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cGMP, HPLC, and GC method development 
and validation 

•	 Stationary phase development 

•	 Full lines of HPLC and GC columns and 
accessories 

•	 Innovative hardware and accessory designs 

•	 Unsurpassed HPLC and GC technical support 

•	 HPLC and GC educational services 

Restek Corporation is proud to 
announce the gra nd opening of 
Restek Analytical Services" 
(RAS). RAS is a unique and 
inno vative, current Good 
Manufactu ring Practices 
(cGMP)-complia nt chroma tog­
raphy laborato ry, designed to 
de liver quality products and 
serv ices for the pharmaceutica l 
market. No other column 
manu facturer ca n pro vide such 
co mplete services to support 
their produ cts. Along with a 
full line of both HPL C and GC 
co lumns, RAS offers ana lytical 
meth od development and 
valid ation , HPLCIGC edu ca­
tion and traini ng, cus tom 
stationary pha se design , and 
cGMPlregu latory services and 
support. 

RAS has assembled season ed 
researcher s and analy sts who 

have ex tens ive exper ience in 
cGMP me thod development 
and valida tion. Th ese experts 
are a perfect co mplement to our 
ex isting manufac turing sta ff. 
As a group, we understand the 
pressures and time co nstra ints 
assoc iated with pharma ceuti cal 
research and have prac tica l 
experience analy zing many of 
the co mmon drug s currently 
under developm en t. The entire 
RA S staff is dedic ated to 
helping you achi eve you r goa ls 
in a timel y and co mplian t 
fashion. 

In additi on to offering a 
complete se lec tion of qua lity 
HPL C and GC co lum ns, we 
can help desi gn tools to fit your 
unique requirement s. We 
continue to develop new 
stationary phases and app lica­
tions in response to customer 

inqu iries and needs. We can 
desi gn a product and serv ice 
packa ge specia lly for yo u. 

For further inform ation , please 
reques t the RAS ful fillment 
fold er (cat. # 59630), This 
folder includ es det ails on 
quality assurance , research and 
development, analytical 
development and valida tion, 
labo ratory and regu latory 
service, and HPLC columns 
and accessories . 

Or, feel free to con tact your 
local dis tributor to discuss 
you r specific applications . Ca ll 
and find out why RAS is truly 
thefuture ofchromatography. 
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continued from page 1. 

RAS has assembled some of the most talented, customer-oriented analysts in 
the HPLC and pharmaceutical industries. Meet the leaders of RAS: 

"Inthe modern ch ro matography 

Dr. David M.	 Larry T. Peters, Randy L. laboratory, you want one thing 
BIiesner,	 RAS Senior Romesberg, - reliablesolutions to your 
RAS Director	 HPLC Technician RAS Producti on chromatographic problems. 

Group Leader 
Previously, when a method

Expertise:	 Expertise: Expertise: 
could not be reproduced,- HPLC method developm ent - HPLC co lumn packing - R&D and HPLC packing 

and validation in a cGMP - HPLC co lumn bond ing materi als and hard ware questions suchas, 'Is it the 
environment - 16 years of ex perience production column or did something 

- Qualificat ion and operation larryp@restekcorp.com - 9 years of experien ce change in the sampleworkup?' 
of cGMP analytical	 rrome@restekcorp.com 

could not be answered by onelaboratories 
- Thin layer chromatogra phy source. By combin ing product

RAS Products & Services : 
- cGMP auditing and data development and method 

review 
Development &Validation	 development under one 

- 15 years combined R&D and 
HPLC and GC method development and valida tion umbrella, you can be assuredleadership experience 
Ruggedness testing 

dbliesner@restekcorp.com	 that you r problem will be 
•	 Robustness testing 

solved with full accountability.HPLC column crossover validation 
Meth od troubleshooting and optimizing 

David S. Bell , Any method validation done by 
RAS Senior Restek is supported by ateamLaboratory & Regulatory Services
Researcher of ded icated scientists withHPLC & GC Educational Services 

•	 Assistance in preparation with CMC your success in mind . RAS is a 
Expertise: 

sections for NDA s fully cGMPcompl iant labora­- HPLC method development 
Laboratory auditing services 

and validation in a cGMP	 tory that provides personalized
• On- site data review and troubleshooting 

environment se rvices dependent on yourPre-app roval inspection (PAl) preparation ass istance 
- Thin layer chrom atograph y : needs. We can provide training, 
- 8 years of exper ience 

. Research & Development method development anddbelI @restekcorp.com 
Developing custom stationary phases validation , or custom design
Designing new hardw are and accessories 

stationary phases to speed upInvestigatin g new separation technologies 
Keith J. Duff, 

Improving existing products	 your analysis or achieve a 
RAS R&D Group 

difficu lt separation . Please giveLeader 
Quality Assurance us a call and let us help you ." 

Full co mpliance with cGMPs 
Expertise: 

QA test ing is an integrated part of the RAS system David M. Bliesner, Ph .D . - HPLC bonded phase 
Director, RAssMsynthesis 

HPLC Columns & Accessories 
- Synthetic chemi stry 

Pinn acle" , Hypersil", Inertsil" , Krornasil", 
- HPLC method development 

and Nucleosil" HPLC columns 
- 16 years of experience 

Unsurp assed techni cal support 
keithd@restekcorp.com 

•	 Quality HPLC accessories 
3D-day "no question s asked" return policy 

•	 Stationary phase and hardware design f.i
Restek 

Analyt;ical
Services-

Ii'1TEI=2NAIIC ~, N,A I 
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by Sherry Sponsler 

• Fast, simple analysis 

• Thermal stability ensures low column bleed 

• Reproducible enantioselectivity 

Many pharmaceuti cal com­
pounds are chiral, where each 
en ant iomer may exhibit d iffer­
en t biological activity and 
toxicolgical effec ts. For this 
rea son , manu facture and isola­
tion of a drug as a pure enanti­
orner may be des ired. Alth ough 
such separations are typi call y 
perf ormed on chira l liquid 
chromatography (LC) columns, 
man y pharmaceuticals can be 
analyzed by capillary gas chro­
matography (GC) . 

GC analysis often requi res 
derivatization of the sample to 
redu ce reactivity, increase vo la­
tility. and enhance enantiomeric 
selectivity. How ever, ibuprofen 
and thal idomide can be ana­
lyzed by capillary GC, without 
derivatization. The Rt-~DEX sm'" 

and Rt-~DEXc st'" columns pro­
vide excellent chi ral sep aration 
of the se underivatized opti cal 
isomers within reasonable 
analysis time s. 

Ibuprofen is a co mm only used 

pa in reliever. Currently it is 
manufactured in the racem ic 
for m. However, researchers 
determined that R-enantiomer, 
the enantio-pure for m, is much 
more potent than the racem ic 
mi xture. A smaller dosage of 
the enantio-pure form would be 
required to provide the sa me 
effect or pain relief.' Th e free 
optical isomers of ibuprofen are 
quickl y resolved on an Rt­

~DEXsm ' " col umn in und er 10 
minutes (Figu r e 1). 

During the 1950 's, thal idomide 
was prescribed to pregn ant 
wome n for morning s ickness, 
but was bann ed in 1962 be­
cause of its mutagenic effec t on 
fe tuses. It was later discovered 
that the S-en antiomer was the 
primarily responsible teratogen . 
However, both enantio-pure 
forms rac emi ze ill vitro and in 
vivo? Re cently, thalidomide 
has re-emerged as a the rapeutic 
age nt for mouth sores in HIV 
patients , and fo r probl em s ass o­
cia ted with ski n and aut o-im­
mune disorders. Thalidomide is 
resolved into its enantiom ers on 
the Rt-~DEX c st'M co lumn , as 
sho wn in Figure 2. The ther­
mal stability of these columns 
to 230°C all ows analys is of 
large r semi-volatile co mpo­
nents, such as thalidomide, 
without the interference of col­
umn bleed . 

