins, peptides, or
other large molecules or biomolecules. C18, C8,
C4, and silica columns currently are available;
other phases can be prepared on request. If you
require a wide pore silica column for your analysis,
we highly recommend new Viva™ columns.

Viva™ Wide Pore HPLC Columns
• Excellent for separating peptides or proteins.
• Rugged, spherical particles, with 300Å pore size.
• High proportion of pore/surface area available to large molecules.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## pprriiccee ccaatt..##  pprriiccee ccaatt..## pprriiccee ccaatt..##  pprriiccee
VViivvaa™™ WWiiddee  PPoorree  CC1188  CCoolluummnnss,,  55µµmm  
30mm 9514531 $324 9514532 $304 9514533 $304 9514535 $304
50mm 9514551 $324 9514552 $304 9514553 $304 9514555 $304

100mm 9514511 $350 9514512 $330 9514513 $380 9514515 $390
150mm 9514561 $376 9514562 $356 9514563 $400 9514565 $410
200mm 9514521 $402 9514522 $382 9514523 $382 9514525 $382
250mm 9514571 $427 9514572 $407 9514573 $465 9514575 $475

VViivvaa™™ WWiiddee  PPoorree  SSiilliiccaa  CCoolluummnnss,,  55µµmm
30mm 9510531 $324 9510532 $304 9510533 $304 9510535 $304
50mm 9510551 $324 9510552 $304 9510553 $304 9510555 $304

100mm 9510511 $350 9510512 $330 9510513 $380 9510515 $390
150mm 9510561 $376 9510562 $356 9510563 $400 9510565 $410
200mm 9510521 $402 9510522 $382 9510523 $382 9510525 $382
250mm 9510571 $427 9510572 $407 9510573 $465 9510575 $475

benzene 3.00mg/mL
uracil 0.02

naphthalene 0.50
biphenyl 0.06

benzene 3.00mg/mL
uracil 0.02

naphthalene 0.50
biphenyl 0.06

No data pack available.No data pack available.

HPLC Reversed Phase Test Mix #1HPLC Reversed Phase Test Mix #1
Routine analysis using these products can assist in determining the need to
perform column and/or system maintenance.
Routine analysis using this mix can assist in determining the need to perform
column and/or system maintenance.

In methanol:water (75:25), 1mL/ampul
cat. # 35005 (ea.)  $30
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High-pressure sample cylinders are commonly used for collecting and storing
refinery and natural gas samples containing trace amounts of sulfur com-
pounds. These highly active compounds degrade very rapidly in stainless steel
sample cylinders, making accurate determination of sulfur compounds virtu-
ally impossible. Restek’s exclusive Sulfinert® surface treatment eliminates the
reactivity of high-pressure sample cylinders and allows collection and stable
storage of sulfur compounds, even at ppb levels. Figure 1 shows the recovery
of 17ppbv hydrogen sulfide, carbonyl sulfide, methyl mercaptan, ethyl mer-
captan, and dimethyl disulfide after 60 hours of storage in a Sulfinert® treat-
ed sample cylinder. The data show that these active compounds were unaf-
fected by long-term storage in the Sulfinert® treated cylinder.

In addition to Sulfinert® treated cylinders, we also offer Sulfinert® treated
valves, tubing, and sample loops to ensure the entire sample pathway is inert.
Custom treatment is available for a wide range of items.

Improve Storage Stability for Sulfur Compounds
Using Sulfinert® Treated Sample Cylinders

By Neil Mosesman, Air Monitoring Product Marketing Manager

• Eliminate sample-surface reactions in sample cylinders, collect and store active compounds.

• Obtain accurate data for active sulfur compounds at ppb levels.

• Many treated system components available from stock.

Figure 1 Active sulfur compounds are 
stable in Sulfinert® treated sample cylinders.
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for more info
Please request Applications Note ##5599116644BB for more details
about storing sulfur compounds in Sulfinert® treated cylinders.

Sulfinert®-Treated Sample Cylinders
• Stable storage of low concentrations of sulfur compounds.
• D.O.T. rated to 1800psi at room temperature.
• 316 stainless steel, 1/4" female NPT threads on both ends.

SSiizzee qqttyy.. ccaatt..## pprriiccee
75cc ea. 24130 $200
150cc ea. 24131 $225
300cc ea. 24132 $230
500cc ea. 24133 $255
1000cc ea. 24134 $425
2250cc ea. 21394 $820

Sulfinert®-Treated Sample Cylinder Valves and Rupture Discs
• All “wetted” valve parts are Sulfinert®-treated.
• Maximum pressure rating, 5000psi.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
1/4" NPT Exit, Kel-F® Stem Tip ea. 24127 $175
1/4" Compression Exit, Kel-F® Stem Tip ea. 24128 $175
1/4" Female NPT Outlet (built-in rupture disc) ea. 21395 $420

Sulfinert®-Treated Gas Sample Loops
• Ideal for samples containing low concentrations of sulfur compounds.
• Sizes from 5µL to 5cc.; 1/16" fittings, for “W Type” valves.

SSiizzee qqttyy.. ccaatt..## pprriiccee
5µL ea. 22840 $115
10µL ea. 22841 $115
20µL ea. 22842 $115
25µL ea. 22843 $115
50µL ea. 22844 $115
100µL ea. 22845 $115
250µL ea. 22846 $115
500µL ea. 22847 $115
1cc ea. 22848 $115
2cc ea. 22849 $115
5cc ea. 22850 $115

17ppbv each compound
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Figure 1 Nitrofuran metabolites in honey
detected at 0.3ppb by LC/MS/MS, using an
Ultra C18 column.
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Nitrofurans are a class of veterinary antibiotics used to increase growth rate
and prevent or treat disease in animals. Animals have been treated with antibi-
otics since the 1950s and, currently, about 45% of the antibiotics produced
each year in the U.S. are administered to livestock. In Europe, this practice is
illegal, because the inadvertent consumption of residual antibiotics in animal
tissue, such as meat or liver, can lead to increased drug resistance or allergies
in humans.

Nitrofurans have been detected not only in treated animals, but also in animal
products, including honey. The low levels of these compounds and the com-
plexity of honey as a matrix present challenges for the analysis of nitrofurans.
In addition, nitrofurans are unstable and metabolize rapidly in vivo. Any
analysis method for nitrofurans, therefore, must be able to separate and detect
these metabolites. In the analysis of honey, it is of interest to quantify four
nitrofurans: furazolidone, furaltadone, nitrofurazone, and nitrofurantoin,
through their respective metabolites, 3-amino-2-oxazolidone (AOZ), 5-
mofolinomethylmethyl-3-amino-2-oxazolidone (AMOZ), semicarbazide
(SC) and 1-aminhydantoin (AHD). The method of choice for the analysis of
nitrofuran and nitrofuran metabolites in honey is LC/MS/MS, with separation
on a C18 column.

In this study, honey samples treated with the four nitrofuran metabolites were
dissolved in water, then extracted with ethyl acetate. After centrifugation, the
extract was evaporated and reconstituted in 125mM HCl, then derivatized
with 2-nitrobenzaldehyde. After two liquid-liquid extractions with ethyl
acetate, the extract was evaporated and reconstituted with mobile phase, fil-
tered, and injected into the LC/MS/MS system. The column used for the
analysis was a 100 x 2.1 mm, 3µm Ultra C18 column. For maximum sensitiv-
ity and specificity, a triple quadrupole analyzer was used, with electrospray
ionization and selected reaction monitoring (SRM).

Results from the analysis of 0.3ppb nitrofuran metabolites in honey are shown
in Figure 1. The Ultra C18 HPLC column is an excellent choice for this analy-
sis. As a reliable general purpose column based on a high-purity, base-deacti-
vated silica, its utility extends to other compounds that might be present in
animal-derived matrixes, such as steroids and vitamins.

In analyses for nitrofuran antibiotics, an Ultra C18 HPLC column is an excel-
lent choice, especially for analyzing trace levels of these compounds in a com-
plex sample matrix.

Analysis of Nitrofurans in Honey
Using LC/MS/MS and an Ultra C18 Column

By Eberhardt Kuhn, Ph.D.; International Marketing Specialist; and Becky Wittrig, Ph.D., HPLC Product Marketing Manager

• Sensitive detection of antibiotic metabolites in a complex matrix.

• Ultra C18 column assures the resolution needed for the LC/MS/MS method.

• Excellent peak shape at sub-ppb levels.

AAcckknnoowwlleeddggeemmeenntt
We are grateful to EIDOMET SRL, Restek distributor in Argentina, and application chemist Dr. Alejandro
Albornoz, for the analytical work discussed in this article.

Data courtesy of Dr. Alejandro Albornoz, EIDOMET SRL, Buenos Aires.

Ultra C18 Column
33µµmm PPaarrttiicclleess,,  22..11mmmm  IIDD ccaatt..  ## pprriiccee
100mm 9174312 $356

For many other dimensions, refer to our catalog or visit our website.

CCoolluummnn:: UUllttrraa  CC1188
Cat. #: 9174312
Dimensions: 100 x 2.1mm
Particle Size: 3µm
Pore Size: 100Å

CCoonnddiittiioonnss::
Mobile phase:  A: 0.05% formic acid in methanol

B: 0.05% formic acid – 
5 mM NH4 formate in water

TTiimmee (min) %%BB
0 90
2.5 90
5 10

10 10
12 90
15 90

Sample: 0.3ppb each analyte
Flow: 200µL/min.
Temp.: 30°C
Det.: MS/MS triple quadrupoles 

(Thermo Finnigan Discovery)

AAnnaallyyzzeerr  PPaarraammeetteerrss::
Ion source: ESI (electrospray ionization)
Only segment: 15 min. 
Polarity: positive
Data type: centroid
Scan mode: SRM product
Scan width (m/z): 0.7
Scan time (s): 0.25
Peak width: Q1: within 0.7 

Q2: 0.7
Collision gas
pressure (mTorr): 1.5 (argon)
Divert valve: active, with 3 positions

Positions-1° 2 min., 2° 8 min., 3° 5 min.

AAnnaallyyttee PPrreecc..  IIoonn PPrroodd..  IIoonn CCoolllliissiioonn  EE TTuubbee  LLeennss
AOZ 236 134 12 V 120
AMOZ 335 291 10 V 100
SC 209 166 12 V 80
AHD 249 134 12 V 110

AMOZ = 3-amino-5-morpholinomethyl-2-oxazolidinone
AHD = 1-aminohydantoin hydrochloride
ADZ = 3-amino-2-oxazolidinone
SC = semicarbazide

d5-AMOZ (3.7min.)

AMOZ (3.8min.)

AHD (5.46min.)

d4-AOZ (5.49min.)

AOZ (5.51min.)

SC (5.6min.)

LC_0323
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*Zero air inlet requires minimum of 40psig compressed air 
pressure.

SSppeecciiffiiccaattiioonnss  --  FFIIDD  GGaass  SSttaattiioonnss::

Hydrogen Purity: 99.9995%
Zero Air Purity: FID-1000: 

< 0.1ppm total hydrocarbons as methane
FID-2500: 
< 0.05ppm total hydrocarbons as methane

Max. Hydrogen Flow Rate: FID-1000: 90cc/min.
FID-2500: 250cc/min.

Max. Zero Air Flow Rate: FID-1000: 1000cc/min.
FID-2500: 2500cc/min.

Power: 120VAC/amp, 60Hz, 400 watts

Hydrogen Outlet Pressure: 60 psig
Zero Air Outlet Pressure: 40-125 psig*
Inlet Connection: 1/4" NPT (female)
Outlet: 1/8" compression
Dimensions: 16.5"h x 10.5"w x 17"d 

(42cm x 27cm x 43cm)
Weight: 53 lbs. (24kg)

DDeessccrriippttiioonn qqttyy.. ccaatt..  ## pprriiccee
Model FID-1000 Gas Station (ideal for 1 - 2 FIDs) ea. 20177 $7234
Model FID-2500 Gas Station (ideal for 5 - 6 FIDs) ea. 24913 $11,499
RReeppllaacceemmeenntt  CCoommppoonneennttss  ffoorr  FFIIDD  GGaass  SSttaattiioonnss
Resin Bed Cartridge for FID-1000 and FID-2500 Hydrogen
Generators ea. 24914 $157
Desiccant Cartridge ea. 21671 $193
FID Gas Station Maintenance Kit (Includes 1 desiccant cartridge,
1 resin bed cartridge, 1 filter cartridge) ea. 24915 $399

IInntteerrnnaattiioonnaall  PPoowweerr  CCoorrdd  SSeettss qqttyy.. ccaatt..##  ssuuffffiixx pprriiccee
United Kingdom (230VAC, 50/50Hz) ea. -550 N/C
European (230VAC, 50/60Hz) ea. -551 N/C
IEC Connector Only (230VAC, 50/60Hz) ea. -552 N/C
Japanese (200VAC, 50/60Hz) ea. -556 N/C
Japanese for Zero Air (100VAC, 50/60Hz) ea. -553 $300
Japanese for Hydrogen (100VAC, 50/60Hz) ea. -554 $125
Japanese for Nitrogen (100VAC, 50/60Hz) ea. -555 $200

Parker Balston FID-1000 and FID-2500 Gas Stations provide both UHP grade
hydrogen fuel gas and zero grade air (<0.1ppm total hydrocarbons) for flame
ionization detectors on gas chromatographs. The system is designed specifi-
cally to supply fuel gas to FIDs and to support flame thermionic and flame
photometric detectors. The units produce zero air by purifying compressed air
to a total hydrocarbon concentration of 0.1 ppm or less (measured as
methane). The hydrogen generators produce hydrogen gas from deionized
water, using the principle of electrolytic dissociation of water and hydrogen
proton conduction through a proton exchange membrane cell.

These units are designed for universal operation. When ordering an FID Gas
Station for use in countries other than the United States, simply add the appro-
priate international power cord suffix to the catalog number for the gas station.

FID Gas Stations: FID-1000 & New FID-2500
Convenient, Safe Source of Zero Air and Pure Hydrogen

By Kelli Ventura, GC Accessories Associate Product Manager

built to international standards
Produced and supported by an ISO 9001 registered organization, Parker
Balston hydrogen generators are built to meet the toughest laboratory
standards - CSA, UL, CE, and IEC 1010.

• Single unit produces zero grade air and 99.9995% pure hydrogen.

• Eliminates inconvenient and dangerous cylinders.

• Silent operation, minimal operator attention required.

Just add the proper suffix to the catalog number for the gas generator you are ordering.

Volatile Organic Compounds by GC/MS
Columns and Reference Mixes for US EPA 524.2 Revision IV.

By Christopher English, GC Innovations Group Leader, and Joseph Moodler, Analytical Reference Materials Technical Supervisor

• All 84 compounds listed in Method 524.2 resolved in 12 minutes, using an Rtx®-VMS column.

• MegaMix™ reference mix includes 73 compounds in stable solution.

• Three reference mixes include all 84 compounds.

Initially, US Environmental Protection Agency Method 524.2, a purge and trap, capillary GC/MS method, was used to identify 60
volatile aromatic and halogenated hydrocarbons in municipal drinking water. Revision 4.0 (1992) added 24 polar compounds and,
in 2003, California allowed the addition of tert-amyl methyl ether (TAME), tert-butyl alcohol (TBA), ethyl-tert-butyl ether (ETBE),
and 1,1,2-trichlorotrifluoroethane (Freon® 113) to the list of target compounds.

Of these 84 compounds, only the six gases and five ketones are not included in Drinking Water VOA MegaMix™, 524.2 Rev 4.1. To
help ensure long-term stability of the mixes, we offer the ketones separately, in purge & trap methanol/water (90:10, v/v). This sol-
vent system protects the keto groups and prevents acetal formation, which is more likely to occur in 100% methanol.
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For individual solutions of tert-amyl methyl ether, tert-butyl alcohol, ethyl-
tert-butyl ether, and 1,1,2-trichlorotrifluoroethane (Freon® 113), and for
internal and surrogate standards, please see our catalog, or visit our
website.

RReeffeerreenncceess
1. Butler J.C., E. Phillips, and M. Conoley Application Note AN9197,

Thermo Electron Corporation, 2215 Grand Avenue Parkway, Austin,
TX., 2003.

2. A.L. Hilling and G. Smith, Environmental Testing & Analysis, 10 (3),15-
19, 2001.

PPuurrggee  aanndd  TTrraapp  CCoonnddiittiioonnss::    
Concentrator: Tekmar LSC-3100 purge and trap
Trap: Vocarb 3000 (type K)  
Purge: 11 min. @ 40 mL/min. @ ambient temperature. 
Dry purge: 1 min. @ 40mL/min.  (MCS bypassed using Silcosteel® tubing)
Desorb preheat: 245°°C  
Desorb: 250°°C for 2 min., flow 10mL/min.
Bake: 260°°C for 8 min.
Interface: Silcosteel® transfer line 

1:30 split at injection port. 1mm ID split injection sleeve (cat.# 20972).
Column: Rtx®-VMS, 30m, 0.25mm ID, 1.4µm (cat.# 19915)
Sample:  502.2 Calibration Mix #1 (cat.# 30042)

Drinking Water VOA MegaMix™, 524.2 Rev 4 (cat.# 30601)
524 Internal Standard/Surrogate Mix (cat.# 30201)
Ketone Mix, EPA Method 524.2 Rev 4.1 (cat.# 30602)
Compounds at 20 ppb each in 5mL RO water
(ketones at 50ppb; internal standards at 40ppb)

Inj. temp.: 250°°C
Carrier gas:  helium, constant flow  
Flow rate: 1.1mL/min. 
Dead time: 1.48 min. @ 40°°C
Oven temp.: 40°°C (hold 2 min.) to 85°°C @ 14°°C/min. (hold 2 min.) 

to 220°°C @ 30°°C/min. (hold 4 min.).  
Det: Agilent 5971A GC/MS
Transfer line temp.:  280°°C
Scan range: 35-300 amu
Tune PFTBA/BFB
Ionization: EI

GC_EV00718

Figure 1 12-minute analysis of 84 volatile compounds, using a
short, narrow bore Rtx®-VMS column.

A 30m, 0.25mm ID, 1.4µm Rtx®-VMS capillary
column (cat.# 19915) is an excellent choice for
analyzing the 84 target compounds (Figure 1).
This narrow bore column improves resolution of
traditionally coeluting compounds, such as carbon
tetrachloride / 1,1,1-trichloroethane, while short-
ening the analysis time. Analysis time is less than
12 minutes, and the cycle time is 16 minutes,
which is well below the cycle time of a standard
purge and trap system. This allows the fastest run-
time attainable using a Tekmar 3100 purge and
trap unit coupled to a single GC. A slower initial
temperature ramp rate makes additional resolu-
tion possible.

We recommend using the 30m, 0.25mm ID col-
umn for best resolution of the target gases. At
20ppb in 5mL water, the gases are better than 90%
resolved, using an initial temperature of 40°C
(Figure 1). We encourage laboratories using either
dual purge and trap technology or newer purge
and trap systems with rapid cycle times to use a
20m, 0.18mm ID, 1.0µm Rtx®-VMS column for
sub-10 minute runtimes.1,2 Whatever your system
for analyzing volatiles, we offer the columns, ana-
lytical standards, GC accessories, and technical
knowledge to get your laboratory running these
analyses quickly and accurately.

Rtx®-VMS (fused silica)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ## pprriiccee
0.18mm 1.00 -40 to 240/260°C 20-Meter 49914 $385
0.25mm 1.40 -40 to 240/260°C 30-Meter 19915 $445

Drinking Water VOA MegaMix™, 524.2 Rev. 4.1
(73 components—see Table 1)

2,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30601 (ea.)  $135

acetone
2-butanone (MEK)
1,1-dichloro-2-propanone

2-hexanone
4-methyl-2-pentanone (MIBK)

Ketones Mix, 524.2 Rev. 4.1  (5 components)

5,000µg/mL each in 90% P&T methanol:10% water, 1mL/ampul
cat. # 30602 (ea.)  $30

bromomethane
chloroethane
chloromethane

dichlorodifluoromethane
trichlorofluoromethane
vinyl chloride

502.2 Calibration Mix #1 (gases)

200µg/mL each in P&T methanol, 1mL/ampul
cat. # 30439 (ea.)  $24

2,000µg/mL each in P&T methanol, 1mL/ampul
cat. # 30042 (ea.)  $35

1. dichlorodifluoromethane
2. chloromethane
3. vinyl chloride
4. bromomethane
5. chloroethane
6. trichlorofluoromethane
7. diethyl ether
8. 1,1-dichloroethene
9. carbon disulfide

10. iodomethane
11. allyl chloride
12. methylene chloride
13. acetone
14. trans-1,2-dichloroethene
15. methyl tert-butyl ether
16. 1,1-dichloroethane
17. acrylonitrile
18. cis-1,2-dichloroethene
19. 2,2-dichloropropane
20. bromochloromethane
21. chloroform
22. methyl acrylate
23. carbon tetrachloride
24. tetrahydrofuran
25. 1,1,1-trichloroethane
26. 2-butanone
27. 1,1-dichloropropene
28. 1-chlorobutane
29. propionitrile

30. methacrylonitrile
31. benzene
32. 1,2-dichloroethane
33. fluorobenzene (IS)
34. trichloroethene
35. dibromomethane
36. 1,2-dichloropropane
37. bromodichloromethane
38. methyl methacrylate
39. cis-1,3-dichloropropene
40. toluene
41. chloroacetonitrile
42. 2-nitropropane
43. 1,1-dichloro-2-propanone
44. 4-methyl-2-pentanone
45. tetrachloroethene
46. trans-1,3-dichloropropene
47. 1,1,2-trichloroethane
48. ethyl methacrylate
49. dibromochloromethane
50. 1,3-dichloropropane
51. 1,2-dibromoethane
52. 2-hexanone
53. chlorobenzene
54. ethylbenzene
55. 1,1,1,2-tetrachloroethane
56. m-xylene
57. p-xylene
58. o-xylene

59. styrrene
60. bromoform
61. isopropylbenzene
62. 4-bromofluorobenzene (IS)
63. bromobenzene
64. n-propylbenzene
65. 1,1,2,2-tetrachloroethane
66. 2-chlorotoluene
67. 1,2,3-trichloropropane
68. 1,3,5-trimethylbenzene
69. trans-1,4-dichloro-2-butene
70. 4-chlorotoluene
71. tert-butylbenzene
72. pentachloroethane
73. 1,2,4-trimethylbenzene
74. sec-butylbenzene
75. p-isopropyltoluene
76. 1,3-dichlorobenzene
77. 1,4-dichlorobenzene
78. n-butylbenzene
79. hexachloroethane
80. 1,2-dichlorobenzene-d4 (IS)
81. 1,2-dichlorobenzene
82. 1,2-dibromo-3-chloropropane
83. nitrobenzene
84. hexachlorobutadiene
85. 1,2,4-trichlorobenzene
86. naphthalene
87. 1,2,3-trichlorobenzene

Table 1 Method 524.2 analytes and internal standards.

Peaks 1-6 are components of cat. # 30439; peaks 13,26,43,44,52 are components of 
cat. # 30602; all other analytes except IS are components of cat. # 30601.
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Restek is your #1 source for GC consumables and supplies
by Donna Lidgett, GC Accessories Product Marketing Manager

nstrument  nnovations! ! !
From Injector to Detector
Restek designs, develops, and markets OEM-equivalent parts and supplies for Agilent, PerkinElmer, Shimadzu, Thermo Finnigan or
Varian GC systems. Restek consumables and parts meet or exceed OEM performance, helping you maintain optimum system 
performance and giving you the convenience and economy of one-stop shopping for all your GC needs.

Check out some of our newest consumables. . .

FID Jet for PerkinElmer Auto SYS™ XL

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

FID Jet for PerkinElmer Auto SYS™ XL N6100361 ea. 23038 $190

FID Capillary Column Adaptor for PerkinElmer Auto SYS™ XL

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

FFoorr  uussee  wwiitthh  PPEE  ssttyyllee  ccaappiillllaarryy  nnuuttss
FID Capillary Column Adaptor for PerkinElmer Auto SYS™ XL N6120020 ea. 22608 $54
FFoorr  uussee  wwiitthh  11//1166"" ccoommpprreessssiioonn  ssttyyllee  nnuuttss
FID Capillary Column Adaptor for PerkinElmer Auto SYS™ XL — ea. 22609 $54

Septum Cap for PerkinElmer Auto SYS™ XL

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Septum Cap for PerkinElmer Auto SYS™ XL N6100153 ea. 22322 $72

Injector Adaptor for PerkinElmer Auto SYS™ XL

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo
PPEE  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

FFoorr  uussee  wwiitthh  PPEE  ssttyyllee  ccaappiillllaarryy  nnuuttss
Injector Adaptor for PerkinElmer Auto SYS™ XL N6100157 ea. 22318 $78
Siltek®-Treated Injector Adaptor for PerkinElmer Auto SYS™ XL — ea. 22320 $85
FFoorr  uussee  wwiitthh  11//1166"" ccoommpprreessssiioonn  ssttyyllee  nnuuttss
Injector Adaptor for PerkinElmer Auto SYS™ XL — ea. 22319 $78
Siltek®-Treated Injector Adaptor for PerkinElmer Auto SYS™ XL — ea. 22321 $85

High quality
stainless steel.

High quality 
stainless steel.

High quality 
stainless steel.

Siltek®-treated version for
increased inertness.

Clear
anodized 

aluminum/
High quality 

stainless steel.

new!

new!

new!

new!

new!

new!

EPC Test Kit for Agilent 6890 GCs
• Kit includes 3 o-rings, 2 plugs, 1 mounting screw and 1 test block.

*Similar to Agilent part # G1530-60960, but not exact equivalent. Kits differ in parts.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee
EPC Test Kit for Agilent 6890 GCs G1530-60960* kit 24323 $123

Septum Nut for Shimadzu 17A & 2010 GCs
• One piece design for ease of installation and removal.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

SShhiimmaaddzzuu  ppaarrtt  ## qqttyy.. ccaatt..## pprriiccee

Septum Nut for Shimadzu 17A & 2010 GCs
221-41286-00
221-44584-00 ea. 22079 $26

Clear anodized aluminum
and high-quality 

stainless steel.
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Restek Innovations Save You Time and Money

Coo Too s!
A Clean Square Cut...
The key to obtaining a leak-tight seal in a Press-Tight® connector—or in other connecting devices that
make a compression seal with the end of the column—is a clean, right angle cut at the end of the column.
If you use an unsuitable device to cut your columns, you run the risk of angled cuts or chipped or jagged
edges that will not seal effectively, or even crushing the end of the column. We offer a selection of scoring
tools that will help you properly cut your columns.

Scoring Wafer with Handle
• Ceramic wafer is serrated on one side and straight-edged on the other to cut both fused silica and

metal tubing cleanly.
• Unique, ergonomic handle is made of soft, comfortable rubber.

Make clean, square cuts!

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Scoring Wafer with Handle 2-pk. 23015 $27

Hold tubing firmly in one
hand, allowing about two
inches to extend freely. Hold
the scoring wafer at a 45°
angle to the tubing. Exert just
enough pressure to put a
slight arc in the tubing. Pull
perpendicularly across the
tubing.

The tubing
should fall off
on its own, or it
should easily
break at the
score with a
slight tap of the
wafer.

Check the cut
against the
white of the
scoring wafer.
Look for a
clean, square
cut.

Make a clean, square cut
for optimum perform-

ance. The cut on the right
will produce a poor seal.

Ceramic Scoring Wafers
• Four straight scoring edges for

cutting fused silica tubing and
four serrated edges for cutting
MXT® metal capillary columns.

• Sure-grip handle included.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Ceramic Scoring Wafers 5-pk. 20116 $25

Sapphire Scribe
• Cuts fused silica tubing.
• Produces a clean, square cut.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Sapphire Scribe ea. 20182 $45

Exert just enough
pressure to put a
slight arc in the
tubing. The tubing
should fall off or
break with a slight
tap of the wafer.

Check the cut
against the
white of the
scoring wafer.
Look for a
clean, square
cut.

One quick
stroke...

...and tap
leaves a clean,
square end.

Shortix™ Capillary GC Column Cutter
• Consistently make precise, clean, square cuts with a diamond blade.
• Built-in magnifier to verify square cut.
• Use with 0.25mm ID to 0.53mm ID tubing (0.78mm OD max.).
• Maintenance kit includes diamond cutting wheel, O-rings, and a

tool to open the column cutter.

DDeessccrriippttiioonn qqttyy.. ccaatt..## pprriiccee
Shortix Capillary GC Column Cutter ea. 23026 $185
Maintenance Kit for Shortix Capillary GC Column Cutter kit 23027 $95

Maintenance Kit for
Shortix™ Capillary
GC Column Cutter
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RReesstteekk  TTrraaddeemmaarrkkss//SSeerrvviiccee  MMaarrkkss::
MegaMix, MXT, Pinnacle II, Press-Tight, Rtx, Silcosteel, Siltek, Sulfinert, Trident, Viva, The Company Chromatographers Trust, Turning Visions into Reality, Restek logo.

OOtthheerr  TTrraaddeemmaarrkkss::  
Agilent (Agilent Technologies, Inc.), Aroclor (Monsanto Chemical Co.), Auto SYS (PerkinElmer), Freon, Teflon (E.I. du Pont de Nemours & Co. Inc.), Kel-F (3M Company),
PEEK (Victrex plc), Shortix (SGT-Middleburg B.V. Co.).

Please direct your comments on this publication to Patrick Gallagher at patrick.gallagher@restek.com or call 814-353-1300, ext. 2335.
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Lit. Cat.# 59923-INT
© 2005 Restek Corporation.

20
YEARS

Items of Interest
Compiled by the Advantage Staff

Back to School
Widely acclaimed Restek seminars deliver a wealth of information in a profes-
sional, non-promotional, multimedia format. Each full-day course is a mix of
introductory through advanced elements, making these presentations suitable for
novice chromatographers and for experienced analysts who want an introduction
to the newest techniques, or a revisit to the fundamentals. Choose the topic and
location that match your requirements—or, we'll come to your facility.

Detecting Adulterants in Butter
Investigators in the Dipartimento di Scienza degli Alimenti, Università degli Studi di Napoli "Federico II"
(Via Università, 100-80055 Portici (NA), Italy) have proposed a new analytical method for detecting
extraneous animal fats or vegetable oils added to butter.

Application of a HRGC Method on Capillary Column Rtx® 65-TG for Triglyceride Analysis to Monitor
Butter Purity, by Daniele Naviglio and Carlo Raia, was published in Analytical Letters, Vol. 36, No. 14,
2003 (pages 3063-3094). Relative to the official EU method for detecting added animal fats, such as lard
or tallow, the authors propose the new method is simple, rapid, and precise, even when quantities of
added fats are minimal. The new method is easy to follow, even by nonspecialists. Naviglio and Raia devel-
oped their method using a 30m, 0.25mm ID, 0.25um Rtx®-65TG Restek column.

Contact the authors at their university address, above, or by e-mail: danielenaviglio@inwind.it

Order the article from : www.dekker.com/servlet/product/DOI/101081AL120026422#abstract

Don’t Miss an Issue!
Visit our website at www.restek.com/renew and renew your subscription to the Restek Advantage.

For seminar descriptions, please visit our website at www.restek.com/seminars.
For availability, please contact your Restek distributor
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We start with the best wide pore silica…
• Largest available surface area in 250-350Å pores—ideal for larger molecules.
• Excellent base deactivation.
• Viva™ silica manufactured by Restek for consistency.

Conventional reversed phase HPLC packing materials with 60-150Å pores gen-
erally are poorly suited for separating peptides, proteins, or other larger bio-
molecules. The analyte molecules cannot access the surface area within these
pores, and the pores can be fouled with large molecular weight debris. Silicas
with wider pores address this need for more resolving power: theoretically, larg-
er analytes enter the pores, access more of the surface, and are retained longer,
promoting better selectivity.

For analytes with molecular weights larger than 3000, pore diameters of 250-
350Å offer the best combination of retention and stability - pores larger than
500Å can make a silica impractically fragile for many applications. A narrow
distribution about the mean pore diameter can aid in separating analytes that
differ only slightly in hydrodynamic size. A large pore volume allows more
analyte molecules into the pores, and provides better separations of complex
mixtures. Pore volumes exceeding 1.2mL/g, however, make the silica particles
more fragile.

In developing Viva™ wide pore silica, we evaluated materials from other man-
ufacturers, and found some do not possess sufficient pore volume in the pore
diameter range needed for effectively separating large molecules. Of the mate-
rials we tested, Viva™ 300Å silica has the greatest available surface area in 250-
350Å pores (Table I), and the greatest percentage of pores narrowly distributed
around the mean diameter (Figure 1).

…which makes exceptional HPLC columns…
• Excellent efficiency and peak symmetry.
• Best selectivity and retention among five tested manufacturers’ columns.

We compared column efficiency, peak asymmetry, and retention for Viva™
C18 and four other popular C18 wide pore columns. Table II and Figure 2
show the Viva™ column ranked highest in retention and selectivity and pro-
duced the best peak symmetry measurements.

…for peptides, proteins, or other large molecules.
• Exceptional selectivity, for resolving larger biomolecules.
• Excellent base deactivation, for more symmetrical peaks and greater sensi-

tivity without mobile phase modifiers.

Even with wide pore packings, limitations often are encountered when samples
contain closely related compounds, such as complex tryptic digests or genetic
variants of a protein. These applications call for columns with maximum
resolving power.

Viva™ HPLC columns are ideal for challenging analyses. To determine overall
separating power, retention, and peak shape, we evaluated each manufacturer’s
column with peptide and protein test mixes. The Viva™ C18 column provid-
ed excellent resolution and peak shapes, as Figures 3 and 4 show.

Size exclusion studies show Viva™ wide pore columns are well suited for analy-
ses of molecules over a weight range of approximately 800 to 212,000 Dalton.
For additional technical information about Viva™ wide pore columns, request
Restek Advantage 2005v1 (lit.# 59077) and 2005v2 (lit.# 59923).

Exceptionally large available surface area, a highly desirable pore volume, and
a narrow pore diameter distribution help ensure effective retention of pep-
tides, proteins, or other large molecules, and make Viva™ wide pore columns
the best choice for your analysis.

Figure 1 Only Viva™ silica has a majority of
pores in the 250-350Å range, in a narrow
distribution. (BJH desorption)
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1. mfr. A 200Å
2. mfr. F 200Å*

3. mfr. G 200Å*

Table II Viva™ wide pore columns provide
the best overall performance.

EEffffiicciieennccyy RReetteennttiioonn
((ppllaatteess//mm)) AAssyymmmmeettrryy TTiimmee PPrreessssuurree

CCoolluummnn ((110033)) ((bbiipphheennyyll)) ((bbiipphheennyyll)) ((bbaarr))
Viva™ C18 >50 1.16 6.30 60
mfr. F C18 >50 1.30 5.89 66
mfr. C C18 ~50 1.46 5.77 72
mfr. D C18 >50 1.46 4.96 102
mfr. H C18 <50 1.49 3.79 80

150 x 2.1mm C18 phase columns, 5µm particles; reversed phase
test mix

Table I Viva™ silica has the largest available
surface area in 250-350Å pores, allowing the
greatest interaction with large molecules.

SSuurrffaaccee  AArreeaa  ((mm22//gg)) TToottaall  PPoorree
00-- 225500-- TToottaall VVoolluummee

SSiilliiccaa 110000ÅÅ 335500ÅÅ DDeessoorrpp BBEETT ((mmLL//gg))
NNoommiinnaall  PPoorree  DDiiaammeetteerr  ((330000ÅÅ))
Viva™ lot X 1.6 46.5 144.5 116.9 0.880
Viva™ lot Y 2.3 40.6 138.6 112.4 0.823
mfr. A 2.9 34.4 118.2 101.6 0.885
mfr. A 4.2 33.1 130.3 111.3 0.941
mfr. B 3.7 22.2 83.6 73.9 0.627
NNoommiinnaall  PPoorree  DDiiaammeetteerr  ((220000ÅÅ))
mfr. A 41.0 2.7 231.6 189.2 0.852
mfr. A 34.1 0.9 243.4 200.0 0.911
mfr. D* 9.2 23.0 158.4 129.8 0.795
mfr. E 21.7 19.2 90.7 93.0 0.509
mfr. F* 24.7 15.6 105.8 58.5 0.530
mfr. G* 2.6 6.7 115.3 91.6 0.595

*Materials D, F, and G are 200Å materials being sold as 300Å.

*Materials F and G are 200Å materials being sold as 300Å.

59939-INT.qxd  8/5/2005  2:59 PM  Page 2



0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

1 2 3
4 5

6 7

mfr. Hmfr. H

mfr. D

mfr. C

mfr. F

Viva™

*

Figure 2 Viva™ C18: best overall retention and peak symmetry.
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Figure 3 Viva™ C18: excellent resolution of peptides.

150 x 2.1mm C18 phase columns, 5µm particles; reversed phase test mix
Mobile Phase: water:methanol, 25:75 v/v; Flow Rate: 0.2mL/min.; Detection: UV, 254nm; Sample: 10µL HPLC
Performance (NIST 870) Test Mix (cat.# 31699)

150 x 2.1mm C18 phase columns, 5µm particles; peptide test mix.
Mobile Phase: A - 0.08% trifluoroacetic acid in water (pH 2.0), B - 0.08% TFA in acetonitrile, 10% B to 40% B in
20 min.; Flow Rate: 0.2mL/min.; Detection: UV, 214nm; Injection: 20µL eight peptide test mix

* High levels of trace metals (~100ppm) in the silica enhance this separation.

Figure 4 Viva™ C18: superior performance with proteins.

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0
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3 4
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Viva™

150 x 2.1mm C18 phase columns, 5µm particles; four-protein test mix.
Mobile Phase: A - 0.1% TFA in water, pH 2.0, B - 0.1% TFA in acetonitrile, 20% B to 70% B in 30 min.; 
Flow Rate: 0.2mL/min.; Detection: UV, 214nm; Injection: Four Protein Standard Test Mix

1. val-tyr
2. val-tyr-val
3. meth enkephalin
4. val-4-

angiotensin III
5. angiotensin 

II, III
6. leucine 

enkephalin
7. angiotensin I

1. ribonuclease A
2. cytochrome c
3. holo-transferrin
4. apomyoglobin

1. uracil
2. toluene
3. ethylbenzene
4. quinizarin
5. amitriptyline
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guard
columns
TToo  oorrddeerr::
2.1mm, 3.2mm, or 4.6mm ID
column with a Trident™

Integral Inlet Fitting, add 
“-700” to the catalog number
for the column.

Example: 100mm x 4.6mm ID
Viva™ C18 column with Trident™

Integral Inlet Fitting: 
9514515-700

Nominal additional charge for
guard cartridges and fittings
for these columns, see our
catalog or visit our website.

11..00mmmm  IIDD 22..11mmmm  IIDD  33..22mmmm  IIDD 44..66mmmm  IIDD
LLeennggtthh ccaatt..## ccaatt..##  ccaatt..## ccaatt..##  

VViivvaa™™ CC1188  55µµmm  CCoolluummnnss
30mm 9514531 9514532 9514533 9514535
50mm 9514551 9514552 9514553 9514555

100mm 9514511 9514512 9514513 9514515
150mm 9514561 9514562 9514563 9514565
200mm 9514521 9514522 9514523 9514525
250mm 9514571 9514572 9514573 9514575

VViivvaa™™ SSiilliiccaa  55µµmm  CCoolluummnnss
30mm 9510531 9510532 9510533 9510535
50mm 9510551 9510552 9510553 9510555

100mm 9510511 9510512 9510513 9510515
150mm 9510561 9510562 9510563 9510565
200mm 9510521 9510522 9510523 9510525
250mm 9510571 9510572 9510573 9510575

VViivvaa™™ CC88  55µµmm  CCoolluummnnss
30mm 9513531 9513532 9513533 9513535
50mm 9513551 9513552 9513553 9513555

100mm 9513511 9513512 9513513 9513515
150mm 9513561 9513562 9513563 9513565
200mm 9513521 9513522 9513523 9513525
250mm 9513571 9513572 9513573 9513575

VViivvaa™™ CC44  55µµmm  CCoolluummnnss
30mm 9512531 9512532 9512533 9512535
50mm 9512551 9512552 9512553 9512555

100mm 9512511 9512512 9512513 9512515
150mm 9512561 9512562 9512563 9512565
200mm 9512521 9512522 9512523 9512525
250mm 9512571 9512572 9512573 9512575

Viva™ wide pore HPLC columns, only from Restek - 
we think you will be impressed!
Superior physical characteristics and strong evaluation performances show Viva™ columns are an excel-
lent choice for analyzing peptides, proteins, or other larger molecules or biomolecules. For the best results
from your large molecule analysis, talk with us about Viva™ columns, today.

C18, C8, C4, and silica columns currently available; other phases and particle sizes on request.

Bulk packing materials also are available.
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Where We’ll Be in October

October 17-21, 2005
Society of Forensic Toxicologists (SOFT), Renaissance
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October 18-20, 2005
Gulf Coast Conference, Moody Gardens Convention
Center, Galveston Island, TX

Help Us Celebrate Our 20th Birthday! Visit us at 
Booth 707, and receive a FREE Restek 20th
Anniversary Travel Mug and Tote Bag!

October 25-27, 2005
ISA Expo 2005, McCormick Place Lakeside Center,
Chicago, IL, booth #1322

Correction

In Advantage 2005v2, page 11: Analysis of Nitrofurans 
in Honey. Mobile phase components A and B contain
acetic acid, not formic acid. Honey samples containing
nitrofuran metabolites were dissolved in 125mM HCl,
derivatized with 2-nitrobenzaldehyde, extracted, 
evaporated, and reconstituted with mobile phase.

Versatile GC Columns for Forensics
Use an Rtx®-BAC1 / Rtx®-BAC2 Column Set To Evaluate

Blood Alcohol, Abused Substances, and Other Materials
By Kristi Sellers, Clinical/Forensic Innovations Chemist

• Unique column set for resolving/ confirming abused substances.

• 3-minute analysis for blood alcohols.

• Reliable data for ethylene glycol or GHB.

Analytical toxicology laboratories assist in criminal investigations by perform-
ing analyses for abused substances or poisons. Additional responsibilities
include testing for accelerants or explosive materials in investigations of fires or
explosions and assessing occupational/environmental exposure. Volatile and
non-volatile compounds commonly tested for include blood alcohols, alkyl
nitrites, anesthetics, inhalants, glycols, gamma-hydroxybutyrate (GHB), indus-
trial solvents, petroleum hydrocarbons, and nitrogen-containing explosives.

Figure 1 Baseline resolution of all blood alcohol components in
less than 3 minutes, using Rtx®-BAC1 and Rtx®-BAC2 columns.

Dual-column analysis using a two-hole ferrule. 
1.0mL headspace sample of a blood alcohol mix on a PerkinElmer HS 40 headspace autosampler

CCoonncc..  ww//vv
1. methanol 0.1%
2. acetaldehyde 0.2%
3. ethanol 0.2%
4. isopropanol 0.1%
5. acetone 0.01%
6. n-propanol 0.1%

30m, 0.32mm ID, 1.8µm  Rtx®-BAC1
(cat.# 18003)

30m, 0.32mm ID, 1.2µm  Rtx®-BAC2
(cat.# 18002)

min. 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
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4
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2

1

6

5

4

3

2

1

GC_PH00241

min. 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Oven temp.: 40°C
Inj. temp.: 200°C
Carrier gas: helium
Sample equilibration: 70°C, 15 min.
Vial pressure: 30psi
Vial pressurization time: 0.15 min.

Vial sampling time: 0.01 min.
Transfer line: 0.32mm ID Hydroguard™

fused silica tubing
Transfer line temp.: 200°C
Injection port sleeve: 2mm ID
Split flow: 20mL/min.
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Figure 2 Rapid analysis for volatile anesthetics using 
Rtx®-BAC1 and Rtx®-BAC2 columns.

1. isoflurane
2. enflurane
3. halothane
4. methoxyflurane

1.0mL headspace sample 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.
Inj. & det. temp.: 240°C
Carrier gas: helium
Linear velocity: 65cm/sec.

GC_PH00501

GC_PH00502

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001)

30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000)

Table I Retention Times for Abused Substances
RRttxx®®--BBAACC11 RRttxx®®--BBAACC22

EElluuttiioonn RReett..TTiimmee EElluuttiioonn RReett..  TTiimmee
CCoommppoouunndd OOrrddeerr ((mmiinn..)) OOrrddeerr ((mmiinn..))
methanol 1 1.017 5 1.237
acetaldehyde 2 1.146 1 1.063
ethyl chloride 3 1.275 2 1.071
ethanol 4 1.299 8 1.648
diethyl ether 5 1.574 4 1.167
isopropanol 6 1.607 15 1.945
isoflurane 7 1.661 13 1.922
methylene chloride 8 1.805 11 1.849
Freon® 113 9 1.864 3 1.145
enflurane 10 1.891 16 2.081
tert-butyl alcohol 11 1.926 17 2.154
acetone 12 1.992 10 1.787
acetonitrile 13 1.997 20 2.553
n-propanol 14 2.191 25 3.130
halothane 15 2.267 18 2.383
methyl tert-butyl ether 16 2.366 7 1.554
hexane 17 2.495 6 1.386
tert-butyl nitrite 18 2.736 9 1.750
chloroform 19 2.870 27 3.290
sec-butyl alcohol 20 2.962 30 3.793
isobutyl nitrite 21 2.973 12 1.853
sec-butyl nitrite 22 3.059 14 1.939
isobutyl alcohol 23 3.460 32 5.100
tetrahydrofuran 24 3.736 24 2.845
methyl ethyl ketone 25 3.768 26 3.271
ethyl acetate 26 3.800 23 2.785
carbon tetrachloride 27 3.842 21 2.565
1,1,1-trichloroethane 28 3.869 22 2.729
n-butyl nitrite 29 3.879 19 2.469
benzene 30 4.186 28 3.392
n-butyl alcohol 31 4.565 33 6.747
trichloroethylene 32 5.205 31 4.084
isoamyl nitrite 33 6.377 29 3.728
methoxyflurane 34 7.279 36 7.219
isoamyl alcohol 35 7.428 38 9.447
toluene 36 8.358 34 6.944
1,1,2-trichloroethane 37 8.498 39 10.138
methyl isobutyl ketone 38 9.510 37 7.964
tetrachloroethylene 39 9.681 35 7.081
chlorobenzene 40 11.810 41 11.012
ethylbenzene 41 12.279 40 10.704
p-xylene 42 12.726 42 11.038
m-xylene 43 12.727 43 11.046
o-xylene 44 13.733 44 12.280
tetrachloroethane 45 14.106 50 16.968
isopropylbenzene 46 14.845 46 12.962
n-propylbenzene 47 15.966 47 14.124
1,3,5-trimethylbenzene 48 16.565 48 14.711
decane 49 17.166 45 12.369
1,2,4-trimethylbenzene 50 17.586 49 15.904
butylbenzene 51 19.739 51 17.732
tetradecane 52 29.806 52 24.950

1. tert-butyl nitrite
2. iso-butyl nitrite
3. sec-butyl nitrite
4. n-butyl nitrite
5. iso-amyl nitrite

5

4
3

2

1

min.  2 64

1

5

4
3

2

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001)

30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000)

8 10

1.0mL headspace sample
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.
Inj. & det. temp.: 240°C
Carrier gas: He
Linear velocity: 65cm/sec.

1. tert-butyl alcohol
2. iso-butyl alcohol
3. sec-butyl alcohol
4. n-butyl alcohol
5. iso-amyl alcohol

min.  2 64 8 10

5
4

3

2

1

5
4

3

2

1

Figure 3 Screen for and confirm alkyl nitrites and metabolites on
Rtx®-BAC1 and Rtx®-BAC2 columns.

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001) and 
30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000).
1.0mL headspace sample
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.
Inj. & det. temp.: 240°C
Carrier gas: He
Linear velocity: 65cm/sec.
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Figure 4 Elution order changes for common industrial solvents on
Rtx®-BAC1 and Rtx®-BAC2 columns.

1.0mL headspace sample 
Oven temp.: 40°C (hold 5 min.) to 240°C @ 5°C/min.
Inj. & det. temp.: 240°C
Carrier gas: helium
Linear velocity: 65cm/sec.

1. ethyl chloride
2. diethyl ether
3. methylene chloride
4. acetonitrile
5. methyl tert-butyl ether
6. chloroform
7. methyl ethyl ketone
8. 1,1,1-trichloroethane
9. benzene

10. trichloroethylene
11. toluene
12. 1,1,2-trichloroethane
13. tetrachloroethene
14. p-xylene
15. m-xylene
16. o-xylene
17. tetrachloroethane

30m, 0.53mm ID, 3.0µm Rtx®-BAC1 (cat.# 18001)

30m, 0.53mm ID, 2.0µm Rtx®-BAC2 (cat.# 18000)

GC_PH00509

GC_PH00510

Figure 5 Glycols of forensic interest on 
Rtx®-BAC1 and Rtx®-BAC2 Columns.

1. ethylene glycol
2. propylene glycol

Rtx®-BAC1 Rtx®-BAC2

30m, 0.32mm ID, 1.8µm Rtx®-BAC1 (cat.# 18003)
30m, 0.32mm ID, 1.2µm Rtx®-BAC2 (cat.# 18002)
0.5µL split injection
Conc.: 1%
Solvent: methanol
Oven temp.: 100°C to 240°C @ 5°C/min. 

(hold 5 min.)
Inj. temp.: 240°C
Inj. mode: 100:1 split
Liner: Agilent 4mm single gooseneck
Septa purge: 5.0cc/min.
Carrier gas: helium, constant pressure
Pressure: 12psi
Linear velocity: 37cm/sec.
Column flow rate: 2.1mL/min.
Detector: FID/240°C
Make-up gas flow: 40cc/min.

GC_EV00474

CCoommppoouunndd qqttyy.. ccaatt..##
00..001155gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36232
1mL/ampul 10-pk. 36332
5mL/ampul ea. 36240
20mL/ampul ea. 36248
00..0022gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36233
1mL/ampul 10-pk. 36333
5mL/ampul ea. 36241
20mL/ampul ea. 36249
00..002255gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36234
1mL/ampul 10-pk. 36334
5mL/ampul ea. 36242
20mL/ampul ea. 36250
00..0044gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36235
1mL/ampul 10-pk. 36335
5mL/ampul ea. 36243
20mL/ampul ea. 36251
00..0055gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36257
1mL/ampul 10-pk. 36259
5mL/ampul ea. 36258
20mL/ampul ea. 36260
00..0088gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36262
1mL/ampul 10-pk. 36264
5mL/ampul ea. 36263
20mL/ampul ea. 36265
00..11gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36236
1mL/ampul 10-pk. 36336
5mL/ampul ea. 36244
20mL/ampul ea. 36252
00..1155gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36237
1mL/ampul 10-pk. 36337
5mL/ampul ea. 36245
20mL/ampul ea. 36253
00..22gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36238
1mL/ampul 10-pk. 36338
5mL/ampul ea. 36246
20mL/ampul ea. 36254
00..33gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36239
1mL/ampul 10-pk. 36339
5mL/ampul ea. 36247
20mL/ampul ea. 36255
00..44gg//ddLL  ffoorreennssiicc  eetthhaannooll  ssoolluuttiioonn
1mL/ampul 5-pk. 36266
1mL/ampul 10-pk. 36268
5mL/ampul ea. 36267
20mL/ampul ea. 36269

Blood Alcohol Standards

acetaldehyde
acetone
acetonitrile
ethanol (NIST certified value)

ethyl acetate
isopropanol
methanol
methyl ethyl ketone

Blood Alcohol Mix Resolution 
Control Standard  (8 components)

0.100g/dL each in water, 1mL/ampul
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1. 1, 4-butanediol
2. γ-butyrolactone

GC_PH00783 GC_PH00784

Column: Rtx®-BAC1 30m, 0.32 mm ID, 1.8µm (cat.# 18003) and Rtx®-BAC2 30m, 0.32 mmID, 
1.2µm (cat.# 18002)

Sample: 100µg/mL each γ-butyrolactone (GBL) and 1, 4-butanediol in methanol 
Inj.: 1.0µL split (split ratio 1:10), 4mm single gooseneck inlet liner with wool (cat. # 22405)
Inj. Temp.: 240°C
Carrier Gas:  helium, constant flow  
Flow Rate: 3.0mL/min.
Oven Temp.: 50°C to 240°C @ 10°C/min. (hold 2 min.)
Det.: FID @ 240°C

Rtx®-BAC1 Rtx®-BAC2

Figure 6 γ-butyrolactone & 1,4-butanediol on 
Rtx®-BAC1 & Rtx®-BAC2 Columns.

SeCure™ “Y” Connector Kit
SeCure™ “Y” connector body, 3 knurled nuts, “Y”
Universal Press-Tight® union, 3 ferrules.

Intermediate-Polarity Deactivated Guard
Columns/Transfer Lines

Rtx®-BAC1 Columns (fused silica)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.32mm 1.80 -20 to 240/260°C 30-Meter 18003
0.53mm 3.00 -20 to 240/260°C 30-Meter 18001

Rtx®-BAC2 Columns (fused silica)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.32mm 1.20 -20 to 240/260°C 30-Meter 18002
0.53mm 2.00 -20 to 240/260°C 30-Meter 18000

DDeessccrriippttiioonn FFeerrrruulleess  FFiitt  CCoolluummnn  IIDD qqttyy.. ccaatt..##
Connector Kit 0.28/0.32mm kit 20277

NNoommiinnaall  IIDD NNoommiinnaall  OODD 55--MMeetteerr
0.32mm 0.45 ± 0.04mm 10044
0.53mm 0.69 ± 0.05mm 10045

The SeCure™ “Y” connector’s open design allows visu-
al confirmation of the seal; secondary seals ensure a
leak-tight connection.

We designed Rtx®-BAC1 and Rtx®-BAC2 columns for blood alcohol analysis
by headspace GC/FID (Figure 1), but many other materials of forensic interest
also can be analyzed and confirmed using this column pair in a headspace
GC/FID system, including inhalant anesthetics, alkyl nitrites, glycols, industri-
al solvents, and petroleum hydrocarbons. The substances in these target groups
are resolved to baseline on one column or the other. Inhalants (Figure 2) or
alkyl nitrites and their alcohol metabolites (Figure 3), for example, show excel-
lent resolution and responses, and symmetrical peak shapes, in short analysis
times. Similarly, performance is excellent for common industrial solvents
(Figure 4). Retention times for many compounds of interest are presented in
Table 1.1

For the analysis and confirmation of blood alcohols or other materials on
Rtx®-BAC1 and Rtx®-BAC2 columns, we use a GC/FID equipped with a head-
space autosampler that simultaneously introduces sample onto the two analyt-
ical columns. This dual column technique increases throughput by providing
screening and confirmation data from a single injection. By using 0.32mm ID
columns and a high carrier gas flow rate, we achieve baseline resolution of
blood alcohol compounds in less than 3 minutes (Figure 1).

Other abused substances of interest, such as gamma-hydroxybutyrate (GHB,
the “date rape drug”), and poisons, such as ethylene glycol, typically are ana-
lyzed from liquid injections. The Rtx®-BAC1 / Rtx®-BAC2 dual column system
coupled with FID assures excellent responses and peak shapes for ethylene gly-
col and propylene glycol (Figure 5) or for GHB (Figure 6), which usually is con-
verted to gamma-butyrolactone (GBL) for the analysis.

By analyzing these abused substances and poisons simultaneously on Rtx®-
BAC1 and Rtx®-BAC2 columns, compounds coeluting on one stationary phase
are resolved on the complementary stationary phase, and analytical and con-
firmation data are obtained in half the time required with sequential injections.
Analytes characteristically are eluted with excellent responses and peak shapes.
These example applications establish dual column analysis and confirmation
on Rtx®-BAC1 and Rtx®-BAC2 columns as a very useful and highly adaptable
forensics technique.

additional reading
Clarke’s Analysis of Drugs and Poisons, Third Edition, A.C. Moffat, M.D.
Osselton and B. Widdop (editors), Pharmaceutical Press, 2004.

Drug-Facilitated Sexual Assault: A Forensic Handbook, Marc A. LeBeau
and Ashraf Mozayani, Academic Press, 2001

Handbook of Forensic Drug Analysis, Frederick P. Smith and Jay A. Siegel
(editors), Academic Press, 2004

¹For more information about analyses of anesthetics, or for analyses of
petroleum hydrocarbons, please request Application Note 59548 or
59574, respectively.
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Restek Innovations chemists have evaluated many combinations of stationary
phase, column dimensions, and analytical conditions for analyzing environ-
mental semivolatile compounds such as those listed in US Environmental
Protection Agency Method 8270. Using a typical benchtop quadrupole mass
spectrometer, we have achieved a 15-minute analysis, while maintaining a scan
rate of at least 5 scans per target analyte.¹ Time-of-flight mass spectrometers
(TOFMS) make analysis times under 9 minutes achievable,² because they can
scan more than 100 times faster than quadrupole instruments.

After developing this analysis on a 0.18mm ID, 0.36µm column,³ our chemists
decided to experiment with a column of standard ID and phase film dimen-
sions (0.25mm ID / 0.50µm film), in an attempt to establish a similarly rapid
analysis on a larger bore column. The column they chose was a 30m x 0.25mm
ID x 0.5µm Rtx®-5Sil MS column. The target compound list included our
8270 MegaMix™ and Appendix IX Mix #2 mixes, plus internal standards and
surrogates—a total of 117 compounds. Advantages of using a 0.25mm ID col-
umn with a 0.5µm phase film include increased sample capacity and longer
column lifetime, combined with rapid analyses.

Injection Port Optimization
The first step in the experiment was to optimize conditions in the injection
port. We found that the inlet liner and seal remain inert longer when we inject
only 0.5µL of sample into the injection port. This increases the number of
passing calibration checks per liner and seal, and so reduces instrument down-
time. The key to maintaining sensitivity when injecting smaller amounts of
sample is to attain the most efficient sample transfer possible: we determined
a 2mm ID inlet liner most efficiently transfers 0.5µL samples.

Splitless hold time also is important; a change of only several seconds can sig-
nificantly affect the amount of sample ultimately delivered onto the column.
We discovered that a pulsed splitless time, using a 0.4-minute pulse at 30psi
(normal column backpressure is 8.8psi at 50°C), dramatically improves sam-
ple transfer onto the column. Making the pulse longer than the splitless hold
time allows excess solvent to be swept away quickly and dramatically sharpens
resolution of the early eluting Method 8270 Appendix IX compounds, such as
1,4-dioxane.

Other Conditions
After optimizing conditions in the injection port, we adjusted other analytical
conditions to deliver a fast, rugged analysis on a 0.25mm ID column. In com-
bination, a constant flow of 1.1mL/min., a short initial hold time (0.5 min.)
and a fast initial temperature ramp rate (25°C/min.) elute benzo(ghi)perylene
in 16.5 minutes. The final temperature ramp rate is a relatively slow 4°C/min.,
to better resolve benzo(b)fluoranthene and benzo(k)fluoranthene.

With all conditions optimized, the 117 target compounds in our sample are
well resolved by quantification ion in one analysis (Figure 1, page 6).

Optimized, 17-Minute GC Analysis of Semivolatiles
Using a 0.25mm ID Rtx®-5Sil MS Column

By Christopher English, Innovations Group Leader

• Excellent column for many methods, including US EPA methods 8270, 625, and 525.

• Greater on-column sample capacity, longer lifetimes than columns with thinner phase films.

• Analysis optimized for scanning mass spectrometers (ion trap or quadrupole).

acenaphthene
acenaphthylene
aniline
anthracene
azobenzene**
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(ghi)perylene
benzo(k)fluoranthene
benzyl alcohol
benzyl butyl phthalate
bis 2-ethylhexyl adipate
bis(2-chloroethoxy)methane
bis(2-chloroethyl)ether
bis(2-chloroisopropyl)ether
bis(2-ethylhexyl)phthalate
4-bromophenyl phenyl ether
carbazole
4-chloroaniline
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chlorophenyl phenyl ether
chrysene
dibenzo(a,h)anthracene
dibenzofuran
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2,4-dichlorophenol
diethyl phthalate
dimethyl phthalate
2,4-dimethylphenol
1,2-dinitrobenzene
1,3-dinitrobenzene
1,4-dinitrobenzene
4,6-dinitro-2-methylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,6-dinitrotoluene
di-n-butyl phthalate
di-n-octyl phthalate
diphenylamine***
fluorene
fluoranthene
hexachlorobenzene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloroethane
indeno(1,2,3-cd)pyrene
isophorone
1-methylnaphthalene
2-methylnaphthalene
2-methylphenol
3-methylphenol
4-methylphenol
naphthalene
2-nitroaniline
3-nitroaniline
4-nitroaniline
nitrobenzene
2-nitrophenol
4-nitrophenol
N-nitrosodimethylamine
N-nitroso-di-n-propylamine
pentachlorophenol
phenanthrene
phenol
pyrene
pyridine
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
1,2,4-trichlorobenzene
2,4,5-trichlorophenol
2,4,6-trichlorophenol

*3-methylphenol and 4-methylphenol concentration is
500µg/mL.

**1,2-diphenylhydrazine (8270-listed analyte) decomposes to
azobenzene (mix component).

***N-nitrosodiphenylamine (8270-listed analyte) decomposes to
diphenylamine (mix component).

8270 MegaMix™  (76 components)

1,000µg/mL each in methylene chloride, 1mL/ampul*
cat. # 31850
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Figure 1 117 semivolatile compounds rapidly eluted and well resolved using a 0.25mm ID x 0.50µm Rtx®-5Sil MS column.

GC_EV00782
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Conclusions
Complex mixtures of semivolatiles can be resolved
on an Rtx®-5Sil MS column in a conventional 30m
x 0.25mm ID x 0.50µm configuration, without sac-
rificing the speed associated with shorter, thin
phase film columns, and with greater sample
capacity. Restek can provide the columns, reference
mixes, inlet and other accessories, and technical
help you need for reliable, problem-free analyses of
semivolatiles by US EPA or other methodology.

RReeffeerreenncceess
1. Fast Analysis of Semivolatile Organic Analytes, Restek Advantage,

2004, Vol.2 p.2.
2. Nine-Minute Analysis of Semivolatile Organic Compounds, Restek

Advantage, 2005, Vol.1 p. 8.
3. Fast GC/MS Analysis of Semivolatile Organic Compounds, Restek

Advantage, 2005, Vol 1 p. 14.
References available on request.

