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By ProfessorWalterJennings CWal~1 

Professor Emeritus,University of California, Davis; Co-Founder, 
J&WScientific, Inc.; Co-Founder, AirToxics,Ltd.; waltj@pacbell.net 

For the past fewyears, the agingprocess has beencatchingupwiththeJennings family. While I still 
enjoy participatingin seminars and lectures,I nowfind seventotenevents on a two weektripis 
more tiring than it was just a fewyears ago. Inaddition, mywife has beensuccessfull ybattling 
Parkinson's diseasefor almost twentyyears, but we realize that it isnow inexorablyadvancing. 
Hence, she needs more of mytime, and I must limitmyself toshorter absences. Because ofthese 
developments,I permittedmyAgilent contracttoexpirewhenit ran outonJune30, 2005. Agilent 
was sympatheticandunderstanding,our partingwas amicable, andI still valuemycontactswith 
them. But after two months in my home office, I sometimes feela needfor the challenge of discus­
sionandargument, and whenfriendsat RestekaskedifI would be interestedinwritinga short paper 
that was purelyeducational and pushing no particu lar product line, it soundedappealing.Here it is. 

The"Replacement" Column, A Recurring Problem in Gas Chromatography 
One of the problems that gas chromatographers frequently ask concerns the behavior of a "replacement" col­
umn , Evenskilled practitioners have been known to protest when they install a replacement column, use the 
same operational parameters, and find that not only have solute retention times shifted, but peak 15 now 
elutes prior to peak 13.In most such cases, they blame the column manufacturer, There are programs avail­
able to correct this problem, but some of those solutions have been so simplified that the user still has no 
comprehension of the causative factors, a state of blissful ignorance which should be corrected. 

Columns are produced, bought, and sold using nominal measurements, e,g., "30 meters x 0.25mm, film 
thickness 0.25flm".As a specification, this is not equivalent to "30.0 meters x 250flm". Depending on the man ­
ufacturer 's specifications, the actual column dimensions may be "30 +1- I meter x 250 +1- 6flm': Some man ­
ufacturers now give better attent ion to the length tolerance, but the diametric variation will continue to be a 
problem. Fused silica draw towers are often computer controlled, with the feed rate of the silica blank, the 
draw rate of the capillary tube, and the temperature of the softening oven controlled by a computer whose 
input comes from a laser micrometer that monitor s the tubing diameter durin g the drawing process, In our 
hands, a blank could be drawn to approximately 14 kilometers of 0.25mm capillary tubing, The two ends of 
that tube may show a significant variation in diameter, but those changes occur so slowly that over lengths of 
a few hundred meters the diameter is reasonably constant. It is rare to find a column where the diameters at 
the two ends are significantly different, but it is not unusual to find that columns from the two ends of that 
draw, or from different draws, do exhibit significant differences in diameter, e.g., 244flm vs, 256flm'. 

An analyst whose original 29.9m x 256flm column is replaced by one measuring 30,lm x 244flm will likely 
experience difficulties if he or she uses the same operational parameters, i.e., same temperature program , 
same carrier gas, same inlet and outlet pressures. Because of the geometric differences, the columns possess 
different pressure drops and under the same operational parameters, the carrier gas velocities would be dif­
ferent in the two columns. This will affect solute retention times, and this introduces the major problem. 

Gas chromatography is a volatility phenom enon, and solutes elute in a sequence mandated by what I prefer 
to call their "net vapor pressures". The net vapor pressure is a function of the intrinsic vapor pressure of that 
solute, increased by the temperature at that point in the program, and furth er decreased by the sum ofall 
int eractions between that solute and that stationary phase.';The strengths of these various interactive forces 
usually vary inversely with temperatur e in a non-linear manner, and for a given increase in temperature both 
the rate of change and the degree of change are unique functions of that solute in that stationary phase under 
these parti cular conditions.Asa result, the molecules of a chromatographing solute experience a specific tem­
perature-sensitive "selectivity profile" in their passage through the column , These interactions are rendered 
moot while those molecules are in the mobile phase, and endure only while they are in contact with the sta­
tionary phase, Hence we are interested in keeping retention times, and particularly t'R(time in stationary 
phase) constant from column to column and run to run . From the two relationships of K, =Bk and fl =LltM 
we can establish that t's = cslc« x dr/dox Llu. The three terms of course are the distribut ion constant, the recip­
rocal of the phase ratio, G, and column length divided by the average linear gas velocity. K, is a function of the 
solute, the stationary phase, and the temperature. While, by definition, the temperatu re changes in program 
mode, the rate of change is constant, run to run and column to column, under the same program parame­
ters, and one can usually ignore this term if the two stationary phases are indeed ident ical", The second term 
can also be ignored, provided the ratio of dr/deis constant. Column diameter, d, and column length are both 
nominal values and usuallydiffer from colum n to column. We can compensate for either or both of theseby 
varying the gas velocity, u. This is most easily accomplished in constant pressure mode. In constant flowmode 
it is more complicated and beyond the scope of this paper. 

In constant pressure mode, the solution is quite simple, assuming that the replacement column has the same 
stationary phase and the same phase ratio as the original column. I) Using the original operational parame­
ters (initial temperature and program param eters, column inlet and outlet pressures, same carrier) install the 
new column and inject the same mixture. 2) Determine the retention time of an easily identifiable peak, and 
compare this to the retention time of that peak on the original column, 3) Adjust the column inlet pressure 
to make the retention time of the target peak the same as it was on the original column, Retention times on 
the replacement column should now agree closely with the values observed on the original column, each 
solute will now experience its original temperature-sensitive"selectivity profile",and chromatograms gener ­
ated on the replacement column should essentially duplicate those from the original column. 

i Fortunately, the columnphase ratio(B) isusually unaffectedby thesechanges indiameterbecausealmost all manufacturers currently 
employ static coating methods. Provided the concentrationof the stationary phase inthe coating solutionremains constant, the ratio of the 
filmthickness (d,) tocolumn diameter (d) wi ll remainconstant. 

ii These interactions include (but arenot limitedto) dispersive interactions, hydrogen bondingand other protonforms ofproton sharing,
 
dipole interactions, and in some cases, molecularsize and shape.
 

iii Insome cases, surface preparationand deactivation treatments canalsoaffect retentions.These treatments aregenerallyprop rietaryand 
vary frommanufacturer toma nufacturer.Withcomplex mixtures, the separationsachieved oncolumns coated with the samestationary 
phase butfromdiffe rentsuppliersmay yieldslightly different results. 
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New Rxr Fused Silica Columns 
Ultimate High -Performance Fused Silica Capillary Columns 

• Unsurpassed inert ness for low-level acidic and basic compounds. 

• Ultra -low bleed. 

• Reliable performance, guaranteed column to column reproducibility. 

Guaranteed to work perfectly with retention time-locking software. 

In recent years there have been few advances in capillary GC colum n technology. Thro ugh new, innova­
tive techn ology, Restek has developed and optimized a column-maki ng procedure that assures low bleed, 
unsurpassed iner tness, and exceptio nally repro ducible columns , batch to batch. 

Unsurpassed Inertness 
Rxi" columns improve chro matogra phy for many acidic or basic compo unds. Sur face activity in a col­
umn is revealed by the sensitivity and peak shap es for analytes such as 2,4-dinitrophenol (acidic) and 
pyridine (basic). Sub-nanogram quantities of these compounds are a stringent test of inertness. Rxi" 
columns' un surpassed iner tness allows analysis of acidic or basic compoun ds under the same conditions, 
as shown here. 

Figure 1 Rxi"-Sms columns have excellent sensitivity and symmetry for difficult compounds. 
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Ultra-Low Bleed 
Bleed from Rxi" columns is the lowest in the industr y, simplifying trace-level analysis with mass spectro ­
metric detectors (MSD, ion trap, etc.), electron capture detection (ECD ), nitrogen-phosphorus detection 
(NPD), or oth er sensitive detection methods. 
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Introducing... 