Chiral separation of many 
ph armaceut ical compounds is 
possible by ca pillary GC, and 
so me do not require deriva ti­
za tion. Th e Rt-~DEX '" col­
umns provide unique 
en anti osel ect ivity and thermal 
stability for se parating other 
pharmaceutical compounds. 

_ ... ",. " 11m . 
Ibuprofen Analysis in 10 Thermal Stability to 230°C 
Minutes on an Rt-~DEXsm ' · for a Better Thalidomide 
Column. Separation on an 

Rt-~DEXcsfM Column. 

I I 

min. 7 8 min. 20 25 

30m,0.32mmID, 0.251lm Rt-~DEX sm 30m, 0.32mm ID, o25,U11 Rt-~DEX c st
 

(cat.# 13104). On-column injection. (caU 131 02). On-columninjection.
 
concentration approximately 125ng concentrationapproximately15ng each
 
each enantiomer. enantiomer.
 
Oven temp .:175°C to 200°C@ 2°C/min., Oven temp.: 200°C to 230°C@ 1°C/min,
 
Inj./del. temp.: 200°C/230°C; Inj./del. temp.: 200°C/230°C;
 
Carrier gas: helium @ 60cm/sec.. Carrier gas: hydrogen @ aOcm/sec.;
 
Detector type : GC-FID; Detector type: GC-FID;
 
Split ratio: 13:1 using cup splitter Split ratio: 13:1 usingcup splitter
 
sleeve (cat.#20709). sleeve (cat.# 20709).
 

Ref erences 
I Lernko, C. H., C. Gill es, and R. Fosler. Stereospecific High -Performance 
Liquid Chromatographic Assay of Ibuprof en: Improved Sensitivity and 
Sample Processing Eff iciency. J. of Chroma t, 1993: 6 19 pp 330-335. 
1 Schmidt, H.J., H. Nav, D, Neubert. The Anantiomers ofthe Teratogenic 
Thalidom ide Analogu e EM 12:I. Chiral Inversion and Plasma 
Pharm acokinetics, Arch . Toxicol. 1998: 62 pp. 2-3. 

lB· · · · · · · · · · · · · · · · · · · · · 
Rt·~DEXsm "· 30m, O.2S~ df 

0.25mm 10 0.32mm 10 

13105 13104 

Rt-~DEXcst"· 30m, O.2S~ df 

0 .25mm 10 O.32mm ID 

13103 13102 
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by Chris Cox 

While standa rd deacti vat ion of ated by co mpar ing the res pon se 
co lumns and sleeves works fac tor s fo r each during multiple 

• Base-deactivated products improve well in mo st situations, they runs . With the standard dea cti­
reproducibility typicall y do not perform we ll vation, the res po nse factors for 

---------------- for ami ne anal yse s usi ng the first injec tion were as muc h • Pure , stable calibration standards ensure 
splitless injection s at low con ­ as 10% lower than the tenth 

accurate results 
centra tions . inject ion. However, with the 

am ine dea ctivation, there were 
Some cons umer goods that of ami nes can not be dist ributed Rest ek has deve lope d an idea l no prim ing effects. T he elimi­
co me into co ntac t wi th the hu­ in Germany.' In 1996 , the Ger­ GC met hod for this azo dye nation of primi ng effec ts 
man body, suc h as clo thing, man Govern ment Instit ute analysis; it has total sys tem in­ greatly improves the reproduc­
jewelry, and toy s, are pro­ BgYY", pu blished a meth od ertne ss, with no priming effects ib ility of the analy sis. 
ce ssed usi ng azo dyes, which for the analys is of azo dye s. and excellent reproduc ibili ty. 
ca n me taboli ze into carcino­ An R tx~ -5 Am ine col umn , Another difficulty wi th the 
ge nic aryl am ines. Bec ause of A few problems have bee n combi ned with an amine-deac­ Germa n method is the absence 
this , European countrie s have encountered w ith this met hod . tivated inlet sleeve and wool , of pure, stable ca libration stan ­
shown concern over the pres ­ Analysts co mmonly see " prim­ prov ides a sign ificant advan­ dards . Ma ny of the target com­
ence of azo dye s in their manu­ ing effects ." T his is when the tage in the ana lysis of am ines. pound s often mu st be tested 
fac tured product s. Products res pon se factors rise fo r the The priming effec t of the stan­ and re-purified to ens ure accu­
co ntain ing azo dye s that co uld first severa l injections before dard dea cti vation vers us the ra te preparation of the ca libra ­
form into one or mo re of a list they reac h an equilib rium state. amine de activa tion was evalu- tion standard s. Restek 's azo 

. 
Restek's Deactivated System and Azo Dye Standard Ensures Accurate Results . 

1 o-totuidine 
2. 2-methoxyaniline 
3. 4-chloroani line 
4. 2-methoxy-5-methylaniline 4 5 11 

5 2.4.5-lrimethylaniline
 
6 3-chloro-2-methylaniline
 
7. 4-chloro-2-methylaniline 
8. 2.4-diaminololuene
 
9 2,4-diam inoan isore
 

10. 2-naphlhylamine 
11 . 2-aminobiphenyl 
12. 2-methyl -5-nitroaniIine 
13. 4-aminoblphenyl 
14 4-phenylazoaniline 
15. 4-aminophenyleth er 
16. benzid ine 
17. bis-(4-aminophenyl )-methane 
18 4'-amtno-z.S'-dimethylazobenzene 
19. 4,4'-diamino-3,3'-dimelhyldiphenyl methane 
20 3,3'-dimethylbenzidine 
21. 4-aminophenyllhioelher 
22 3,3'-dichlorobenzidine 
23 4,4'-methylene-bis(2-chI0 roanIline) 
24. 3,3'-dimelhyoxybenzidine 
25 3,3',5,5 '-tetramethyl benzidine (IS) 

1 / 6 
7 10 

3 13 

2 8 
22,23 25 (IS) 

18 
20 

9 12 
14 17 

1 19 

15 
21 

24 

min. 8 10 12 14 16 18 20 22 24 26 28 30 

30m, 0.25mm ID, 0.25J.1lTl Rtx"'-5 Amine (cat.s 12323). 1III split less injection using a 4mm gooseneck sleeve for HPGCs (caL# 20798-211.1). 10J.lll/ml in ethylacetate, Oven 
temp.: 50°C to 200°C @ 10°C/min. to 270°C @ 5°C/min.; Inj ./del. temp.: 250°/300°; Carrier gas: helium @ 1ml/min., Detectortype: MSD; Splitless hold lime: 1 min. 
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dye standard contains raw ma­ vated co lumn and inlet sleeve, 
terials that are carefully tested and using Restek's azo dye 
and purified to provid e the standard, we ach ieved repro­
most pure and stable cali bration ducible and accura te results. 
standard available, Figure 1 For details on sample prep ara ­
shows the analysis of Restek. 's tion, request the Rep roducibl e, 

azo dye standa rd, We used the A ccu rate Aza Dye Analysis 

procedure as detailed in the Using New GC Method Appli­
German method, By substitut­ cation Note (cat.# 59552). 
ing Resrek' s spec ially-deact i-

References 
I Germa n co nsume rs goods act o f Ju ly 15 , 1994. Lebensmittel-und
 
Bedarfsgegenstandege se tz, §35 LMBG ,
 

2 Bundesins titut fur gesendhe itic he n Verbraucherschul t und Veterinarrned izin.
 

lB· · · · · · · · · · · · · · · · · · · · · · · · · 

Azo Dye Precursers and Metabolites Reference Materials 
Carcinogeni c Aromatic Am ines For European Standard Method 

Azo Dye Mix #1 

2-am inobiphenyl 
4-aminobipheny l 
4'-am ino-2.3'-dimelhylazobe nzene (o-arninoazotoluene) 
4-aminop henylether (4,4 '-oxydi aniline) 
4-amin ophenylthioclhe r (4,-i'-lhiod ianiline)
 
benzidine
 
bis-(4-arruno phenyl )-rnethane (4.4 'diaminodiphen ylmcthane)
 
4 -chloroa niline (p-chloroaniline)
 
3-cllloro -2-methyJaniline (3-chloro-o-loluid ine)
 