Rtx®-5Sil MS Columns (fused silica)
(Selectivity equivalent to Crossbond® 5% diphenyl / 
95% dimethyl polysiloxane)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.18mm 0.18 -60 to 325°C 20-Meter 42702
0.18mm 0.36 -60 to 330/350°C 20-Meter 42704
0.25mm 0.25 -60 to 330/350°C 30-Meter 12723
0.25mm 0.50 -60 to 330/350°C 30-Meter 12738

2-fluorophenol
phenol-d6

2,4,6-tribromophenol

Acid Surrogate Mix (4/89 SOW)

2,000µg/mL each in methanol, 1mL/ampul
cat. # 31025

10,000µg/mL each in methanol, 1mL/ampul
cat. # 31063

10,000µg/mL each in methanol, 5mL/ampul
cat. # 31087

2-fluorobiphenyl
nitrobenzene-d5

p-terphenyl-d14

*Requires warming and sonication before use.

B/N Surrogate Mix (4/89 SOW)

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31024

5,000µg/mL each in methylene chloride, 1mL/ampul*
cat. # 31062

5,000µg/mL each in methylene chloride, 5mL/ampul*
cat. # 31086

acetophenone
Aramite
atrazine
benzaldehyde
biphenyl
ε-caprolactam
chlorobenzilate
1-chloronaphthalene
diallate
dibenzo(a,j)acridine
2,6-dichlorophenol
7,12-dimethylbenz(a)anthracene
1,4-dioxane
diphenyl ether
ethyl methacrylate
ethyl methanesulfonate

hexachloropropene
isodrin
isosafrole (cis & trans)
kepone
3-methylcholanthrene
methyl methanesulfonate
1,4-naphthoquinone
4-nitroquinoline-N-oxide
pentachlorobenzene
pentachloroethane
pentachloronitrobenzene
phenacetin
pronamide
safrole
1,2,4,5-tetrachlorobenzene
1,3,5-trinitrobenzene

Appendix IX Mix #2  (32 components)

1,000µg/mL each in methylene chloride, 1mL/ampul
cat. # 31806

Column: Rtx®-5Sil MS 30m, 0.25mm ID, 0.50µm (cat.# 12738)
Sample: US EPA Method 8270D Appendix IX mix

8270 MegaMix™ (cat.# 31850)
Appendix IX Mix #2 (cat.#31806)
Acid Surrogate Mix (4/89 SOW) (cat.# 31063)
B/N Surrogate Mix (4/89 SOW) (cat.# 31062)

Inj.: 0.5µL, splitless, 100ppm each compound (50ng on column) 
2mm Cyclo double gooseneck splitless inlet liner 
(cat.# 20907), 0.3 min. splitless hold time, 0.4 min. 
pressure pulse @ 30psi

Inj. temp.: 250°C
Carrier gas: helium, constant flow
Flow rate: 1.1mL/min.
Oven temp.: 50°C (hold 0.5 min.) to 310°C @ 25°C/min. (hold 0 min.) 

to 330°C @ 4°C/min. (hold 4 min.)
Det.: MS
Det. temp.: 280°C
Transfer line

temp.: 280°C
Scan range: 35-550 amu
Solvent Delay: 1 min.
Tune: DFTPP
Ionization: EI
Instrument: Agilent 6890 / 5973

1. 1,4-dioxane
2. N-nitrosodimethylamine
3. pyridine
4. ethyl methacrylate
5. methyl methanesulfonate
6. 2-fluorophenol
7. ethyl methanesulfonate
8. phenol-d6
9. phenol

10. benzaldehyde
11. aniline
12. bis(2-chloroethyl)ether
13. pentachloroethane
14. 2-chlorophenol
15. 1,3-dichlorobenzene
16. 1,4-dichlorobenzene
17. benzyl alcohol
18. 2-methylphenol
19. 1,2-dichlorobenzene
20. bis(2-chloroisopropyl)ether

21a. 4-methylphenol
21b. 3-methylphenol
22. N-nitroso-di-n-propylamine
23. acetophenone
24. hexachloroethane
25. nitrobenzene-d5
26. nitrobenzene
27. isophorone
28. 2,4-dimethylphenol
29. 2-nitrophenol
30. diallate (isomer)
31. bis(2-chloroethoxy)methane
32. 2,4-dichlorophenol
33. 1,2,4-trichlorobenzene
34. naphthalene
35. 4-chloroanaline
36. 2,6-dichlorophenol
37. hexachloropropene
38. hexachlorobutadiene

39. ε-caprolactam
40. 4-chloro-3-methylphenol
41. isosafrole (cis)
42. 2-methylnaphthalene
43. 1-methylnaphthalene
44. hexachlorocyclopentadiene
45. isosafrole (trans)
46. 1,2,4,5-tetrachlorobenzene
47. 2,4,6-trichlorophenol
48. 2,4,5-trichlorophenol
49. 2-fluorobiphenyl
50. 2-chloronaphthalene
51. biphenyl
52. safrole
53. 1-chloronapthalene
54. diphenyl ether
55. 2-nitroaniline
56. 1,4-naphthoquinone
57. 1,4-dinitrobenzene
58. dimethylphthalate
59. 1,3-dinitrobenzene
60. 2,6-dinitrotoluene
61. 1,2-dinitrobenzene
62. acenaphthylene
63. 3-nitroaniline
64. 2,4-dinitrophenol
65. acenaphthene
66. 4-nitrophenol
67. 2,4-dinitrotoluene
68. pentachlorobenzene
69. dibenzofuran
70. 2,3,5,6-tetrachlorophenol
71. 2,3,4,6-tetrachlorophenol
72. diethyl phthalate
73. 4-chlorophenyl phenyl ether
74. 4-nitroaniline
75. fluorene
76. 4,6-dinitro-2-methylphenol
77. diphenylamine

78. azobenzene
79. 2,4,6-tribromophenol
80. 1,3,5-trinitrobenzene
81. phenacetin
82. diallate
83. 4-bromophenyl phenyl ether
84. hexachlorobenzene
85. atrazine
86. pronamide
87. pentachlorophenol
88. pentachloronitrobenzene
89. phenanthrene
90. anthracene
91. carbazole
92. di-n-butylphthalate
93. 4-nitroquinoline-N-oxide
94. isodrin
95. fluoranthene
96. pyrene
97. benzidine
98. p-terphenyl-d14
99. Aramite

100. chlorobenzilate
101. benzyl butyl phthalate
102. bis(2-ethylhexyl)adipate
103. Kepone
104. bis(2-ethylhexyl)phthalate
105. benzo(a)anthracene
106. chrysene
107. di-n-octyl phthalate
108. 7,12-dimethylbenzo(a)anthracene
109. benzo(b)fluoranthene
110. benzo(k)fluoranthene
111. benzo(a)pyrene
112. 3-methylcholanthrene
113. dibenzo(a,j)acridine
114. indeno(1,2,3-cd)pyrene
115. dibenzo(a,h)anthracene
116. benzo(ghi)perylene
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American Society for Testing and Materials method D-6730-01 was designed specifically for determining the individual hydrocar-
bons in spark ignition fuels and fuel blends containing oxygenates such as methyl tert-butyl ether (MTBE), ethyl tert-butyl ether
(ETBE), tert-butanol, and ethanol. To maximize the resolution of these complex mixtures, ASTM recommends a 100 meter x
0.25mm ID capillary column with a 0.5µm film of 100% dimethyl polysiloxane stationary phase as the primary analytical column.
To control selectivity for the aromatic compounds, a short tuning column, typically 2-3 meters, containing a 5% diphenyl / 95%
dimethyl polysiloxane stationary phase, is connected to the inlet of the primary column. To meet the demanding resolution and
retention criteria in ASTM method D-6730-01, and in Canadian General Standards Board (CGSB) methodology for detailed hydro-
carbon analysis (DHA), Restek Innovations chemists have reformulated our Rtx®-1PONA column.

High-Speed Detailed Hydrocarbon Analysis
53% Faster Analysis, Using an Rtx®-1 PONA Column and Hydrogen Carrier Gas

By Barry Burger, Petroleum Applications Chemist

• C13 eluted within 70 minutes.

• Excellent response and peak symmetry for polar oxygenates.

• Column meets or exceeds all ASTM D-6730-01 and Canadian General Standards Board method requirements.

• Guaranteed column-to-column reproducibility.

AA:: FFrroonntt  eenndd  ooff  DDHHAA//ooxxyyggeennaatteess  
sseettuupp  bblleenndd
C5 efficiency: 586,825 plates
C5 k’: 0.476
tert-butanol skew: 2.10
Resolution tert-butanol/
2-methylbutene-2: 5.39

BB::  DDHHAA//ooxxyyggeennaatteess  sseettuupp  bblleenndd
1. ethanol
2. C5
3. tert-butanol
4. 2-methylbutene-2
5. 2,3-dimethylbutane
6. methyl tert-butyl ether (MTBE)

7. C6
8. 1-methylcyclopentene
9. benzene

10. cyclohexane
11. 3-ethylpentane
12. 1,2-dimethylcyclopentane
13. C7
14. 2,2,3-trimethylpentane
15. 2,3,3-trimethylpentane
16. toluene
17. C8
18. ethylbenzene
19. p-xylene
20. 2,3-dimethylheptane
21. C9

22. 5-methylnonane
23. 1,2-methylethylbenzene
24. C10
25. C11
26. 1,2,3,5-tetramethylbenzene
27. naphthalene
28. C12
29. 1-methylnaphthalene
30. C13

Column: Rtx®-1PONA 100m, 0.25mm, 0.5µm (cat.# 10195) plus 
Rtx®-5PONA tuning column (cat. # 10196), connected
via angled Press-Tight® connector (cat.# 20446)

Sample: DHA/oxygenates setup blend
Inj.: 0.01µL, split (split ratio 150:1), 4mm ID cup inlet liner 

(cat.# 20709)
A: front slice of DHA/oxygenates setup blend
B: DHA/oxygenates setup blend

Carrier gas: hydrogen, constant flow (3.62cc/min.)
Linear velocity: 55cm/sec.
Inj. temp.: 250°C
Oven temp.: A: 35°C

B: 5°C (hold 8.32 min.) (elute C5) to 48°C @ 22°C/min. 
(hold 26.32 min.) (elute ethylbenzene) to 141°C @ 
3.20°C/min. (no hold) (elute C12) to 300°C @ 1°C/min.

Det.: FID @ 300°C

GC_PC00774

Chromatogram courtesy of Neil
Johansen, Inc., Aztec, New
Mexico, in association with
Envantage Analytical Software,
Inc., Cleveland, Ohio.

Figure 1 Rtx®-1PONA column meets ASTM D-6731-01 resolution and retention specifications.
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Method D-6730-01 suggests using helium as the carrier gas, at a linear veloc-
ity of 24cm/sec. (approximately 2.3mL/min.). The tridecane (C13) retention
time this combination yields, approximately 146 minutes, greatly limits sam-
ple throughput per day. Our enhanced Rtx®-1PONA column meets or exceeds
all criteria in the method, but does so in 30% less time: retention time for C13
is 97 minutes, using helium as the carrier gas.¹ In most applications hydrogen
is a better alternative to helium as the carrier gas, because it can be used at
much higher linear velocities without compromising critical resolutions.

A revision to ASTM D 6730-01 proposed by Neil Johansen Inc. (Aztec, New
Mexico), in association with Envantage Analytical Software Inc. (Cleveland,
Ohio), has established optimal DHAX (detailed hydrocarbon analysis—extend-
ed) parameters, including specifying hydrogen as the carrier gas. Using these
conditions, analysis time is reduced to within 71 minutes (C13)—a 53% reduc-
tion versus using helium as the carrier gas. The method also is extended to
include middle distillates having final boiling points up to 509°C/948°F (n-C38).

Restek provided Neil Johansen Inc. with an enhanced Rtx®-1PONA column
(100m x 0.25mm ID x 0.5µm df) and an Rtx® 5PONA tuning column for
DHAX method development. The Rtx®-1PONA column was connected to 3
meters of the tuning column through a Universal Angled Press-Tight®
Connector (cat.# 20446) and was installed in a PerkinElmer AutoSystem XL
GC equipped with a flame ionization detector and programmable pneumatic
control. The data system used was ChromPerfect Spirit (Justice Laboratory
Software, Denville, NJ). Individual compounds were identified by using
Dragon- DHA software, developed by Envantage Analytical Software Inc. in
association with Neil Johansen Inc., which uses algorithms to process high-
resolution chromatographic data. Processed data for the PONA VI reference
standard, containing more than 400 individual components of finished gaso-
line, can be reviewed on the Restek website: www.restek.com/PONA 

The proposed DHAX method was optimized with hydrogen carrier gas at a
rate of 3.62mL/min, constant flow, producing a linear velocity of 55cm/sec.
The new Rtx®-1PONA column was conditioned in less than two hours, as fol-
lows: 35°C for 15 min., to 300°C at 10°C/min., hold 30 min., cool to 35°C.
Dead time was adjusted to elute methane at 3.50 ±0.05 min., then a DHA/oxy-
genates setup blend was introduced into the column to determine the col-
umn’s suitability for the method.

Figure 1A lists the measured critical criteria. Once established that the column
met the method criteria, GC oven program parameters were entered and trial
injections of the DHA/oxygenates setup blend were begun. The analysis was
permitted to run until n-C13 was eluted. Based on the resolutions achieved,
the length of the tuning column was reduced incrementally until all critical
pairs met D-6730-01 specifications. In this example application, the appropri-
ate tuning column length was 2.36 meters. Figure 1B indicates the critical
pairs. The full analysis of the 400-plus component PONA VI reference stan-
dard, listing retention indices (RIs) calculated using Dragon-DHA software, is
posted on the Restek website.

The benefits of using hydrogen carrier gas for the PONA analysis are obvious:
all critical components are resolved, per method D-6703-01, in the greatly
reduced time of 70.5 minutes (C13), versus 146 minutes or 97 minutes using
helium. Relative to the results anticipated in the method, we virtually doubled
sample throughput.

We evaluate each column for film thickness, column efficiency, peak skewness,
selectivity, resolution, and bleed to guarantee performance and reproducibili-
ty from column to column. The redesigned Rtx®-1PONA column earned
Restek chemists the Concluded Research Award at the 2004 Gulf Coast
Conference. When you use an Rtx®-1PONA column, we think you’ll agree the
award was well justified.

Rtx®-1PONA Column (fused silica)
(Crossbond® 100% dimethyl polysiloxane)* 

*Optimized phase for hydrocarbon analysis

IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.25mm 0.50 -60 to 300/340°C 100-Meter 10195

Rtx®-5PONA Tuning Column (fused silica)
(Crossbond® 5% diphenyl/95% dimethyl polysiloxane)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.25mm 1.0 -60 to 325°C 5-Meter 10196

Universal Angled Press-Tight® Connectors
• Ideal for connecting a tuning column to an 

analytical column.
• Inert fused silica.
• Angle reduces strain on the connection.
• Fit all column ODs from 0.33–0.74mm 

(Restek 0.1mm–0.53mm ID).

55--ppkk..//pprriiccee 2255--ppkk..//pprriiccee 110000--ppkk..//pprriiccee

20446 20447 20448

20482 20483 20484

RReeffeerreennccee
1. Stidsen, G. and B. Burger, Enhanced Rtx®-1PONA Column Improves

Detailed Hydrocarbon Analysis, Restek Advantage 2005v1: 12 (2005).

please note
To achieve critical resolutions in detailed hydrocarbon analysis, a
5-meter 5% diphenyl/ 95% dimethyl polysiloxane tuning column
(Rtx®-5PONA) is connected to the analytical column and adjusted
to the needed length through a series of trial analyses.

for more info!
Processed data for the PONA VI reference standard, containing
more than 400 individual components of finished gasoline, can be
reviewed on the Restek website: wwwwww..rreesstteekk..ccoomm//PPOONNAA
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American Society for Testing and Materials test
method D-3606-99 is focused on measuring ben-
zene and toluene in finished motor and aviation
gasolines: benzene can be determined from 0.1%
to 5% by volume and toluene from 2.0% to 20%
by volume. The method requires two columns
connected in series. Typically, column A is a 0.8
meter x 1/8 inch stainless steel packed column
containing a 10% loading of a nonpolar stationary
phase, such as Rtx®-1 or OV®-101. This column
separates sample components by boiling point.
After n-octane (C8) elutes, the column is back-
flushed to prevent heavier compounds from enter-
ing column B, the main analytical column. The
light compounds, C8 and below, pass into column
B, a 4.0 meter x 1/8 inch stainless steel packed col-
umn containing highly polar 1,2,3 tris(2-cya-
noethoxy) propane (TCEP). Here, the aromatic
compounds are separated from the non-aromat-
ics, and quantitative information is obtained.

For method D-3606-99, micropacked column
technology is an efficient, practical, time-saving
alternative to 1/8 inch packed columns.
Micropacked column A is a 0.8 meter x 1/16 inch
x 1mm ID Silcosteel® column packed with 10%
Rtx®-1 crosslinked on 60/80 Chromosorb® WAW.
Micropacked column B is a 4.0 meter x 1/16 inch x
1mm ID Silcosteel® column packed with 20%
TCEP on 80/100 Chromosorb® PAW. We installed
the columns in an Agilent 6890 GC capillary inlet,
configured in the on-column injection mode using
our Micropacked Column Adaptor Kit for On-
Column Injection (cat.# 22425). We used hydro-
gen as the carrier gas and, to attain the 9mL/min.
flow rate, we adjusted the column head pressure to
44psig at 145°C.

Figure 1 illustrates the analysis of a sample con-
taining 1% benzene, 2% toluene, and internal
standard methyl ethyl ketone (MEK), in n-pentane
(C5). The cycle time, just under 3 minutes, is
greatly reduced, relative to the 8 minute cycle
imposed by 1/8 inch packed columns and helium
carrier gas. The micropacked column / hydrogen
carrier gas combination reduces analysis time by
63%, nearly tripling sample throughput. If you are
performing method D-3606-99 analyses, and time
is important to you, we highly recommend this
micropacked column approach.

Rapidly Determine Benzene and Toluene in Gasolines
Micropacked GC Columns Reduce Analysis Time by 63%

By Barry Burger, Petroleum Applications Chemist

• 3-Minute Cycles for ASTM Method D-3606-99.

• Nearly triple sample throughput.

• Easy set-up, using Restek adaptor kit.

Figure 1 Benzene, toluene, and internal standard resolved in 3
minutes, using a micropacked column.

Micropacked Columns
1/16 inch micropacked columns containing 10% Rtx®-1 on 60/80
Chromosorb® W or 20% TCEP on 80/100 Chromosorb® PAW are prepared on
request. For details, please contact your Restek representative.

Micropacked Inlet Conversion Kits
Convert a capillary GC split/splitless inlet for use with 1/16" OD micropacked
columns.
• For use with Agilent 5890 and 6890 GCs.
• Sample pathways deactivated for ultimate inertness.

*For use with packed column FIDs only.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Micropacked Column Adaptor Kit for On-Column Injection*
Complete kit with FID and injection port adaptors 
Kit includes: Dual Vespel® Ring Inlet Seal, large bore; reducing nut, large
bore; FID adaptor, large bore; 1/4" ferrule, Vespel®/graphite; 1/4" nut,
stainless steel; 1/16" ferrules, Vespel®/graphite (2); Siltek®-treated metal
liner installation guide; 1/16" nuts, stainless steel (2) kit 22425

1. non-aromatics
2. benzene
3. methyl ethyl ketone (int. std.)
4. toluene

GC_PC00775

Column: A: 10% Rtx® 1 on 60/80 Chromosorb® WAW, 0.8m x 1/16 inch x 1mm ID Silcosteel® tubing
B: 20% TCEP on 80/100 Chromosorb® PAW, 4.0m x 1/16 inch x 1mm ID Silcosteel® tubing
connected in series and using Micropacked Column On-Column Injection Kit (cat.# 22425)

Sample: benzene, toluene, methyl ethyl ketone in pentane
Inj.: 1.0µL, on-column, 4mm ID splitless inlet liner (cat.# 20772)
Carrier gas: hydrogen, constant flow
Flow rate: 9.0mL/min.
Inj. temp.: 200°C
Oven temp.: 145°C
Det.: FID @ 200°C
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Capillary GC stationary phases for organochlorine pesticides (e.g. US EPA
Method 8081) must possess the selectivity needed to resolve target pesticides,
yet withstand the rigors of repeated injections of extracts containing harsh
residuals from the sample matrix. The US EPA method also requires a suitable
counterpart column for confirmation, to quantify potential pesticide “hits.”
An efficient way to meet these requirements is through dual column analysis,
which eliminates the need for a separate confirmation run, or GC/MS analy-
sis. A newly enhanced version of our Rtx®-CLPesticides2 column, with
dimensions of 30m x 0.32mm ID x 0.50µm (cat.# 11325) is now available for
this application. The Rtx®-CLPesticides2 column, coupled with an Rtx®-440
column of the same dimensions (cat.# 12939), can provide a complete sepa-
ration of the 20 most commonly analyzed organochlorine pesticides, listed in
Method 8081, in less than 12 minutes (Figure 1).

The unique selectivities of the Rtx®-CLPesticides2 column and the Rtx®-440
column enable the analysis to be run quickly, with good resolution and peak
shapes, as shown in Figure 1. Both columns produce similar run times, with a
set of elution order inversions and, because they share a common stationary
phase thickness, they should exhibit similar life expectancies. For accurate,
time-saving analyses of organochlorine pesticides, we highly recommend the
Rtx®-CLPesticides2 / Rtx®-440 column combination.

Rapid, Dual Column Analysis for Organochlorine Pesticides
12-Minute Analysis Using Rtx®-CLPesticides2 / Rtx®-440 Capillary GC Columns

By Jason Thomas, Environmental Innovations Chemist

• Analysis and confirmation with a single injection.

• Rapid analysis increases throughput.

• New, thicker Rtx®-CLPesticides2 phase increases column lifetime.

Rtx®-CLPesticides2 Column (fused silica)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.32mm 0.50 -60 to 320/340°C 30-Meter 11325

Rtx®-440 Column (fused silica)
IIDD ddff  ((µµmm)) tteemmpp..  lliimmiittss lleennggtthh ccaatt..  ##
0.25mm 0.25 20°C to 320/340°C 30-Meter 12923

SeCure™ “Y” Connector Kit
SeCure™ “Y” connector body, 3 knurled nuts,
“Y” Universal Press-Tight® union, 3 ferrules.

FFeerrrruulleess  FFiitt  CCoolluummnn  IIDD qqttyy.. ccaatt..##
0.28/0.32mm kit 20277

Organochlorine Pesticide Mix AB #2
20 components, listed in Figure 1, 8-80µg/mL in hexane:toluene
(1:1), 1mL/ampul

cat. # 32292

decachlorobiphenyl 2,4,5,6-tetrachloro-m-xylene
Pesticide Surrogate Mix

200µg/mL each in acetone, 1mL/ampul
cat. # 32000

Figure 1 Sub-12-minute dual column analysis of organochlorine pesticides, 
using an Rtx®CLPesticides2/Rtx®-440 column pair.

GC_EV00777

1. 2,4,5,6-tetrachloro-m-xylene (surr.)
2. α-BHC
3. γ-BHC
4. β-BHC
5. δ-BHC
6. heptachlor
7. aldrin
8. heptachlor epoxide
9. γ-chlordane

10. α-chlordane
11. endosulfan I

12. 4,4'-DDE
13. dieldrin
14. endrin
15. 4,4'-DDD
16. endosulfan II
17. endrin aldehyde
18. 4,4'-DDT
19. endosulfan sulfate
20. methoxychlor
21. endrin ketone
22. decachlorobiphenyl (surr.)

GC_EV00776

Column: Rtx®-CLPesticides2 30m, 0.32mm ID, 0.50µm (cat.# 11325) and Rtx®-440 30m, 0.32mm ID, 
0.50µm (cat.# 12939) with 5m x 0.32mm ID Siltek® treated guard 
tubing (cat.# 10027), connected using SeCure™ “Y” Connector Kit (cat.# 20277) with 
Universal “Y” Press-Tight® Connector

Sample: Organochlorine Pesticide Mix AB #2, 8-80µg/mL each component in hexane/toluene (cat.# 32292), 
Pesticide Surrogate Mix, 200µg/mL each component in acetone  (cat.# 32000)

Inj.: 0.5µL splitless (hold 0.75 min.), 3.5mm Siltek® treated single gooseneck inlet liner (cat.# 20961)
Inj. temp.: 250°C
Carrier gas: hydrogen, constant pressure
Linear velocity: 60cm/sec. @ 300°C
Oven temp.: 110°C (hold 0.5 min) to 230°C @ 25°C/min., to 330°C @ 15°C/min. (hold 1 min.)
Det.: ECD @ 330°C
Instrument: Shimadzu GC-2010 FID/ECD with AOC-20i autosampler

for more info
For many additional pesticides
reference mixes, please refer to
our catalog, or visit our website.
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About Biodiesel Fuel
In the US, soybean oil is the predominant feedstock for biodiesel fuel. Through transesterification, the oil
is converted to methyl soyate, which has the characteristics and physical properties appropriate for a
diesel-type fuel. Although biodiesel fuel can be used alone in diesel engines, many fleet operators blend it
with petroleum-based diesel fuels to stretch the supply and lessen the cost of using what is still an expen-
sive commodity, as biodiesel fuel still is not produced on a large scale.

Biodiesel fuel in an 80:20 blend (B20) has huge benefits for the consumer, including reduced emissions.
The relatively high oxygen content of biodiesel fuel can reduce particulates, and has been shown to reduce
NOx emissions and engine wear. New low-sulfur diesel fuels, mandated by the US EPA to reduce SOx
emissions, lose some of the inherent lubrication that the sulfur species impart. However, biodiesel fuel has
adequate inherent lubrication to offset the effects of the low-sulfur petroleum-based fuels.

Other biodiesel standards, at different blend ratios (e.g., B80 or B100), are available as custom products.
In addition, we can custom prepare materials that comply with ASTM D6584, the method used to deter-
mine glycerin and free glycols in biodiesel fuel.

New Analytical Reference Materials for Fuels, Accelerants
By Ken Herwehe, Analytical Reference Materials Product Marketing Manager, Mark Badger, Senior Organic Chemist

tert-Amyl ethyl ether Standard
Oxygenate additive in (US) gasolines.

A US EPA target analyte that is not commercially
available, this reference material is prepared from a
laboratory-synthesized sample.
2,000µg/mL in P&T methanol, 1mL/ampul

cat. # 30617

n-octane (C8)
n-decane (C10)
n-dodecane (C12)
n-tetradecane (C14)
n-hexadecane (C16)
n-octadecane (C18)
n-eicosane (C20)
n-docosane (C22)
n-tetracosane (C24)

n-hexacosane (C26)
n-octacosane (C28)
n-triacontane (C30)
n-dotriacontane (C32)
n-tetratriacontane (C34)
n-hexatriacontane (C36)
n-octatriacontane (C38)
n-tetracontane (C40)

Florida TRPH Standard  (17 components)

500µg/mL each in hexane, 1mL/ampul
cat. # 31266

n-nonatriacontane (C39)

*Ground transportation shipments only.

Florida TRPH Surrogate Mix

3,000µg/mL in carbon disulfide, 1mL/ampul*
cat. # 31456

3,000µg/mL in carbon disulfide, 10mL/ampul*
NNEEWW  LLaarrggeerr  vvoolluummee

cat. # 31877

diisopropyl ether (DIPE) 2,000µg/mL
ethyl-tert-butyl ether (ETBE) 2,000
tert-amyl ethyl ether (TAEE) 2,000
tert-amyl methyl ether (TAME) 2,000
tert-butyl alcohol (TBA) 10,000

Oxygenates Standard

In P&T methanol, 1mL/ampul
cat. # 30619

tert-Butanol-d9 Standard
An internal standard for oxygenates.
20,000µg/mL in P&T methanol, 1mL/ampul

cat. # 30618

Diesel/Biodiesel 80:20 Blend Standard
The biodiesel component is methyl soyate.
5,000µg/mL in methylene chloride, 1mL/ampul

cat. # 31880

2,000µg/mL each in carbon disulfide, 1mL/ampul*
NNEEWW  HHiigghheerr  ccoonncceennttrraattiioonn

cat. # 31878

did you 
know?
We have over 2,000 pure, 
characterized, neat com-
pounds in our inventory! If
you do not see the EXACT 
mixture you need listed on
any of these pages, call us.

For our on-line Custom
Reference Materials Request
Form visit us on the web at
wwwwww..rreesstteekk..ccoomm//ssoolluuttiioonnss.
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CCoommppoouunndd ccaatt..##  ((eeaa..))
5,000µg/mL in P&T methanol, 1mL/ampul
unleaded gasoline: unweathered 30096
unleaded gasoline: 25% weathered 30097
unleaded gasoline: 50% weathered 30098
unleaded gasoline: 75% weathered 30099
unleaded gasoline: 99% weathered 30436

Single Source Unleaded Gasoline
(ASTM Class 2 Accelerant)
These solutions are prepared from a single source
(one refinery) product. Samples of regular and
premium grade unleaded gasoline were collected,
then blended in equal volumes. The weathered
materials indicate the percent weight loss from the
original material.

CCoommppoouunndd ccaatt..##  ((eeaa..))
5,000µg/mL in methylene chloride, 1mL/ampul
kerosene: unweathered 31229
kerosene: 25% weathered 31230
kerosene: 50% weathered 31231
kerosene: 75% weathered 31232

Kerosene (ASTM Class 4 Accelerant)
These solutions are prepared from a single source
(one refinery) product. The weathered materials
indicate the percent weight loss from the original
material.

CCoommppoouunndd ccaatt..##  ((eeaa..))  
5,000µg/mL in methylene chloride, 1mL/ampul
diesel fuel #2: unweathered 31233
diesel fuel #2: 25% weathered 31234
diesel fuel #2: 50% weathered 31235
diesel fuel #2: 75% weathered 31236

Diesel Fuel #2 (ASTM Class 5 Accelerant)
These solutions are prepared from a single source
(one refinery) product. The weathered materials
indicate the percent weight loss from the original
material.

CCoommppoouunndd ccaatt..##  ((eeaa..))  
5,000µg/mL in methylene chloride, 1mL/ampul
mineral spirits: unweathered 31225
50,000µg/mL in methylene chloride, 1mL/ampul
mineral spirits: unweathered 31260
50,000µg/mL in methylene chloride, 5mL/ampul
mineral spirits: unweathered (5mL/ampul) 31261
5,000µg/mL in methylene chloride, 1mL/ampul
mineral spirits: 25% weathered 31226
5,000µg/mL in methylene chloride, 1mL/ampul
mineral spirits: 50% weathered 31227
5,000µg/mL in methylene chloride, 1mL/ampul
mineral spirits: 75% weathered 31228

Mineral Spirits
The mineral spirit solutions listed below were pre-
pared from an equal volume blend of Type I, II,
and III mineral spirits.

Distillates and Crude Oils
In addition to our stock products, we offer the following materials as 
custom products.

For details, visit our website: www.restek.com/standards

biodiesel (methyl soyate)
diesel #1
diesel #2: straight run - low sulfur - weathered - single source - composite
fuel oil #4
fuel oil #5
fuel oil #6
kerosene: unweathered - weathered
aviation gasoline, 100 octane
jet A: straight run - additized
JP-4
JP-5
JP-8
JP-10
RP-1
unleaded gasoline: oyxgenate free - weathered - single source - 

composite
naphtha cut
charcoal lighter fluid
Stoddard solvent
mineral spirits: unweathered - weathered
mineral oil
gear oil
hydraulic oil
turbine oil
cutting fluid
vacuum pump oil
motor oil: 10W30 - 10W40 - 20W50 - 5W30 - 

30W - 40W - 50W - blend - used composite
creosote oil
light cycle oil (LCO)
refined chemical oil (RCO)
coal tar pitch
asphalt
blacktop patch
Californian heavy crude
Alaskan crude
Pennsylvanian crude

for more info
For blended/composite materials, refer to our catalog, or visit
our website at www.restek.com/standards
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Introduction
Often, gas transfer systems require low moisture content, low moisture reten-
tion, and high resistance to corrosion. The current substrates of choice,
including electropolished VIM/VAR (vacuum induction melt/vacuum arc
melt) 316L stainless steel, typically are insufficient in these capacities, increas-
ing periodic maintenance, prolonging equilibration times, and allowing sys-
tem contamination and inaccurate analytical results. In contrast, surface treat-
ments available through the Restek Performance Coatings Group greatly
accelerate wet-up and dry-down times and dramatically improve corrosion
resistance.

Experiments measuring the response time for moisture content change in
Restek treated electropolished stainless steel tubing, untreated electropolished
stainless steel tubing, and standard 316L stainless steel tubing, demonstrate a
significant advantage in Restek treated substrates.¹ Wet-up curves for Siltek®

Superior Moisture Dry-Down and Corrosion Resistance
Restek treated tubing and system components improve

analytical reliability and prolong lifetimes.
By Gary Barone, Restek Performance Coatings Division Manager, David Smith, RPC Chief Scientist, and Martin Higgins, RPC Chief Engineer

• Up to three times faster response to moisture changes in process streams.

• Corrosion resistance improved tenfold, or more—prolongs component lifetime and maintains pure product stream.

• Custom services: can be applied to existing equipment.

Figure 1 Restek treated electropolished tubing stabilizes at 1ppm
moisture much faster than conventional surfaces.1

Figure 2 Restek treated electropolished tubing dries much faster
than conventional surfaces.1

Table I Restek treated electropolished 
tubing provides the shortest drying times.1

TTiimmee  RReeqquuiirreedd  ttoo  DDeetteecctt  CChhaannggee  ((mmiinn..))
MMooiissttuurree TTrreeaatteedd UUnnttrreeaatteedd

CCoonncceennttrraattiioonn EElleeccttrrooppoolliisshheedd EElleeccttrrooppoolliisshheedd SSttaannddaarrdd
FFrroomm TToo TTuubbiinngg TTuubbiinngg TTuubbiinngg
10ppm* 5ppm 4 5 13
5ppm 1ppm 22 46 71
1ppm 500ppb 40 63 96

500ppb 100ppb 80 103 153
100ppb 50ppb 98 121 —

*Initial moisture concentration.

did you know?
Restek surface treatments deposit an amorphous silicon based
layer onto, and into, the steel surface through a chemical vapor
deposition (CVD) process. All exposed surfaces are coated. For
corrosion resistance, layer depth is optimized at 5 to 10 microns.
The amorphous silicon layer can be further functionalized using
the patented Siltek® process (US Patent #6,444,326), which
reduces moisture hold-up and improves surface inertness.
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treated electropolished, electropolished, and standard tubing are compared in
Figure 1. Treated electropolished tubing reached the 98% saturation limit in
30 minutes, compared to 60 minutes for electropolished tubing. Standard tub-
ing could only achieve a 96% uptake, after 180 minutes.

After the tubing was stabilized with 1ppm of moisture, dry-down properties
were measured. Moisture dry-down curves for the three tubing treatments
show treated electropolished tubing achieved dry-down in 35 minutes, elec-
tropolished tubing required 65 minutes, and standard tubing required 175
minutes (Figure 2). Table 1 compares time to various dry-down levels for tub-
ing saturated with 10ppm of moisture.

Superior Corrosion Resistance: Silcosteel®-CR
In addition to rapid wet-up and dry-down, the other key advantage of Restek
treatment for 316L stainless steel is a dramatic improvement in corrosion
resistance. The amorphous silicon layer is insoluble in many acidic environ-
ments. Figures 3, 4, and 5 briefly summarize the results of corrosion testing by
ASTM methods. Comparisons between treated and untreated test samples
illustrate the improvements in corrosion resistance offered by Silcosteel®-CR
treatment. For more information about corrosion resistance, request infor-
mation packet 59048, or visit our website.

When moisture considerations and corrosion concerns arise in transfer of
ultra-high purity gas streams, Restek treated tubing and system components
will dramatically improve dry-down, reduce contamination from moisture
carryover, and extend periodic maintenance cycles.

Reference
1.  Relative Response Time of True Tube™ when Measuring Moisture Content in a Sample Stream Test Report,

Haritec Scientific & Engineering Support, Calgary, Alberta, Canada, May 2004.

Tubing used in the wet-up / dry-down experiments was supplied by Cardinal UHP (St. Louis, MO). All tubing was
tested as 100 foot coils of 1/4" OD x 0.020" wall 316L stainless steel. Electropolished tubing had a surface rough-
ness of 10 to 15 microinches. Siltek® treated tubing was finished with 5µm of amorphous silicon, followed by a
surface functionalization to increase inertness and hydrophobicity.

Reference courtesy of O’Brien Corporation, available on request from Restek.

Silcosteel®-CR treated untreated

Silcosteel®-CR treated untreated

Figure 4 Silcosteel®-CR treated 316L 
stainless steel shows no sign of attack after
4000-hour salt spray exposure (ASTM B117).

Figure 5 Silcosteel®-CR treated 316L 
stainless steel shows no crevice corrosion
and only slight pitting corrosion after 72-
hour exposure to ferric chloride; untreated
steel exhibits severe crevice corrosion.

SSiilltteekk®® TTrreeaatteedd  331166LL  TTuubbiinngg****

SSiillccoosstteeeell®®--CCRR  --TTrreeaatteedd  331166LL  TTuubbiinngg****

SSiillccoosstteeeell®®--CCRR--TTrreeaatteedd  EElleeccttrrooppoolliisshheedd  TTuubbiinngg

SSiilltteekk®®--TTrreeaatteedd  EElleeccttrrooppoolliisshheedd  TTuubbiinngg

Siltek®- and Silcosteel®-CR-Treated Electropolished Tubing
• Exceptional inertness.
• Improved reliability and reproducibility; longer lifetime.
• Use with treated fittings for the most inert sample pathway available.

1/8" OD: 5 ft. to 100 ft. in one continuous coil; 1/4" OD: 5 ft. to 300 ft. in one continuous coil. 
Longer lengths will be more than one coil.
**0.035" wall thickness
Note: (required length in meters) x (3.2808) = length in feet.

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--9999  fftt.. 110000--229999  fftt.. >330000  fftt..

0.085" 1/8" 22538
0.180" 1/4" 22539

0.055" (1.40mm) 1/8" (3.18mm) 22508
0.180" (4.57mm) 1/4" (6.35mm) 22509

0.085" 1/8" 22536
0.180" 1/4" 22537

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >440000  fftt..

0.055" (1.40mm) 1/8" (3.18mm) 22896
0.180" (4.57mm) 1/4" (6.35mm) 22897

Coiled, Treated, Seamless 316 Grade Stainless Steel Tubing

Figure 3 In chloride environments,
Silcosteel®-CR treated stainless steel
outperforms untreated metal by an order
of magnitude (ASTM G 48, Method B).

0 50 100 150 200 250

Untreated 316 SS

Silcosteel®-CR

weight loss in grams per square meter

for more info
Learn more about our precisely applied, 
highly durable surface treatments:
www.restekcoatings.com
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SSaammppllee::
Inj.: 20µL, mixture of Sudan I, 

Sudan II, Sudan III, Sudan IV
Conc.: 20µg/mL each component
Sample diluent: methanol

CCoolluummnn:: UUllttrraa  AAqquueeoouuss  CC1188  ((ccaatt..##  99117788556655))
Dimensions: 150 x 4.6 mm
Particle size: 5µm
Pore size: 100Å

CCoonnddiittiioonnss::
Mobile phase: methanol:water, 97:3
Flow: 1mL/min.
Temp.: ambient
Det.: UV @ 476 / 493 / 512 / 357 nm (top) or

UV @ 488 / 520 nm (bottom)

1. Sudan I (476nm)
2. Sudan II (493nm)
3. Sudan III (512nm)
4. Sudan IV (357nm)

1. Sudan I (488nm)
2. Sudan II (488nm)
3. Sudan III (520nm)
4. Sudan IV (520nm)

LC_FF0326

LC_FF0327

Fixed Dual
Wavelength Detector

Photodiode 
Array Detector
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Sudan dyes are synthetic industrial azo-dyes traditionally used in waxes, plas-
tics, oils, and polishes. Although recognized as carcinogens, Sudan dyes
recently have been found in food products in some European countries. They
are added to foods such as chili powders to mimic, intensify, and prolong the
appearance of natural red hues. In the UK, more than six hundred products
containing Sudan dyes have been recalled, the largest food recall in British his-
tory.¹

Sudan dyes are categorized as Class 3 carcinogens by the International Agency
for Research on Cancer (IARC) and, therefore, are illegal as food additives
according to both the FDA and the EU. The European Commission requires
products to have documentation confirming the absence of Sudan dyes.²,³
Since 2003, European nations have required random product testing and test-
ing of suspected adulterated products. Items found to contain Sudan dyes
must be disposed of as hazardous waste.4

Laboratories performing analyses for Sudan dyes are not required to follow
defined methods. The EU has set detection limits at 0.5-1 mg/kg, and any food
material containing more than the limit should be withdrawn from the mar-
ket.¹ Here, we describe a simple reversed phase HPLC separation of Sudan I,
Sudan II, Sudan III, and Sudan IV (Scarlet Red).

We prepared 1mg/mL stock solutions of Sudan I or Sudan II in HPLC grade
methanol, and equivalent solutions of Sudan III or Sudan IV in ethyl acetate.
To avoid reductive cleavage, we stored the stock solutions at 4°C in foil-
wrapped containers. We prepared sample solutions by combining the four
stock solutions and diluting with methanol to 20µg/mL each dye. We used a
150 x 4.6mm Ultra Aqueous C18 HPLC column (cat.# 9178565) for the analy-
sis.

Results
Figure 1 shows the Ultra Aqueous C18 column separates the four dyes in
approximately 20 minutes. Sudan I can be detected at 476nm or 418nm,
Sudan II at 493nm or 604nm, Sudan III at 508nm to 512nm, and Sudan IV at
357nm or 520nm. For each dye except Sudan III, we observed the higher
response at the first listed wavelength; for Sudan III there was little difference.
The dyes can be detected by monitoring at 488nm for Sudan I and II and at
520nm for Sudan III and IV, allowing all four dyes to be detected with a fixed
dual wavelength instrument.

This method is simple, yet efficient, requiring only a simple mobile phase, iso-
cratic elution, and detection at two wavelengths. The Ultra Aqueous C18 col-
umn provides the selectivity needed to assure the separation.

Simple HPLC Analysis for Sudan Dyes
Monitor Sudan I, II, III, and IV in a Single, Isocratic Analysis

By Julie Kowalski, Innovations Chemist

• Ultra Aqueous C18 HPLC column separates the four Sudan dyes in 20 minutes.

• Simple methanol and water mobile phase; two wavelengths detect all four dyes.

• Two wavelengths detect all four dyes.

for more info
For other column dimensions, please refer to our catalog, or visit our website.

RReeffeerreenncceess
1. http://www.ift.org/news_bin/news/newsBody.shtml 
2. Commission Decision of 20 June 2003 on emergency measures regarding hot chili and hot chili products,

notified under document number C(2003) 1970, (2003/460/EC), OJ L. 154/114, 21.6.2003.
3. Implementation of Commission Decision 2003/460/EC of 21 January 2004.
4. http://www.food.gov.uk/foodindustry/guidancenotes/foodguid/sudanguidance

Ultra Aqueous C18 Column (USP L1)
55µµmm CCoolluummnn,,  44..66mmmm  ccaatt..  ##
150mm 9178565

Figure 1 Monitor Sudan I, II, III and 
Sudan IV in a single, isocratic analysis.

59946.qxd  8/15/2005  5:22 PM  Page 16



• 17 • 800-356-1688 • www.restek.com2005 vol. 3

• Reliable thermal conductivity leak detector—
every analyst should have one.

• Compact, portable, ergonomic design—easy to
hold and operate.

• Sensitive—detects helium or hydrogen at 1x10-4

cc/sec*.
• Fast results—responds to leaks in less than 2

seconds, zeros with the touch of a button.
• Built-in rechargeable battery—charging adaptor

included.

Caution: The Restek Electronic Leak Detector is NOT designed for determining leaks of combustible gases. A combustible gas 
detector should be used for determining combustible gas leaks in possibly hazardous conditions.
*Sensitivity measured using helium.

In continuing our efforts to provide chromatographers with the best available columns, tools, and acces-
sories, we have enhanced our popular Restek Electronic Leak Detector. New features include internal bat-
tery charge capability, a low-battery indicator, a battery charge indicator light, yellow lights to signal a
nitrogen leak, a repositioned on/off switch, to eliminate accidentally powering on the unit, and a new
probe tip design that prevents debris from entering the unit. The new leak detector retains the microchip
technology that enables high sensitivity in a compact unit, the autozero feature that allows instantaneous
zeroing with the touch of a button, and the ergonomic design that puts all controls at your fingertips, for
maximum ease of use.

The new Restek Electronic Leak Detector is the affordable solution for detecting helium, hydrogen, or
nitrogen leaks in your GC system. Leaks can cause detector noise and baseline instability, waste carrier gas,
and shorten column lifetimes. The leak detector responds in less than 2 seconds to leaks of gases with ther-
mal conductivities different from air, indicating leaks with both an audible alarm and an LED readout.
The leak detector detects minute gas leaks that can go undetected by liquid leak detectors. And, remem-
ber—you should never use liquid leak detectors on a capillary system, because liquids drawn into the sys-
tem through the leaks will contaminate the system.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Leak Detector with 110Volt Battery Charger ea. 22451
Leak Detector with 220Volt European Battery Charger ea. 22451-EUR
Leak Detector with 220Volt UK Battery Charger ea. 22451-UK

Leak Detector Accessory Kit

Leak Detector is easily
accessed when stored in

the mounting bracket.

The kit includes an adaptor fitting that fits over the probe assembly to detect very small leaks in hard-to-
reach locations, and a mounting bracket that can be affixed to the wall or GC.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Leak Detector Accessory Kit (adaptor fitting for probe, mounting bracket) kit 22453

Enhanced Electronic Leak Detector
A Leak-Free System Stabilizes Baselines and Lengthens Column Life

By Donna Lidgett, GC Accessories Product Marketing Manager

new
for 2005

tech tip
Avoid poor chromatography
caused by leaks—check for
leaks with the Restek Leak
Detector

Easy-to-clean
probe assembly.

Verify pinpoint leaks
with the adaptor fitting.
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Genuine Restek Replacement Parts for ThermoSeparation Products HPLC Systems
Restek offers replacement parts for Agilent, Beckman, Hitachi, PerkinElmer, Shimadzu, Waters, and
ThermoSeparation Products HPLC systems—all designed to equal or exceed the performance of original
equipment manufacturers’ parts. We’ve listed parts for ThermoSeparation Products HPLC Systems here.
For parts for other systems, refer to our catalog, or visit our website. Use Genuine Restek Replacement
Parts to keep your system in peak condition!

Genuine Restek HPLC Parts and Accessories
The parts and tools you need to keep your HPLC systems running smoothly

By Becky Wittrig, Ph.D., HPLC Products Marketing Manager

• Restek quality and reliability.

• Renowned Restek Plus 1™ service.

DDeessccrriippttiioonn MMooddeell  ## SSiimmiillaarr  ttoo  SSPP//TTSSPP  ppaarrtt  ## qqttyy.. ccaatt..##
Inlet Check Valve Assembly SP8800 & P-Series Pumps A3495-010 ea. 25474
Outlet Check Valve Assembly SP8800 Series Pumps A3490-010 ea. 25475
Piston SP8800 & P-Series Pumps A3102-010 ea. 25476
Back-up Seal SP8800 & P-Series Pumps A2963-010 ea. 25477
Plunger Seal, Gold Superseal SP8800 & P-Series Pumps A2962-010 ea. 25478
Check Valve and Transducer Assembly P-Series Pumps A3990-010 ea. 25479
Kel-F® Washer P-Series Pumps A2973-010 ea. 25480

Rotor Seal Assembly, Rheodyne® 7010
TSP AS100, 300, 1000, 3000, 3500, 8875,

and 8880 Autosamplers 7010-039 ea. 25481

Syringe Assembly, 250µL
TSP AS100, 300, 1000, 3000, 3500, 8875,

and 8880 Autosamplers A3588-020 ea. 25482

Syringe, 500µL
TSP AS100, 300, 1000, 3000, 3500, 8875,

and 8880 Autosamplers A3588-010 ea. 25483

Lamp, UV
Linear UV-200, 203, 204, 205, 206, and
UV 100, 150, 1000, and 2000 Detectors 9551-0023 ea. 25484

DDeessccrriippttiioonn MMooddeell  ## SSiimmiillaarr  ttoo  TTSSPP  ppaarrtt  ## qqttyy.. ccaatt..##
Check Valve Cartridge LDC Constametric Pumps 900946 ea. 25485
Sapphire Plunger LDC Constametric Pumps 801306 ea. 25486
Plunger Seal Kit, Gold LDC Constametric Pumps 31-36-00754 ea. 25487
Plunger Seal, Black LDC Constametric Pumps 206129001 ea. 25488
Plunger Seal, Gold LDC Constametric Pumps 206156001 ea. 25489

Lamp, Deuterium
LDC SM-I, II, III, 3000, 3100, 3100X, and

4000 Detectors 108035 ea. 25490
Lamp, Deuterium Pre-aligned LDC 3200 and 4100 Detectors 900918001 ea. 25491

HPLC Piston Seal Insertion Tool
Simplify pump maintenance: use one end to remove your old seal, then simply slip your new seal on the other
end and push it flush into position. The tool cannot mar the surrounding metal surface of the pump housing.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
HPLC Piston Seal Insertion Tool ea. 21356

Use the flat side of the
Piston Seal Insertion
Tool to seat a Waters

face seal.

Remove
a seal

Seat
a seal
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PEEK® Union Connector

Allows you to quickly and reliably connect two pieces of 1/16-inch tubing. End fittings included.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
PEEK® Union Connector 1/16" 2-pk. 25323

Universal 10-32 PEEK® Column Connectors and Plugs

Universal PEEK® Connectors allow easy installation of all 1/16-inch tubing, including stainless steel.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
PEEK® Column Connector (beige, round body) 10-pk. 25015
PEEK® Column Plug (black) 10-pk. 25016
PEEK® Fingertight Fittings (blue, flat-sided) 10-pk. 25324

Inert PEEK® Tubing
• Replaces stainless steel, titanium, Teflon® or Tefzel® tubing.
• Less oxygen permeable and more temperature resistant (to 250°C) than Teflon® or Tefzel® tubing.
• Use with PEEK® fingertight or flangeless fittings.
• Use to 7,000psi.

HPLC 30-Column Storage Cabinet

*Please note: Columns in photograph are not included.

Tired of stacks of HPLC columns on your lab benches? This easy-to-install cabinet saves space and pro-
tects columns; the hinged door is clear to allow quick identification of column labels or tags.

DDeessccrriippttiioonn ddiimmeennssiioonnss qqttyy.. ccaatt..##
30 Column Cabinet 173/8 x 15 x 27/8" ea. 25159

PEEK® Unions, Connectors, and Tubing
Restek offers a wide range of PEEK® and stainless steel unions, connectors, and tubing, for installing and
maintaining your HPLC systems. For complete listings, see our current catalog, or visit our website.

Teflon® Tubing
• Ideal for mobile phase inlet lines.
• Chemically inert.
• Use to 500psi and 80°C.
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Teflon® Tubing, 1/8" OD x 0.063" ID x 3m (1.6mm ID) 3m 25306
Teflon® Tubing, 1/8" OD x 0.094" ID x 3m (2.4mm ID) 3m 25307

Opti-Cap™ Bottle Top

Opti-Cap™ Kit with bottle

The most economical way to helium-sparge and deliver HPLC mobile phases. The Opti-Cap™ top fits all
standard GL-45 bottles and has two 1/8-inch holes and one 1/16-inch hole for tubing.

DDeessccrriippttiioonn CCoolloorr  CCooddee qqttyy.. ccaatt..##
PEEK® Tubing, 1/16" OD x 0.0025" ID x 1m natural 3-pk. 25320
PEEK® Tubing, 1/16" OD x 0.005" ID x 3m red stripe ea. 25065
PEEK® Tubing, 1/16" OD x 0.007" ID x 3m yellow stripe ea. 25066
PEEK® Tubing, 1/16" OD x 0.010" ID x 3m blue stripe ea. 25067
PEEK® Tubing, 1/16" OD x 0.020" ID x 3m orange stripe ea. 25068

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Opti-Cap™ (Cap and PEEK® Plug) ea. 25300
Opti-Cap™ Kit (Opti-Cap™, 3 meters of tubing, sparging filters) kit 25301
Opti-Cap™ Kit with 1L Bottle kit 25302
Opti-Cap™ Kit with 2L Bottle kit 25303
RReellaatteedd  iitteemmss  aanndd  rreeppllaacceemmeenntt  ppaarrttss qqttyy.. ccaatt..##
Mobile Phase Sparge Filter: 2µm, stainless steel ea. 25311
Mobile Phase Inlet Filter: 10µm ea. 25312
Teflon® Tubing, 1/8" OD x 0.094" ID x 3m (2.4mm ID) 3m 25307
Teflon® Tubing, 1/8" OD x 0.063" ID x 3m (1.6mm ID) 3m 25306
PEEK® Plug, 1/4"-28 threads 3-pk. 25319
1L Graduated Safety-Coated Bottle – GL-45 threads ea. 25304
2L Graduated Safety-Coated Bottle – GL-45 threads ea. 25305
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AAcccceessssoorriieess  ffoorr  AASSEE®® 220000  SSyysstteemmss

PPaarrttss  ffoorr  AASSEE®® 220000  EExxttrraaccttiioonn  CCeellllss

PPaarrttss  ffoorr  AASSEE®® 330000  EExxttrraaccttiioonn  CCeellllss
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Extraction Cell Parts for ASE® Systems
• Designed to meet or exceed performance of original manufacturer’s parts.
• Polished inner surfaces for easier cleaning; Siltek® deactivation available.

SSttaaiinnlleessss  SStteeeell SSiilltteekk®®--TTrreeaatteedd

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

DDiioonneexx  ppaarrtt  ## qqttyy.. ccaatt..##      qqttyy.. ccaatt..##

Extraction Cell Body for ASE® 200, 1mL 054973 ea. 26110 ea. 26111
Extraction Cell Body for ASE® 200, 5mL 054974 ea. 26112 ea. 26113
Extraction Cell Body for ASE® 200, 11mL 048820 ea. 26114 ea. 26115
Extraction Cell Body for ASE® 200, 22mL 048821 ea. 26098 ea. 26099
Extraction Cell Body for ASE® 200, 33mL 048822 ea. 26116 ea. 26117
Replacement Extraction Cell End Caps for ASE® 200 049450 2-pk. 26096 2-pk. 26097
Replacement Frits for ASE® 200 049453 10-pk. 26100 10-pk. 26101

Extraction Cell Body for ASE® 300, 10mL ea. 26172 ea. 26173
Extraction Cell Body for ASE® 300, 34mL ea. 26176 ea. 26177
Extraction Cell Body for ASE® 300, 66mL 056696 ea. 26178 ea. 26179
Extraction Cell Body for ASE® 300, 100mL 056693 ea. 26132 ea. 26133
Replacement Extraction Cell End Caps for ASE® 300 056921 2-pk. 26170 2-pk. 26171
Replacement Frits for ASE® 300/100 6-pk. 26174 6-pk. 26175

Accessories for ASE® Systems

PEEK® Washers for ASE®
Extraction Units

Meet original equipment manufacturer’s performance.

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  DDiioonneexx  ppaarrtt  ## qqttyy.. ccaatt..##      

PEEK® Washers for ASE® 200 049454 12-pk. 25256
PEEK® Washers for ASE® 200 049454 48-pk. 25257
PEEK® Washers for ASE® 200 049454 250-pk. 26120
Snap Rings for Caps for ASE® 200 049456 10-pk. 26184
Funnel for ASE® 200 056958 ea. 26180
AAcccceessssoorriieess  ffoorr  AASSEE®® 330000//110000  SSyysstteemmss
PEEK® Washers for ASE® 300 061687 12-pk. 25393
PEEK® Washers for ASE® 300 061687 48-pk. 25394
Snap Rings for Caps for ASE® 300/100 056778 12-pk. 26134

20mm Filters for ASE® 200 Extraction Cells
Consistent porosity, to deliver rapid flow rates and protect the metal frit in the cell from contamination.

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  DDiioonneexx  ppaarrtt  ## qqttyy.. ccaatt..##      
Cellulose Filters for ASE® 200 049458 100-pk. 26118
Glass Fiber Filters for ASE® 200 047017 100-pk. 26119

60mL Sample Collection Vials
Cleaned to EPA specifications and supplied assembled with caps and septa.

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  DDiioonneexx  ppaarrtt  ## qqttyy.. ccaatt..##      
60mL Collection Vials, Clear Glass, for ASE® Systems 048784 72-pk. 26121
60mL Collection Vials, Amber Glass, for ASE® Systems 048781 72-pk. 26122

Diatomaceous Earth
Mix with densely packed samples such as clays to improve extraction efficiencies and absorb excess moisture.

DDeessccrriippttiioonn SSiimmiillaarr  ttoo  DDiioonneexx  ppaarrtt  ## qqttyy.. ccaatt..##      
Diatomaceous Earth, 30/40 mesh 062819 1kg 26033

Genuine Restek Supplies & Accessories for ASE® Systems
Extraction Cell Parts, Collection Vials, PEEK® Washers, Filters

By Neil Mosesman, Sample Preparation Product Marketing Manager

In addition to stainless steel extraction cell parts, we offer bodies, caps, and frits finished with our
innovative Siltek® treatment, to greatly improve inertness and, therefore, the reliability of analytical
results for active compounds.

save!
Economical pricing.
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• Nylon - PTFE - PVDF membranes.
• 13mm and 25mm diameter.
• 0.22µm and 0.45µm porosity.

• Color coded for easy identification.
• 100 filters, reusable storage container.

SSiizzee PPoorroossiittyy qqttyy.. ccaatt..##
NNyylloonn

13mm 0.22µm 100-pk. 26146
13mm 0.45µm 100-pk. 26147
25mm 0.22µm 100-pk. 26148
25mm 0.45µm 100-pk. 26149

PPTTFFEE  ((ppoollyytteettrraafflluuoorrooeetthhyylleennee))
13mm 0.22µm 100-pk. 26142
13mm 0.45µm 100-pk. 26143
25mm 0.22µm 100-pk. 26144
25mm 0.45µm 100-pk. 26145

PPVVDDFF  ((ppoollyyvviinnyyllddiifflluuoorriiddee))
13mm 0.22µm 100-pk. 26150
13mm 0.45µm 100-pk. 26151
25mm 0.22µm 100-pk. 26152
25mm 0.45µm 100-pk. 26153

Florisil® PR
• Pesticide residue grade.
• Each lot certified to meet the requirements of AOAC methodology.
• Packaged in glass containers.
Florisil® PR is commonly used to remove polar interferences from pesticide residues. This bulk material is
ideal for labs packing their own chromatography columns for pesticide residue extractions.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Florisil® PR, 60/100 mesh 500gms 26135

Granulated Activated Copper
• Convenient form for removing sulfur from environmental extracts.
• Acidified and activated—ready for use.
Activated copper effectively removes elemental sulfur from environmental extracts. Our acid washed and
activated material can be used right out of the package. The 30 mesh granular material eliminates the
potential for fine copper particles in filtered extracts.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Granulated Activated Copper, 30 mesh 1kg 26136

Ottawa Sand
• Sample medium for matrix spikes and laboratory control blanks.
• Packaged in convenient 5kg buckets.
Ottawa sand is organics free and is listed in several US EPA methods as the specified medium for matrix
spike and laboratory control blanks.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Ottawa Sand 5kg 26137

Bulk Adsorbents
For Thorough Sample Preparation and Reliable Results

By Neil Mosesman, Sample Preparation Products Marketing Manager

Syringe Filters
Top-Quality Filters—Great Prices

By Neil Mosesman, Sample Preparation Products Marketing Manager
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Simplify Your Analyses for Volatile Organic Compounds
by Donna Lidgett, GC Accessories Product Marketing Manager

nstrument  nnovations! ! !
Purge-and-Trap Spargers for Tekmar 2000, 3000, or 3100 GCs
• Available with uniform frits, to ensure maximum purging efficiency.
• Use non-fritted spargers for wastewater samples.
• Manufactured to tight tolerances to ensure a leak-tight seal.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
FFrriitttteedd  SSppaarrggeerrss,,  11//22--iinncchh  mmoouunntt
5mL Fritted Sparger ea. 21150
10mL Fritted Sparger ea. 26138
25mL Fritted Sparger ea. 21151
NNoonn--FFrriitttteedd  SSppaarrggeerrss,,  11//22--iinncchh  mmoouunntt
5mL Non-Fritted Sparger ea. 26139
10mL Non-Fritted Sparger ea. 26140
25mL Non-Fritted Sparger ea. 26141

Moisture Control By-Pass Lines for Tekmar Instruments
• Increase response for ketones, alcohols, and acetates.
• Silcosteel®-deactivated tubing for increased inertness.
• Suitable for US EPA Methods 8260, 524.2, and OLM4.1.
• Easily attaches in minutes.
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Moisture Control By-Pass Line for Tekmar 3000 Purge & Trap ea. 21035
Moisture Control By-Pass Line for Tekmar 3100 Purge & Trap ea. 21109

TToo  rreeppllaaccee  tthheessee  iinnssttrruummeenntt  ppaarrtt  nnuummbbeerrss::
OOrrddeerr  tthheessee

RReesstteekk  ppaarrtt  nnuummbbeerrss::
EELLCCDD  MMooddeell  ## TTrreemmeettrriiccss VVaarriiaann PPeerrkkiinnEEllmmeerr SShhiimmaaddzzuu OO..II..  AAnnaallyyttiiccaall qqttyy.. ccaatt..##

Hall 700A 115439-0003 00-996724-14 0330-2675 — — 2-pk. 21580
Hall 1000 117459-0003 00-997625-12 N660-1072 220-90435-00 — 2-pk. 21581
O.I. 4420 — — — — 260323 2-pk. 21582

Cleaned Teflon® Transfer Lines for ELCDs
We stringently clean our ELCD Teflon® transfer lines with an HCl solution to remove any contaminants,
then rinse with methanol. Convenient 6.5-inch precut pieces that directly interface the nickel reaction
tube and conductivity cell in Tracor, Tremetrics, O.I., and many other ELCDs.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Teflon® Transfer Lines for ELCDs (five 6.5-inch lines) 5-pk. 20121

ELCD Nickel Reaction Tubes
• Pretreated for maximum sensitivity.
• Quality-controlled for reliability.
• Available for many popular models.