Restek's exceptionally 
inert (Rxi) fused silica 
capillary columns: 
In addition to bleed, 
column-to-column uniformity 
has beenelusive- see 
editorial The "Replacement" 
Column A Recurring Problem 
in Gas Chromatography, by 
guest editor Professor Walter 
Jennings, onthefacingpage. 

The processes weuseto 
make new Rxi" columns 
enable us to guarantee highly 
uniform performance, column 
to column and lot to lot, 
including perfect match-up 
with retention time-locking 
software. It is our promise 
and commitment to you that 
every Rxi '· column you receive 
will be exactly as good as the 
oneit replaces. 

Continued on the 
outside back cover. 
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Improved SPE Cartridges for Massachusetts EPH Analysis
 
Monitoring Environmental Petroleum Hydrocarbons by SPE/GC 

By Lydia Nolan, Innovations Chemist 

• New MassachusettsTPH SPE cartridges reduce ext ractable contaminants and assure more reliable fractionation. 

• Large unifo rm lots of silica reduce frequ ency of verify ing fract iona tion results. 

New packaging reduces coextractables, provides better protection from humidity. 

Concern about the effects of mat erials from leaking underground petroleum storage tanks has grown over the last ten years. In addi ­
tion to the US Environmental Prot ection Agency and international groups , several US states, including Massachusetts! and Texas>, 
have developed methods for analyzing samples from their geograp hical areas. Because of the broad and thorough nature of the quan­
titative information generated by the Massachusetts Department of Environmental Protection method', many site managers and 
engineering firms outside of Massachusetts request this method for their samples. 

Most frustrating for labs using this method has been the uniformity of commercial silica gel-con taining solid phase extraction (SPE) 
cartridges used to prepare the samples for analysis. The activity level and capacity of the silica, the uniformity of the bed, and the 
quality of the cartridge components and packaging are critical toward good results. Slight variations in the silica mat erial, or in 
humidity levels during manufacture of the cartridges, can have a dramatic effect on the hexane fraction ation results. The volume of 
hexane required to fractionate the aliphatic portion of the sample, without allowing any aromatic analytes to break through into the 
hexane fraction , can vary, typically from 17mL to 20mL ± O.5mL, and must be determined for every lot of cartridges. Trace levels of 
phthalates and other contaminants from cartridges, frits, and packaging are easily extract ed with the desired analytes, complicating 

Figure 1 Low levels of background ext ractables in new Restek Massachusetts TPH SPE cart ridges. 
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Column: Rtx~-5 30m, 0.32mm !D,0.251lm (cat. #10224)
 
Sample: 50J-lLdiluted MAEPHSurrogate SpikeMix (cat.# 31479) (diluted to 400J-lg / mL)
 
Inj.: O.5J-lLsplitless(hold 0.75min.), Precision" split inlet liner with wool (cat.# 21027)
 
Inj. temp.: 290°C
 
I nj. press. proq.: pressure pulseto 50cm/sec. @ -0.71min. pressure to 35cm/ sec. @ 0.8min.
 
Carrier gas: helium
 
Linear velocity: 35cm/ sec., constant velocity
 
Oventernp.: 40°C(hold 1 min.) to 310°C@ 15°C/ min.
 
Det.: PerkinElmer AutoSYS'· GC-FID @ 330°C
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Table I Recovery and reproducibility for aliphaticsand aromaticsvia	 low level qu ant ification . Consequently, quality 
must be assured for each lot of cartridges and, Massachusetts TPH SPE fractionation, using new Restek SPE cartridges. 
sometimes, even with in lots. 

AliphaticFraction Aromatic Fraction 
% Rec.ov, Std. Dey. RSD % Recov, Std.Dey. RSD We have always specially treated our Massachusetts 

1. nonane (C9) 86.4 9.11 10.5 TPH SPE cartrid ges (cat.# 26065) to ensure mini­
. 2. decane (t:.1QL 84.7 7.17 8.5 

mum backgrou nd extractables and maximum sili­
3. naphthalene	 82.3 6.09 7.4 

4. dodecane C12 83.8 8.33 9.9	 ca activity. Now, a new process has allowed us to 
5. 2-methylnaphthalene	 89.1 5.50 6.2 reduce extractables even furth er, and assure greater 

2-fluorobiphenyl (surrog.} 92.1 6.70 7.3 reliability of fractionation. Larger uniform lots of 
6. tetradecane (C14) 90.7 6.29 6.9 silica will reduce the frequency with which a lab 
7. acenaphthylene	 91.6 7.63 8.3
 

2-bromonaphthalene (surro . 84.9 6.82 8.0
 will need to verify fractionation results. New pack­
8. acenaphthene	 93.4 6.32 6.8 aging ensures reduced levels of coextractables and 
9. fluorene	 92.4 6.19 6.7 better protection from environmental humidity. 

10. hexadecane (Cl6) 90.9 4.37 4.8 
11. phenanthrene 90.4 5.55 6.1	 Figure IC shows the background of a typical previ­
12. octadecane (C18) 94.9 3.45 3.6 ous lot of cartridges, compared to the significantly 
l L .anthracene	 91.5 5.29 5.8 

lower background from the new product, in Figure 14. nonadecane (Cl9)	 91.1 3.63 4.0 
o-terphenyl int. std. 96.4 3.43 3.6 l B. All cartr idges were extracted with 15mL of 

15. eicosane C20 89.8 2.64 2.9 hexane, with no prior conditioning. The hexane 
1&: fluoranthene 93.4 3.16 3.4 was evapora ted, o-terphenyl and l -chlorooctade­

1-chlorooctadecane (int. std.) 83.1 5.02 6.0 
-~~-~---- cane were added, and samples were reconstitut ed to 1L.Pyrene	 95.1 3.84 4.0 

18. docosane C22 85.2 3.97 4.7	 Im L for analysis by GC-FID. Fraction ation, extrac­
19. tetracosane (C24) 85.0 3.23 3.8	 tion efficiency, and reproducibility also are excel­
20. b e n z o (a~'!!hLas e ne	 91.2 2.38 2.6 lent , as shown by the summary in Table I. Details of 
21. chrysene	 90.9 2.56 2.8 the extraction method, based on the Massachusetts 
12. hexacosane (<:.~) 85.8 2.97 3.5 

procedure, also are presented in Table I.23. octacosane (C28) 85.7 2.51 2.9 
24. benzo(b)fluorantheQ.?	 91.3 2.23 2.4 

If you are cond ucting Massachusetts EPH analyses, 
l.~jJ~lgQl~ )py re ne 91.0 2.67 2.9 or similar analyses, and have been concerned about 
25. benzo(k)fluoranthene	 90.8 2.10 2.3 

27. triacontane 0 0 86.0 2.49 2.9	 the quality and uniformity of the SPE cartr idges ._-~-~-

28. dibenzo(a,h)anthracene	 90.9 1.78 2.0 you have been using, we think you will be as
29. indeno(l, 2,3-cd)pyrene	 91.4 1.48 1.6 

impressed as we are with the quality of our new 30. benzo(ghi)perylene	 90.7 2.21 2.4 
31. hexatriacontaneJ C36)___~_ _J8 .6 3.95 5.0 product. 
n=4 (2 analyses on eachof 2 lots of SPEcartridges) 

Massachusetts TPH SPE Cartridges
Analytical Conditions 
Column: Rtx"-S30m, 0.32mm!D, 0.2S/lm(cat. # 10224) 20mL, 5g, 20-pk. 26065 
Sample: SO/lL Mass EPH Surrogate Spike Mix (cat.# 31479) dilutedto400/lg/mL 

l mLMAFractionationCheckMix (cat.# 31481), 2S/lg/mLin hexane 
l mLMAFractionationSurrogate Spike Mix(cat.# 31480), dilutedto 40/lg/mL in hexane Rtx<!l-S Column(fusedsilica)