4-ch loro-2-methyJaniline (4-chlom-o-toluidine)
 
2.4-diamino loluene
 
3,J '-dichlorobenzidine
 
3J'-dimethoxybenzidine (o-d ianisidine)
 
3,J '-dimethylbenzidine (o-tolidine )
 
2-methox yani line (o-anisid ine)
 
4.4'-diam ino-3,3'-dimethyld ipheny l methane
 
2-metho xy-5-mel hylaniline (p-cresidine)
 
4-mcthox y- 1,3-phenylenediamine sul fate hydrate" (2.4-dia mino anisole)
 
4,4'- melhylene-bis(2-<:hloroaniline)
 
2-methy l-5-nitroanil ine (2-amino -4-ni troto luene)
 
2-nap hthylamine
 
4-p heny lazoani line (p-ami noazobenzene )
 
o-toluidine
 

2,4,5-trimethylaniline
 

** c o nc e n trat io n re ported a s fr e e base
 

l Oug/m! each ill eth yl ac etate , l m l/ampul
 

Each 5·pko lO-pk. I 
31466 31466·510 

3 1566w/data pack 3 1466-500 31466-520 

Internal Standard for Azo Dye Method 

3 ,3 ' ,5,5 '-te tra m e thy lbe nzid ine 

lOOO.!lg/ml in ethyl aceta te, l ml/ampul 

Each 5.pko 

31467 31467·510 

w/d ata pack 31467·500 31467·520 

Rtx®-5 Amine Ca iIIary....,;C :.l;n ---"~ol:.l;u:.l;m:.:... 

30m, 0.25mm 10 , 0.25llJTI, cat.# 12323 

Base-Deactivated Fused Silica Guard Columns 
5m, 0.25mm 10 10000 each 10000-600 6-pk. 

Base-Deactivated Inlet Sleeves
 
Packed with Base-Deactivated Wool
 

4mm Gooseneck 4mm G ooseneck 5mm Gooseneck 

for HP GCs for Varia n GCs For C E GCs 

each 20 798- 21 1.1 20 904-211.1 20945-211.1 

5 -pk, 20799-2 115 20905- 2 11.5 20946-21 1,5 

25 -pk. 20800-2 J 1.25 209 06- 2 11.25 20947- 211.25 

A Hungarian tribute to Dr. Kovats . See page 1f f or English version. 

Kovats Professzor tir 70, 
szuletesnapjat iinnepeltiik a 
Balaton Szimpoziumon. 
Magyarorszagi disztr ibiitorunk. 
a Lab-Comp Kft. egyi k 
tulajdonosa. Verebelyi Klara 
keresere az 1997, Szeptember 
3-5 kozott Si6fokon megtartort 
Balaton Szimp6ziumon 
eloadast tartottam MXT 
kap illaris kolonnainkrol. 
Habar a majdnem 20 eves 
kromatografias elad6i 
tevekenysegem utan e targybeli 
tudasorn eleg j6n ak szamft, az 
en ismereteim rnegis 
elhalvanyulnak a nagy 
krornatografus nevek rnelletr, 
akik reszt vettek a 
szimp6ziumon: Kovats, 
Nyiredy, G6r6g, Szepesy, 
Klebovich, Engelhardt, 
Davankov es Kaiser, illetve 
akik hozzajuk kapcso lodnak, 
csak nem tudtak reszr venni a 
Szimp6zium on, mint Horvath 
es Ettre, Nagy szerencsem volt, 
hogy egy iitt dolgozhattam, es 
sokat tanulhattarn Dr. Ettre-tol. 
Kimerfto kanadai szerninariumi 
koruta k soran boldogan 
valaszolgatott kerdeseirnre, 
valaszait gyakran cedulakon, 
etterrni szarnlakon vagy 

repuloteri besza llokartyakon 
illusztralva.
 
A szimp6zium fenypontja sz.
 
Kovats Ervin Professzor iir 70,
 
szuletesnapjanak
 
megunneplese volt. 1927,
 
szeptember 29-en szuletett
 
Bud apesten . es itt is
 
nevelkedett. 1945-ben
 
je lentkeze tt a MGszaki
 
Egyetem Vegyeszrnernoki
 
karara, ahol 1949-ben diplomat
 
kapott. A magyar diploma
 
kezhezvetele utan Svajcba
 
ernigralt ahol 195 1-ben
 
vegyeszrnernoki diplom at
 
kapott, majd 2 evvel kesobb
 
doktoralt a Ziirichi Allami
 
Muszaki Egyetemen. Doktori
 
ertekezeset professzor Hans H.
 
Gunthardt vezetese alatt a
 
Szerves Kerniai
 
Laborat6riumban dolgozta ki.
 
Ezt 10 ev intenzfv munka
 
kovette a Nobel dfjas Leopold
 
Ruzicka professzorral. A
 
munka nagy reszet a vezeto
 
Svajc i illoolajgyarto ceg a
 
Firmeni ch es Cie finanszirozta,
 

Continued on back page ... :) 

The complete articleandtranslations in 
German, French, andItalianare located 

at www.restekcorp.com. 
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by Jingzhen Xu and Andy Schuyler 

xpanded Selectivity for GC Analysis of 
Gases and Solvents 

-. ., 

• A polar, DVB copolymer-based PLOT Column 
Achieve Different Selectivities for C1-C3 Hydrocarbons on 

• A confirmation column for Rt-Q & Rt-S Restek's Porous Polymer PLOT Columns 
1PLOT columns 

• Specially designed for gas & solvent analyses 

A div inyl benzene (DYB) po­ and ethylene coe lute, and pro­
rous polymer phase has a major pylene elutes before propane. 
advantage over other phases However. on the Rt-S PLOT 
used in PLOT col umns- it is column. ace tylene overlaps 
less susceptible to the effe cts of with ethane und er simi lar run 
moisture, whic h ca n influence co nditions, and propylene still 
co lumn retention charac teris ­ elutes before propane. For hy ­
tics. Restek Rt-S and Rt-Q droc arbon ana lyses . the Rt-U 
PLOT colu mns pro vide the PLOT column is the most selec ­
hydrophobic nature and se lec ­ tive for all unsaturates. The Rt-Q 

min.tivity of a divinylben zene po­ PLOT column is least se lective 
rous polymer phase , and the for functional gro ups. The Rt-S 
efficiency of a capill ary col ­ PLOT column is selective fo r 
umn. Now , Restek has de vel­ polar compounds ha ving high 
ope d a new, more pola r column deg rees of unsatura tion such as 
to join the Rt-S and Rt-Q ace tylene. 
PLOT column family-the 
Rt-U PLOT co lum n. As shown in Figure 2, various 

solven ts are se parated on the 
The Rt-U PLOT co lumn is • Rt-U and Rt-Q PLOT co l­
manufactured by inco rporating umns. On the Rt-U PLOT co l­
ethyleneglyco ldime thylacry late umn . po lar so lvents have much 

min,
into the polymer chain to pro­ stronger retention. Eth yl ace tate
 
vide excellen t selectivity for elutes after n-hex ane , and ac­

unsaturated compounds . The etone elutes after n-pen tane.
 
Rt-Q PLOT co lum n is non po­ On the Rt -Q PLOT column,
 
lar and sep arates co mpound s eth yl ace tate e lutes before n­

based on vol atili ty. The Rt-S hexane. and acetone e lutes be­

PLOT col umn provides an in­ fore n-pen tane.
 
term ediate polarity.
 

Restek 's porous polymer 
As shown in Figure 1, these PLOT co lumns sep arate a wide 
three Restek PLOT columns variety of chemical func tion­
provide different selectivitie s a lities . The line of Rt-Q. Rt-S, 
for hyd rocar bons. On the Rt-U and now Rt-U PLOT co lumns, 
PLOT column. ace tylene elutes offers much more versa tili ty for 
afte r ethane, and propylene volatile solvent anal ysis. 

4,/ 

C) Rt-S PLOT Column 
is selective for polar, 
unsaturated com-
pounds. 