Replacement Accesories for Hall 1000

ELCD Nickel Reaction Tube Nut

High-quality stainless steel ELCD nut mounts nickel reaction tube into ELCD.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
ELCD Nickel Reaction Tube Nut 2-pk. 21584

1/16-Inch Vespel®/Graphite Sealing Ring

Installs onto the nickel reaction tube after the screw. Easily compresses on the reaction tube to provide a
leak-tight seal and prevent detector oxidation.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
1/16-Inch Vespel®/Graphite Sealing Ring 2-pk. 21583

new
for 2005
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Restek Innovations Save You Time and Money

Coo Too s!
Spanner Wrench for Agilent 5890/6890 FID Collector Assembly
• Easily remove the nut from the FID collector without damaging the nut.
• Unique, ergonomic handle—easy to grip.

...easily loosen the nut by
aligning the two pins on

the bottom of the wrench
with the two open slots

on the nut...

Remove the collector
housing...

...then turn 
counterclockwise...

...and remove.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..##
Spanner Wrench for Agilent 5890/6890 FID Collector Assembly 19231-00130 ea. 22329

new
for 2005

Injector Wrench for Agilent 5890/6890/6850 GCs
• Use to remove the septum nut and weldments during GC maintenance.
• High-quality stainless steel construction.
• Meets original equipment performance.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

AAggiilleenntt  ppaarrtt  ## qqttyy.. ccaatt..##
Injector Wrench for Agilent 5890/6890/6850 GCs 19251-00100 ea. 22065

Injector Wrench for Shimadzu 17A and 2010 GCs
• Designed specifically for removing Shimadzu injection ports.
• High-quality stainless steel construction.

DDeessccrriippttiioonn
SSiimmiillaarr  ttoo  

SShhiimmaaddzzuu  ppaarrtt  ## qqttyy.. ccaatt..##
Injector Wrench for Shimadzu 17A and 2010 GCs 221-46977-00 ea. 21159

Use the smaller end to
remove the septum nut.

Use the larger end to
tighten the split/splitless

weldment nut.

1/4-  to 5/16-inch Open-End Wrench Set
We examined many different wrenches before we decided to offer this high-quality pair for tightening 
capillary fittings.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Open-End Wrenches (1/4" x 5/16") 2-pk. 20110
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Restek Trademarks/Service Marks: Crossbond, Hydroguard,
MegaMix, Plus 1, Press-Tight, Rtx, SeCure, Silcosteel, Siltek,
Turning Visions into Reality, Restek logo.

Other Trademarks: Agilent (Agilent Technologies, Inc.), ASE
(Dionex Corporation), Chromosorb (Manville Corp.), Florisil (US
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www.restek.com/expert
Restek Website Expert Center

Need a conversion factor in a hurry? Want to see where the sample goes in a
capillary GC split injection? Visit the Expert Center on the Restek website.
Located in the "Info. & Support" menu, the Expert Center includes a tremen-
dous variety of useful information. Our calculators, for example, are
extremely handy tools. Use the Backflash Calculator to determine how much
sample in a particular solvent you can introduce into a capillary inlet liner
without the expanding sample backflashing into, and contaminating, the sys-
tem. Use the Pressure Calculator to quickly interconvert among the various
measurements of pressure: psi, atm, kg/cm2, Torr, inches Hg, kPa, bar.

The animations of capillary GC injection techniques and operation of a 6-
port HPLC valve enable you to view these processes, and help you appreciate
the benefits, and potential problems, associated with each. The subjects in the
Expert Center include:

Troubleshooting
Chromatogram Archive
Optimization Calculators
GC Column Selection
Capillary Column Installation Guide
Free Technical Literature
and more

Optimization Calculators and Reference Charts
Backflash Calculator
GC Column Characteristics
Pressure Calculator
Reference Charts for Setting Deadtime
Methane Retention
Pressure Conversion
Weight/Volume Composition Measures
Mesh Size Conversions
Septum Size Chart
GC Retention Time Indexes

Animations
Direct Injection
Split Injection
Splitless Injection
HPLC 6-Port Valve
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Silcosteel®-CR
Achieve specialty alloy performance using austenitic
stainless steels!

Patent pending.

Figure 1 The Silcosteel®-CR coating is
a well-bonded, dense layer designed
to protect the substrate from attack
by acids.

mount

coating

substrate

Restek
Exclusive!

800-356-1688   ★ 814-353-1300

www.restekcorp.com
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Enhance the corrosion resistance of steel and 
stainless steel, using Silcosteel®-CR treatment:

• Prolong component lifetimes.

• Reduce the need for preventive maintenance.

• Reduce contamination caused by corrosion.

• Save money, relative to using super alloys.

In acidic environments it is critical to engineer solutions
to account for the depreciation of equipment caused by
corrosion. Current commercial solutions that address cor-
rosion are specialized alloys (e.g., Inconel®, Monel®,
Hastelloy®)—or coatings.

Coatings often are employed as acid-resistant barriers
between the corrosive environment and the equipment.
Silcosteel®-CR surface treatment offers major advantages
over traditional coatings: our chemical vapor deposition
process incorporates the coating into the stainless steel lat-
tice, eliminating delamination and blistering, common
problems with traditional overlay coatings which rely pri-
marily on primers or surface tension to remain in contact.

We developed the Silcosteel®-CR treatment specifically to protect equipment exposed to hydrochloric
acid, nitric acid, sulfuric acid, or marine environments. A Silcosteel®-CR treatment upgrades the corro-
sion resistance of 300-grade stainless steels by greater than an order of magnitude.

A Silcosteel®-CR treatment is both durable and flexible. The coating builds from many starting points on
the steel surface. Repeated overlaying as the coating grows on the surface creates a dense, chemically inert
layer. The layering process also creates flexibility—coated components can be worked into place without
cracking, chipping, or otherwise damaging the coating.

Figure 1 shows a cross-section optical micrograph of a Silcosteel®-CR treated coupon having a surface
roughness average of 16 micro inches. The dense, well-bonded layer will afford reliable protection from
acidic media. Several standardized corrosion testing protocols have been performed on the Silcosteel®-
CR treatment. Below are the results of some of these tests.

Pitting and Crevice Corrosion Testing of Silcosteel®-CR Treated 316L Stainless Steel Coupons and Bare
Coupons, by ASTM G 48, Method B
Each sample was weighed to the nearest 0.0001 gram, then a rubber gasket was wrapped around the
center to simulate a crevice. Each sample was immersed in 6% by weight ferric chloride solution for 72
hours, per the ASTM test method. After 72 hours, the sample was recovered, the rubber gasket was
removed, the sample was rinsed with deionized water, then with acetone, then was dried. The dried
samples were reweighed to the nearest 0.0001 gram, to determine weight loss.



Table 1 summarizes the results of this experi-
ment. Silcosteel®-CR treated 316L stainless steel
samples exhibited an order of magnitude less cor-
rosion, compared to bare samples. As seen in
Figures 2 and 3, Silcosteel®-CR treated coupons
exhibited no crevice corrosion, while untreated
coupons exhibited severe crevice corrosion.
Silcosteel®-CR treated coupons experienced only
slight pitting corrosion during this aggressive test.
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Silcosteel®-CR

Table 2 Silcosteel®-CR treatment greatly reduces corro-
sion rates in chloride solutions. (Corrosion rate in mpy
(mil per year) determined by electrochemical testing.)

SSiillccoosstteeeell®®--CCRR BBaarree  SStteeeell IImmpprroovveemmeenntt
NNeeuuttrraall  SSoolluuttiioonn ((331166LL))

100ppm chloride 0.0006 0.03 49X
3000ppm chloride 0.0009 0.03 32X
5000ppm chloride 0.001 0.03 29X

AAcciiddiicc  SSoolluuttiioonn  ((11NN  HH22SSOO44))
100ppm chloride 0.05 0.45 8X
3000ppm chloride 0.05 0.83 16X
5000ppm chloride 0.07 0.84 11X

Table 3  Breakdown or pitting potential, Eb, in millivolts,
determined by electrochemical testing.

SSiillccoosstteeeell®®--CCRR BBaarree  SStteeeell
NNeeuuttrraall  SSoolluuttiioonn ((331166LL))

100ppm chloride >3000 674
3000ppm chloride 1460 370
5000ppm chloride 1590 285

AAcciiddiicc  SSoolluuttiioonn  ((11NN  HH22SSOO44))
100ppm chloride 1128 580
3000ppm chloride 927 370
5000ppm chloride 983 563

Table 4  Corrosion of Silcosteel®-CR treated 316L 
stainless steel versus bare 304 stainless steel at
3000ppm Cl- concentration.

SSiillccoosstteeeell®®--CCRR BBaarree  SStteeeell IImmpprroovveemmeenntt
NNeeuuttrraall  SSoolluuttiioonn ((330044))

Corrosion Rate, mpy 0.0009 0.06 66X
Breakdown Potential, Eb 1460 361

AAcciiddiicc  SSoolluuttiioonn  ((11NN  HH22SSOO44))
Corrosion Rate, mpy 0.05 1.14 22X
Breakdown Potential, Eb 927 587

Table 5 Corrosion potential, Ec, in millivolts, for
Silcosteel®-CR treated 316L stainless steel.

NNeeuuttrraall  SSoolluuttiioonn EEcc

100ppm chloride -188mV
3000ppm chloride -418mV
5000ppm chloride -420mV

AAcciiddiicc  SSoolluuttiioonn  ((11NN  HH22SSOO44))
100ppm chloride -782mV
3000ppm chloride -843mV
5000ppm chloride -863mV

Cyclic Polarization Electrochemical Corrosion Testing of Silcosteel®-CR Treated 316L Stainless
Steel Coupons and Bare 316L and Bare 304 Stainless Steel Coupons, by ASTM G 61
Samples were tested in accordance with ASTM G 61 in acidic and neutral aqueous solutions, at 23ºC, at
three chloride ion (Cl-) levels. Tables 2 and 3 summarize the test results: Silcosteel®-CR treated 316L
stainless steel coupons outperformed bare 316L stainless steel by a factor of approximately 50 in neutral
chloride solutions, and by approximately 10 in acidic chloride solutions. At a chloride concentration of
3000ppm, Silcosteel®-CR treated 316L stainless steel coupons outperformed 304 stainless steel coupons
by a factor of approximately 65 in neutral solutions and by approximately 20 in acidic solutions. Table 4
summarizes the test results for Silcosteel®-CR treated 316L stainless steel and bare 304 stainless steel.
Table 5 summarizes the corrosion potential, Ec, for Silcosteel®-CR treated 316L stainless steel.

800-356-1688   ★ 814-353-1300
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Figure 2 Silcosteel®-CR treated 316L stainless steel
coupons show no crevice corrosion and only slight 
pitting corrosion.

Figure 3 Bare 316L stainless steel coupons exhibit
severe crevice corrosion.

Table 1 Silcosteel®-CR treated coupons show little weight
loss after exposure to 6% w/w ferric chloride solution.

SSaammppllee WWeeiigghhtt  LLoossss  ((gg//mm22))

Silcosteel®-CR sample 17 19

Silcosteel®-CR sample 28 25

Silcosteel®-CR sample 47 25

Bare Steel sample 27 231

Bare Steel sample 34 209

Bare Steel sample 37 228



Figure 4 Silcosteel®-CR treated 316L stainless steel
coupons show no corrosion as a result of salt spray 
testing; bare coupons show light rusting at aperature.*

Figure 5 Silcosteel®-CR treated 316L stainless steel
coupons show no impact of water exposure; bare
coupons exhibit a light oxide layer.

Silcosteel®-CR treated Silcosteel®-CR treated 

bare stainless steel bare stainless steel

Silcosteel®-CR Treated Fittings
A broad line of 1/16", 1/8" and 1/4" fittings is available with Silcosteel®-CR treatment. Because of expanding appli-
cations for these coatings, we have received many requests for a broader product offering. If you do not see
everything you need, contact us for information on additional stock items, or for custom coating services.

1000 Hour Salt Spray Testing (ASTM B 117) and Condensing Humidity Testing (ASTM D 4585) of
Silcosteel®-CR Treated 316L Stainless Steel Coupons and Bare Coupons
ASTM B 117 (Practice of Operating Salt Spray (Fog) Apparatus) was run for a total of 1000 hours. Three
Silcosteel®-CR treated 316L stainless steel coupons and 3 bare coupons were tested side by side. The
Silcosteel®-CR treated coupons showed no signs of bleeding, rusting or pitting corrosion. The bare sam-
ples exhibited light surface rusting but no signs of pitting. Figure 4 shows a Silcosteel®-CR treated sample
and a bare steel sample after salt spray testing.

ASTM D 4585 (Practice for Testing the Water Resistance of Coatings, Using Controlled Condensation)
was run for a total of 1000 hours. Three Silcosteel®-CR treated 316L stainless steel coupons and 3 bare
coupons were tested side by side. The Silcosteel®-CR treated coupons showed no signs of bleeding, rust-
ing, or pitting corrosion. The bare samples exhibited a very light surface oxide film as a result of expo-
sure. Figure 5 is a photograph of a Silcosteel®-CR treated sample and a bare steel sample after testing.

DDeessccrriippttiioonn SSiizzee qqttyy.. ccaatt..##
Tube End Reducer 1/8" tube to 1/16" ea. 22880

1/4" tube to 1/16" ea. 22881
1/8" tube to 1/4" ea. 22882
1/4" tube to 1/8" ea. 22883

Port Connector 1/8" ea. 22884
1/4" ea. 22885

1/8" to 1/4" ea. 22886

Male NPT Union 1/8" to 1/8" ea. 22887
1/4" to 1/4" ea. 22888
1/16" to 1/8" ea. 22889
1/8" to 1/4" ea. 22890
1/4" to 1/8" ea. 22891

Female NPT Union 1/8" to 1/8" ea. 22892
1/4" to 1/4" ea. 22893
1/4" to 1/8" ea. 22894
1/8" to 1/4" ea. 22895

DDeessccrriippttiioonn SSiizzee qqttyy.. ccaatt..##
Union 1/16" ea. 22863

1/8" ea. 22864
1/4" ea. 22865

Tee 1/16" ea. 22866
1/8" ea. 22867
1/4" ea. 22868

Reducer 1/8" to 1/16" ea. 22869
1/4" to 1/16" ea. 22870
1/4" to 1/8" ea. 22871

Elbow 1/16" ea. 22874
1/8" ea. 22875
1/4" ea. 22876

Plug 1/16" ea. 22877
1/8" ea. 22878
1/4" ea. 22879

Cross 1/8" ea. 22872
1/4" ea. 22873

See page 4 for
Silcosteel®-CR treated

tubing.
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*Color at the tip of the Silcosteel®-CR treated coupon is due to light refraction by the treatment layer.

What advantages are gained by applying Silcosteel®-CR treatment to steel and stainless steel compo-
nents in contact with corrosive environments? Silcosteel®-CR treatment will ensure longer lifetimes for
these components. Maintenance schedules can be prolonged. Reduced corrosion will mean less con-
tamination in process streams in contact with corroding steel substrates. Finally, Silcosteel®-CR treated
components will greatly reduce system cost, relative to super alloy components (e.g., Hastelloy® or
Inconel®).

These fittings are manufactured by 
Parker Hannifin. Swagelok® fittings also are 

available—see our website.
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About Us
Restek's involvement in coatings began in 1987. The focus of our initial work was to produce a coating on
stainless steel that was inert to low-level reactive organic compounds, such as explosives and volatile organic
compounds (VOCs). The end product from this work was the Silcosteel® coating for stainless steel tubing.

Silcosteel® coated tubing currently is used for construction of analytical test-
ing equipment by all major manufacturers of gas chromatography sampling
and testing equipment.

Since this initial project, Restek's coatings experts have developed a family of
coatings to address other specific needs and thereby enhance the perform-
ance of system components. In brief, these coatings are:

• SSiillccoosstteeeell®®—A general purpose passivation layer for steel and
stainless steel. U.S. Patent 6,511,760.

• SSiillccoosstteeeell®®--CCRR—A corrosion resistant layer that increases the
lifetime of system components in acidic environments
containing hydrochloric, nitric, or sulfuric acid. Patent pending.

• SSiillccoosstteeeell®®--UUHHVV—Used to reduce outgassing by components of
ultra-high vacuum systems. Patent pending.

• SSiillccoosstteeeell®®--AACC—Dramatically reduces carbon buildup on stainless steel components. U.S. Patent 6,444,326.

• SSiilltteekk™™—Provides the ultimate passivation of coated components, from glass to high nickel alloys of steel.
U.S. Patent 6,444,326.

• SSuullffiinneerrtt™™—A required coating on metal components when analyzing for parts-per-billion levels of
organo-sulfur compounds. U.S. Patent 6,444,326.

Restek coatings are used in many applications, spanning
multiple industries and market areas. Let us solve your
surface activity problems. Contact Dave Smith at 800-356-
1688 or 814-353-1300, x 2154, or by email at
daves@restekcorp.com.

Restek’s headquarters are in
Bellefonte, Pennsylvania, USA,
with distributors and represen-

tatives in over 60 countries.

The Silcosteel®

layer is a general
purpose passiva-
tion layer for 
metals.

Siltek™ provides
the ultimate 
passivation for
many surfaces,
from glass to high
nickel alloys of
steel.

Sulfinert™ coating
on metal compo-
nents is required
when analyzing for
parts-per-billion
levels of organo-
sulfur compounds.

Coiled Silcosteel®-CR -Treated Seamless 316L Stainless Steel Tubing

*0.035" wall thickness

PPrriiccee--ppeerr--ffoooott
IIDD OODD ccaatt..## 55--2244  fftt.. 2255--119999  fftt.. 220000--339999  fftt.. >>440000  fftt..
0.055" (1.40mm) 1/8" (3.18mm)* 22896 — — — —
0.180" (4.57mm) 1/4" (6.35mm)* 22897 — — — —

An extra charge is applied for cutting Sulfinert™ or Silcosteel® tubing. The charge is calculated
from the total number of pieces produced from cutting, for each line item.Ordering note

See page 3 
for Silcosteel®-CR treated 

fittings.

PPrriicceedd  bbyy  tthhee  ffoooott;;  
lleennggtthhss  ttoo  >>440000  ffeeeett..
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A Guide to Passive Air Sampling
Equipment Needed and Practical Techniques

for Collecting Air Samples

TECHNICAL GUIDE
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dependable execution
One of our standing goals is to provide you with practical 
information to help you obtain reliable data from your 
chromatographic and peripheral systems. This guide describes
equipment needed and practical techniques to follow when 
collecting passive air samples, using canisters. It is a 
compilation of information based on our experience and that of
experts in this field. We would like to thank the individuals who
provided invaluable assistance in the development of this guide:
Dr. Eric Winegar of Applied Measurements Science, Joachim Pleil
of the US Environmental Protection Agency, John Yokoyama of
Performance Analytical, and Jerry Winberry of Envirotech
Solutions.

If you have any questions, or have input for future editions of
this guide, please feel free to contact us at Restek Corporation.

David M. Shelow

Air Monitoring Products
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I. Introduction
Ambient air sampling involves collecting a representative sample of ambient
air for analysis. If the environment is not changing, or if only a qualitative sam-
ple is needed, a simple “grab” sample can be obtained. For example, an evacu-
ated sample canister can be opened and sample rapidly collected at a non-con-
trolled rate, usually over several seconds, until the container attains equilibri-
um with atmospheric pressure. Generally this qualitative approach is used
when unknown analytes must be identified, when the air contains high con-
centrations of analytes at certain (short) times, or when an odor is noticed and
a sample must be obtained quickly. Paired grab samples (before/after or
smell/no smell) often are employed to qualitatively diagnose a perceived prob-
lem.

To obtain a more representative sample requires time-integrated sampling. A
flow restrictor is used to spread the sample collection flow over a specific time
period, to ensure an “average” composited or time-weighted average (TWA)
sample. A TWA sample will accurately reflect the mean conditions of the
ambient air in the environment and is preferred when, for regulatory or health
reasons, a typical exposure concentration is required for a situation that may
have high variability, as in an occupational setting.

There are two general approaches to collecting air samples: 1) “whole air” sam-
pling with canisters or Tedlar® bags and 2) “in-field concentration” sampling
using sorbent tubes or cold traps. In this guide we focus on collecting whole
air samples in canisters. Within this approach, two sampling techniques com-
monly are used: passive sampling and non-passive (active) sampling, distin-
guished by the absence or use of an active pumping device, respectively.

In passive sampling an air sample is pulled through a flow controller into an
evacuated canister over a chosen period of time, ranging from 5 minutes to 24
hours. The sampling period and the flow rate determine the canister volume
required. In active sampling, a pump is used to push the sample through a
mass flow controller and into the canister. Additional sample can be collected,
relative to the amount that can be collected by passive sampling, by pressuriz-
ing the canister with sample. Commonly the sample is pressurized to 15psig,
effectively doubling the sample volume. Sampling can be time-integrated (e.g.,
an 8-hour sample), or a dip tube design can be used to establish a flow through
the system and flush the sample container with sample, then, after a specified
time, the exit valve is closed and the container is pressurized with sample.

Although active sampling is very flexible, a drawback to using a pump is the
need for additional quality assurance requirements for sample integrity (i.e.,
no artifacts or loss of analytes). Additionally, a pump requires a battery or line
power source, which may pose logistic difficulty in remote field-site sampling.

II. Equipment Used for Passive Air Sampling
To ensure a valid sample when using a passive sampling technique, it is impor-
tant that the flow rate not change greatly during the time interval specified for
the integrated sample. The proper sampling equipment helps accomplish this
objective. A typical passive sampling train should include the following com-
ponents, all constructed of stainless steel: a sampling inlet, a sintered metal
particle filter, a critical orifice, a flow controlling device, a vacuum gauge, and
a canister (Figure 1).

Sampling Inlet
The sampling inlet - the entrance to the sampling train - typically is cleaned
stainless steel tubing, either 1/4" ID or 1/8" ID. US EPA Compendium Method
TO-14/15 recommends sampling at a height of 2 meters above the ground. In
a highly trafficked area, this would minimize the problem of dust particles
entering the sampling train. This height is not mandatory, however, and it is
common practice to use an inlet that is 12" (approximately 1/3 meter) high.
The EPA also recommends having the entrance of the sampling inlet face

Restek Trademarks:
Crossbond, Rtx, SilcoCan, Siltek, Sulfinert, TO-Can, Uniliner, Plus 1,
Turning Visions Into Reality, Restek logo.

Other Trademarks:
Freon, Tedlar, Teflon, Viton (E.I. du Pont de Nemours & Co., Inc.),
SUMMA (Molectrics), Veriflo (Veriflo Corp., div. of Parker Hannifin
Corp.)
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downward, to prevent raindrops from entering the inlet. In some sampling
trains a 1/8" or 1/4" nut at the entrance of the inlet keeps water droplets away
from the edge of the inlet, where they could be drawn into the sampling train
with the sample.

Particle Filter
Installed in the sampling train prior to the flow-controlling device, the parti-
cle filter prevents airborne particles from entering the sample flow path.
Particles could partially obstruct the flow path and alter the flow rate during
sampling. In extreme cases, particles could plug the flow path and stop the
sample flow. The smallest orifice commonly used in a passive sampling train is
0.0012" (approximately 30 micrometers). Without a particle filter, dust parti-
cles could occlude this opening as they accumulate in the orifice fitting.
Particles also can affect the leak integrity of the valve, and possibly can damage
the valve. Two types of filters are used for this application, frit filters and in-
line filters (Figure 2). A variety of models of each type are available; most are
of sintered stainless steel and have 2-, 5-, or 7-micron pores. Obviously, the
smaller the pores, the less likely are potential problems from airborne particles.
EPA Compendium Method TO-14A/15 recommends using a particle filter
with 2-micron pores.

Critical Orifice
The critical orifice (Figure 3, page 4) restricts the flow to a specified range. In
conjunction with the flow controller, this allows the canister to fill at a speci-
fied rate over a specified time period. The most common critical orifice design
is a series of interchangeable stainless steel 1/4" NPT to 1/4" compression
unions, each fitted with a precisely bored sapphire orifice. Each orifice provides
a specific flow range (Table 1). Stability over a wide range of temperatures
makes sapphire the construction material of choice. Typically during field
sampling, the sampling train is subjected to temperature fluctuations that
would cause metals to contract or expand, affecting the diameter of the aper-
ture and thereby affecting flow. Sapphire will not expand or contract across
any ambient temperature extremes incurred during sampling.

A critical orifice can be used as the sole flow-restricting device, but it cannot
ensure uniform flow. The source pressure of the flow changes during sampling,
and the flow rate through the orifice also would change, producing an invalid
time-integrated sample. It is important that a highly consistent flow rate be
maintained during passive sampling. This is accomplished by the flow con-
troller that incorporates the critical orifice.

Flow Controller
The flow controller (Figure 3, page 4) maintains a constant sample flow over
the integrated time period, despite changes in the vacuum in the canister or in
the environmental temperature (Figure 4, page 5). In the Veriflo™ Model
SC423 XL Flow Controller shown in Figure 3, the critical orifice acts as a flow
restrictor, upstream of a constant back pressure. This constant back pressure is
established by the balance between the mechanical spring rate of the
diaphragm and the pressure differential across the diaphragm. The latter is
established by the pressure difference between the atmospheric pressure and
the vacuum in the canister and the flow through the critical orifice. The net
result is a constant flow.

Figure 1 A complete sampling train is
needed for reliable passive sampling.

sampling inlet

sample
canister

vacuum 
gauge

filter

flow 
controller

critical
orifice

rain cap
(1/8" or 1/4" nut)

Table 1 Critical orifice diameter vs flow rate.

OOrriiffiiccee  DDiiaammeetteerr FFllooww  RRaattee  RRaannggee CCaanniisstteerr  VVoolluummee  //  SSaammpplliinngg  TTiimmee
((iinn..)) ((ssccccmm)) 11LL 33LL 66LL 1155LL

0.0008 0.5-2 24 hr. 48 hr. 125 hr. --
0.0012 2-4 4 hr. 12 hr. 24 hr. 60 hr.
0.0016 4-8 2 hr. 6 hr. 12 hr. 30 hr.
0.0020 8-20 1 hr. 4 hr. 8 hr. 20 hr.
0.0030 20-40 -- 2 hr. 3 hr. 8 hr.
0.0060 40-80 -- -- 1 hr. 3 hr.

Figure 2 Filters used in sampling trains.

in-line 
filter

critical orifice

frit filter
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The critical orifice determines the flow range. The adjustable piston is used to
set a specific, fixed flow rate within the flow range. An adjustment to the posi-
tion of the piston changes the back pressure, which changes the pressure dif-
ferential across the critical orifice. If the piston is lowered away from the
diaphragm, the flow rate will increase. If the piston is raised toward the
diaphragm, the flow rate will decrease. This flow controller will accurately
maintain a constant flow despite changes in vacuum over a range of 30" Hg to
7" Hg. Flow is constant until the vacuum range of the device is exceeded, mak-
ing the flow controller unable to maintain the constant pressure differential. In
Figure 5, for example, the flow rate is constant from 29.9" Hg to approximate-
ly 7" Hg, at which point the flow rate decreases because the flow controller is
unable to maintain the proper pressure differential. This control will allow the
user to collect approximately 5 liters of sample in a 6-liter canister. This is an
extremely important factor in obtaining valid time-integrated samples
through passive sampling. We will discuss this point further in the Field
Sampling section of this guide.

Vacuum Gauge
A vacuum gauge enables sampling personnel to visually monitor changes in
the vacuum in the canister during sampling. If the flow rate changes unex-
pectedly (e.g., due to a leak or an incorrect setting), the vacuum gauge will
indicate a disproportionately high or low vacuum in the canister, and correc-
tive action can be taken (i.e., flow adjusted) in time to ensure a valid sample.
This type of vacuum gauge is attached to the sampling train, for use in the
field. The vacuum gauge should be of high quality, to ensure that it does not
introduce contaminants into the sample. All wetted parts in the vacuum gauge
shown in Figure 6 (page 7) are constructed of stainless steel; the gauge is accu-
rate to within 1% of full scale.

To monitor pressure in the canister before and after sampling, use a more accu-
rate measuring device. Test gauges built by Ashcroft are accurate to 0.25% of
full scale. These sensitive gauges should not be used in the field - they typical-
ly are wall mounted in the lab. Once used for sampling, a gauge must be
cleaned, and should be certified clean. Procedures are described later in this
guide.

Canister
The canister is a stainless steel vessel designed to hold vacuum to less than 10
mTorr or pressure to 40 psig. Canisters are available in a range of volumes: 850
mL, 1.0 liter, 1.8 liter, 3.0 liter, 6.0 liter, 15 liter, and 35 liter. The size of canis-
ter used usually depends on the concentration of the analytes in the sample,
the sampling time, the flow rate, and the sample volume required for the sam-
pling period (Table 1, page 3). Typically, smaller canisters are used for more
concentrated samples, such as soil gas collection, 3-liter and 6-liter canisters
are used to obtain integrated (TWA) ambient air samples at sampling times of
up to 24 hours, and large 15-liter and 35-liter canisters are used for reference
standards. Sampling time will be limited by the combination of canister size
and the flow rate at which the sample is to be collected.

A well-designed canister is essential to the success of the sampling project.
First, the canister should be made of stainless steel, so the collected sample will
not permeate through the vessel wall or degrade due to exposure to light dur-
ing shipment to the analytical laboratory. Second, the interior surface of the
canister should be inert, to reduce the potential for interactions with the ana-
lytes in the sample. Third, all canisters involved in a particular application
should be of consistent volume, to simplify calculating sample volumes.
Finally, the canister should have a high quality valve that resists abuse in the
field (e.g., overtightening that potentially could cause leaks). An inferior valve
can fail, causing sample loss and incurring replacement costs. It can be more
expensive to sample again than to replace a valve.

Two types of canisters are available, the difference being the interior surface.
The traditional canister is the stainless steel SUMMA® canister. The interior of

Figure 3 Flow controller & critical orifice.

atmospheric
reference

inlet

outlet

critical
orifice

adjustable
piston

diaphragm

Figure 3 courtesy of Veriflo Corp., 
a division of Parker Hannifin Corp.
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a SUMMA® canister is electropolished, using a polishing procedure (devel-
oped by Molectrics) that enriches the nickel and chromium surface and makes
it more inert than untreated stainless steel. The new generation of sampling
canister is typified by the SilcoCan™ canister. Like the SUMMA® canister, the
SilcoCan™ canister is made of stainless steel, and the interior is electropol-
ished, but in an additional step - Siltek® treatment - an inert layer is chemical-
ly bonded to the interior surface. Siltek® treatment makes the surface inert not
only for relatively inactive organic compounds, but also for compounds that
are reactive with metal surfaces, such as sulfur-containing compounds. Thus,
surface deactivation for SilcoCan™ canisters exceeds that for SUMMA® canis-
ters.

Canister Valve
The valve on a sampling canister must be of high quality, with the following
characteristics: leak integrity, a metal seat (to eliminate offgassing of seat com-
ponents into the sample and memory effects in the seat material), stainless

a plus 1 story
Barry was asked to build and test 20 air sampling
canisters, for shipping the same day at 11:30am.
He worked nonstop, until the canisters were
assembled, quality checked, and packaged for
shipment, ensuring a customer had the canisters
in time for an important project.

BBaarrrryy  SSppiicceerr,,  JJrr..,,
Restek Performance Coatings Technician

Figure 4 A flow controller will maintain a constant sample 
flow despite changes in canister pressure or environmental 
temperature.

Figures 4 and 5 courtesy of Veriflo Corp., a division of Parker Hannifin Corp.

Temperature Effects

Figure 5 A flow controller will maintain a constant sample flow
until it is unable to maintain a stable pressure differential across
the critical orifice.

Differential Pressure Response
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steel wetted surfaces, and a packless design (a completely enclosed system, to
ensure no contamination from lubricants or packing material). Various valves
are used on various models of canisters; the most commonly used valves are
the Nupro 4H4 series metal bellows valve and the Parker Hannafin diaphragm
valve with metal seat. At Restek we incorporate the Parker Hannafin
diaphragm valve on canisters because of its ability to hold vacuum, its dura-
bility and longevity, and a maximum temperature limit (250°C) that is much
higher than that for a bellows valve. Further, a Parker Hannafin diaphragm
valve can be rebuilt if it is damaged; it does not have to be replaced.

The connection of the valve to the canister is critical. The connection must be
leak tight, to ensure a correct sampling flow rate, but extreme caution must be
taken to prevent overtightening the tube compression fittings.

Siltek® and Sulfinert® Treatment
Siltek® treatment is a proprietary process, developed by Restek Corporation,
through which an inert layer is chemically bonded to a metal surface. The sur-
face produced by this treatment is virtually inert to active compounds. The
stainless steel pathway described in this guide is sufficient for sampling atmos-
pheres containing only non-reactive compounds, but for reactive compounds
the entire sampling pathway should be Siltek® treated to eliminate contact
between the reactive analytes and the metal surfaces. Siltek® treatment can be
applied to the interior surfaces of the canister and valve, to ensure an inert
sample pathway. If the samples will contain reduced sulfur-containing ana-
lytes, an alternative proprietary Restek deactivation process, Sulfinert® treat-
ment, is the most effective means of deactivating the sample pathway and can-
ister.

III. Preparing the Sampling Train for Use
The sampling train must be prepared in the laboratory before it can be used in
the field. The train must be assembled and leak tested, the flow rate must be
set, and the train must be certified clean. All of the following information
should be documented for the chain of custody for the passive sampling train
and the sample collected with it.

Assemble, Leak Test, and Set the Flow Rate of the Passive Sampling Train
Choose the critical orifice (Table 1, page 3) according to the sampling period
and flow rate you anticipate using (Table 2). This will ensure an accurate and
valid sample. There should be a marking on the outside of the critical orifice
fitting indicating the size of the orifice. In a clean environment, assemble the
sampling train components as shown in Figure 1 (page 3). It is imperative that
you leak test the assembled train. If the sampling train leaks during sampling,
the final partial pressure in the canister will not be the desired final partial
pressure, making the sample invalid. The most common reason for invalid
samples is leaks within the sampling train. There are two ways to leak test the
train:

1. Pass helium gas through the flow controller and use a sensitive helium
leak detector to test for leaks (e.g., Restek Leak Detector).

2. Cap the inlet, attach the sampling train to an evacuated canister, open the
valve on the canister and evacuate the sampling train.

Close the valve and monitor any pressure change in the static sampling
train. Leaks of less than 1 mL/min. can be detected in 1-2 minutes.

This is a good practical test - the small internal volume of the passive sampling
train, combined with even a small leak, will produce a large change in moni-
tored pressure.

After you are certain the sampling train is leak-free, set the desired sampling 
flow rate.

Fundamentals of Air Sampling
This book explains the fundamentals of air sam-
pling, develops the theory of gas measurement, and
presents several how-to examples of calibration
and use of air and gas sampling devices. Other top-
ics include the basics of pressure measurement and
units conversion, and specific discussions regard-
ing the use of a Volatile Organic Sampling Train or
a SUMMA®-polished canister sampling system.

G. D. Wight, CRC Press LLC, 1994, 272pp., cat.# 20492
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To set the desired flow rate follow these steps:
1. Remove the protective cap from the back of the Veriflo™ Flow Controller

SC423XL body.

2. Connect either an evacuated canister or a vacuum source to the outlet of
the sampling train.

3. Connect a high quality calibrated flow meter (i.e., mass flow meter,
rotameter, GC-type flow sensor, e.g., Restek Flowmeter 6000, cat. #21622)
to the inlet of the train.

4. Apply vacuum by opening the canister or turning on the vacuum source.

5. With a 3mm hex (Allen) wrench, adjust the piston gap screw to achieve
the desired flow rate (Table 2). Between adjustments allow the flow to
equilibrate for several minutes.

6. Replace the protective cap onto the back of the Veriflo™ Flow Controller
body.

Cleanliness: Certifying the Sampling Train for Use
US EPA Compendium Method TO-14A/TO-15 requires that the sampling
train be certified clean prior to use. Certify the train by passing a humidified,
high-purity air stream through the train, concentrating the exit gas on a trap,
and analyzing the gas by gas chromatography / mass spectroscopy or other
selective detector. For the sampling train to pass certification the analytical sys-
tem should not detect greater than 0.2ppbv of any target VOC.

The certified sampling train should be carefully packaged in aluminum foil or
in a clean container for storage or for shipment into the field. Care in packag-
ing is critical. Careless handling could affect the preset flow rate. When the
sampling train is ready for sampling, prepare the canister.

IV. Preparing the Canister for Sampling
Preparing a canister for sampling involves certifying the canister clean, evacu-
ating the canister to final pressure for use, and identifying the canister. All
information acquired during these processes is needed for the chain of cus-
tody.

Certifying the cleanliness of the canister is important toward ensuring that
results reported are solely from the site sampled, and not admixed with residue
from a previous site or from contaminated laboratory air. To certify a canister
clean, fill the canister with humidified air, pass the air from the canister
through an adsorbent trap and analyze the adsorbent for target VOCs by
GC/MS or other selective detector. Two US EPA methods discuss canister cer-
tification: EPA Compendium TO-12 and EPA Compendium TO-14A/TO-15.
To comply with EPA Compendium Methods TO-14A/TO-15, the analytical
system should not detect greater than 0.2ppbv of any target VOC. To comply
with EPA Compendium Method TO-12 the analytical system, GC/FID, should
not detect greater than 0.02ppmvC hydrocarbons. Although batch certification
of canister cleanliness is a relatively common practice, we recommend certify-
ing and documenting each canister individually. Detailed cleaning instructions
are presented in Section VIII. Cleaning the Canister (page 12).

Figure 6 Conventional vacuum gauge
and high-accuracy test gauge.

Table 2 Flow rates for integrated sampling, using a 6-liter canister
and sampling on the flat portion of the flow curve for the flow 
controller (Figure 5).

SSaammpplliinngg  PPeerriioodd
(hours) 0.5 0.75 1 2 4 8 12 16 24
FFllooww  RRaattee  RRaannggee
(mL/min.) 133-167 89-111 67-83 33-42 17-21 8-10 5.6-6.9 4.2-5.2 2.8-3.5

Collected volume is 4-5 liters (flow = volume in mL / sampling time in min.).



Some laboratories certify a canister for VOC stability by introducing a low
concentration test mixture into the canister and measuring degradation over a
specified time period. If the canister meets the specification, it is certified for
use. We recommend using such studies to ensure the effectiveness of a canister
or group of canisters for a proposed application.

Once the canister is certified clean, evacuate the canister to a final vacuum of
10-50mtorr, using either the canister cleaning system or a clean final vacuum
system. This vacuum is critical to ensure the correct amount of sample is col-
lected. Use an accurate test gauge or digital pressure tester to ensure final vac-
uum has been reached and document the final vacuum reading for the chain
of custody. Install a brass plug nut into the canister valve to ensure no con-
tamination can enter the sample pathway during shipment to the field.

Allot an individual identity to the canister, either with a label and serial num-
ber or with a bar code.

Some analysts prefer to introduce surrogate standards into the canister prior
to sampling. Debate on this practice revolves around theories that there are
potential loss issues due to low humidity and inadequate surface passivation by
water. Neither Restek chemists nor our consulting experts recommend adding
surrogates to the canisters. If you choose to introduce surrogates into your
canisters prior to sampling be sure to recheck the vacuum reading for each
canister after adding the surrogates, and record the reading.

V. Field Sampling, Using a Passive Sampling Train and Canister
It is important to mention again that the sampling train and canister must be
leak tested and certified clean prior to use. To properly begin field sampling,
we recommend bringing a "practice" evacuated canister and a flow measuring
device with you to the field. Use this canister to verify the flow rate through the
passive sampling train prior to using the train to obtain samples of record. To
verify the flow rate, connect the passive sampling train to the "practice" canis-
ter. Attach a flow meter to the inlet of the sampling train. Open the canister,
and measure the flow rate through the sampling train. If the flow rate is with-
in +/- 10% of the flow rate set in the lab, the train is ready to be used on the
formal sampling canister. If the flow rate is not within these limits, adjust the
flow rate by adjusting the piston gap screw.

When the flow rate is confirmed, record the rate as the canister flow rate for
the chain of custody form.

To begin sampling, using the formal sampling canister, follow these steps:
1. Remove the brass plug nut from the canister valve.

2. If you are using a test gauge, attach the gauge to the canister and record
the vacuum reading. If you choose not to use a test gauge under field con-
ditions, record the reading on the vacuum gauge that is part of the passive
sampling train.

3. Attach the verified passive sampling train to the canister.

4. Record the begin sampling time and necessary meteorological data.

5. Open the canister valve and begin sampling.

6. Periodically check the canister throughout the sampling period to ensure
the partial pressure reading is accurate and sampling is proceeding as
planned.

7. Once the sampling period is complete, close the valve and remove the
sampling train. Check the final partial pressure within the canister, using
the test gauge or the vacuum gauge in the sampling train.

Phone: 800-356-1688 or 814-353-1300
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did you know?
Restek canisters are shipped in boxes with handles for ease of
carrying and transporting, eliminating costly carrying cases.
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There are four possible scenarios:
A. Ideally there will be a vacuum of 7"-4" Hg in the canister (see, e.g.,

Table 3 on page 10).

B. If more than 7" Hg vacuum remains, less sample was collected than
initially anticipated. The sample will be valid, but the detection limit
may be higher than expected. You might have to pressurize the canister
prior to the analysis, which will dilute the sample, then you will have to
use a dilution factor to determine final concentrations of target com-
pounds.

C. A vacuum of less than 4" Hg indicates the sample might be skewed
toward the initial part of the sampling period. This assumption usually
is valid because the flow rate through the flow controller will fall once
the vacuum falls below 5" Hg (Figure 5, page 5), when the change in
pressure across the flow controller diaphragm becomes too small and
the flow controller is unable to maintain a constant flow. Although
flow was not constant over the entire sampling period, the sample
might be usable because sample was collected over the entire interval.

D. If the ending vacuum is less than 1" Hg the sample should be consid-
ered invalid because it will be impossible to tell when the sample flow
stopped.

8. Record the final partial pressure in the canister and replace the plug nut.

Information that should be acquired at the sampling site includes the start
time and interval time, the stop time, atmospheric pressure and temperature
and, for ambient sampling, wind direction. Include elevation if it is a factor.
These parameters often prove very useful toward interpreting results.

After sampling, the canisters are sent back to the laboratory, where the final
vacuum is measured once again, with a test gauge. Using the initial vacuum
and final vacuum, the sample volume collected can be determined from
Equation 1:

Equation 1:
pressure change*

sample volume = ________________________ x  canister volume

atmospheric reference pressure

*initial pressure - final pressure

Example: A sample is collected in a 6-liter canister. The initial gauge pressure
reading when the canister left the lab was 29" Hg vacuum; the final gauge pres-
sure reading when the canister was returned to the lab was 7" Hg vacuum.

sample volume = [(29"Hg - 7"Hg) / 29"Hg] x 6L = 4.55 liters collected.

It is also a good practice to recheck the flow rate after sampling, because this
will affect the sample volume (Equation 2). Laboratories typically allow a max-
imum deviation of +/-10% to +/-25% between the initial flow rate and the
post-sampling flow rate.

Equation 2:
sample volume = [(initial flow rate + post-sampling flow rate)/2] x sampling time

Example: A flow controller was set at 3.3mL/min. After obtaining a 24 hour
sample the flow rate was 3.0mL/min.

sample volume = [(3.3mL/min. + 3.0mL/min.) / 2] x 1440 min. = 4536mL.

Methods of Air Sampling and Analysis, 3rd Edition
This book includes precise directions for analyzing
a long list of air contaminants. All contaminants
one can analyze or monitor using a given method
are consolidated to facilitate use. An excellent refer-
ence manual for all analytical laboratories conduct-
ing air analyses.

J. P. Lodge, CRC Press LLC, 1988, 784pp., cat.# 20493



VI. Analysis of Collected Samples
Once received by the lab, each canister is identified from the information in the
chain of custody report. The final partial pressure is checked to ensure no leaks
appeared during transport. It might be necessary to pressurize a canister prior
to the analysis; do this by adding humidified nitrogen or air to the canister to
a pressure greater than 5 psig or higher, depending on the sample volume
needed for analysis or for suitably diluting the sample (e.g., Table 4). The need
to dilute is determined by the preconcentrator instrument. Some air precon-
centrators can be operated while the canister is under slight vacuum. Check
with your instrument manuals, or with the manufacturer, to determine if you
must dilute your samples prior to analysis.

Equation 3:
dilution factor = (Pafter dilution + Plab atmosphere) / (Plab atmosphere - Pbefore dilution)

The dilution factor is calculated from the post-sampling pressure (before dilu-
tion), the final pressure (after dilution), and the atmospheric pressure in the
laboratory. The factor for converting "Hg to psi = 0.491.

Example: At the end of a sampling period the gauge pressure in a canister was
7"Hg. The canister was pressurized with nitrogen to 14.7psig (1 Atm.).

The dilution factor is (14.7 + 14.7) / (14.7 - (7 x 0.491)) = 2.61

To analyze the sample, withdraw an aliquot of the sample from the canister.
For low level ambient air analysis, withdraw 250-500 mL of sample from the
canister and concentrate the analytes by using a mass flow controller and a
cryogenically cooled trap (e.g., glass beads and/or a solid sorbent). Desorb the
concentrated analytes from the trap and deliver them to a cryofocuser, to focus
the sample bandwidth prior to introduction onto the GC column. A 60m x
0.32mm ID x 1.0µm Rtx®-1 column typically is used for EPA Method TO-14A
or Method TO-15 ambient air analysis; an MSD is a common detector. Figure
7 shows a typical TIC spectrum for a TO-14A/TO15 ambient air analysis.

Procedures used in these chromatographic analyses generally include a multi-
point calibration, using gas standards. Therefore calculations of organic com-
pounds in collected samples are straightforward - only volumes analyzed and
dilution rates are needed to determine sample concentrations. High concen-
tration calibration gas standards are commercially available (e.g., 1ppmv or
100ppbv); introduce an aliquot of stock material into a canister and dilute with
humidified air or nitrogen. After analyzing the calibration standards, deter-
mine the response factor for each analyte, using the peak area counts per con-
centration.

After analyzing the multipoint calibration standards and calculating peak
area/concentration response factors, analyze the “real world” samples. If an
"unknown" sample has not been diluted apply the corresponding response fac-
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frequently asked question
WWhheerree  ccaann  II  ffiinndd  EEPPAA  AAiirr  TTooxxiicc  MMeetthhooddss??
pdf files of US EPA Air Toxic Methods are available at this web
address: wwwwww..eeppaa..ggoovv//ttttnn//aammttiicc//aaiirrttooxx..hhttmmll

Table 4 Dilution factors to adjust final sampling 
pressure to 14.7psig for a 6-liter canister.

FFiinnaall  VVaaccuuuumm
("Hg) 29" 27" 25" 23" 20" 17" 15" 12" 10" 7" 5" 3" 0"
SSaammppllee  VVoolluummee
(liters) 0 0.414L 0.83L 1.24L 1.86L 2.48L 2.90L 3.52L 3.93L 4.55L 5.0L 5.38L 6L
DDiilluuttiioonn  FFaaccttoorr

63.71 20.37 10.12 8.63 6.02 4.63 4.01 3.34 3.00 2.61 2.40 2.22 2.00

Table 3 Final vacuum and volume of 
sample collected in 6-liter canister.

FFiinnaall  VVaaccuuuumm
("Hg) 29" 27" 25" 23" 20" 17" 15" 12" 10" 7" 5" 3" 0"
SSaammppllee  VVoolluummee
(liters) 0 0.414L 0.83L 1.24L 1.86L 2.48L 2.90L 3.52L 3.93L 4.55L 5.0L 5.38L 6L



Figure 7 TLC spectrum for a TO-14/TO-15 ambient air analysis.
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tor to each “unknown” analyte peak area to get the reporting limit concentra-
tion of the “unknown” in the analysis (typically in ppbv). If you have diluted
the canister to get a positive pressure, however, you must apply the dilution
factor to the concentration values. This is done by multiplying the reporting
limit by the dilution factor.

VII. Cleaning the Passive Sampling Train
The cleanliness of the sampling train is critical to collecting accurately repre-
sentative samples. Practices followed for cleaning passive sampling equipment
between uses range from purging the sampling pathway with humidified
nitrogen or air for many hours to heating the pathway during a purge to dis-
assembling each component, sonicating the pieces in solvent, and oven baking
the pieces prior to re-assembly. The most suitable mode of cleaning depends
on the concentrations of analytes of interest, and contaminants, in the previ-
ous sample collected.

The particle filter must be thoroughly cleaned between uses. Disassemble the
filter, then remove the larger particles from the frit by blowing particle-free
nitrogen through the frit from the outlet surface toward the inlet surface. After
the larger particles are removed sonicate or rinse the filter parts in methanol,
then bake the parts in an oven at 130°C to remove any residual organic vapors.

The critical orifice and flow controller can be cleaned in either of two ways.
The first method is to disassemble the flow controller and clean all the metal
parts with methanol. This will remove any high boiling compounds that have
condensed onto the wetted areas of the controller. Heat the cleaned parts in an
oven at 130°C to remove residual organic vapors. Do not sonicate in solvent or
bake any of the non-metallic parts, such as O-rings; they will be damaged dur-
ing these steps. Do not rinse the vacuum gauge with methanol. The vacuum
gauge may be heated, but do not exceed 80°C; higher temperatures will dam-
age the face and the laminated safety glass lens. Heating to 80°C will not affect
the mechanical operation of the spiral bourdon tube in the vacuum gauge.

Rtx®-1 60m, 0.32mm ID, 1.0µm (cat.# 10157).
Sample: 200mL of 10ppbv TO-15 standard (cat.# 34436), injected into TO-Can™ canister and humidified to 70% RH. 
Concentrator: Nutech 3550 Preconcentrator

200mL of sample concentrated at 160°C, thermally desorbed at 150°C, and cryofocused at 185°C.  
Oven temp.: 30°C (hold 4 min.) to 175°C @  9°C/min. to 220°C @  40°C/min.
Carrier gas: helium @ 1.2mL/min.
Det.: Agilent 5971 MS
Scan range: 35-265amu
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1. dichlorofluoromethane
2. chloromethane
3. dichlorotetrafluoroethane
4. vinyl chloride
5. 1,3-butadiene
6. bromomethane
7. chloroethane
8. bromoethene
9. acetone

10. trichlorofluoromethane
11. isopropyl alcohol
12. 1,1-dichloroethene
13. methylene chloride
14. 3-chloropropene
15. carbon disulfide
16. Freon® TF
17. trans-1,2-dichloroethene
18. 1,1-dichloroethane
19. methyl tert-butyl ether
20. methyl ethyl ketone
21. cis-1,2-dichloroethene
22. bromochloromethane (IS)
23. n-hexane
24. chloroform
25. tetrahydrofuran
26. 1,2-dichloroethane
27. 1,1,1-trichloroethane
28. benzene
29. carbon tetrachloride
30. cyclohexane
31. 1,4-difluorobenzene (IS)
32. 1,2-dichloropropane
33. bromodichloromethane
34. trichloroethene
35. 1,4-dioxane
36. 2,2,4-trimethylpentane
37. n-heptane
38. cis-1,3-dichloropropene

39. methyl isobutyl ketone
40. trans-1,3-dichloropropene
41. 1,1,2-trichloroethane
42. toluene
43. methyl butyl ketone
44. dibromochloromethane
45. 1,2-dibromoethane
46. tetrachloroethene
47. chlorobenzene-d5 (IS)
48. chlorobenzene
49. ethylbenzene
50. m/p-xylene
51. bromoform
52. styrene

53. 1,1,2,2-tetrachloroethane
54. o-xylene
55. 2-chlorotoluene
56. 4-ethyltoluene
57. 1,3,5-trimethylbenzene
58. 1,2,4-trimethylbenzene
59. 1,3-dichlorobenzene
60. 1,4-dichlorobenzene
61. 1,2-dichlorobenzene
62. 1,2,4-trichlorobenzene
63. hexachlorobutadiene
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A less involved method of cleaning the flow controller is to use a heating jack-
et or heat gun to heat the components of the assembled sampling train, while
purging the system with nitrogen. As organic compounds are heated and des-
orbed from the interior surfaces the nitrogen gas sweeps them out of the sam-
pling equipment.

Preparing the Clean Passive Sampling Train for Re-use
After the sampling train components have been cleaned, reassemble the sys-
tem, check for leaks, set the desired flow rate, and certify the sampling system
clean. Follow the procedures described previously in this guide. Package the
clean sampling train to prevent contact with airborne contaminants.

VIII. Cleaning the Canister
Every air sampling canister, whether new or previously used, must be cleaned
and certified before it is used for sampling. Some laboratories batch test and
certify canisters, in which after cleaning, one canister out of 10 is tested and
certified clean. We recommend certifying each canister clean prior to use,
however, especially if there is potential for litigation.

For many years there has been much discussion as to what constitutes a prop-
er procedure for cleaning canisters. US EPA Method TO-14A has provided
guidance, and in the last 5-10 years many automated commercially available
canister cleaning systems have evolved. Unfortunately, because these systems
are quite expensive, and some designs have limitations, many analysts design
their own systems and methodologies for cleaning canisters. The cleaning pro-
cedure described in this section is a practical approach that will ensure canis-
ters are suitably cleaned for ambient air sampling, whether you are using a
commercially available cleaning system or a system of your own design. There
are minor differences when cleaning SilcoCan™ or SUMMA® canisters. We
will discuss these differences in this  procedure.

Air Versus Nitrogen
The two gases recommended for cleaning canisters are humidified ultra-high
purity air and ultra-high purity nitrogen. The water in the humidified gas
hydrolyzes impurities in the canister and, according to theory, will occupy the
active sites on the interior surface, displacing the impurities and allowing
them to be removed. Air is recommended when oxidation of the interior sur-
face is desired. The oxygen content of air, 21%, is sufficient for this surface oxi-
dation; it is not necessary to use pure oxygen gas. Nitrogen is equally effective
for cleaning ambient air canisters, but, of course, nitrogen will not oxidize the
surface of the canister.

Heat or No Heat
Many user-designed canister cleaning systems do not heat the canisters.
Typically this does not create a problem when cleaning canisters that are used
in ambient air collection, but as a safeguard we recommend heating the can-
isters during the cleaning process. Compounds collected in most ambient air
samples are in the low ppbv range, and can be removed from a canister by
multiple cycles of pressurization with humidified air or nitrogen followed by
evacuation. If there are higher concentrations of contaminants in the canister,
however, heat might be required to clean the canister satisfactorily.

Be aware that adding heat and humidified gas to a canister potentially can cre-
ate a steam pressure vessel. Some commercial cleaning systems incorporate a
pressure release valve to ensure the pressure does not exceed the pressure rat-
ing of the canisters.

A heating option can be added to a user-designed canister cleaning system by
using an oven, heat bands, insulated jackets, or an infrared source.

Handbook of Air Toxics.
Sampling, Analysis and Properties
This reference book contains physical and chemical
data for all the chemicals in the National
Toxicology Program’s Chemical Database and all
substances indicated in the US EPA Clean Air Act
Amendments.

L. H. Keith and M. M. Walker, CRC Press LLC, 1995, 640pp.,
cat.# 21373
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Oven
Some canister cleaning systems are incorporated within an oven. The supply
line for the humidified air stream and the line to the vacuum system are
plumbed directly into the oven. In this arrangement the entire canister,
including the valve, will be heated, and this will help remove contaminants if
both the valve and the canister are dirty. Typically, when using heat, it is help-
ful to create steam from the humidified air stream. An oven temperature of at
least 120°C is required, but higher temperatures often are used. Remember
that heat can shorten the lifetime of the Nupro valve on a SUMMA® canister
(see step 3 in Cleaning Method, below).

Space is a concern with oven systems. Most commercial ovens are not very
large and this restricts the number of canisters that can be cleaned at one time.
However, clean-up times are shorter with heat than without heat, so more
cleaning cycles can be completed in a week.

Heat Bands
A band heater placed around the equator of the canister typically will be capa-
ble of heating the canister to approximately 130°C. There is a heat gradient,
and the valve might only receive radiant heat (approximately 70-100°C). In
most sampling situations, however, this lower temperature should be suffi-
cient for effectively removing contaminants from the valve.

Insulated Heat Jackets
Insulated heat jackets can be obtained to surround and heat each canister.
These jackets typically have a silicone or Teflon®-coated fiberglass fabric exte-
rior and a fiberglass insulation interior. Some operate at a fixed temperature;
others can provide variable temperature, up to 400-500ºF. Restek’s heating
jacket, described at right on this page, offers significant advantages over most
other commercial designs, which do not encompass the valve area.

Infrared Heat
An infrared heating system includes an infrared heat source and a reflective
panel similar to the cylinder drying rack on a gas cylinder system. The infrared
source and the reflective panel are placed on opposing sides of the canisters.
Infrared rays from the source heat the canisters; rays that pass the canisters
strike the reflective panel and heat the canisters from the opposing side.

The Cleaning System
The cleaning system must provide a humidified air stream and include a good
vacuum source, a cold trap to collect impurities during cleaning, and accurate
gauges to read vacuum and pressure. A heat source is optional, but is highly
recommended in some circumstances, as discussed above. The system can be
designed to clean 4 to 24 six-liter canisters. Figure 8 (page 14) shows an exam-
ple of a “homemade” system designed to clean 24 six-liter canisters. This
design does not employ heat, but a heater easily can be added (see Heat or No
Heat, page 12). It provides a humidified air stream to all canisters and the
roughing pump on the bottom shelf is the vacuum source. This system is
computer operated to minimize labor, but this is not necessary.

Cleaning Method
1. Connect all canisters to the cleaning system, then release any pressure

within any of the canisters. Put the system under vacuum, to evacuate the
canisters. US EPA Method TO-14A/15 recommends evacuating the sys-
tem to 50 mTorr for 1 hour, but a reduced pressure of 23-25" Hg is suffi-
cient for general cleaning.

2. After the canisters have been under vacuum for approximately 1 hour,
pressurize the canisters with humidified air or nitrogen*. Pressurization
will dilute the impurities and the moist air will hydrolyze them.
Pressurize canisters to 5 psig if they will be heated or to 30 psig if they
will not be heated. Proceed to step 3 when the system has equilibrated at
the designated pressure.

The ultimate in controlled heating, 
for reliably cleaning your air canisters!

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Air Canister Heating Jacket (110 volt) ea. 24123

Air Canister Heating Jacket
• Closely simulates oven environment—heats

entire canister.
• Two temperature settings, 75°C and 150°C.
• Prevents sample condensation, for accurate sub-

sampling.
• Easily fits canister up to 6 liters.
• Lightweight; comfortable to the touch when

heated.
• Connect up to five Canister Heating Jackets to

one 15 amp circuit.

The Restek Canister Heating Jacket will help you
clean your canisters faster and more efficiently. The
novel design ensures the entire canister, including
the valve, is heated during the cleaning cycle, to
remove contaminants most effectively. It also can
be used to keep the sample heated during aliquot
removal, which helps prevent condensation and
assure accurate data for larger molecules. The two
heat settings let you match the temperature to the
volatility of your sample components. If you try
one in your system, we think you’ll want more.

*please note
If you are cleaning SilcoCanTM canisters, and will be using heat,
use humidified nitrogen, not air.
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3. Heat the pressurized canisters to 120 - 250°C, depending on the type of
canister being cleaned. Do not allow the temperature of a SUMMA® can-
ister to exceed 155°C, because the Nupro valve it employs has Viton® O-
rings and requires greases that cannot be exposed to high temperatures.
Many commercial cleaning systems avoid this problem by ensuring the
valve is not within the heated zone. The canister below the valve is heated
but the valve receives only radiant heat. In contrast, the Parker Hannifin
diaphragm valve in a SilcoCan™ canister is far less heat sensitive, allow-
ing the canister to be cleaned at temperatures up to 250°C, to help
remove less labile impurities.

Heat the canisters filled with humidified air for at least 1 hour.

4. Re-evacuate the canisters to remove the desorbed impurities. Allow the
canisters to equilibrate for 1 hour.

5. Determine if the canisters have been cleaned effectively by following the
procedure in Certifying the Canister, below. US EPA methods recom-
mend testing every canister until a reliable procedure is developed.

Repeat steps 1-5 as necessary; the number of cycles will be determined by 
how dirty the canisters are and how easily they are cleaned. We recom-
mend developing a cleaning procedure that matches your specific sam-
pling procedure, by testing the canisters for cleanliness after each cycle
and determining the number of cycles necessary for proper cleaning. If
the canisters are not heated, the number of cycles required to clean the
canisters might be higher.

6. Once a canister is clean, prepare it for collecting a sample by evacuating it
to 10-50 mTorr. If your system is leak-tight, you can do this by using a
roughing pump, but many commercial systems include a molecular drag
pump to reach final vacuum quickly.

IX. Certifying the Canister
We recommend certifying canisters for both cleanliness and for analyte stabil-
ity. To certify a canister clean, pressurize the canister to 14.7 psig with humid-
ified ultra-high purity air or nitrogen after it has gone through the cleaning
cycles. The humid air or nitrogen stream must be certified clean before it can
be used for canister certification. Analyze an aliquot of the canister content by
GC/MS or GC/FID/ECD. US EPA Method TO-14A/15 specifies a canister
must contain less than 0.2 ppbv of any target VOC compound (Figure 9); EPA
Method TO-12 specifies less than 0.02 ppmC, as detected by GC/FID. If a can-
ister does not meet specification, it must be re-cleaned and re-tested for certi-
fication.

To certify a canister for analyte stability, introduce a low working concentra-
tion of a characterized test mix into the canister. Analyze an aliquot of the con-
tents of the canister immediately after introducing the test mixture and at
periodic intervals. We recommend monitoring for changes for a minimum of
2 weeks, or for a timeframe similar to your anticipated holding period.
Responses should not decrease more than 20% over this period.

Commercially available standards are available for stability testing, but we rec-
ommend you make your own test mixture that is comparable to the target
compound list that the canister will hold. For example, if you are analyzing
sulfur compound content in ambient air, prepare a sulfur-specific test mix and
evaluate the canister's performance for sulfurs. Maintain a log sheet for each
canister, and record the test results and certification. This will be a permanent
record for each canister. Some labs certify canisters for certain compounds
and use a canister only for this specific application.

Figure 8 User-designed system for 
cleaning 24 six-liter canisters.
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X. Conclusion
A well designed and properly prepared passive sampling system helps ensure
accurate, useful information is obtained from an air sampling project. In this
guide, we describe the components of the system, procedures for assembling
the system and preparing it for sampling, and the sampling procedure.
Cleaning system options and procedures for cleaning a used sampling train
and canister for certification prior to a subsequent sampling also are present-
ed. The following section describes Restek products designed to help collect
and analyze air samples.

Dirty can

Clean can

Figure 9 Aliquots from a canister before and after cleaning with 
2 cycles of humidified air while heated to 200°C.

Rtx®-1 60m x 0.32mm ID x 1.0µm (cat.
#10157)
50°C (hold 1min) to 165°C @ 8°C/min.
to 220°C @ 15°C/min. (hold 5 min.)
flow rate = 1.4mL/min.