Inj.: O.S/lL splitless (holdO.7Smin.), Precision™ split inlet liner withwool (cat.# 21027) (Crossbond" 5% diphenyl/ 95% dimethyl polysiloxane) Inj.temp.: 290°C 
Inj. press. prog.: pressurepulseto SOcm/sec.@ -0.71min. ID df (,um) temp. limits length cat. # 

pressureto 35cm/sec. @ 0.8 min. 0.32mm 0.25 -60 to 330/350°C 10,,,,,-3D-Meter ,"" 224,--~__Carrier gas: helium 
Linear velocity: 3Scm/ sec., constant velocity 
Oven temp.: 40°C(hold1 min.) to 310°C@ lSoCimin. MA EPH Surrogate Spike MixDel.: PerkinElmer AutoSYSTMGC'F!D @ 330°C 

1-chlorooctadecane o-terphenyl 
SPEMethod 4,OOO/lg/ mL each in acetone, 1mL/ ampul 
Tube:	 MassachusettsTPH20mL/Sg, cat.# 2606S 

cat. # 31479 (ea.) Tube conditioning: 30mLhexane; donot allow topfrit or bed to dry.
 
Sample: Add l mLEPH sample in hexane.
 
Elution# 1: Using gravity or verylowvacuum, pass18mLhexane through tube*
 MA Fractionation Check MixDo not allowtopfrit or bed to dry; collect thisaliphatic fraction ina cleansample container.
 

Reduce eluate to l mLunder gentle nitrogen purge orother concentration technique. (31 components)
 
Do not concentrate to less thanl mLor allow eluate to dry before analysis.
 25/l g/ mLeach in hexane, 1mL/ampul Elution #2:	 Usinggravity or low vacuum, pass 20mLmethylene chloride through tube. 
Do not allowtop frit or bedto dry; collectthis aromatic fraction ina clean sample container. cat. # 31481 (ea.)
 
Reduceto l mL(seeabove) andanalyze.
 

*Note that the volume ofhexanewill vary, and should beverified ineach laboratory.
 
For detailsconcerningtheSPEmethod, refer to the original method in Reference 1. MA Fractionation Surrogate Spike Mix
 

2-bromonaphthalene 2-fluorobiphenyl 

References 4,OOO/lg/ mLeach in hexane, 1mL/ ampul
 
1 Methodfor theDetermination of ExtractablePetroleumHydrocarbons (EPH) Massachusetts Department of
 cat. # 31480 (ea.)
 

Environmental Protection, Divisionof Environmental Analysis, Office of Research andStandards, Bureau of
 
Waste Site Cleanu p,Revision1.1, May 2004.
 

2 Total PetroleumHydrocarbons,TNRCCMethod 100S, Revision 03(June1, 2001); Draft TNRCCMethod1006
 
(May 2000) Texas Natural ResourceConservationCommission.
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New Reference Mix of Canadian Drinking Water Volatiles
 
By JasonThomas, Environmental Innovations Chemist 

• New, complete mix includes 19 vol atiles on Canadian Drinking Water List. 

• Simple purg e and t rap GC/MS analysis. 

• Rtx®-VMS column provides sharp peaks for early eluters, resolves heavie r compounds. 

Much like the US Environmental Protection 
Agency's regulatio n of environmental contami­
nants in drinking water through the Safe Drinking 
Water Act, Canada has its own stipulations regard­
ing drinking water. These mandates are laid out in 
the Guidelines for Canadian Drinking Water 
Quality published by Hea lth Canada's Water 
Quality and Health Bureau . Regulation falls under 
the jurisdiction of the individual provinces and 
territories, which use these guidelines to establish 
water quality requirements for municipal water 
sources.' 

Here, we illustrate the analysis of the volatiles por­
tion of the Canadian contaminants list, now avail­
able from Restek as Canadian Drinking Water 
Volatiles Mix (cat.# 30610). We analyzed a 25mL 
water sample containing 50ppb each analyte, using 
an or Analytical 4660 purge and trap system, with 
autosampler, and an HP 5890/5971 GC/MS sys­
tem. A 30m x 0.25mm ID x 1AIlm Rtx®-VMS col­
umn (cat.# 19915), in conjunction with a Siltek® 
deactivated 1mm ID split inlet liner and a 35:1 
split, affords good peak shape for th e early-eluting 
components, as well as good resolutio n for the 
heavier compounds. The Rtx®-VMS column is an 
excellent choice for many other volatiles applica­
tion s as well. 

Reference 
lhttp://www.hc-sc.gc.ca/ewh-semt/water-eau/drink-potab/ index_e.html 

Rtx'"-VMS Column (fused silica) 
(proprietary Crossbond? phase) 

10 df (um) temp. limits length cat. # 
0.2Smm lAO -40 to 2401260°C 30-Meter 1991S 

Canadian Drinking Water Volatiles Mix new! 
(19 components) 

benzene l,l-dichloroethylene 
bromodichloromethane ethylbenzene 
bromoform methylene chloride 
carbon tetrachloride tetrachloroethylene 
chlorobenzene toluene 
chloroform tri chloroethylene 
dibromochloromethane m-xylene 
1,2-dichlorobenzene o-xylene 
1,4-dichlorobenzene p-xylene 
1,2-dichloroethane 
2,000Ilg/mL each in P&Tmethanol, ImL/ampul 

cat. # 30610 @ L- _ 

2006 vol. 1 
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Figure 1 Canadian Drink ing Water Volatiles Mix analyzed 
on an Rtx®-VMS column. 

1. 1,1-dichloroethene 
2. methylene chloride 
3. chloroform 

18 
4. carbon tetrachloride 
5. benzene !9 
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6. 1,2-dichloroethane 16 
7. trichloroethylene 14,15 
8. bromodichloromethane 13 

9. toluene 
10. tetrachloroethylene 
11. dibromochloromethane 
12. chlorobenzene 12 

13. ethylbenzene 
14. m-xylene 
15.p-xylene 

916. o-xylene 
17. bromoform 10 
18. 1,4-dichlorobenzene 
19. 1,2-dichlorobenzen e 17 

11 
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1 

~ ~~ 
8 
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Column: Rtx$-VMS 30m, 0.25mm!D, 1.4f.lm(cat.# 19915)
 
Sample: 50ppb each analytein 25mLwater, prepared fromCanadianDrinkingWater
 

Volatiles Mix(cat.# 30610), 2000f.lg/mLeach component inpurge & trap methanol 
Inj.: split, 35:1, Imm!D Sllteke-treatedsplit inlet liner (cat.# 20972-214.1) 
Inj. temp.: 200°C 
Carrier gas: helium 
Linear velocity: 30cm/ sec. @ 35°C, constant pressure 
Oven temp.: 35°C(5 min.), to 70°C@ 5°C/min., to 220°C@ 20°C/min. (hold3 min.) 
Del.: MS 
Transfer lineternp.: 150°C 
Scan range : 35-250amu 
Ionization: EI 
Mode: scan 

Purge and Trap Conditions 
Instrument: OJ4660 Ecl ipse Purge& Trap 
Trap: #10 (Tenax3 /s llicagel/ 

carbon molecular sieve) 
Sample temp.: 40°C 
Purge: 11min. @ 40mL/min. 
Desorb preheat: 185°C 
Desorb: 0.5min.@ 190°C 
Desorbflowrate: 35.0mL/min. 
Bake: 6 min. @ 210°C 
Interface: split injector 
Transfer linetemp.: 150°C 
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Analyze Hydrocarbons on OPNIRes-Sil™ CBonded GC Packing
 
Superior Replacement for Porasil" Packings 

By Barry Burger, Petrole um Chemist 

• Unique separations of saturated and unsaturated hydrocarbons. 