5 

6 

I i i 
min , 2 3 4 

2 

i 
2 

1.methane 
2.ethylene3 4 

i 
3 

3 ethane 
4.acetylene 
5.propylene 
6.propane 

A) Rt-U PLOT Column 
is most selective for 
unsaturates. 

5,6 

i I I i i I 
4 5 6 7 8 9 

2,/ 2,4 
B) Rt-Q PLOT Column 
is least selective for 

3 funct ional groups. 

5 

, , , , 
2 3 4 5 

2 4,3 

coe lutes with propa ne . On the 30m, 0,32mm 10, 100~ split injection. 1000ppm (v/v) eachin heliumwithaCvctosplitter" 
Rt-Q PLO T co lum n. acetylene Continued top of next page... :> sleeve (cat.s20755).Oven lemp.:50°Cisothermal; Inj./del. temp.: 200°C; 

Carrier gas: Hydrogen; Detector: FlO; Split ratio: 20/1 

Res leLC orpom fic n 
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The Rt-U PLOT Column Shows a Stronger Retention for Polar Solvents Compared to the 
Rt-Q PLOT Column 

A) Rt-U PLOT Column 

4 1. methane 
2 methanol 
3.ethanol 
4.n-pentane 

5 5.acetone 
6.n-hexane

3 7.ethyl acetate 

\ 7J
2 

J 

6

LL
I	 I I I I I I I 

Rt-U PLOT Column 

Length O.32mm IDB) Rt-a PLOT Column 
15m 19725 

5 
3 

2 

I I I 

min. 2 3 4 5 6 7 8 9 10 11 12 min. 2 3 4 

4	 30m 19724 

Length O.53mm ID 
15m 19727 

30m 19726 

6 See Restek's 1998 
7 Chromatography Products 

.. U L Catalog for ordering 
I 

5 
, 
6 7 

I 

8 
, 
9 

I 

10 
I 

11 
, 

12 information on other 
PLOT columns. 

30m, 0.32mm 10, 201llsplit injection. 50ppm (w/v) each in helium with a Cyclosplilter" sleeve (cal # 20755). 
Oven temp.:150°Cisothermal; Inj./del. temp.: 200°C; Carrier gas:Hydrogen; Detector: FlO; Split ratio: 20/1 

r 

•	 Most complete line of organo tin calibration 
mixes available 

•	 Organo tin analysis technical training offered 

Surrogate Mixtures 
2000,Ug/ml ill methylen e chloride, lml/ampul 

Tri-n-propyltin Chloride Mixture 
I I Each 5-pk. IO-pk. 

I 31476 31476-510 
w/ da ta pack I 31476-500 31476-520 31576 

Tripentyltin Chloride Mixture 
Each 5-pk. Itl-pk. 
31477 31477-510 

w/data pack 31477-500 31477-5 20 31577 

Individual Calibration Compounds for Environmental
 
Analysis and the Electronics Industry
 

2000pg/ml in methylene chloride, lml/ampul 

Tributyltin Chloride Mixture 
Each I 5-pk. I 10-pk. 

w/data pack 
31478 

31478-500 
I 
I 

31478-510 
31478-520 

I 
I 31578 

Calibration Mixes for Environmental Analyses 
2000,Ug/ml ea. in methylene chloride, Iml/ampul 

Butyltin Chlorides Calibration Mixture
 
tetrabutylr in, tributyltin chloride, dibuty ltin dich lor ide, butyltin trichloride.
 

Each 5-pk. 10-pk. 
31472 31472-510 

w/data pack 31472-500 31472·520 31572 

Phenyltin Chlor ides 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 
2000pg/ml in methylene chloride , lml/ampul 

Tetra-n-propyltln Mixture 
I Each 

1 31474 
w/data pack l 31474-500 

I 
I 

1 

5-pk. 
31474·510 
31474-520 

10·pk. 

31574 

Tetrapentyltin Mixture 
Each 
31475 

5-pk. 
31475-510 

IO-pk. 

w/data pack 31475·500 31475·520 31575 
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If you are invo lved with the 
analysis of chlorinated 
pes ticides and want to improve 
your resolution and increase 
your throughpu t, just read what 
Bill Desj ardins has to say 
about Restek's Rtx0­
CLPes ticides capil lary GC 
columns: 

"The Rtx®-CLPesticides 
screen ing column gives me 
better se pa ra t ion in half the 
time than a comparable 5 % 
ph enyl column. The nar­
rower, tall er peaks increased 
my sens it ivity two-fold, and I 
did not experience any 
increase in interferences. 
The total run time for a 
pes ticide screen used to be 14 
minutes with a 15m Rtx®-5 
column. Even with the "long" 
11m time , I had several co­
elutions, including ga mma 
BHC and beta BHC. With the 
Rtx®-CLPesticide s 15m 
colu mn, all 22 pesticides are 
resolved with a run time of 
only 5.5 minutes (see Figure 
1). The better separation is not 
just for pesticides. The column 
also prod uces abou t 50% more 
peaks for an Aroclor mixture, 
allowing better iden tificat ion of 
compounds in com plex 
matrices. 

The Rtxv-Cl.Pesttcldes 
screening column gives better 
sensi ti vity than columns 
previously used for pesticide 
and PCB extract screening. 
Beca use of the faster retention 
times, the peaks on the Rtx'"­
CLPesticide s are sharpe r and 
taller. Thi s increases the 
signal-to-noise ratio, thus 

•I 

An interesting dilemma: 
Because I ca n make many 
more injections per day on 

Customer testimonial by Bill DesJardins, ITS-Environmental 

u_~1 

• Better separation in half the time

• Better sensitivity and highly stable an Rtxv-Cl.Pesttcides 
screening column, I have• Increased throughput 
found that a 100-place 
autosampler doesn't have 

increasing sensitivity. For thousand runs), I have not had enou gh capacity to hold 14 
screening, that means I can peaks drift outside the ID hours worth of runs. Now 
ach ieve the required detection windo w using the Rtx'"­ my real time-limitation is the 
limit (i.e. the upper half of the CLPesticides screening size of my autosampler! " 
normal analytical cal ibration colu mn, unless I have done Bill Desj ardins, Chemist 
range) with a higher extract maintenance. ITS - Environmental 
dilution. This, in turn, 55 South Park Drive 
produc es a cleaner screening The high th ermal sta bility Colchester, VT 05446 
sys tem that is able to screen help s to maintain an al ytical 
more samples and better int egrity. For more information on 
withstand big hits from The accumulat ion of high­

these columns designedcomp lex sam ples. boiling compound s can be a 
bother during normal analysis specially forchlorinated 

Retention time stability is but. since the ther mal stability pesticide analyses, call our 
rock solid - as it ha s to be . (TMax) of the Rtx" ­
With only a few hundredths of CLPesticides column is 330°C, customer service group 
a minute between peaks, I they can be quickly baked-out and ask for the Rtx®­
cannot have very wide peak ID with a sligh t increase in run 

ClPesticides brochurewindows. So far (several time. 
(cat.# 59699). _ . 

Twenty-two Chlorinated Pesticides Calibration Standard Acquired After the Analysis of 3000 
Sample Extracts. 