Nutech 3550 Preconcentrator 
conditions
sample= 300cc from canister
cryotrap = -160°C
desorb = 150°C
cryofocuser = -190°C
desorb = 150°C

MSD conditions
Instrument: HP5971 GC/MSD 
5 minute solvent delay
scan range = 25-260amu
detector temp. = 250°C

Pressure Conversion Table

PPrreessssuurree PPSSII aattmm kkgg//ccmm22 ttoorrrr kkPPaa bbaarr iinncchheess  HHgg
PSI = 1 0.068 0.0703 51.713 6.8948 0.06895 2.0359
atm = 14.696 1 1.0332 760 101.32 1.0133 29.921
kg/cm2 = 14.223 0.967 1 735.5 98.06 0.9806 28.958
torr = 0.0193 0.00132 0.00136 1 0.1330 0.00133 0.0394
kPa = 0.1450 0.00987 0.0102 7.52 1 0.0100 0.2962
bar = 14.5038 0.9869 1.0197 751.88 100 1 29.5300
in Hg = 0.49612 0.0334 0.0345 25.400 3.376 0.03376 1

Multiply units in the left-most column by the conversion factors listed in the columns to the right.
e.g., 10PSI x 0.068 = 0.68atm, 10 bar x 29.5300 = 295.300 inches Hg
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XI. Air Sampling Products

Alternative
Vacuum/Pressure
Gauges
The standard vacuum/pressure
range on a SilcoCan™ or TO-Can™

canister fitted with a gauge is
30" Hg to 60psig. To order a 
different gauge for the canister,
add the appropriate suffix num-
ber to the canister catalog num-
ber. There is no price difference
for these alternative gauges.

GGaauuggee SSuuffffiixx
30" Hg/15psi -651
30" Hg/30psi -652

did you know?
We ship our canisters
cleaned, batch-tested per
USEPA TO-14, and under
30psig pressure with dry
nitrogens. 

Refer to our catalog or our
website for replacement 
pressure gauges.

SilcoCan™ Air Monitoring Canisters
Siltek® treated - ideal for low-level reactive sulfur compounds (1-20ppb)
• Unsurpassed inertness, even for sulfur-containing or brominated compounds.
• Sizes from 1 to 15 liters support a wide range of sampling needs.
• Optional 3-port valve allows attachment of vacuum/pressure gauge for monitoring canister pressure.
• For critical applications, order a Siltek® treated valve - add suffix “-650” to the catalog number of the

canister.

For ultimate inertness, we treat SilcoCan™ air monitoring canisters with our unique Siltek® passivation tech-
nology. Even highly active components, at low parts-per-billion concentrations, can be readily sampled and
stored without loss. The valve is a high quality, metal-to-metal seal, 2/3-turn valve with metal diaphragms.
Both stainless steel and Siltek® treated valves are available, in both the 2-port and 3-port configurations.

TO-Can™ Air Monitoring Canisters
Optimized for US EPA Methods TO-14 and TO-15
• High quality, metal-to-metal seal, 2/3-turn valve with metal diaphragms.
• Sizes from 1 to 15 liters.
• Optional 30" Hg/60psig vacuum/pressure gauge (other gauges available).

DDeessccrriippttiioonn qqttyy.. ccaatt..##
11LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24172
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24176
33LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24173
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24177
66LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24174
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24178
1155LL  VVoolluummee
TO-Can™ Canister, 1/4" Valve ea. 24175
TO-Can™ Canister with Gauge, 1/4" Valve ea. 24179

1/4" Replacement Valves for Air Monitoring Canisters*

*All Restek canisters are originally equipped with these high-quality Parker Hannifin diaphragm valves. Each valve is helium leak-
tested to 4 x 10-9cc/sec. The all-stainless steel construction eliminates contamination and withstands temperatures from -100°C to
250°C. Compression outlet fitting, indicator plate to display open or closed position, 1/4" inlet and outlet.

SSttaaiinnlleessss  SStteeeell  VVaallvvee SSiilltteekk®--TTrreeaatteedd  VVaallvvee
DDeessccrriippttiioonn qqttyy.. ccaatt..## qqttyy.. ccaatt..  ##
1/4" Replacement Valve (2-port) ea. 24145 ea. 24144
1/4" Replacement Valve (3-port) ea. 24147 ea. 24146

DDeessccrriippttiioonn qqttyy.. ccaatt..##
11LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24180
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24180-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24140
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24140-650
33LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24181
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24181-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24141
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24141-650
66LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24182
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24182-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24142
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24142-650
1155LL  VVoolluummee
SilcoCan™ Canister, 1/4" Valve ea. 24183
SilcoCan™ Canister, Siltek®-Treated 1/4" Valve ea. 24183-650
SilcoCan™ Canister with Gauge, 1/4" Valve ea. 24143
SilcoCan™ Canister with Gauge, Siltek®-Treated 1/4" Valve ea. 24143-650
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Air Monitoring Gas Standards (see our catalog or website for others)

did you know?
Spectra Gas manufactures our high-quality air monitoring gas
standards and is:

- Official supplier of PAMS (ozone precursor) calibration gas to 
US EPA.

- Only vendor of 62-component TO-15 gas standard.

- Rigorous quality control guarantees the stability and 
reproducibility of every Spectra Gases mix.

cylinder
design
AAlluummiinnuumm  ccoonnssttrruuccttiioonn..
SSiizzee:: 8 x 24 cm. 
VVoolluummee//PPrreessssuurree:: 104 liters
of gas @ 1800psig.
OOuuttlleett  FFiittttiinngg:: CGA-180.
WWeeiigghhtt::  1.5 lbs.

benzene 
bromomethane 
carbon tetrachloride 
chlorobenzene 
chloroform 
chloromethane 
1,2-dibromoethane 
m-dichlorobenzene 
o-dichlorobenzene 
p-dichlorobenzene 
dichlorodifluoromethane 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-dichloroethene 
cis-1,2-dichloroethene 
1,2-dichloropropane 
cis-1,3-dichloropropene 
trans-1,3-dichloropropene 
dichlorotetrafluoroethane 
ethyl benzene 

ethyl chloride 
hexachloro-1,3 butadiene 
methylene chloride 
styrene 
1,1,2,2-tetrachloroethane 
tetrachloroethylene 
toluene 
1,2,4-trichlorobenzene 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
trichloroethene 
trichlorofluoromethane 
1,1,2 trichlorotrifluoroethane 
1,2,4-trimethylbenzene 
1,3,5-trimethylbenzene 
vinyl chloride 
m-xylene 
o-xylene 
p-xylene 

TO-14A Calibration Mix (39 components)

In nitrogen, 104 liters @ 1800psig

11ppppmm 110000ppppbb
34400 (ea.) 34421 (ea.)

TO-15 62 Component Mix (62 components)

acetone 
benzene 
benzyl chloride* 
bromodichloromethane 
bromoform 
bromomethane 
1,3-butadiene 
2-butanone (MEK) 
carbon disulfide* 
carbon tetrachloride 
chlorobenzene 
chloroethane 
chloroform 
chloromethane 
cyclohexane 
dibromochloromethane 
1,2-dichlorobenzene 
1,3-dichlorobenzene 
1,4-dichlorobenzene 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-dichlorethene 
cis-1,2-dichloroethene 
trans-1,2-dichloroethene
1,2-dichloropropane 
cis-1,3-dichloropropene
trans-1,3-dichloropropene
1,4-dioxane 
ethanol* 
ethyl acetate 
ethyl benzene 
ethyl dibromide (1,1-dibromoethane)

4-ethyltoluene 
trichlorofluoromethane (Freon® 11) 
dichlorodifluoromethane (Freon® 12 )
1,1,2-trichloro-1,2,2-trifluoroethane 

(Freon® 113) 
1,2-dichlorotetrafluoroethane 

(Freon® 114)
heptane 
hexachloro-1,3-butadiene 
hexane 
2-hexanone (MBK) 
4-methyl-2-pentanone (MIBK)
methylene chloride 
methyl tert-butyl ether (MTBE)
2-propanol 
propylene 
styrene 
1,1,2,2-tetrachloroethane
tetrachloroethene 
tetrahydrofuran 
toluene 
1,2,4-trichlorobenzene 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
trichloroethene 
1,2,4-trimethylbenzene 
1,3,5-trimethylbenzene 
vinyl acetate 
vinyl chloride 
m-xylene 
o-xylene 
p-xylene 

In nitrogen, 104 liters @ 1800psig

11ppppmm 110000ppppbb
34436 (ea.) 34437 (ea.)

*Stability of this compound cannot be guaranteed.

6-month stability

Miniature Air Sampling Canisters—an alternative to tube and pump samplers
• Ideal for indoor air, personal, emergency response, or soil gas sampling (applications ≤ 40psig).
• Available with quick-connect (1/4" tube) fitting, compatible with sampling and analysis instruments.
• Available with non-treated or Sulfinert®-treated valve.
• 1000cc canister suitable for US EPA Methods TO-14 and TO-15.

DDeessccrriippttiioonn VVoolluummee qqttyy.. ccaatt..##
Electro-Polished Miniature Canister with Quick-Connect Stem Fitting 400cc ea. 24188

1000cc ea. 24194
Sulfinert®-Treated Miniature Canister with Quick-Connect Stem Fitting 400cc ea. 24189

1000cc ea. 24195

Sulfinert®-Treated Miniature Canister with Sulfinert®-Treated Quick-Connect 
Stem Fitting

400cc ea. 24190
1000cc ea. 24196

Electro-Polished Miniature Canister with Metal-Seated Diaphragm Valve 400cc ea. 24191
1000cc ea. 24197

Sulfinert®-Treated Miniature Canister with Metal-Seated Diaphragm Valve 400cc ea. 24192
1000cc ea. 24198

Sulfinert®-Treated Miniature Canister with Sulfinert®-Treated Diaphragm Valve 400cc ea. 24193
1000cc ea. 24199

Metal-seated
diaphragm valve

Quick-Connect Fittings for Miniature Air Sampling Canisters (1/4" tube fitting)
DDeessccrriippttiioonn qqttyy.. ccaatt..##
Quick-Connect Stem Fitting ea. 24185
Sulfinert®-Treated Quick-Connect Stem Fitting ea. 24186
Quick-Connect Body Fitting ea. 24187

Electro-Polished Miniature Canister with Nut & Ferrule 400cc ea. 24205
1000cc ea. 24206

Sulfinert®-Treated Miniature Canister with Nut & Ferrule 400cc ea. 24207
1000cc ea. 24208

Dimensions:
400cc = 2.75" diameter,

5.35" long
1000cc = 2.75" diameter,

11.92" long
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2

3

All fitting connections are 1/4" tube,
except where noted.

Passive Air Sampling Kits
Better Performance at a Better Value
• Improved design eliminates leaks at the filter.
• Siltek®-treated components ensure a very inert surface.
• Excellent for sampling times from 1 hour to 125 hours, or grab sampling.

Restek’s passive air sampling kit incorporates all hardware necessary to collect air samples, and is easy to
assemble for field sampling.* The improved filter design greatly reduces the number of potential leak sites.

The passive air sampling kit is available in six sampling flow ranges, and in stainless steel or Siltek® treat-
ed finish. The stainless steel kit is ideal to partner with the Restek TO-Can™ air sampling canister for TO-
14A and TO-15 methods. Use the Siltek®-treated version with the Restek SilcoCan™ air sampling canister
when collecting low-level volatile sulfur compounds, or other active compounds.

*Air sampling canisters sold separately.

Air Sampling Kits

1. Veriflo™ SC423XL
flow controller
This flow controller is the
heart of the sampling train. It
is a high-quality device
designed to maintain a con-
stant mass flow as the pres-
sure changes from 30" Hg to
5" Hg (we recommend you
stop sampling at or before 5"
Hg of vacuum). All wetted
parts of the flow controller
can be Siltek®-treated.

2. Stainless steel 
vacuum gauge
Fitted to the flow controller,
the gauge monitors canister
pressure change during sam-
pling.

3. 1/4-inch Siltek® 
sample inlet
The 2m x 1/4-inch tubing
includes a stainless steel nut
on the inlet
end, to prevent water
droplets from accumulating at
the edge of the tubing, where
they could be pulled into the
sampling train.

4. 2-micron frit 
filter and washer
Located prior to the critical
orifice to prevent airborne
particles from clogging the
critical orifice. Replaceable.
Available in stainless steel, or
Siltek®-treated for 
optimum inertness.

5. Interchangeable 
critical orifice
An interchangeable sapphire
critical orifice allows you to
control the flow with very high
precision. To select the cor-
rect critical orifice for your
sample, see table above.
Available in stainless steel, or
Siltek®-treated for optimum
inertness.

4

5

1/4" NPT

1

a plus 1 story
“Restek has consistently provided high quality chromatography columns and supplies to me for well over a decade. Over the last two
years, I have extensively been involved with air analysis, TO-15, etc., and Restek provides the highest quality canisters, mini-cans, and
flow controllers in the market today.”

SSccootttt  VVaann  EEtttteenn,, IH Laboratory Manager, EMSL Analytical

CCaanniisstteerr  VVoolluummee**//SSaammpplliinngg  TTiimmee FFllooww OOrriiffiiccee SSiilltteekk®--TTrreeaatteedd SSttaaiinnlleessss  SStteeeell
440000cccc 11  LLiitteerr 33  LLiitteerr 66  LLiitteerr 1155  LLiitteerr ((ssccccmm)) ssiizzee SSaammpplliinngg  KKiittss SSaammpplliinngg  KKiittss
8 hour 24 hour 48 hour 125 hour — 0.5–2 0.0008" 24217 24216
2 hour 4 hour 12 hour 24 hour 60 hour 2–4 0.0012" 24160 24165
1 hour 2 hour 6 hour 12 hour 30 hour 4–8 0.0016" 24161 24166

— 1 hour 4 hour 8 hour 20 hour 8–20 0.0020" 24162 24167
— — 2 hour 3 hour 8 hour 20–40 0.0030" 24163 24168
— — — 1 hour 3 hour 40–80 0.0060" 24164 24169
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Replacement Orifices
Use these orifices to change the flow range for alternative sampling times. Interchangeable with Veriflo™

423XL orifices.

FFllooww              OOrriiffiiccee SSiilltteekk®--TTrreeaatteedd SSttaaiinnlleessss  SStteeeell
((ssccccmm))              ssiizzee ccaatt..## ccaatt..##
0.5–2 0.0008" 24219 24218
2–4 0.0012" 24233 24245
4–8 0.0016" 24234 24246
8–20 0.0020" 24235 24247
20–40 0.0030" 24236 24248
40–80 0.0060" 24237 24249

2µm Frit Filters
For use in critical orifice fitting. Includes washers.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Siltek® Replacement Frit Filter 3-pk. 24171
Stainless Steel Replacement Frit Filter 3-pk. 24170

Veriflo™ Flow Controllers
Veriflo™ 423XL flow controllers are offered in a Siltek® and a stainless steel version, with or without a crit-
ical orifice. (Vacuum gauge sold separately.) The critical orifice is interchangeable. Order replacement ori-
fices or orifices for alternate sampling times separately.

FFllooww OOrriiffiiccee SSiilltteekk®--TTrreeaatteedd SSttaaiinnlleessss  SStteeeell
((ssccccmm)) ssiizzee ccaatt..## ccaatt..##
0.5–2 0.0008" 24232 24229
2–4 0.0012" 24255 24260
4–8 0.0016" 24256 24261
8–20 0.0020" 24257 24262
20–40 0.0030" 24258 24263
40–80 0.0060" 24259 24264
— no orifice 24238 24239

7µm In-Line Filter
This 316 stainless steel filter is designed to collect particles larger than 7 microns. We offer a Siltek®

version and a stainless steel version.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
Siltek® 7µm In-Line Filter ea. 24265
Stainless Steel 7µm In-Line Filter ea. 24266

2-Inch Vacuum Gauge
Restek’s high-quality 2-inch vacuum gauge incorporates 316 stainless steel wetted surfaces.

DDeessccrriippttiioonn qqttyy.. ccaatt..##
2-Inch Vacuum Gauge; 1/8" NPT ea. 24269
2-Inch Vacuum Gauge; 1/4" NPT ea. 24270

Siltek®
critical orifice

Buy only the parts you need!

Veriflo SC423XL
flow controller

Siltek® tee

High-quality
vacuum gauge

Siltek®
in-line filter
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Flavors & Fragrances by Gas 
and Liquid Chromatography

I. Flavor Compounds by HPLC

II. Flavor Compounds by GC

III. Flavor Profiling Techniques

IV. Fragrance Analysis



Analysis of Flavors by HPLC

• Suitable for less volatile, thermally 
unstable compounds

• Flavor Compounds by HPLC
– Vanillin & ethyl vanillin
– Capsaicins (heat)
– Spice compounds
– Browning reaction products



Flavor Compounds by HPLC
Vanillin & Ethyl Vanillin

� Real Vanilla Extract
� Vanillin, + many other flavor compounds

� >35% alcohol by volume

� Vanilla Flavorings
� Vanillin & ethyl vanillin

� HPLC Analysis
� AOAC method 990.25

� Reversed phase with UV detection



Flavor Compounds by HPLC
Vanillin & Ethyl Vanillin

min0 2 4 6 8 10 12 14 16 18

AU

0

0.5

min0 2 4 6 8 10 12 14 16 18

AU

0

0.3

vanillin

ethyl 
vanillin

vanillin

Vanillin / Ethyl Vanillin Standard                Vanilla Extract



Flavor Compounds by HPLC
Vanillin & Ethyl Vanillin by HPLC

Separation Conditions:

Column:  Ultra C8, 150 x 4.6 mm, 5µm

A: 1.2% acetic acid B: methanol
Time %B
0 20
5 20
15 40
20 40
25 20

Flow Rate: 1mL/min UV@ 254 nm



Flavor Compounds by HPLC
Heat Content in Foods

� Heat Content
♦ Sensory – Scoville Heat Units

� Traditionally Measured by Trained Panelists
♦ Can be subjective
♦ Involved procedure

� HPLC Procedures
♦ American Spice Trade Association 

(ASTA)
♦ AOAC International
♦ Calculate Scoville Heat Units - relate to 

sensory



Flavor Compounds by HPLC
Heat Content in Foods

Source:  http://www.mohotta.com



Flavor Compounds by HPLC
Heat Content in Foods

min0 2 4 6 8 10

mAU

0

20

40

60

80

Ultra C18
150 x 4.6 mm, 5µm
Conditions:
A: 1% acetic acid
B: acetonitrile
Time %B
0 50
2 50
9 80
12 80
13 50

Flow Rate: 1mL/min
UV@ 280 nm

Capsaicin

Use fluorescence for 
greater sensitivity!



Flavor Compounds by HPLC
Heat Content of Habenero Nuggets

min0 2 4 6 8 10

mAU

0

10

20

30

40

50
Ultra C18
150 x 4.6 mm, 5µm
Conditions:
Same as previous 
chromatogram

capsaicin

dihydrocapsaicinnordihydro-
capsaicin



Flavor Compounds by HPLC
Analyzing Spice Components

Monitoring the Chemical Compounds 
Responsible for the Distinctive Flavor/Aroma

SafranalSaffron

(E)-Anethole, fenchoneFennel

Turmerone, zingeriberene, 1,8-cineoleTurmeric

Sabinine, α-pinene, myristicinNutmeg

Cinnamaldehyde, eugenolCinnamon

d-Carvone, carvone derivativesCaraway

(E)-Anethole, methyl chavicolAnise

Compound(s)Spice



Flavor Compounds by HPLC
Piperine

min0 1 2 3 4 5 6 7

mAU

0

25

50

75

100

125

150

175

200

piperine

Pinnacle II Cyano
150 x 4.6 mm, 5µm

Conditions:
50:50 water:acetonitrile
Flow Rate: 1mL/min
UV@ 345 nm
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Browning Reaction Products
HMF Standard by HPLC

HMF

Column:   Ultra C18 (Restek Corp.), 250 mm x  4.6 mm, 5 µm
Mobile Phase A: 90:10 water:methanol, 10 mM ammonium formate
Mobile Phase B: 10:90 water:methanol, 10 mM ammonium formate
Gradient:  0-5 min at 100% A, to 100% B at 10 min, 10 min. hold
Flow: 0.5 mL/min.
Temperature: ambient
Detector: UV @ 280 nm
Injection Volume: 10 µL
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HMF + interferences

HMF in Grape Juice by HPLC

No SPE Treatment

HMF

C18 SPE Treatment
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Extraction Procedure

1. Conditioning
a. Apply 3 mL methanol
b. Apply 3 mL deionized water

2. Sample Application
a. Apply 4 mL sample to moist SPE tube, gravity feed

3. Wash
a. Pull remaining sample through tube, using vacuum
b. Apply 3 mL water
c. Remove excess water from bed under vacuum

4. Elution
a. Apply 2 mL elution solvent, gravity feed, dilute to volume

Sample Prep:  HMF in Grape Juice
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HMF by LC/MS
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Analysis of Flavors by GC

• GC is suitable for volatile, thermally 
stable compounds

• Higher resolution separations 
generally possible

• Flavor Compounds by GC
– Alcoholic beverages

– Volatiles



Flavor Compounds by GC

� Determine the Goals of the Analysis

� QC / purity determinations

� Comparison of flavors

� Reverse engineering

� Detection

� FID & MSD most common

� Specialty detectors (GCO, AED)
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Flavor Compounds by GC
Sampling Techniques

� Liquid Sampling
� Split/splitless injection
� Direct or on-column injection
� Large volume injection

� Headspace Sampling
� Static
� Dynamic (purge & trap)
� Thermal desorption

� Extraction Techniques



1

2

3

4 5

6

7

8

9

10 11

Peak List
1. Acetaldehyde
2. Methanol
3. Ethanol
4. Acetone
5. Isopropanol
6. n-Propanol
7. Ethyl acetate
8. Isobutanol
9. Acetic acid
10. Isoamyl

alcohol
11. Active amyl 

alcohol

Flavor Compounds in Scotch 
Split injection
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• Analytical Column
– Rtx®-1301, 60m x 0.25mm x 1.4µm
– Linear velocity:  H2 @ 40 cm/sec.

• Temperature Program
– 35°C (5 min. hold) to 100°C @ 1°C/min.

• Injector
– 100:1 split
– 1.0 µL neat injection using a Cyclosplitter® sleeve

• Detector
– FID @ 200°C

Flavor Compounds in Scotch by GC
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Large Volume Injectors (LVI)

� Large volume injected at low temperature

� Must have early solvent vent

� Injector rapidly heated after venting

� Injection must not over-fill the pre-column

� Injection rate must match the evaporation 
rate

� Used in the analysis of trace level components
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Malt Whiskey
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Chromatogram Conditions
Large Volume Injectors – Malt Whiskey
Column:  Stabilwax®-DA, 30m x 0.18mm, 0.18µm
Oven temp.: 60°C(2 min. hold) to 100°C at 20°C/min, to 

240°C at 5°C/min, 10 min. hold
Carrier gas:  Helium @ 45 cm/sec
Quad Temp: 150°C
Source Temp: 230°C
Scan range: 30-400AMU
Ionization:  70eV EI
Inj Volume:  10µL LVI (splitless) @ 10 µL/min
Injector: Gerstel CIS Injector

35°C for 2 min, then 10°C/sec to 300°C, 
hold 5 min.

He vent flow: 600 mL/min with 1.8 min. vent end time
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Flavor Profiling
Headspace Sampling Techniques

•• AdvantagesAdvantages
–– “Cleaner” samples“Cleaner” samples

–– Minimal sample preparationMinimal sample preparation

•• TypesTypes
–– Static headspaceStatic headspace

–– Dynamic headspaceDynamic headspace

–– Thermal Thermal desorptiondesorption



Flavor Profiling
Static Gas Extraction

•• AdvantagesAdvantages
–– Excellent screening toolExcellent screening tool

–– InexpensiveInexpensive

–– Minimal sample carryoverMinimal sample carryover

–– Easy to performEasy to perform

•• DisadvantagesDisadvantages
–– Less sensitiveLess sensitive

–– Involves preparing calibration in sample matrixInvolves preparing calibration in sample matrix



Flavor Profiling:  Static Gas Extraction

¾¾ Constant ratio between Constant ratio between 
liquid & gas phases at liquid & gas phases at 
equilibriumequilibrium

Where K = (Cgas / C liquid)

K = distribution coefficient

� Large K values favor the gas state
� Cgas is directly proportional to peak area

Lit. #59895 — Headspace Guide



Flavor Profiling:  Static Gas Extraction

Volatiles from 2 different batches of chewing gum.  The 
headspace was sampled after heating to 60°C.
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Flavor Profiling:  Static Gas Extraction
Residual solvents in decaffeinated lemon tea

Minutes
0 2 4 6 8 10 12 14 16 18 20

m
V

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

TRACE-FID
Tea headspace

1
2

3
4

5

1. Methanol
2. iso-Propanol
3. Methylene chloride
4. Methyl acetate
5. n-Butanol (IS)



• Concentrates volatiles

• Dynamic extraction of 
solids and liquids

• Adsorbent trap

• Desorb (10-80 mL/min)

• Narrow bore column 
(split flow)

• Part of GC system

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Inlet System



• Carrier gas bubbled through the matrix
• Volatiles in matrix diffuse into carrier gas & 

are carried away
• Typical flows:  40-50 mL/min. (can heat) 
• Typical purge time:  10-12 min.

1. Wet Purge

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sampling



•• Trap is dried by purging with gas onlyTrap is dried by purging with gas only

•• Typical time:  1Typical time:  1--4 min.4 min.

2. Dry Purge

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence



• Trap is heated without flow
• Typical temp: 5o below desorb temperature
• Minimizes retention on the trap

3. Desorb Preheat

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence



• Trap is backflushed into column
• Typical time:  2 - 4 minutes
• Typical flow:  10-80 mL/min.

• Typical temp:  180o - 250oC

4. Desorb

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence



• Trap is baked clean with flow
• Typical time:  8+ minutes
• Typical temp:  higher than desorb temperature
• Avoid overheating adsorbents

5. Trap Bake

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence



10cm Carbopack B

6cm Carboxen 1000

1cm Carboxen 1001

High-Boilers

Volatile
Compounds

Gases

Vocarb® 3000  

Flavor Profiling:  Dynamic Gas Extraction
Typical Adsorbents for Purge & Trap



• Retention of polar & non-polar 
compounds

• Hydrophobic characteristics

• Reproducible desorption

– Increasing levels of adsorbency

• Able to withstand a broad temperature 
range

Flavor Profiling:  Dynamic Gas Extraction
Requirements of a Trap



Connecting a Purge & Trap to the GC Column

• Via the injection port

• Directly to the column

– 1/16" union

– Silica transfer line from 6 port valve directly to 
the column

• Low volume injector 

Flavor Profiling:  Dynamic Gas Extraction



� Narrow bore column flows (0.5-1.3 mL/min.) 
permit a direct interface

� 0.53mm ID columns require:

Open Split Interface

Excess Flow Vacuum

or       Jet Separator     

Interfacing to a GC/MS System
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THF

Benzene

4-Heptanone

Styrene

Purge & Trap GC/MS of Volatiles



GC Parameters
¾ Column:  Rtx-5MS, 30m x 0.25mm x 1.0um
¾ Injector:  250°C, 20:1 split
¾ Carrier gas:  Helium at 1 mL/min, constant flow
¾ Oven: 50 °C to 92 °C at 3 °C/min, to 220°C/min. at

20°C/min. (1 min. hold)

MSD Parameters
¾ Temperature: 280°C
¾ Scan Range: 35-260, 1 min. solvent delay
¾ Ionization: EI @ 70eV

Purge & Trap Parameters
¾ Concentrator: Tekmar LSC-3100 with Vocarb 3000 (type K) trap
¾ Purge: 10 min. at 40 mL/min, 60°C
¾ Dry purge: 3 min. at 40 mL/min.
¾ Desorb: 2 min. at 40 mL/min, 245°C

Purge & Trap GC/MS of Volatiles
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• Heat sample to drive volatiles into 
headspace

• Can trap and concentrate volatiles

– Cryofocusing step

• Minimal sample preparation

• Commercially available units

Thermal Desorption Techniques
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Short-Path Thermal Desorption System

Sample tube

Septum purge vent

Split purge vent

To GC

Valve 1

Valve 2

Carrier
Gas
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Analysis of Fragrances by GC

• Typically Very Complex
– 100+ Components
– Range of compound types, volatilities

• Fragrance Compounds by GC
– Essential Oils
– Chiral Compounds



Essential Oil Analysis by GC

� Complex Samples
� Hundreds of volatiles

� Many at trace levels

� Multiple Uses / Products
� Spices, perfumes, fragrances, medicinals

� Multiple Phases Can be Used
� Low polarity (OV1)

� High polarity (Waxes, trifluoropropyl, cyano
phases)



Spearmint Oil Analysis by GC

4         8          12        16        20       24         28 32   min.
60m x 0.25mm x 0.25um Stabilwax®, 0.2uL neat oil, 100:1 split.

75°C (4 min hold) to 200°C @4°C/min (10 min. hold), H2@40cm/s.

1 2

3

4

5

6,7

8
9
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24
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30
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1. α-pinene
2. β-pinene
3. sabinene
4. myrcene

5. α-terpinene
6. l-limonene
7. 1,8-cineole
8. cis-ocimene

9. γ-terpinene
10. p-cymene

Peak List for Spearmint Oil Analysis

11. terpinolene
12. 3-octyl acetate
13. 3-octanol
14. l-menthone
15. trans-sabinene

hydrate

16. β-bourbonene
17. linalool
18. terpinene-4-ol

19. β-caryophyllene
20. dihydrocarvone

21. trans-dihydrocar-
vyl acetate

22. trans-β-farnesene
23. α-terpineol
24. germacrene-U
25. carvone
26. cis-carvyl acetate
27. trans-carveol
28. cis-carveol
29. cis-jasmone
30. viridiflorol



Chiral GC: Definition of Chirality

� Any compound that does not contain a 
plane of symmetry

� Compound can exist as enantiomers
¾ Non-superimposable mirror images

� Typically a carbon center with 4 different 
substituents



Chiral Compound:  Linalool



Beta-Cyclodextrin Phases
Derivatized with various functional groups



Limonene on Rt-EDEXse

20

Column:
30m x 0.32mm x 0.25µm
Rt-ßDEXse

Oven temperature:
40oC (1 min.) 2o /min to 230oC

Linear velocity:
80 cm/sec with hydrogen 
carrier

18

R (+)
S (-)



Chiral compounds on Rt-EDEXse

R S

10 20 30

O

O

styrene oxide

camphor
ethyl 2-methylbutyrate



Column: Rt-EDEXsa
30m x .25mm x .25µm

Carrier: Hydrogen @ 
40cm/sec 

Oven temperature 
program: 60°C 1°/min 
to 110°C; GC-FID
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ColumnColumn:: RtRt--EEDEXsaDEXsa
30m x .25mm x .25µm30m x .25mm x .25µm

rose oxides
linalool

E-citronellol

Commercial Geranium Oil

20 30 40 50 60



Summary of Flavor & Fragrance Analysis

� Chromatography is a Powerful Tool for 
Flavor & Fragrance Analyses
� Headspace GC for volatiles

� HPLC for less thermally stable compounds

� What is the Goal of the Analysis?
� Evaluate a flavor or fragrance material

� Identify an off flavor
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Improving Method Performance
through Fast LC 

C. Vernon Bartlett, B.A.; Terrence S. Reid, C. Vernon Bartlett, B.A.; Terrence S. Reid, 
M.S.; Rebecca E. M.S.; Rebecca E. WittrigWittrig, Ph.D, Ph.D
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Fast LC Methods

•• Use of columns that can operate at high flow rates Use of columns that can operate at high flow rates 
with reduced pressures (increased kwith reduced pressures (increased k´́))

•• Use of a reduced particle size substrate (<3Use of a reduced particle size substrate (<3µµm) m) to to 
force higher theoretical plate counts (increased N)force higher theoretical plate counts (increased N)

•• Use of shortened standard packed columns with Use of shortened standard packed columns with 
optimized and possibly unique stationary phases optimized and possibly unique stationary phases 
(increased alpha)(increased alpha)
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Fast LC Technique

•• Highly selective stationary phase is desired to Highly selective stationary phase is desired to 
maximize alpha values.maximize alpha values.

•• Elution of components is typically accomplished Elution of components is typically accomplished 
through the use of gradients to reduce retention of through the use of gradients to reduce retention of 
highly retained components.highly retained components.

•• Simple resolution ofSimple resolution of methylenemethylene substitutions substitutions 
/additions may be accomplished/additions may be accomplished isocraticallyisocratically..

•• Good screening technique for unknowns.Good screening technique for unknowns.
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Fast LC Technique – Advantages

•• Faster reFaster re--equilibration (when using gradients)equilibration (when using gradients)
•• Sensitivity improvements.Sensitivity improvements.
•• Older qualitative techniques can be adapted to a Older qualitative techniques can be adapted to a 

highly automated quantitative technique.highly automated quantitative technique.
•• Allows potentially high increases in sample Allows potentially high increases in sample 

throughput.throughput.
•• Great technique when performed by LCGreat technique when performed by LC--MSMS
•• Shorter analysis times reduce solvent Shorter analysis times reduce solvent 

consumption and waste.consumption and waste.
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Fast LC Technique – Disadvantages

•• Critical separations are more sensitive to extraCritical separations are more sensitive to extra--
column volume (as post column reactors.)column volume (as post column reactors.)

•• Extremely selective stationary phase must be used Extremely selective stationary phase must be used 
to maximize selectivity to maximize selectivity –– especially for structural especially for structural 
isomers.isomers.

•• May not be well suited to normal phase or ion May not be well suited to normal phase or ion 
pairing separations (with gradients).pairing separations (with gradients).
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Column Length vs Theoretical Plates



R e s t e k    www.restekcorp.com 

4000

6000

8000

10000

12000

14000

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Flow Rate (mL/min)

P
la

te
s

3um
5um

Plate Count vs Particle Size and Flow Rate

4.6 mm Column



R e s t e k    www.restekcorp.com 



R e s t e k    www.restekcorp.com 

Resolution Increase vs Alpha
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Fast LC improvement of USP TLC and HPLC 
Method

Digitalis Extracts and DerivativesDigitalis Extracts and Derivatives

Digitoxin: X1=X2=H

Digoxin:   X1=H; X2=OH

Gitoxin:    X1=OH; X2=H

Figure 1 Digitoxin Substitutions
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Fast LC Separation of Digitalis Derivatives
Experimental Fluorophase (3 minutes)

Figure 2
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Advantages of Digitalis Fast LC over Current 
Methods

•• Improved automation and analysis throughput.Improved automation and analysis throughput.
•• Reduction of analysis time Reduction of analysis time –– previously a 30 cm length C18 previously a 30 cm length C18 

column was required for resolution.column was required for resolution.
•• Ability to analyze all materials by HPLC.Ability to analyze all materials by HPLC.
•• Ability to precisely Ability to precisely quantitatequantitate materials materials vs vs TLC.TLC.
•• Highly selective stationary phase.Highly selective stationary phase.
•• Technique can also be applied to purification and analysis ofTechnique can also be applied to purification and analysis of

digoxindigoxin labeled materials for biological activity.labeled materials for biological activity.
•• Perfect technique for use in high speed cleaning validations.Perfect technique for use in high speed cleaning validations.
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Fast LC  Analysis of Carbamate Insecticides

Figure 3-Structures of Commonly Analyzed Carbamates
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Carbamate Analysis using Standard HPLC Methodology
(About 40 minutes)

Figure 4
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Fast LC Separation of Carbamates
(About 13 minutes)

Figure 5

9177355sulfone
Ultra Carbamate
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Fast LC Analysis of Carbamates with MS 
Detection

Figure 6
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Conventional Vanilla Flavoring Analysis
(About 20 minutes with gradient)

Figure 8
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Highly Selective Fast LC Vanillin Analysis
(Less than 5 minutes and isocratic)

Figure 9

1
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Vanillin Fast LC Analysis Advantages

•• Takes advantage of improved Takes advantage of improved methylene methylene 
selectivity by the use of C18 phase versus a C8selectivity by the use of C18 phase versus a C8

•• Analysis can be conducted in 3 to 5 minutes Analysis can be conducted in 3 to 5 minutes 
versus older 15 minute methods.versus older 15 minute methods.

•• High but not not excessive selectivity of C18 High but not not excessive selectivity of C18 
phases toward simple phases toward simple methylene methylene substitutions substitutions 
allow the use of an isocratic mobile phase.allow the use of an isocratic mobile phase.

•• Reduction of column length also reduces the time Reduction of column length also reduces the time 
needed for more hydrophobic needed for more hydrophobic analytes analytes to elute to elute 
from system.from system.
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Conclusions

•• Highly selective  and sometimes unique stationary Highly selective  and sometimes unique stationary 
phases make Fast LC a reality using conventional phases make Fast LC a reality using conventional 
hardware and techniques.hardware and techniques.

•• Fast LC is viable, precise quantitative alternative Fast LC is viable, precise quantitative alternative 
for analysis previously performed by Thin Layer for analysis previously performed by Thin Layer 
Chromatography. Chromatography. 

•• Fast LC can improve method sensitivity, reduce Fast LC can improve method sensitivity, reduce 
solvent waste, and enhance laboratory throughput.solvent waste, and enhance laboratory throughput.
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Conclusions

•• The proper stationary phase selection can change The proper stationary phase selection can change 
a gradient system to a faster isocratic system.a gradient system to a faster isocratic system.

•• Sometimes only a simple phase change is needed Sometimes only a simple phase change is needed 
to convert a method to a Fast LC separation.to convert a method to a Fast LC separation.

•• Selectivity is still the greatest factor in separation Selectivity is still the greatest factor in separation 
optimization. optimization. 
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Components That Benefit from
Inert Coatings

•• SampleSample--holding vesselsholding vessels

•• Valves or regulatorsValves or regulators

•• Transfer tubingTransfer tubing

•• Vaporizing or flash chambersVaporizing or flash chambers

•• ReactorsReactors

•• Tubing connectors and fittingsTubing connectors and fittings



R e s t e k    
www.restekcorp.com 

Restek Coating Solutions

•• History of Restek passive coatings for History of Restek passive coatings for 
sample pathways and sample chamberssample pathways and sample chambers

•• SilcosteelSilcosteel®®, , SulfinertSulfinert™™ and and SiltekSiltek™™

CoatingsCoatings
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Introduction

•• Physical Properties of Physical Properties of SulfinertSulfinert™, ™, SiltekSiltek™™ and and 
SilcosteelSilcosteel®® coatingscoatings

•• Chemical PropertiesChemical Properties
•• SiltekSiltek™™--treated Liners for Gas Chromatographstreated Liners for Gas Chromatographs
•• Example of coated stainless steel used for Example of coated stainless steel used for 

sampling and storage of sampling and storage of organosulfurorganosulfur compoundscompounds
•• Corrosion ResistanceCorrosion Resistance
•• Reduction of carbon buildup using coated stainless Reduction of carbon buildup using coated stainless 

steel componentssteel components
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Chemical Inertness Properties of
Silcosteel® Coating

•• Silicon basedSilicon based

•• No reactivity to No reactivity to organosulfursorganosulfurs compoundscompounds

•• No reactivity or adsorption of polar organic No reactivity or adsorption of polar organic 
compounds such as alcohols, esters, ethers, etc.,.compounds such as alcohols, esters, ethers, etc.,.

•• Some flaws such as pinSome flaws such as pin--holes and porosity created holes and porosity created 
during coating processduring coating process

•• Insoluble in acids such asInsoluble in acids such as HClHCl, HNO, HNO33, and H, and H22SOSO44

•• Highly soluble in caustic environments, pH>8Highly soluble in caustic environments, pH>8
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Chemical Properties of Sulfinert™
Coating

•• Silicon Based Coating; nonSilicon Based Coating; non--reactivereactive

•• Initial processing similar to Initial processing similar to SilcosteelSilcosteel®® processprocess

•• Secondary and Tertiary coatings applied to reduce Secondary and Tertiary coatings applied to reduce 
effects of pineffects of pin--holes and porosityholes and porosity

•• Improved performance for transfer & storage ofImproved performance for transfer & storage of
organosulfurorganosulfur compoundscompounds

•• Improved resistance to caustic environments Improved resistance to caustic environments 
pH=10pH=10
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Sulfinert™

Patented passivation treatment 
that provides a durable, 

thermally-stable and highly 
inert surface
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Siltek™ Deactivation

•• Inertness for acids, bases, neutrals, pesticides Inertness for acids, bases, neutrals, pesticides 
(developed for pesticides analysis)(developed for pesticides analysis)

•• Low bleedLow bleed

•• Thermal stabilityThermal stability

•• Durability (acids, bases, water)Durability (acids, bases, water)

•• Regeneration.  Easily cleaned with simple solvent Regeneration.  Easily cleaned with simple solvent 
sonicationsonication..

•• SiltekSiltek™™ forfor SemiVolsSemiVols++
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Physical Properties of
Restek Coatings

•• Durable and flexibleDurable and flexible

•• Strong adhesion to substrateStrong adhesion to substrate

•• NonNon--permeable surfacepermeable surface

•• Stable to high temperaturesStable to high temperatures
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Processing conditions for Restek 
Coatings

•• Chemical vapor depositionChemical vapor deposition
•• Applied to stainless steels, carbon steels, high Applied to stainless steels, carbon steels, high 

nickel containing alloys of steel, ceramics and nickel containing alloys of steel, ceramics and 
glassglass

•• CleanClean--room process, any oils or dust reduce room process, any oils or dust reduce 
coating qualitycoating quality

•• Vacuum process.  Uses either vacuum chambers Vacuum process.  Uses either vacuum chambers 
or connections to items capable of holding or connections to items capable of holding 
vacuumvacuum

•• Processing temperature of 400Processing temperature of 400ooCC
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When to use Coatings

•• Transfer and holding of adsorptive or reactive Transfer and holding of adsorptive or reactive 
species such as:species such as:
–– SulfursSulfurs
–– AlcoholsAlcohols
–– PharmaceuticalsPharmaceuticals
–– ExplosivesExplosives
–– chemical weaponschemical weapons
–– VOC’sVOC’s
–– OP Pesticides and Chlorinated PesticidesOP Pesticides and Chlorinated Pesticides
–– HerbicidesHerbicides

•• All Analytical Instrument components used for All Analytical Instrument components used for 
lowlow--level analysislevel analysis
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When to use Coatings

•• Transfer of corrosive materials such asTransfer of corrosive materials such as HClHCl, , 
nitric acid, and sulfuric acidnitric acid, and sulfuric acid

•• In components used to transfer or contain In components used to transfer or contain 
hydrocarbon streams that are prone to hydrocarbon streams that are prone to 
“coking”“coking”
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Examples

•• SiltekSiltek™™--treated glass inlet liners; reduce treated glass inlet liners; reduce 
breakdown and improve durabilitybreakdown and improve durability

•• Project review detailing the storage and Project review detailing the storage and 
transfer of transfer of organosulfurorganosulfur containing streamscontaining streams

•• How far can we go?How far can we go?

•• Other applications benefiting from Other applications benefiting from 
SulfinertSulfinert™™--treated componentstreated components
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Siltek™-treatedInlet Liners
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Siltek™ Deactivation

•• Surface modification, not deactivation “layer”Surface modification, not deactivation “layer”
–– Does not require existingDoes not require existing silanolsilanol groups (groups (ieie. can be . can be 

applied to glass, metal, ceramic)applied to glass, metal, ceramic)

•• Higher level of inertness forHigher level of inertness for EndrinEndrin

•• More resistant to acid or base attackMore resistant to acid or base attack
–– Stays inert for longer timeStays inert for longer time

•• Easily cleanedEasily cleaned
–– Solvent rinsing usually acceptableSolvent rinsing usually acceptable



R e s t e k    
www.restekcorp.com 

Siltek™ Offers Extended Use Range
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Excellent Performance:  
1.5% Endrin Breakdown

1  TCX
2 Endrin
3  4,4’-DDT
4 Methoxychlor
5  DCB2

1

3

4

5
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Project Example:  Sulfinert™

•• To createTo create passivationpassivation processes for stainless processes for stainless 
steel surfaces which will allow the analysis steel surfaces which will allow the analysis 
of lowof low-- ppbvppbv sulfur gasessulfur gases
–– Chromatographic sampling system Chromatographic sampling system 

–– Containment vessels (high pressure vessels and Containment vessels (high pressure vessels and 
air sampling canisters)air sampling canisters)
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Organosulfur Compounds

•• Certain species adsorb to steel surfaces Certain species adsorb to steel surfaces 
(e.g., hydrogen sulfide)(e.g., hydrogen sulfide)

•• Reactions can occur on a nonReactions can occur on a non--coated coated 
stainless steel surface (e.g., methyl stainless steel surface (e.g., methyl 
mercaptanmercaptan))

•• Importance of accurateImportance of accurate quantitationquantitation
(e.g., odorants, beverage grade CO(e.g., odorants, beverage grade CO22, , 
impurities in ethylene and propylene)impurities in ethylene and propylene)
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Block diagram of Analytical System

Gas Chromatograph

Air or
Oxygen

In Hydrogen
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Burner
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Sulfur Compounds Investigated

C om pound F orm u la

S toc k  
c onc .  

(ppm v)

S tanda rd  
c onc .  
(ppbv)

S tanda rd  
c onc .  as  
S  (ppbv)

hy d rogen  s u lfide 100 60 56
c a rbony l s u lfide 100 60 30

m ethy l m erc ap tan 100 60 40
e thy l m erc ap tan 100 60 30
d im e thy l s u lfide 100 60 30

d im e thy l d is u lfide 100 60 40

H2S
COS

CH3SH
CH3CH2SH
CH3SCH3

CH3SSCH3
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Methyl Mercaptan Stability
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List of Sulfur Compounds

Conc Conc Conc as S
Compound Name Formula (ppmv) (ppbv) (ppbv)
hydrogen sulfide H2S 105 11.51 10.83
carbonyl sulfide COS 98 10.74 5.73
methyl mercaptanCH3SH 101 11.07 7.38
ethyl mercaptan CH3CH2SH 101 11.07 5.71
dimethylsulfide CH3SCH3 99 10.85 6.81
dimethyl disulfide CH3SSCH3 100 10.96 7.46
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H2S at 11.51ppbv 
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reference standard
Silcosteel treated
Sulfinert treated

Methyl Mercaptan at 11.07ppbv
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Extended Stability Study

•• Is the Is the SulfinertSulfinert™™ surface capable of storing surface capable of storing 
11ppbv sulfurs longer than 6 days?11ppbv sulfurs longer than 6 days?
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H2S at 11ppbv for 14 days
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Methyl Mercaptan 11.07 ppbv
for 14 Days
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Can the Sulfinert™ coated vessels go to 
lower levels?

•• Is the Is the SulfinertSulfinert™™ surface treatment stable surface treatment stable 
for sulfurs at 1.5ppbv?for sulfurs at 1.5ppbv?
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1.5ppbv organosulfur Compounds in 
Sulfinert™-treated Canisters

Sulfur Stability @ 1.5ppbv 
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Example Applications Requiring 
Sulfinert™-Treatment for Optimum 

Performance

•• Testing of Beverage Grade CO2 for Testing of Beverage Grade CO2 for 
organosulfur organosulfur impuritiesimpurities

•• Quality testing of Beers/Wines/Distilled Quality testing of Beers/Wines/Distilled 
SpiritsSpirits

•• Natural Gas / Refinery GasNatural Gas / Refinery Gas
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Beverage Grade CO2
20ppbv Sulfur standard added

H2S COS
methyl

mercaptan

ethyl mercaptan
DMS

dimethyl
disulfide

SO2
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Typical Run to Determine Sulfur 
Content of Beer

H2S

methyl
mercaptan

ethyl mercaptan
DMS

unknown

TSC*  106 ppb

2.5 5 7.5 10 1512.5
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Sulfurs and Hydrocarbon analysis of 
Natural Gas / Refinery Gas

1. hydrogen sulfide
2. carbonyl sulfide
3. methyl mercaptan
4. ethyl mercaptan
5. dimethyl sulfide
6. dimethyl disulfide

A. methane
B. ethane
C. propylene
D. propane
E. isobutane
F. butane
G. isopentane
H. pentane
I. hexane

Rt-XL Sulfur 
Micropacked

50ppb each
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Conclusions on Stability of Organo-
sulfur compounds

•• Surface treatments for steel surface allow Surface treatments for steel surface allow 
lowlow--ppbvppbv containment, transfer and containment, transfer and 
subsequent analysis of sulfur gasessubsequent analysis of sulfur gases
–– SilcosteelSilcosteel®® coating good for coating good for ppm ppm levelslevels

–– Improved performance to single ppb levels Improved performance to single ppb levels 
using using SulfinertSulfinert™™

•• Future directions include testing Future directions include testing SulfinertSulfinert™™
in a broader array of applicationsin a broader array of applications
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Coating Resistance to Acids

•• Good resistance toGood resistance to HClHCl using using SilcosteelSilcosteel®®--
AC coatingAC coating

•• Initial data: 14 fold increase in resistance to Initial data: 14 fold increase in resistance to 
37% 37% HCl HCl of a coated vs. nonof a coated vs. non--coated metal coated metal 
couponcoupon

•• Currently undertaking a program to quantify Currently undertaking a program to quantify 
and graph resistance to acidsand graph resistance to acids
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Silcosteel® Coating as a
Coking Inhibitor

•• Studies being conducted by The Pennsylvania Studies being conducted by The Pennsylvania 
State University in conjunction with Wright State University in conjunction with Wright 
Patterson Air Force BasePatterson Air Force Base

•• Focus on jet fuels, JPFocus on jet fuels, JP--88

•• Initial Data indicates tailored Restek coatings Initial Data indicates tailored Restek coatings 
reduce deposits by 12reduce deposits by 12--foldfold

•• SilcosteelSilcosteel®®--coated metal surfaces inhibit catalytic coated metal surfaces inhibit catalytic 
deposition from thermal decomposition of jet fueldeposition from thermal decomposition of jet fuel
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Advantages of Inert, Coated Steel 
components

•• SulfurSulfur--containing compounds; polar organic containing compounds; polar organic 
compoundscompounds

•• Coated storage vessels and any steel Coated storage vessels and any steel 
component in component in flowpathflowpath

•• Improved durability compared to glass Improved durability compared to glass 
liningslinings

•• Improved lifetimes and reduced diffusion Improved lifetimes and reduced diffusion 
compared to Teflon liningscompared to Teflon linings
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Conclusion

•• Consideration in sampleConsideration in sample
flowpathflowpath constructionconstruction

•• Importance of shielding exposedImportance of shielding exposed
metal surfacesmetal surfaces

•• Usefulness and advantages of using inert, Usefulness and advantages of using inert, 
coated components to reduce corrosion and coated components to reduce corrosion and 
carbon buildupcarbon buildup
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Selecting the Best Column for 
Your Analysis

1. Factors Influencing Separation  

2. Selectivity

3. Film Thickness

4. ID

5. Length

6. Capacity Issues
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Column Selection
Factors Affecting Separation

Seven Main Factors Affect Separation
(note: other minor factors exist)

Column
Length

ID

Phase Type & 
Film Thickness

Carrier Gas Type

Carrier Gas 
Velocity

µ

Temperature
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Effects of Column Length, ID, 
Film Thickness and Phase Type

L = column length
h = HETP
k = capacity factor 
α = selectivity

R =
1
4

L
h

k
k+1

α-1
α

X X

NOTE: Baseline resolution = 1.5NOTE: Baseline resolution = 1.5

General Resolution Equation
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Column Selection
Variables to Consider

Variable:
Stationary phase

Film Thickness

ID 

Length

Controls:
• solubility, capacity, efficiency, 

resolution (R), retention time (tR), 
analysis temperature, bleed 

• capacity, efficiency, R, tR , To, bleed

• capacity, efficiency, tR

• total efficiency (total plates), R, tR , 
Co$t
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Stationary Phase Selectivity

• Chemistry of Stationary Phases

• Effect of Selectivity on Separation

• Effect of Selectivity on Analysis Time

• Special Purpose Columns (Application Specific)
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Stationary Phase Selectivity
Determinants of Stationary Phase SelectivityDeterminants of Stationary Phase Selectivity

CHCH33

CHCH33

O O

SiSiSiSi

CHCH33

CHCH33

( CH( CH2 2 ) ) 33

CC NN

O O

SiSiSiSi

Type and amount of substituted 
functional groups 
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Rtx®-1

Polarity: least polar bonded phase
Uses: boiling point separations (solvents,

petroleum products, and pharmaceuticals)
Properties: min. temp. (-60°C), max. temp. (360°C to

430°C)

CH3

OSi

100%

CH3

Dimethylpolysiloxane
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Rtx®-5, 20, 35, 65

Polarity: non-polar
Uses: boiling point separations (aromatics, 

flavors, environmental samples, and 
aromatic hydrocarbons

Properties: min. temp. (-60°C), max. temp. (340°C to 
360°C )

OSi

CH3

OSi

CH3

e.g., Rtxe.g., Rtx--5:  5%5:  5% diphenyldiphenyl 95%95% dimethyldimethyl
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Rtx®-50

Polarity: intermediate polarity
Uses: triglycerides and phthalate esters
Properties: min. temp. (0°C), max. temp. (340°C) 

OSi

100%

CH3

Phenylmethyl polysiloxane
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Rtx®-1301, 624, 1701

Polarity: intermediate polarity
Uses: pesticides, Aroclor®, alcohols, and oxygenates
Properties: min. temp. (-20°C), max. temp. (280°C)

OSi

CH3

OSi

CH3

(CH2)3

C   N

Cyanopropylphenylpolysiloxane     Dimethylpolysiloxane
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Rtx®-200

Polarity: selective for lone pair electrons
Uses: environmental samples, solvents, and Freon®
Properties: min. temp. (-20°C), max. temp. (360°C)

OSi

C2H4

CF3

CH3

Trifluoropropylmethyl polysiloxane



12

Stabilwax®

Polarity: polar
Uses: fames, flavors, acids, amines, and solvents
Properties: min. temp. (40°C), max. temp. (250°C)

H

OC

H

H

C

H

Carbowax PEG
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Rtx®-2330

Polarity: very polar
Uses: cis/trans isomers
Properties: min. temp. (0°C), max. temp. (275°C)

OSi

(CH2)3

(CH2)3

C   N

90%

C   N

OSi

(CH2)3

C   N

10%
Biscyanopropyl – Cyanopropylphenyl polysiloxane
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• All columns are “boiling point” columns withina 
homologous class of compounds

• However, the solubility of a compound in the 
stationary phase is a better predictor of tR than 
boiling point

Stationary Phase Selectivity
Boiling Point vs. SolubilityBoiling Point vs. Solubility
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1. acetone 56oC bp
2. pentane 36oC   
3. propanol 97oC 
4. MEK 80oC 
5. hexane 69oC
6. butanol 118oC 
7. 3-pentanone 101oC 
8. heptane 98oC 
9. pentanol 138oC 
10. octane 126oC

2,3

Run Conditions: Rtx-1

Dimensions: 30m, 0.32mm ID, 1.0 µm

Temperature: 70oC Isothermal

Carrier Gas:  Helium at 20 cm/sec

Flow: 0.989 mL/min

Head Pressure : 5.91 psig

Injection: Split

Detector: FID

1. acetone 56oC bp
2. pentane 36oC   
3. propanol 97oC
4. MEK 80oC
5. hexane 69oC
6. butanol 118oC
7. 3-pentanone 101oC
8. heptane 98oC
9. pentanol 138oC
10. octane 126oC
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Run Conditions: Stabilwax

Dimensions: 30m, 0.32mm ID, 1.0 µm

Temperature: 70oC Isothermal

Carrier Gas:  Helium at 20 cm/sec

Flow: 0.989 mL/min

Head Pressure : 5.91 psig

Injection: Split

Detector: FID

1. pentane 36oC bp             
2. hexane 69oC
3. heptane 98oC 
4. octane 126oC
5. acetone 56oC                
6. MEK 80oC
7. 3-pentanone 101oC  
8. propanol 97oC 
9. butanol 118oC 
10. pentanol 138oC 

2 3

5

1. pentane 36oC bp             
2. hexane 69oC
3. heptane 98oC 
4. octane 126oC
5. acetone 56oC
6. MEK 80oC
7. 3-pentanone 101oC
8. propanol 97oC 
9. butanol 118oC 
10. pentanol 138oC
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Special Purpose Columns
• Rtx-CLPesticides / CLPesticides2

• Rtx-OPPesticides / OPPesticides2

• Rtx-TNT / TNT2

• Rtx-BAC1 / BAC2

• Rtx-VMS, Rtx-VGC, Rtx-502.2, Rtx-VRX

• Rtx-5 Amine, Rtx-35 Amine

• Stabilwax-DA, Stabilwax-DB

• Chiral columns

• Rtx-500
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Film Thickness

• Effect of Film Thickness on Analysis Time

• Effect of Film Thickness on Separation

• Thin Films

• Thick Films
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Film Thickness Effects

0.25µmRtx®-1

2 4 6min

1-6

7
8

9

McReynolds probes30m, 0.32mm ID, 0.25µm30m, 0.32mm ID, 0.25µm

70oC isothermal

1. 1-butanol         
2. benzene            
3. 2-pentanone     
4. C7

5. 1-nitropropane  
6. pyridine
7. C8

8. C9

9. C9. C10  10  5.5 min5.5 min
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McReynolds probes

1. 1-butanol         
2. benzene            
3. 2-pentanone
4. C7

5. 1-nitropropane
6. pyridine
7. C8

8. C9

9. C9. C1010 18 min.18 min.

70oC isothermal

30m, 0.32mm ID, 1.0µm30m, 0.32mm ID, 1.0µm

4 8 12min

1-6

7

8
9

16 20

Film Thickness Effects

1.0µmRtx®-1
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McReynolds probes

1. 1-butanol         
2. benzene            
3. 2-pentanone
4. C7

5. 1-nitropropane
6. pyridine
7. C8

8. C9

9. C9. C1010 68 min.68 min.

70oC isothermal

30m, 0.32mm ID, 3.0µm30m, 0.32mm ID, 3.0µm

4 8 12min

7

8

16 20 24

6

55

44

1,2,3

All are All are 
baseline baseline 
resolvedresolved

Film Thickness Effects

3.0µmRtx®-1



22

McReynolds probes

1. 1-butanol         
2. benzene            
3. 2-pentanone     
4. C7

5. 1-nitropropane  
6. pyridine
7. C8

8. C9

9. C9. C1010 117 min.117 min. 70oC
isothermal

30m, 0.32mm ID, 5.0µm30m, 0.32mm ID, 5.0µm

4 8min

7
8

12 16 20 24

6

55

44

1,2,3

28 32 36 40

Lower Lower 
resolution resolution 
due to peak due to peak 
broadeningbroadening

Film Thickness Effects

5.0µmRtx®-1
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Film Thickness Effects

Efficiency (TZ)

0.25mm0.25mm

0.32mm0.32mm

0.53mm0.53mm

Film Thickness (µm)

TZ

40

35

30

25

20

15

10

5

0
0      1     2      3      4      5      6      7    8



24

Thin Films
Compatible with Wide Boiling Range Samples

Provide low stationary phase bleed necessary 
for analyzing high MW compounds
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Thick Films
Good for Low MW Analyses: e.g., Solvent Purity

Rtx-1: 30m, 0.53mm ID, 0.25µm

The supplier  
reported the 
purity as  
99% using 
this column.

Pentane

Rtx-1: 30m, 0.53mm ID, 5.0µm

A closer look on 
a thick film 
column revealed  
that it was not.

40oC isothermal

1µL direct injection 
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Film Thickness & Temperature Program -
When Changing Both, Reconfirm Peak Identity

Stabilwax: 30m, 0.32mm ID, 1.0Pm 

nonanal

3-octanol

1-pentanol

3-octanone

2016128

40oC to 225oC 
@ 6oC/min.

Stabilwax: 30m, 0.32mm ID, 0.25Pm

45oC (hold 8 min.) 
to 250oC @ 
6oC/min.

nonanal

3-octanol

1-pentanol &
3-octanone

2016128
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Inside Diameter (ID)

• Effect on Resolution

• Effect on Analysis Time

• Effect on Capacity
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• Smaller IDs
– More resolution of early-eluting compounds
– Longer analysis times
– Limited dynamic range

• Larger IDs
– Less resolution for early eluting compounds
– Shorter analysis times
– Greater dynamic range 

Effect of ID on Resolution and 
Analysis Time
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4 8 12 16 20 24 4 8 12 16 20min.min.

Rtx-5:  30m, 0.25mm ID, 0.25µm Rtx-5:  30m, 0.53mm ID, 0.25µm 

Effect of ID on Resolution and 
Analysis Time

Given the same df , a larger ID acts like a thinner film 
(except that it will have more capacity than the smaller ID)

EPA 604 
Phenols 
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Combining Film Thickness & ID Effects

Distribution Coefficient (KD)

KD
wt. in liquid phase volume of liquid phase

volume of gaswt. in gas phase
= kβX= 

=
2 x film thickness (cm)

β (phase ratio) =
radius
2df

radius

k (capacity factor) =
[tR - tM]

tM
=

time in stationary phase

time in carrier gas
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Combining Film Thickness & ID Effects 

β Values

0.18
0.25
0.32
0.53

0.25
180
250
320
530

0.50
90
125
160
265

1.0
45
63
80
128

1.50
30
42
53
88

5.0
9
13
16
27

Film (µm)ID 
(mm)

β = phase ratio = radius
2df
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Combining Film Thickness & ID Effects 
Similar β Values = Similar 

Chromatography

Rtx-5 : 30m, 0.53mm ID, 0.5Pm

642

1.0µL split;  
190oC (hold 
5min.) to 280oC 
@ 5oC/min. 
(hold 15min.)

Rtx-5 : 30m, 0.25mm ID, 0.25Pm

8642

β = 250 β = 265

Barbiturates
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Column Length

• Effects on resolution

• Effects on Analysis Time

R = resolution
L = length
h = HETP
α = selectivity

R =
1

4

L

h

k

k+1

α-1

α
X X
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Length Effects

Isothermal Conditions

• Retention is dependent on length

• Doubling column length doubles analysis times

• Doubling column length increases resolution by 
41% (quadrupling L = doubling R)

• Is doubling the column length worth the extra 
analysis time?



