
THE 

ADVANTAGE 
Rtx®-5MS Guard: The Only Capillary Column
 
with Built-in Protection
 
, Built-in 5-meter guard column elimi nates 

difficult con nec tion and leaks . 
Ex tended co lumn life when analy zing dirty 
sam p les. 

, Unsu rpas sed inertn ess and low bleed for GCI 
MS use. 

In recent years, ma ny cap illary column ma nu­
facturers have intro duced low bleed columns 
for use w ith today's more sensitive detection 
systems. Whi le many o f these co lumn s offer 
low bleed and exce llent inertness when firs t in­
stalled, the ir per formance can deteriorate rap­
id ly from nonvo lati le co nta mi na tio n in the 
sample . After several inject ions of a dir ty 
sample the co lumn may no longer meet the re­
qu ireme nts o f the metho d.Th e analyst is faced 
wi th eit her remov ing the co ntamina ted section 
of the co lumn or try ing to rinse out the con ­
tamination. Th e fi rst optio n eve ntua lly resu lts 
in a co lumn that is too sho rt to resolve the co m­
ponen ts of interest. The sec ond optio n resu lts 
in an increase in downt ime . 

Many labs have resorted to us ing guar d col ­
umn s to preven t co ntamina tio n fro m reac hing 
the ana lytical co lumn . If the guard column be­
co mes con taminate d, a sec tio n of it ca n be re­
mo ved wi thout affec t ing the separat ion of 

Restek 's Rtx X-5MS column with 
built-in 5-l11 eter guard column. 

sample components . Altho ugh th is technique 
has been used successfully by many labs, it has 
one major flaw : the connection of the guard 
co lumn to the a na lytica l co lumn is difficult to 
make. Var ious co nnectors have been developed 
including but t, Press-Tight" , and Vu-Uni on" 
connectors. However, all of these devices re­
quire some sk ill from the analyst, inclu ding the 
ab ility to make a good sq uare cut on the col­
umn ends for a proper seal. Th e inab ility o f 
ma ny analysts to make a good connection has 

resulted in redu ced usage of guard col umns in 
many labs. A lso , man y GC /MS user s have 
avo ided guard col umns due to leakage prob­
lems caused by improper use of the con nec ­
tors . Because of the high vac uum associated 
with the ma ss spectrometer, a small leak at the 
col umn connectio n can introd uce more air into 
the system than a con venti onal atmospheric 
detector. A small ai r leak resul ts in increased 
column bleed, sta tionary phase oxida tio n, com­
promi sed spectra l qua lity, and sho rtened f ila­
ment life. 

GUARD COLUMNS-A MUST FO R 
DIRTY SAM PLES 
Resrek s che mis ts feel that a guard column is 
the mo st effective way to mai ntai n co lumn per­
formance whe n analyzing dirty samples. In our 
effo rts to promote guard column use, we wrote 
the Guide to Ana lyz ing Dirty Samples and de­
velo ped bet ter and easie r to use co nnec tio n 
dev ices . However, many labs are still reluctant 
to use guar d columns because o f the diffic ulty 
in making a leak -free connectio n. The Reste k 
Wizards wi ll not be sat isfi ed unt il every lab 
ana lyz ing dirty sa mples is using a guar d co l­
umn. So , we are proud to introduce the world's 
first cap illary co lumn that co ntai ns a built-in 
guard col umn , the Rtx/-S MS GUA RD. By 
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I ~ 
only coating stationary phase on the last 30
 
meters ofa 35 meter column. the front 5 meters
 
are left as a guard column. Now you can have
 
all the benefits of a guard column without the
 
difficult ies of making the connection or the
 
worry of the connect ion leaking.
 

WH Y A S-M ET ER BUI LT-I N G UARD
 
COL Ui\l 1'I ?
 
Analysts current ly using guard columns typi­

cally choose lengths of one to five meters. As
 
the guard column becomes contaminated, the
 
first loop (-0.5 meters) is removed to restore
 
performance. If a l-meter guard column is used,
 
then this process can only be done twice be­

fore the guard column needs to be replaced.
 
The Rtx"·5 MS GUARD comes with a built-in
 
5-meter guard column. This allows approxi­

mately 10 loops to be removed before the guard
 
column is consumed.
 

DOE S A BUI LT-I N GUA RD COLUMN
 
INCREASE A1'IALYSIS T n IE'!
 
Since the additional 5 meters is not coated with
 
stationary phase, the sample components move
 
through it at the same speed as the carrier gas.
 
Therefore, the increase in analysis time is typi­

cally less than 30 seconds.
 

Rtx -5MS G ARD CO LUMNS 
GUARANTEE LOW BLEED AN D 
EXC ELLENT INERT ' ESS 
Many guard column users complain that the 
addition ofa guard column results in poor peak 
shape of active compound such as acids and 
bases or increases the bleed level. Since the 
built-in guard column is an integral part of the 
analytical column, it is also tested for bleed and 
inertness. The test chromatogram, included 
with each column. insures that every Rtx"-5MS 
GUARD column exhibits excellent inertness 
and low bleed even for sensitive detectors such 
as the ion trap. Our test mix incorporates ac­
tive compo nents such as pentachlorophenol, 
dinitrophenol, and dimethylphenylamine at ap­

proximately "lOng on-co lumn to insure that 
these columns meet the strictest requirements 
for analyzing semi-volatile pollutants. Figure 
1 shows the analysis of semi-volatile pollut­
ants at 20ng on the Rtx"-5MS GUARD col­
umn. Excellent inertness and low bleed are eas­
ily achieved without loss of resolution or in­
crease in analysis time. 

If you've never used a guard column when ana­
lyzing dirty samples , you can greatly increase 
the life expectancy of your column by using 
one. [f you have used a guard column before, 
but have had problems making a good connec­
tion or had leaks with the connection, Restek 
has removed all the risks involved in attaching 
a guard column with the Rtx"-5MS GUARD 
column. 

Run Conditions for Figure 1 
COLUMN: 30m, 0.25mm10, 0.25!!m 
Rtx -51\1S GUARD (cat.s 12623-(24) 
SAMPLE: 2.0!!1injectionof semi-volatile 
calibrationmix,CONe.: 20ng/!!1 
OVEN TEMP.: 45°C (hold for 3.5 min.) to 
95°C @ 40°C/min. to 295°@ 17°C/min. (hold 
2 min.) to 320°C @ 40°C/min. (hold 5.9 min.) 
Il'iJ. TEMP.: 250°, 
DET.TYPE: 1\1SD, DET. TEMP.: 310°C 
LINEAR VELOCITY: 32cm/sec. @ 40°C 
SCAN RATE: 0.8 sec.lscan, 
SCAN RANGE: 35-500amu 
FLOW RATE: 1.03mVmin. after EPC 
pressurepulse 
IONIZATION: EI 
ELECTRON RANGE: 70eV 
SPLITLESSHOLDTIME: 0.95 min. 

FI G URE I: Th e Rtxlt-5MS GUARD co lumn shows excellent inertness and low 
bleed fo r the ana lysis of semi-vo latile pollutants wi tho ut increasin g ana lysis tim e. 

3 

Internal Standards: 
I . 1,4-di chlorobenzene-d4 
2. napht halene-dS 
3. acena phthene-dI0 

4 4. phen anthrene-dI0 
5. chrys ene-d 12 

2 6. peryl ene -d l 2 
1 

. L\ 

min . 6 8 10 12 14 16 18 20 22 24 

Analysis courtesy ofInchcape Testing Services - Aquatec
 
Laboratories, Burlington, Vermont. Image fil e courtesy ofThru-Put Systems, Inc.
 