1. 2.4,5.6-tetrachloro-m-xylene 
2 2 2 a-BHC
 

3, y-BHC 18. endrinaldehyde
 
4. ~- BHC 19 methoxychlor 
5. 8-BHC 20 endosulfan sulfate 
6. heptachlor 21. endrinketone
 
7, aldrin 22. decachlorobiphenyl
 
8. heptachlore poxide 
9 y-chlordane 

10, a-chlordane 
11 . 4,4'-00E 
12. endosulfan I 
13, dieldrin 
14, endrin 
15. 4,4'-000 
16. endosulfanI 
17, 4,4'-00T 

i i i i 

min. 1.0 2 .0 3 .0 4 .0 5 .0 6 .0 

15m, 0,25mm 10, 0.25!1fTl Rtxe-CLPesticides column (cat.#11120). 2~ 1 splitless injection Concentration : 40 to suppb. 
Oven temp.: 125°Cto 290°C@ 29°C/min (hold 3 min.); Inj./del. temp.: 175°C/300°C: Inj. port: Restek splitlsplitless: 

Carrier gas: hydrogen@ 20psi constant pressure. 
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by Gary Barone 

• Reduces sample breakdown 

• Proven inert coating technique 

A common problem with 
splitless, direct , and flash injec ­
tions in gas chroma tography 
(Ge ) is con tainm ent of a por ­
tion of the sample within the 
volume of the inject ion port 
liner. Dur ing these injection 
techn iques, large vo lumes of 
vapor are formed that exceed 
the volu me of the inlet liner ­
this is ca lled backfl ash . Once 
outs ide the in let liner, the sol­
vent and sample vapo r may 
contact the me tal surface of the 
injec tion port body, ca using 
adsorptio n or bre akdow n of the 

Amberl ite XA D®-2 resin is an 
exce llen t adsorben t for trapping 
PAHs, although it requires ex ­
ten sive clean-up prio r to use 
due to impur ities introduced 
during manufac turing. The 
TO-1 3 method specifi es a 
clean-up procedu re to prepare 
the resin for use. However, to 
mee t the mini mum co ntami na­
tion level , the XAD®-2 resin 
may requi re several cleanings. 
Ma ny laboratories use their 
ow n clean-u p procedure, tak­
ing a wee k or mor e to effec­
tively meet TO- 13 meth od re­
quiremen ts. 

To help laboratorie s eliminate 
tim e-co nsumi ng clean-up and 
still meet TO- 13 method re­
quirements, Restek dev elop ed 
Ultra-Clean XA D®-2resin for 
semi-vo latile air sampling. The 
cle an-u p proced ure meet s the 

Pes fe kC or-por-al ien 

This coa ting acts as a rugged 
barr ier be twee n acti ve com po­
nents and the adsorptive sur­
face. 

Applica tion of the Silcosteel" 
coating to inject ion port sys­
tems has bee n used ex tensively 
in the proces s industry and is 
now ava ilab le for bench top 
instruments. If you have expe ­
rienced decompos ition or ad­
sorp tion that is not attr ibutab le 
to your co lumn, liner, or detec­
tor, try Silcostee l" treatm ent for 
you r injection port - it may be 
the answer. 

To have your injection port 
Silcosteelv-coated, simply con-

to ensure clean liness. Figure 1 
shows an analy sis of a cleaned 
batch of AmberJite XA D®-2 
resin. 

sample. Restek can coat your 
injection por t body with an 
inert Silcosteel" treatm ent that 
will reduce adsorption or 
breakdown when backfla sh 
occurs. 

Restek has been applying 
S ilcosteel" since 1987 to passi­
vate transfer lines and compo ­
nents used in analyt ical sys ­
tem s. Th e Silc osteel" proce ss 
perm anen tly bonds a thin, flex­
ible, and inert fused silic a coa t­
ing to the surface of steel and 
stainles s stee l components . 

specified minimu m contamina­
tion levels and each batch is 
test ed by capillary GC using a 
flame ioni zatio n de tec tor (FlO ) 

1::IaI .
 
Ultra-Clean XAD®-2 resin meets the requirements of EPA 
method TO-13. 

Internal Standards:1.8. #2 

\
 
, 

min. 10 30 

30m. 0.53mm 10, 0 .50~ Rtx&-5 (cat.# 10240). l ~l splitlass injection.
 
Oven temp.: 40'C (hold 6 rnin.) 10 300'C @ 10QC/min. (hold 15 min.);
 

Inj./del. temp.:250' C/300' C; Carrier gas: helium; linear velocity: 50cm/sec. set @
 

1.8 . #3 1. 1,4-dichlorobenzene-d4 
2. naphthaiene-dB 
3. acenaphlhene-d10 

1.8 #4 4. phenanthrene-d10 
5. chrysene-d12 
6. perylen e-d1 2 

1. 8. #51.8. #1 

1.8. #6 

, 

40°C; FlO sensitivity: Bx 10-11 AF8; Splilless hold time: 0.50 min.·
;) . 

tact one of ou r customer ser­

vice representatives. A ca talog 
number and a Return Au thori­
zat ion (RA) number wi ll be 
assigned , allowing you to re ­
turn the inject ion port to 
Restek. Send us on ly the injec ­
tion port body, without liners or 
hea ting block attached. The 
typ ical turnaround time is 10 
working da ys fro m receipt of 
the port. 

Call today for your free 
brochure on the Silcosteel 

process (cat.# 59654). 

...
........
Ultra-Clean XAD@·2 Resin
 

100 grams: cat.# 24230
 

500 grams : cat.# 24231
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The maturity and quality of 
rum and scotch can be 
determined by the inspection 
of primary alcohols, acids, 
ketones . trace esters and fusel 
oils.' The Rtx®-624 is a 
capillary column that provides 
excellent reso lution and 
quantitation for these 
important volatile compounds 
that characterize aroma and 
flavor and determine proof 
value. 

Some analysts have 
traditionally used packed 
columns. CarboBlack " packed 
columns, for example, offer 
better sample capacity and 
accommodate larger volume 
injections. They also provide 
cons istent and adequate 
separation of isoamyl alcohol 
and active amyl alcohol (also 

by Sherry Sponsler 

known as 3-methyl- l -butanoI 
and 2-methyl- I-butanol), two 

•	 compounds that influence 
aroma strength of rum and 
scotch. 

Capillary columns with 
Carbowaxv phases have been 
used to provide better 
resolution of the volatile 
alcohols, acids and esters in 
rum and scotch, but there are 
three problems. One problem 
is consistent baseline 
resolution between isoamyl 
alcohol and active amyl 
alcohol. These compounds are 
barely resolved on PEG 
columns, and analysts have 
complained that this separation 
is not always consistent nor 
always achieved from column­
to-column . The second 
problem is that isopropanol 
and ethanol coelute on 
Stabilwax" and Rtx®-Wax 
columns. This affects the 

quantitation of ethanol and 
inhibits the detection of 
denaturants such as 
isopropanol and metha nol. 
Thi rd, a thin film is required to 
achieve the separation of 
active amyl and isoamyl 
alcoho ls, but methanol exhibit s 
a strange asymmetrical peak 
shape that is only corrected by 
a thicker-filmed 1.0f.Ul1 
Carbowax" column, So sample 
capacity is very limited. 

The 60m x 0.2Smm ID x 
l.4mm Rtx®-624 column does 
not have these problem s. 
Isopropanol does not coelute 
with ethanol. methanol 
exhibits symmetrical peak 
shape, and the separation is 
much more than just baseline 
resolut ion for the active amyl 
and isoamyl alcohols. Note 
that these compounds exhibit a 
reverse d elution order than on 
a CarboBlack " packed co lumn _ 
Improved analysis of acetic acid on an RtX®-624 column. 

~. . . . . . . . . . . . . . , . . . . . . . .
 
Baseline resolution of rum components on an RtX®-624 
column. 

3 7 10 11 

13 

3 6 8 10 

11 

acetic 
acid 

/ 
9 

7 
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min. 5 10 15 20 25 

60m, 0.25mm ID,l .4,llm Rtx-624 (cat.# 10969)
 
1.0.uI split injectionusingaCyclosplitter-'sleeve (cat.# 20706). Concentration: neat;
 

Oven lemp.:35°C(hold5 min.) to 100°C@1°C/min., Inj./det. temp.:1 50°CI200cC:
 
Carrier gas:hydrogen@40cm/sec.; Split ratio:100:1 

11'-1 fl ..: " i\TIOi"AL 

1. acetaldehyde 
2. methanol 
3. ethanol 
4.	 acetone 
5.	 isopropanol 
6.	 n-propanol 
7.	 ethylacetate 
8.	 isobutanol 
9.	 aceticacid 

10. isoamylalcohol 
11 . active amyl alcohol 

2 

or on a Stabilwax? capillary 
column. This is an excellent 
column for the analysis of rum 
(Figure 1). This column also 
provides a good response 
acetic acid, which is 
quantitated to determine the 
stage of fermentation or 
maturity of scotch. (Figure 2). 