35
min.   4 8 12 16

30m, 0.25mm ID, 0.25µm DIIP

60m, 0.25mm ID, 0.25µm 
DIIP

min.   4 8 12 16 20 24 28 32 36

Length Effects

Isothermal Analysis  30m vs. 60m

ASTM       
D-3626  
Phenols
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Length Effects
Temperature Programmed Conditions

• Retention more dependent upon temperature

• Doubling the length marginally increases analysis 
times

• Run conditions should be optimized



37

Length Effects

Temperature Programmed Analysis

Rtx-1, 30m x 0.25mm x 1µm Rtx-1, 60m x 0.25mm x 1µm

Sample: 500µg/mL Aviation Gas Standard in methanol
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Capacity Issues

• Problems with Overload

• Effect of ID, Film Thickness, k’, & Solubilty 
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Problems withProblems with::

ResolutionResolution

IntegrationIntegration

Retention TimesRetention Times

LinearityLinearity

Hydrocarbons 

minutes

Column Capacity Effects
Overloading
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C
ap

ac
ity

Efficiency (effective plates / meter)

Column Selection

Typical Column Capacity vs. Efficiency

10 ng

100 ng

1000 ng

1500 2500 3500 4500 5500

0.53mm ID

0.32mm ID

0.25mm ID

0.18mm ID

0.1mm ID

0 ng
500
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Effect of ID on Capacity

2 4 6

C9

C10

C8

C7 70oC isothermal

* run at different temperatures to keep k values similar

C9

C10

C8

C7

15m, 15m, 0.53mm ID0.53mm ID, 0.25µm, 0.25µm

2 4 6

53oC isothermal*

15m, 15m, 0.25mm ID0.25mm ID, 0.25µm, 0.25µmRtx-1:
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2 4 6 8 10 12 14

55oC isothermal

30m, 0.25mm ID, 30m, 0.25mm ID, 0.25µm0.25µmRtx-1:

C10

C9

C8

C7

2 4 6 8 10 12 14

90oC isothermal

30m, 0.25mm ID, 30m, 0.25mm ID, 1.0µm1.0µm

C10

C9

C8

C7

* run at different temperatures to keep k values similar

Effect of Film Thickness on Capacity
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15m, 0.25mm ID, 0.25µm15m, 0.25mm ID, 0.25µmRtx-1

2 4 6 minutes

C9   
k=5.2 C10  

k=11.6

C8   
k=2.7

C7   
k=1.6

70oC isothermal

k =  
t'R

tm

1000ng/component

Effect of k on Capacity
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8 10 12 14 16 18 20

methyl
dodecanoate

RtxRtx®®--11

8 10 12 14 16 18 20

2-ethyl
hexanoic
acid

methyl
dodecanoate

StabilwaxStabilwax--DADA

2-ethyl
hexanoic
acid

30m, 0.53mm ID, 0.5µm30m, 0.53mm ID, 0.5µm

Effect of Solubility on Capacity
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time spent in the carrier gas

Strongly Strongly affects amount of time analytes spend in stationary phase

k = time spent in stationary phase

• The more time analytes spend in the stationary phase, the more 
retention differences are expressed

• Inversely, 

higher temperature = less time in the phase 
= less selectivity expression

tR =  L ( k+1)µ

Factors Affecting Separation
Temperature

R =
1
4

L
h

k
k+1

α-1
α

X X
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h =  B + Cg µ

Factors Affecting Separation 
Carrier Gas Type & Speed

µ
h  = height equivalent theoretical plate ( HETP )

B = Band broadening

Cg = Resistence to mass transfer in the carrier gas

µ = average linear velocity

h  h  (mm)(mm)

µµ (cm/s)(cm/s)10    20            4010    20            40

1.01.0

0.60.6

0.20.2

NN22 HeHe

HH22

van Deemter Equation

µoptimum= 10cm/s  N2µoptimum= 20cm/s  Heµoptimum= 40cm/s  H2

R =
1
4

L
h

k
k+1

α-1
α

X X
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Column Selection Summary

• How selectivity affects resolution (R) and analysis 
time (T)

• How film thickness affects R & T

• How column ID affects R & T

• How column length affects R & T

• Column capacity
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Abstract

•• Many varieties of silica exist in the Many varieties of silica exist in the marketplacemarketplace. Every . Every 
manufacturer’s silica is different from its manufacturer’s silica is different from its competitors'.competitors'.
Particle size and distribution, surface area, total pore Particle size and distribution, surface area, total pore 
volume, pore size and distribution, and metals content volume, pore size and distribution, and metals content 
differ for every manufacturer. The greatest factors differ for every manufacturer. The greatest factors 
influencing selectivity of the phase are the surface area, influencing selectivity of the phase are the surface area, 
pore volume, and the distribution of the porosity profile. pore volume, and the distribution of the porosity profile. 
The pore distribution of these materials may have a The pore distribution of these materials may have a 
profound impact upon the selectivity of the system. profound impact upon the selectivity of the system. 

•• Various average pore size classifications of silica have Various average pore size classifications of silica have 
been analyzed by gas been analyzed by gas porosimetryporosimetry and their pore and their pore 
distribution properties compared to one another. distribution properties compared to one another. 
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SEM Photo of Silica Particles
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Typical Illustration of a Silica Substrate

Pores(60Å - 300Å)

Bonded Phase
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General Properties of Silica

As the number of pores As the number of pores increases,increases, the overall surface the overall surface 
area increases.area increases.
As the number of pores As the number of pores increases,increases, pore volume will pore volume will 
increase.increase.
As the pore width increases, pore volume will As the pore width increases, pore volume will 
increase.increase.
Given a fixed pore volume, the materials having the Given a fixed pore volume, the materials having the 
smallest pore diameters will have the largest available smallest pore diameters will have the largest available 
surface areasurface area..
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Pore Size Versus Available Surface Area

Pore Size/Diam. (Å) Surface Area (m2/g)

60 300-600

100 150-300

200 75-150

300 50-75

500 30-40

1,000 20-30
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Pore Size (Å) MW* Range
50 < 1000

100 < 3000

500 500 - 20,000

1000 1,000 - 40,000

10,000 4,000 - 400,000

100,000 40,000 - 4,000,000

1,000,000 400,000 - 40,000,000

Mixed 500 - 10,000,000

Recommended Pore Sizes for Molecular Weight Ranges

*MW based on linear molecule
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Gas Adsorption Analysis

•• Mesoporous Mesoporous silica for HPLC exhibits a Type IV Isotherm silica for HPLC exhibits a Type IV Isotherm 
and has pores in the range of 20 and has pores in the range of 20 ÅÅ to 500 to 500 ÅÅ..

•• Nitrogen gas is adsorbed in the first cycle, then desorbed Nitrogen gas is adsorbed in the first cycle, then desorbed 
in the second cycle at liquid nitrogen temperatures in the second cycle at liquid nitrogen temperatures 
(77.35K, 1 ATM)(77.35K, 1 ATM)

•• Nitrogen gas Nitrogen gas porosimetryporosimetry is capable of providing is capable of providing 
information regarding surface area, pore volume, and information regarding surface area, pore volume, and 
pore size distributions to a limit of 16.2 pore size distributions to a limit of 16.2 Å²Å² when using when using 
nitrogen gas at liquid nitrogen temperatures.nitrogen gas at liquid nitrogen temperatures.
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Isotherm absorption/desorption profiles of various silicas

1- 60Å, SA=485, PV=.7819,   APS=51Å

2- 100Å, SA=320, PV=0.9196, APS=87Å

3- 200Å, SA=208, PV=0.9166, APS=151Å

4- 300Å, SA=47,   PV=0.4223, APS=371Å 1

2 3

4
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Isotherm Profile Analysis

•• Hysteresis Hysteresis occurs because condensation (adsorption) and occurs because condensation (adsorption) and 
evaporation (evaporation (desorptiondesorption) within the pores are different processes.) within the pores are different processes.

•• The great rise/fall in the slope of each curve indicates a largThe great rise/fall in the slope of each curve indicates a large e 
adsorption/adsorption/desorptiondesorption by pores of a specific size.by pores of a specific size.

•• A slow rise indicates a few pores are present, while a flat lineA slow rise indicates a few pores are present, while a flat line
reveals essentially no pores are present in the region.reveals essentially no pores are present in the region.

•• Pores fill from the smallest to the largest during the adsorptioPores fill from the smallest to the largest during the adsorption n 
phase, and empty from the largest to the smallest during the phase, and empty from the largest to the smallest during the 
desorptiondesorption phase.phase.

•• The material having the largest pore volume will have the tallesThe material having the largest pore volume will have the tallest t 
isotherm.isotherm.

•• The material having the smallest pore size will have the quickesThe material having the smallest pore size will have the quickest t 
inflection.inflection.
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BET Surface Overlay Plot

1- 60Å, SA=485, PV=.7819,   APS=51Å

2- 100Å, SA=320, PV=0.9196, APS=87Å

3- 200Å, SA=208, PV=0.9166, APS=151Å

4- 300Å, SA=47,  PV=0.4223,  APS=371Å

1
2
3

4
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BET Surface Area Interpretation

•• BET BET theory,theory, named for named for BrunaeurBrunaeur, Emmett, and , Emmett, and Teller,Teller,
incorporates the assumption of incorporates the assumption of multimolecular multimolecular layered layered 
adsorption within a pore.adsorption within a pore.

•• Assumes that the forces active to produce condensation Assumes that the forces active to produce condensation 
of the gas are also responsible for the binding energy in of the gas are also responsible for the binding energy in 
multimolecular multimolecular adsorption.adsorption.

•• The material having the lowest available surface area will The material having the lowest available surface area will 
come to equilibrium the fastest and will have the greatest come to equilibrium the fastest and will have the greatest 
slope.slope.

•• Theory assumes cylindrical pores, but the shape of pores Theory assumes cylindrical pores, but the shape of pores 
can influence the adsorption rates. BET values are can influence the adsorption rates. BET values are 
calculated during the adsorption cycle.calculated during the adsorption cycle.
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BJH Desorption Cumulative Pore Volume

1- 60Å, SA=485, PV=.7819,   APS=51Å

2- 100Å, SA=320, PV=0.9196, APS=87Å

3- 200Å, SA=208, PV=0.9166, APS=151Å

4- 300Å, SA=47,  PV=0.4223,  APS=371Å

4321
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Cumulative Pore Volume Analysis

•• Named for calculations by Named for calculations by BarretBarret, Joyner, and , Joyner, and HalendaHalenda
•• Test reveals the amount of  gas adsorbed/desorbed across Test reveals the amount of  gas adsorbed/desorbed across 

the range of pores.the range of pores.
•• During adsorption the smaller pores fill more quickly During adsorption the smaller pores fill more quickly 

(right to left)(right to left)
•• During During desorption desorption the larger pores empty first (left to the larger pores empty first (left to 

right).right).
•• A sharper slope (toward +/A sharper slope (toward +/-- infinity) reveals a tighter infinity) reveals a tighter 

pore distribution.pore distribution.
•• When no gas is being adsorbed or desorbed the slope When no gas is being adsorbed or desorbed the slope 

reaches zero for that region.reaches zero for that region.
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BJH Desorption dV/dD Pore Volume

1- 60Å, SA=485, PV=.7819, APS=51Å

2-100Å, SA=320, PV=0.9196, APS=87Å

3-200Å, SA=208, PV=0.9166, APS=151Å

4-300Å, SA=47, PV=0.4223, APS=371Å

4

3

21
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BJH Desorption dA/dD Pore Area

4
3

2
1

1- 60Å, SA=485, PV=.7819, APS=51Å

2-100Å, SA=320, PV=0.9196, APS=87Å

3-200Å, SA=208, PV=0.9166, APS=151Å

4-300Å, SA=47, PV=0.4223, APS=371Å
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BJH dV/dD and dA/dD Interpretation

•• Reports are generated during both the absorption and Reports are generated during both the absorption and 
desorption desorption data cycles.data cycles.

•• dVdV//dD dD reveals the porosity volume distribution in terms reveals the porosity volume distribution in terms 
of cubic centimeters over the pore range. The dA/of cubic centimeters over the pore range. The dA/dD dD 
reveals the adsorption/reveals the adsorption/desorptiondesorption surface area surface area 
contribution to the total surface area by individual pore contribution to the total surface area by individual pore 
sizes.sizes.

•• AA monoporousmonoporous material would appear as a single straight material would appear as a single straight 
line. The greater the number of a certain pore size, the line. The greater the number of a certain pore size, the 
greater the contribution to the total volume and total greater the contribution to the total volume and total 
surface area.surface area.
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BJH dV/dD and dA/dD Interpretation

•• Pore size distribution is very important to insure that an Pore size distribution is very important to insure that an 
analyteanalyte can enter and be separated within the pores of the can enter and be separated within the pores of the 
distribution range.distribution range.

•• The more pores to which the The more pores to which the analyte analyte has access, the has access, the 
longer the theoretical retention.longer the theoretical retention.

•• Area and volume profiles that overlay for a particular Area and volume profiles that overlay for a particular 
pore size range are good indicators of depth uniformity pore size range are good indicators of depth uniformity 
for the range (assuming a cylindrical pore.)for the range (assuming a cylindrical pore.)
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Properties of  Analyzed Wide Pore Silica

•• Some materials do not possess a high pore volume in the needed Some materials do not possess a high pore volume in the needed 
pore size range to create a highly retentive material for large pore size range to create a highly retentive material for large 
molecules.molecules.

•• Materials with high pore volumes in the 250Materials with high pore volumes in the 250ÅÅ--350350ÅÅ range or range or 
larger should provide the greatest access for large molecular larger should provide the greatest access for large molecular 
analytes analytes with linear masses > 3000 with linear masses > 3000 daltonsdaltons..

•• A silica must have more surface area within pore ranges accessibA silica must have more surface area within pore ranges accessible le 
by the by the analyteanalyte to create stronger retention and hopefully better to create stronger retention and hopefully better 
selectivity.selectivity.

•• SilicasSilicas with narrow pore size distributions accessible by the with narrow pore size distributions accessible by the 
analytesanalytes may give further advantages in separations through subtle may give further advantages in separations through subtle 
nonnon--linear discrimination of  hydrodynamic size differences linear discrimination of  hydrodynamic size differences 
between closely related between closely related analytesanalytes..
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Isotherms of  200+Å Materials
4- Restek-300Å
5- Waters-300Å
6- Vydac-300Å
7-Zorbax-300Å

7

Relative Pressure P/P0

1=Manufacturer B-200Å
2=Manufacturer B-300Å
3=Varian-300Å
4=Restek-300Å

1

2

3

4

4

5

6
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BJH Desorption Cumulative Pore Volume

Pore Diameter, Å

1=Manufacturer B-200Å
2=Manufacturer B-300Å
3=Varian-300Å
4=Restek-300Å

1

2

34

4- Restek-300Å
5- Waters-300Å
6- Vydac-300Å
7-Zorbax-300Å

4

5

6

7
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BJH Desorption Cumulative Pore Area

Pore Diameter, Å

4- Restek-300Å
5- Waters-300Å
6- Vydac-300Å
7-Zorbax-300Å

1=Manufacturer B-200Å
2=Manufacturer B-300Å
3=Varian-300Å
4=Restek-300Å

1

2

3

4

4

5

6

7
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BJH Desorption dV/dD Pore Volume

Pore Diameter, Å

4- Restek-300Å
5- Waters-300Å
6- Vydac-300Å
7-Zorbax-300Å

1=Manufacturer B-200Å
2=Manufacturer B-300Å
3=Varian-300Å
4=Restek-300Å

1

2

3

4

4

5
6

7
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BJH Desorption dA/dD Pore Area

Pore Diameter, Å

4- Restek-300Å
5- Waters-300Å
6- Vydac-300Å
7-Zorbax-300Å

1=Manufacturer B-200Å
2=Manufacturer B-300Å
3=Varian-300Å
4=Restek-300Å

1

2

3

4

4

5

6

7
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Surface Area vs Pore Size Range (m²/gram)

RestekRestek 300 300 Å 30.230.2 67.367.3 128.0128.0

Manufacturer BManufacturer B--300 300 Å 57.4 57.4 34.334.3 118.1118.1

Waters 300 Waters 300 Å 21.421.4 22.322.3 105.8105.8

Varian 300 Varian 300 Å 35.0 35.0 24.524.5 83.583.5

VydacVydac 300 300 Å 24.224.2 22.222.2 87.287.2

Zorbax Zorbax 300 300 Å 15.915.9 18.518.5 51.851.8

Manufacturer BManufacturer B--200200 .8.8 33.133.1 231.5231.5

>300+Å 200-300Å Total Surface 

Unaccounted pore areas are in regions less than 200 Å
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Conclusions

•• Wide Pore Silica can vary widely in available Wide Pore Silica can vary widely in available 
surface area and pore distribution.surface area and pore distribution.

•• Silica materials with excessive amounts of pores Silica materials with excessive amounts of pores 
over 400 over 400 Å may be excessively brittle and lack 
durability.

• Silica materialsSilica materials with excessive pores below 200 
Å may become more easily fouled with larger 
molecular weight debris and require more 
frequent cleaning/rejuvenation.
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Conclusions

•• The more narrow the The more narrow the desorption desorption profile, the greater the profile, the greater the 
available surface area near the pore mean.available surface area near the pore mean.

•• The more narrow the The more narrow the desorption desorption profile, the more profile, the more 
theoretical discrimination in size between molecules of theoretical discrimination in size between molecules of 
similar molecular masses.similar molecular masses.

•• Less than 30% of the available surface area may be Less than 30% of the available surface area may be 
available to molecules requiring a 300available to molecules requiring a 300ÅÅ or larger pore or larger pore 
size.size.

•• Know the pore size distribution and the accessible Know the pore size distribution and the accessible 
surface area of  the wide pore substrate.surface area of  the wide pore substrate.
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Rtx-Dioxin and Rtx-Dioxin2 Capillary GC 
columns for Analysis of Polychlorinated dibenzo-

p-dioxin and Polychlorinated dibenzofuran
congeners

Frank L. DormanFrank L. Dorman, Gary B. Stidsen, Chris M. , Gary B. Stidsen, Chris M. 
EnglishEnglish, Rick Morehead, Jack Cochran, Eric , Rick Morehead, Jack Cochran, Eric 

J. Reiner, and Karen J. Reiner, and Karen MacPhersonMacPherson
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Analysis of Dioxins and Furans

http://dioxins-r-us.ucdavis.edu/TCDD
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Figure 1: Dioxin congeners

OO

OO

OO

OO

ClCl

ClCl

ClCl

ClCl

1
2

3
46

7

8
9

2,3,7,8-tetrachlorodibenzodioxin

General structure for dioxin congeners
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PCDD and PCDF Target List

# of Chlorine# of Chlorine #Dioxins#Dioxins #Furans#Furans

tetratetra 22(1)22(1) 38(1)38(1)

pentapenta 14(1)14(1) 28(2)28(2)

hexa hexa 10(3)10(3) 16(4)16(4)

heptahepta 2(1)2(1) 4(2)4(2)

octaocta 1(1)1(1) 1(1)1(1)

( ) numbers are 2,3,7,8( ) numbers are 2,3,7,8--substituted congenerssubstituted congeners
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Current methods of analysis:

•• USEPA 8280, and similarUSEPA 8280, and similar
–– Low resolution method, GCLow resolution method, GC--MSMS

–– Screening analysis…..Screening analysis…..

•• USEPA 8290, 1613, and similarUSEPA 8290, 1613, and similar
–– High resolution method, GCHigh resolution method, GC--HRMSHRMS

–– “Accepted” method worldwide“Accepted” method worldwide

–– Best sensitivityBest sensitivity

•• GC X GC GC X GC –– ToFToF
–– Under development with LECO, University of Liege (Belgium) Under development with LECO, University of Liege (Belgium) 

and CDCand CDC
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Dioxin and Furan Analysis

•• Dual column methodDual column method
–– Usually 5% diphenyl column and a highUsually 5% diphenyl column and a high--cyanocyano

column (column (egeg RtxRtx--225)225)
–– CyanoCyano columns have poorer lifetimes and lower columns have poorer lifetimes and lower 

maximum operating temperaturesmaximum operating temperatures
–– 5% diphenyl phases do not have the selectivity to 5% diphenyl phases do not have the selectivity to 

accurately quantitate most samplesaccurately quantitate most samples
•• USEPA requires 2,3,7,8USEPA requires 2,3,7,8--tcdf to be confirmed on a Xtcdf to be confirmed on a X--225225

•• Desirable to have both columns in the same oven, Desirable to have both columns in the same oven, 
and to improve the separation of the “5”and to improve the separation of the “5”
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High-Resolution MS

•• Multiple stages (sectors) or highMultiple stages (sectors) or high--resres ToF’sToF’s
•• Mass accuracy can minimize background Mass accuracy can minimize background 

interferentsinterferents
•• Compromise between resolution and signal Compromise between resolution and signal 

intensityintensity
•• Low Bleed columns for higher sensitivityLow Bleed columns for higher sensitivity
•• Requires accurate massRequires accurate mass--lock compound lock compound 

–– Usually perfluorokerosine (pfk)Usually perfluorokerosine (pfk)
–– pfk requires high resolution (5,000pfk requires high resolution (5,000--10,000)10,000)
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Polychloro Dibenxo-p-dioxin and Polychloro
Dibenzofuran Analysis

•• RtxRtx--DioxinDioxin

•• RtxRtx--Dioxin2Dioxin2

•• Lit. cat.# 59343 (Apps Note), 59523 (Advantage)Lit. cat.# 59343 (Apps Note), 59523 (Advantage)
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Rtx-Dioxin Capillary Column

•• Proprietary Proprietary carboranecarborane/polysiloxane designed for replacement of /polysiloxane designed for replacement of 
“5”“5”--type columns as primary column for laboratories needing twotype columns as primary column for laboratories needing two--
column analysiscolumn analysis

•• 380 maximum operating temperature in standard high380 maximum operating temperature in standard high--temperature temperature 
fused silica tubingfused silica tubing

•• Columns are in stock:Columns are in stock:
–– 10755 60 M X 0.25 mm i.d. X 0.15 um 10755 60 M X 0.25 mm i.d. X 0.15 um d.fd.f..
–– 10756 40 M X 0.18 mm i.d. X 0.11 um 10756 40 M X 0.18 mm i.d. X 0.11 um d.fd.f..
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Fly Ash Round Robin Samples
>110 laboratories participating

DB-5 DB-225 RTX-DIOXIN MEDIAN MEAN

Ash A 250 21 30 28 32
Ash B 2100 300 378 390 390
Ash C 170 19 28 27 32

All results reported as pg/g

Median and Mean agreement gives good confidence in “true” value
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Rtx-Dioxin Conditions

Initial Temp 130 C
Time Rate C/min Temp

0 52 200
10.2 2.9 235
10 6.9 300
24

Constant Pressure of 1.2 mL/min
Injector Temp = 270C

Micromass Altima High Resolution GC-MS
Rtx-Dioxin 40m x .18 x .1
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Rtx-Dioxin Column

•• Replaces a 5% diphenyl column for highReplaces a 5% diphenyl column for high--resolution resolution 
dioxin and furan analysesdioxin and furan analyses
–– Improves sensitivity due to lower bleed levelsImproves sensitivity due to lower bleed levels
–– Improves separation of many congenersImproves separation of many congeners
–– All but 2 congeners were within 10% of the fly ash median All but 2 congeners were within 10% of the fly ash median 

valuesvalues
–– May eliminate the need for May eliminate the need for ––2330, 2330, --2331, 2331, --225 confirmation 225 confirmation 

columnscolumns
–– Good choice for those individuals who need dual column Good choice for those individuals who need dual column 

methodsmethods
–– Pair it with…..Pair it with…..
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Rtx-Dioxin2 Capillary Column

•• Proprietary backbone stabilized polysiloxane designed for toxic Proprietary backbone stabilized polysiloxane designed for toxic 
dioxin and furan analysis by GCdioxin and furan analysis by GC--HRMSHRMS

•• 320 maximum operating temperature in standard fused silica 320 maximum operating temperature in standard fused silica 
tubingtubing

•• Can be used as secondary confirmation column for Can be used as secondary confirmation column for RtxRtx--Dioxin, or Dioxin, or 
can function as single column for standcan function as single column for stand--alone dioxin and furan alone dioxin and furan 
analysisanalysis

•• Chromatographically separates the chlorinated Chromatographically separates the chlorinated diphenylethersdiphenylethers from from 
the furans the furans –– especially important in biota matricesespecially important in biota matrices

•• Columns are in StockColumns are in Stock
–– 10758 10758 -- 60 M X 0.25 mm i.d. X 0.25 um 60 M X 0.25 mm i.d. X 0.25 um d.fd.f..
–– 10759 10759 -- 40 M X 0.18 mm i.d. X 0.18 um 40 M X 0.18 mm i.d. X 0.18 um d.fd.f..
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Rtx-Dioxin2 Capillary GC Column

TCDD Resolution Mix

1234

1368

1237

1238/1239

12892378
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2,3,7,8-TCDF Certified 
DB5 DB225 RTX-DIOXIN2 Value

Biota-1 1 1.3 0.8
Biota-2 4.3 4.3 2.2

Sediment 37 19 19
Flyash 240 38 32

EC-2 (DX-1) 88 n/a 37 89 (+-44)*

NIST 1974 4.7 n/a 3.3
All results reported as pg/g
* provisional (non 2378tcdf confirmed)
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2,3,7,8-TCDD Certified 
DB5 DB225 RTX-DIOXIN2 Value

Biota-1 nd nd nd
Biota-2 nd nd nd

Sediment 8.5 8.1 9
Flyash 5.6 6.7 4.4

EC-2 (DX-1) 240 n/a 284 263(+-53)

NIST 1974 nd nd nd

All results reported as pg/g
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123478HxCDF Certified 
DB5 DB225 RTX-DIOXIN2 Value

Biota-1 nd nd nd
Biota-2 nd nd nd

Sediment 290 n/a 210
Flyash 570 n/a 200

EC-2 (DX-1) 780 n/a 630 714 (+-276)*

NIST 1974 nd nd nd
All results reported as pg/g
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123789HxCDD Certified 
DB5 DB225 RTX-DIOXIN2 Value

Biota-1 nd nd nd
Biota-2 nd nd nd

Sediment 5 n/a 6.3
Flyash 40 n/a 38

EC-2 (DX-1) 65 n/a 38 53 (+-24)*

NIST 1974 nd nd nd
All results reported as pg/g
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Abstract

•• Many varieties of silica exist in the market place. Every Many varieties of silica exist in the market place. Every 
manufacturer’s silica is different from its competitors. manufacturer’s silica is different from its competitors. 
Particle size and distribution, surface area, total pore Particle size and distribution, surface area, total pore 
volume, pore size and distribution, and metals content volume, pore size and distribution, and metals content 
differ for every manufacturer. The greatest factors differ for every manufacturer. The greatest factors 
influencing selectivity of the phase are the surface area, influencing selectivity of the phase are the surface area, 
pore volume, and the distribution of the porosity profile. pore volume, and the distribution of the porosity profile. 
The pore distribution of these materials may have a The pore distribution of these materials may have a 
profound impact of  upon the selectivity of the system. profound impact of  upon the selectivity of the system. 

•• Various average pore size classifications of silica have Various average pore size classifications of silica have 
been analyzed by gas been analyzed by gas porosimetryporosimetry and their pore and their pore 
distribution properties compared to one another. distribution properties compared to one another. 
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SEM Photo of Silica Particles
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SEM Photo of Single Porous Silica Particle
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Typical Illustration of a Silica Substrate

Pores(60Å - 300Å)

Bonded Phase
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General Properties of Silica

As the number of pores increase, the overall surface As the number of pores increase, the overall surface 
area increases.area increases.

As the  pore size increases, pore volume increases.As the  pore size increases, pore volume increases.

Given a fixed pore volume, the materials having the Given a fixed pore volume, the materials having the 
smallest pores will have the largest available surface smallest pores will have the largest available surface 
area.area.
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Pore Size Versus Available Surface Area

Pore Size/Diam. (Å) Surface Area (m2/g)

60 300-600

100 150-300

200 75-150

300 50-75

500 30-40

1,000 20-30
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Pore Size (Å) MW* Range

50 < 1000

100 < 3000

500 500 - 20,000

1000 1,000 - 40,000

10,000 4,000 - 400,000

100,000 40,000 - 4,000,000

1,000,000 400,000 - 40,000,000

Mixed 500 - 10,000,000

Recommended Pore Sizes for Molecular Weight Ranges

*MW based on linear molecule
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Gas Adsorption Analysis

•• Mesoporous Mesoporous silica for HPLC exhibits a Type IV Isotherm silica for HPLC exhibits a Type IV Isotherm 
and has pores in the range of 20 and has pores in the range of 20 ÅÅ to 500 to 500 ÅÅ..

•• Nitrogen gas is first adsorbed in the first cycle, then Nitrogen gas is first adsorbed in the first cycle, then 
desorbed in the second cycle at liquid nitrogen desorbed in the second cycle at liquid nitrogen 
temperatures (77.35K, 1 ATM)temperatures (77.35K, 1 ATM)

•• Nitrogen gas Nitrogen gas porosimetryporosimetry is capable of providing is capable of providing 
information regarding surface area, pore volume, and information regarding surface area, pore volume, and 
pore size distributions to a limit of 16.2 pore size distributions to a limit of 16.2 Å²Å² when using when using 
nitrogen gas at liquid nitrogen temperatures.nitrogen gas at liquid nitrogen temperatures.
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Isotherm absorption/desorption profiles of various silicas

1- 60Å, SA=485, PV=.7819, APS=51Å

2- 100Å, SA=320, PV=0.9196, APS=87Å

3- 200Å, SA=208, PV=0.9166, APS=151Å

4- 300Å, SA=47, PV=0.4223, APS=371Å 1

2 3

4
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Isotherm Profile Analysis

•• Hysteresis Hysteresis occurs because condensation (adsorption) and occurs because condensation (adsorption) and 
evaporation (evaporation (desorptiondesorption) within the pores are different processes.) within the pores are different processes.

•• The great rise/fall in the slope of each curve indicates a largThe great rise/fall in the slope of each curve indicates a large e 
adsorption/adsorption/desorptiondesorption by pores of a specific size.by pores of a specific size.

•• A slow rise indicates a few pores are present, while a flat lineA slow rise indicates a few pores are present, while a flat line
reveals essentially no pores are present in the region.reveals essentially no pores are present in the region.

•• Pores fill from the smallest to the largest during the adsorptioPores fill from the smallest to the largest during the adsorption n 
phase, and empty from the largest to the smallest during the phase, and empty from the largest to the smallest during the 
desorptiondesorption phase.phase.

•• The material having the largest pore volume, will have the talleThe material having the largest pore volume, will have the tallest st 
isotherm.isotherm.

•• The material having the smallest pore size will have the quickesThe material having the smallest pore size will have the quickest t 
inflection.inflection.
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BET Surface Overlay Plot

1- 60Å, SA=485, PV=.7819, APS=51Å

2- 100Å, SA=320, PV=0.9196, APS=87Å

3- 200Å, SA=208, PV=0.9166, APS=151Å

4- 300Å, SA=47, PV=0.4223, APS=371Å

1

2

3

4
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BET Surface Area Interpretation

•• BET theory named for BET theory named for BrunaeurBrunaeur, Emmett, and Teller , Emmett, and Teller 
incorporates the assumption of incorporates the assumption of multimolecular multimolecular layered layered 
adsorption within a pore.adsorption within a pore.

•• Assumes that the forces active to produce condensation Assumes that the forces active to produce condensation 
of the gas are also responsible for the binding energy in of the gas are also responsible for the binding energy in 
multimolecular multimolecular adsorption.adsorption.

•• The material having the lowest available surface area will The material having the lowest available surface area will 
come to equilibrium the fastest and will have the greatest come to equilibrium the fastest and will have the greatest 
slope.slope.

•• Theory assumes cylindrical pores, but the shape of pores Theory assumes cylindrical pores, but the shape of pores 
can influence the adsorption rates. BET values are can influence the adsorption rates. BET values are 
calculated during the adsorption cycle.calculated during the adsorption cycle.
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BJH Desorption Cumulative Pore Volume

1- 60Å, SA=485, PV=.7819, APS=51Å

2- 100Å, SA=320, PV=0.9196, APS=87Å

3- 200Å, SA=208, PV=0.9166, APS=151Å

4- 300Å, SA=47, PV=0.4223, APS=371Å

4321
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Cumulative Pore Volume Analysis

•• Named for calculations by Named for calculations by BarretBarret, Joyner, and , Joyner, and HalendaHalenda
•• Test reveals the amount of  gas adsorbed/desorbed across Test reveals the amount of  gas adsorbed/desorbed across 

the range of pores.the range of pores.
•• During adsorption the smaller pores fill more quickly During adsorption the smaller pores fill more quickly 

(right to left)(right to left)
•• During During desorption desorption the larger pores empty first (left to the larger pores empty first (left to 

right).right).
•• A sharper slope (toward +/A sharper slope (toward +/-- infinity) reveals a tighter infinity) reveals a tighter 

pore distribution.pore distribution.
•• When no gas is being adsorbed or desorbed the slope When no gas is being adsorbed or desorbed the slope 

reaches zero for that region.reaches zero for that region.
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BJH Desorption dV/dD Pore Volume

1- 60Å, SA=485, PV=.7819, APS=51Å

2-100Å, SA=320, PV=0.9196, APS=87Å

3-200Å, SA=208, PV=0.9166, APS=151Å

4-300Å, SA=47, PV=0.4223, APS=371Å

4

3

21
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BJH Desorption dA/dD Pore Area

4

3

2
1

1- 60Å, SA=485, PV=.7819, APS=51Å

2-100Å, SA=320, PV=0.9196, APS=87Å

3-200Å, SA=208, PV=0.9166, APS=151Å

4-300Å, SA=47, PV=0.4223, APS=371Å
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BJH dV/dD and dA/dD Interpretation

•• Reports are generated during both the absorption and Reports are generated during both the absorption and desorption desorption 
data cycles.data cycles.

•• dVdV//dD dD reveals the porosity volume distribution in terms of cubic reveals the porosity volume distribution in terms of cubic 
centimeters over the pore range. The dA/centimeters over the pore range. The dA/dD dD reveals the reveals the 
adsorption/adsorption/desorptiondesorption surface area contribution to the total surface surface area contribution to the total surface 
area by individual pore sizes.area by individual pore sizes.

•• AA monoporousmonoporous material would appear as a single straight line. The material would appear as a single straight line. The 
greater the number of a certain pore size, the greater the greater the number of a certain pore size, the greater the 
contribution to the total volume and total surface area.contribution to the total volume and total surface area.

•• These factors are very important to insure that the These factors are very important to insure that the analytesanalytes can can 
enter and be separated within the pores of that size range.enter and be separated within the pores of that size range.

•• Area and volume profiles that overlay for a particular pore sizeArea and volume profiles that overlay for a particular pore size
range are good indicators of depth uniformity for the range range are good indicators of depth uniformity for the range 
(assuming a cylindrical pore.)(assuming a cylindrical pore.)
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Properties of  Analyzed Wide Pore Silica

•• Some materials do not possess a high pore volume in the needed Some materials do not possess a high pore volume in the needed 
pore size ranges to create a highly retentive material for largepore size ranges to create a highly retentive material for large
molecules.molecules.

•• Materials with high pore volumes in the 250Materials with high pore volumes in the 250ÅÅ--350350ÅÅ range or range or 
larger should provide the greatest access for large molecular larger should provide the greatest access for large molecular 
analytes analytes with linear masses > 3000 with linear masses > 3000 daltonsdaltons..

•• A silica must have surface area within pore ranges accessible byA silica must have surface area within pore ranges accessible by
the the analyteanalyte to create stronger retentions and hopefully better to create stronger retentions and hopefully better 
selectivity.selectivity.

•• SilicasSilicas with narrow pore size distributions accessible by the with narrow pore size distributions accessible by the 
analytesanalytes, may give further advantages in separations through subtle , may give further advantages in separations through subtle 
discrimination of  hydrodynamic size differences between closelydiscrimination of  hydrodynamic size differences between closely
related related analytesanalytes..
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Isotherms of  300Å and 200Å Materials

1-Restek 300Å
2-Varian 300Å
3-Vydac 300Å
4-Waters 300Å

5-Kromasil 200Å
6-Zorbax 300Å
7-Toso 200Å

2

1

3

4

7

5

6
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BJH Desorption Cumulative Pore Volumes

1-Restek 300Å

2-Varian 300Å

3-Vydac 300Å

4-Waters 300Å

5-Kromasil 200Å

6-Zorbax 300Å

7-Toso 200Å

2

1

3

4

5

7

6
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BJH Desorption Cumulative Pore Area
1-Restek 300Å

2-Varian 300Å

3-Vydac 300Å

4-Waters 300Å

5-Kromasil 200Å

6-Zorbax 300Å

7-Toso 200Å
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2

3

1

5 7

6
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BJH Desorption dV/dD Pore Volume
1-Restek 300Å

2-Varian 300Å

3-Vydac 300Å

4-Waters 300Å

5-Kromasil 200Å

6-Zorbax 300Å

7-Toso 200Å
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4 3
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7
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BJH Desorption dA/dD Pore Area

1-Restek 300Å

2-Varian 300Å

3-Vydac 300Å

4-Waters 300Å

5-Kromasil 200Å

6-Zorbax 300Å

7-Toso 200Å

1

4

3 2

5

7

6
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Surface Area vs Pore Size Range (meters²/gram)

474718.818.816.4 16.4 ZorbaxZorbax 300300

777722.822.824.5 24.5 VydacVydac 200200

39393.93.931.9 31.9 RestekRestek 300300

96 96 23.223.221.821.8Waters 300Waters 300

236 236 20.020.00.90.9KromasilKromasil 200200

221221144.7144.79.09.0TosoToso 200200

80 80 25.2 25.2 35.235.2Varian 300Varian 300

300 Å 200 Å Total Surface 

Unaccounted pore areas are in regions less than 200 Å
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Conclusions

•• Wide Pore Silica can vary widely in available surface Wide Pore Silica can vary widely in available surface 
area and pore distribution.area and pore distribution.

•• The more narrow the The more narrow the desorption desorption profile, the greater the profile, the greater the 
available surface area near the pore mean.available surface area near the pore mean.

•• The more narrow the The more narrow the desorption desorption profile, the more profile, the more 
theoretical discrimination in size between molecules of theoretical discrimination in size between molecules of 
similar molecular masses.similar molecular masses.

•• Less than 30% of the available surface area may be Less than 30% of the available surface area may be 
available to molecules requiring a 300available to molecules requiring a 300ÅÅ or larger pore or larger pore 
size.size.

•• Know the pore size distribution of your material.Know the pore size distribution of your material.
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Volatiles in Food Contact Packaging

•• Reasons for testingReasons for testing

•• FDA regulationsFDA regulations

•• Method developmentMethod development

•• Linearity dataLinearity data

•• Case studiesCase studies

•• SummarySummary



Why Test Food Contact Packaging?

•• Ability of compounds to migrate into or out ofAbility of compounds to migrate into or out of
packaging materialspackaging materials

–– Styrene at trace levels in food can give a “plastic” tasteStyrene at trace levels in food can give a “plastic” taste

•• Constant stream of new packaging choicesConstant stream of new packaging choices

•• Popularity of convenience foods!Popularity of convenience foods!
-- food preparation often takes place within the packagefood preparation often takes place within the package

•• Changes in the food or ingredients usedChanges in the food or ingredients used
-- e.g. change in the fat contente.g. change in the fat content

•• Changes by the packaging manufacturerChanges by the packaging manufacturer



“Anyone manufacturing food contact articles for“Anyone manufacturing food contact articles for
use in the home or in food service establishmentsuse in the home or in food service establishments
should make sure that nothing from the articlesshould make sure that nothing from the articles
impartsimpartsflavor, color, odor, toxicity, or otherflavor, color, odor, toxicity, or other
undesirable characteristicsundesirable characteristicsto food, therebyto food, thereby
rendering the food adulterated.”rendering the food adulterated.”

Source:Source: Requirements of Laws and Regulations Enforced by the US FDARequirements of Laws and Regulations Enforced by the US FDA
(1997).(1997).

Why Test Food Contact Packaging?



Regulation of Food Contact Articles

•• Food & Drug AdministrationFood & Drug Administration
–– 21 CFR 170.3921 CFR 170.39
–– Outlines data needed in requests for exemption as food additivesOutlines data needed in requests for exemption as food additives

(use conditions, time/temperature, food type, and single or repe(use conditions, time/temperature, food type, and single or repeat usage)at usage)

•• Migration StudiesMigration Studies
–– WorstWorst--case (time/temperature) intended use conditionscase (time/temperature) intended use conditions
–– Food simulating solvents are usedFood simulating solvents are used

•• Residual StudiesResidual Studies
–– Level of the substance in the finished foodLevel of the substance in the finished food--contact articlecontact article
–– Used to estimate a worstUsed to estimate a worst--case dietary concentration levelcase dietary concentration level

(assume 100% migration)(assume 100% migration)



Testing Methodologies

•• FDA Guidelines under 21 CFR 170.39FDA Guidelines under 21 CFR 170.39
•• Detailed description of analytical method usedDetailed description of analytical method used

•• Validation data (including the detection limit)Validation data (including the detection limit)

•• Conditions of use for the substanceConditions of use for the substance

•• ASTM Methods F1308ASTM Methods F1308--98 and F151998 and F1519--9898
•• Qualitative and quantitative procedures for microwaveQualitative and quantitative procedures for microwavesusceptorssusceptors

•• Microwave headspace sampling vs. purge & trap samplingMicrowave headspace sampling vs. purge & trap sampling

•• VolatileVolatile extractablesextractablesare defined as substances released from theare defined as substances released from the
susceptorsusceptorand detected in the headspaceand detected in the headspace

•• Extractability does not necessarily mean migration to the foodExtractability does not necessarily mean migration to the food



Method Development - Modeling the Separation

•• A target list of volatiles was developedA target list of volatiles was developed

•• The column chemistry was selectedThe column chemistry was selected

•• Initial separation parameters were entered intoInitial separation parameters were entered intoezGCezGC™™

•• The separation was optimized:The separation was optimized:
–– Column geometryColumn geometry

–– Oven programOven program

–– Linear velocityLinear velocity

•• A trial run was performed using the calculatedA trial run was performed using the calculated
parametersparameters



Optimized Run Conditions
GC Parameters

• Column: Rtx-5MS, 30m x 0.25mm x 1.0um
• Injector: 250°C, 20:1 split
• Carrier gas: Helium at 1 mL/min, constant flow
• Oven: 50 °C to 92 °C at 3 °C/min, to 220°C/min. at

20°C/min. (1 min. hold)

MSD Parameters
• Temperature: 280°C
• Scan Range: 35-260, 1 min. solvent delay
• Ionization: EI @ 70eV

Purge & Trap Parameters
• Concentrator: Tekmar LSC-3100 with Vocarb 3000 (type K) trap
• Purge: 10 min. at 40 mL/min, 60°C
• Dry purge: 3 min. at 40 mL/min.

• Desorb: 2 min. at 40 mL/min, 245°C



Volatiles Standard on Rtx-5MS

2 4 6 8 10 12 14 16 18 20

2e+07
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1. iso-Propanol
2. Methylene Chloride
3. 2-methyl-1-propanol
4. THF
5. Benzene
6. Toluene
7. Hexanal
8. Furfural
9. 4-Heptanone (IS)
10. Butyl Ether
11. Styrene
12. Dodecane



Volatiles Linearity Standard on Rtx-5MS

THF

Benzene

4-Heptanone

Styrene



THF Linearity

THF Linearity Plot
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Concentration range tested: 0.04 – 8.8 ug/in2

R2 = 0.992



Benzene Linearity

Benzene Linearity Plot
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Concentration range tested: 0.04 – 8.7 ug/in2

R2 = 0.985



Styrene Linearity

Styrene Linearity Plot

0
1

2
3
4

5

6
7

0 2 4 6 8 10 12
Concentration, ug/in2

R
e

la
tiv

e
P

e
a

k
A

re
a

Concentration range tested: 0.05 – 9.9 ug/in2

R2 = 0.994



Packaging Label Overwrap at Seam

6000000

8000000

10000000

Minutes

Abundance

4000000

2000000

2 4 6 8 10 14 16 1812 20

1. THF
2. 1-Butanol
3. Toluene
4. Hexanal
5. Ethylbenzene
6. 4-Heptanone (IS)
7. Butyl Ether
8. Styrene
9. 1-methylethylbenzene
10. Benzaldehyde
11. Benzeneacetaldehyde
12. Acetophenone
13. Decanal

1 32 5
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10 13
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11
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Example: Microwavable bowl with polystyrene label and plastic lid



Packaging Label Overwrap without Seam
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1. THF
2. Ethylbenzene
3. 4-Heptanone (IS)
4. Styrene
5. Benzaldehyde
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Example: Microwavable bowl with polystyrene label and plastic lid



Lid of Microwavable Package

2 4 6 8 10 12 14 16 18 20
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1. THF
2. Ethylbenzene
3. 4-Heptanone (IS)
4. Styrene
5. Benzaldehyde
6. Nonanal
7. Decanal
8. Cinnamaldehyde

Example: Microwavable bowl with polystyrene label and plastic lid



Inner Bowl

2 4 6 8 10 12 14 16 18 20
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1. Ethyl acetate
2. Toluene
3. 4-Heptanone (IS)
4. Butyl ether
5. Styrene
6. Alkanes

Example: Microwavable bowl with polystyrene label and plastic lid



Microwave Popcorn Bag

2 4 6 8 10 12 14 16 18 20
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10000000
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Abundance

4-Heptanone

Example: Microwavable popcorn bag



Summary

•• Reasons for testing food contact packagingReasons for testing food contact packaging

•• Optimized separation of common volatiles fromOptimized separation of common volatiles from
packaging using purge & trap GC/MSpackaging using purge & trap GC/MS

•• Linearity studies for three target solventsLinearity studies for three target solvents

•• Packaging examplesPackaging examples

•• Information available from the FDAInformation available from the FDA
––21 CFR 170.3921 CFR 170.39

––Information on previous requests for exemptionInformation on previous requests for exemption
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Food & Flavor Analysis:
Sample Extraction and Introduction

I. Extraction Techniques
A. Solvent Extraction
B. Solid Phase Extraction (SPE)
C. SPME
D. SBSE

II. Headspace Sampling
A. Static Headspace
B. Dynamic Headspace
C. Thermal Desorption
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Sampling Challenges

• Very Low Concentrations
– ppm to ppt

• Matrix Issues
– Volatiles can be intracellular
– Disruption might be necessary

• Very Complex Volatile Profiles
– e.g. coffee has ~800 components

• Wide Range of Volatilities
• Air + Heat Instability
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Solvent Extraction Techniques
• Solid-Liquid

– Soxhlet extraction

• Liquid-Liquid
– Separatory funnel
– Liquid-liquid extractors

• Solvents
– Methylene chloride – good all-purpose
– Diethyl ether, pentane, hydrocarbons, Freons

• Concentration Techniques
– Dry over sodium or magnesium sulfate
– Concentrate on steam bath
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Distillation Techniques

• Prior to liquid-liquid extraction
– Distillation can remove nonvolatile 

compounds
– Can be done under vacuum – less heat 

required

• Supercritical CO2 extractions are gaining 
in popularity – “cleaner” final sample
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Solid Phase Extraction (SPE)
•• “Trap” specific compounds“Trap” specific compounds

–– Compound of interestCompound of interest
–– Interferences Interferences 

•• Wide range of materials availableWide range of materials available
–– NonNon--polar polar –– C18C18
–– Polar Polar –– carbon materials, carbon materials, fluorisilfluorisil

•• Standardized proceduresStandardized procedures
–– i.e. EPA test methodsi.e. EPA test methods

•• Validation is very importantValidation is very important
–– Recoveries, breakthrough levelsRecoveries, breakthrough levels
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HMF in Grape Juice:  No SPE Clean-up

HMF + interferences
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1. Conditioning
a. Apply 3 mL methanol
b. Apply 3 mL deionized water

2. Sample Application
a. Apply 4 mL sample to moist SPE tube, gravity feed

3. Wash
a. Pull remaining sample through tube, using vacuum
b. Apply 3 mL water
c. Remove excess water from bed under vacuum

4. Elution
a. Apply 2 mL elution solvent, gravity feed, dilute to 

volume

SPE Clean-up Procedure
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HMF

HMF in Grape Juice
C18 SPE, HMF Eluted with 20% Methanol
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HMF

HMF in Grape Juice
C18 SPE, HMF Eluted with 50% Methanol
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Solid Phase Microextraction (SPME)

� Solvent-less Extraction Technique
� Partitioning of organic components between an 

aqueous or a vapor phase and a thin polymeric film

� Independent of the matrix

� Applicable to liquids, solids, and gases

� Factors Affecting the Extraction
� Organic/water partition coefficient

� Polarity & volatility

� Volume of sample/headspace, pH, temperature, etc.
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Principle of SPME

Plunger

SPME holder

Fused-silica fiber
-expose fiber to liquid, headspace
-thermally desorb or solvent extract

Fiber types:
PDMS
Carboxen
Carbowax
Divinylbenzene
Combinations
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SBSE:  The Gerstel Twister™

• 1.5cm long magnetic stir bar 
sealed in glass

• High capacity PDMS phase 
on glass

• Extremely rugged
• Preconditioned for low 

background
• Stirs and extracts in one step
• Splitless desorption of stir bar 

gives low detection limits

Slide courtesy of Gerstel Inc.
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• Construction:
– Magnetic core material, sealed in glass (1.5 cm)
– Glass deactivated and persilylated
– PDMS phase (0.5 mm thick)
– Solvent washed and thermally conditioned

• Amount of PDMS on stir bar:
– Minimum, 1 cm bar: 24 µl
– Maximum, 2 cm bar: 126 µl

Stir Bar Sorptive Extraction (SBSE)
PDMS
Glass
Magnet

Slide courtesy of Gerstel Inc.
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SBSE:
Lower Detection Limits due to Higher Analyte Recovery

• Typical SPME phase: <0.5µl
• Typical Twister phase:

24-126µl
• Greater SBSE capacity gives 

higher recovery of analytes 
relative to SPME as polarity 
increases

Slide courtesy of Gerstel Inc.
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SBSE:  How to use
• Add stir bar to vial
• Stir 1hr-overnight
• Remove stir bar with 

forceps
• Rinse briefly in 

distilled water
• Dry with lint-free tissue
• Transfer bar into thermal 

desorption tube
• Thermally extract
• Refocus analytes in cold 

inlet

Slide courtesy of Gerstel Inc.
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Stir Bar Sorptive Extraction
Features/Benefits

∇ Immobilized liquid PDMS phase retains negligible water
∇ Linear sorption isotherms with minimal displacement effects
∇ PDMS phase selectivity enhances extraction of nonpolar 

analytes
∇ Selectivity eliminates polar matrix interference
∇ Extractions from lipophilic matrices (e.g. dairy, soaps) 

possible
∇ High recovery and splitless sample introduction provide 

extremely low detection limits
∇ Predictable analyte recovery
∇ Sample extraction done in parallel with minimal labor

Slide courtesy of Gerstel Inc.
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Response_

�Polar matrix 
components (water, 
acetic acid, ethanol, PG, 
glycerol) do not partition 
into PDMS.

�Volatile components 
(ethanol, methanol, 
acetone, etc.) can be 
further reduced by 
allowing brief evaporation 
time.

Balsamic Vinegar

Slide courtesy of Gerstel Inc.

Stir Bar Sorptive Extraction
Eliminates Matrix Interferences
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Overlays of 1 yr old Bourbon, Triplicate SBSE

Slide courtesy of Gerstel Inc.
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Overlays of 1yr, 2yr, 4yr, 6yr, 8yr and 10yr Bourbon

Slide courtesy of Gerstel Inc.
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Flavor Profiling
Headspace Sampling Techniques

•• AdvantagesAdvantages
–– “Cleaner” samples“Cleaner” samples

–– Minimal sample preparationMinimal sample preparation

•• TypesTypes
–– Static headspaceStatic headspace

–– Dynamic headspaceDynamic headspace

–– Thermal Thermal desorptiondesorption
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Flavor Profiling
Static Gas Extraction

•• AdvantagesAdvantages
–– Excellent screening toolExcellent screening tool

–– InexpensiveInexpensive

–– Minimal sample carryoverMinimal sample carryover

–– Easy to performEasy to perform

•• DisadvantagesDisadvantages
–– Less sensitiveLess sensitive

–– Involves preparing calibration in sample matrixInvolves preparing calibration in sample matrix
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Flavor Profiling:  Static Gas Extraction

¾¾ Constant ratio between Constant ratio between 
liquid & gas phases at liquid & gas phases at 
equilibriumequilibrium

Where K = (Cgas / C liquid)

K = distribution coefficient

� Large K values favor the gas state
� Cgas is directly proportional to peak area

Lit. #59895 — Headspace Guide
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Flavor Profiling:  Static Gas Extraction

Volatiles from 2 different batches of chewing gum.  The 
headspace was sampled after heating to 60°C.
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Flavor Profiling:  Static Gas Extraction
Residual solvents in decaffeinated lemon tea

Minutes
0 2 4 6 8 10 12 14 16 18 20

m
V

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

TRACE-FID
Tea headspace

1
2

3
4

5

1. Methanol
2. iso-Propanol
3. Methylene chloride
4. Methyl acetate
5. n-Butanol (IS)
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• Concentrates volatiles

• Dynamic extraction of 
solids and liquids

• Adsorbent trap

• Desorb (10-80 mL/min)

• Narrow bore column 
(split flow)

• Part of GC system

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Inlet System
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• Carrier gas bubbled through the matrix
• Volatiles in matrix diffuse into carrier gas & 

are carried away
• Typical flows:  40-50 mL/min. (can heat) 
• Typical purge time:  10-12 min.

1. Wet Purge

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sampling
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•• Trap is dried by purging with gas onlyTrap is dried by purging with gas only

•• Typical time:  1Typical time:  1--4 min.4 min.

2. Dry Purge

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence
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• Trap is heated without flow
• Typical temp: 5o below desorb temperature
• Minimizes retention on the trap

3. Desorb Preheat

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence
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• Trap is backflushed into column
• Typical time:  2 - 4 minutes
• Typical flow:  10-80 mL/min.

• Typical temp:  180o - 250oC

4. Desorb

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence
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• Trap is baked clean with flow
• Typical time:  8+ minutes
• Typical temp:  higher than desorb temperature
• Avoid overheating adsorbents

5. Trap Bake

Flavor Profiling:  Dynamic Gas Extraction
Purge & Trap Sequence
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10cm Carbopack B

6cm Carboxen 1000

1cm Carboxen 1001

High-Boilers

Volatile
Compounds

Gases

Vocarb® 3000  

Flavor Profiling:  Dynamic Gas Extraction
Typical Adsorbents for Purge & Trap
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• Retention of polar & non-polar 
compounds

• Hydrophobic characteristics

• Reproducible desorption

– Increasing levels of adsorbency

• Able to withstand a broad temperature 
range

Flavor Profiling:  Dynamic Gas Extraction
Requirements of a Trap
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Connecting a Purge & Trap to the GC Column

• Via the injection port

• Directly to the column

– 1/16" union

– Silica transfer line from 6 port valve directly to 
the column

• Low volume injector 

Flavor Profiling:  Dynamic Gas Extraction
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� Narrow bore column flows (0.5-1.3 mL/min.) 
permit a direct interface

� 0.53mm ID columns require:

Open Split Interface

Excess Flow Vacuum

or       Jet Separator     

Interfacing to a GC/MS System
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THF

Benzene

4-Heptanone

Styrene

Purge & Trap GC/MS of Volatiles
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GC Parameters
¾ Column:  Rtx-5MS, 30m x 0.25mm x 1.0um
¾ Injector:  250°C, 20:1 split
¾ Carrier gas:  Helium at 1 mL/min, constant flow
¾ Oven: 50 °C to 92 °C at 3 °C/min, to 220°C/min. at

20°C/min. (1 min. hold)

MSD Parameters
¾ Temperature: 280°C
¾ Scan Range: 35-260, 1 min. solvent delay
¾ Ionization: EI @ 70eV

Purge & Trap Parameters
¾ Concentrator: Tekmar LSC-3100 with Vocarb 3000 (type K) trap
¾ Purge: 10 min. at 40 mL/min, 60°C
¾ Dry purge: 3 min. at 40 mL/min.
¾ Desorb: 2 min. at 40 mL/min, 245°C

Purge & Trap GC/MS of Volatiles
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• Heat sample to drive volatiles into 
headspace

• Can trap and concentrate volatiles

– Cryofocusing step

• Minimal sample preparation

• Commercially available units

Thermal Desorption Techniques
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Short-Path Thermal Desorption System

Sample tube

Septum purge vent

Split purge vent

To GC

Valve 1

Valve 2

Carrier
Gas
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• Sampling techniques for solid and liquid 
samples

• Food & flavor samples often have extremely 
challenging matrices

– Need to sample trace level components

– Matrix can vary significantly from sample to 
sample

• Newer technologies focus on extracting flavor 
compounds from sample matrix without 
significant dilution

Summary of Extraction & 
Introduction Techniques
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Introduction
Residual organic solvents are monitored in pharmaceutical products and packaging 
materials, and water supplies are tested for volatile organic contaminants.  These 
compounds generally are amenable to analysis by gas chromatography (GC); 
however, because they encompass a wide range of functional groups, boiling points, 
and concentrations, analysis times can be quite long.  Often, complete resolution of 
all target analytes requires analysis on two columns with dissimilar stationary 
phases.  An ideal volatiles assay would be performed in a single chromatographic 
run, at minimal analysis time.

Two-dimensional GC techniques can significantly reduce analyses times for complex 
systems that require dual column analysis.  Selectivity tuning, using flow modification 
and two capillary columns in series, will be discussed.  In this technique, separation 
of target compounds is enhanced by modifying the flow through the columns, using a 
series of ‘stop-flow’ pulses.  For compounds that are resolved on the first column, 
but co-elute at the end of the column pair, resolution can be greatly improved by 
increasing the separation of the compounds at the column junction.1,2 The use of 
stop-flow GC in the analysis of volatiles, such as residual solvents commonly 
monitored in pharmaceutical products and packaging, will be described.



A diagram of the stop-flow system is shown in Figure 1.  Two columns with 
dissimilar stationary phases are connected in series.  At the column junction, an 
external source of carrier gas is connected; the flow of this gas to the junction is 
controlled by an air- or electronically-triggered valve. 

When using the stop-flow column technique, there are four possibilities:  
I. Compounds are resolved at the column junction and remain resolved at 

the end of the column pair. The separation can proceed normally.
II. Two or more compounds coelute at the junction, but are resolved on the 

second column. This separation also can proceed normally.  
III. Compounds are resolved at the junction, but coelute at the end of the 

column pair.  A stop-flow pulse is applied when the first compound has 
crossed the junction but the second compound is still in the first column, 
thus increasing the band spacing. 

IV. The compounds coelute both at the junction and at the end of the column 
pair.  Other stationary phase combinations should be investigated. 

To use the stop-flow technique, as in (III), component bands must be completely 
separated by the first column if they coelute at the end of the column pair.  

Stop-Flow GC



Figure 1.  Diagram of the stop-flow GC system.
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FID #2
(or MS)
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Chamber

EPC

= 4-way junction



Application of Stop-Flow GC to Residual Solvent Assays

Residual solvent testing is a critical measure for manufacturers of pharmaceutical 
formulations.  The International Conference on Harmonization (ICH) and the 
European Pharmacopoeia are among the regulatory agencies that have proposed 
guidelines for this testing.3,4 The analytical challenges are significant, with over 60 
compounds of regulatory interest.  The solvents have been divided into 3 classes:  
solvents with unacceptable toxicities, which should be avoided (Class I); solvents 
with less severe toxicities, use of which should be limited (Class II); and less toxic 
solvents (Class III).  An ideal residual solvent method would permit identification 
and quantification of the target components in a single analysis.  For this study, 
Class I and Class II solvents listed in Table I were targeted.

Standard Preparation

The compound list was chosen to include solvents with unacceptable toxicities 
(Class I) and solvents that should be avoided (Class II).  Neat materials were used 
to prepare three separate solvent-less mixes, which were combined to yield a 
concentration of 2.8% each component.  The working standard components are 
shown in Table I.



Table I. Class I & class II residual solvents

sulfolone361,4-dioxane18

formamide35toluene17

1-methyl-2-pyrrolidinone (1-MP)34chloroform16

ethylene glycol (EG)33acetonitrile (MeCN)15

1,2,3,4-tetrahydronaphthalene (THN)32trichloroethene (TCE)14

N,N-dimethylacetamide (DMA)31cis-1,2-dichloroethene13

dimethyl formamide (DMF)30benzene12

1,1,2-trichloroethane (1,1,2-TCA)29methylene chloride (CH2Cl2)11

2-ethoxyethanol281,2-dimethoxyethane10

chlorobenzene27methanol9

o-xylene261,1,1-trichloroethane (1,1,1-TCA)8

pyridine25carbon tetrachloride (CCl4)7

2-methoxyethanol24trans-1,2-dichloroethene6

nitromethane23methyl cyclohexane5

m-xylene221,1-dichloroethene (1,1-DCE)4

p-xylene21methyl cyclopentane3

2-hexanone (MBK)20hexane2

1,2-dichloroethane (1,2-DCA)192-methylpentane1

CompoundPeak #CompoundPeak #



Chromatographic Separation

36 residual solvents were analyzed using the conditions in Table II.  The 
chromatogram at the junction FID is shown in Figure 2.  The junction FID 
monitors the separation after the first chromatographic column. Multiple 
compounds coelute at the end of the column ensemble, as measured at 
the end FID (Figure 3).  These include:  

hexane and 1,1-dichloroethene
carbon tetrachloride and methylcyclohexane
cis-1,2-dichloroethene and 1,2-dimethoxyethane
acetonitrile and trichloroethene
pyridine, p-xylene, and m-xylene
ethylene glycol and 1,2,3,4-tetrahydronaphthalene

Note, however, that all compounds that coelute at the end FID (Figure 4) 
are resolved at the junction FID (Figure 3).



Table II. Conditions for the stop-flow residual solvent assay

Flame ionization detectors @ 250°CDetectors

0.2 mL headspace, 200:1 splitInjection

230°CInjector

2.5 mL/min. to 9.5 min.
3.5 mL/min. at 10 min.

Column Flow

40°C (1 min. hold), to 65°C at 6°C/min.,
to 100°C at 12°C/min.,

to 250°C at 70°C/min. (1.8 min. hold)

Oven Program

Stabilwax®, 15m x 0.25mm, 0.5µm*
Rtx®-200,  30m x 0.25mm, 1µm**

Analytical Columns

*Polyethylene glycol stationary phase
**Trifluoropropyl stationary phase 



Nine pulses, varying in duration from 2 - 8 seconds, were applied 
beginning 44 seconds after injection.  The band for the first component in 
each critical pair has completely migrated to the second column when the 
valve is opened.  The second compound in the pair stays on the first 
column until the end of the pressure pulse.  The timing of the 9 pulses is 
shown in Figure 4, with the resulting chromatogram at the end FID in 
Figure 5.  Pressure at the junction point was 74 psia, or 59 psig head 
pressure.  At all times the junction head pressure was above the inlet head 
pressure, causing a slight reverse flow on the first column while the valve 
was open.