• Innovative bonding chemistry for batch-to-batch reproducibility, excellent thermal stability, and long life. 

• Other bonded phases available. 

For years , Porasilv C and Porasil'" B, modified with covalentl y att ached liquid 
phases such as OPN (cyanopropyl) or n-octane funct ion al groups, offered 
important advantages, relative to conventional GC packings, in analyses of 
CI-C4 hydrocarbons: faster separations, high er thermal stability, shorter con­
d itioning tim es, and lon ger lifetimes. Porasil '" C / Porasile B products were 
discontinued in the 1980s, however, and inventories have been depleted, for c­
ing those that use these packings to search for comparable materials. 

Restek chemists solved th e problem by develop ing Res-SiFMC and Res-Sil?" B 
bonded packings. These packings afford all of the advantages of the Porasil's 
C and Porasil's B materials, with th e added advantage of con sistent batch-to­
batch performanc e - and the y are readil y available for immediate delivery. 
Compared to diatomaceou s earth m edia, Res-SiFMC has a sm all surface area, 
good inertness, low friability, and less react ivity. 

Unique Selectivity for Process GC and High -Speed Analysis 
Speed of analysis is crucial in process GC, and in laboratory gas analyzers in 
wh ich multiple columns and valve switch ing are used to separate complex gas 
mixtures. Res-SiFMC bonded packi ngs are ideal for resolving th e difficult-to­
sepa rate saturated and unsaturated C4 hydrocarbons under th ese demanding 
conditions. Figure 1 illustr ates th e un ique selectivity of OPN on Res-Sil?" C 
packing for eluting cis-2-butene before 1,3-butadiene. When used in series 
with other columns, th is unique material provides petroleum and petro­
chemic al method developers with a powe rful tool for fast determination of 
C l-C4 hydrocarbons." 

Stringent QA Assures Batch-to-Batch Consistency 
Historically, one of the problems with bonded phases on Porasil 's media has 
been batch-to-batch variations in the amount of liquid stat ionary phase 
incorporated on the silica support. Thro ugh our new synthesis pathways, we 
precisely control the amount of bonded liquid phase on Res-SiFMC in every 
batch of packing, assuring reproducible retention tim es and separation s. Each 
batch of packing is tested with a complex mixture of hydrocarbons, to confirm 
it meets demanding retention time and retention index specifications. We 
evalu ate column bleed at the recom mended maximum temperature, ISO°C, to 
ensure that there are no ret ention shifts or high baselin es. 

In addition to OP N on Res-Sil" C packing, we bond n-octane and 
Carbowax" IS40 phases to Res-Sil" C. Each of th ese pac kings offer s a condi­
tioning time of less th an 30 minutes, low bleed, long lifetime, and cons istent 
batch-to-batch rep roducibility. For details about n-octane or Carbowax's on 
Res-SiFM C, and for bonded ph ase packings on Silcoport" deactivated 
diatomaceous earth, refer to our current chromatography supplies catalog. 
We test every batch of every Restek bonded phase packing for bleed, efficien­
cy,retention index, and retention time reproducibility. In addition, we make a 
broad range of packed and micropacked columns in specially-deactivated 
Silcosteelv tubing, for superior inertness and efficiency. 

If you have been looking for a replacement for a Porasile C or Porasil s B pack­
ing, we invite you to contact us. Your search should end here. 

Reference
 
1 Saha, N.C., S.K.Jain,and R. K.Dua. J. Chromatogr. Sci. 16: 323-328 (1978).
 
Reference not available fromRestek.
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Figure 1 OPNon Res-5WM C packing has 
unique selectivity for cis-2-butene and 
1,3-butadiene. 
1 2 4 5 78 10 

Peak 
1. methane 
2. ethane/ethylene 12 
3. acetylene 
4. propane 
5. propylene 
6. propadiene 
7. isobutane 
8. butane 
9. butene 

10. isobutylene/ 
11 trans-2-butene 

n. cis-2-butene 
12. 1,3butadiene 
13. isopentane 
14. pentane/ 

3-methyl/l-butene 
15. pentene-l 
16. trans-2-pentene 
17. cis-2-pentene 
18. 2-methyll2-butene 

13 

14 

15 

Ret. 
Index 

100 
200 
260 
300 
321 
345 
386 I 
400 . 
422 

434 
443 
454 
488 
500 
503 
522 
533 
540 
549 

16 
18 

I 
min. 12 

Reference standard courtesyof DCGPartnerships, Ltd., Pearland,TX. 

12' x 2mmID x lI8" ODSilcosteel" column packed with OPNon 
Res-Sill C 80/100 mesh. 

i 20fJLon-column injectionof refinery gas 

OvenTemp.: 50°C
 
In],temp.: 200°C
 
Del. temp.: 200°C
 
Flow rate: 30mL/min., He
 

Res-SiI'M C Packings 

Res-Sir C, 80/100 mesh, 10g* 25028 

OPNon R es -Sil ~ C, 80/ 100 mesh, 10g* 25042 

n-Octane on_~e s -Sil ' " C, 80/100 mesh,10g* 25030 

2% Carbowax" 1540 on Res-Si!'" C, 
80/100 mesh, 10g* 25044 
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Sensitive GC/MS Analysis for Drugs of Abuse 
Rxi™-Sms Column Resolves Acidic/Neutral or Basic Drugs 

ByKristi Sellers, Clinica l/ Forensic Innovations Chemist 

• New stationa ry phase, inert to acidic or basic drugs. 

• Unique deact ivation for low column bleed at 330°C. new column technology! 
• Column technology specially developed for GC/MS. 

GC/MS is considered th e standard for confirm ing the presence of abused drugs in body fluids, including acidic dru gs (e.g., 
methaqualone), neutral dru gs (e.g., phenoba rbital), and basic dru gs (e.g., methamp hetamine). These methods are well established, 
and the positive identifications mass spectral data generate are accepted as confirming evidence in cour ts of law. The accepted sta­
tionary phase for these analyses is a 5% phenyl / 95% methyl polysiloxane phase, because it provides the best selectivity for separat­
ing the dru gs and their metabolites. Unfortunately, not all 5% phenyl columns provide the inertness needed to accurately quanti fy 
low concentra tions of reactive acidic or basic drugs. 

Now, Restek's R&D chemists have developed a new 5% phenyl stationary phase and a uniq ue column deactivatio n techn ology specif­
ically for GC/MS. The produ ct of this combination - the RxiTM-5ms column - ensures enh anced inertness for acidic or basic com­
pounds, while maintaining the selectivity of a conventional 5% phenyl column. 

Using mixtures of acidic/neu tral drugs and basic drugs in their free base form, at an on-column concentra tion of SOng for each dru g, 
we evaluated a 30m, 0.25mm ID, 0.251.lm Rxi™-5ms column for resolution, inertness, and bleed. Figure 1shows chromatography for 
acidic/n eut ral drugs and Figure 2 shows basic drugs. In either analysis, all compounds are resolved to baseline and exhibit Gaussian 
peak shapes. Fur thermore, there is no interference from column bleed - not even at 330°C. Note that a Siltekv treated inlet liner con­
tribu tes to these results: our uni que Silteks' surface passivation process assures the liner will have the inertness needed for accurate 
low-level analyses of reactive acids or bases. 

In combination, an Rxi™-5ms column and a Siltek®treated inlet liner represent a complete solution for analyzing acidic, neut ral, 
and basic drugs by GC/MS. For additional dime nsions of Rxi™-5ms columns, and for Siltek® treated inlet liners for your chro­
matograph , please refer to the 2006 Restek catalog - or visit our website. 