The Rtx®-624 contains a 
stationary phase that is 6% 
cyanopropylphenyl methyl ­
94% dimethylpoJysiloxane. 
The selectivity of the phase 
provides excellent resolution 
and quantitation of the flavor 
volatiles in rum and scotch, 
and should be the capillary 
column of choice for Gc. 

... . . . 00 . 

Rtx®-624 Column 
6001, 0.250101 10, 1.4 

cat.# 10909 

.
 

60m,0.25mm ID, l .4,llm Rtx·624(cat.# 10969).
 
1.0,lll split injectionusingaCyclosplitter" sleeve(cat.#20706). Concentration: neat;
 

Oven lemp.:35°C(hold 5 min.) to100°C@l aC/min., Inj./det.lemp .:l50°C/200°C;
 
Carrier gas: hydrogen@40cm/sec.; Splitratio: 100:1
 

-Ie ­

mailto:gas:hydrogen@40cm/sec.;Splitratio:100:1
mailto:gas:hydrogen@40cm/sec.;Splitratio:100:1


by Or. David Mannus 

I had the pleasure of pres enting 
a paper on our MX'f® capilla ry 
columns at the Ba laton 
Symposium in Si6 fok , 
Hu ngary during Sep tember 3­
5, 1997 at the invitati on of 
Klara Verebe lyi, owner of 
LAB -COMP, our distribu tor in 
Hungary. After almost twenty 
years in ch romatog raphy sa les . 
my know ledge of the subjec t 
would be described as fa irly 
good. However, my 
knowle dge pal es into 
insignificance alongs ide the 
great nam es in chrom atograp hy 
who atten de d the sy mpos ium : 
Kovats , Nyire dy, Go rog, 
Szepesy, Klebo vich , 
En gelh ardt , Davank ov and 
Kaiser as we ll as those who are 
associated, bu t were unabl e to 
a ttend: Horvath and Ettre. It 
has been my goo d fort une to 
work with, and learn a grea t 
deal fro m, Dr. Ettre . During 
hect ic sem inar tours of Can ada . 
he was happy to answer all of 
my que st ions often illustrating 
his replies on scra ps of pa per 
such as restaurant receipts or 
ai rline boardin g cards. 

The high light of the 
symposium was the celebration 
of the 70t h birthday of 
Professor Erv in sz. Kovats. He 
was born on Se pte mber 29 , 
1927 , in Budapest , Hu ngary, 
where he grew up. In 1945 he 
en tered the Techn ical 
Un iversity to study Chemical 
Engine ering. After rece iving 
his Diploma in 1949 he 
emigrated to Sw itze rland and, 
in 1951 , received a Chemica l 
Engineering Diploma and two 
yea rs later his Doc tora te from 
the Fed er al Tech nical 

r:..~ e~I IJ Ccq ;n d i01l 

Univers ity in Zurich. He 
worked on his Doctoral the sis 
in the Lab oratory of Organi c 
Chemis try unde r the guidance 
of Professor Hans H. 
Gunthar dt, Thi s was fo llowed 
by ten years of inte nsive work 
with the Nobel Lau reate 
Pro fessor Leopold Ru zicka on 
a majo r project financed by 
F irmen ich & Ci e. , the lea din g 
Swiss manufact urer of esse ntial 
oils . In 1968 Dr. Kovats was 
appoi nted a full pro fessor a t the 
Ecole Pol ytech nique Federale 
(EPFL) in Lausann e where one 
year later he became head of 
the Labo ra toire de Che mie 
Tech niqu e . He retired fro m the 
EP FL in 1994, af ter twenty-six 
yea rs, when he bec ame a 
research professor at the 
Un iversi ty of Veszpre m, in 
Hun gary, where he con tinues 
his work tod ay. 

Professo r Kov ats is best known 
for the Kovats Re tentio n Ind ex 
System for subst ance 
characterisation in gas 
chromatography, which he 
developed during his research 
into the systematic study of 
essential oils. Dr. Kovats says 
" I real ized that the logarith mic 
distance of the pea k max ima of 
the ho mol og ues gives ma rks on 
the ch rom atogram similar to 
those on tape meas ures used by 
the tailor s. In re-evaluat ing all 
my data, the simplest 
hom olo gous series , that of n­
paraffins, was chosen as a 
base. Th e fixed po ints, the 
peak maxima, were de fined as 
100 time s the carbon number : 
500 at the pea k of n-pentane, 
600 at that of n-hexane, etc . 
The retention indices of ot her 
co mpounds were found by 

linear interpolation ." It m ust be 
remembered that this work was 
carried out in [95 8. Dr. Kovats 
and his tea m made the ir own 
instru ment ; the wo rld 's first 
au tom ated preparative gas 
chromatograph. In the next 
dec ade Ro hrsch neider and also 
McReyno lds used the retention 
index sys tem for their 
cha racterisati o n of the po lar ity 
of stationary phase s use d in gas 
chromatography. Th is 
ch arac terisation system is still 
universa lly used today by 
Restek and other phase and 
co lumn manufacturers. 

At the ga la evening as I 
enjoyed my coffee and my 
slice of Dr. Kovats' birthday 
cake, it occurred to me that, if it 

had not been for Dr. Kovats, 
our president. Paul Silv is, ma y 
not have founded Restek 
Corporation, MX'f® co lumns 
may never have been invented, 
and I wo uld not be here 
enjoying the beau ty and 
ambience of Ba laton nor 
travel ing to the man y other 
sym pos ia and trade ex posi tio ns 
in Europe . T hank you, Dr. 
Kovats , from everyone at 
Restek Corporation. 

Dr. Dave Man nus 
Eu ro pea n Sales Manage r 

Visit www.restekcorp.com 
for translated versions of 
this tribute to Dr. Kovats. 

INIFPNATI( iN.c\l 

Dr. David Mannus (right) . and Kldra verebelyi (left), are proud to 
honor Dr. Kovats (center) at the Balaton Symposium this past fall . 
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by Dr. Konrad Grab 

Exploding GC ovens 
In the past , there have bee n 

orking Safely with Hydrogen as a Carrier Gas
 

Broad agreement is 

that hydrogen is 

the best-carrier gas 

for capillary GC 

applications. 

Nit rogen cannot ser iously be 
co nsidered as a ca rrier gas 
op tion, because diffusion speeds 
of the solute molecules are 
roughly four times lower than in 
hydrogen or helium, render ing 
the se para tion process 
exceedingly slow. Helium is the 
best alternative if hydrogen 
can not be used , but hydro gen 
enables faste r chromatog raphy 
whenever inlet press ure exceeds 
roughly 0.7 bar , wi th a rapidly 
expanding difference whe n the 
required inle t pressure increases. 
Hydrogen is almost a mu st for 
high- temperature work such as 
triglyceride analysis, and 
analysis with long co lumns such 
as fatty ac id meth yl es ter 
ana lys is on 100m co lumns. 
Also, hydrogen is available in 
unlimited amounts (using 
helium depletes limited natu ral 
resources). Hyd rogen cannot be 
used with thermoionic detectors 
and some mass spec trometers, 
but the main arg ume nt against 
hydrogen concerns safety 
because it forms an explosive 
mix ture with air. Can a lab 
manager take the responsibili ty 
for using hydrogen as carr ier 
gas? Yes, if som e simple safety 
measures are taken. 

f.;(esleL C orvo ro lion 

ma ny hydrogen ex plosions in 
GC ovens. I know of four in 
Switzerl and, the latest one 
probab ly bein g 15 years back . I 
caused one my sel f in the 
seventies during prod uction of 
glas s capi llary columns. I 
prepared about five columns a 
day using a procedure requiring 
fiv e heat treatments in a GC 
oven. I co uld install a co lumn in 
hardl y more than a second, 
virtually wi thout turning a 
screw. I set a high inlet pressure 
to remove the air and heated the 
GC at full power to 280 °C. One 
day. a co lumn had enough 
tension to pull the inle t out of 
the ferru le. Hydrogen ran into 
the ove n at abo ut I bar, without 
any restriction . Th e hea ting 
filam ents were red-hot (2.5 kW, 
in an o ld instrument) and ignited 
the mixture. The ex plosio n was 
heard through several labs. Th e 
instru ment see med to jump 
I -2cm from the bench and lost 
the du st from its top. Opening 
the door, I was amazed to see 
the glass capill ary co lum n 
han ging a bit lower than before, 
but not being broken. The door 
did not open as smoo thly as 
before, this being the only 
reminder of the event. 