5 

6 

J I 

RtX®-5MS GUARD (30 meter column with built-in 5 meter guard column ) 

ID 
0.25mm 
0.32mm 
O.53mm 

O.25J.1m 
cat.# 12623- 124 
cal.# 12624-125 

---------------­

O.50J.1m 
cat.s 12638-124 
cal.# 12639-125 
cal.# 12640- 126 

1.0~lm 

cat.# 12653-124 
cat.# 12654- 125 
cat.# 12655- 126 

1.5J.1m 
------­ ------ --­

----------­ ---- ­

cat.# 12670-126 

Longer guard column lengths available upon request. 
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I Analyzing Volatile Organics by ~ 
Gas Chromatography
 
Analysts have several options when selecting 
a capillary column for volatile organic pollut­
ants . Since these compo unds are frequently 
found at trace levels in environmental samples, 
purge & trap concentrating techniques are used 
to improve detection limits.Therefore, the cap­
illary column selected must be compatible with 
purge & trap equipment. The detection system 
also plays an important role in column selec­
tion. In recent years, the cost of mass spectrom­
eters has been significan tly reduced, which has 
led to their use as a common detection system 
for volatile organic pollutants. Two techniques 
for ana lyzing volatile organics using purge & 
trap concentration and mass spectrometric de­
tection have emerged. One technique involves 
directly coupling the purge & trap system to a 
wide bore capillary column and using a jet sepa­
rator or open split interface to reduce the flow 
entering the mass spectrometer. The other tech­
nique involves connecting the purge & trap unit 
to the capillary column through a split injec­
tion system to reduce the desorption flow and 
direct ly coupling the column to the mass spec­
trometer. Each technique can be effective for 
analyzing volatile organic pollutants with the 
proper system and co lumn configuration. 

WIDE BORE TECHNIQ UE 
Wide bore (0.53mm ID) columns, which oper­
ate at higher flow rates, are compatible with 
the desorb flow from the purge & trap system. 
Rapid trap desorption is critical for produc ing 
narrow peak band widths which results in im­
proved reso lution. By directly interfacing the 
purge & trap system to the column, all of the 
desorb flow is directed onto the column and 
sample loss is minimized. Although less eff i­
cient than narrow bore columns, wide bore col­
umns provide g reater sample capacity. This 
larger capacity allows calibration over a wider 
range of concentration before column overload­
ing occurs. A longer column can be used to 
overcome the reduced effi ciency of wide bore 
columns. 

Specialized phases such as Resteks Rtx' -502.2 
column have been designed to provide excel­
lent separation of volatile organic pollutants. 
Figure I shows the analysis of 60 volatile pol­
lutants on a 105 meter, 0.53mm ID, 3.011m Rtx" ­
502.2 column. The column length and fi lm 
thickness have been optimized to eliminate the 
need for cryofocusing or sub-ambient cooling. 
This Crossbond' column is coated with a dim­
ethyl/dipheny! polysi loxane liquid phase that 
has a max imum operating tempera ture of 
270°C, is resistant to damage from water va­

por, and can be solvent rinsed if contaminated. 
Also available is the MXP-502.2, a fused silica 
lined stainless steel version of this column. This 
rugged metal column is ideal for portable ap­
plications since it cannot be broken even un­
der harsh field conditions. The MXT"-502.2 
provides the same resolution and advantages 
of the Rtx ' -502.2 column. 

The one significa nt disadvantage to using a 
wide bore column is the flow incompatibility 
of the column and the mass spe ctro meter 
vacuum system.Although the column flow rate 
needs to be high for fast trap desorption , the 
pumping capacity of most mass spectrome ter 
vacuum systems is limited to approxi mately 

Run Conditions for Figure 1 
COLUMN: 105m, 0.53m m !D. 3.0pm 
Rtx '-502.2 (cat. # 10910 )
 
SAMPLE: 20p pb on- column concentr ation .
 
Tek rnar purge & trap co ncentrator.
 
Tenax/Si lica GellC harcoal Tra p - II min.
 
purge, 2 min. desorb
 
OV E N T EMP.: 35°C (hold to min .) to 220°C
 
@ 4°Clmi n. (ho ld 3 min.)
 
CA RR IE R : helium, FLOW: l Oml/min.
 
DET. TYPE: MS D. DET. TEMP.: 250°C
 
SCAN RA NG E: 45-300AMU.
 
DESORB PR EHEAT T EMP.: 220°C
 

FIGURE 1: Re stek ' s 105m , Rtx"'-502 .2 res olves EPA M eth od 50 2.2 compound s wi thou t su bam bien t co oling . 
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I ~ 
Compounds for Fig ures 1 & 2 

I. dichlo rodi fluoromet hane 
2. chlorome thane 
3. viny l chloride 
4. brom o methan e 
5. chloroethane 
6. trichloroflu orometh ane 
7. I , I-d ichloroethe ne 
8. methylene chloride 
9. trans - I,2-dichloroe thene
 

JO. I , l -dichloroe thane
 
II . 2,2-dichloropropane 
12. c is- I ,2-d ichloroethene 
13. chlorofo rm 
14. bromochloromethane 
15. I, I , l -trichloroeth ane 
[6. I, l -di ch loropropene 
17. carbon tetrachlor ide 
18. 1.2-d ichloroethane 
19. benz ene 
20. trich loroethene 
21. J ,2-d ich loropropane 
22 . brornodichlorornethane 
23. dib romomethane 
24. cis- I ,3-dichlo ropropene 
25. toluene 
26. trans-I ,3-dichloropropene 
27. I, [,2-trichloroethane 
28. 1,3-dichloropropane 
29 . tetrach loroe thenc 
30. dibrornochlorornethane 
3 1. 1,2-dibromoethane 
32. chlorobenzene 
33. 1.1, I ,2- tetrachloroethane 
34 . ethylben zen e 
35. m-xylene 
36. p- xylene 
37. o-xy lene 
38. styrene 
39. bromoform 
40. isopropylbenzene
 
41 I, I ,2,2- tetrachloroethane
 
42. 1,2,3-t richlorop ropane 
43 . propylbe nzene 
44. brom obenzene 
45. [,3,5- trimethylbenzene 
46. 2-chlorotoluene 
47. 4-chlorotoluene 
48. tert-butylbenzene 
49 . 1,2.4-l rimeth ylbenzene 
50. sec-buty lbenzene 
51. p-isopr opyltoluene 
52. 1.3-dichlorobenzene 
53. IA-dichlorobe nzene 
54. n-butylbcnzene 
55. 1,2-d ichlorobenzene 
56. 1,2-dibroIll0-3-chl oropropane 
57. I,2A-t richlorobenzene 
58. hexachlorobutadiene 
59. naphth alene 
60. 1,2,3-t richlorobenzene 

FIGU RE 2: Vo latile organic analysis using a 40m, O.1 8mm ID, l.Dum Rtx"-502.2 
with a spli t/splitless injection port and dire ctly interfaced into a mass spec source. 

Optimized 
Using ezac"! 
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Run Conditions for Figure 2 
CO LUMN: 40m. 0.18mm 10, 1.01l1l1 
Rtx ' -502.2 (cat.# 409 15). 
SAMPLE : 200ppb ofVOA standards
 
OVEN T EMP .: 35°C (hold 4 min.) to 1500 e
 
@ 6°C/min., then to zzo-c @ gOC/min. (hold g
 
min.)
 
INJ. TEMP.: 200°e. DET . TE MP .: 250°e.
 
DET. TYP E.: MSD
 
LI NEAR VE LOC IT Y: 2 1cm/scc. set @ 35°C
 
SPLIT RATI O: 30: I.
 
PURGE & T RAP : Tekrna r LSC 2000
 
T RAP : Vocarb'"-4000,
 
PURG E Tl 1\IE : 11 min .,
 
DESO RB PREH EAT T EM P,: 250°(,
 
DESO RB TIM E: 2 min. ,
 
DESORB FLOW RAT E: 30mlfmin.
 

l m l/m in.T herefore, ajet separato r or open split 
interface is requi red to prevent overloading the 

vac uum sy ste m . A jet sepa rator is prefe rable to 
an open sp lit inter face s ince it doe s not res ult 
in a significa nt loss in se ns itivi ty. However, a 
jet sepa rato r option for most mass spectro m ­
eter sys tems can add sign if icantly to the cost. 

NARROW BORE TE CH NIQ UE 
Narrow Bore (0 . I8-0 .25mm ID) co lumns can 

a lso be used to ana lyze vo la tile o rganics. Th e 
Ge /MS co nf igu ra tion is s impler and analysis 
times are norma lly fas te r, since sho rte r length 

and thinner f ilm co lumns can be used . The 
pur ge & trap tra nsfer line is connected to a stan ­

dar d capilla ry inle t opera ted in the split mode. 