Rxi" Columns, Ultimate High Performance Capillary GC Columns 
Rxi" columnswere created at Restek's cutting-edge researchfacility, RestekWest, in Ca lifornia. Our 
senior polymer chemists developed new columntechnology, based onourCrossbond" chemistry, to 
create this new column line.The columns weproduce as a resultof their work exhibit exceptional 
inertness and unsurpassed reproducibility, from columnto column and lot to lot.Acidic or basic com­
poundschromatograph beautifully, at sub-nanogramon-column levels,with nopeak tailing. Ultra-low 
bleed assurescompatibilitywith sensitivedetectors or in trace-level GC/MSanalysis.We tuned this 
uniquechemistry until polymer selectivity was locked in, to allowinstall-and-runuse of Rxi" columns 
with retentiontime-lockingsoftware. 

What makes RxiN columns differentfromothercolumns?
 
First, andforemost, unique deactivationand our modified Crossbond" chemistrycreate columns with
 
superior performance.The rawmaterials weuse in themanufacturing process - both tubing and
 
chemicals - are strictly controlled. Cleanliness andprecisionarecriticalto everystep in theprocess.
 
In addition,we looked in-depth at all other aspects of thecolumnmanufacturingprocess, to establish
 
a highly reproducible process. In bothperformance and column-to-co lumn consistency, Rxi" columns
 
are surpassed by noother columns.
 

=="'ii~ I","=~ developing Rxi" columns, our first step was to 1V0rk withour fusedsilica tubing supplier to establish rigorous controls on internal diameter,outer diameter, ovality, andIn 

surface activity.Thesecontrols guarantee our tubing is a knownstarting point.Then, we treat this highly uniformtubing with ourunique deactivation chemistry, 
producing a consistent, inert surface onwhichto apply the polymer. 

Next, wereformulated our polymers, takingstepsto ensu re neutrality and to finetune selectivity for retentiontime locking. Aneutral polymer and 
a neutral tubing surface are important contributorstowardexcellent peakshapefor both acidic and basic compounds. 

To complement theseefforts,wedeveloped a new column manufacturing process that creates a very reproducible product. This is critical, 
because ourcustomers' workdays aresimplifiedwhenevery newcolumnthey purchase performs exactly asits predecessor. 

Overall, the results of theseefforts are columns that defineunsurpassed inertness, ultra lowbleed, and totally reliable 
column-to-columnperformance. 

Guaranteed Quality and Reliability 
Restek is committed to supplying themost reliable GCcolumnsin theindustry. Every Rxi" column is individually challenged 

to pass our stringentrequirements for filmthickness, coating efficiency, selectivity, inertness, and bleed.We believe Rxi" 
column technology produces the most reliablecolumns available,anywhere, andwepromise that every Rxi" column you 
receivewill be exactly asgoodasthe one it replaces. 

RestekWest 
Shawn Reese, Gianna Barlupi, Roy Lautamo 
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Exempted Drug of Abuse new!
Figure 1 Analyze acidi c drugs or basic drug s under the same 

Reference Materials 
cond itions, using an Rx( -Sms column. 1,0001lg/mL in P&T methanol (*exceptwhere noted), ImL/ampul 

Acidic/neutral drugs 
resolved to baseline 

3 4 1. methprylon 
2 2. butalbital 

3. amobarbital 
4. meprobamate 
5. glutethimide 
6. phenobarbital 
7.methaqualone 
8. primidone 

GC PHOOS15 

I 

Sensitive analys is for 
basic drugs in free base form 

1. amphetamine6 B 
2. methamphetamine 
3. nicotine 

10 4. cotinine 
5. caffeine 
6. benzphetamine 
7. ketamine 
8. phencyclidine 
9. methadone 

10. cocaine 
n . scopolamine 
12. codeine 
13. alprazolarn 

1312 

11 

Column: 
Sample: 
Inj.: 

Ini, temp. :
 
Carrier gas:
 
Linear velocity:
 
Oven temp.:
 
Del.:
 
Transfer line temp.:
 
Sca n range:
 
Tune:
 
Ionization:
 

Rxi'"-5ms30m, O,25mm!D, 0.25J.1m (cal.# 13423) 
1000J.1g/ mLeach inmethanol 
1.0J.1Lsplit (50:1), 20ng each compound oncolumn; 
Siltek' treated 4mmgoosenecksplitless inlet liner (cat # 20799-214.5) 
250'C 
helium, constant pressure 
30cm/sec. 
100'C to 220'C @ 15' C/ min., to330'C @ 10°C/min. (hold5min.)
Agi lent5973 MSD 
300°C 
35-550 
PFTBA 
EI 
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Individual 
cat.fI _Compound 

Benzodiazepines 
~razo lam 34042 
bromazepam 34043 
chlordiazepoxide HCL 34044 
clobazam 34045 
clonazepam 34046 
diazepam 34047 
flunitrazepam 34049 
f1urazepam di-HCL 34050 
loraze.l!!a1!.m!!.- 34051 ""*~'i_----

nitrazepam 34053 
oxaz~p)~a!!!mC_ __f;i*f.34054~----
prazepam 34055 

34056temazep@.a!!!m -:~~----

triazola m 34057 
Cocaine & Metabolites 
cocaine'..!C!'C",!,L'-,- 34015 ----H --;;~c::___

34016benzoy[ggjo!l!n!!!in.!.!'e'- ""*~!(------
ecgonine 34017 
ecgonine methyl ester 34018 
Methadone & Metabolites 
methadone HCL 34005 
Amphetamines & Metabolites 
d-amphetamine 34020 
{+)methamphetamine 34021 
o iates& Metabolites 
codeine 34000 
h drocodone 34002 
!)ydromorphone 34063 
morphine 34006 
oxycodone 34007 
Oxymorphone 34065 
cannabinoid & Metabolites 
cannabidiol 34011 
cannabinol 34010 
Barbiturates!!- ---,;:;;;;;;n _ 

amobarbital 34028 
~ roba r b ita l 34029 
barbital 34030 
butabarbital 34031 
butalbital 34032 
ii-glutethimide 34058 
hexobarbital 34033 
mephobarbital 34034 
methohexital 34035 
pentobarbital 34036 
henobarbital 

secobarbi tal 
talbutal 

34037 
34038 
34039 

thiam,l!yl.2!al!,, ­ 34040 --;;~~----

thiopental 34041 
Other 
benzphetamine 
cocaethylene* 
fenfluamine 34023 
levorphanol 34003 
meperidine 34004 
meprobamate 34059 

34064 methagualon!!'- ~~----_ 
methyprylon 34060 
pentazocine 34062 
phencyclidine 34027 
phendimetrazine 34025 
phenmetrazine 34026 
phentermine 34024 
dextro-propoxyphene 34008 
thebaine 34009 

Rxi™-Sms Column (fused silica) new! 
(Crossbond' 5%diphenyl I 95%dimethyl polysiloxane) 

10 df (um) temp. limits length cat.# 
0.25mm 0.25 -60 to 330/350°C 30-Meter 13423 

9

9  (of 24) 2006.1

mailto:temazep@.a!!!m


RP-HPLC Analysis of Seledive Serotonin Reuptake Inhibitors
 
Using Allure- Basix and Ultra PFP Polar Stationary Phases 

By Rick Lake, Pharmaceutical Innovations Chemist 

• Good retention and selectivity without ion-pairing chromatography. 

• Practical at acidic pH (Ultra PFP phase) or neutral pH (Allure" Basix phase). 

Improved peak shape for basic compounds, compared to alkyl phases. 