The other explosio n in our lab 
occ urred shortly after an on­
co lumn inject ion for tIi glyceride 
analysis. We changed the 
colu mns almost daily, and the 
inlet was install ed rapidly, with 
a soft fitting used many time s, 
tightening by finge rs. As the 
syr inge needle did not enter the 
co lumn inlet easily, my 
coworke r pushed a bit harder 
than usual. The need le went 
down and he did the injection. 
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He started the program (with 

ba llist ic heating from the 
injection temperature of70°C to 
250°C) and switched on the 
recorder. He had ju st turned his 
back to the instru ment whe n 
there was the bang. In fac t, he 
injected into the ove n, because 
the syringe had pushed the 
co lumn out of the fittin g. Aga in, 
there was no damage, neither to 
the instru ment, nor to the glass 
capillary colu mn. 

The two other exp losions 
happened in other laboratories, 
in both instances because it 
remained unnot iced that the 
co lumn had been re moved from 
the instru ment. Somebody 
wanted to ba ke out the co lumn, 
set high inlet press ure and 
heated the ove n at full power. 
There wa s no need for coffee to 
wake up that morning. The 
instruments were slightly 
deformed , but were used for 

another ten years at least. 

4% Hydrogen, 630°C 
We had many large leaks with 
broke n co lum ns, poor 
connections, and experiments 
more outrageous than can be 
desc ribed here - and there were 
no explosions. Beside some 
good luck, this is due to the fact 
that explosions of hydrogen are 
much less like ly to occ ur than 
expl osion s of so lve nt vapors. A 
minimum of 4% hyd rogen in air 
is required fo r an explosion to 
occ ur, and the mixture must be 
heated to about 630°C to be 
ignited (in con trast to around 
0.1 % and hardly over 200°C for 
vapors of many solvents) . In 
fact , all the ex plos ions r know 
of occurre d with old 
instruments , characterized by 
high heat ing power and 

relat ively small filament s, which 

turned red-hot when heating 
ballistically. Newer instru ments 
with less heat ing power and 
la rger filaments hardly reach the 
temperature for ignition. Also, 
the 4% con centration is not that 
easi ly rea ched: co ncluding from 
the experience of man y cr itica l 
situations, it seems that the two 
most comm on risks in pract ice, 
breakage of the col umn or a 
leakin g con nec tion to an 
injector, hardly ever result in an 
ex plos ion. All ex plosions I 
heard of were the result of 
unhindered flow of hydrogen 
from the injector into the oven. 

MEASURES ENSURING 
SAFETY 

Hydrogen sensors 
•	 Risks must be taken seriously, 

even when it seems unli kely 
that severe damage may occ ur. 
S ince the ea rly eig hties we 
gradually equipped all of our 
ins tru ments with hydrogen 
sensors, a sma ll device ava ilable 
from var ious sources. So me air 
is picked fro m the zone of the 
oven ventillator and brou ght to 
a sensor detecti ng hydrogen in 
the concentration range of 0.1 to 
I %. When I % is reac hed, the 
gas chromatograph is switched 
to coo ling, which stops the 
heatin g and purges the ove n 
wi th ambient air. Usually a lam p 
b links and an alarm signal ca lls 
for attention. A luxury version 
even replace s the hydrogen in 
the carri er gas line wi th 
nitroge n. Th e sensor also goes 
off if concentrations of sol ven t 
vapors in the laboratory are 
high , which elimi nates a furth er 
risk (indepe nde ntly of whether 
hydrogen or helium is used as 
carrier gas). 



Flow-regulated carrier gas 
supply 
Classica l gas chromatographs 
regulate the carrier gas by 
pressure. W hen there is no 
colum n, such systems may 
del iver many liters of gas per 
min ute into the oven . Hewlett 

Packard introduced a flow­
regul ated system, in the worst 
case lim iting the flow into the 
ove n to the rate adjus ted for the 
application, i.e. co lumn plu s 
sp lit plus septum purge flo w 
rate. The maximum flow ra te is 
500 ml/min. Flow regulation 

strongly reduces risks, but is not 
conside red to be safe . A rough 
es timation prov ides some clues . 
A GC oven has an intern al 
volu me of arou nd 40 liters. The 
ex plosion limit of 4% is reac hed 
when the oven contains l .o-Iiter 
of hyd rogen . If the system leaks 
by 500 ml/min, it takes little 
more than 3 minutes to rend er 
the ove n a tmosphere explosive . 
If the imposed flow rate is 
IOOmlJmin only, however, the 
critical limit is ca lculated to be 
reac hed in 16 minutes . Thi s 
ass umes a tight oven, which is 
not reali stic ; hydro gen diffuses 

extremely rap idly and the oven 
atmosphere is exchanged in far 
less time than 16 minutes. 
Hence, with a leak oflOOmlJmin, 
the hydrogen concentration in 
the oven cannot reach the 
explosion limit. Potentially 
dan gerous flow rates exceeding 
IOOmlJmin are of interes t for 
split injection with high spl it 
ratios. If the high flow rate is 
turned down I minute after the 
injection, this eliminates this risk 
and also co nse rves ca rrie r gas. 
In sp litless inje ction, the 
adj us ted flow rate wi ll be 
su bsta ntially below 100ml/min 
anyway. In on-column injection , 
the flow rate during analysi s is 

far below the critica l minimum. 
It depends on the co nstruc tion 
of the injec tor seal. how ever, 
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whether the flow rate can be 
limi ted to a few milliliters per 
minute: during inject ion, a 
ro ta ting valv e leaks at a far 
higher flow rate , and pressure 
would coll aps when limi ting the 
flow rate to less than abo ut 
100ml/min. Hence, flow 

regulation or a restrictor limiting 
flow in a pressure-regul ated 
system ca n exc lude a dangerous 
hydrogen conce ntration in the 
oven . 

Intermediate storage in small 
cylinders 
Rather frequently a co lumn is 
dis mo unted without swi tching 
off the carrier gas sup ply. Other 
times a septum leaks to such an 
ex tent that the hot carr ier gas 
can burn fingers he ld many 
ce ntimeters above the septum . 
In bo th these situations , 
hydrogen may leak into the 
laboratory at high flow rates . 
The risk of a labo ratory 
explosion is mini mal, however. 
A sma ll laboratory conta ins 
maybe 50,000 lite rs of air. 4% 
of hydrogen corresp onds to 
2000 lite rs, i.e ., to the content of 

a full lO-liter cy linder at 200 bar 
pressure. Admi tted ly, mos tly 25 ­
or 50- liter cy linders are used, 
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but since the laboratory 
atm osphere is exc hanged man y 
times per ho ur, these cy linders 
would have to be emptied in 
minutes to reac h the explosio n 
limi t. Again , hydrogen is far less 
dange rous than solvents, for 
many of which 50- liter s of 

vapor is the limit , correspondi ng 
to a sp ill of around 250ml of 
liqu id solv ent. And, since the 
so lve nt vapors tend to form a 
" lake" above the floor, the 
exp losion limit is reached 
locall y eve n more rapidly. A 
simple safe ty meas ure ru les out 
large scale loss of hydrogen and 
is also a warning of massive 
leaks: Th e mai n reservoir, 
maybe a 50- l iter cylinde r, is no t 
directl y co nnec ted to the 
laboratory gas supply, but via a 
small daily reservoir. The large 
tan k is c losed (exc ept when 

almos t empty) . The gas is 
consumed fro m a 3- to 10-lit er 
cylinder, adj usted to the daily 

•	 consumption. A 3-liter cylinder 
f lied up to 50 bar con tains 150 
liters of hydrogen. If, for 
instance, three gas 
chromatographs consume 
IOOmlJmi n each (25mlJmin for 
the FlD), the cy linder mus t be 
refi lled every 25 hour s, which 

Gas supply system ruling out large losses: 
Gas is consumed from a daily reservoir and the well-observable 
manomete r provides control over the gas consumption . 