By opera ting in the sp lit mod e, the deso rb flow 
ra te ca n be reduced to a level that is compat ­
ib le with bo th the narrow bore column an d the 
mass spectrometer vacuum system. Typically 
a desorb flow of20 to 30m l/m in is used, and a 
split ratio between 20 : I an d 30 : I is used to 
obtai n a co lum n flow of - Im l/m in. The major 
adva ntage to thi s technique is that it e lim inates 

the nee d for a j et se pa rato r or open sp lit inter­
fac e since the co lumn flow is compatible with 
the vacuum pumping system. T he majo r dis ­
adva ntag e to th is tec hnique is that splitting the 
desorb flow resu lts in a loss in se ns itivi ty. This 
can be overcome by purgi ng a large r sample 
volum e. Figure 2 shows the analysis o f vo la ­
tile organic pollutants us ing a 40 met er, 0 .18mm 
10, l.Oum Rt x "-502 .2 co lum n operated in the 
sp lit mod e.A 15 m inute sav ing in ana lysis time 
w ith a s ligh t im p rove ment in re so lution is 
ac hieved compar ed to the wi de bore co lumn 
tec hnique. 

INTERFACI NG TECHNIQ UES 
For either the wide bore or na rrow bo re tec h­
n iqu e, it is im portant to minimize dead vo lum e 
be tween the purge & trap uni t and the co lumn . 
Any ex cess dead vo lum e in a capi llar y system 
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causes loss in resolution and should be avoided. 
Several options are available to reduce the vol­
ume between the purge & trap transfer line and 
the column. The simplest solution is to bypass 
the injection port and make a direct connection 
from the purge & trap transfer line to the col­
umn using a low dead volume fitting. However, 
this technique does not allow direct injections 
onto the co lumn, which can be usefu l for 
troubleshooting purge & trap problems. A bet­
ter technique is to connect the purge & trap 
transfer line to the injection port and reduce 
the volume by installing a Imm ID injection 
port liner. The narrow diameter liner reduces 
dead volume in the injector but allows direct 
injections onto the column. Another technique 
for connecting a capillary column to the purge 
& trap unit is to use Restek's Low Vo lume In­
jector (LVI). The LVI also provides the conve­
nience of direct injection for troubleshooting 
without loss in resolution. LVIs are available 
for several different inject ion systems. 

The analysis of volatile organic pollutants by 
GCIMS can be accomplishe d with either nar­
row bore or wide bore Rtx-502 .2 capillary 
columns. Column choice is often dependent on 
analyst preference or the equipment available. 
The wide bore technique requires the use of a 
je t separator or open split interface, but gener­
ally offers lower detection limits. The narrow 
bore technique eliminates the need for a jet 
separator, but requires a split injecti on system 
which results in some loss in sensitivity. How­
ever, narrow bore columns offer improved reso­
lution and reduced analysis time.The optimized 
Rtx' -502.2 stationary phase offers excellent 
separation for the common volatile pollutants 
listed in many environmental methods. 

Are you interested in learning
 
more about Volatile Organics and other
 

en vironmental analyses?
 
Call your local Restek distributor
 
for more information 011 Restek 's
 

Environmental Seminar.
 

Rtx ~-502.2	 MXP-502.2 

20m, O.1 8mm 10 , l .Oum, cat.#409 14 30m, O.28mm !D, l .oum, cat.# 70919 
40m, O.18mm !D , 1. 0~Lm , cat.# 409 15 60m, O.28mm 10 , 1.6I-1m, cat.# 70920 

105m, O.28mm !D, 1.6I-1m, cat.# 7092 1 
30m, O.25mm 10 , 1.4l-1m, cat.# 10915 
60m, O.25mm 10 , lAllm , cat.# 10916 30m, O.53mm !D, 3.0I-lm, cat.# 70908 

60m, 0.53mm 10 , 3.0I-lm, cat.# 70909 
30m, O.53mm 10 , 3.0llm, cat.# 10908 105m, 0.53mm !D, 3.0Il-m, cat.# 70910 
60m, 0.53mm 10 , 3.0I-lm, cat.# 10909
 
105m, 0.53mm 10 , 3.0I-lm, cat.# 109 10
 

Silcosteel" Fused Silica Lined Stainless Steel Tubing (Coiled) 

Highly inert Silcosteel" tubing is excellent as a transfer line for inert or active compounds. 

ID ODID OD 
0.020" (0 .51mm) '/ "," (1 .6mm ) 0.021 " (0.53mm) 0.031" (0.79mm ) 

cat .# Length ca t.# 
20563 20524 6ft . 

Low Volume Injector (LVI): 

L VI for HP Split/Splitless GC 
Inlets: cat.# 21692 
L VI for Varian Split/Splltless GC 
Inlets: cat.# 21693 
L VI for HP 5890 Septum Packed 
Purge Port: cat.# 2 1698 

Inj ection Port Sleeves: 
1/11/11 lD Split Sleeve for HP 5890 
GCs: 

cat.# 20972, each 
cat.# 20973, 5-pk. 

111/111 ID Split Sle eve fo r Restek 's low volume injectorfor purge & trap 
Varian I0 75II077GCs: 

cat.# 20970, each 
cat.# 20971, 5-pk. 

MXP Low Dead Volume Connector: 
• Connect guard columns/transfer lines to 

MXT' columns. 
•	 Low thermal mass tracks rapid oven 

temperature programming. 

Id&::ii 
for 0.53mm 10 by 0.031" OD 

Silcosteel' transfer lines: 
cat.# 20394 

'/31" , 0.5mm Vespel "/graphite
 
ferrule for MXT" Connector to use fused
 
silica tubing in an MXr connector :
 
cat.# 20259, 5-pk.
 

'116" Inert Silcosteel' Fittings
 
Connect tubing and maintain a truly inert path­

way for your purge & trap. Each fitting is fused
 
silica lined and deactivated.
 

1/ 16" Silcosteel' Union:
 
cat.# 20510, each
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The rev iews are in. The RtxA_5 Am ine is a 
success for chromatog raphers desperately in 
need of a col umn to perform eff icien t ana ly­
ses o f basic comp ou nds. Plus, the Rtx l'.-S 
Amine is cited in Environmen tal Protection 
Agen cy Method 1666 . Thi s colu mn was de­
ve loped wit h a un ique deactivation techno l­
ogy that reduces adsorption and impr oves the 
response of bas ic compo unds . In add ition, 
Reste k a lso in troduced base deact ivated 
guard colu mns. Base dea ctivated guard col­
umn s are ma de with the same techno logy as 
the Rtxl'.-5 Amine co lumn to guarantee ex­
ce llent response of basic compounds . Now 
Restek br ings you the final step in preparing 
your GC system for basic compound ana ly­
sis: base deactivated inlet sleeves and fused 
silica woo l. 

When a sample is injected into the hot injec­
tion port of a gas chro ma tographic sys tem, it 
firs t contac ts the liner (and/o r its packing) 
as a liquid, vaporizes, and transfers as a gas 
into the co lumn. The surface of fused silica 
(qua rtz) liners and woo l con ta ins sila no l 
(SiOH) grou ps. The pres ence of acidic sil­
anol gro ups results in red uced response of 
basic compo unds whe n active components 
contact the sleeve as a liquid and are adsorbed 
by the fused silica surface duri ng vaporiza­
tion. If an am ine sample is injected into a 
sleeve whi ch doe s not have properly deacti ­
vated silano l groups , the sa mp le und ergoes 
acidlbase interactions with the fused silica 
surfa ce. Silanols can als o hydrogen bond 
w ith basic co mpo unds suc h as etha no la ­
mines , prim ary ami nes an d secondary 
ami nes.Th ese phenomena resu lt in peak tail­
ing, or in ex treme cases complete compo und 
ads orption. 

Throug h ex tens ive research , Restek de ter­
mine d that standard sleeve and wool dea cti­
vations, altho ugh typic ally effec tive for many 
ac tive compounds, do not have the optimum 
si lanol deactivation chemistry for analyzing 
bases. By ap plying the uniq ue deactivation 
chemis try utili zed on the Rtx l'. -S Amine co l­
umn to in let liners and fused si lica woo l, we 
have been able to ac hieve the u ltima te in ba­

sic compound iner tness for yo ur GC:a co m­
pletely inert, basic path way for bas ic co m­
pou nd analys is! Table I shows a com parison 
of ethano lamine response between our stan­
dard deactivated sleeves/wool and the new 
base deactivated sleeves/wool. Improvements 
in all mod es of injec tion (split less and di­
rect ) are apparen t. Using base deac tivate d 
fused silica wool in addition to base deacti­
vated liners has many advantages in improv­
ing response and the standard deviation data. 