In some cases, multiple stop-flow pulses were used to “tune” the 
separation. Pyridine, p-xylene, and m-xylene all elute at 8.1 minutes, as 
shown in Figure 8.  To resolve these components, a 3-pulse sequence was 
introduced, as shown in Figure 9.  Figures 6-9 are enlarged views of the 
chromatographic resolution of several critical component pairs, without and 
with stop-flow pulses.  

Stop-Flow Pulses



Figure 2.  Residual solvents analyzed using conditions in 
Table II.  Chromatogram at the junction FID, after the first 
(Stabilwax®) column.



Figure 3.  Residual solvents analyzed using conditions in 
Table II.  Chromatogram at the end of the column ensemble.



Figure 4.  Chromatogram at the junction FID; arrows show 
locations and durations of 9 stop-flow pulses.



Figure 5.  Chromatogram at the end of the column ensemble, 
using 9 stop-flow pulses to resolve all 36 volatile compounds.
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Figure 6. Enlargement of 1.3 – 4.0 minutes, no stop-flow pulses.



Figure 7. Enlargement of 1.3 – 4.0 minutes, stop-flow pulses initiated 
at 72 and 120 sec.
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Figure 8. Enlargement of 4.3 – 8.5 minutes, no stop-flow pulses.



Figure 9. Enlargement of 4.3 – 8.5 minutes, stop-flow pulses 
initiated at 290, 330, and 346 sec.



End FID

Figure 10. The stop-flow system connected to a gas chromatograph



Conclusions
High-speed separation of 36 residual solvents has been demonstrated in a single 
chromatographic run.  Using a combination of a polyethylene glycol stationary phase and a 
trifluoropropyl stationary phase, this challenging separation was accomplished in 12 
minutes.  Resolution of coeluting or closely eluting components was substantially improved 
by introducing nine stop-flow pulses to “tune” the chromatographic separation. 
The stop-flow GC accessory is shown in Figure 10.

Headspace analyses commonly are performed to achieve the desired detection limits for 
Class I and Class II residual solvents.  This concentration step allows analytes to reach the 
capillary column with very little solvent interference.  For this reason, we simulated a 
headspace analysis by combining our 36 components as neat analytes.  Future work will 
combine stop-flow technology with headspace sampling to determine the achievable 
detection limits for each compound.  The stop-flow GC technique, in combination with the 
proper choice of column stationary phases, can be used to dramatically improve difficult 
separations.  

References
1.  T. Veriotti and R. Sacks, Anal. Chem., 2001, 73, 3045.
2.  T. Veriotti and R. Sacks, Anal. Chem., 2001, 73, 4395.
3. “Impurities: Residual Solvents” in The ICH Harmonized Tripartite 

Guideline, The Fourth International Conference on Harmonization, July 
17, 1997.

4. European Pharmacopoeia, January 1999 supplement, 14-15.



Restek CorporationRestek Corporation
www.www.restekcorprestekcorp.com.com

Low Cost Solution for Accelerating Gas 
Chromatographic Separations

Gary Stidsen, Gary Stidsen, Stephen J. MacDonald, Frank Stephen J. MacDonald, Frank 
Dorman and Brad RightnourDorman and Brad Rightnour



R e s t e k    www.restekcorp.com 

Desires of GC Analysts

•• Higher Sample ThroughputHigher Sample Throughput
–– Lowers cost/sampleLowers cost/sample

–– Increases sample capacityIncreases sample capacity

–– Fewer instruments to accomplish same workloadFewer instruments to accomplish same workload

•• Better ResolutionBetter Resolution
–– Can allow for shorter run timesCan allow for shorter run times

–– Improves quantitationImproves quantitation

–– Can allow for analysis of very complex matricesCan allow for analysis of very complex matrices
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Methods to Improve Speed and/or Resolution
“high-end” technology

•• Fast GC/Flash GCFast GC/Flash GC
–– Short, narrow I.d. columnsShort, narrow I.d. columns
–– Ballistic heating (resistive, microwave)Ballistic heating (resistive, microwave)

•• Multicolumn GCMulticolumn GC
–– Bertsch, Guichon, GiddingsBertsch, Guichon, Giddings

•• Comprehensive 2DComprehensive 2D--GCGC
–– Begun by John Phillips Begun by John Phillips –– Southern Illinois Univ.Southern Illinois Univ.

•• StopStop--Flow GC Flow GC 
–– Richard Sacks Richard Sacks –– Univ. of MichiganUniv. of Michigan
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Methods to Improve Speed and/or Resolution 
“lower-end” technology

•• Tuning Stationary Phase SelectivityTuning Stationary Phase Selectivity
–– Design column to achieve specific separationDesign column to achieve specific separation

–– Users can send retention data for optimizationUsers can send retention data for optimization

•• Physical Parameter OptimizationPhysical Parameter Optimization
–– Pro EZPro EZ--GC Software allows user optimizationGC Software allows user optimization

•• Hardware ModificationHardware Modification
–– GC Racer allows common existing instrumentation to GC Racer allows common existing instrumentation to 

achieve increased temperature ramp ratesachieve increased temperature ramp rates
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“Fast” GC Techniques

•• How fast is fast?How fast is fast?
–– 100 C/min, 100 C/sec ?100 C/min, 100 C/sec ?

•• How fast is necessary?How fast is necessary?
–– Partially depends on column dimensionsPartially depends on column dimensions

•• Does the technique require different columns?Does the technique require different columns?
–– “caged” columns for resistive heating“caged” columns for resistive heating

–– Microwave heated columns Microwave heated columns 

–– NarrowNarrow--bore columnsbore columns
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Effect of ID on Capacity

2 4 6

C9

C10

C8

C7

70oC isothermal

* run at different temperatures to keep k values similar

C9

C10

C8

C7

15m, 15m, 0.53mm ID0.53mm ID, 0.25µm, 0.25µm

2 4 6

53oC isothermal*

15m, 15m, 0.25mm ID0.25mm ID, 0.25µm, 0.25µmRtx-1:
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Effect of Temperature Programming Rate
on Number of Theoretical Plates:

Area of the triangle Represents relative number of
theoretical plates at different heating rates.
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GC Racer

•• Interfaces to existing GC’sInterfaces to existing GC’s
–– 5890 A model available5890 A model available
–– 5890 Series 2 model available5890 Series 2 model available
–– 6890 Series available6890 Series available

•• Operates using existing GC controlOperates using existing GC control
–– No software or firmwareNo software or firmware

•• Allows for maximum ramp rates up to 440 CAllows for maximum ramp rates up to 440 C
•• Can allow for 2Can allow for 2--5 times speed enhancement for 5 times speed enhancement for 

most methodsmost methods
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GC Racer Heater Installed in an Agilent 5890
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GC Racer Installed on an Agilent 5890 
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Versatility of HSGC TechniquesVersatility of HSGC Techniques

??

YesYes

YesYes

Small i.dSmall i.d.(1).(1)

????

YesYes

??

AllAll

YesYes

RequiredRequired

MostMost

YesYes

YesYes

< 0.1 mm i.d.< 0.1 mm i.d.

LowLow
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NoneNone

Split/splitlessSplit/splitless

NoNo
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Med Med -- LowLow
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Versatility FactorVersatility Factor
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Guard ColumnsGuard Columns

Retention GapRetention Gap

ColumnsColumns

Sample CapacitySample Capacity

Temp ProgrammingTemp Programming

DetectorsDetectors

EPCEPC

RT LockingRT Locking

ValidationValidation

OthersOthersMicro BoreMicro BoreFlashFlashGC RacerGC RacerHSGC TechniqueHSGC Technique
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Simplicity of HSGC TechniquesSimplicity of HSGC Techniques

Professional ?Professional ?

Standard?Standard?

??

YesYes

YesYes

????

Not Not 

ApplicableApplicable

StandardStandard

Any SourceAny Source

NoneNone

NoneNone

NoNo

Professional Professional 

Specialized Specialized 

Sole SourceSole Source

YesYes

YesYes

YesYes

User User 

Plug and PlayPlug and Play

StandardStandard

Any SourceAny Source

NoneNone

NoneNone

NoNo

Simplicity FactorSimplicity Factor

InstallationInstallation

Column changingColumn changing

Column PurchaseColumn Purchase

User TrainingUser Training

SoftwareSoftware

Bench spaceBench space

Added Operational Added Operational 
RequirementsRequirements

OthersOthersMicro BoreMicro BoreFlashFlashGC RacerGC RacerHSGC TechniqueHSGC Technique
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Affordability of HSGC TechniquesAffordability of HSGC Techniques

??

400400

00

00

00

11

20,00020,000
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1   1   

3,8003,800
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(1 (1 –– 4)4)

Cost FactorCost Factor

Purchase PricePurchase Price

Installation CostInstallation Cost

Maintenance CostMaintenance Cost

Training CostTraining Cost

Number of ColumnsNumber of Columns

OthersOthersMicro BoreMicro BoreFlashFlashGC RacerGC RacerHSGC TechniqueHSGC Technique
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GC Racer: Allows use of fast heating rates throughout entire 
temperature range
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S/SS, Direct, PTV, SPME, 3S/SS, Direct, PTV, SPME, 3RDRD PartyParty

Every size, every manufacturer, every length Every size, every manufacturer, every length --
Fused silica, metal, packed.Fused silica, metal, packed.

From From microbore microbore to packed column capacityto packed column capacity

HP 5890:  70 °C/min up to 350 °C.HP 5890:  70 °C/min up to 350 °C.

HP 6890:  70 °C/min up to 400 °C.HP 6890:  70 °C/min up to 400 °C.

FID, MSD, FPD, PID, TCD, HID, … every FID, MSD, FPD, PID, TCD, HID, … every 
make, model, manufacturer.make, model, manufacturer.

original EPC and third party  EPC accessoriesoriginal EPC and third party  EPC accessories

Seamless addition to existing systemSeamless addition to existing system

AllAll

AllAll

YesYes

YesYes

Full RangeFull Range

AllAll

YesYes

Versatility FactorVersatility Factor
InjectorsInjectors

ColumnsColumns

Guard ColumnsGuard Columns

Retention GapRetention Gap

Sample CapacitySample Capacity

Temp ProgrammingTemp Programming

DetectorsDetectors

EPCEPC

RT LockingRT Locking

Versatility of Zip GC RacerVersatility of Zip GC Racer
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Simplicity of Zip GC RacerSimplicity of Zip GC Racer

Simple; 3 plug in connections. Plug and PlaySimple; 3 plug in connections. Plug and Play

Standard method, no special columns, interfaces, or tools.Standard method, no special columns, interfaces, or tools.

User continues to buy from vendor of choice.User continues to buy from vendor of choice.

NoneNone

NoneNone

NoneNone

NoneNone

Simplicity FactorSimplicity Factor

InstallationInstallation

Column changingColumn changing

Column PurchaseColumn Purchase

User TrainingUser Training

SoftwareSoftware

Bench spaceBench space

Added Operational Added Operational 
RequirementsRequirements
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U MassU MassAlpha SiteAlpha Site

Ruggedness of Zip GC RacerRuggedness of Zip GC Racer

SimDisSimDis
PCB’sPCB’s

Extractable HCExtractable HCTennTenn /Miss DRO/Miss DROApplicationApplication

HP 5890HP 5890HP 5890HP 5890HP 5890 Series IIHP 5890 Series IIHost GCHost GC

Blew a few fuses Blew a few fuses ––
nobody got hurt.nobody got hurt.CommentsComments

Restek CorpRestek Corp
Woods Hole Woods Hole 

EnvironmentalEnvironmental
GroupGroup

Beta SitesBeta Sites

NoneNoneNoneNoneTypical Design IssuesTypical Design IssuesProblems Problems 
encounteredencountered

The Zip GC Racer is based on the same heating technology used byThe Zip GC Racer is based on the same heating technology used by GC manufacturers for the GC manufacturers for the 
past 25+ years. Most GCs go to the junkyard without ever having past 25+ years. Most GCs go to the junkyard without ever having oven failures. MTBF for GC oven failures. MTBF for GC 
oven heaters is a long, long, very long time.oven heaters is a long, long, very long time.
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Tenn/Miss DRO Mix with GC Racer
Temp Program: 50°C (0.33 min hold), 70°C/min to 300°C, hold 0.1 min
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GC Racer RT Stability over 7 Days/900 Runs
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Polywax 1000

•• Polyethylene (even numbers) with average Polyethylene (even numbers) with average 
molecular weight of 1000 molecular weight of 1000 daltonsdaltons

•• Requires high temperature for elution of Requires high temperature for elution of 
homologous serieshomologous series

•• Good candidate for faster techniqueGood candidate for faster technique
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MXT-1HT   Polywax 1000 C10-C100

40c > 430c > @ 10/min. hold 20

C10C10--C100C100

C100C44
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Polywax 1000  60C/ minute ramp rate

40c > 430c > @ 60/min. hold 30

C10C10--C100C100

C44

C100
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PCB Aroclors

•• Screening or analysis of PCB Screening or analysis of PCB Aroclors Aroclors can be can be 
performed quickly since complete separation is performed quickly since complete separation is 
not a factornot a factor

•• One of the most common tests required at One of the most common tests required at 
remediation sites or for waste oil disposalremediation sites or for waste oil disposal

•• Good candidate for accelerated separationGood candidate for accelerated separation
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Aroclor 1242 with Zip Racer 110 C (Hold 1 min) to 
300 C at 60C/min (hold 5 min)

Rtx-5 15 m X 0.32 mm I.d. X 0.50 um d.f.

HP 5890
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Aroclor 1248 with Zip Racer 110 C (Hold 1 min) to 300 C at 

60C/min (hold 5 min)

Rtx-5 15 m X 0.32 mm I.d. X 0.50 um d.f.

HP 5890
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Aroclor 1254 with Zip Racer 110 C (Hold 1 min) to 300 C at 
60C/min (hold 5 min)

Rtx-5 15 m X 0.32 mm I.d. X 0.50 um d.f.

HP 5890
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Aroclor 1260 with Zip Racer 110 C (Hold 1 min) to 300 C at 

60C/min (hold 5 min)

Rtx-5 15 m X 0.32 mm I.d. X 0.50 um d.f.

HP 5890
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Affordability of Zip GC RacerAffordability of Zip GC Racer

Small fraction of the cost of existing technology.Small fraction of the cost of existing technology.

User installed in less than 30 min.User installed in less than 30 min.

No Preventative Maintenance RequiredNo Preventative Maintenance Required

None None -- No Training RequiredNo Training Required

GC dependent; 1 or 2GC dependent; 1 or 2

Purchase PricePurchase Price

Installation CostInstallation Cost

Maintenance CostMaintenance Cost

Training CostTraining Cost

Number of Number of 
ColumnsColumns
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Summary
For the Routine User:

•• GC Racer is simple to installGC Racer is simple to install

•• No training necessaryNo training necessary

•• Allows improvement in oven ramp ratesAllows improvement in oven ramp rates
–– Many methods can benefitMany methods can benefit

•• No reNo re--qualification necessaryqualification necessary

•• No software to learnNo software to learn

•• Uses existing GC instrumentationUses existing GC instrumentation
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A unique CVD coating for A unique CVD coating for 
process and analytical process and analytical 

pathways pathways 

David A. Smith, Marty Higgins,
Gary Barone
Restek Corporation

Dr. Bruce Kendall
Elvac Laboratories
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OutlineOutline

ProcessProcess
ApplicationsApplications
Performance dataPerformance data
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Chemical Vapor Deposition Chemical Vapor Deposition 
ProcessProcess

Thermal decomposition of Thermal decomposition of silanessilanes
Amorphous silicon depositionAmorphous silicon deposition
Functionalization of surface if desiredFunctionalization of surface if desired
ProcessProcess

Clean (caustic surfactant; ultrasonic)Clean (caustic surfactant; ultrasonic)
VacuumVacuum
400400ººCC
Applied in vessel or oven chamberApplied in vessel or oven chamber

Total 3D coverage, not lineTotal 3D coverage, not line--ofof--sightsight
High volume (size dependent)High volume (size dependent)

Photo in lower right shows one of our process ovens.  Chamber size is 30” x 
24”.
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Application AreasApplication Areas

AntiAnti--CorrosionCorrosion
Analytical (passivation)  Analytical (passivation)  

Transfer linesTransfer lines
Instrumentation partsInstrumentation parts
GC consumablesGC consumables

UltraUltra--High Vacuum High Vacuum 
AntiAnti--CokingCoking
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Coating Cross SectionCoating Cross Section

Optical micrograph shows a thicker (ca. 10um) coating on steel cross 
section.  Coating thicknesses can be controlled from 300A to 10um.
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Silcosteel GDSilcosteel GD--OES Depth ProfileOES Depth Profile

Using Glow Discharge Optical Emission Spectroscopy, a depth profile with 
real-time atomic percentage during the sputter shows atomic mixing of iron 
and silicon.  This intimate mixing explains the absence of delamination with 
the silicon coatings.  This is unlike polymeric coatings and provides a 
significant advantage over them.
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SubstratesSubstrates
Tubing:Tubing:

0.004” to 0.5” ID0.004” to 0.5” ID
2000+ ft. continuous lengths2000+ ft. continuous lengths

Complex geometry parts (inside and out)Complex geometry parts (inside and out)
Fittings, valves, frits, custom partsFittings, valves, frits, custom parts

Stainless steels, steels, alloys, glass, Stainless steels, steels, alloys, glass, 
ceramicsceramics
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Substrates with IssuesSubstrates with Issues

Nickel (most highNickel (most high--performance alloys performance alloys willwill coat)coat)
Aluminum*Aluminum*
CopperCopper
BrassBrass
Gold, SilverGold, Silver--plated components plated components 
MagnesiumMagnesium
ElastomersElastomers

*heat*heat--dependentdependent
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Coating Coating 
AppearancesAppearances

“Rainbow” coatings are approximately 1200A.  Blue coatings range from 
300-400A.  Matte silver coatings are 1-10um.  Tubing is generally coated 
only on the inside, whereas 3-dimensional parts are coated throughout all 
exposed surfaces, inside, outside, through pores and on fine structure.
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Coating Appearances (cont.)Coating Appearances (cont.)

This coated vacuum chamber has an 8” flange and is 18” long.  Valve bodies 
can be coated.
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Coating Appearances (cont.)Coating Appearances (cont.)

A six-way UHV cross.  2 ¾” flanges.
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More PartsMore Parts

Examples of customer jobs, showing reproducibility between and within lots.
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Corrosion ResistanceCorrosion Resistance

Stainless steel surfaces susceptible to Stainless steel surfaces susceptible to 
attack from hydrochloric acid, sulfuric acid attack from hydrochloric acid, sulfuric acid 
and nitric acidand nitric acid
Corrosion resistant deposition is a heavier Corrosion resistant deposition is a heavier 
amorphous silicon layer insoluble in amorphous silicon layer insoluble in 
hydrochloric acid, sulfuric acid and nitric hydrochloric acid, sulfuric acid and nitric 
acidacid



14

Corrosion Resistant Data (cont.)Corrosion Resistant Data (cont.)
External EvaluationExternal Evaluation

Certified corrosion Certified corrosion 
engineers (engineers (MatcoMatco))
Spectroscopic Spectroscopic 
analysisanalysis
Mechanical testingMechanical testing
Electrochemical Electrochemical 
Cyclic Polarization in neutral, acidic, alkalineCyclic Polarization in neutral, acidic, alkaline
Atmospheric corrosionAtmospheric corrosion

ASTM moisture condensationASTM moisture condensation
Salt spray ASTM B117Salt spray ASTM B117

Stress corrosion cracking (MgClStress corrosion cracking (MgCl22; ASTM G36); ASTM G36)

We use external experts for most of our data generation.  For corrosion, 
several standardized tests were performed by Matco corporation.
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CR DataCR Data
ASTM G45 method B; Pitting and Crevice ASTM G45 method B; Pitting and Crevice 
CorrosionCorrosion

6% Ferric Chloride solution 6% Ferric Chloride solution 
72hrs, 2072hrs, 20ººCC
Gasket wrapGasket wrap

2280.47319.627610.1007Bare Sample 37

2090.43429.692310.1265Bare Sample 34

2310.47899.565510.0444Bare Sample 27

250.052110.074210.1263Silco-CR Sample 47

250.051310.074310.1256Silco-CR Sample 28

190.039510.371010.4105Silco-CR Sample 17

Weight Loss
(g/m2)

Weight
Loss (g)

Final
Weight (g)

Initial
Weight (g)

Sample

Using a tight gasket wrap in a corrosive chloride environment, the Silcosteel-
CR coating outperformed an uncoated coupon 10-fold.
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ASTM G45 B (cont.)ASTM G45 B (cont.)

Bare 316L Stainless Steel coupon Bare 316L Stainless Steel coupon 
showing severe crevice corrosionshowing severe crevice corrosion

The location of the tight gasket is obvious in this photo of the uncoated 
coupon.  Severe pitting corrosion is also present.
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ASTM G45 B (cont.)ASTM G45 B (cont.)

Corrosion resistant treated sample Corrosion resistant treated sample 
showing no crevice corrosion only slight showing no crevice corrosion only slight 
pitting corrosionpitting corrosion

This is a Silcosteel-CR coupon after testing.
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CR Data (cont.)CR Data (cont.)
ASTM GASTM G--61; Cyclic Polarization Electrochemical 61; Cyclic Polarization Electrochemical 
Corrosion TestingCorrosion Testing

Acid, neutral, basic aqueous solutions with varying Acid, neutral, basic aqueous solutions with varying ClCl-- ion ion 
concentrations (100, 3000, 5000ppm)concentrations (100, 3000, 5000ppm)
EG&G EG&G VersaStatVersaStat System, 23System, 23ººCC
316L vs. Silcosteel316L vs. Silcosteel®®--CR on 316L, 304LCR on 316L, 304L

0.043700.096-418316 L

0.06 3610.145-435 304 L

0.0009 14600.002 -533 Silcosteel-CR 316 L

CR, mpyEb, mVIc, uA/cm^2Ec, mVSample

Neutral solution;
3000ppm Cl-

Ec = corrosion potential
Ic = current density at Ec
Eb = pitting potential
CR = corrosion rate

-CR vs 316L Raw:  50x improvement

CP testing in neutral solution with 3000ppm Cl- gave a 50-fold improvement 
over an uncoated coupon.
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ASTMASTM--G61 (cont.)G61 (cont.)

0.833701.920-662316 L

1.145872.650-639304 L

0.059270.123-843Silcosteel-CR 316 L

CR, mpyEb, mVIc, uA/cm^2Ec, mVSample

Acidic Solution; 1N H2SO4; 
3000ppm Cl- -CR vs 316L Raw:  10x improvement

In acidified solution, there was a 10-fold improvement over an uncoated 
coupon.
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BenefitsBenefits

To extend lifetimes of equipment exposed To extend lifetimes of equipment exposed 
to corrosive environments and/or process to corrosive environments and/or process 
streamsstreams
Protection of high value equipment in Protection of high value equipment in 
corrosive environmentscorrosive environments

Benefits of improved anti-corrosive performance.
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Inertness:  Amorphous Silicon and SurfaceInertness:  Amorphous Silicon and Surface--
Functionalized Amorphous SiliconFunctionalized Amorphous Silicon

Both coatings are based on Chemical Both coatings are based on Chemical 
Vapor Deposition process.  Similar Vapor Deposition process.  Similar 
physical propertiesphysical properties
Amorphous silicon (SilcosteelAmorphous silicon (Silcosteel®®))

recommended if level of active compounds is recommended if level of active compounds is 
1010--50 50 ppmppm or higheror higher

Functionalized (SiltekFunctionalized (Siltek™™ / Sulfinert/ Sulfinert®®))
ideal for extremely lowideal for extremely low--level, <1ppb and up, level, <1ppb and up, 
transfer and storage of active compoundstransfer and storage of active compounds

Inertness aspects of a coated stainless steel substrate.  Two surfaces are 
available, Silcosteel and Sitek (also known as Sulfinert), whereby Siltek is 
the most inert.
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Patented FunctionalizationPatented Functionalization

The basic Siltek process is sketched out here.  An additional bonding to the 
surface (covalently) can further deactivate the surface.  The beauty of this 
process, however, is that the “R” group can be a wide variety of molecules, 
thereby allowing tailorability of the surface to a customer’s needs.  For 
example, a fluorinated hydrocarbon can be bonded to increase 
hydrophobicity.
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Current ApplicationsCurrent Applications

Sulfurs:  Application areasSulfurs:  Application areas
Natural Gas; LPGNatural Gas; LPG
Ethylene; PropyleneEthylene; Propylene
Fuel CellsFuel Cells
Petrochemical process StreamsPetrochemical process Streams
Beverage Grade COBeverage Grade CO22 (Soda/Beer)(Soda/Beer)
Flavor (Wine/Beer)Flavor (Wine/Beer)
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Current Applications (cont.)Current Applications (cont.)

Sulfur Dioxide (SOSulfur Dioxide (SO22); Nitrous Oxide (); Nitrous Oxide (NONOxx))
Automotive Exhaust (Gasoline/Diesel)Automotive Exhaust (Gasoline/Diesel)
Stack Gas samplingStack Gas sampling

Mercury/Mercury OxidesMercury/Mercury Oxides
AlcoholsAlcohols
Hydrogen PeroxideHydrogen Peroxide
Air Sampling (Environmental monitoring)Air Sampling (Environmental monitoring)
Chromatographic AnalyzersChromatographic Analyzers
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Common Coated ComponentsCommon Coated Components
Sampling SystemsSampling Systems
Transfer TubingTransfer Tubing
ValvingValving
Particle FiltersParticle Filters
Tube Fittings and AdaptorsTube Fittings and Adaptors
Sample Cylinders; Outage TubesSample Cylinders; Outage Tubes
Analyzer componentsAnalyzer components
Continuous Emission Monitoring (CEM) Continuous Emission Monitoring (CEM) 
equipmentequipment
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Testing System for Sulfur Gas Storage & Testing System for Sulfur Gas Storage & 
TransferTransfer

SulfinertSulfinert®®--deactivated sample cylinders and deactivated sample cylinders and 
sample valvessample valves
SulfinertSulfinert®®--deactivateddeactivated sampling system (transfer sampling system (transfer 
line, sampling valve, line, sampling valve, 1mL1mL sample loop)sample loop)
48hr (minimum) containment of dry sample48hr (minimum) containment of dry sample
55ppbv reference standard55ppbv reference standard
DimethylDimethyl sulfide internal standardsulfide internal standard
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Complete Sulfur Analysis SystemComplete Sulfur Analysis System

SCD
1mL sample 

loop

Orifice = 0.0060"

Sample cylinder

He carrier

GC Oven
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17ppbv H17ppbv H22S Containment in 500ml S Containment in 500ml 
CylindersCylinders
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The following slides show data which highlight the inertness of the 
Siltek/Sulfinert surface.  H2S is one of the most difficult sulfur gases for low-
level transfer and containment, as it is highly adsorptive and reactive with a 
stainless steel surface.  Here we show zero-to-negligible loss of 11ppbv H2S 
in a static storage cylinder over seven days.
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HH22S at 11ppbv for 14 daysS at 11ppbv for 14 days
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To push the limit even more, we show storage of 11ppbv H2S over 14 days.
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SilcoCan™

And furthermore, 1.5 ppbv H2S over 6 days.
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UltraUltra--HighHigh--Vacuum (UHV)Vacuum (UHV)
UHV environments are characterized as having UHV environments are characterized as having 
a vacuum of 1x10a vacuum of 1x10--77 Torr or betterTorr or better
In these conditions, materials trapped to the In these conditions, materials trapped to the 
surface of and inside the steel outgas into the surface of and inside the steel outgas into the 
vacuum environmentvacuum environment
The outgassing of material increases pressure in The outgassing of material increases pressure in 
the environmentthe environment
Large pumps and long “pump down” times are Large pumps and long “pump down” times are 
required to achieve UHV environmentsrequired to achieve UHV environments
SilcosteelSilcosteel®®--UHV treatment produces a barrier UHV treatment produces a barrier 
that blocks materials from outgassing into the that blocks materials from outgassing into the 
vacuum environment.vacuum environment.

The Silcosteel-UHV studies show the ability of a Silcosteel surface to shed 
surface contaminants, such as water, CO and CO2 more easily that bare 
stainless steel.  This characteristic translates to lower outgassing in vacuum 
conditions, quicker pumpdowns, lower base pressures, and quicker drydown
in tubing appications.
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Theoretical BasisTheoretical Basis

Outgassing rate (F) in Outgassing rate (F) in monolayersmonolayers per sec:per sec:
F = [exp (F = [exp (--E/RT)] / t’E/RT)] / t’
t’ = period of oscillation of molecule t’ = period of oscillation of molecule perpperp. to surface, ca. 10. to surface, ca. 10--1313 secsec

E = energy of desorption (Kcal/g mol)E = energy of desorption (Kcal/g mol)
R = gas constantR = gas constant

source:  Roth, A.  Vacuum Technology, Elsevier Science Publishersource:  Roth, A.  Vacuum Technology, Elsevier Science Publishers, s, 
Amsterdam, 2Amsterdam, 2ndnd ed., p. 177.                 ed., p. 177.                 

Slight elevation of sample temperature Slight elevation of sample temperature 
accelerates outgassing rate exponentiallyaccelerates outgassing rate exponentially
Basis for comparison measurements               Basis for comparison measurements               

Our experimental design allows us to isolate and directly compare outgassing rates 
with increasing temperature.  By applying heat, the outgassing rates are 
exponentially increased for the purpose of timely data collection.  These 
comparisons with experimental controls will directly illustrate the differences 
incurred by the applied coatings.
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Treatment / Coating TypesTreatment / Coating Types

Heat cleanHeat clean
Ultrasonic cleaning in aqueous caustic surfactantUltrasonic cleaning in aqueous caustic surfactant
Identical process as coated parts, but introduce inert Identical process as coated parts, but introduce inert 
gas instead of CVD gasesgas instead of CVD gases

CoatingsCoatings
SiliconSilicon--basedbased
CVD processCVD process
Entire surface coverageEntire surface coverage
Manipulation of process parameters key to coating Manipulation of process parameters key to coating 
evolutionevolution

The only difference between heat cleaned and Silcosteel coatings was the coating 
itself.  Both parts were cleaned the exact same way, only the coated parts were 
exposed to the deposition gases whereas the heat cleaned parts were instead 
exposed to inert gas.  This allowed for an appropriate experimental control to 
highlight the performance of the coating itself.
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Test Components and Surface Test Components and Surface 
Treatments (cont.)Treatments (cont.)

22ndnd Generation “P” samples Generation “P” samples –– 4.5” x 1.5” OD 4.5” x 1.5” OD 
304 SS closed end thimble304 SS closed end thimble

Heat cleanedHeat cleaned
Blue SilcosteelBlue Silcosteel®®
SilcosteelSilcosteel®® Beta and SilcosteelBeta and Silcosteel®®--UHVUHV

This shows the test set-up whereby each coated thimble was isolated and heated 
under vacuum, during which outgassing measurements were made via pressure 
differentials during the heating process.  This photo shows an early generation 
coating (blue) on the same test rig with Silcosteel-UHV coated and heat-cleaned 
thimbles
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Outgassing Data Outgassing Data –– PPAA Samples; Run 1Samples; Run 1

TurbopumpTurbopump, 4.6 x 10, 4.6 x 10--77 Torr base pressureTorr base pressure
1hr under vacuum (1hr under vacuum (∆∆P1)P1)
27x improvement27x improvement

Pressure increase with heat
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The treated parts were tested for outgassing rates after 1hr and 10hrs of 
pumpdown.  This figure illustrates a significant decrease of outgassing rate when 
comparing the heat cleaned part to Silcosteel-UHV.  Note the operating base 
pressure of 4.6 x 10-7 Torr.
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Outgassing Data Outgassing Data –– PPAA Samples; Run 2Samples; Run 2

TurbopumpTurbopump, 7.5 x 10, 7.5 x 10--88 Torr base pressureTorr base pressure
10hr under vacuum (10hr under vacuum (∆∆P2)P2)

14x decrease in outgassing14x decrease in outgassing

Pressure increase with heat
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At hour 10 of pumpdown on a turbopump system, the Silcosteel-UHV coating still 
shows a significant improvement over a Heat Cleaned part.  Base pressure is now 
in to the 10-8 Torr range.
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Outgassing increase sample Outgassing increase sample 
calculationscalculations

For the system (PFor the system (PAA), sample area = 125cm), sample area = 125cm22, , 
conductance = 12.5 l/sec;  conductance = 12.5 l/sec;  
therefore, therefore, ∆∆Q = Q = ∆∆P(12.5/125) = P(12.5/125) = ∆∆P/10 P/10 

At 1 hour, 61At 1 hour, 61ººC:C:
∆∆QQ1 1 (heat cleaned) = 5.4 x 10(heat cleaned) = 5.4 x 10--88 Torr l secTorr l sec--11 cmcm--22;;
∆∆QQ11 (Silcosteel(Silcosteel®®--UHV) = 0.2 x 10UHV) = 0.2 x 10--88 Torr l secTorr l sec--11 cmcm--22

27x improvement27x improvement

At 10 hours, 61At 10 hours, 61ººC:C:
∆∆QQ1010 (heat cleaned) = 0.14 x 10(heat cleaned) = 0.14 x 10--88 Torr l secTorr l sec--11 cmcm--22;;
∆∆QQ1010 (Silcosteel(Silcosteel®®--UHV) = 0.01 x 10UHV) = 0.01 x 10--88 Torr l secTorr l sec--11 cmcm--22

14x improvement14x improvement

At 61ºC, the figures show a seemingly small difference in outgassing. However, if 
we compare these results numerically, the differences are impressive.  After 1 hour, 
the Silcosteel-UHV has a 27-fold improvement in outgassing rate (Torr l set-1 cm-2) 
and even after 10 hours under vacuum, the Silcosteel-UHV maintained a 14-fold 
improvement.
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UHV Coating Preliminary Electronic UHV Coating Preliminary Electronic 
Performance DataPerformance Data

ResistivityResistivity perpendicular to film range 12perpendicular to film range 12--60 60 ΩΩ/cm/cm22

MicrochannelMicrochannel / pinholes allow conductivity through film to / pinholes allow conductivity through film to 
substratesubstrate

Practical applicationsPractical applications
Comparison of coated vs. uncoated miniature cold cathode gauge Comparison of coated vs. uncoated miniature cold cathode gauge 
housings showed no difference in performance housings showed no difference in performance 

Current density (est.) = 10Current density (est.) = 10--66 amp/cmamp/cm22

resulting from secondary electron emission from ion impact in garesulting from secondary electron emission from ion impact in gaugeuge
Comparison of vacuum tubes with alternative anodes of uncoated Comparison of vacuum tubes with alternative anodes of uncoated 
vs. coated steel showed no detectable performance differencevs. coated steel showed no detectable performance difference

Internal filament produced 1ma electron currentInternal filament produced 1ma electron current
Anode voltage = 200 VAnode voltage = 200 V
Anode area = 23.5 cmAnode area = 23.5 cm22

Anode current density approx. 4 x 10Anode current density approx. 4 x 10--55 amp/cmamp/cm22

Initial electronic performance data indicates that although the Silcosteel layer itself is 
not conductive along a parallel axis, there are microscopic channels that allow the 
penetration of charge through the thin film and then conductivity along the steel 
substrate.  The “perpendicular” conductivity measurement was performed under 
vacuum conditions. 
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DryDry--Down DataDown Data

Coatings decrease adsorption of water, Coatings decrease adsorption of water, 
hydrophobichydrophobic
Leads to quicker removal of moisture through Leads to quicker removal of moisture through 
sampling linessampling lines
Faster cycle times and increased accuracy Faster cycle times and increased accuracy 
with less moisture holdwith less moisture hold--up in tubingup in tubing
Several coatings and surfaces availableSeveral coatings and surfaces available

The vacuum measurements translate directly to superior drydown
performance for coated stainless steel tubing.
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Conclusions / FutureConclusions / Future

Reduced outgassing rate by 14x @10 hrs Reduced outgassing rate by 14x @10 hrs 
of pumpingof pumping
Consistently outperforms cleaned partsConsistently outperforms cleaned parts
Eliminates Eliminates bakeoutbakeout
Faster pump downFaster pump down
Lower base pressure with smaller pumpsLower base pressure with smaller pumps

The coatings studied have illustrated a decrease in cleaned Stainless Steel 
outgassing greater than an order of magnitude.  Initial studies in electronic and 
galling characteristics have been favorable and are ongoing.  Future evaluation 
plans include hydrogen permeability and the performance of a completely coated 
system.
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SilcosteelSilcosteel®®--UHV is an R&D100 Award winner for 2004UHV is an R&D100 Award winner for 2004
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AntiAnti--CokingCoking

In applications of heated hydrocarbon In applications of heated hydrocarbon 
transfer, carbon deposits can formtransfer, carbon deposits can form
Carbon deposits are catalyzed by nickel, Carbon deposits are catalyzed by nickel, 
sulfur and carbon in steel latticesulfur and carbon in steel lattice
The SilcosteelThe Silcosteel®®--AC coating produces a AC coating produces a 
barrier that eliminates catalytic carbon barrier that eliminates catalytic carbon 
buildupbuildup

Another coating variation, based on our Siltek functionalization technology, 
has significantly low coke production for hydrocarbon process streams.
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AntiAnti--Coking DataCoking Data

Semih Eser; PSU Prof. Fuel SciencesSemih Eser; PSU Prof. Fuel Sciences
8x improvement over raw 316L8x improvement over raw 316L

Carbon Deposits from JP-8 Fuel on 
Various Types of Tubing
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Comparisons of different surfaces shows a significant advantage of a coated 
substrate over other options.



44

Example ApplicationsExample Applications

Coating fuel injector nozzles to decrease Coating fuel injector nozzles to decrease 
buildupbuildup
Increasing lifetimes of Ethylene and Increasing lifetimes of Ethylene and 
Propylene Plug Flow reactorsPropylene Plug Flow reactors
Increasing reliability of valves used in Increasing reliability of valves used in 
internal combustion enginesinternal combustion engines
Reduces fouling in heat exchangersReduces fouling in heat exchangers
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Conclusions/FutureConclusions/Future
Continuing research in large systemsContinuing research in large systems
Jefferson Labs conducting H2 permeation Jefferson Labs conducting H2 permeation 
studies (XHV)studies (XHV)
System comparison to focus on high vacuum System comparison to focus on high vacuum 
environmentsenvironments
Continual process improvement and new Continual process improvement and new 
product developmentproduct development

HardnessHardness
Improved corrosion resistanceImproved corrosion resistance
Customized surfacesCustomized surfaces
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Organochlorine Pesticides 
by GCxGC-ECD 

Introduction 

United States Environmental Protection Agency Method (EPA) 8081 uses gas chromatography– 
electron capture detection (GC-ECD) to quantify organochlorine pesticides (OCPs) in extracts from 
solid and liquid matrices. The method includes a parallel dual-column option in which the GC is 
configured with one injection port, directing extracts to two different GC columns that terminate in 
two ECDs. This configuration helps to confirm quantified values that are obtained when a 
non-specific detector such as the ECD is used. Conversely, biases that arise due to pesticide 
coelutions with interferences are illuminated.  

A relatively new way to solve separation problems is to use comprehensive two-dimensional GC 
(GCxGC). GCxGC is a way to increase peak capacity by applying two independent separations to a 
sample in one analysis with one detector. Typically, GCxGC involves a serial column configuration 
(differing phases) separated by a thermal modulator. A separation is performed on the first 
column, and then effluent from the first column is continually (and quickly) focused and "injected" 
onto the second column. By keeping the second column short, a series of high-speed 
chromatograms are generated, and the first column separation can be maintained. Separation 
results can be plotted as a retention plane (column 1 time x column 2 time), also known as a 
contour plot. By using GCxGC, the chances for coeluting interferences are reduced, and an analogy 
can be drawn between GCxGC and parallel dual-column analysis. 

This application note describes a comparison of OCP results obtained from a parallel dual-column 
GC-ECD method and a GCxGC-ECD method. Soil and water extracts were quantified using the 
external standard method. 

Standards 

The standards were obtained from Restek and contained the following OCPs: aldrin, alpha-
chlordane, alpha-hexachlorocyclohexane (HCH), beta-HCH, DDD, DDE, DDT, delta-HCH, dieldrin, 
endosulfan I, endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, endrin ketone, gamma-
chlordane, gamma-HCH, heptachlor, heptachlor epoxide, and methoxychlor. Decachlorobiphenyl 
(209) and tetrachloro-m-xylene (TCMX) were also in the standards and serve as surrogate 
compounds for method 8081. 

The standards were diluted in hexane to achieve the following concentrations (in pg/µL) for 
calibration curves. 
 •  HCHs, heptachlors, aldrin, chlordanes, endosulfans (5, 10, 20, 40, 80) 
 •  209, TCMX, dieldrin, endrins, endosulfan sulfate, DDT compounds (10, 20, 40, 80, 160) 
 •  Methoxychlor (50, 100, 200, 400, 800) 
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Samples 

Soil and water extracts were obtained from Severn Trent Laboratories, STL Burlington, in 
Colchester, Vermont. Soil was extracted using EPA Method 3550, ultrasonic extraction. 
Additionally, gel permeation chromatography was applied to the soil extracts using EPA Method 
3640. Water was liquid-liquid extracted in a separatory funnel according to EPA Method 3510. Both 
soil and water extracts were subjected to Florisil column clean-up following EPA Method 3620. 

Experimental Conditions 

Parallel Dual-Column GC-ECD 

Column 1:  30 m x 0.32 mm x 0.50 µm Rtx-CLPesticide (Restek) 
Column 2:  30 m x 0.32 mm x 0.42 µm Rtx-CLPesticideII (Restek) 
Carrier:  Hydrogen at 2.8 mL/min, constant flow 
Injection:  2 µL direct at 200°C 
Oven Program: 120°C (1 min), 16°/min to 210°, 13°/min to 245°, 12.5°/min to 300° (4 min) 
Total Run Time: 17 min 
Detector:  ECD, 300°C, argon/methane makeup gas at 140 mL/min 

 

LECO GCxGC-ECD 
Agilent 6890 GC-ECD equipped with a LECO Quad Jet—Dual-Stage Thermal Modulator 

Column 1:  9 m x 0.18 mm x 0.20 µm Rtx-5 (Restek) 
Column 2:  1 m x 0.18 mm x 0.20 µm Rtx-200 (Restek) 
Carrier:  Helium at 2 mL/min, constant flow 
Injection:  1 µL split at 250°C, split ratio 50:1 
Oven 1 Program: 50°C (0.2 min), 30°/min to 140°, 5°/min to 250° 
Oven 2 Program: 50°C offset from oven 1 
Modulation:  Temperature offset 30°C from oven 1, time 6 sec. 
Total Run Time: 25.2 min 
Detector:  ECD, 325°C, N2 makeup gas at 148 mL/min, 50Hz 

Data Processing 

LECO ChromaTOF® software was used to automatically peak find and quantify organochlorine 
pesticides analyzed with GCxGC-ECD. 

Analysis of Standards with GCxGC-ECD 

Figure 1 is a contour plot of an OCP standard analyzed with GCxGC-ECD. Note that the X-axis 
represents the first dimension retention time, and the Y-axis shows the second dimension retention 
time (the actual retention times are recorded in Table 1). Peak intensity, as defined by detector 
response, is represented by a color scheme from blue (zero, or baseline detector response) to red 
(most intense response). Each "spot" represents a peak (and pesticide). Figure 2 demonstrates the 
power of GCxGC by showing how beta- and gamma-HCH, which coelute on Rtx-5 (in the first 
dimension), are separated by Rtx-200 in the second dimension. 

Another way to visualize GCxGC data is with a surface plot (illustrated in Figure 3). In this plot, the 
Z-axis represents peak intensity (as defined by ECD response). 
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Figure 1. Contour plot (GCxGC chromatogram) of organochlorine pesticide mix. Note the 
separation of compounds in two dimensions with the Rtx-5 separation (and retention time) on the 
X-axis, and the Rtx-200 separation occurring along the Y-axis. 

Table 1. Retention times (RTs) for OCPs via GCxGC-ECD. 

Pesticide RT 1 sec (Rtx-5) RT 2 sec (Rtx-200) 

Tetrachloro-m-xylene 294 1.90 

alpha-HCH 342 2.44 

beta-HCH 378 2.96 

gamma-HCH 384 2.66 

delta-HCH 420 2.94 

Heptachlor 480 2.52 

Aldrin 534 2.58 

Heptachlor epoxide 606 3.16 

gamma-Chlordane 648 2.96 

Endosulfan I 672 3.32 

alpha-Chlordane 678 2.96 

Dieldrin 720 3.34 

4,4’-DDE 732 2.72 

Endrin 756 3.46 

Endosulfan II 780 3.78 

4,4’-DDD 810 3.18 

Endrin aldehyde 816 4.50 

Endosulfan sulfate 864 5.20 

4,4’-DDT 882 2.96 

Endrin ketone 942 4.68 

Methoxychlor 1008 2.82 

Decachlorobiphenyl 1320 2.62 
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EEnnddrriinn  kkeettoonnee  

MMeetthhooxxyycchhlloorr  

TTCCMMXX  

aallpphhaa--  
CChhlloorrddaannee  

DDDDEE  

PPCCBB  220099  



Form No. 203-821-244   01/05-REV0  LECO is a registered trademark of LECO Corporation 4 

 

Figure 2. Separation of HCHs with GCxGC-ECD. Beta- and gamma-HCH coelute in the first 
dimension on Rtx-5, but are easily separated in the second dimension with Rtx-200. 

 

Figure 3. Surface plot of organochlorine pesticide mix analyzed with GCxGC-ECD. The first 
dimension retention time is for the Rtx-5 separation, and the second dimension retention time is 
for the Rtx-200 separation. In addition, there is a Z-axis which represents ECD response for the 
pesticides. 

alpha- 

beta-

gamma-

delta- 
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Calibration with GCxGC-ECD 

Calibration curves were established for GCxGC-ECD by the external standard method using the 
standard concentrations listed above. Example calibration curves for one of the better ECD 
responding compounds (gamma-HCH or Lindane), and the worst responding compound 
(Methoxychlor) are shown in Figures 4 and 5. 

Although all of the GCxGC-ECD quantifications for the samples were performed using calibrations 
established based on concentrations listed in the Standards section, it is possible to go much lower 
due to the extreme sensitivity afforded by the ECD and the sensitivity enhancement achieved by 
the focusing effect of GCxGC. Table 2 lists low points and the correlation coefficients when the 
curve is further extended to even lower OCP concentrations. Again, it is important to point out that 
since a split injection was used, some of the actual amounts on column (and to the detector) are 
very low. For example, a 0.5 pg/µL standard represents 10 fg (!) on column. 

 

Figure 4. GCxGC-ECD calibration curve for gamma-HCH (Lindane). Note that the concentrations 
are in pg/µL (listed as black numbers by the points, e.g. 5:1 = 5 pg/µL), but due to split injection 
at a ratio of 50:1, the low point represents only 0.1 pg on column. 

5 to 80 pg/µL 
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Figure 5. GCxGC-ECD calibration curve for Methoxychlor from 50 to 800 pg/µL. Note that the 
concentrations are in pg/µL (listed in red near the points on the curve), but due to split injection at 
a ratio of 50:1, the low point represents only 1 pg on column. 

 

Table 2. Calibration curves extended to values lower than those used to quantify samples for 
OCPs. 

Pesticide Low 
point 

(pg/µL) 

Correlation 
Coefficient 

Tetrachloro-m-xylene 1 0.9983 

alpha-HCH 0.5 0.9996 

beta-HCH 0.5 0.9995 

gamma-HCH 0.5 0.9995 

delta-HCH 0.5 0.9994 

Heptachlor 0.5 0.9993 

Aldrin 0.5 0.9994 

Heptachlor epoxide 0.5 0.9995 

gamma-Chlordane 0.5 0.9997 

Endosulfan I 0.5 0.9997 

alpha-Chlordane 0.5 0.9996 

Pesticide Low 
point 

(pg/µL) 

Correlation 
Coefficient 

Dieldrin 1 0.9996 

4,4’-DDE 1 0.9996 

Endrin 1 0.9995 

Endosulfan II 1 0.9996 

4,4’-DDD 1 0.9996 

Endrin aldehyde 1 0.9987 

Endosulfan sulfate 1 0.9995 

4,4’-DDT 1 0.9996 

Endrin ketone 1 0.9994 

Methoxychlor 5 0.9997 

Decachlorobiphenyl 1 0.9996 

 

50 to 800 pg/µL 

50 

100 

200 

400 

800 
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Quantitative Comparison of GCxGC-ECD and Parallel Dual-Column GC-ECD 

Tables 3 and 4 compare GCxGC-ECD and GC-ECD results for water and soil laboratory control 
spikes. These samples were uncontaminated with OCPs (and presumably other halogenated 
components) previous to the spikes so they represent a good foundation for comparing results. 
As can be seen, the concentration values compare nicely between the two techniques. 

Table 3. Comparison of GCxGC-ECD and parallel dual-column GC-ECD results (pg/µL) for a water 
laboratory control spike extract. 

Pesticide GCxGC-ECD GC-ECD 

Tetrachloro-m-xylene 34.7 41.5 

alpha-HCH ND ND 

beta-HCH ND ND 

gamma-HCH 57.9 58.9 

delta-HCH ND ND 

Heptachlor 54.5 61.7 

Aldrin 49.6 62.8 

Heptachlor epoxide ND ND 

gamma-Chlordane ND ND 

Endosulfan I ND ND 

alpha-Chlordane ND ND 

Pesticide GCxGC-ECD GC-ECD 

Dieldrin 115 126 

4,4’-DDE ND ND 

Endrin 116 141 

Endosulfan II ND ND 

4,4’-DDD ND ND 

Endrin aldehyde ND ND 

Endosulfan sulfate ND ND 

4,4’-DDT 110 134 

Endrin ketone ND ND 

Methoxychlor ND ND 

Decachlorobiphenyl 40.0 41.0 

ND = not detected. 

 

Table 4. Comparison of GCxGC-ECD and parallel dual-column GC-ECD results (pg/µL) for a soil 
laboratory control spike extract. 

Pesticide GCxGC-ECD GC-ECD 

Tetrachloro-m-xylene 31.0 35.8 

alpha-HCH 21.6 19.3 

beta-HCH 22.3 20.3 

gamma-HCH 21.7 19.6 

delta-HCH 21.8 19.6 

Heptachlor 20.8 19.2 

Aldrin 19.0 18.9 

Heptachlor epoxide 21.7 18.9 

gamma-Chlordane 20.3 18.4 

Endosulfan I 19.6 18.1 

alpha-Chlordane 19.6 18.7 

Pesticide GCxGC-ECD GC-ECD 

Dieldrin 41.9 38.7 

4,4’-DDE 40.6 37.1 

Endrin 42.3 38.8 

Endosulfan II 41.4 38.0 

4,4’-DDD 41.4 40.3 

Endrin aldehyde 30.3 22.4 

Endosulfan sulfate 40.4 43.2 

4,4’-DDT 40.0 39.3 

Endrin ketone 42.4 43.2 

Methoxychlor 195 218 

Decachlorobiphenyl 33.7 39.3 

ND = not detected. 



Form No. 203-821-244   01/05-REV0  LECO is a registered trademark of LECO Corporation 8 

In Table 5, GCxGC-ECD and GC-ECD results are compared for a "real world" water extract. To start 
with, looking at the surrogate results (tetrachloro-m-xylene and decachlorobiphenyl) for each 
method is a good way to gauge the results. As might be expected with water samples, which in 
general are less complex and less subject to interferences versus soil samples, the numbers are in 
good agreement. 

Table 5. Comparison of GCxGC-ECD and parallel dual-column GC-ECD results (pg/µL) for a "real 
world" water extract. 

Pesticide GCxGC-ECD GC-ECD 

Tetrachloro-m-xylene 21.4 19.8 

alpha-HCH ND ND 

beta-HCH 10.5 8.91 

gamma-HCH 49.9 39.0 

delta-HCH ND ND 

Heptachlor 39.2 31.1 

Aldrin 21.7 21.5 

Heptachlor epoxide ND ND 

gamma-Chlordane 35.9 33.4 

Endosulfan I ND ND 

alpha-Chlordane 59.1 61.0 

Pesticide GCxGC-ECD GC-ECD 

Dieldrin 13.9 10.1 

4,4’-DDE 35.1 32.6 

Endrin 61.0 54.2 

Endosulfan II ND ND 

4,4’-DDD ND ND 

Endrin aldehyde ND ND 

Endosulfan sulfate 36.4 31.5 

4,4’-DDT 47.9 43.3 

Endrin ketone ND ND 

Methoxychlor 134 114 

Decachlorobiphenyl 24.0 20.3 

ND = not detected. 

For "real world" soil extracts, differences start to show between GCxGC-ECD and parallel dual-
column GC-ECD results. In Table 6, highlighted in red are some of the more dramatic concentration 
differentials seen for a soil extract. Especially note the highly biased value for gamma-HCH with 
GC-ECD. Based on gas chromatography–time-of-flight mass spectrometry (GC-TOFMS) analysis, 
this sample was seen to contain polychlorinated biphenyls (PCBs), and that is what is likely causing 
the high gamma-HCH value for GC-ECD. Interestingly, neither column used in the parallel dual-
column work (Rtx-CLPesticides and Rtx-CLPesticidesII) provided an unbiased gamma-HCH 
concentration. 

Table 6. Comparison of GCxGC-ECD and parallel dual-column GC-ECD results (pg/µL) for a "real 
world" soil extract. 

Pesticide GCxGC-ECD GC-ECD 

Tetrachloro-m-xylene 31.8 25.9 

alpha-HCH ND 15.9 

beta-HCH ND ND 

gamma-HCH ND 64.9 

delta-HCH ND 9.19 

Heptachlor 1.44 ND 

Aldrin ND ND 

Heptachlor epoxide 20.3 10.3 

gamma-Chlordane 78.5 57.6 

Endosulfan I ND ND 

alpha-Chlordane 68.3 66.3 

Pesticide GCxGC-ECD GC-ECD 

Dieldrin 10.8 6.92 

4,4’-DDE 30.8 20.2 

Endrin 0.27 27.8 

Endosulfan II ND ND 

4,4’-DDD 60.4 22.1 

Endrin aldehyde ND 5.18 

Endosulfan sulfate ND ND 

4,4’-DDT 211 145 

Endrin ketone ND 12.7 

Methoxychlor 11.8 ND 

Decachlorobiphenyl 35.9 34.2 

ND = not detected. 
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In another example (Table 7) where the soil extract had very high concentrations of PCBs, as 
confirmed by GC-TOFMS, the biases for GC-ECD are even more striking (again highlighted in red). 

Table 7. Comparison of GCxGC-ECD and parallel dual-column GC-ECD results (pg/µL) for a "real 
world" soil extract. 

Pesticide GCxGC-ECD GC-ECD 

Tetrachloro-m-xylene 2.06 1.52 

alpha-HCH ND 4.96 

beta-HCH ND 3.94 

gamma-HCH 154 118 

delta-HCH ND 42.1 

Heptachlor 28.1 13.1 

Aldrin 26.4 70.0 

Heptachlor epoxide ND 42.2 

gamma-Chlordane 3.26 ND 

Endosulfan I ND ND 

alpha-Chlordane ND 99.4 

Pesticide GCxGC-ECD GC-ECD 

Dieldrin 1.45 12.6 

4,4’-DDE 124 199 

Endrin ND 216 

Endosulfan II ND 28.4 

4,4’-DDD ND 121 

Endrin aldehyde ND 49.1 

Endosulfan sulfate ND ND 

4,4’-DDT 70.9 480 

Endrin ketone ND ND 

Methoxychlor 60.4 ND 

Decachlorobiphenyl 2.80 2.75 

ND = not detected. This sample was diluted 30:1 prior to analysis. 

The reason for the less biased performance of GCxGC-ECD can be deduced from the contour plot 
shown in Figure 6. The PCBs tend to elute in a relative straight line along the X-axis since they are 
not as significantly retained on Rtx-200 as the pesticides marked with yellow ovals in the figure. 
Moving the pesticides away from this chromatographic line with the second dimension separation 
leads to less chance of an erroneously high quantitation value for an OCP. 

 

 

Pesticide 

Rtx-5 

EEnnddrriinn  

EEnnddoossuullffaann  IIII  

DDDDDD  

EEnnddrriinn  aallddeehhyyddee  

DDDDTT  

480 70.9 4,4’-DDT 

ND 

ND 

ND 

ND 

GCxGC 

28.4 Endosulfan II 

Endrin aldehyde 

4,4’-DDD 

Endrin 

49.1 

121 

216 

GC

<<< PCBs >>> 

Figure 6. Zoomed in 
contour plot of a 
"real world" soil 
extract showing 
PCBs eluting along a 
relatively straight 
line in the first 
dimension. The 
OCPs (with their 
chromatographic 
places marked by 
yellow ovals), except 
for DDT, are moved 
off of the X-axis by 
the Rtx-200 column, 
and are less prone to 
interference (and 
high quantitative 
bias), as seen in the 
inset table results. 
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Conclusions 

GCxGC is a powerful way to reduce the possibility of quantification bias when using a non-specific 
detector such as an ECD. As shown in this application note, it may be better than parallel dual-
column analysis (while still providing a dual-column approach), for the organochlorine pesticides of 
EPA Method 8081, especially when the samples contain PCBs. 

Calibrations (ECD responses) are linear, even across relatively wide concentration ranges. Due to 
the focusing effect of GCxGC, where peaks are sharpened close to the detector, sensitivity is 
improved, which allows detection of low femtogram levels of many OCPs. 

Split injections of dirty samples, possible due to the elevated sensitivity afforded when using 
GCxGC-ECD, may lead to less downtime due to injector and column maintenance.  
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Separation of Polychlorinated Biphenyl 
Congeners 105, 132, and 153 Using GCxGC-ECD 

with a Selective Column in the Second Dimension  

Introduction 

Polychlorinated biphenyl congeners 105, 132, and 153 (with chlorine substitutions 234-34, 
234-236, and 245-245, respectively) tend to coelute on 100%-dimethyl-polysiloxane and 
95%-dimethyl-5%-diphenyl-polysiloxane gas chromatography (GC) columns. This can thwart 
attempts to quantify them individually in samples, especially when using the non-specific electron 
capture detector (ECD). 

Comprehensive two-dimensional GC (GCxGC) with a GC phase that is selective for PCBs is one way 
to solve the 105/132/153 (and other) coelution problems. GCxGC is a way to increase peak 
capacity by applying two independent separations to a sample in one analysis with one detector. 
GCxGC involves serially connected columns (differing phases) separated by a thermal modulator. 
A separation is performed on the first column, and then effluent from the first column is continually 
(and quickly) focused and "injected" onto the second column. By keeping the second column short, 
a series of high-speed chromatograms are generated, and the first column separation can be 
maintained. Separation results can be plotted as a retention plane (column 1 time x 
column 2 time), also known as a contour plot. 

Standards 

Aroclor 1254 was obtained from AccuStandard (New Haven, Connecticut, USA). 

Experimental Conditions 
LECO GCxGC-ECD 
Agilent 6890 GC-ECD equipped with a LECO Quad Jet—Dual-Stage Thermal Modulator 
Column 1:  50 m x 0.18 mm x 0.18 µm Rtx-1 (Restek) 
Column 2:  1.5 m x 0.18 mm x 0.10 µm Rtx-PCB (Restek) 
Carrier:  Helium at 1.3 mL/min, constant flow 
Injection:  1 µL split at 250°C, split ratio 20:1 
Oven 1 Program: 160°C (0.2 min), 2°/min to 280° 
Oven 2 Program: 20°C offset from oven 1 
Modulation Time: 8 sec. 
Detector:  ECD, 325°C, N2 makeup gas at 148.7 mL/min, 50 Hz 

Results and Discussion 

Figure 1 shows the separation of PCBs 105, 132, and 153 in the second dimension by using 
GCxGC-ECD with the Rtx-PCB column. Note that these PCBs almost line up in the first dimension 
(a coelution), which represents their retention times on Rtx-1, 100%-dimethyl-polysiloxane. The 
Rtx-PCB column is particularly retentive for those PCBs that have lower degrees of ortho-chlorine 
substitution. 
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Figure 1. Contour plot showing GCxGC-ECD separation of PCBs 105, 132, and 153 in the second 
dimension using the selective Rtx-PCB column. The sample is Aroclor 1254. 

 

Conclusions 

GCxGC-ECD with a selective column in the second dimension offers a way to substantially improve 
separations for complex halogenated mixtures such as PCBs. 
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Ion Ratio as Quality Assurance for Pesticide 
Analysis by Gas Chromatography— 

Time-of-Flight Mass Spectrometry (GC-TOFMS) 

Introduction 

Ion Ratio is a ChromaTOF® software feature that was originally developed for clients who prior to 
their acquisition of a LECO Pegasus Gas Chromatograph (GC)—Time-of-Flight Mass Spectrometer 
(TOFMS), were measuring polychlorinated biphenyls (PCBs) by GC-Selected Ion Recording (SIR)—
high-resolution mass spectrometry (HRMS). With SIR, where a full mass spectrum is not available, 
to ensure that it was a PCB they were determining and not an interference, they compared the 
ratios of two molecular ions for each congener (Figure 1). In nature, 35Cl and 37Cl exist in a 76% 
and 24% proportion, respectively. Exact ion ratios for different chlorination levels can be 
calculated, and if SIR determined ratios were outside a percentage range for the expected ratios 
(either theoretical or from analyzed standards), then the particular compound was not a PCB. 
Conversely, if the measured and expected ratios matched within a certain error (and the GC 
retention time was correct), then the compound was a PCB. This method is also used in chlorinated 
dioxin and furan analysis with SIR HRMS. Even though these clients now had the qualitative power 
of a full mass spectrum from a time-of-flight mass spectrometer, they desired Ion Ratio to 
supplement PCB verification.  

Ion Ratio can be used for pesticide analysis as a Quality Assurance (QA) tool to supplement the full 
mass spectrum that is always obtained when doing TOFMS. Most importantly, Ion Ratio may 
illuminate quantification mass bias from interferences in the case where summed ions are used for 
quantification. This application note demonstrates Ion Ratio for a group of pesticides analyzed in a 
spiked spinach extract. 