Normally
 
closed
 

lo Ge s 

Daily
 
reservoir
 

Large Designing a gas system? Request 
reservoir literatu re packet #59625 for 

information on Purus' Gas 
Systems from Restek. 
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suits when these instru ments 
work day and night. If filled to 
20 bar only, it would co ntain an 
amo unt we ll fitting the 
consumption of a worki ng day. 
A manometer or an e lectronic 
reado ut is positioned such that 
everybody will see it. If the 

dai ly reservoir must be refi lled 
on the sa me day, this is a 
warning and a leak wi ll be 
detected long before the large 
reservoir is emptied. The 
man ometer can be equipped 
with an alarm indicating low 
press ure. In Switzerland, this is 
a standard ins tallation found in 
many laboratories for more than 
20 years . 

Hydrogen generators 
Hydrogen generators are an 
alternative to the small dai ly 
reservoir. They de liver the gas 
at limited flow rates and totally 
avoi d the necessity of stori ng 
gas . If split injection must be 
possible at high spl it flow rate, 
howev er, rather large ge nerator s 
and/o r one for every few 
instrume nts are needed . 

Conclusion 
I understand the dilemma of the 
laboratory manager: he or she 
may rec ognize that hyd rogen is 
preferab le and cheaper tha n 
helium, but does not wa nt to 
take risks. Can these risks be 
managed? Hydrogen sensors 
rule out explo sions in the oven, 
and daily reservoirs or hydrogen 
genera tors el iminate risks in the 
laboratory (as well as cos ts 

•	 ca use d by large losses). 
Checking tightness of the gas 
plumbing every 6- 12 months is 
also advisable whether 
hyd rogen or helium is used . 

Dr. Konrad Grob can be 
reached by E-Mail at 

Koni@grob.org 



Making GCs Work Better 

Innovation 
Thi s is more than maki ng new 
columns or superior chemical "Restek was founded on supplying superior 
standards . Thi s also means 

quality, low-cost manufactured parts and helping you optimize your 
enti re GC system, from inlet to 

accessories for GCs. Restek offers a complete detector. Restek has designed 
and man ufactu red GC 

line of GC operating supplies and maintenance accessories for 13 years , and 
we improve upon , or innovate, parts - from our design innovations to our 
the existing produc ts. For 

original manufacturer replacement parts. At example, we offer deac tiva ted 
injection port s to minimize 

Restek, we do whatever it takes to provide you sample breakdow n. Whether 
it 's to make your job eas ier, to 

with the best products." improve you r chromatography, 
or to save you time and money, 

The GC Accessories Team 
we strive to be innovative. 

Quality 
Every product we manufacture 
is caref ully evaluated and 
tested to ensure high quality. 
We act ua lly use the pro ducts 
we make in our app lica tions 
and QA labs - befo re you use 
it, we use it. However, we 
th ink qualit y goe s beyond in­
house test ing. A lot trac king 
system let s us trace produc ts to 
the end user so we know from 
whe re your indiv idual product 
originated. And, we have a 
customer respo nse team 
dedica ted to ensuring your 
satisfaction after the sale . 

Technical Service 
We have chemi sts on call to 
answer your chroma tography 
ques tions . Befo re jo ining 
Restek . our experienced 

scientists have used the 
products and worked in outside 
labs. Real life answers for yo ur 
rea l-wo rld pro blem s. 

Price 
We offer co mpetitive prici ng 
on all GC accessories. 
Compare our prices to wha t 
you currently pay and you' ll 
see we offer the best value. 

Delivery 
The final element in meeti ng 
you r needs is fast del ivery. 
More than 97% of our pro ducts 
are shipped the same day the 

•	 orde r is placed. We pride 
•	 ourselves on ge tting the job 

done right and on time. Need a 
part in an emergency ? We can 
ship via ove rnight de live ry for 
emergency orde rs placed as 
late as 5:30pm EST. 

If you have a specific 

accessory design 

requirement, please 

contact your local 

distributor. 
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Restek now offers the 
replacement reducing nut for 
the HP 5890/6890 GCs. Made 
from high quality stainless steel 
and meets original equipment 
specifications. 

Genuine Restek Replacement 
for HP Part No. 18740-20800. 
Cat.# 22078, ea. 

Restek now offers the FlD/ 
NPD replacement capillary 
adaptor for the HP 5890/6890 
GCs. Made from high quality 
stainless steel and meets 
original equipment 
specifications. 

Genuine Restek Replacement 
for HP Part No. 19244-80610. 
Cat.# 22077, ea. 

Restek Trademarks: Rtx, MXT, Stabilwax, Rt-{3DEXsm, Rt­
{3DEXcst, Rt-yDEXsa, Silcosteel, Silcotlan, Carholllack, 
Pinnacle, RAS, Cyc losp litter; and the Restek logo. 

Other trademarks: Hypersil (Hypersil), lnertsil (GL Sciences), 
Kromasil (Eka Nobel), Nucleosil (Macherey-Nagel), and 
Carbowax (Union Carbide Corp.), XAD (Rahill & Haas, Co.). 

Restek now offers two jets
 
specifically designed for the
 
HP 6890 oc. The Standard
 
version made from high quality
 
stainless steel and the High
 
Performance version which is
 
Silcosteels-treated for optimum
 
inertness. Both are designed
 
with a fluted tip to guide the
 
capillary column into the jet.
 

Genuine Restek Replacement
 
for HP Part No. G 1531-80560.
 

Standard:
 
Cat.# 21621, ea.
 
Cat.# 21682, 3-pack
 

High Performance:
 
Cat.# 21620, ea.
 
Cat.# 21683, 3-pack
 

Avail
 

Restek now offers an easy-to­
use, updated version of the 
Compendium of Methods for 
the Determination ofToxic 
Organic Compounds in Air* on 
CD-ROM. This version 
includes the new second edition 
methods: TO-4a, TO-9a, TO­
lOa, TO-II a, TO-13a, TO-14a, 
TO-IS, TO-I6 and TO-I7, and 
the non-edited first edition 
methods: TO-I, TO-2, TO-3, 
TO-5, TO-6, TO-7, TO-8 and 
TO-12. 

A built-in search feature easily 
tracks down specific 
information. The key words 
entered will be searched across 
the entire compendium and all 

•	 Contains methodsTO-1 throughTO-17 

•	 Includes the new second edition methods and 
the non-edited first edition methods 

•	 Includes Adobe" Acrobat Reader®software 

individual documents 
containing the term will appear 
in a list. 

Two tables are also included to 
help find the appropriate 
method for your application: 
Brief Method Description and 
Applicability, and Method 
Applicability to Compounds of 
Primary Interest. 

The compendium CD-ROM is 
easy to use. The entire 
collection is built around a 

familiar and intuitive 
"hornepage" model, and 
navigating the exhaustive list of 
TO-Methods is as easy as 
pointing and clicking. 
Visit our web site at http:// 
www.restekcorp.com for a 
demonstration, or call us and try 
it yourself I 

* These methods were written by the 
U.S. Environmental Prot eel ion 
Agency's (EPA) National Risk 
Management Research Laboratorv 
(NRMRL). The 2nd edition was 
released in the fall of 1997. 

Direct the GC exhaust heat 
away [rom the Lab! 

These Air Diverters are made 
from high-quality aluminum 
and meet OEM specifications. 
Installation is easy. 

Genuine Restek Replacement 
for HP Part No. 19247-60510. 
Cat. #22076, ea. 

...........
Compendium of Methods 
for the Determination of 

Toxic Organic Compounds 
in Air, on CD-ROM 

cat.# 24280 
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