Figure I shows two split injections of the 
Rtx"-S Amine QA test m ix on an 
Rtx R-S Amine colu mn. When using a base 
deactivated straight sleeve (chromatogram 
A), the response of two basic tes t probes, 
diethylenetriamine (peak 6) and dietha nol ­
amine (peak 7) is non -existent. The addi tion 

of base deact ivated fused silica woo l (chro­
matogram B) gre atly imp roves the respo nse 
of these test pro bes. There are several rea ­
so ns for this dra ma tic d iffere nce . 

Wh en a sample is injec ted into a straight 
s leeve (split or splitless) wi thout woo l, the 
liqu id trave ls down and cont acts the bottom 
of the injection port. In a Hewlett-P ackard 
split/sp litless injec tion POlt, the inlet sleeve 
sits on a metal sealing disk. This disk is ad­
sor ptive to basic compounds. Addit ionally, 
the bo ttom of the sleeve becomes the main 
sit e where the sample is vaporized. If the 
col umn head is too far above th is inlet disk , 
the sa mple vapo r may no t sp lit at the ca lcu­
lated ratio [(column flow + sp lit vent flow) / 
column flow] . These fac tors can contribute 
to sample adsorption and d iscrimination . 

TABLE I: Response increases and RSDs de crease when ba se deactivated sleeves 
are compared to s tanda rd sleeves. 

80 

60 

20 

o 

!!! Base Deact , Response o Sta nd ar d Deact , 

Splitle ss Direct 
Recessed G oose Open-top 

w/wool Unlliner w/wool 

Splitless
 
Recessed
 

Goose
 

GC SYSTE M: HP 5890 II PillSwith HP 7673 A utosarnpler 
COLU:\IN: 30 m. O.53mm !D, 3.0Jlm Rtx-5 Amine 
INJ .lDET. TEMP. : 250°CI285°C 
D1ETH ANOL A;\H NE ON-COLUMN CONCENTRATI ON: 15ng 
INJ ECTIONS/SLEE VE: 5 
Each sleeve conditioned at 285 °C for I hour prior to injections. 
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The addition of base deactivated fused silica 
wool solves these problems. In this case, the 
sample is inje cted and is trapped as a liqu id 
inside the wool. Since wool has a high sur­
face area, it efficiently transfers heat giving 
a rap id sample vapor iza tion in the middl e of 
the sleeve (not at the inj ector base). Conta ct 
between sample (as a liquid) and the inje ctor 
base is therefore eliminated, and component 
vapo r is split at the ca lculated ratio. Becau se 
the woo l is base deactivated, basic compo­
nents are not adsorbed and the inertn ess of 
the chromatographic system is compl ete. 

With the advent of base deactivated fused 
silica sleeves and woo l, in addition to our 
existing line of the Rtx'iY-5 Amine and base 
deact ived guard columns. you can be assured 
that your gas chromatographic system will 
the most inert available on the market today. 

Rtx <!'-5 Amine 
(Cro ssbon d" 5% diphenyl - 95% dim ethylpolysiloxane) 

df (um) temp. range 15-Meter (cat.#) 30-Metcr (cat.#) 

0.25mm ID 
0.50 -60/3 15°C 12335 12338 

1.00 -60/305°C 12350 12353 

O.32m m ID 
1.00 -60/305°C 1235 1 12354 

1.50 -60/300°C 12366 12369 

O.53mm ID 
1.00 ·60/290°C 12352 12355 

3.00 ·60/285°C 12382 12385 

FIGURE 1: The addi tion of base deact ivated wool to a straigh t sleeve grea tly 
improves res pons e of bas ic test probes. 

3 
1,2 1,2 4 

3 I methanol OVEN TEMP: 80°C isotherrnaI 

2. methylene chloride INJ. & DET. T EM P.: 290°C 

3. pyridine C ARRIE R G AS: hydrogen 

4. 1,4-butanediol FID SE NSITIV IT Y: 1.28 x 10·'0AFS 

5. decane LINEAR VE LO CITY: 4 1.3 em/sec. 

6 diethylenetriamine SP LI T RATIO: 9.3: 1 

5 7. diethanolamine 
8. 2-nonanol 6 
9. 2,6-dimethylaniline 
10. dodeca ne 

5 7 B 

B 9 
9 

10 104 

~,l - I I I -------,-----.. I 
min. 4 8 1'2 1'6 20 24 

I 
min. 4 B 12 16 20 24 

30m, 0.53mm !D, 1.01l m Rtx ' -5 Amine (cat # 12355). 1.011 1split inject ion of the Rtx·-5 Amine test mix in 
methanol/methylene chloride. On co lumn concentration: 35ng (70ng for 6 & 7). 

Sleeve: base deactivated 4mm straight sleeve for HP GCs. 

• 

Base Deactivated FS Guard Columns 

NominalID 

0.25m m 

0.32mm 

0.53 mm 

NominalOD 

0.37 ± 0.04mm 

0.4 5 ± 0.04 mm 

0.69 ± 0.05mm 

5-mcter length 

ca t.# 10000 

cat.# 10001 

ca t.# 10002 

Add -600 to the cat.# and receive 
6 guard columns for the price of5/ 

Base Deactivated FS Wool 

Base Deactivated Inlet Sleeves 

Each (cat.s) 5-p ack (ca t.#) 25-pack (ca t.#) 

4mm split straight wi wool (for HP) 

Cyclosplitter ( for H P) 

4mm splitless str a ig ht (fo r HP) 

2mm gooseneck (for HP) 

4mm gooseneck (for HP) 

Sp litt er wi wool (fi ts Var ian) 

Frit Splitter (f its Varian ) 

20781-2 11.1 

20706 -2 10. I 

20772-2 10. 1 

20795 -2 \0. 1 

20798-2 10. 1 

20792 -21 1.1 

207 15-2 10.1 

20782 -2 11.5 

20707-2 10.5 

20773-2 10.5 

20796- 2 10.5 

20799-2 I0.5 

20793-2 11.5 

207 16-2 10.5 

207 83-21 1.25 

20797-2 10.25 

20800-2 10.25 

10 gram s: ca t.# 20999 

Ifyo u do not see the sleeve you need, orders can be placed on a custom basis with the appropriate suffix 
num ber added. For base deactivated: each (-210.1). 5-packs (-210 .5), 25-packs (-210.25). For base 
deactivated packed with base deactivated wool: each (-211./) , 5-packs (-2 11.5) , 25-packs (-2 //. 25) . 

Amine Column Test Mix 

pyridi ne 0. 6mg/ml 
1,2-butanedi ol 0.6 
n-deca ne 0 6 
d ie thy lene triami ne 1.2 
diethanolamine 1 2 
2-no nanol 0.6 
2,6-d imethy laniline 0.6 
n-dode cane 0 .6 

Pack aged Im l/ampul , 
metha nol/me thy lene chlori de (I : I ) 
Cat.# 3500 2 
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20°C minimum operating temperature 
Thermally stable with guaranteed low 
bleed to 250 °C 
Fast and efficient for BTEX analysis 
Excellent efficiency and inertness for 
analysis of aldehydes 

Reste k's Rtxv-Wax columns are mad e with 
a new Crossbond" polyethylene glycol (PEG ) 
stationary ph ase, Thi s new innovation in 
polym er techn ology has produ ced the mos t 
inert and effi cient PEG colu mns curre ntly 
ava ilable, The extended operating tem pera­
ture range allows the analysis ofco mpo unds 
with a wi de volatili ty ran ge , whi le the 
Cros sbo nd' technology ensures low bleed at 
temperatures as high as 2500 e Th e se lec ­
tivity of the Rtx'r-Wax is comparable to other 
bond ed Carbowax " columns", yie ld ing ex­
ce llent res olutio n of co mpo unds ran ging 
from inter media te to high polar ity. Thi s ex­
ceptio nal inertness and efficiency allows ver­
satility in diffi cult anal yses such as isom eric 
separations, a ldehydes , and alcoh ols, 