(mainlib) 1,1'-Biphenyl, 2,2',3,3',4,5-hexachloro-
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Figure 1. Mass spectrum of hexachlorobiphenyl. The 360 and 362 ions would be used for selected 
ion recording—high-resolution mass spectrometry. Their proportion, as calculated from 35Cl and 
37Cl abundances in nature, is approximately 1.25 (360/362). 
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Experimental Conditions 
Gas Chromatography: Agilent 6890 GC 
Column: 20 m x 0.18 mm x 0.14 µm CLPII (Restek) 
Carrier: Helium at 1 mL/min, constant flow 
Injection: 1 µL splitless at 250°C, 60 sec. valve 
Oven Program: 40°C (1 min), 40°/min to 120°, 20°/min to 320° 
Total Run Time: 13 min 
 
Mass Spectrometry: LECO Pegasus III TOFMS 
Ionization: Electron ionization at 70eV 
Source Temperature: 225°C 
Stored Mass Range: 45 to 550 u 
Acquisition rate: 20 spectra/sec. 
 
Data Processing 
LECO ChromaTOF software with automatic Peak Find and Deconvolution 

Extraction and Analysis of Spinach 

The Florida-Modified—California Department of Food and Agriculture multiresidue method was used 
to prepare an extract from frozen spinach purchased at a local grocery store. The spinach extract 
was spiked with pesticides prior to analysis by GC-TOFMS. 

Calibration and Ion Ratio for Pesticide Analysis 

With the full mass acquisition that is always available in TOFMS, the choice for identifying 
a compound in a sample as a pesticide, and then quantifying that pesticide is usually a 
three step process. 

 1. Does the compound meet the pesticide Reference Spectrum match factor? 
 2. Does the compound fall within a certain retention time window? 
 3. Does the compound meet the S/N or area threshold set by the user? 

However, there is a possibility that a mass spectrum of an identified pesticide can meet the 
Reference Spectrum criterion, but still show bias (due to an interfering compound) on a mass 
selected for quantification. In this case, Ion Ratio can be an excellent QA feature for flagging the 
quantification bias.  

Ion Ratio is set up in a Calibration Table (Figure 2). After analysis of pesticide standards, Ion 
Masses are entered in the Calibration Table and their ratios are calculated from a higher level 
standard. The user can define an Ion Ratio Tolerance (%) that will govern whether the analyzed 
ratio of a pesticide in a sample will be flagged as "Passed" or "Failed" (Figure 3). An Ion Ratio 
Result marked "Passed" supplements the Reference Spectrum match, which is the first step in 
identifying a peak in the proper retention time window as a particular pesticide. "Passed" also 
assures quantitative accuracy by indicating that no bias exists on masses chosen for quantification. 
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TrifluralinTrifluralin

 

Figure 2. Ion Ratio for a group of pesticide standards in a Calibration Table. The Trifluralin mass 
spectrum demonstrates how two substantial ions (264 and 306) have been chosen as the Ion 
Masses with an Expected Ion Ratio of 1.22. 

 

Figure 3. Peak Table for a spinach extract showing results of a check of Ion Ratios for the spiked 
pesticides. Note that the Quant Masses and the Ion Masses overlap in most cases. If Ion Ratio 
Result were "Failed" instead of "Passed", this would indicate a possible bias in quantification. Note 
that the Expected Ion Ratio could also be displayed in the Peak Table. 
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Conclusions 

Ion Ratio can be used to supplement the confidence of a full mass spectrum match for a pesticide 
in food analysis, while indicating to the analyst that no quantification mass bias exists. It will also 
highlight those unusual cases where a good Reference Spectrum match was achieved, but the Ion 
Ratio was out of tolerance, which indicates a bias on the quantification mass or masses that could 
lead to the reporting of an erroneously high concentration for a pesticide. 
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Quantification of Dioxin-Like Polychlorinated 
Biphenyls Using GCxGC-ECD with a Selective 

Column in the Second Dimension  

Introduction 

Certain polychlorinated biphenyls (PCBs), those with no or only one ortho-chlorine substitution, 
exhibit dioxin-like toxicity due to their ability to take planar shapes in space. When determining 
PCBs in a variety of environmental samples, many analytical schemes focus on those congeners, 
and it is important that any quantitative values are free from bias. This is sometimes a challenge 
due to the fact that there are 209 possible PCB congeners, and also because dioxin-like PCBs are 
almost always at much lower concentrations in samples than other PCBs. For these reasons, the 
chromatographic separation of PCBs must be highly efficient.  

Comprehensive two-dimensional GC (GCxGC) is one way to determine dioxin-like PCBs with a 
higher degree of selectivity. GCxGC increases peak capacity by applying two independent 
separations to a sample in one analysis with one detector. This application note will demonstrate 
the possibility of using GCxGC-ECD to quantify dioxin-like PCBs in environmental samples with an 
example of their quantification in an Aroclor 1254 dilution.  

Standards 

PCB standard mixes that included the dioxin-like PCBs shown in Table 1 and Aroclor 1254 were 
obtained from AccuStandard (New Haven, Connecticut, USA). An organochlorine pesticide standard 
mix was obtained from Restek Corporation (Bellefonte, Pennsylvania, USA). 

Experimental Conditions 
LECO GCxGC-ECD 
Agilent 6890 GC-ECD equipped with a LECO Quad Jet—Dual-Stage Thermal Modulator 
Column 1: 50 m x 0.18 mm x 0.18 µm Rtx-1 (Restek) 
Column 2: 1.5 m x 0.18 mm x 0.10 µm Rtx-PCB (Restek) 
Carrier: Helium at 1.3 mL/min, constant flow 
Injection: 1 µL split at 250°C, split ratio 20:1 
Oven 1 Program: 160°C (0.2 min), 2°/min to 280° 
Oven 2 Program: 20°C offset from oven 1 
Modulation Time: 8 sec. 
Detector: ECD, 325°C, N2 makeup gas at 148.7 mL/min, 50 Hz 
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Table 1. World Health Organization non- and mono-ortho substituted polychlorinated biphenyls. 

PCB # Cl # Cl Position 
77 4 34-34 
81 4 345-4 
   

105 5 234-34 
114 5 2345-4 
118 5 245-34 
123 5 345-24 
126 5 345-34 

PCB # Cl # Cl Position 
156 6 2345-34 
157 6 234-345 
167 6 245-345 
169 6 345-345 

   
189 7 2345-345 

   

 

Results and Discussion 

The second dimension column chosen for this work is highly selective for those PCBs that can form 
planar configurations, which makes it an ideal column for use with GCxGC to determine the dioxin-
like PCBs. Table 2 shows how the PCBs with fewer ortho-chlorines (which allows the planar shape 
to occur), generally elute later in the second dimension than those with more ortho-chlorines. It is 
important to note that even though the retention time differences shown in this table seem rather 
small, the distances are in most cases adequate for quantification due to the very narrow peaks 
produced using GCxGC (in this work they are approximately 200 ms at half-height). In addition, 
the first dimension separation afforded by the Rtx-1 cannot be ignored for reducing the potential 
for interferences while trying to determine dioxin-like PCBs. 

Table 2. Second dimension retention times in seconds (RT 2) for dioxin-like PCBs (on left) 
compared to those with greater degrees of ortho-chlorine substitution (on right). 

PCB # Cl Position RT 2  PCB # Cl Position RT 2 

77 34-34 6.42  49 24-25 5.06 

81 345-4 6.28  52 25-25 5.00 

       

105 234-34 6.50  87 234-25 5.82 

114 2345-4 6.28  95 236-25 5.80 

118 245-34 5.94  99 245-24 5.56 

123 345-24 6.04  101 245-25 5.50 

126 345-34 6.78  110 236-34 5.90 

       

156 2345-34 6.72  132 234-236 6.14 

157 234-345 6.72  138 234-245 6.18 

167 245-345 6.12  149 236-245 6.12 

169 345-345 7.08  153 245-245 5.88 

       

189 2345-345 6.92  180 2345-245 6.30 
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To test the accuracy of GCxGC-ECD, dioxin-like PCBs in an Aroclor 1254 dilution were quantified 
against GCxGC-ECD calibration curves prepared using hexachlorobenzene as an internal standard. 
The values produced were compared against those from a detailed study conducted by Frame 
et. al, where numerous GC column sets and mass spectrometry were used to define Aroclor PCB 
concentrations (Table 3). The numbers are in good agreement, except for PCB 77, where a large 
concentration of PCB 110, a pentachlorobiphenyl, may have thwarted the quantification effort for 
PCB 77. This is interesting from the standpoint that these congeners are resolved 
chromatographically in the second dimension using Rtx-PCB when they exist in approximately 
equal concentrations in a sample (Figure 1A). Figure 1B shows the same chromatographic area as 
Figure 1A, but for Aroclor 1254. PCB 110, which is at 325 pg/µL as calculated from Frame et. al, is 
the dominant PCB, and PCB 77 cannot be detected. 

Table 3. Dioxin-like PCB concentrations in Aroclor 1254 (pg/µL) as calculated from the study of 
Frame et. al, and with GCxGC-ECD. 

PCB # Frame et. al GCxGC-ECD 
77 1.05 ** 
81 ND ND 
   

105 105 101 
114 6.30 7.41 
118 257 201 
123 5.25 5.41 
126 ND ND 

   
156 28.7 32.6 
157 6.65 6.96 
167 9.45 11.1 
169 ND ND 

   
189 0.35 1.44 

ND = not detected.     **possible coelution from PCB 110.  
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Figure 1. Contour plots of (1A) standard mix containing equal concentrations of PCBs 110 and the 
dioxin-like PCB 77 and (1B) Aroclor 1254. As calculated from the study of Frame et. al, PCB 110 is 
at 325 pg/µL in the Aroclor 1254 dilution, while PCB 77 only has a concentration of 1.05 pg/µL. 

 

The selectivity of GCxGC-ECD for dioxin-like PCBs, even when they are in the presence of bulk 
PCBs in an Aroclor, has been adequately demonstrated by the data in Table 3, except for PCB 77. 
In this case, a better chromatographic separation may be necessary to determine this PCB in an 
unbiased fashion should PCB 110 be elevated in the same sample. To further demonstrate the 
selectivity of GCxGC-ECD for dioxin-like PCBs, the Aroclor 1254 dilution was made more complex 
by spiking it with an organochlorine pesticide (OCP) mix that contained aldrin, chlordanes, DDD, 
DDE, DDT, dieldrin, endosulfans, endosulfan sulfate, endrin, endrin aldehyde, endrin ketone, 
heptachlor, heptachlor epoxide, hexachlorocyclohexanes, and methoxychlor at 100 pg/µL for each 
pesticide. In environmental samples it is not unusual to find OCPs with PCBs, which complicates the 
determination of both species. Table 4 demonstrates that the OCPs did not interfere with the 
determination of dioxin-like PCBs in an Aroclor mix, highlighting the selectivity of the GCxGC-ECD 
technique. 
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Table 4. Dioxin-like PCB concentrations in Aroclor 1254 (pg/µL) as calculated from the study of 
Frame et. al, and with GCxGC-ECD. The Aroclor was spiked with an OCP standard to make the 
determination more challenging and demonstrate the selectivity of GCxGC. 

PCB # Frame et. al GCxGC-ECD 
77 0.95 ** 
81 ND ND 
   

105 94.2 96.4 
114 5.67 6.54 
118 232 193 
123 4.73 4.90 
126 ND ND 

   
156 25.8 33.1 
157 5.99 6.74 
167 8.51 10.5 
169 ND ND 

   
189 0.32 0.85 

ND = not detected.    **possible coelution from PCB 110.  

Conclusions 

GCxGC-ECD with a selective column in the second dimension offers a way to substantially improve 
separations for the important group of dioxin-like PCBs, even in the presence of PCBs that are 
normally at higher concentrations in environmental samples. Due to the increase in peak capacity 
afforded with GCxGC, organochlorine pesticides did not interfere with dioxin-like PCB 
determinations either. 

Reference 

G.M. Frame, J.W. Cochran and S.S. Bowadt, Complete PCB Congener Distributions for 
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GC-TOFMS and GCxGC-TOFMS of 
Organophosphate Pesticides in Ash Leaves 

Introduction 

Organophosphate pesticides such as Chlorpyrifos, Diazinon, and Malathion are sometimes used on 
ornamental plants to control nuisance insects. Monitoring these plants for the insecticides can be a 
challenge because the residual levels are often small and the matrix (the plant material) is 
chemically complex. This note describes the analysis of an ash leaves extract for Chlorpyrifos, 
Diazinon, and Malathion by Gas Chromatography—Time-of-Flight Mass Spectrometry (GC-TOFMS) 
and comprehensive two-dimensional GC-TOFMS (GCxGC-TOFMS). Advantages offered by 
automated peak find and spectral deconvolution routines are discussed, and the benefit of 
enhanced peak capacity for complex samples is shown. 

Sample Extraction 

An ash leaves extract was prepared by the United States Department of Agriculture in Gulfport, 
Mississippi.  

Experimental Conditions 
GC-TOFMS  
GC: Agilent 6890 Gas Chromatograph 
Column: 20 m x 0.25 mm x 0.71 µm Rtx-TNT (Restek) 
Carrier: Helium at 2 mL/min, constant flow 
Injection: 1 µL splitless at 250°C, valve time 60 sec. 
Oven Program: 80°C (1 min), 20°/min to 340° 
 
MS: LECO Pegasus® TOFMS 
Ionization: Electron ionization at 70 eV 
Source Temperature: 225°C 
Stored Mass Range:  45 to 550 u 
Acquisition Rate: 20 spectra/sec. 
 
GCxGC-TOFMS 
GCxGC: Agilent 6890 Gas Chromatograph equipped with a LECO GCxGC Thermal Modulator 
and Secondary Oven 
Column 1: 10 m x 0.18 mm x 0.20 µm Rtx-5 (Restek) 
Column 2: 2 m x 0.10 mm x 0.10 µm Rtx-PCB (Restek) 
Carrier: Helium at 0.7 mL/min, constant flow 
Injection: 1 µL splitless at 275°C, valve time 60 sec. 
Oven 1 Program: 80°C (1 min), 10°/min to 300° 
Oven 2 Program: 35°C offset from oven 1 
Modulation Time: 3 sec. 
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MS: LECO Pegasus TOFMS 
Ionization: Electron ionization at 70 eV 
Source Temperature: 225°C 
Stored Mass Range:  45 to 550 u 
Acquisition Rate: 100 spectra/sec. 
 
Data Processing 
LECO ChromaTOF® software with automated peak find and spectral deconvolution. 

Results and Discussion 

Figure 1 simultaneously illustrates the complexity of the ash leaves extract and the power of 
automated peak find and spectral deconvolution afforded by the fast acquisition capability and 
spectral reproducibility of TOFMS. The matrix peaks, especially the off-scale m/z 124, hide the 
orange peak representing Diazinon (approximately 50 pg), and a caliper spectrum at the Diazinon 
peak apex is representative of the background from the ash leaves. Note that the deconvoluted 
mass spectrum matches nicely with a reference spectrum for Diazinon. 

  

Deconvoluted 
spectrum

Reference
spectrum

Raw 
spectrum

Deconvoluted 
spectrum

Reference
spectrum

Raw 
spectrum

 

Figure 1. Chromatogram of 50 pg Diazinon (orange peak) in an ash leaves extract plotted with 
ions representing the matrix. The raw spectrum taken at the peak apex for Diazinon is 
representative of the matrix interferences. The deconvoluted TOF mass spectrum matches well with 
the reference spectrum. 

 

A similar chromatographic situation exists for Malathion in the complex ash leaves extract as shown 
in Figure 2. Again, the raw spectrum taken at the peak apex for Malathion (approximately 125 pg) 
is mainly showing ions for the matrix interferences, particularly 167, the turquoise off-scale peak in 
Figure 2. The deconvoluted spectrum, while not perfect (it still contains some 167 ion), shows a 
similarity of 806 (out of 999) against the first-hit library spectrum for Malathion. 
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Figure 2. Chromatogram of 125 pg Malathion (orange peak) in an ash leaves extract plotted with 
ions representing the matrix. The raw spectrum taken at the peak apex for Malathion hardly hints 
that Malathion may be present. The deconvoluted TOF mass spectrum, even though it contains 
some residual 167 ion from the huge matrix interference, matches well with a library spectrum. 

 

Another way to tackle complex samples is to increase the chromatographic separating power by 
applying GCxGC. The benefit of this approach is easily visualized when viewing the contour plot, or 
GCxGC chromatogram, of Figure 3. Notice how separations are now occurring in two dimensions, 
one along the X-axis (Rtx-5) and the other along the Y-axis (Rtx-PCB). The potential to move 
pesticides away from matrix interferences is substantially increased. In fact, in this example, both 
Malathion and Chlorpyrifos would have coeluted with high-concentration matrix interferences in a 
one-dimensional analysis with Rtx-5. But the Rtx-PCB has located the pesticides away from these 
interferences in the second dimension (Figure 4), resulting in the high quality, library-searchable 
spectra seen in Figure 5. The similarities for both pesticides are greater than 900 (out of 999). 
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Figure 3. Contour plot of organophosphate pesticides in an ash leaves extract. Note how 
separations are occurring in two dimensions, and where Malathion and Chlorpyrifos have been 
separated in the second dimension from substantial matrix interferences (at a first dimension 
retention time of approximately 800 seconds). 

MalathionMalathion
ChlorpyrifosChlorpyrifos

MalathionMalathion
ChlorpyrifosChlorpyrifos

 

Figure 4. Zoom of contour plot from Figure 3. Malathion and Chlorpyrifos are separated in the 
second dimension from substantial matrix interferences as noted by the white arrows. 
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Figure 5. TOF mass spectra from the GCxGC analysis of Malathion and Chlorpyrifos in an ash 
leaves extract. The similarities versus library spectra are greater than 900 (out of 999). 

One observation for the spectrum of Malathion produced with GCxGC of ash leaves was the 
absence of the 167 ion (from matrix) that was present in the deconvoluted spectrum for the one-
dimensional analysis. Figure 6 helps illuminate the reason behind this, which simply put, is the 
increased separating power available with GCxGC. Close inspection of the GCxGC portion of this 
figure (or of the contour plots in Figures 3 and 4) will reveal that the GCxGC peaks, due to thermal 
focusing close to the detector, are only about 100-200 ms wide at their base. Because the peaks 
are so narrow, TOFMS, which can acquire data at up to 500 spectra/second, is the only mass 
spectrometer appropriate for GCxGC. 

167 Interference

Malathion

GCxGCGC

167 Interference

Malathion

GCxGCGC

 

Figure 6. Linear chromatograms for one-dimensional (GC) and two-dimensional (GCxGC) analyses 
of Malathion in ash leaves. Malathion coelutes with a large matrix peak in GC, but is easily 
separated from this same compound using GCxGC. 
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The separation of Diazinon from its interference in the one-dimensional analysis was also better 
when employing GCxGC (Figure 7). 

DiazinonDiazinonm/zm/z 124 179124 179

Diazinon

1D GC

124 Interference

DiazinonDiazinonm/zm/z 124 179124 179

Diazinon

1D GC
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Figure 7. One-dimensional GC (1D GC) and GCxGC (contour plot on right) analyses for Diazinon in 
ash leaves. The matrix interference that contains substantial 124 ion and is coeluting with Diazinon 
in 1D GC is easily resolved from Diazinon using GCxGC. The peak containing the 124 ion is the 
large red spot in the contour plot. 

Conclusions 

GC-TOFMS and GCxGC-TOFMS are both powerful techniques for determining pesticides in matrix 
due to automated peak find and spectral deconvolution, and because of the peak capacity increase 
afforded with GCxGC. GCxGC-TOFMS has the potential to produce better spectra for 
organophosphate pesticides in the most complex matrices. TOFMS is the only mass spectrometer 
that has the acquisition speed to support GCxGC, and a full mass spectrum is always obtained.  

Acknowledgment 

John Gallagher at the United States Department of Agriculture in Gulfport, Mississippi provided the 
ash leaves extract. The GC columns were from Frank Dorman at Restek Corporation. 

 

 

 

 

 

 
® LECO Corporation • 3000 Lakeview Ave. • St. Joseph, MI 49085-2396 

Phone: 800-292-6141 • Fax: 269-982-8977 • info@leco.com • www.leco.com 
ISO-9001:2000 • No. FM 24045



Form No. 203-821-259    02/05-REV0  LECO is a registered trademark of LECO Corporation 1 

Separation Science Application NoteSeparation Science Application Note
Pegasus®

 

 

 

The Use of Resample, a New ChromaTOF® 
Feature, to Improve Data Processing 

for GCxGC-TOFMS  

Introduction 

Comprehensive two-dimensional Gas Chromatography (GCxGC) peaks generally range from 
100 to 200 ms wide. A Time-of-Flight Mass Spectrometer (TOFMS) is the only mass spectrometer 
capable of proper GCxGC peak definition because it can acquire data at up to 500 spectra/second. 
Also with TOFMS, a full mass spectrum from 5 to 1000 u can always be acquired if necessary. With 
fast acquisition rates, full mass range acquisition, and the longer GC runs sometimes seen in 
GCxGC, file sizes can be rather large (up to 500 MB or more), and automated and flexible data 
handling is necessary. ChromaTOF®, LECO’s fully automated instrument control and data 
processing software for the Pegasus® 4D, contains many features necessary to handle GCxGC data. 
Some of these features (all automated) include baseline, peak find, spectral deconvolution, 
Combine of peak slices, library search, calculate area/height, quantify, Compare, and reporting of 
data. Recently, a new feature called Resample was added to ChromaTOF that provides additional 
flexibility for GCxGC data processing. 

Resample is a way to create a new data file that is reduced in size from an Acquired Sample File. 
Often this can lead to faster and more efficient data processing. This note will demonstrate the use 
of Resample for GCxGC-TOFMS data.  

Samples 

A petroleum standard containing paraffins, iso-paraffins, aromatics, naphthenes, and olefins 
(PIANO mix) was used to demonstrate Resample with GCxGC-TOFMS, in addition to another 
standard containing polybrominated diphenyl ethers (PBDEs). 

Experimental Conditions for Petroleum 
GCxGC-TOFMS 
GCxGC: Agilent 6890 Gas Chromatograph equipped with a LECO GCxGC thermal modulator and 
secondary oven 
Column 1: 100 m x 0.25 mm x 0.50 µm Rtx-1 PONA (Restek) 
Column 2: 2 m x 0.25 mm x 0.10 µm Rtx-50 (Restek) 
Carrier: Helium at 2.3 mL/min, constant flow 
Injection: 0.05 µL split at 250°C, split ratio 250:1 
Oven 1 Program: 40°C (0.2 min), 2°/min to 200° 
Oven 2 Program: 5°C offset from oven 1 
Modulation time: 2 seconds 
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MS: LECO Pegasus TOFMS 
Ionization: Electron ionization at 70 eV 
Source Temperature: 200°C 
Stored Mass Range:  35 to 450 u 
Acquisition Rate: 100 spectra/second 
 

Experimental Conditions for PBDE Standard 
GCxGC-TOFMS 
GCxGC: Agilent 6890 Gas Chromatograph equipped with a LECO GCxGC thermal modulator and 
secondary oven 
Column 1: 9.5 m x 0.18 mm x 0.20 µm Rtx-5 (Restek) 
Column 2: 1 m x 0.25 mm x 0.25 µm Rtx-Dioxin 2 (Restek) 
Carrier: Helium at 1.5 mL/min, constant flow 
Injection: 1 µL direct injection at 250°C, 4 mm Uniliner (Restek) 
Oven 1 Program: 120°C (1 min), 10°/min to 340° (2 min) 
Oven 2 Program: 20°C offset from oven 1 
Modulation Time: 3 seconds 
 
MS: LECO Pegasus TOFMS 
Ionization: Electron ionization at 70 eV 
Source Temperature: 225°C 
Stored Mass Range:  200 to 1000 u 
Acquisition Rate: 50 spectra/second 
 
Data Processing 
LECO ChromaTOF software. 

 

Results and Discussion 

To reduce processing time for GCxGC-TOFMS data, it is often desirable to process only part of the 
chromatogram. Figure 1 is a contour plot, or GCxGC chromatogram, of a PIANO mix that is marked 
with yellow lines to illustrate an example of limited data processing. The only area of interest in 
this example is the first dimension retention time region, approximately 1850 to 3550 seconds, 
which contains the C3-C6 benzenes. ChromaTOF already contains segmented processing capability 
that allows peak finding for only this region (Figure 2), which can reduce the overall processing 
time. 

Resample is a recently added ChromaTOF feature that allows segmented processing by creating a 
new file for the desired retention time region, with the added benefits of choosing a sample 
reduction rate (acquisition rate), and/or restricting the mass range for the new file. The sample 
reduction rate allows a user to create a file of, for example, 50 spectra/second acquisition rate 
from one of 100 spectra/second, which cuts the file size in half and can speed processing. The nice 
thing about this part of the feature is that the "extra" spectra are not thrown away, but are instead 
summed to produce a signal-to-noise enhancement. Mass range restriction, in addition to 
decreasing file size which leads to processing time improvement, may have the added benefit of 
improving spectral deconvolution when lower (or higher) m/z ions are discarded that are only from 
matrix interferences. 
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<< << ParaffinsParaffins, , isoiso--paraffinsparaffins, , naphthenesnaphthenes, olefins >>, olefins >>

<< C<< C33--CC66 benzenes >>benzenes >>

<< << ParaffinsParaffins, , isoiso--paraffinsparaffins, , naphthenesnaphthenes, olefins >>, olefins >>

<< C<< C33--CC66 benzenes >>benzenes >>

 

Figure 1. Contour plot of PIANO mix analyzed with GCxGC-TOFMS. The vertical yellow lines denote 
the first dimension retention area for processing the C3-C6 benzenes. The horizontal yellow line is 
used only to mark the second dimension separation of aliphatics and aromatics. 
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Figure 2. Segmented processing capability of ChromaTOF where peak finding can be restricted 
across a narrow retention time range. 

Figure 3, a meld of screen captures from ChromaTOF, shows the Resample dialog boxes with new 
entries for the C3-C6 benzene retention time region of the PIANO mix. And Figure 4 shows the 
process of Resample occurring, where the new file (peg file extension) is created. After creating the 
new file in the directory of the user’s choice, it can be returned to the Acquired Sample Files 
database by using Import for peg files. 
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Figure 3. Example of Resample of a PIANO mix Acquired Sample File where a new file will be 
created for the retention time range of 1850 to 3500 seconds and the mass range of 35 to 250. 

 

Figure 4. File being created from Resample parameters seen in Figure 3. 
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Table 1 contains the information used to construct the new file from Resample and illustrates the 
resulting file size reduction. It is important to note that the original file is completely intact and 
could even be used again to construct a new file with different Resample parameters. 

Table 1. Resample parameters and reduced file size. 

Resample Parameter Old File New File 
Sample reduction rate 1 1 
   
Beginning retention time (sec.) 60 1850 
Ending retention time (sec.) 4810 3550 
   
Beginning mass 35 35 
Ending mass 450 250 
   
File size (Mb) 377.9 70.4 

  

For the previous example of Resample, it was not necessary to use the sample reduction rate 
parameter, as the peak widths generated for GCxGC of the PIANO mix mandated the 100 
spectra/second acquisition rate. During a GCxGC-TOFMS analysis for PBDEs though, 
decabromodiphenyl ether (BDE 209), which is notoriously tough to chromatograph, showed very 
broad peaks (slices) that were over-sampled at the 50 spectra/second rate that was appropriate for 
other PBDEs (Figure 5). 

BDE 47
Br4

BDE 209
Br10

Width
200 ms

Width
2 s

BDE 47
Br4

BDE 209
Br10

Width
200 ms

Width
2 s

 

Figure 5. Linear chromatograms showing modulated peaks for BDEs 47 (tetrabromo) and 209 
(decabromo). 50 spectra/second is an appropriate acquisition rate for the 200 ms wide peaks of 
BDE 47, but the rate is too fast for the broad peaks of BDE 209 (which results in a sensitivity 
decrease). 
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Using Resample with sample reduction rates of 2, 5, and 10 (a dialog box demonstrating this, with 
retention time and mass range reductions, is shown in Figure 6) better peak responses are seen for 
BDE 209 (Figure 7). As mentioned earlier, this enhanced peak response is due to spectral 
summing. 

 

 

 

10

25

50

5 sp/s

10

25

50

5 sp/s

 

Figure 6. Dialog box showing Resample 
for BDE 209. Because the data 
acquisition rate was too fast for the 
broad peaks, a sample reduction rate of 
2 was used for the retention time range 
for where BDE 209 eluted. 

Figure 7. Linear chromatograms for 
modulated BDE 209 at original acquisition 
rate of 50 spectra/second (orange) and 
when sample reduction rates (of 2, 5, and 
10) were used in the ChromaTOF Resample 
feature to produce new files at 25 (green), 
10 (red), and 5 (blue) spectra/second. The 
enhanced peak responses are due to spectral 
summing. 
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Conclusions 

Resample is a new ChromaTOF feature that adds flexibility to GCxGC-TOFMS data processing. 
New files can be created that reflect sample rate reductions, restricted retention time regions, and 
narrower mass ranges. The resulting smaller file sizes speed up automated processing routines. 
In addition, spectral deconvolution may be better due to elimination of low or high m/z matrix ions. 
When Resample is used to match peak widths properly to acquisition rates through the sample rate 
reduction, a sensitivity enhancement can occur. No matter how Resample is used, the original data 
file is still intact. 
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Characterization of Ballpoint Pen Inks 
by Solid-Phase Microextraction Gas 

Chromatography—Time-of-Flight Mass 
Spectrometry 

Introduction 

Time-of-Flight Mass Spectrometry (TOFMS) offers benefits for Gas Chromatography (GC) not 
available with other mass spectrometers (e.g. quadrupoles and magnetic sectors) because of its 
fast acquisition rates (up to 500 spectra/second) and the spectral continuity associated with an 
almost instantaneous mass analysis. Two of these benefits are automated Peak Find and Spectral 
Deconvolution, algorithms that can be built into the data processing software. 

Characterization of ink samples with GC-MS is important for several reasons, including formulation 
determination for competitive motives, quality assurance and control, counterfeit cases, and cases 
where age of a document is in question. In this contribution, Solid-Phase Microextraction (SPME) 
GC-TOFMS, with automated peak find and spectral deconvolution, is used to characterize ballpoint 
pen inks. In addition, an automated Compare algorithm is employed to identify components 
associated with aged ballpoint inks in a complex background matrix of volatile compounds 
generated from the heating of paper to sample the aged ink by SPME. 

Experiments 

Two experiments were conducted for this work. The first involved characterization of black 
(8 samples) and blue (5 samples) ballpoint inks for volatile organic compounds (VOCs) with SPME 
GC-TOFMS. The second was determining VOCs remaining in ballpoint ink from aged scribbles on 
paper. 

Experimental Conditions 

Solid-Phase Microextraction 
A divinylbenzene/Carboxen/PDMS (50/30 µm) fiber from Supelco was used. 5 mm punched paper 
holes with ink scribbles were placed into a 4 mL vial that was capped with a PTFE-silicone septum 
for SPME sampling. Five holes were used for the characterization experiment and eight were used 
for the ink aging work. The vial was sampled by headspace SPME while either at 22°C 
(characterization) or 70°C (aging). For the aging work, the vial was equilibrated at 70°C for 
10 minutes prior to SPME. A 10 minute SPME sampling time was used to collect ink volatiles. The 
fiber was desorbed into a 0.75 mm injection sleeve (Supelco) in a split/splitless injector at 270°C 
either at a 20:1 split ratio (characterization) or splitless with a valve time of 60 seconds (aging). 
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GC-TOFMS  
Column: 20 m x 0.25 mm x 0.71 µm Rtx-TNT (Restek) 
Carrier: Helium at 2 mL/min, constant flow 
Injection: See above. 
Oven Program: 40°C (1 min), 40°/min to 340° 
Total Run Time: 9 min 
 
MS: LECO Pegasus TOFMS 
Ionization: Electron ionization at 70 eV 
Source Temperature: 200°C 
Stored Mass Range:  35 to 450 u 
Acquisition Rate: 10 spectra/second 
 
Data Processing 
LECO ChromaTOF® software with automated peak find and spectral deconvolution. 

Results and Discussion 

The automated Peak Find algorithm that is integral to ChromaTOF software was used to locate all 
ballpoint ink VOCs that eluted in a retention range approximately between acetone (not included in 
tables) and 2-phenoxyethanol (included in tables). Separate reference tables were prepared of 
major volatiles in black and blue inks. Tables 1 and 2 contain the results for major components of 
black and blue ballpoint pen inks. All of the values in the table are relative to mixed ink samples 
and do not necessarily indicate the major volatile component of each ink. Interestingly, all of the 
ballpoint pen inks, except for black pens 4 and 5, are distinctly different as to their volatile 
constituents. This was quickly and easily determined through fast GC-TOFMS analysis and the fully 
automated data processing available with ChromaTOF. 

Table 1. Relative component amounts for eight black ballpoint pen inks analyzed using 
SPME GC-TOFMS. 

Compound Name 1 2 3 4 5 6 7 8 

Ethylene glycol      930   

Propylene glycol  100 13   310   

Hexylene glycol   630      

Phenol 8 100 82 2 4  52 140 

Aniline  150 85   120   

Ethoxy ethoxyethanol 350 3       

2-Ethylhexanol 17 97 170 140 120 35   

Benzyl alcohol  91 120 170 150    

Phenylethanol 170 15 53 85 62    

2-Phenoxyethanol 33 46 41 38 22   75 

Phenoxypropanol   210     95 
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Table 2. Relative component amounts for five blue ballpoint pen inks analyzed using 
SPME GC-TOFMS. 

Compound Name 1 2 3 4 5 

Propylene glycol  38   160 

Hexylene glycol  81    

Phenol 48   30  

Aniline  29 130   

Methoxy methylethoxy propanol 1 550 15 62   

Ethoxy ethoxyethanol 520     

Methoxy methylethoxy propanol 2 530     

Dimethoxy propane 620     

Benzyl alcohol 780     

Phenylethanol 900     

2-Aminotoluene   130   

2-Phenoxyethanol 71 16 18 38  

Diethylaniline    100  

 

An example of the automated peak find capability of ChromaTOF for a complex ink sample is seen 
in Figure 1. Each vertical line with a number represents a found peak, and even where there are 
significant coelutions (some of the peak apexes are only ms apart), peaks were easily located.  

 

Figure 1. Automated peak find with ChromaTOF. Each numbered vertical line is a peak marker. 
Even though there are obvious coelutions, ChromaTOF located the peaks. 
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Just as important as locating the peaks in a complex sample, is producing deconvoluted mass 
spectra that are fully library searchable. Figures 2 and 3 demonstrate this for two of the peaks 
from Figure 1. When viewing the figures, notice that shared ions between the compounds, 
represented by extracted unique ions 103 (orange) and 62 (green), are properly proportioned by 
the ChromaTOF Spectral Deconvolution algorithm. This guarantees that library search results will 
be accurate. 

Deconvoluted 
mass spectrum

NIST Library 
mass spectrum

Raw 
mass spectrum*

*

* *

Deconvoluted 
mass spectrum

NIST Library 
mass spectrum

Raw 
mass spectrum*

*

* *

  

Figure 2. Automated peak find and spectral deconvolution for methoxy methylethoxy propanol in a 
blue ballpoint pen ink. The raw mass spectrum is a combination of ions (including those that are 
shared, marked with red asterisks) from the coelutions. The deconvoluted spectrum has a similarity 
of 907 (out of 999) with the library spectrum.  

Deconvoluted 
mass spectrum

NIST Library 
mass spectrum

Raw 
mass spectrum

*

Deconvoluted 
mass spectrum

NIST Library 
mass spectrum

Raw 
mass spectrum

*

 

Figure 3. Automated peak find and spectral deconvolution for ethoxy ethoxyethanol in a blue 
ballpoint pen ink. The deconvoluted spectrum has a similarity of 939 (out of 999) with the library 
spectrum. 
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A more dramatic example of automated peak find and spectral deconvolution is seen in Figure 4 
where a minor peak (diethylaniline) is buried underneath a huge peak. Not only was this minor 
compound located underneath the large 2-phenoxyethanol peak, but a deconvoluted mass 
spectrum was produced that had excellent similarity with a library mass spectrum. 

2-Phenoxyethanol

Diethylaniline

Raw 
mass spectrum

Deconvoluted mass spectrum

NIST Library 
mass spectrum

2-Phenoxyethanol

Diethylaniline

Raw 
mass spectrum

Deconvoluted mass spectrum

NIST Library 
mass spectrum

 

Figure 4. Automated peak find and spectral deconvolution for diethylaniline in the presence of 
2-phenoxyethanol in a mix of blue ballpoint pen inks. Note that the raw mass spectrum taken at 
the peak apex for diethylaniline is characteristic of 2-phenoxyethanol due to its high concentration. 
The deconvoluted spectrum for diethylaniline matches well with the library spectrum. 

 

The aging of documents created or signed with ballpoint pens is often done by "calibrating" how 
certain ink components decrease over time. For the aged ink experiment in this work, 
2-phenoxyethanol was chosen for monitoring because it is the principal solvent in many ballpoint 
ink formulations. Preliminary experiments showed that the 2-phenoxyethanol concentration in an 
ink scribble (as sampled by ambient temperature SPME) dropped rapidly and stabilized (Figure 5). 
This observation was confirmed with older ink samples also, as shown in Figure 6.  
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2-Phenoxyethanol disappearance from an ink scribble over time
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Figure 5. 2-Phenoxyethanol disappearance from an ink scribble over time as determined by SPME 
and fast GC-TOFMS. The concentration of 2-phenoxyethanol that can be determined by SPME 
GC-TOFMS stabilizes after about 20 hours. 
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All samples were analyzed Feb-19-04.
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Figure 6. 2-Phenoxyethanol disappearance from aged ink scribbles as determined by SPME and 
fast GC-TOFMS. The SPME vial was heated to 70°C prior to sampling. 2-Phenoxyethanol 
concentration differences as determined by SPME GC-TOFMS are indistinguishable for 2003 and 
2002 samples. 
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Based on the results seen in Figure 6, it was concluded that documents could not be aged past 
8 months using SPME GC-TOFMS and 2-phenoxyethanol concentrations. It was theorized that using 
a less volatile component, one that might stay in the paper longer than 2-phenoxyethanol, could be 
used to age ballpoint pen ink documents. Unfortunately, diphenylamine gave similar results to 
2-phenoxyethanol (Figure 7). Although the results are not shown here, the ratio of less- to more- 
volatile compounds, as analyzed by SPME GC-TOFMS, was no help in determining ballpoint pen ink 
age either.  
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Figure 7. Diphenylamine disappearance from aged ink scribbles as determined by SPME and fast 
GC-TOFMS. The SPME vial was heated to 70°C prior to sampling. Diphenylamine concentration 
differences as determined by SPME GC-TOFMS are indistinguishable for 2003 and 2002 samples. 

 

When heating the ink scribbles to 70°C for headspace sampling by SPME, most of the volatile 
contribution is from the paper, and the chromatogram is quite complex. It becomes a challenge to 
determine which compounds can be attributed to the ballpoint ink. To simplify the data processing 
for these samples, a feature specific to ChromaTOF, "Compare", was used. This algorithm provides 
a quick and fully automated way to compare two samples on a GC peak-by-GC peak, mass 
spectrum-by-mass spectrum basis. As an example in this work, a Reference was created using 
blank paper (that with no ink line on it) from the February 5, 2004 sample, and then Compare was 
used to analyze the same sample paper that contained ink lines. 
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The Compare procedure starts with automated peak find, spectral deconvolution, library searching 
of the Peak Table, and calculating peak area/height for each compound (for the Reference sample). 
For the paper used here, over 200 compounds were located and library searched in less than 
2 minutes! When Compare is used against the sample (ink scribbles), a Peak Table containing four 
analyte types is generated. 

− Match (compound found and within user-defined concentration range) 

− Out of Tolerance (compound found but outside user-defined concentration range) 

− Contaminant (compound not in Reference) 

− Not Found (compound not in sample, versus Reference) 

A Peak Table can be filtered such that any or all of the analyte types is displayed in the table. 
In the present case, the Contaminants, which can be defined as ink compounds, are of highest 
interest. Table 3 shows the Contaminants (ink compounds) illuminated through the use of Compare 
that had spectra in the NIST library. Another five compounds were located, but their spectra were 
not in the library, and are therefore not included in the table. The Compare data processing time, 
which included automated peak find, spectral deconvolution, calculation of area/height, matching 
of results, and library searching of unmatched compounds, took less than a minute. 

Table 3. Ink compounds (Contaminants from Compare) in an aged ink scribble. 

Retention time (sec.) Compound Name 
175.4 2-Butoxyethanol 
192.0 Benzaldehyde 
195.5 Phenol 
201.6 2-(2-Ethoxyethoxy)-ethanol
205.5 2-Ethoxyethanol 
219.4 Phenylethanol 
258.4 2-Phenoxyethanol 
264.3 Phenoxypropanol 
342.1 Diphenylamine 

 

Figure 8 graphically illustrates the Compare results by overlaying chromatograms for the paper and 
the paper/ink scribble samples. Diphenylamine, marked with a blue asterisk, is one ballpoint ink 
compound located with Compare. Although it may be possible to visually locate major compounds 
of interest through inspecting overlaid total ion chromatograms (TICs), the automated way is 
faster, and often leads to location of important compounds that may be buried beneath the TIC. 
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Ink/paper
Paper only

  

Figure 8. Overlaid TICs of paper, and paper with ink scribbles, as analyzed using SPME 
GC-TOFMS. Diphenylamine (blue asterisk, inset chromatogram), which was located automatically 
with a Compare feature of ChromaTOF, can be attributed to the ballpoint pen ink. 

Conclusions 

SPME GC-TOFMS is a fast and powerful way to characterize the volatile organic composition of ink 
samples, especially due to automated peak find and spectral deconvolution. Compare, a feature 
unique to ChromaTOF software, simplifies data reduction for complex samples, and quickly 
highlights (and identifies) compounds that can be considered as "Contaminants" when compared to 
a Reference. SPME needs further investigation as an ink dating technique for samples more than 
eight months old.  
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Inlet   

Column 1

Detector

Column 2

Modulator

Comprehensive 2D-GC System

Modulator type is most commonly 
a rotating heater or cryo-jet system

(Generally performs volatility separation) (Generally different in selectivity than first column)

Carrier
Gas

Re-focus and “reinject” eluent from 
column 1 every modulation cycle

Model 1-D separation 
up to modulator
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Why do we need to model GCxGC
Separations?

•• Optimization is much more difficult  Optimization is much more difficult  
–– Changes in oven programming, modulation time, Changes in oven programming, modulation time, 

offset temperatures, etc… have a more complex offset temperatures, etc… have a more complex 
impact on separations  impact on separations  

•• “Translation” from GC“Translation” from GC--GCGC--TOFMS for method TOFMS for method 
development to development to GCxGCGCxGC--FID or FID or GCxGCGCxGC--ECD for ECD for 
more routine analysismore routine analysis

•• Choice of best column ensemble is not as obviousChoice of best column ensemble is not as obvious
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Optimization/Modeling of Separations

•• Several approaches have been  used for Several approaches have been  used for 
conventional separationsconventional separations

•• Allows prediction of optimal conditions for a Allows prediction of optimal conditions for a 
users column (users column (Pro EZPro EZ--GCGC))

•• Allows prediction of optimal stationary phase Allows prediction of optimal stationary phase 
chemistry and conditions (chemistry and conditions (Anal. Chem. 74(9), 2133-2138 
2002)

• Can these be applied to Comprehensive 2-D 
separations?
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1-D Modeling
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R = 1/4    L / h   x ( k / k+1 ) x ( α-1 / α )

Selectivity Factor (α) – addressed by 
stationary phase modeling

not commonly done by end user

Capacity Factor (k), and Column Factor –
addressed by physical modeling

can be simultaneous with, or independent of 
stationary phase modeling

General Equation for Resolution:
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Stationary Phase Optimization

•• Window diagrammingWindow diagramming
•• Computer simulation of phase selectivity, Computer simulation of phase selectivity, 

independent of column dimensionsindependent of column dimensions (ezGC(ezGC™™) ) 
•• Rtx®Rtx®--CLPesticides, RtxCLPesticides, Rtx--CLPesticides2CLPesticides2

•• Computer prediction of optimized stationary Computer prediction of optimized stationary 
phase composition phase composition ANDAND column dimensionscolumn dimensions
–– RtxRtx--TNT RtxTNT Rtx--TNT2, RtxTNT2, Rtx--VMS, RtxVMS, Rtx--VGC, RtxVGC, Rtx--5SilMS, Rtx5SilMS, Rtx--

VRX,VRX, RtxRtx--OPPesticides2, CustomerOPPesticides2, Customer--specific columnsspecific columns

•• Computer prediction of  solute/stationary phase Computer prediction of  solute/stationary phase 
interactions for new polymer designsinteractions for new polymer designs
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Achieving Analyte Separation

ResolutionResolution
R = 1/4    L / h   x ( k / k+1 ) x (R = 1/4    L / h   x ( k / k+1 ) x ( αα--1 / 1 / αα ))

Capacity FactorCapacity Factor
k = (tk = (tRR -- tt00) / t) / t00

SelectivitySelectivity
αα = k= k22 / k/ k11

Thermodynamics:Thermodynamics:
∆∆G = G = ∆∆H H -- TT∆∆S       S       ∆∆G = G = --RT ln KRT ln KD D 
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3-Space Selectivity Model for 3 Compounds

Surface=F∆H∆S 
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Volatiles Analysis:
Predicted vs. Actual 4 Dimensional Phase
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Volatiles Analysis: Rtx®-VGC
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Simultaneous 2-D Modeling
---or---

Why 2D is not 2X 1D GC
1.) Calculation of the pressure at the modulation 
point

not as straight forward during a “desorption”

2.) Not a normal “injection” onto second column
there may be a selective retention of analyte in the phase at 

the modulation point

3.) There is no “buffer volume” at the modulation 
point, or a pressure controller to adjust for any 
pressure surges

at 1 atm a liquid expands 1000X as it vaporizes
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Input Data

•• Compounds of interest analyzed in 1Compounds of interest analyzed in 1--D mode on each D mode on each 
stationary phase of interest at two different temperatures stationary phase of interest at two different temperatures 
or temperature programsor temperature programs

•• A separate A separate ∆∆H and H and ∆∆S are calculated for each compound S are calculated for each compound 
on each stationary phase independent of physical on each stationary phase independent of physical 
parametersparameters

•• Separation is modeled on conditions of 1Separation is modeled on conditions of 1stst columncolumn
•• Eleuent is reEleuent is re--focused (peak width is refocused (peak width is re--calculated) and calculated) and 

injected onto 2injected onto 2ndnd columncolumn
•• Final elution from second column is reported as a Final elution from second column is reported as a 

function of both 1function of both 1stst and 2and 2ndnd dimension dimension –– tabular reporttabular report
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Grob Test Mixture
As numbered on 2D Chromatogram

•• 1.) 2,31.) 2,3--butanediolbutanediol
•• 2.) 2.) decanedecane
•• 3.) 3.) undecaneundecane
•• 4.) 14.) 1--octanoloctanol
•• 5.) 15.) 1--nonanolnonanol
•• 6.) 26.) 2--ethylhexanoic acidethylhexanoic acid
•• 7.) 2,67.) 2,6--dimethylphenoldimethylphenol
•• 8.) 2,68.) 2,6--dimethylanilinedimethylaniline
•• 9.) C10 FAME9.) C10 FAME
•• 10.) C11 FAME10.) C11 FAME
•• 11.) 11.) dicyclohexylaminedicyclohexylamine
•• 12.) C12 FAME12.) C12 FAME
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LECO GCxGC-FID
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Modulator and Secondary Oven

Secondary Oven

Modulator
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0.4Hot Pulse (sec)

3Mod. Time (sec)

30Temp Offset (*C)

Modulator
1Hold Time (min)

200Final Temp (*C)

17Ramp (*C/min)

0.2Hold Time (min)

40Initial Temp (*C)

Primary Oven
Run Conditions

250*CDetector Temp

250*CInlet Temp

10:1Split Ratio

20 psiConstant Pressure

GC Conditions

10Temp Offset (*C)

2nd Oven
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Effect of Modulation Location

•• Selective desorption out of stationary phase Selective desorption out of stationary phase 
during modulation cycleduring modulation cycle

•• Tested three configurations:Tested three configurations:
–– A A -- Modulation on end of first columnModulation on end of first column

–– B B -- Modulation on start of second columnModulation on start of second column

–– C C -- Modulation on intermediate transfer lineModulation on intermediate transfer line
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582579581C-12 FAME
534531532C-11 FAME
483480481C-10 FAME
3933933912,6-Dimethylaniline

369366366Undecane
3603573572,6-Dimethylphenol

360357357Nonanal
3423393391-Octanol
309306306Decane
1681681682,3-Butanediol
CBA1st Dim Rt

Guard Col
Beg of 

2nd
End of 

1st
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1.9131.8182.083C-12 FAME
1.6581.6351.845C-11 FAME
1.5401.5081.725C-10 FAME
2.4602.4202.6422,6-Dimethylaniline
0.6800.6100.852Undecane
2.5632.5882.7432,6-Dimethylphenol
1.5681.5301.733Nonanal
1.5331.5001.6881-Octanol
0.5150.4450.678Decane
1.9801.9051.9952,3-Butanediol

CBA2nd Dim Rt
Guard Col

Beg of 
2nd

End of 
1st
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1st Dimension Comparison
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2nd Dimension Comparison
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11.57764.578C-11 FAME
11.51674.517C-10 FAME
12.70545.705

2,6-
Dimethylaniline

11.30474.305
2,6-
Dimethylphenol

11.65314.653Nonanal
10.98793.9881-Octanol
12.25655.2572,3-Butanediol

(from 
CASPD)

Calc 2nd 
Rt

avg total 
(sec)

# SlicesCASPDCASPD2nd Dim Rt

(All times in 
sec)Comparison
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-0.0804.6581.658C-11 FAME
-0.0234.5401.540C-10 FAME
0.2455.4602.460

2,6-
Dimethylaniline

-1.2585.5632.563
2,6-
Dimethylphenol

0.0864.5681.568Nonanal
-0.5454.5331.5331-Octanol
0.2774.9801.9802,3-Butanediol

CASPD - Adj. C 
(sec)

Total 2nd 
RtC

Adj. CGuard Col
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Summary

•• Modeling procedure appears successfulModeling procedure appears successful
–– Some refinement is necessarySome refinement is necessary

•• Modeling optimization software can save large Modeling optimization software can save large 
amount of R&D time for column ensemble amount of R&D time for column ensemble 
developmentdevelopment

•• Translation between TOFMS and FID/ECD work Translation between TOFMS and FID/ECD work 
ongoingongoing

•• Simplification of CASPD2D procedures ongoingSimplification of CASPD2D procedures ongoing
•• Work submitted to Journal of Chromatography AWork submitted to Journal of Chromatography A
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Roles of Organic Acids in Foods & Beverages

•• Flavor CompoundsFlavor Compounds

•• Indicators of Product QualityIndicators of Product Quality

•• Purity Determinations using an Organic AcidPurity Determinations using an Organic Acid
ProfileProfile

•• pH Control in ProductspH Control in Products

•• AntimicrobialAntimicrobial AgentsAgents



Common Food & Beverage Organic Acids

1. Acetic acid1. Acetic acid 2. Tartaric acid 3.2. Tartaric acid 3.SuccinicSuccinicacidacid

4. Malic acid4. Malic acid 5. Citric acid5. Citric acid
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Challenges in Organic Acid Analysis

•• Specific AssaysSpecific Assays
•• Column SelectionColumn Selection

•• Small carboxylic acids can be difficult to retain by reversedSmall carboxylic acids can be difficult to retain by reversed
phase HPLCphase HPLC

•• Specialty columns for organic acid analysisSpecialty columns for organic acid analysis

•• Mobile Phase SelectionMobile Phase Selection
•• Reversed phase requires a highly aqueous mobile phaseReversed phase requires a highly aqueous mobile phase
•• Chain folding can occur with highly aqueous mobile phasesChain folding can occur with highly aqueous mobile phases

and conventional C18 columnsand conventional C18 columns

•• Reproducibility and StabilityReproducibility and Stability
•• The ideal analysis would provide stable and reproducibleThe ideal analysis would provide stable and reproducible

retention, even with completely aqueous mobile phasesretention, even with completely aqueous mobile phases



Chain Folding

•• Highly aqueous mobile phases can cause chainHighly aqueous mobile phases can cause chain
folding with conventional C18 columnsfolding with conventional C18 columns

•• Chain folding can result in a total loss ofChain folding can result in a total loss of
retentionretention

•• Exposure to completely aqueous mobile phasesExposure to completely aqueous mobile phases
at ambient pressure (no flow) accelerates theat ambient pressure (no flow) accelerates the
chain folding processchain folding process



Chain Folding on a Conventional C18 Column

Organic Mobile Phase Highly Aqueous Mobile Phase



Stationary Phases

Columns with added polarColumns with added polar
functionalities:functionalities:

•• enhance the retention ofenhance the retention of
polar compoundspolar compounds

•• eliminate retention losseliminate retention loss
caused by chain foldingcaused by chain folding
(even in 100% aqueous(even in 100% aqueous
mobile phase)mobile phase)

•• can provide uniquecan provide unique
selectivityselectivity

Conventional C18

Ultra Aqueous C18

Ultra IBD

= polar functionality



The Ultra Aqueous C18 Column

•• Provides reproducible retentionProvides reproducible retention

•• Provides stability, even when stored in highlyProvides stability, even when stored in highly
aqueous mobile phasesaqueous mobile phases

•• Prepared using Type B, high purity silicaPrepared using Type B, high purity silica

•• True C18 phase (USP L1)True C18 phase (USP L1)



Chain Folding with a Conventional C18 Column
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Stability of the Ultra Aqueous C18 Column
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Stability of the Ultra Aqueous C18 Column
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Tobacco Extract: Ultra Aqueous C18 Column
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Tobacco Extract: Ultra Aqueous C18 Column

min
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Foods & Beverage Organic Acids Standard
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Foods & Beverage Organic Acids Standard
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Organic Acids: Vinegar
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Organic Acids: Lemon-Lime Soft Drink
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Organic Acids: Orange-Mango Juice
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Flow: 1.0 mL/min.
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Conclusions

�� The Ultra Aqueous C18 column provides enhancedThe Ultra Aqueous C18 column provides enhanced
retention of organic acidsretention of organic acids

�� Stable and reproducible retention is possible, even withStable and reproducible retention is possible, even with
highly aqueous mobile phaseshighly aqueous mobile phases

�� Columns with added polar functionalities can beColumns with added polar functionalities can be
advantageous for analyzing a wide range of polaradvantageous for analyzing a wide range of polar
compounds, including:compounds, including:
�� Carboxylic acidsCarboxylic acids
�� VitaminsVitamins
�� NutraceuticalsNutraceuticals
�� PesticidesPesticides



Instrument and Sampling Instrument and Sampling 
EquipmentEquipment PassivationPassivation

Requirements to Meet Current Requirements to Meet Current 
Demands for LowDemands for Low--Level Sulfur Level Sulfur 

AnalysisAnalysis

David A. Smith, David Shelow, 

Gary Barone
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110 Benner Circle
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Project ObjectiveProject Objective

z To create passivation processes for 
stainless steel and glass surfaces which will 
allow the analysis of low-ppbv sulfur gases
– Chromatographic sampling system 
– Containment vessels (high pressure vessels 

and air sampling canisters)



Testing System for Sulfur Gas Storage & TransferTesting System for Sulfur Gas Storage & Transfer

z Sulfinert™-deactivated sample cylinders with
Sulfinert™ sample valves

z Sulfinert™-deactivated sampling system 
(transfer line, sampling valve, 1ml sample loop)

z 48hr (minimum) containment of dry sample
z 55ppbv reference standard
z Dimethyl sulfide internal standard



What isWhat is
SulfinertSulfinert™™??

Unique passivation treatment 
(patent pending) that provides a 

durable, thermally-stable and 
highly inert surface on steel.



SulfinertSulfinert™™--Treated Inlet SystemTreated Inlet System

rotor is made of
polyaryletherketone/PTFE

SCD

1mL sample 
loop

Orifice = 0.0060"

Sample cylinder



Run ConditionsRun Conditions

z Rtx-1  60m x 0.53mm, 7.0µm film
z 10mL/min. helium
z 30°C (1min) to 180°C @ 10°C/min
z GC/SCD (Sievers)



11ppbv Sulfur Standard11ppbv Sulfur Standard
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1. H2S
2. COS
3. Methyl Mercaptan
4. Ethyl Mercaptan
5. Dimethyl Sulfide
6. Dimethyl Disulfide

Rtx-1  60m x 0.53mm, 7.0µm



List of Sulfur CompoundsList of Sulfur Compounds

Conc Conc Conc as S
Compound Name Formula (ppmv) (ppbv) (ppbv)
hydrogen sulfide H2S 105 11.51 10.83
carbonyl sulfide COS 98 10.74 5.73
methyl mercaptan CH3SH 101 11.07 7.38
ethyl mercaptan CH3CH2SH 101 11.07 5.71
dimethylsulfide CH3SCH3 99 10.85 6.81
dimethyl disulfide CH3SSCH3 100 10.96 7.46



System RepeatabilitySystem Repeatability

Compound Name %RSD
hydrogen sulfide 2.2
carbonyl sulfide 4.2
methyl mercaptan 2.0
ethyl mercaptan 8.7
dimethylsulfide 3.3
dimethyl disulfide 9.2

n=7



17ppbv H17ppbv H22S Containment in 500ml CylindersS Containment in 500ml Cylinders
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HH22S at 27.57ppbv in 300mlS at 27.57ppbv in 300ml SulfinertSulfinert™™ CylindersCylinders
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COS at 14.59ppbv in 300mlSulfinertCOS at 14.59ppbv in 300mlSulfinert™™ CylindersCylinders
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MethylMethyl MercaptanMercaptan at 18.8ppbv in 300mlat 18.8ppbv in 300ml SulfinertSulfinert™™
CylindersCylinders
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EthylEthyl MercaptanMercaptan at 14.53ppbv in 300mlat 14.53ppbv in 300ml SulfinertSulfinert™™
CylindersCylinders
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DimethylDimethyl Disulfide at 18.99ppbv in 300mlDisulfide at 18.99ppbv in 300ml SulfinertSulfinert™™
CylindersCylinders
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Ambient Air Sampling Canisters ObjectiveAmbient Air Sampling Canisters Objective

z Demonstrate suitability for storage of low 
level (1-20ppbv) sulfurs in SilcoCan™
canisters.



Block diagram of Analytical SystemBlock diagram of Analytical System

Gas Chromatograph

Air or
Oxygen

In Hydrogen
In

Burner

Transfer Line

Ozone
Generator

PMT

CL Cell

Vacuum
Pump

Exhaust

Trap

Air or Oxygen In
Controller

1mL sample
loop

SilcoCan™
canister

Orifice
= 0.0060"



Stability Study TestStability Study Test

z 11ppbv
z 6 days stability study
z Reference std is at 55ppbv
z Dimethyl sulfide as internal standard
z SilcoCans (n=18)
z Humidified (rh=50%) SilcoCans (n=5)
z Electropolished Cans (n=2)



HH22S at 11ppbv in 6l Air Sampling CansS at 11ppbv in 6l Air Sampling Cans
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COS at 10ppbv in 6l Air Sampling CansCOS at 10ppbv in 6l Air Sampling Cans
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MethylMethyl MercaptanMercaptan at 11ppbv in 6l Air Sampling Cansat 11ppbv in 6l Air Sampling Cans
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EthylEthyl MercaptanMercaptan at 11ppbv in 6l Air Sampling Cansat 11ppbv in 6l Air Sampling Cans
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DimethylDimethyl Disulfide at 11ppbv in 6l Air Sampling CansDisulfide at 11ppbv in 6l Air Sampling Cans
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Extended Stability StudyExtended Stability Study

z Is the SilcoCan capable of storing 
11ppbv sulfurs longer than 6 days?

z Tested 4 SilcoCans on Day 14
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MethylMethyl MercaptanMercaptan 11ppbvfor 14 Days11ppbvfor 14 Days
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DimethylDimethyl Disulfide at 10ppbv for 14 DaysDisulfide at 10ppbv for 14 Days
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Can theCan the SilcoCanSilcoCan go to lower levels?go to lower levels?

z Is the SilcoCan surface treatment stable 
for sulfurs at 1.5ppbv?
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ConclusionsConclusions

z Surface treatments for steel surface allow low-
ppbv containment, transfer and subsequent 
analysis of sulfur gases
– Sulfinert™(for raw steel surfaces)
– Silcocan™(for electropolished, smooth surfaces)

z Future directions include applying Sulfinert™ to 
GC column materials (glass and/or steel tubing,
packings)
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Food Preservatives
Chemical Antimicrobial Agents

Bacteria need to have certain 
conditions (water content, pH, 
temperature) in order to flourish…

…chemical preservatives can be 
used to kill or prevent the growth 
of molds, yeasts, and bacteria.

The type of preservative used 
depends on the food.
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Food Preservatives
Food Organic Acids for pH Adjustment

1. Acetic acid1. Acetic acid 2. Tartaric acid      3. 2. Tartaric acid      3. SuccinicSuccinic acidacid

4. Malic acid4. Malic acid 5. Citric acid5. Citric acid
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6. Oxalic Acid6. Oxalic Acid 7.  7.  FumaricFumaric AcidAcid

Food Preservatives
Food Organic Acids for pH Adjustment

O

OH
O

OH

O

OH

O

OH

Sources of Common Organic Acids:
¾ Malic acids – fruit
¾ Citric acid - fruits
¾ Oxalic acid – spinach
¾ Tartaric acid – grapes
¾ Fumaric acid - candies
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Food Preservatives
Food Buffers for pH Stability

Acetic Acid / Sodium Acetate Buffer System

CH3COOH  → CH3COO- +  H+

CH3COONa +  H+ → CH3COOH  + Na+

Compounds that can act as food buffers:  organic 
acids and their salts, proteins, phosphates
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Food Preservatives
Analysis of Organic Acids by HPLC

� Modes of Separation
� Reversed phase
� Ion exclusion (separates electrolytes)

� Mobile Phases
� High aqueous
� Low pH

� Sample Preparation
� Aqueous extraction
� SPE clean-up



R e s t e k    
www.restekcorp.com 7min0 2 4 6 8

mAU

0

20

40

60

80

Peak List
1.  Tartaric  acid, 620 ppm
2.  Malic acid, 460 ppm
3.  Acetic acid, 1260 ppm
4.  Citric acid, 580 ppm
5.  Succinic acid, 540 ppm
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Food Preservatives
Analysis of Organic Acids by HPLC

Inj. vol: 10µl 

Column: Ultra Aqueous C18 
150 x 4.6mm, 5µm

Mobile Phase: 50mM potassium 

phoshate, pH 2.5
Flow: 1.0 mL/min.
Detector: UV @ 210nm
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Sample: 10% Soda in Mobile Phase

Peak List: 1.  Citric Acid

Inj. vol: 10µl 

Column: Ultra Aqueous C18 

150 x 4.6mm, 5µm

Mobile Phase: 50mM potassium 
phoshate,  pH 2.5

Flow: 1.0 mL/min.