Selective seroton in reuptake inhibitors (SSRIs) are 
a novel class of antidepressants that have gained 
mu ch acceptance in the medical community. 
Although they have been found to be no more 
effective than the "older" tr icyclic antidepressants, 
they produce fewer side effects. Historically,SSRIs 
have been analyzed using ion-pairing chromatog­
raphy (IPC) on alkyl stationary phases (e.g., CI8). 
IPC is a good alterna tive when reversed phase 
chro matograp hy (RPC) on hydrophobic alkyl 
phases cannot provide adequa te separat ion. IPC 
has disadvantages, however, including artifactual 
peaks, slow column equilibrium, poo r peak shape, 
and incompatibility with MS detection. Because of 
these downsides to IPC, we evaluated the use of 
polar stationary phases, including the Allure" 
Basix and Ultra PFP phases, for analysis of SSRIs. 

The chemical structures of SSRIs (Figure 1) reveals 
that these compounds are polar bases capable of 
ionic separations. To ensure complete ionization, a 
pH value approximately 2 un its from an analyte's 
pKa should be used. SSRIs have high pKa values 
(fluvoxamine maleate: 8.7, fluoxetine: 9.1, sertra­
line HCl: 9.5), however, and two pH units above 
these analytes' pKa values will be outside the acidic 
to neut ral opera ting range for silica-based 
columns. Because SSRIs are basic, their retention 
can be increased by increasing the mobile phase 
pH. According to acid-base equilibria, as pH 
decreases, bases gain a proton (ionize), making 
them more hydrophili c and less retained by RPc. 
Thus, the greatest retention of SSRIs would occur 
at neutral pH, rath er than at an acidic pH. 

At neutral pH, an Allure" Basix colum n shows 
good retention, selectivity, and peak shape for 
SSRIs (Figure 2). This stationary phase and pH are 
a good choice if optimum retention and selectivi­
ty are desired. Adding an amine modifier can alter ' 
selectivity and improve peak shape (Figure 3). As 
the concentration of amine modifier is increased, 
the retent ion of basic analytes decreases, and the 
peaks sharpen. This could be an effective way to 
produ ce alterna te selectivity and enhance peak 
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Figure 1 Selective serotonin reuptake inhibitors (SSRls) are a 
chromatographic challenge. 

Fluoxetine Fluvoxamine Maleate Sertraline Hel 

r NH 
, 

~ 
r"o 0"'-­

F A' 

co n 0 NH-y--<J- \ 
co 

F , ONHOo=<Jo 

Figure 2 At neutral pH, an Allure' Basixcolumn provides good 
retention, selectivity, and peak shape for SSRls. 

sample:
 
Inj.:
 
Cone.:
 
Sample diluent:
 

Column:
 
Dimensions:
 
Particle size:
 
Pore size:
 

Conditions:
 
Mobile phase:
 
Flow:
 
Temp.:
 
Del.:
 

Ret Time 
Peak List: (min.) Asymmetry selectivity (a) 

1. uracil 
2. impu rity 
3. f1uvoxa minemaleate 7.001 1.13 
4. sertraline HCI 11.596 1.33 1.82 
5. fluoxetine 12.639 1.15 1.10 

,I 
10 2Q Min. 

lCPH0353 

lOliL 
100f.1g/ mLeach component 
water:acetonitnle,50:50 

Allure" Basix (cal.# 9161565) 
150x 4.6 mm 
5f.1m 
60.'1 

20mMpotassium phosphate dibasic in water (pH7):acetonitri le, 40:60 
l mL/min. 
30°C 
UV@ 230 nm 

• 10 •
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Figure 3 An amine modifier improves peak shape and changes 
selecti vity fo r SSRls on an Allure" Basix column. 

Peak List: 
Ret Time 

(min.) Asymmetry Selectivity «(X) 

1.17 
1.15 1.73 
1.22 1.15 

l. uracil 
2. impurity 
3. fluvoxamine maleate 3.754 
4. lIuoxetine 5.553 
5. sertralineHCI 6.222 

U \. 
" I iII, ii,II I"" I I ' " ''1'' '' ' illi " " , ii ' l " "\ ii I" """ 1" " 1111 

1.0 2.0 3.0 4~ ~ M ~ U U M~ 

lCPH0354 
sample:
 
Inj.: lOpL
 
Cone.: 100pg/mL each component
 
Sample diluent: water:acetonitnle, 50:50
 

Column:
 
Dimensions:
 
Particle size:
 
Pore size:
 

Conditions:
 
Mobile phase:
 
Flow:
 
Temp.:
 
Det.:
 

Allu re~ Basix (cat.# 9161565) 
150 x 4.6 mm 
5!J~ 
60A 

1%triethylamine in water (pH 6):acetonitrile, 50:50 
I mU min. 
30°C 
UV @23 0 nm 

shape in reversed phase mod e. However, amine 
additives work by blocking ioni zable silanols, 
which can vary from column to column, so be sure 
the amine concentration is high enough to sup­
press all potential silanol effects. 

The Ultra PFP phase shows the best performance 
at an acidic pH (Figure 4). 

These analyses reveal that polar stat ionary phases 
can effectively replace IPC in ana lyses of SSRls. 
Overall, in RPC, polar stationary phases provide 
better peak shape than alkyl phases for basic ana­
Iytes. When analyzing SSRls at neutral pH , the 
Allure?" Basix phase is a good choice. When ana­
lyzing SSRls at an acidic pH , the Ultra PFP phase 
is the better candidate. 

Allure™ Basix Column 
5J.tm Column, 4.6mm 
150mm 

cal # 
9161565 

Ultra PFP Column 
5J.tm Column, 4.6mm 
150mm 

cat. # 
9176565 

ordering note 
To order a 2.1mm, 3.2mm, or 4.6mm ID column with a Trident" 
I ntegral I nlet Fitt ing, add "-700" to the catalog number for the 

column. 

Nominal additional charge 

For guard cart ridges and XG-XF guard cartr idge fitt ings for these Figure4 An Ult ra PFP column shows good performance at acid ic pH. 
columns, visit our website at www.restek.com. 

Ret. Time 
Peak List: (min.) Asymmetry selectivity «(X) 

l. uracil 
2. impurity 
3. fluvoxamine maleate 6.291 l.02 
4. sertraline HCI 8.030 1.10 1.39 
5. fluoxetine 9.142 l.0 1 1.17 

sample:
 
Inj.: 10!JL
 
Cone.: 100!Jg/ mLeach component
 
Sample diluent: water:acetonitrile, 50:50
 

Column: Ultra PFP (cat.# 9176565)
 
Dimensions: 150 x 4.6 mm
 
Particle size: 5!Jm
 
Pore size: 100A
 

Conditions:
 
Mobilephase: 20mM potassiumphosphate monobasic in water (pH3):acetonitrile, 70:30
 
Flow: I mL/min.
 
Temp.: 30°C
 
Det.: UV @ 230 nm
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Assaying Tetracyclines by HPLC 
Using the Allure' Biphenyl Stationary Phase 

By Rick Lake,Pharmaceutical I nnovations Chemist, and Sherry Moyer, Innovations Chemist 

• Superior selectivity and efficiency, using an Allure' Biphenyl column. 

• Simplified analysis for high-throughput potency and stability-indicating assays. 

• More easily achievable system suitab ility criter ia. 

Tetracyclines are a widely used class of ant ibiotics 
whose applications range from topical acne med ­
ications for humans to premix feed additives for 
livestock. Because of their widespread and liberal 
use, tetracyclines are manufactured in large qua n­
tities, which generates the need for a large number 
of potency and stability-indicating assays. These 
assays must be comp leted at regular intervals, in a 
timely manner, over extended periods of time. 
Consequently, it is critical that simple , rugged, and 
selective met hods be developed. By selecting a sta ­
tionary phase that produces optimum selectivity, 
less demand to prod uce selectivity is placed on the 
mobile phase, and a simple isocratic analysis is 
possible. Among the stationary phases we tested, 
the Allure" Biphenyl and Allure" PFP Propyl sta­
tionary ph ases showed the best performance 
(Table 1 and Figure 1). 