REDUCED MINIMUM OPERATING 
TEMPERATURE 
Many PEG columns undergo a solid-liquid 
phase transiti on at tem peratures below 40°C 
that results in a loss of efficiency, redu ced 
sample cap acity, and poor retent ion time re­
produ cib ility' , The new Rrx '<Wax co lumn 
can effect ively operate at 20°C without dis­
playing any adve rse effec ts,Th is is especially 
advantageous for applica tion s invol v ing 
purge and trap and headspace analyses where 
volatile component s must be co ld trapped 
onto the column, Figur es I and 2 demonstrat e 
the difference in PEG co lumn pe rforma nce 
at 20 0 e Figu re I is a chromatogram of 8 
volatile compo nents on the Rtx"'-Wax col­
umn , Figure 2 shows the sa me ana lysis and 
conditions on a bonded Carbowax " co lumn, 
The Rtx"-Wax column provides better col ­
umn efficiency and resolution of the ana lytes 
demonstrating its superior suit ability for low 
temperature ana lyses , 

THERMALLY STABLE TO 250 °C 
Cross linking or bon ding of the PEG station­
ary phase minimizes bleed to ensure accu­
rate identificat ion and quantitation of higher­
bo iling compo nents,As a result, mini mal de­
tecto r co ntamina tion and extended column 
lifetime are observed. Onl y a sma ll baseline 
rise is evident at the maximum operati ng tem ­
peratu re for the stationary phase. In compari­
son to similar PEGs from other manufactu r­
ers, the Rtx Jl.- Wax exhi bits the lowest bleed 
pro file at 250°C . (Figure 3) 

5 
6 

min. 5 10 15 20 

FIGURE 2: Bonded Carbowax" 30m, O,53mm lD , l.Oum 

Rtx1\!-Wax maintains column efficiency at 20D e 
FIGURE I: Rt xA

- Wax (cal.# 12455), 30m , O.53mm lD, l .Oum 
1 

L acet a ldehyde
 
2, methanol
 

2 3, acetone
B 
4, ethyl forma te 

3 5, ethanol
 
4
 7	 6, ethy l acetate 

7, n-propanol 
8 isobutanol 

0, IIJI sp lit injec tion o f volatile solvents. 
On-column conc.: 60ng, 

Oven temp.:	 20°C (ho ld 10 rnin.) to 
/ Phase transition occu rs 2,3	 100°C @ 5°C/min , 

below 40°C. In] . & del. temp.: 200° C 
Carrier gas : he lium 

B	 Linear velocity: 40cm/sec , set @ 20 0 e 
FlO sensitivity: 8 x 10" AFS 
Split ratio: 10:1 

min, 5 10 15 20 

• Selectivity data available upon request , 

RESOLUTION OF BTEX ISOMERS 
The new Rtxf-Wax offers the same se lec tiv­
ity as other Carbowax" columns fo r isomers 
of substitu ted arom atics. Thi s is useful for 
BT EX ana lyses that requi re th e spec ific 
quant itation of the indivi dual xylene isome rs. 
Figure 4 illus trates a ll co mpone nts in the 
BTEX analysis (rneta-, par a- , and ortho- xy­
len e) a re completel y resol ved in just 18 
minutes, 
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In comparison with other available Carbo­
wax" co lumns, the Crossbond" Rtxf- Wax 
column provides an extended operational 
temperature range, excellent efficiency, se­
lectivity, and superio r inertness. These ad­
vantages make it the logical choic e for all 
Carbowax" applications. 

I S andra , 1'; David, E; Turn er , K .A ., M cN a ir, H.M ., 

Brow nste in, A.D. "Obse rvat io ns w ith Hi g h-Mol ecu ­

lar-Weight Pol ye thy lene G lyco l Sta tio na ry Ph ases in 

Cap il lar y G as C hroma tograp hy: ' Jot/m al ofChroma­
tography , 1989. 

FIGURE 3: Rtx "- Wax exhibits lowest 
bleed profile at 250 °C 

RtX®-Wax (Lot# 67633 ) 

6.185pA 
I 

min . 28 

Brand "J" 

26.938pA 

I I 
28 30 min. 

Brand " H" 

17.500pA 

I 
30 min. 

Bleed profiles on 3 types of
 
PEG colu m ns
 

30m, O.25mm !D, O.50ll m
 

O V EN TEMP.: 40 °C to 175°C @
 
6°Cl min . to 250°C @ 15°C/min.
 
(hold 5 rnin.) .
 
INJ. & DET. TEMP.: 250 °C
 
CARRI ER G AS: hyd rogen
 
LINEAR VELOCITY: 45cm/sec.
 
set @40°C
 
FlO SE NS IT IV IT Y: 8 x 10'" A FS
 

FIGURE 4: Rtx~-Wax efficiently resol ves all isom ers in BT EX analys is 

30m , 0.53n1l1l 10. 1.0/1m Rtx-Wax (cat. s 1245 5) 
0.25/11dir ect inj ection of a BTE X sa mple. I . ben zen e 
On-column cone .. 50 ppm. 2. toluene 

Oven ternp .: 35° C to 75°C @ 2°C/ m in. ., . ethylbenzene 

(ho ld 5 min.). 4. p-xylene 

Inj , & det. tem p.: 200°C 5. rn-xylcne 

Carrier gas: heliu m 6. o-xylene 
Lin ear velocity: 26c m/sec. set @ 35°C 
F lO sensitivity: 8 x 10'" AF S 

2 
6 

min. 5 10 15 

Rtx1(-WAX Fused Sili ca C a p illa r y C olumns 

mm ID df (u) temp . range (0C) IS-meter 30-meter 60-meter 

0.25 
0.10 
0.25 
0.50 

20-250 
20-250 
20-250 

cat.# 12405 
cat.# 12420 
cat.# 12435 

cat.# 12408 
cat.# 12423 
cat.# 12438 

- ­
cat.# 12426 
cat.# 12441 

0.32 

0.10 
0.25 
0.50 
1.00 

20-250 
20-250 
20-2 50 
20-240 

cat.# 12406 
cat.# 12421 
cal.# 12436 
cat.# 12451 

cat.# 12409 
cat.# 12424 
cal.# 12439 
cat.# 12454 

- ­
cat.# 12427 
cat.# 12442 
cat.# 1245 7 

0.53 
0.25 
0.50 
1.00 

20-250 
20-250 
20-240 

cat.# 12422 
cat.# 12437 
cat.# 12452 

cat.# 12425 
cat.# 12440 
cal.# 12455 

- ­
cat.# 12443 
cat.# 12458 
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Improving the inertness of the solid support was 
also an import ant cons ide ration . Chrom o­
sorbfW, a diatomite-based solid support, is the 
most common choice for pesticide packed col­
umns.\ The chemists at Restek have developed 
a superior deacti vation technology that results 
in signif icantly less decomposition and adsorp­
tion of active pesticides. Figure I demon strates 
the iner tness of the Rt-608Pkd Silcosteel" col­
umn and Silcoport'" support material using a 
50pg endrin and 4,4'-00T standard. The re­
sults show that there is only 4% decomposi­
tion for endrin and 8% for 4,4'-DDT. 

FINDING THE OPTIM UM STATIONARY 
PHASE FOR PESTICIDE ANALYSIS 
The stationary phases of conventional packed 
columns do not always resolve the compounds 
of interest required by many pesticide meth­
ods. Figure 2 is an example of a common 
packed column used for the analysis of chlori­
nated pes ticides. Eighteen com pounds found 
in EPA Method 608 were used for the analy­
sis.' Three critical pairs of compounds, includ­
ing 4,4'-0 0E and dieldrin. endosulfan II and 
4,4'-000, and endrin ketone and methoxy ­
chlor, are not fully resolved. Because of the lack 
of resolution using a common phase composi ­
tion, the technique of window diagram ming 
was used to deter mine the opti mized phase 
composition for chlorinated pesticides.Window 
diagraming can predict the optimum station­
ary phase loading by plott ing the retention of 
comp onen ts versus the perce nt station ary 
phase", A stationary phase of specific compo­
s ition is chosen from the window diagram that 
theoretically offers the best resolution of the 
analytes of interest. Figure 3 shows the resolu­
tion achieved by the optimized stationary phase 
predicted from the window diagram.Although 
not all components are completely resolved, 
there are signifi cant improvements in the reso­
lution of several critica l pairs and a 66% re­
duction in analysis time. 