Detector: UV @ 210nm

Food Preservatives
Analysis of Lemon-Lime Soft Drink
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Chemical Antimicrobial Agents
� Sulfites

♦ Inhibit bacteria, not yeast
♦ Used in wines
♦ Some people are sulfite sensitive

� Nitrites
♦ Inhibit botulism (bacterial spores) in meat
♦ Can form nitrosamines

� Sorbates & Benzoates
♦ Specific inhibitors of bacteria

� Propionates
♦ Act on molds & rope bacteria, not yeasts

� Parabens
♦ Act on yeasts & molds (higher cost)
♦ Also used as antioxidants
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Microbial Inhibitors
Chemical Antimicrobial Agents

Benzoic Acid Sorbic Acid

Propionic Acid

OH

O

CH3

OH

O

CH3

OH

O
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Food Preservatives
Analysis of Benzoic and Sorbic Acid

� Reversed Phase
� Phenyl stationary phases – selectivity

� Acidic Mobile Phases
� Suppress ionization

� Increasing methanol content reduces the 
retention

� Detection - UV
� 228nm more sensitive for benzoic

� 259nm more sensitive for sorbic
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Food Preservatives
Analysis of Benzoic and Sorbic Acid
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Analysis of antimicrobial compounds by HPLC

Sorbic Acid

Benzoic Acid

Ultra Phenyl
150 x 4.6 mm, 5µm

Conditions:
80:20 1% acetic acid:MeOH
Flow Rate: 1.2 mL/min
Wavelength: 245 nm
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Food Preservatives
Analysis of Parabens by HPLC
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Parabens:
1. methyl
2. ethyl
3. propyl
4. butyl

Pinnacle II C8
150 x 4.6 mm, 5µm

Conditions:
50:50 0.1% acetic
acid:acetonitrile
Flow Rate: 1mL/min
UV@ 254 nm
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Lipid Oxidation in Food Systems

� A Leading Cause of Food Spoilage

� Free-Radical Reaction:

♦ Light & free-radical producing 
compounds initiate the reaction

♦ Hydroperoxides (ROOH)

� Form first

♦ Further reactions of ROOH

� Produce hydrocarbons, aldehydes, 
alcohols, acids, and epoxides
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• Chemical Changes
– Sensory Evaluation

• Stale, cardboard, metallic, fishy

– Chemical Evaluation
• Monitor intermediate & end products

• Antioxidants Used as Preservatives
– Protect flavor, color

– Extend shelf life

Off-Flavors from Lipid Oxidation



Free Radical Oxidation Reaction

[—C—C—C=C—]

H

H

-H•
[—C—C—C=C—]

H

•

+ O2

[—C—C—C=C—]

H

O
O
•

+ Fat

Fat

� Hydroperoxide
� Another fat 

free radical
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Edible Oil Processing

Degumming

Refining

Bleaching

Deodorization

Crude Oil

Edible Oil

Removes water, protein, 
phospholipids (lecithin), 
carbohydrates

Caustic added to remove 
FFA (soap stock)

Distillate consists of:  
FFA, tocopherols,
phytosterols in soy

Heat to 85C, act. carbon
or diatomaceous earth
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Typical Fatty Acid Compositions

TraceTraceC20:2C20:2

Trace Trace C14:1C14:1

33TraceTraceTraceTraceC22:0C22:0

TraceTraceC20:1C20:1
TraceTrace22TraceTraceTraceTraceTraceTraceC20:0C20:0
TraceTrace99C18:3C18:3

11112222161651515454C18:2C18:2
38386161646425252929C18:1C18:1
141455224444C18:0C18:0
33TraceTrace22C16:1C16:1
292966141411111313C16:0C16:0

33TraceTraceTraceTraceC14:0C14:0
LardLardPeanutPeanutOlive OilOlive OilSoy OilSoy OilCorn OilCorn OilFatty AcidFatty Acid
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Marine/Fish Oil Fatty Acids

18.418.413.813.812.712.7C18:1C18:1

TraceTrace1.31.30.80.8C22:5C22:5ZZ33

NDND1.01.020.820.8C22:1C22:1

20.920.919.619.612.712.7C16:0C16:0

7.07.029.829.84.94.9C22:6C22:6ZZ33

5.85.817.017.08.48.4C20:5C20:5ZZ33

1.71.72.52.50.30.3C20:4C20:4ZZ66

NDND3.03.014.114.1C20:1C20:1

3.23.20.40.41.71.7C18:4C18:4ZZ33

1.61.60.10.10.60.6C18:3C18:3ZZ33

7.37.30.70.71.11.1C18:2C18:2ZZ66

8.38.33.83.80.90.9C18:0C18:0

3.93.93.53.58.88.8C16:1C16:1

2.72.71.41.46.46.4C14:0C14:0

TroutTroutCodCodHerringHerringFatty AcidFatty Acid

From:  deMan, Principles of Food Chemistry
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Food Preservatives
Lipid Oxidation Inhibitors

Rancidity can be Slowed Down by Disrupting 
the Free Radical Reaction

1O2 Quenchers include:  β-Carotene 
Tocopherols
BHA/BHT

To monitor oxidative rancidity:
� Peroxide value monitors the initial products
� Hexanal is one of the rancidity products that can 

be monitored by headspace GC
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Food Preservatives
Lipid Oxidation Inhibitors

OH

CH3

CH3

CH3

CH3
O

BHA BHT Propyl Gallate (PG)

OH OH

CH3
O

O

OH

CH3

CH3
CH3

CH3

OH

CH3

CH3

CH3

Monohydric and polyhydric phenols can be used in 
food systems as lipid oxidation inhibitors



Antioxidants:  How They Work

[—C—C—C=C—]

H

•
+ AH [—C—C—C=C—]

H

H

+ A•

Where AH is an antioxidant such as BHT

The antioxidant can protonate:
• The fat free radical
• The peroxy free radical

⇒The antioxidant free radical has much greater 
stability because of its resonance forms



Food Preservatives- Antioxidants
� Oxidation is a Free-Radical Reaction

� Antioxidants significantly slow oxidation

� cis oxidizes faster than trans

� Conjugated fatty acids oxidize faster than 
non-conjugated

� Phenolic Antioxidants

� Monohydric/polyhydric phenols

� Regulated at <0.02% by weight (fat)
� Natural Antioxidants

� Typically less regulated



Antioxidants
Analysis of Phenolics by HPLC
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Column: Pinnacle II C18, 150 mm x  4.6 mm,  
5 µm 

Mobile Phase A: 1% acetic acid in purified water 
Mobile Phase B: Methanol

Time (minutes) % B 
0 50
4 50

10 90
25 90
26 50

Flow: 1.0 mL/min, Temp. @ 30° C
Detector: UV @ 280 nm

Analysis of Phenolics by HPLC
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� Linear Range Study
♦ HPLC procedure
♦ Comparison to the GC procedure
♦ Standard range:  0.1 – 10,000 ppm

� Results
♦ BHA:  10,000 ppm and 1000 ppm out of range
♦ BHT:  10,000 ppm standard was out of range  
♦ Both compounds were detected at 0.1 ppm
♦ 0.5ppm would be a reasonable LOD 
♦ For a typical sample dilution of 1:10, LOD of 5 ppm

Linearity Study for BHA & BHT by HPLC
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R2 = 0.9932 (BHA) and 0.9997 (BHT)

BHA by HPLC Linearity

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

0 50 100 150 200 250

ppm BHA

A
re

a 
C

o
u

n
ts

BHT by HPLC Linearity
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Linearity Study for BHA & BHT by HPLC
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Analysis of BHA & BHT by GC
Column: Rtx®-50, 30mx0.53mm, 0.5µm
Injector:  250°C, direct injection
Carrier:  Helium at 20 cm/sec.
Oven: 50°C to 200°C at 10°C/min.
Detector: FID @ 250°C
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Linearity Study for BHA & BHT by GC

� Linear Range Study
♦ GC procedure
♦ Comparison to the HPLC procedure
♦ Standard range:  0.1 – 10,000 ppm

� Results
♦ BHA & BHT:  10,000 & 1000 ppm out of range  
♦ Both compounds were detected at 0.1ppm
♦ BHA detected at 0.01 ppm
♦ LOD of <1 ppm
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Concentration range:  0.1-200 ppm
R2 = 0.9956 (BHA) and 0.9981 (BHT)

BHA by GC Linearity
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Analysis of BHT in Marine Oil by GC



Food Preservatives
Analysis of Tocopherols – ‘Natural’ Additives
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Food Preservatives
Analysis of Tocopherols by GC & HPLC

� GC
� Medium polarity column
� Direct injection
� Analytes can be light, oxygen sensitive

� HPLC
� Normal phase (e.g. bare silica)
� Seed oils can be diluted in hexane
� Extraction necessary for products
� UV (295nm) or fluorescence (295/330)



Food Preservatives
Analysis of Tocopherols by GC

1

2

3
4

5
6

1. δ-tocopherol
2. β-tocopherol
3. γ-tocopherol
4. α-tocopherol
5. tocopherol acetate
6. γ-tocotrienol

30m x 0.53mm x 0.5um Rtx®-50
1uL direct injection
50 ppm on column
200 to 290°C @5°C/min 
(15 min. hold)
Helium @89 cm/sec
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1. δ-Tocopherol
2. β-Tocopherol
3. γ-Tocopherol
4. d,l-δ-Tocotrienol
5. α-Tocopherol
6. d,l-β-Tocotrienol
7. d,l-γ-Tocotrienol
8. Hexadecyl

hexadecanoate (IS)
9. d,l-α-Tocotrienol

Analysis of Tocopherols by GC
Rtx®-20, 30m x 0.53mm x 0.5mm

Injector: 320°C, split 20:1
Carrier: H2 at 5.2 mL/min.
Oven:  270°C-290°C, 2°C/min.

290°C-320°C,  
10°C/min. (1 min)

FID: 320°C



Food Preservatives
Tocopherols by HPLC:  2.5% Soy Oil in Hexane
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Pinnacle II Silica, 150 mm x  4.6 mm x 5 µm.  Mobile phase:   
0.5% IPA in hexane @ 0.6 mL/min, UV detection @ 295 nm
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Summary of Preservative Analysis

• Function of Preservatives
– Control microbial growth
– Limit lipid oxidation

• Chromatographic Analysis – HPLC vs. GC?
– HPLC

• Relatively easy sample preparation
• Samples with high water content
• Solid samples, especially water soluble

– GC
• Can be very sensitive
• Typically efficient separations – good for complex matrices



Analyzing Phenoxyacid Herbicides, Using Liquid 
Chromatography

Rebecca Wittrig, Suzanne Gardner, Lydia Nolan, 
and Katia May

Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823



Introduction

Phenoxyacid herbicides, such as 2,4-D, dicamba, picloram, and Silvex, are used to 
control agricultural and aquatic weeds. These compounds can be found in the acid 
form, or as the salts or esters. While not considered highly toxic, phenoxyacid
herbicides are monitored in agricultural monitoring wells and drinking water 
sources. Traditionally, these compounds have been analyzed by gas 
chromatography (GC), for example by US EPA Method 8151. To make these 
compounds amenable to GC, they must first be converted to the methyl esters 
using a derivatizing agent such as diazomethane, a time-consuming procedure.   

Because liquid chromatography does not require sample derivatization, it is an 
attractive option to the GC procedure.  Several HPLC methods have been 
published for the analysis of phenoxyacid herbicides.  EPA Method 555 discusses 
the analysis of the phenoxyacid herbicides, as the acids, in drinking water samples.  
The compound list is divided into two separate mixes using this method (Table I).  
EPA Method 8321 is a general LC/MS method for semivolatile compounds.  An 
optimized method for analyzing phenoxyacid herbicides will be presented, as will a 
solid phase extraction procedure for recovering these compounds from water 
samples. A gradient procedure is useful when analyzing a range of herbicides; for 
the analysis of 2,4-D and Silvex alone, an isocratic method can be used.  



Table I. Chlorophenoxyacid herbicides included in 
this study.

pentachlorophenol1,4-dichlorobenzene (IS)

dinosebacifluorfen

1,4-dichlorobenzene (IS)2,4,5-TP (Silvex)

2,4-DBdichlorprop

2,4,5-T2,4-D

MCPPbentazon

1,4-dichlorobenzene (IS)3,5-dichlorobenzoic aciddicamba

2,4,5-TP (Silvex)MCPAchloramben

2,4-D4-nitrophenolpicloram

Isocratic MixMix BMix A



Column Selection

Selecting the proper stationary phase for analyzing phenoxyacid herbicides can be 
challenging.  While a C18 stationary phase is specified in EPA method 555, C18 
columns from different manufacturers can yield vastly different separations.  In 
addition, many C18 columns rapidly lose efficiency, resulting in poor resolution of 
the herbicides.  Since the phenoxyacid herbicides are weak acids, analysis should 
be done at a low pH.  This will ensure that the herbicides are present in their 
protonated (non-ionic) form.

Figures 1 and 2 show the separations of phenoxyacid herbicides on an Ultra 
Aqueous C18 column (analytical conditions are given in Table II).  The Ultra 
Aqueous stationary phase contains a polar embedded group, which provides 
enhanced selectivity for the target herbicides.  By comparison, Figure 3 shows the 
analysis of mix A on two standard C18 columns. Resolution of the herbicides is 
poor, and tailing peaks indicate interactions between the herbicides and the 
stationary phase.  To analyze just 2,4-D and/or Silvex, an isocratic method can be 
used, as shown in Figure 4.   



Table II. Chromatographic conditions for separating 
phenoxyacid herbicides.

SameSameUltra Aqueous C18, 
150x4.6mm, 5µm

HPLC Column

Concentration

Injection

Detection

Flow Rate

Gradient
Program

Mobile Phase

10 ppm each10 ppm each10 ppm each

10µL10µL10µL

UV @ 225nmUV @ 225nmUV @ 225nm

1.0 mL/min1.0 mL/min1.0 mL/min

60%A : 40%B

isocratic

0 min          10%B

10 min        45%B

16 min        45%B

22 min        90%B

24 min        90%B

25 min        10%B

0 min          20%B

15 min        80%B

20 min        80%B

21 min        20%B

A:  0.05% H3PO4

B:  acetonitrile

A:  0.05% H3PO4

B:  acetonitrile

A:  0.05% H3PO4

B:  acetonitrile

Isocratic MixMix BMix A



Figure 1.  Baseline separation of phenoxyacid herbicide mix A, using an 

Ultra Aqueous C18 column and the conditions in Table II.

Peak List:
1.  picloram
2.  chloramben
3.  dicamba
4.  bentazon
5.  2,4-D
6.  dichlorprop
7.  2,4,5-TP (Silvex)
8.  acifluorfen
9.  1,4-dichlorobenzene (IS)



Figure 2. Separation of phenoxyacid herbicide mix B, using an Ultra Aqueous 
C18 column and the conditions in Table II. 

Peak List:
1.  4-nitrophenol
2.  MCPA
3.  3,5-dichlorobenzoic acid
4.  MCPP
5.  2,4,5-T
6.  2,4-DB
7.  1,4-dichlorobenzene (IS)
8.  dinoseb
9.  pentachlorophenol



Figure 3.  Analysis of phenoxyacid herbicides using standard C18 columns:  non-
base deactivated (upper) and base deactivated stationary phases (lower).
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Figure 4.  Isocratic separation of 2,4-D and Silvex, using the conditions in 
Table II.

Peak List:
1.  2,4-D
2.  2,4,5-TP (Silvex)
3.  1,4-dichlorobenzene (IS)



Linear Range Study 

Herbicides in mixes A and B were analyzed over a concentration range of 
320ppb - 1000ppm.  All of the herbicides displayed a linear response over this 
range.  For example, R2 = 0.99997 for 2,4-D, and R2 = 0.9994 for MCPP.  
However, dalapon shows very low response when using UV detection, and 
could be detected only at concentrations greater than 100ppm.  From this, the 
limit of quantitation was determined to be 100ppb for each herbicide, with the 
exception of dalapon (~100ppm).
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Solid Phase Extraction

To meet the required detection limits for these herbicides, a concentration step is 
necessary.  Solid phase extraction (SPE) can be used to extract the herbicides from 
a water matrix, before elution with acidic methanol.  Several types of beds were 
tested for this application, including C18, graphitized carbon, and substituted 
divinylbenzene.  We found the divinylbenzene material gave the best overall 
recoveries.  Analytical conditions are given in Table III, and the results of a 
preliminary study for mix A herbicides are in Table IV and Figure 5.  When using a 
100mL sample size, recoveries of 82-92% were achieved, with the exception of the 
internal standard.  The 1L sample size showed even higher recoveries, again with 
the exception of the internal standard. The 1L sample had a concentration of 10ppb 
each herbicide, with the exception of dicamba (20 ppb). 



Table III.  Conditions for the solid phase extraction of 
phenoxyacid herbicides. 

Tube dried for less than 30 secondsDry

Sample passed through tube at slow flow rate or with 
gravity only

Sample flow rate

3 x 2mL acidified methanol; concentrated to 5mLExtraction

Inner surface of tube rinsed with small amount of 
acidified water

Wash

100mL or 1L water, pH adjusted to 2Sample

1. 4mL acidified methanol (0.01% phosphoric acid)
2. 4mL deionized water (pH=2)

Tube conditioning

6mL, 500mg substituted divinylbenzeneSPE tube



Table IV.  Recoveries of phenoxyacid herbicides (mix A) after solid 
phase extraction. 
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Figure 5.  Recoveries for mix A herbicides using sample 
sizes of 100 mL, 500 mL, and 1 L.
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Conclusions and Future Work

Based on this study, HPLC analysis of phenoxyacid herbicides after solid phase 
extraction is a viable alternative to the gas chromatographic procedure. The 
chromatographic separation of the herbicides was optimized using a C18 
stationary phase with a polar embedded group.  This phase has enhanced 
selectivity for the acidic compounds when analyzed at low pH.  An isocratic 
method also was developed for use with 2,4-D and Silvex. 

In order to meet the required detection limits, at least a 1000-fold concentration 
will be needed.  Preliminary experiments with solid phase extraction using a 
substituted divinylbenzene material show excellent recoveries for mix A 
herbicides, even with 1 liter samples.  The internal standard shows significantly 
lower recoveries than the target herbicides; other options for the internal standard 
will be explored.  Future work also will include the application of this procedure to 
mix B herbicides, and determining the effects of concentrating and heating on 
herbicide recoveries.    



The theoretical effects of extracolumn dead volume on band broadening and the
resulting chromatography have been well studied and documented. These
effects, however, have primarily been studied in isocratic systems.  In this inves-
tigation we have taken a practical look at dead volume and studied the effects
on gradient separations.  In addition to evaluating band broadening due to dead
volume in the sample flow path, we have investigated the effects of gradient
delay/dwell volume, and the interaction between band broadening and gradient
delay. The specific amounts and locations of dead volume in the mobile phase
flow path were correlated to effects on theoretical plates, resolution, and gradi-
ent delay time.  These factors, along with the variables of column dimension and
analyte retention, were studied to give a more complete understanding of the
effects of total extracolumn volume under both isocratic and gradient conditions.

Equipment
Hewlett-Packard series 1100 liquid chromatograph consisting of binary gradient
pump, auto sampler, column compartment with switching valve, and photo diode
array detector.

Columns
Pinnacle II™ C18 5µm 150x4.6mm 

Pinnacle II™ C18 5µm 50x4.6mm

Mobile Phase
Isocratic conditions: 80% methanol 20% water

Gradient conditions: 

80-100% methanol 20-0% water in 10 minutes for the 150mm column

80-100% methanol 20-0% water in 3.3 minutes for the 50mm column

Test Sample
uracil, toluene, ethylbenzene, propylbenzene, butylbenzene, pentylbenzene

Concentration: uracil 0.05mg/mL, all others 10mg/mL

A Practical Investigation of Extracolumn Dead Volume and its Effects in HPLC
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Measurement of Gradient Delay Volume
To determine the gradient delay
volume, the system was set up
with 100% methanol in channel A,
99% methanol 1% acetone in
channel B, and a zero dead vol-
ume union in place of the column.
The system was equilibrated by
pumping 100% channel A at 1
mL/min. A step gradient was then
run that changed from 100% A to
100% B at time zero.  As shown in
Figure 1, the detector response
was recorded and a tangent line
drawn to determine the volume.
The total gradient delay volume
was determined to be 750µL.

Measurement of Sample
Flow Path Volume
To determine the sample flow path volume, the
system was set up in the same configuration with
a mobile phase of 80:20 methanol:water and a
flow rate of 200µL/min (Figure 2). A 1µL sample of
uracil was injected, producing a peak with a reten-
tion time of 0.268 min. and a peak width at half
height of 0.115 min. The total sample path volume
was determined to be 53µL.

Figure 1

Figure 2

Effect of Dead Volume and Location on Efficiency: 
Isocratic Conditions
Graph 1 and Graph 2 show the
effect on efficiency and resolu-
tion(plates/meter, n/m) caused
by adding 150µL or 500µL of
dead volume to the system
when using a 150x4.6mm C18
column under isocratic 
conditions. As expected,
regardless of the dead 
volume location in the sam-
ple flow path, when it is
increased both efficiency
and resolution decrease. 
It is also important to note 
in Graph 1 that beyond a 
k of 2, efficiency in the origi-
nal separation reaches the
optimum plateau, whereas
with extra dead volume, full
column efficiency is not
attained even at a k of 6.

Effect of Dead Volume and Location: 
Gradient Conditions
Graph 3 and Graph 4 show
the effect on efficiency 
and resolution caused by
increased dead volume when
using a 150 x 4.6mm C18 
column under gradient condi-
t ions . Chromatograph ic  
performance deteriorates, as
expected. Unlike observations
from isocratic separations,
however, extracolumn volume
in the portion of the sample
path between the column and
the detector has a more sig-
nificant effect than extracol-
umn volume in the tubing,
connections, guard column,
etc. located before the column
inlet. In fact, for the later-elut-
ing compounds in the test mix,
150µL of extra volume after
the column had the same
effect as 500µL of extra vol-
ume before the column.

Graph 1
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Effect of Dead Volume and Location on Resolution:

Isocratic Conditions
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Effect of Dead Volume on Retention and k
Graph 5 shows the effect of
dead volume on analyte
retention and k.  The reten-
tion time/volume increased
proportionately to the amount
of dead volume added to 
the flow path, while k
decreased proportionately 
to the increase in void
time/volume.  The location of
the dead volume had no 
significant effect on retention
or k in any analysis per-
formed in this study.
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Effect of Dead Volume Geometry: 
Gradient Conditions
A variable related to dead
volume is the geometry of
the void. For this experiment
150µL of dead volume, after
the column, in two alternative
configurations, was added 
to the system. In one run, 
296 cm of 0.010” ID tubing
was used, in a second run
74 cm of 0.020” was used.
As shown by Graph 6 and
Graph 7, the shorter tubing
with larger ID had the
greater effect on efficiency
and resolution.  This experi-
ment was repeated in iso-
cratic mode, and produced
similar results.

Effect of Dead Volume Geometry on Efficiency: 

Gradient Conditions
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Effect of Dead Volume and Location: 
5cm Column, Gradient Conditions
Graph 8 and Graph 9 show
the effect on efficiency 
and resolution caused by
increased dead volume
when using a 50 x 4.6mm
C18 column. Since the peak
volume is much smaller for
this column, a given amount
of extracolumn volume has
greater effect than on 
a 150mm column. In this
system, 150µL of extra vol-
ume before the column
reduced efficiency by 46%,
whereas with the 150mm
column the efficiency loss
was only 20%.

Effect of Dead Volume and Location on Efficiency

5cm Column, Gradient Conditions
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Effect of Dead Volume and Location on Resolution

5cm Column, Gradient Conditions
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In isocratic analysis, the amount of extracolumn volume in the sample flow path
affects chromatographic performance.

In gradient analysis, the location of extracolumn volume in the sample flow path,
as well as the amount, affects chromatographic performance: extracolumn vol-
ume in the system after the column has greater effect than extracolumn volume
prior to the column. 

The geometry of extracolumn volume in the sample flow path, as well as the
amount affects chromatographic performance.

Extracolumn volume in the sample flow path has greater effect on shorter
columns.

Conclusions

Abstract

Effect of Dead Volume and Location
on Isocratic Conditions

Resolution:

:



A New Secure, Reliable Connector 
for Use with Gas Chromatography 

Columns.

Michael A. Goss and Brad Rightnour

Restek Corporation, 110 Benner Circle, 
Bellefonte, PA 16823



Abstract 

A common problem when joining fused silica columns 
together is obtaining a secure and leak tight seal. There are 
many different connectors available to connect an 
analytical column, repair a broken column, or connect a 
transfer line to an analytical column. Press-Tight® glass 
connectors are often used, but these can disconnect when 
subjected to high temperatures or pressures. Metal-type 
connectors offer a secure connection, but it is difficult to 
obtain a proper connection inside the union. 



Introduction 

Joining fused silica columns together and maintaining a 
proper seal can be difficult. The new Vu2 union™ and 
SeCure™ “Y” connectors provide easy and reliable sealing 
between fused silica columns. The connectors utilize a 
Press-Tight® connection which joins the fused silica ends 
together; ferrules and nuts on each end of the connector 
hold the tubing in place. These ultra strong connections 
will not unexpectedly disconnect when subjected to 
temperature changes, vibrations, or other stresses 
encountered in GC analysis.



Vu2 Union™ Connector



Experiment
When using standard Press-Tights® in GC analysis, the 
turbulence in the oven and repeated heating and cooling 
cycles can cause a Press-Tight® to fail and leak. In this 
experiment, an XTI®-5 column was installed in the GC. 
The XTI® test mix was run and the following 
chromatogram was obtained (Figure 1).
A 5 meter guard column was connected to the analytical 
column using the Vu2 Union™. The columns and Vu2 
Union™ were then subjected to several heating and cooling 
cycles. The XTI® mix was run again and the following 
chromatogram was obtained (Figure 2).



Figure 1: 
Chromatogram of XTI® mix before Vu2 Union™ was installed.

XTI-5 30m, 0.25mm ID, .25µm (cat# 12223) 

acquired before installing Vu2 Union™.

Restek XTI® Test mixture 

Inj.:Split/Splitless in Split mode

GC: Agilent 5890

Inj. temp.: 250°C

Carrier gas:  hydrogen, constant pressure  

Linear Velocity: 40 cm/sec.

Oven temp.: 100°C to325°C @ 6°C/min (hold 15 min).

Det: FID @275°C

15. Benzo K Fluoranthene

14. Benzo b Fluoranthene

13. C-22

12. C-21

11. C-20

10. Carbazole

9.   Pentachlorophenol

8.   Nitroanline

7.   Nitrophenol

6.   2,4-Dinitrophenol

5.   C-14

4.   Benzoic Acid

3.   Nitro-di-n-Propylamine

2.   1,2-hexanediol



Figure 2: 
Chromatogram of XTI® mix after Vu2 Union™ was installed.

XTI-5 30m, 0.25mm ID, .25µm (cat# 12223) 

Acquired after installing Vu2 Union™.

Restek XTI® Test mixture 

Note: Retention time shift due to 5 meter guard column addition.

Inj.:Split/Splitless in Split mode

GC: Agilent 5890

Inj. temp.: 250°C

Carrier gas:  hydrogen, constant pressure  

Linear Velocity: 40 cm/sec.

Oven temp.: 100°C to325°C @ 6°C/min (hold 15 min).

Det: FID @275°C
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Figure 2: 
Chromatogram of XTI® mix after Vu2 Union™ was installed.
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Figure 3: 
Pentachlorophenol peak before Vu2 Union™ was installed.

XTI-5 30m, 0.25mm ID, .25µm (cat# 12223) 

acquired before installing Vu2 Union™.

Restek XTI® Test mixture 

Inj.:Split/Splitless in Split mode

GC: Agilent 5890

Inj. temp.: 250°C

Carrier gas:  hydrogen, constant pressure  

Linear Velocity: 40 cm/sec.

Oven temp.: 100°C to325°C @ 6°C/min (hold 15 min).

Det: FID @275°C



Figure 4: 
Pentachlorophenol peak after Vu2 Union™ was installed.

XTI-5 30m, 0.25mm ID, .25µm (cat# 12223) 

acquired after installing Vu2 Union™.

Restek XTI® Test mixture 

Note: Retention time shift due to 5 meter guard column addition.

Inj.:Split/Splitless in Split mode

GC: Agilent 5890

Inj. temp.: 250°C

Carrier gas:  hydrogen, constant pressure  

Linear Velocity: 40 cm/sec.

Oven temp.: 100°C to325°C @ 6°C/min (hold 15 min).

Det: FID @275°C



Dual column analysis
Dual column analysis involves connecting two capillary 
columns to one GC inlet and connecting each column to 
its own detection system. A guard column and Y Press-
Tight® is the most common way to accomplish this. 
However, if the Press-Tight® fails at the guard column 
junction, then two analytical columns can be damaged 
when a leak is present. The simple solution is to use a 
SeCure™ “Y” connector. The SeCure™ “Y” connector uses 
a standard Y Press-Tight® and secures the fused silica 
columns with graphite ferrules and nuts to hold the 
columns in place.



SeCure™ “Y” Connector



Conclusion 

The Vu2 Union™ and SeCure™ “Y” Connectors offer the 
simplicity of a Press-Tight® connector with the strength of 
a metal union. The open design allows visual confirmation 
of the seal for added confidence in the connection. 
Analysts using guard columns or transfer lines, performing 
dual column analysis with columns connected in series, or 
seeking to repair a broken column will find the new Vu2 
Union™ and SeCure™ “Y” connectors a simple, reliable, 
easy-to-use solution. 
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Abstract
The analysis of the semivolatile organic compounds, like those 

found in USEPA method 8270C, places significant demands on the 
gas chromatographic column and analytical instrument.  

Concentrations of target and non-target components may range from 
low nanograms to milligrams, and the target compound list includes 

reactive acid and base compounds.
This presentation will demonstrate a method improvement that 

reduces the concentrations of the target and non-target compounds 
that are injected onto the column, as well as an instrument 

modification and new capillary column.  These modifications result 
in less maintenance and instrument down time, while preserving the 
sensitivity requirements of this method.  Finally, an optimized set of 

chromatographic conditions and column choice yield a superior 
separation with a minimized total run time.



Introduction

The analysis of semivolatile compounds by  USEPA Method 8270C 
can be very labor intensive.  This is due to the continuous need to 
perform instrument maintenance on the gas chromatographic system.  
The need for instrument maintenance is caused by sample matrix 
interferences that are extracted along with the target compounds and 
cause active sites, or leave nonvolatile residue in the injection port and 
inlet of the analytical column.  The result is low response factors, 
usually for acidic or basic compounds, and tailing peaks.  To meet 
reporting limits, and continuing calibration criteria, routine 
maintenance must routinely be performed on the analytical system.  In 
order to increase laboratory efficiency two areas of the GC system can 
be improved, the injection port, and the cycle time of the analytical 

run.



Injection Port Configurations

The purpose of the injection 
port is to quantitatively and 
reproducibly transfer the 
analytes from the syringe to the 
analytical column. The most 
common injection technique 
used for Method 8270 is 
splitless injection. Splitless
injection is used because the 
method requires low-level 
detection of analytes, and 
compounds that elute closely to 
the solvent peak make direct 
on-column injections 
unreasonable due to solvent 
interference.

septum

inlet sealinlet liner

carrier gas in

purge vent

o-ring



There are many injection port liner configurations used with 
split/splitless injection.  Figure 1 shows some of the common 
geometries used for Method 8270C.  Each liner has advantages and
disadvantages for use with semivolatile sample analysis.  The 
importance of the liners is to shield target compounds from metal 
surfaces, vaporization of the injected solvent and analytes, and aid in 
the sample transfer of the extract for inlet to column.  Review of these 
liners (Table 1) show they are all good for these purposes, however the 
Drilled Uniliner is the more efficient liner for transferring the sample 
extract from the injection port to the analytical column.  

Table 1 - Performance of different inlet liner geometries
Vaporization Inertness Transfer

single gooseneck w/ wool very good variable* good
double gooseneck good good good
cyclo double gooseneck very good good good
Drilled Uniliner good very good very good
* variability of inertness due to wool



The four common injection port liners are used for this analysis: single 
gooseneck with fused silica wool, double gooseneck, Cyclo Double 
Gooseneck, and drilled Uniliner® (shown below). Single gooseneck 
and double gooseneck liners have similar performance characteristics, 
and can be used with pressure pulse injection, which helps transfer the 
compounds more quickly from the injection port to the column. 
Pressure pulse injection decreases the volume of the vaporization 
cloud, helping reduce contact with active sites outside the injection 
port liner.

Single Gooseneck

Double Gooseneck

Drilled Uniliner®

Cyclo Double
Gooseneck

Figure 1 – Common splitless liner geometries



Pressure pulse injection takes place when the initial injection port 
pressure is increased above the normal operating pressure for the 
analysis. An example pressure program for a system that starts at 7 
psig would be a starting pressure of 30 psig for 0.1 minutes past the 
splitless hold time, then quickly ramping down the pressure to the 
normal operating pressure. It is important to decrease the pressure in 
the injection port after the splitless hold time is complete, to make sure 
the purge vent is open. This allows the excess carrier gas to quickly 
escape the inlet. The effect of the increased pressure (30 psig versus 7 
psig) is approximately a four-fold increase in flow through the liner.

When using a gooseneck 
liner, a critical area in 
Agilent GCs is the inlet seal, 
which must be replaced 
during routine maintenance.  
The seal becomes active due 
to deposition of non-volatile 
material on the surface. Viton ® Ring Inlet Seals.  The Viton ®

helps ensure a leak tight seal.

Viton®

Ring



Inlet seals with various surface treatments 
are shown above: stainless steel, 
Silcosteel®-treated, and gold-plated. 
SilcoSteel®-treated and gold-plated inlet 
seals are more inert than stainless steel seals 
and should be used for analysis of reactive 
semivolatile compounds in method 8270.

The drilled Uniliner®, a new liner geometry 
used for splitless injection, eliminates 
contact between analytes and surfaces 
outside the bottom of the inlet liner. By 
making a Press-Tight® seal between the 
analytical column and the tapered bottom of 
the liner, the bottom of the injection port is 
eliminated from the sample pathway 
(Figure 2). The benefits are a more inert 
sample pathway, and minimization of 
injection port discrimination.

Figure 2 – Drilled Uniliner®

column

Drilled 
Uniliner®



There are two styles of Drilled Uniliner® liners, one with a hole near 
the top, and a second with a hole near the bottom of the liner. The 
choice of liner is dependent on how closely the first compound elutes 
to the solvent peak. If the first compound elutes near the solvent peak 
(i.e. 1,4-dioxane), as in Method 8270, the drilled Uniliner® with the 
hole at the bottom of the liner should be used. This allows all the 
solvent to be flushed out of the entire inlet liner, reducing any solvent 
tailing, which could interfere with the first eluting compounds. The 
drilled Uniliner® with the hole near the top of the liner works well 
when the first compounds elute away from the solvent peak as in 
ethylene glycol in water, or chlorinated pesticide analysis.  Figure 3 
shows the difference of the solvent peak tale with relationship to the 
hole placement.

The Drilled Uniliner ® also helps eliminate injection port 
discrimination for the late eluting PAHs.  This is shown in figures 4 
and 5.  Figure 4 shows the difference between a pressure pulsed 
injection versus constant flow for the single gooseneck liner.  Figure 5 
shows the difference between the Drilled Uniliner ® and single 
gooseneck liner under constant flow condition.  The Drilled Uniliner ®

exhibits the least amount of injection port discrimination.  Also, table 2 
shows the results of a calibration sequence utilizing the Drilled 
Uniliner ® under constant flow conditions.



No solvent peak tail

No solvent peak 
tail, equivalent to
single gooseneck liner

Peak tail caused by
solvent remaining in
liner, between hole in
liner and column end

4mm single gooseneck 
splitless liner

4mm Drilled 
Uniliner® inlet 
liner, hole near 

bottom

4mm Drilled Uniliner® inlet 
liner, hole near top

Figure 3 – Solvent peak shape



Figure 4 – Injection port discrimination:  Comparing the single gooseneck 
liner under constant flow and pressure pulsed conditions.   

Black = Single Gooseneck LinerBlack = Single Gooseneck Liner
Pressure Pulsed InjectionPressure Pulsed Injection

Red = Single Gooseneck LinerRed = Single Gooseneck Liner
Constant FlowConstant Flow



Figure 5 - Injection port discrimination:  Comparing the single gooseneck 
liner to the Drilled Uniliner ®, both under constant flow conditions.  

Black = Drilled Black = Drilled UnilinerUniliner®®

Red = Single Gooseneck LinerRed = Single Gooseneck Liner



Liner Geometry
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A comparison study to show the affects of the different liner 
geometries was performed using 8270 standard mixes.  Calibration
curves ranging from 4-80ng on-column were acquired using each of 
the four different liners.  Included in the study was the affect of 
constant flow versus pressure pulsed injections.  Figure 6 shows the 
average response factor results from the six point curve, and figure 7 
shows the linearity results in percent relative standard deviation 
(%RSD).

Figure 6 – Average response factor from six point curve (4 – 80ng on-column)
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Figure 7 – %RSD from six point curve (4 – 80ng on-column)

Note: Lower %RSD is better



GC Column and Temperature Program

In order to reduce the run time of the GC column flow and closely 
eluting compounds with the same quantitation ions had to be 
considered.  Carrier gas flow rate was set at 1 ml/min constant flow 
allowing this method to be used with many of the GC/MS currently on 
the market using diffusion pumps.  Closely eluting compounds include 
the following:

• phenol / aniline / bis(2-chloroethyl)ether
• 1,3- & 1,4-dichlorobenzene
• 2- & 1-methylnaphthalene
• 2,4,6- & 2,4,5-trichlorobenzenes
• phenanthrene / anthracene
• benz(a)anthracene / chrysene
• benzo(b)fluoranthrene / benzo(k)fluoranthrene



Some of the highlights of the study showed that the early eluting 
compounds (phenol / aniline / bis(2-chloroethyl)ether) could be 
resolved by changing the hold time at 35C.  The second challenge was 
to separate the late eluting polycyclic aromatic hydrocarbons (PAH) 
compounds.  This was accomplished by keeping the PAH compounds 
eluting on the temperature ramp.  It was observed the PAH compound 
peak shape would broaden quickly on isothermal holds.  The 
broadening of the peaks masked any increased resolution.  Following 
are the run conditions and resulting chromatogram from the work 
performed:

• Rtx-5Sil MS (30m x 0.25mm, 0.25um film)

• 1.0 ml/min helium constant flow

• Injection port temperature: 270 C

• Injection volume: 1ul

• MS transfer temperature: 280 C

• Temperature program:

• 35 C (2 min) 20 C/min to 260C(0 min) 6C/min 330(1 min)

• Analysis performed on HP6890 w/5973 MS



Rtx-5Sil MS 
(30m x 0.25mm ID, 0.25um film)

16 ppm 8270 mix
ISTD @ 8ppm

N-nitrosodimethylamine
& pyridine benzo(g,h,i)perylene



Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um)

Phenol 
(m/z 94)

Aniline
(m/z 93)

Bis(2-chloroethyl)ether
(m/z 93)

1,4-dichlorobenzene
m/z 146

1,3-dichlorobenzene
m/z 146

1,2-dichlorobenzene
m/z 146



Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um)

2-methylnaphthalene
m/z 142

1-methylnaphthalene
m/z 142

2,4,6-trichlorophenol
m/z 196

2,4,5-trichlorophenol
m/z 196



Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um)

phenanthrene
m/z 178

anthracene
m/z 178

benz(a)anthracene
m/z 228

chrysene
m/z 228



Separation of Critical Pairs
Rtx-5Sil MS (30m x 0.25mm, 0.25um)

benzo(b)fluoranthene
m/z 252

benzo(k)fluoranthene
m/z 252

indeno(1,2,3-cd)pyrene
m/z 276

dibenz(a,h)anthracene
m/z 278

Normally very difficult 
to separate



4 ppm 8270 Calibration Standard
- Excellent signal to noise for 4 ng on-column injection
- Low column bleed
- Elimination of injection port discrimination

Rtx-5Sil MS (30m x 0.25mm ID, 0.25 um film)



To test the above GC set-up an 8270 calibration sequence was 
acquired consisting of a six point curve with concentrations at 4, 10, 
24, 32, and 80 ppm.  The internal standard was at a concentration of 
8 ppm.  Results of the more troublesome compounds are exhibited 
in Table 2.



Table 2 – Linearity of semivolatile compounds using Rtx-5Sil MS with a 
Drilled Uniliner® under constant flow conditions.  

4ppm 10ppm 16ppm 24ppm 32ppm 5 point 4 point

Compound RT ISTD m/z RF RF RF RF RF ave RRF %RSD
%RSD      

(w/o 4ppm)
N-nitrosodimethylamine 3.79 1 74 0.724 0.736 0.775 0.742 0.748 0.745 3% 2%
pyridine 3.80 1 79 1.055 0.951 1.058 0.967 1.004 1.007 5% 5%
aniline 6.28 1 93 1.777 1.773 1.962 1.933 1.946 1.878 5% 5%
N-nitroso-di-n-propylamine 7.12 1 169 0.776 0.746 0.801 0.740 0.770 0.767 3% 4%
benzoic acid 7.84 2 122 0.148 0.193 0.201 0.203 0.228 0.195 15% 7%
2,4-dichlorophenol 7.94 2 162 0.215 0.248 0.240 0.249 0.259 0.242 7% 3%
hexachlorocyclopentadiene 9.14 3 237 0.283 0.310 0.323 0.333 0.357 0.321 9% 6%
3-nitroanaline 10.21 3 138 0.323 0.318 0.343 0.339 0.348 0.334 4% 4%
acenaphthene 10.26 3 152 0.637 0.618 0.634 0.610 0.641 0.628 2% 2%
2,4-dinitrophenol 10.34 3 184 0.110 0.139 0.156 0.155 0.169 0.146 16% 8%
4-nitrophenol 10.41 3 109 0.162 0.168 0.185 0.187 0.202 0.181 9% 7%
azobenzene 11.07 3 77 1.387 1.446 1.436 1.369 1.414 1.410 2% 2%
nitrosodiphenylamine 11.04 4 169 0.718 0.698 0.723 0.771 0.738 0.729 4% 4%
pentachlorophenol 11.81 4 266 0.094 0.122 0.132 0.132 0.146 0.125 15% 7%
benzidine 13.72 5 184 0.213 0.178 0.188 0.206 0.269 0.211 17% 19%
benzo(b)fluoranthene 17.88 6 252 1.344 1.448 1.504 1.506 1.628 1.486 7% 5%
benzo(ghi)perylene 21.76 6 276 1.341 1.428 1.492 1.488 1.593 1.468 6% 5%

ISTD
1,4-dichlorobenzene-d4 6.62 1 152
naphthalene-d8 8.10 2 136
acenaphthene-d10 10.22 3 164
phenanthrene-d10 12.02 4 188
chrysene-d12 15.70 5 240
perylene-d12 18.73 6 264



Conclusion

USEPA SW-846 Method 8270 offers many challenges for laboratories, 
due to the extensive number of target compounds and sample matrix 
interferences. Improved transfer of the sample extract to the analytical 
column and faster analysis will lead to longer calibration sequences 
and increased sample throughput.  Utilization of the Drilled Uniliner
will enhance the transfer of target compounds as well as reduce active 
sites in the injection port sample path.  Optimizing the GC program 
will result in faster GC cycle times, allowing more samples to be 
acquired within allotted time frames.



Becky Wittrig, Ph.D.

Frank L. Dorman, Ph.D.Frank L. Dorman, Ph.D.
RESTEK CORPORATION

StopStop--Flow GC:  Improved Flow GC:  Improved 
Resolution with Fast Resolution with Fast 

Analysis TimesAnalysis Times



StopStop--Flow GC:  Improved Flow GC:  Improved 
Resolution with Fast Analysis TimesResolution with Fast Analysis Times

I. The Stop-Flow GC System

II. Advantages of Stop-Flow GC

III. Applications

A. Chlorinated Pesticides

B. Residual Solvents



Desires of GC AnalystsDesires of GC Analysts

�� Higher Sample ThroughputHigher Sample Throughput
�� Lowers cost/sampleLowers cost/sample
�� Increases sample capacityIncreases sample capacity
�� Fewer instruments to accomplish same Fewer instruments to accomplish same 

workloadworkload

�� Better ResolutionBetter Resolution
�� Can allow for shorter run timesCan allow for shorter run times
�� Improves quantitationImproves quantitation
�� Can allow for analysis of very complex Can allow for analysis of very complex 

matricesmatrices



Methods to Improve Speed Methods to Improve Speed 
and/or Resolutionand/or Resolution

�� Tuning Stationary Phase SelectivityTuning Stationary Phase Selectivity
�� Design column to achieve specific separationDesign column to achieve specific separation

�� Users can send retention data for optimizationUsers can send retention data for optimization

�� Physical Parameter OptimizationPhysical Parameter Optimization
�� Pro Pro ezezGCGC™™ Software allows user optimizationSoftware allows user optimization

�� Hardware ModificationHardware Modification
�� GC Racer allows increased temperature ramp GC Racer allows increased temperature ramp 

rates with (common) existing instrumentationrates with (common) existing instrumentation



Methods to Improve Speed Methods to Improve Speed 
and/or Resolutionand/or Resolution

�� Fast GC/Flash GCFast GC/Flash GC
�� Short, narrow Short, narrow i.di.d. columns. columns
�� Ballistic heating (resistive, microwave)Ballistic heating (resistive, microwave)

�� Multicolumn GCMulticolumn GC
�� Bertsch, Guichon, GiddingsBertsch, Guichon, Giddings

�� Comprehensive 2DComprehensive 2D--GCGC
�� Begun by John Phillips Begun by John Phillips –– Southern Illinois Southern Illinois 

Univ.Univ.

�� StopStop--Flow GC Flow GC 
�� Richard Sacks Richard Sacks –– Univ. of MichiganUniv. of Michigan



Stop Flow GC System: Sacks, et. al.*

C1 C2FID#1

Inlet

V

FID #2
(or MS)

BC

EPC

= 4-way junction
Gerstel Cross-piece

*Richard Sacks, University of Michigan



Stop Flow System:  Pressure Tunable Selectivity
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Advantages of StopAdvantages of Stop--Flow GCFlow GC

�� Minimal Hardware ModificationsMinimal Hardware Modifications

�� DualDual--Column SystemColumn System
�� Standard dimension GC columnsStandard dimension GC columns

�� FlexibilityFlexibility
�� Ability to “tune” the selectivity of a Ability to “tune” the selectivity of a 

separationseparation

�� Controlled by GC’s Current SoftwareControlled by GC’s Current Software



Separation of Limonene and Eucalyptol
Increasing Stop-flow Pulse Lengths

A. No stop-flow pulse
B. 2 second pulse
C. 6 second pulse
D. 10 second pulse

A

B

C
D



Application:  Chlorinated PesticidesApplication:  Chlorinated Pesticides

�� Environmental testing industryEnvironmental testing industry
�� EPA methods 8081, 508, and 608EPA methods 8081, 508, and 608

�� High volume testsHigh volume tests

�� Importance of rapid, accurate assaysImportance of rapid, accurate assays
�� ApplicationApplication--specific stationary phases specific stationary phases 

�� Best run times around 13 minutesBest run times around 13 minutes



Chlorinated PesticidesChlorinated Pesticides

4,4’-DDT10

4,4’-DDE9

4,4’-DDD8

γ-Chlordane7

α-Chlordane6

γ-BHC (lindane)5

δ-BHC4

β-BHC3

α-BHC2

Aldrin1 Dieldrin11

Endosulfan I12

Endosulfan II13

Endosulfan sulfate14

Endrin15

Endrin aldehyde16

Endrin ketone17

Heptachlor18

Heptachlor epoxide19

Methoxychlor20



Chlorinated PesticidesChlorinated Pesticides
After column #1 (RtxAfter column #1 (Rtx--200)200)



Chlorinated PesticidesChlorinated Pesticides
After column #2 (RtxAfter column #2 (Rtx--5)5)



Chlorinated Pesticides:  Run Conditions

Dual FIDs @ 300°CDetectors

0.2-0.5 µL splitless
0.25min hold time

Injection

300°CInjector

45 psigInlet Pressure

60°C (0.4 min. hold)
to 220°C at 100°C/min.,
to 235°C at 15°C/min.,
to 300°C at 120°C/min.,

0.5 min. hold

Oven Program

Rtx-200 
10m x 0.18mm, 0.2µm

Rtx-5
10m x 0.18mm, 0.18µm

Analytical 
Columns

Fast Procedure



Chlorinated PesticidesChlorinated Pesticides
Showing location of the stopShowing location of the stop--flow pulseflow pulse



Chlorinated PesticidesChlorinated Pesticides
With 1 stopWith 1 stop--flow pulseflow pulse



Chlorinated PesticidesChlorinated Pesticides
With 1 stopWith 1 stop--flow pulseflow pulse



StopStop--Flow GCFlow GC

�� StopStop--Flow allows the analyst to add Flow allows the analyst to add 
“space” between specific peaks“space” between specific peaks

�� Improved use of chromatographic “real Improved use of chromatographic “real 
estate”estate”

�� Permits timePermits time--compressed GC runs using compressed GC runs using 
faster oven temperature rampsfaster oven temperature ramps



GC RacerGC Racer

�� Interfaces to existing GC’sInterfaces to existing GC’s

�� Operates using existing GC controlOperates using existing GC control
�� No software or firmwareNo software or firmware

�� Allows for maximum ramp rates up to Allows for maximum ramp rates up to 
440440°°CC

�� Can allow for 2Can allow for 2--5 times speed 5 times speed 
enhancement for most methodsenhancement for most methods



GC Racer Heater Installed in an Agilent 5890

GC RacerGC Racer



GC Racer Installed on an Agilent 5890 

GC RacerGC Racer



Without GC Racer
With GC Racer

Agilent 6890 GC, temperature program of 60°C/min.



Volatile Compounds, with and without the GC Racer

With GC Racer
Without GC Racer



Application:  Residual SolventsApplication:  Residual Solvents

�� Pharmaceutical FormulationsPharmaceutical Formulations
�� Guidelines for TestingGuidelines for Testing

�� International Conference on HarmonizationInternational Conference on Harmonization
�� European PharmacopoeiaEuropean Pharmacopoeia

�� Compound Lists VaryCompound Lists Vary
�� Over 60 compounds of regulatory interestOver 60 compounds of regulatory interest
�� Classes based on toxicitiesClasses based on toxicities
�� Resolution of large lists on a single stationary Resolution of large lists on a single stationary 

phase can be extremely difficultphase can be extremely difficult



Class I & II Residual SolventsClass I & II Residual Solvents

sulfolone361,4-dioxane18

formamide35toluene17

1-methyl-2-pyrrolidinone (1-MP)34chloroform16

ethylene glycol (EG)33acetonitrile (MeCN)15

1,2,3,4-tetrahydronaphthalene (THN)32trichloroethene (TCE)14

N,N-dimethylacetamide (DMA)31cis-1,2-dichloroethene13

dimethyl formamide (DMF)30benzene12

1,1,2-trichloroethane (1,1,2-TCA)29methylene chloride (CH2Cl2)11

2-ethoxyethanol281,2-dimethoxyethane10

chlorobenzene27methanol9

o-xylene261,1,1-trichloroethane (1,1,1-TCA)8

pyridine25carbon tetrachloride (CCl4)7

2-methoxyethanol24trans-1,2-dichloroethene6

nitromethane23methyl cyclohexane5

m-xylene221,1-dichloroethene (1,1-DCE)4

p-xylene21methyl cyclopentane3

2-hexanone (MBK)20hexane2

1,2-dichloroethane (1,2-DCA)192-methylpentane1

CompoundCompoundPeak #Peak #CompoundCompoundPeak #Peak #



Fast Run Conditions: 1st FID
After Rtx-Stabilwax, 15m x 0.25mm x 0.5µm

1 2
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Fast Run Conditions: 2nd FID
After Rtx-Stabilwax + Rtx-200 (30m x 0.25mm x 1.0µm)

1
2,4

3

9

6 11

7,5

8

12
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16

15,14
19

17
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Residual Solvents:  Run Conditions

Dual FIDs @ 250°CDual FIDs @ 250°CDetectors

0.2 µL HS, 200:1 split0.2 µL HS, 200:1 splitInjection

230°C230°CInjector

2.5 mL/min. to 9.5 min.
3.5 mL/min. at 10 min.

1.5 mL/min. 
constant flow

Column Flow

40°C (1 min. hold)
to 65°C at 6°C/min.,

to 100°C at 12°C/min.,
to 250°C at 70°C/min.,

1.8 min. hold

40°C (6 min. hold)
to 100°C at 4°C/min.,
to 220°C at 15°C/min.,

5 min. hold

Oven Program

Stabilwax 
15m x 0.25mm, 0.5µm

Rtx-200
30m x 0.25mm, 1µm

Stabilwax 
15m x 0.25mm, 0.5µm

Rtx-200
30m x 0.25mm, 1µm

Analytical 
Columns

Fast ProcedureStandard Procedure



Class I & II Residual Solvents:  No Pulses
1,1-D

C
E

1,1-D
C

E

H
exane

H
exane

End FID

Junction FID



Residual Solvents:  Pulse @ 44 sec.

End FID

Junction FID



Residual Solvents:  No Pulses

m
eth

ylcyclo
h

exan
e



Residual Solvents:  Pulses @ 72 & 120 sec.



Residual Solvents:  No Pulses

M
B

K



Residual Solvents:  Pulses @ 290, 330, & 346 sec.



Class I & II OVIs:  Total of 9 Pulses
At the Junction



Class I & II OVIs:  Total of 9 Pulses
At the End Detector – all 36 resolved
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Summary of StopSummary of Stop--Flow GCFlow GC

�� Ability to “Tune” the SelectivityAbility to “Tune” the Selectivity

�� FlexibilityFlexibility

�� Standard dimension columnsStandard dimension columns

�� Can vary the pulse sequencesCan vary the pulse sequences

�� Significant Improvements in Analysis Significant Improvements in Analysis 
Times PossibleTimes Possible

�� Fast oven programs, high flow ratesFast oven programs, high flow rates



In the following study several diesel fuels were analyzed to measure some
of their different attributes by gas chromatography. Most of the diesel fuels
were obtained from sources within Pennsylvania, but fuels from California
and Alaska are also represented. All of the fuels are those marketed as
diesels for cars or trucks (see Table 1).

We used Restek’s diesel composite standard (part #31258) as a control
standard for this exercise. It is made up of a representative of diesel fuels
from the central Pennsylvania region, and although it may not represent the
fuels available in other regions of North America, a bench-mark fuel is
needed for a study of this type, if only for comparisons sake.

Each of the diesel fuel standards was made up at 50,000 ppm in methylene
chloride, except the unweathered and weathered samples in Figure 3. For
that study we used stock standards at 5,000 ppm in methylene chloride
(Restek part #31233, 31234, 31235 and 31236, for the unweathered, 25%
weathered, 50% weathered and 75% weathered, respectively).

Each of the samples was analyzed by GC-FID using an Rtx-5 column (30m
x 0.25 mm x 0.5 µm, Restek part #10238). An injector temperature of 250oC,
a detector temperature of 330oC, split of 40 cc/min and carrier gas (H2) flow
of 40 cm/sec was used. We used a temperature program of 40oC (hold 2
minutes) to 330oC at 10oC/min (hold 5 minutes).

Aliphatic peak identification was performed using a DRO test standard with
n-alkanes from C10-C25 (Restek part #31214). Naphthalene and
methylnaphthalenes peak identification was performed using selective ion
extraction on GC-MS following the same GC temperature program
conditions as used for the GC-FID analyses.

A comparison of the results from the GC analysis of the diesel fuels in this
study is shown in Figures 1, 2 and 3. It can be observed that diesel fuels
obtained from different areas of the United States show markedly different
chromatographic and molecular differences. 

In Figure 1 the diesel fuel from Alaska has a greater proportion of lighter
boiling material than the other fuels. This fuel is a #1 diesel fuel and is
derived from a slightly lower boiling range than conventional #2 diesel fuel
oil. The fuel needs to have this lower boiling range in order to avoid
solidification and deposition in the very cold winters that the fuel may
experience. In the summer Alaskans may switch to #2 diesel to avoid
volatility problems. 

UST and DRO Analysis Across America: Challenges and Limitations
Mark W. Badger and Chris Cox 

Restek Corporation, 110 Benner Circle, Bellefonte, PA 16823

Poster prepared at www.SciFor.com

The analysis of diesel fuel and jet fuel samples presents some unique
challenges for the analyst. Variances in the source or type of fuel depends on
many factors, most of which are not controllable, and may have significant
effects on the fuel over time. These factors may include the degree of
evaporation during weathering, microbial degradation, and migration through
the matrix from where the sample was taken. In addition the source of the crude
oil varies, as does the refinery practices throughout the country and at different
times of the year. Compound this with the differences in the fuel specifications
due to latitude, elevation and seasonal changes that refineries have to account
for in their markets means that the analyst may have a hard time identifying a
fuel source. However, by selecting the appropriate standards and analysis
techniques accurate determination of fuel type and source can be achieved.

Abstract

Introduction

Experimental

Results and Discussion
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Fuel 2

Fuel 3

Fuel 4

Figure 1.  Comparison of geographically diverse diesel fuels.
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C16

Unweathered
# 2 Diesel

25% Weathered
# 2 Diesel

50% Weathered
# 2 Diesel

75% Weathered
# 2 Diesel

Figure 3.  Comparison of artificially weathered diesel fuels.

Unweathered
#2 Diesel

25% Weathered
#2 Diesel

50% Weathered
#2 Diesel

75% Weathered
#2 Diesel Table 1.  Diesel fuels used in this study. 

Fuel State Designation 
1 PA #2 Diesel Composite Standard (Restek part # 31258) - Control 
2 AK #1 Diesel fuel 
3 CA #2 Diesel – Low sulfur 
4 CA #2 Diesel – Los Angeles Area 
5 PA #2 Diesel – Low sulfur 
6 PA #2 Diesel  
7 PA #2 Diesel – Low sulfur 
8 PA #2 Diesel 

Table 2.  Component ratio analysis results. 

Fuel Naphthalene/ 
1-Methylnaphthalene Ratio

Naphthalene/
2-Methylnaphthalene Ratio

C14/C16 Ratio 

1 0.61 0.35 0.62 
2 1.48 0.32 1.61 
3 1.66 1.02 0.90 
4 - - 0.35 
5 0.40 0.12 1.16 
6 - - 0.58 
7 0.58 0.33 0.77 
8 0.55 0.34 1.14 
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Fuel 8

Figure 2.  Comparison of Pennsylvania diesel fuels.
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The difference seen in the two Californian diesels is due to the processing
that the fuels have experienced after fractionation. In order to attain the low
sulfur levels required for fuels in California, it is necessary for some distillates
to undergo catalytic hydrocracking. This process not only removes the
heterocyclic sulfur from such species as dibenzothiophenes, but the
excessive temperatures and hydrogen pressures used tend to crack the
aliphatic components within the fuel. Thus we see an increase in low boiling
material (cracking) and higher boiling material (polymerization) in the low
sulfur fuel, compared with the straight #2 diesel. The wider boiling range is
need for the low sulfur fuel in order for it to maintain the desired physical
properties of the fuel; cetane number, lubricity, cloud point, etc.

At first glance the there seems to be little difference between the five
Pennsylvanian diesel fuels analyzed in this study. However, if you focus on
the component ratio analyses performed we begin to see some quite marked
differences (see Table 2). The results show that there is little variance in the
ratios of the aromatic and alkyl-aromatic compounds, but significant
differences in the aliphatic ratios. Techniques such as these could be used,
in conjunction with other tests to fingerprint specific sources of fuel.

An interesting observation is the difference between the low sulfur fuels
analyzed in this study. As we noted before, low sulfur fuels have to undergo
catalytic hydroprocessing in order to meet the specific sulfur specifications for
the region in which they are being sold. However, diesel fuels 3, 5 and 7 are
considerably different. The major contributing factor to these differences is
the type of crude oil used in the fractionation of the diesel fuel. Pennsylvanian
crude is typically very high in aliphatic components and low in aromatics. It is
typically these aromatic components, especially the dibenzothiophenes,
which contain the sulfur within diesel fuels. The crude oils used in Californian
refineries may come from California, Texas, Oklahoma, or even Mexico and
Venezuela. These types of crude oil are typically much higher in aromatic
content and possibly sulfur content, and as such must undergo more severe
hydroprocessing to remove the sulfur. The more severe hydroprocessing in
turn can affect the other components of the fuel, as was mentioned earlier.

Figure 3 shows a comparison of the weathered diesel fuel standards sold by
Restek. It can clearly be seen that as the fuels are weathered the lighter
boiling components are being driven off, thus concentrating the boiling range
towards the higher boiling material. Typically, diesels fuels have a boiling
range from C9-C24. Therefore, if a fuel or extracted sample is analyzed that
shows signs of a shorter boiling range, the analyst should start asking
questions about the fuel and the time and conditions under which the fuel
may have been spilled. Also the medium into the fuel was spilled may effect
the fuels characteristics. For example, a fuel spilt on macadam surface in a
warm environment will weather quicker then a fuel spilt onto soil or sand in a
cool environment. Fuel that has seeped into the ground may over time be
exposed to microbial degradation too. This may not be obvious by glancing
at the chromatogram. Microbes tend to degrade sulfur-containing
compounds, therefore, selective ion extraction MS or GC-FPD may play a
key role in determining microbial degradation, if it is an analysis of interest.

It is fair to say the there is probably no one standard that can be successfully
used to determine the chromatographic nature of the diesels fuels used in the
United States. However, the composite standard that is offered by Restek
offers many of the key compositional features exhibited by the majority of
diesel fuels sold in the United States. If the diesel fuel that is being analyzed
does not look like the fuels composite standard then the analyst should ask
some questions: Were was the sample taken from? How long had the sample
been in that place? Is a fresh (unweathered) sample available? Is this fuel
typical for the geographic region?
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