Developing a simple mobile phase for this applica­
tion was a major concern . Ideally, to achieve ion­
ization equilibri um, choose a mob ile phase pH 2 
uni ts from the analytes' pKa. But two units below 
the pKa values for the tetracyclines (approximate­
ly 3.3) would be below the recommended pH limit 
for traditional silica-based columns, pH 2. 
Consequently, we chose a pH of 2.5, and we added 
a buffer to maintain pH. Because tetracyclines 
form chelates with metal ions, we chose a non ­
metal organic salt - ammonium phosphate - and, 
to minimize surface metal content, we used only 
columns made from high-pur ity Type B silica. 
Lastly,we chose aceton itrile as the organic solvent, 
because of its eluting strengt h and limited effect on 
pKa: increasing the organic composition increases 
pKa for acidic analytes and decreases pKa for basic 
analytes, bu t a small amount of acetoni trile lessens 
the effect, relative to a larger amount of methanol. 

We evaluated several silica-based statio nary phas­
es, using the mobile phase described above, UV 
detection, and isocratic condi tions . The first selec­
tion criteria we used was selectivity, which we 
measured by analyzing oxytetracycline and tetra ­
cycline (an impurity in oxytetra cycline form ula­
tions) and determining the USP resolution and 
selectivity (a) between the two compo unds . The 
Allure?' Biphenyl and Allure?' PFP Propyl sta­
tionary phases showed the best performance 
among the columns we tested (Table 1 and Figure 
1). These results suggest that the Allure?" Biphenyl 
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Figure 1 Tetracycline and oxytetracycline have low pKa values that 
make the analysis a challenge. 

1 

Peak List Ret. Time (min.) 
1. oxytetracycl ine 4.92 
* degradation peak 5.66 
2. tetracycline 7.10 

Column: A llure~ Biphenyl 
Cal. # : 9166565 
Dimensions: 150x4.6 mm 
Pa rticle size: 5/l~ 
Pore size: 60A 

lCPH0342 

Peak List Ret. Time(min.) 
1. oxytetracycline 5.94 
* degradation peak 7.08 
2. tetracycline 8.57 

Column: Allure ~ PFP Propyl 
Cal. #: 9169565 
Dimensions: 150x 4.6 mm 
Particle size: 5/l ~ 
Pore size: 60A 

Sample:
 
Inj.:
 
Cone.:
 
Sa mp le diluent:
 

Conditions:
 
Mobile phase:
 
Flow:
 
Temp.:
 
Del.:
 

20/l L (Allure~ Biphenyl column)or 30/lL(Allure" PFP Propyl column) 
100/lg/ mLeach component 
methanol 

20mM ammonium phosphate (pH 2.5):acetonitrile,80:20 
ImL/min. 
ambient 
UV @ 254 nm 

Table 1 Among tested columns, Allure' Biphenyl and Allure' PFP 
Propyl columns show the best combination of resolution and 
selectivity for tetracycl ine and oxytetracycline. 

Stationary USP Selectivity 

Phase Resolution (a) 
Allure" Biphenyl 5.28 1.61 

Allure" PFP Propyl 4.49 1.59 

Ultra CI8 3.31 1.50 
Allur e~ Basix NA 1.34 
Ultra C8 NA 0.47
 

Ultra PFP NA NA
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Figure 2 Overall, the Allure' Biphenyl column is the best choice for 
assaying the tetracycline anti biotic s. 

tetracycline 

Column: 
Cat. # : 
Dimensions: 
Particle size: 
Pore size: 

Allure" Biphenyl 
9166565 
150x 4.6mm 
51l~ 
60A 

degradatioD '--...~_ _ 

I. , 10 
Min. 

tetracycline 

Column: 
Cat. #: 
Dimensions: 
Pa rticlesize: 
Pore size: 

Allure" PFP Propyl 
9169565 
150x4.6mm 
51llT' 
60A 

degradationpeak 

LCPH0346 

I i 
) 1 • e S 10 12 

MOR 

tetracycline 

Column: Ultra C18 
Cat. # : 9174565 
Dimensions: 150 x4.6mm 
Particle size: 51l1lJ 
Pore size: 100A 

degradationpeak 

I I i i i
1.0 2.0 ' .0 .. .. 

Min, 

Sample: 
Inj.: 51ll 
Cone.: 100llg/ml each component 
Sample diluent: methanol 

Conditions: 
Mobile phase: 20mM ammoniumphosphate (pH 2.5):acetonitrile, 80:20 
Flow: I mL/min. 
Ternp.: ambient 
DeL: UV @ 254nm 
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Table 2 Allure' Biphenyl, Alture' PFP Propyl, 
and Ultra (18 columns provide excellent 
repeatability. 

Retention capacity USP 
PeakArea Time min.) Factor (k') Tailinll_ 

Allure~ B ip~!l~1 bestchoice fortetracycline antibiotics 
Mean 2509475 7.08 5.68 1.06 
Std. Dev. 36397.39 0.02 0.03 0.01 
%RSD 1.45 0.36 0.45 0.49 
Allure" PFP P r ll P~I ---::-:__---:--:c:-_ _ -:-::::­
.Mean 2483972 9.52 8.12 1.28 
Std. Dev. 22202.94 0.04 0.04 0.01 
%RSD 0.89 0.45 0.53 0.43 
Ultra Cl8 
Mean 2399803 5.13 3.73 1.21 
Std. Dev. 21171.76 0.02 0.02 > 0.00 
%RSD 0.88 0.33 0.45 0.34 

stationary phase exhibits n-n bonding with the 
ring structures of the tetracyclines, and the embed ­
ded polarity of the fluorinated Allure " PFP Propyl 
phase interacts with tetracycline moieties. Either of 
these separation mechanisms increases retention, 
compared to a mechanism based on hydrophobic­
ity, as exhibited by the alkyl chain of a Ci S phase. 

Tetracycline drug products are produced under 
cGMP protoco ls and, therefore, manufacturers are 
required to use validated or compendial methods, 
either of which require the completion of system 
suitabi lity criteria (e.g., tailing factors, capacity fac­
tors, and repeatability). Consequently, we further 
evaluated the three stationary phases that pro ­
duced the best initial results, using system suitabil ­
ity criteria, by assaying tetracycline. 

Overall, all three columns provided excellent 
repeatability Crable 2). The Allure?' PFP Propyl 
column exhibited the greatest retention and capac­
ity for the analytes, but exhibited the highest 
degree of peak tailing under these conditions 
(Figure 2). The Ultra Ci S column also exhibited a 
high degree of peak tailing, and the weakest ana­
lyte retention (Figure 2).Altering the mobile phase 
likely would improve peak shape, but capacity fac­
tors would suffer accordingly. The Allure ?" 
Biphenyl column proved to be the best overall 
choice for the tetracyclines - it exhibited good 
capacity, high selectivity, and the least peak tailing 
(Figure 2). 

By selecting the stationary phase that provides the 
best selectivity and efficiency for tetracycline ana­
lytes - the Allure?" Biphenyl phase - analysts can 
exercise more control over separation and other 
method condit ions, ultimately creating a simple, 
rugged, and selective method. 

Allure™Biphenyl Column 
Slim Column, 4.6mm cat.# 
150mm 9166565 
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Analyzing Residual Solvents in Water-Soluble Articles
 
Dynamic Headspace Sampling Enhances Sensitivity by GC 

By Rick Lake,Pharmaceutica l Innovations Chemist 

• Sensitivity increased 13X-30X for residual solvents (Ovls) in water. 

• Excellent resolution and stable retention times , using an Rtx"'-G43 column. 

• Greater sensit ivity makes smaller samples possible. 