Run Conditions for Figure 1 
2 meter, 2.0mm ID Rt-608Pkd (cat.# 8022 1-8 (0) 
OVEN TEMP.: 200°C isothermal 
INJ. TEMP. 250°C, DET. TEMP.: 250°C 

•	 Restek's proprie tary deactivation processes 
for Silcoport" packing and Silcosteel" 
tubing provides unsurpas sed inertness. 

•	 Lowest DDT and endrin breakdown of any 
packed column on the market. 

•	 Fused silica lined Silcosteel" tubing offers 
column inertness, durability and flexibility. 

•	 Optimized Rt-2250/240 l stationary phase 
for resolution of chlorinated pesticides . 

•	 Preco nditioned phase requires only 30 to 
45 minutes conditioning for low bleed and 
stable retention times. 

LIMITATIONS OF PACK ED 
COLU MN S FOR PESTICIDE ANALYSI S 
Packed columns have been used for pesticide 
analysis for more than 25 years. These columns 
have been typically made of glass to reduce the 
amount of decomposition and breakdown of 
compounds such as end rin and 4,4'-DDT that 
can occur on metal columns. Due to their rigid 
nature, glass columns are manufactured to fit 
specific gas chromatographs. Often this pre­
vents an analyst from moving a colum n from 
one instrument to another. Anyone who has 
installed a glass packed column realizes how 
fragile they are and how often the co lumn 
breaks during installation. 

The inertness of a packed column is limited by 
high surface area of the solid support. If not 
properly deactivated, the suppor t can contrib­
ute to decomposition and breakdown of pesti­
cides suc h as endri n and 4 ,4'-DDT. Since 
packed columns have limited separation power, 
the phase composition must be optimized to 
separate the analytes of interest. Although all 
these factors have limited the effectiveness of 
packed columns for pesticides ana lysis, new 
technology developed at Restek has overcome 
these problems. 

IMPROVI NG COLUMN DURABILITY, 
FLEXIBILITY, AND INERTNESS 
Restek has improved the durability, flexibi lity, 
and inertness of packed co lumns with the use 
of Silcosteel" tubing. Silcosteel" is fused silica 
lined stain less steel tubing which combines the 
durabili ty of stainless steel with the inertness 
of fused silica. Th is enables the end user to 
handle the column without the concern of col­
umn breakage. Silcosteelf tubing also provides 
the analyst with flexibility, allowing the free­
dom to install the same column in different gas 
chromatographs. The inertness of the column 
is further enhanced by the deactivation of the 
tubing using technology developed for capil­
lary columns. 

I 

Percent Breakdown 
endrin =4%3 

FIGURE 1: Extremely low breakdown of endrin and DDT can be achieved 

w ith an Rt- 60 8Pkd Silcosteel" pack ed co lum n even at 50 pg on-column. 

2 
-' 

4,4'-DDT = 8% 

LA 
I aldrin 5. 4,4'-DDT 
2. 4,4'-DDE 6. endrin aldehyde 
3. endrin 7. endrin ketone 
4.4,4'-DDD 

6 7 

CO LUMN FLOW: helium,30cc/min . min. 5	 10 J5 
DET. TY PE : ECD 
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Ano ther draw back of packed co lumns is long 
conditioning times . Restek has deve loped a 
techniqu e for preconditioning the solid supports 
before they are packed. Thi s allows the analyst 
to instal l. condition . and begin analyzing in a 
relatively short period of time. Conditioni ng pe­
riods for the pesticide pack ing range from 30 
to 45 minutes even when using a sensitive elec ­
tron capture detec tor (ECD ). 

Rt -608Pkd	 COLUMNS OFFER MANY 
BENEFITS FOR PESTICIDE ANALYSIS 
The features of Resteks new Rt-608 Pkd Sil­
costeel" co lumn so lve many of the shortcom­
ings of packed columns for chlo rinat ed pest i­
cide analy sis.The Silcosteel" tubing eliminates 
column breakage without sacrificing inertness. 
The tubing offers the flexibility required to 
move the same co lumn to different instrument 
config urations. New techn iques for deactiva t­
ing the so lid support minimize break down and 
adsorption of pesticides. Finally, the develop­
ment of an optimized stat ionary phas e result s 
in improved separation of the common pesti­
cides found in the Environmenta l Protection 
Agency 's Method 608 . 

Rt-608Pkd Column* 

2m, 2.001 01 lD cat.# 8022 J 

2m, 4.00101 lD cat.# 80220 

*Please spec ify instrument configuration
 
when ordering. Add three digit suff ix
 

to column part number.
 

Instrument Co nfigur ation Suffix
 
General configuration, fits most GCs -800
 
HP 5880 , 5890 , 6890 -8 10
 
Varian 3700 , Vista Series. FID -820
 
Perkin Elmer 900 ,3920, Sigma 1,2,3 -830
 

FIGURE 2: Conventional packed co lumn offers 
limited resolut ion of chlorinated pesticides. 

I. a.-SHC 10. die ldrin 
2 4 6	 2. "I-SHC II. endrin 

3 ~ -SHC 12. endosulfan II3 
4. heptachlor 13. 4,4'-000 
5. o-SHC 14. 4,4'-00T 
6. aldrin 15. endrin aldehyde 

5	 7. heptachlor epo xide 16. endosulfan sulfate 
9 8 endosulfan I 17. en drin ketone 

9. 4,4'-00E 18. methoxychlor 7 
12,13 SV Calibra tion Mix #6 (cat.# 31012) 

17 18 

min.	 30 40 10 20 

Run Conditions for Figure 2 
2 meter, 4.0mm ID GP 1.5% SP-2250/1.95% 
SP-240 I on 100/120 Supelcoport" 
(cat.# 2-3077, Lot# T-38853) 
OVEN TEMP.: 200°C isothermal 
INJ. TEMP. 250°C, DET.TEMP.: 250°C 
COLUMN FLOW: helium.60cc/min. 
DET.TYPE: FlO 

FIGURE 3: Rt-608Pkd Silcos teel" packed co lumn exhib its 
6 improved inertness and resolution of pesticides. 

3,4 

7 

8 

Run Conditions for Figure 3 
2 meter, 2.0mm 10 Rt-608Pkd (cal.# 80221-810) 
OVEN TEMP.: 200°C isothermal 
INJ. TEMP. 250°C. DET.TEMP.: 250°C 
COLUMN FLOW: helium,40cc/min. 
DET. TYPE: FlO 

I. a.-SHC 10. dieldrin 
2. "I-SHC 11 endrin 
3. ~ -S HC 12. endosulfan II 
4. heptachlor 13. 4,4'-000 
5. o-SHC 14. 4,4'-ODT 9 
6. aldrin 15. endrinaldehyde 
7. heptachlor epoxide 16. endosulfan sulfate 
8. endosulfan I 17. endrin ketone 
9. 4,4'-DDE 18. methoxychlor 10 12 

SV Calibration Mix #6 (cat.# 31012) 
II 14 

min. 5	 10 

'Ottenstein, D.M., Journal ofGas Chromatography, "Column Support Material for use in Gas Chromatography". April, 1963.
 
' EPA Method 608. Organochlorine Pesticides and PCB's. EPA 600 Series, Vol. 49, No. 209. October 1984.
 
'Thompson, John, F. , Walke r, Annita, c., and Moseman, Robert, F. Journal 0/AOAC, "Evaluation of Eight Gas Chromatographic Columns for Chlorinated Pesti­

cides" Vol. 52, 1969.
 
"Laub, R.l and Purnell, lH. Journal a/ Chromatography, "Criteria for the Use of Mixed Solvents in Gas-Liquid Chromatography" Vol. 112, 1975.
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R'I-Su lfur" Packed Columns 
Length x OD x ID Ca t.# 

2m x 3/16 " x 4m m* 80250 
1m x 3/i ,," x 4m m * 80 25 1 
2m x I/ S" x 2m m* 80252 
l m x I/S" x 2mm * 80253 
2m x 1/ 11> " x l mrn 19800 
l rn x 1/ 16" x l mrn 1980 1 

2m x 0.95mm x 0.75mm 19802 
1m x 0.95 mm x 0.75mm 19803 

* Please include instrument configuration 
suffix to catalog number. 

FIGURE 2: R'I-Sulfur" packed co lumn shows good response of sulfur 
compounds at I ppm. 4 

I. hydrogen sulfide 
2. carbonyl sulfide 
3. trace SO, 
4. methyl mercaptan 
5. dimethyl sulfide 
6. dimethyl disulfide 

2 

5 

1 6 

~ 3 \ 
, , 

min. 5 10 

R un Conditions for Figure 2 
CO L UMN: 2m x '/s" x 2mm R'I -Sulfur" (cat.# 80252) DETECTOR: FPD (sensitivity: range 5) 
SAM PLE : Icc injection of sulfur compounds CARRI ER GAS: helium 
OVEN TEMP.: 60°C to 250°C @ 15°Clmin. FLOW: 20ml/min. 
(hold 15min.) 

, 
15 

Instrument Configurations 

Gene ral Configuration 
Suffix# -800 

Varian3700, Vista 
Series, FID 

SuIfix # -820 

0 3· 
PEAutoSystem 
8300,8400, 8700 
(Not On-Column ) 

Su ffix# -840 

HP5880. 5890, 5987 
Suffix # -810 

0 3' 
PE 900-3920, 
Sig ma1,2,3 
Suffix# -830 

Other configurations 
are available. Please 

contact your local 
Restek distributor 

for details. 

FIGURE 3: Rl-Sul fur" resol ves COS from propylene to eliminate FPO 
quenching for accurate qua ntitation. 

1 
I carbonyl sulfide 
2. propylene 

min. 5 10 15 

Run Conditions for Figure 3 
CO LUMN: 2m x '/s" x 2mm R'I-Sulfur" (cat.# 80252) DETECTOR: FPD (sensitiv ity: range 3) 
SAMPLE: 400~t1 inj ection CARRIER GAS: helium 
OVEN TEMP.: 60°C to 100°C @ 5°C/min. FLOW : 20ml/mi n. 
(hold 15 min.) 

Call about Restek's complete line 
ofSilcosteelr packed columns. A 

wide variety ofpackings and phases 
are available Oil inert & unbreak­
able Silcosteet" tubing. Restek 's 
bonding chemistry and stringent 
manufacturing guidelines insure 

the highest quality packed columns 
on the market today ! 
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The an alysis of su lfur co mpo und s by gas 
chro ma tog raphy rem ain s an imp ortant but 

difficult application . Th e pre sen ce of su lfur 
compounds in pet roleum products can have 
detrimental effects on the lon gevity and per­
formance o f catal ysts used in hydrocarbon 
proce ss ing .Al so, the toxicity and odor prob ­
lem s ass ociated with sulfur co mpo unds and 
their effect on air qu alit y emphasizes the im­
porta nce of qu antitating tra ce levels of these 
compounds in petr oleum strea ms . 

A common method for the ana lysi s of su lfur 
compounds by GC utilizes a thic k f ilm 100% 
polydimethylsil oxan e (Rtx'<l ) capillary col­
umn. Low levels of sulfur compo unds ca n 
be qu antified in a hydrocarbon strea m by 
using a sulfur speci f ic detector, such as a 
sulfur ch emi luminescence detector. Figu re I 
shows the ana lys is of sulfur compounds us­
ing a 30 mete r, 0.32mm ID, 4.0/lm Rtx R-1 
capillary co lum n. A th ick f ilm is requ ired to 
obtain sufficient retent ion of volat ile sulfu r 
com pounds such as hyd rog en sul fide . How­
ever, thi s thic k fi lm res ults in pro lon ged 
an alysis time for h igher mole cul ar weight 
sulfur compounds. 

A nother option for th e an alyst is to use 
pack ed columns filled with divinylbenzene 
porous polym ers. Volatile sulfur co mpo unds 
such as hydro gen su lf ide (H

2
S) and carb onyl 

sulfide (COS) ar e ea sily retained on this 
packing and are better se para ted from hyd ro ­
ca rbons which can interfere wi th quantita­
tion on some su lfur specific detectors. The 
major disad vant age to using pack ed columns 
fo r sulfur a na lysis is no n-reproducibility at 
trace level s caused by adsor ption on the po ­
rous polyme r and the co lum n walls. 

Rese arch at Restek has led to the solution to 
these adso rption p robl em s and the develop ­
ment of the RT-Su Ifur" pa cked column for 
trace level sulfur analysi s. A deac tivati on pr o­
cess was dev elop ed for the divin ylbenzene 
porous poly mer which eli mina tes adso rption 
of su Ifur comp ound s even at low ppb con­
centration . Th is innovative process has been 
thor ou ghl y inves tiga ted and is thermally 
stable to 250°C. 
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FIGURE I: Analysis of sulfur compounds using an RtxQ<:-1 ca pil lary co lum n. 

1. hydro gen sul fide 
2. thioph en e 
3. 2-melhy lthiop hene 
4 . 3-methylthio phene 
5 . 2-ethylthiophene 
6. alky lth iophcnes 
7. henzot h iophene 
R. methy lbc nzot hiophencs 
9. dirncthylbe nzothiophenes 

3 

5 

10 20min. 0 

Run Conditions for Figure 1
 
CO LUMN: 30m . 0.32m m 10. -l.Oprn Rrx'-I (cat.s 10198)
 
SAMP LE: 1.0111 split injection of naphtha conta ining 500ppm total sulfur
 
OVEN T EMP .: 35°C to 275°C @ 10°C/min. (ho ld 5 min .)
 
IN.I. & DET. TEMP.: 275°
 
DETECTOR: Atomi c Ernrnission Detector ( 181nm)
 
CARRIER GAS: helium
 
LINEAR VEL OC ITY: 24cmisec. (O.8mlimin.)
 
SP LIT RATIO : 10:1 

Th e o ther m ajor cause of sulfur compound 
adso rpt ion on packed columns was the col­
umn materi al. Glass columns offer the inert ­
ness necessary for the analysis of trace level 
su lfur co mpounds bu t are frag ile and varia ­
tion s in inner diameter produce co lumn to 
co lumn variability. Alth ou gh more ru gged 
than glass , traditi onal stainless steel columns 
completely adsorb sulfur co mpounds at tra ce 
level s. By utili zin g Reste ks proprietary Sil ­
cos teel' pro cess , an inert su bm icron layer of 
fle xible fused sili ca ca n be deposited on the 
sta inless stee l tub ing surface, The Silcosteel" 
de acti vation pr oces s renders the sta inless 
steel inert to sulfur compounds, even at trac e 
levels. Because the S ilcos teel" laye r is flex­
ible, th ese co lum ns are idea l for process , 
field, or laborato ry instruments w ithout fea r 
o f column breakage . 

Figure 2 shows the analysis of seve ra l su lfur 
compounds at the Ippm level. Even at the se 
low levels all peaks are sy mm etrica l and well 
resol ved. The polarity of the su lfu r pac ked 
column offers good sep arati on of most sul­
fur co mpou nds from interfer ing hydrocar­
bons to insure accurate quantitation . Figure 
3 shows the separation of carbonyl su lf ide 
f rom indus trial gr ade propy lene . 

Rest ek's new R'l- Sulfur" packe d colum n 
gives the analyst a reliable, reproducible tool 
fo r the a na lys is of trace level sulfur com­
pounds. The un iqu e dea ctivation proce ss for 
porous polymers has produ ced a packi ng wi th 
no adsorption of sulfur compounds . Th e in­
corp oration of Restek 's Silcosteel" process 
to packed stainless stee l columns ha s opened 
the door for applications previou sly unattain­
able on traditi onal met al pa cked columns by 
providing an inert co lumn surface. 
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==	 nXAD-2 Resin for Air Sampling 
•	 GC tested and certified cle an by TO-1 3 

protocol. 
Avail able in 100 & 500 gram sizes. 

•	 Larger quantities available on request. 

Amberlite XAD-2 res in is a common adsor­
bent used for collec tion of semi-vo lat ile air­
born e co mpo nents. Several of the Toxic Or ­
ganic Metho ds specify the use of XAD -2 as 
the co llec tion medium for polynuclear aromatic 
hydroc arbons (PAHs ) and pesticides. TO - 13 
requires XA D-2 resin be placed between po ly­
urethane foam (PUF) plu gs in a glass cartr idge. 
Th e ai r is passed through the car tr idge and the 
more vo lati le PAHs are trapped on the XAD-2 
res in due to its high coll ection eff icien cy for 
PAHs.Th e glass cartridge , co nta ining the PU F 
and XAD-2 , is then extrac ted with so lvent us­
ing a soxh let. The ex tract is co nce ntrated and 
analyzed by cap illar y GC . 

Even though XAD-2 resin is an excell ent ad­
sor bent for tra pping PAH s, it requ ires ex ten­
sive cleanup beca use many of it's impuri ties 
are PAH compounds. Th e TO-I 3 metho d speci ­
fies a clean up pro cedure to prepare the XA D­
2 adsorben t for use . However, to meet the mini ­
mum level of co ntamination, the XA D-2 res in 
may require severa l repe titions of this cleanup 
procedure . Many laboratories have developed 
their own cleanup proced ure that can take mor e 
than a week to effec tively clean up the XA D-2 
to meet the requir ements of the TO-13 method . 
Restek has developed a cleaning procedure for 
XAD-2 resin that mee ts the minimum cont ami­
nat ion level s specified in method TO-l3 . To 
ensur e clean liness , each ba tch is tested by cap­
illary GC using a flam e ion izatio n de tector 
(FID) . 

To demo nstrate the clea nliness of Ultra -C lean 
XA D-2 resin, we followed the TO -13 test pro­
cedure .A 55 gram sample of Ultra-Clean XA D­
2 was soxh let extrac ted with 500 mls of meth­
ylene chloride . Th e so lvent was then co ncen ­
trated, usin g a Kudern a-Danish (KD ) co ncen ­
trator to a final volu me of I ml. A l Ong/ul in­
terna l standard mix was added to the I ml con­
cen trate since theTO-1 3 pro tocol spec ifies that 
the background co ntaminat ion sho uld be be­
low lO ng per component. The sp iked extr act 
was then analyzed by GCIFID. Figu re I shows 
th e GC/FID chro matog ram of Ultra-C lean 
XA D-2 resin .The background easi ly meets the 
l Ong per component spe cifie d in the TO-1 3 
me thod . 

TO-13 requires XAD-2 resin 10 be pla ced between 
polyurethane fo am (PUF) pl ugs in a glass cartridge. 

Elimin ate the tim e consuming chore of clean­
ing and testing XA D res in wi th Ult ra-Clean 
XA D-2. It's puri ty exceeds all requ irem ents of 
the Environ mental Prote ct ion Agency 's (EPA) 
Method TO- 13. Low ECD backgr ound allows 

Ultra-Clean XAD-2 Resin Ultra-C lean XAD-2 to be used for the co llec­

tion of chlorina ted pesticid es and PCBs . It is 100 grams: cat.# 24230
 
available in both 100 and 500 grams sizes or 500 grams: cat. # 24231
 
larger bulk quantities upon request.
 

FIGURE I: Ultra-Clean XAD-2 res in easi ly meets the requireme nt of EPA 
meth od TO-l3 . A six component intern al stan dard mix was spiked into the 

extract at a concentration of lOng per component. 

Internal Standa rds: 
I. j ,4-dichlorobenzene-d4 
2. naphtha lene-d8 
3. acenaphthene-d 1a 
4. phen anthrene-d I a 
S. chrysene-d 12 
6. per y lene -d 12 

I.S. 
#5 I.S. 

l l.l ~,6Jl 
min . 10	 20 30 

Run Conditions for Figure 1 
30m , 0.53nun 10, O.sOflm Rtx ~-s (C3l.# 10240) 
INJ. SIZE: IflL, MODE: splitless, SPLI T LESS HOLD TIME: 0.50 min. 
OVEN TEMP.: 40 °C (ho ld 6 min .) to 300°C @ 10°C/mi n. (ho ld 15 min.) 
INJ. TEMP. zso-c.DET. TYPE: FlO, DET. TEMP.: 3UOoe 
COLUM N FLOW: helium, LI NEAR VELOCITY: s Ocm/sec . set @ 400 e 
DET. SENSITIVITY: 8 X 10' \\ AF S 
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I Hydroguard™Water Resistant G~ 
Tubing/Transfer Lines in MXT® and 
Fused Silica Columns
 
When transfer lines from purge & traps, air 
monitoring equipment, or other instruments 
carry cond ensed water vapor, the deactivated 
tubin g of a column qu ickly becomes act ive 
due to the crea tion of free silanol gro ups. 
Th ese silanol groups subsequently ca use ad ­
sorption of active oxygenated compound s 
such as alcoho ls and diols. 

Restek ' s chemists have add ressed this con­
cern and found a so lutio n, our Hydroguard" 
deactivatio n proce ss. By using a uniqu e de­
activation chemistry, a high density sur face 
is created that is not read ily attacked afte r an 
aggressive hydrolysi s treatment. The high 
density surface coverage effectively prevents 
water vapor from reac hing the fused silica 
surface beneath the Hyd roguard' dea ctiva­
tion layer. 

Analys ts using guard tub ing or transfer line 
tubin g that will be expose d to conde nsed 
water vapors should use Hydroguard " tub­
ing and transfer line s. For those anal ysts 
injecting orga nic solvents, Restek's standard 
deacti vated guard tubing is preferred. 

Sm length Hydroguard" FS Guard
 
Columns & Transfer Line 6-pks.
 

NominallD cat.# 

0.250101 100 79-600 

0.32mm 10080-600 

0 .53mm 10081-6 00 

Use Hydroguard" Tubing for Connecting 
GCs to: 

• Purge and trap systems 
•	 Headspace analyzers 
•	 Air concentrator units 
• Air ana lys is equipment 
•	 Other instrum ents that trap/release water 

vapors 
•	 Any analytical instrument that needs an 

inert, wa ter res istant path way 

Benefits of Hydroguard" Tubing:
 

Resists degradation from water injections.
 
Withstands harsh"s team cleanin g" chroma­

tography processes.
 
Increases co lumn lifetim e.
 
Redu ces effec ts of dirty samples on
 
column performance.
 
Reduces dow ntime and ma intenance.
 
Protects expens ive analytical co lumns .
 
Prevent s damage fro m harmful mate rials.
 

Hydroguard'" MXT~ Guard Columns & Transfer Lines 

Nominal 10 

0 .280101 

0.53mm 

Nomin alOD 

0.53 ± 0.025 mm 

0.74 ± 0.0250101 

SOl len gth 

70080 

70081 

tOm length 

70083 

70084 

30m length 

70086 

70087 

6001 length** 

70089 

70090 

Hydroguard'" Fused Silica Guard Columns & Transfer Lines 

NominallD 

0.050101-

O.lOmm* 

0.15mm 

0.18rnm 

0.25mm 

0.3 2m m 

0.5 3mm 

Nomin alOD 

0363 ± 0.0 12mm 

0.36 3 ± 0.0120101 

0.363 ± 0.0120101 

0.34 ± 0.0 Irnm 

0.37 ± 0.04mm 

0,45 ± 0.04mm 

0.69 ± 0.050101 

Sol len gth 

10075 

10076 

10077 

10078 

10079 

10080 

10081 

10m len gth 

----­
-- -- ­

---- ­

---- ­

10082 

10083 

10084 

30m length: 

----­
- --- ­

---- ­

-­ -- ­

10085 

10086 

10087 

60m length** 

----­
._--­

----­
-­ --­

10088 

10089 

10090 

*	 Not tested with the Grob mix due to a high pressure drop . 
**	 Reco mmendation : Cut 6001 guard columns into shorter lengths. 

Using full length may cause peak dis tortio n. 
+	 30 and 60-meter lengths are banded in 5-meter secti ons and mounted in a Restek cage. 

Trademarks 
Crossbc nd" , Rtx-Wa x'", Hydroguard'", Silcoport" , Rtx" , MXT ", Press-Tight' , Vu-Un ion", Silcos teel" , and the Restek logo are trademarks of Restek 
Corporation . Carbowax is a tradema rk of Union Carbide Corp., ezGC is a trademark of Ana lytical Innovations, Inc.; and Vespel is a trade mark of E.1. 
DuPont Nemours & Co., Inc. Reste k ca pillary columns are manufactured under u.s. patent 4 ,293,415 licensed by Hewle tt-Packard Company. Restek is 
ISO 9001 reg istered. 
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