Residual solvents, or organic volatile impurities (Ovls), in pharmaceuticals are trace-level
 
leftover solvents that were used in the manufacture of drug products or excipients. The
 
International Conference on Harmonization (ICH) provides guidelines that summarize the
 
allowable concentrations of common solvents. However, some of the detection limits in the ICH
 
guidelines are not easily achieved thro ugh the normal sampling technique, static headspace
 
analysis, and pharmaceutical manufacturers are becom ing concerned with attaining greater
 
sensitivity.As more toxicity data become available, maximum allowable concentration limits are being
 
lowered. And, as active ingredient and excipient markets are becoming more global, tighter control of
 
impurities is needed.
 

In our investigation s, we have found that coupling a dynamic headspace samp ling techn ique with analysis
 
on an Rtx®-G43 column greatly increases sensitivity for residual solvents, and maintains stable retention.
 

Analyses for residual solvents typically are performed using headspace sampling coupled with GC/FID. In the
 
commonly used static headspace techniq ue, a pressurized or ballast loop system is used to extract a portion of the headspace in the
 
samp le vial for introd uction into the Gc. Another, more novel, technique for headspace sampling is the dynamic headspace technique .
 
In this technique, the entire content of the vial headspace is swept onto an activated trap, which collects and concentrates the target
 
analytes, then desorbs the analytes into the GC carrier flow. Dynam ic headspace increases the sensitivity of the analysis,but high con­

centrations of organic solvents will cause contamination and lifetime problems with the trap and, therefore, this technique is not com­

patible with the use of organic solvents as diluents for water-insolubl e art icles. On the other hand, the techniq ue is well suited to, and
 
easily performed in, analysesof residual solvents in water-soluble articles.
 

We evaluated the sensitivity of th e static and
 Table 1 Dynamic headspace sampling greatly increases sensitivity 
dynamic headspace techniques, using solvents in an fo r Ovls. 
aqueous matrix, to compare responses as they 

Sample Concentration Increase in might relate to pharmaceutical analysis of residual 
Cone. at Regulatory Mean Peak Area Response Sensitivity with solvents in water-so luble articles. We prepared ref­

Analyte (ppm) Limit (ppm) Static Headspace Dynamic Headspace Dynamic Headspace 
erence standards containing the USP467 solvents at 

!lli:_h lo rqrJletha_I!!LI?~0 600 --,,619 I~.6 9 --",3OX __,-- ,,-,7-<.
their regulatory limits in water, by adding 100ilL of chloroform 1.2 60 39 783 20X 
ou r USP 467 Calibration Mix #5 (cat.# 36007) to benzene 0.04 2 15 313 21X 

5mL of deionized water in a 22mL headspace sam ­ trichloroethene 1.6 80 141 3479 25X 
14-doxane 7.6 3~0 20 272 13Xpling vial. We also added approximately I gram of 

an inorganic salt, sodium sulfate, to each sample to 
decrease the solubility of polar compounds. This is 

Table 2 Solvent retention times and resolution are equivalent for static critical for highly water-soluble volatiles, like 1,4­
or dynamic headspace sampling and analysis on an Rtx"'-G43column. dioxane, as it promotes analyte tran sfer into the 

gaseous phase in the sample vial. Static Headspace Dynamic Headspace 
Retention Retention 

First, we used a traditional static headspace (loop ) Solvent Time (min.) Resolution Time(min.) Resolution 
technique to assay a system suitability set com ­ dichloromethane Mean 5.092 5.139 
prised of 6 replicates (Figure IA). The sample vial Std. Dev. 0.01 > 0.00 

%RSD 0.25 0.04 was heated , mixed, and pressurized. A six-port 
chloroform Mean 9.250 23.02 9.263 22.18 valve was used to fill a specified loop volume with 

Std. Dev. 0.02 0.26 > 0.00 0.07 
an aliquo t of the headspace, then the valve was %RSD 0.23 1.11 0.04 0.31 
switched to redirect the gas flow, flushing the sam­ benzene Mean 11.134 7.67 11.145 7.72 

ple into the transfer line and ultimately mixing Std. Dev. 0.03 0.08 > 0.00 0.01 
%RSD 0.23 1.04 0.03 0.11 with the GC carr ier gas flow. Next, we used a 

trichloroethene Mean 14.592 11.87 14.599 11.86 
dynamic headspace (trap) technique to analyze an Std. Dev. 0.03 0.06 > 0.00 0.01 
equivalent 6-replicate system suitability set (Figure %RSD 0.23 0.46 0.04 0.10 
IB). The sample vial was heated and mixed under l A-dioxane Mean 17.388 7.91 17.411 

Std. Dev. 0.04 0.10 0.09 the same conditions as used in the loop method, 
%RSD 0.20 1.23 0.50 then a gas flow was int roduced into the headspace 
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Figure 1 USP467 solvents by headspace analysis/GC on an

Rtx®-G43 colu mn . 

A) Static headspace (loop) technique 

RetentionTime (min.) 
l. dichloromethane 
2. chloroform 
3. benzene 
4. trichloroethylene 
5. 1,4-dioxane 

5.n O 
9.285 

1Ll73 
14.647 
17.436 

4 

II 
I 

Sample Concentration ~g/ml) 
12.0 
l.2 
0.04 
l. 6 
7.6 

of the vial, to sweep the analytes onto an activated 
trap. The trap , with the concentrated analytes, was 
dry purged to remove the water vapor, then was 
heated without flow to desorb the analytes. After 
the analytes were desorb ed, the trap was back­
flushed to direct the concentrated analytes onto 
the analytical column. Between analyses, the trap 
was baked at high tempe rature to remove all 
residue compounds. 

When we compared the results of the system suit ­
ability analyses for the two headspace techniques, 
we determined that, based on area responses, the 
dynamic headspace meth od greatly enhanced sen­
sitivity for the target Ov ls: area counts were, on 
average, 22 times larger than for the static head ­
space method (Table 1). We also noted that the 
Rtx®-G43capillary column provided excellent res­
olution among analytes, with very little drift in 
retentio n time or resolution (Table 2). 

As with purge and trap systems, or other dynamic 
sampling systems, certain system control s must be 
taken into account when using a dynamic head­
space technique. Factors to consider include 
sweeping and desorbing times and flows, adsor ­
bent materials used to trap the analytes, and water 
management. In this specific appl ication , we 
observed that either prolonged sample heat ing at 
80°C or extended vial sweep times increased the 
water content in the sample headspace, ultimately 
resulting in poor peak shape for l,4-dioxane and , 
if excessive, extinguishing the FID. 1,4-Dioxane 
has a notoriously poor partitioning efficiency and 
proved to be the limiting factor when setting sys­
tem operating conditions. For samp les heated at 
80-85°C in a water matrix, a sweep time of 5 min­
utes or less enhanced sensitivity for all compounds 
while assurin g proper water man agement. 

From this work, we conclude that coupling a 
dyn amic headspace sampling technique with 
analysis on an Rtx®-G43 column greatly increases 
sensitivity for residual solvents, and makes stable 
retentio n possible. These enhancem ents can lead 
to more achievable system suitability criteria and 
lower detection limits, or to effective results with 
smaller samples. 

Rtx®-G43 Column
 
(fused silica with 5-meter lnteqra-Guard'")
 
(Crossbond" 6% cyanopropylphenyl/94% dimethyl polysiloxane) 

ID dt ~m) temp. limits length cat # 
0.53mm 3.00 -20 to 240°C 30-Meter 16085-126 

GC PH00810 

Instrument:
 
Sample Equilibr,Time:
 
Mixing:
 
Mixer StabilizeTime:
 
Valve OvenTemp.:
 
Transfer LineTemp.:
 
StandbyFlow Rate:
 

1'0 
Time (min.) 

TeledyneTekmar HT3 
15.00min. 
levelS, 2.00min. 
0.50 min. 
150°C 
150°C 
10mL/min. 

10 

Platen/ SampleTemp.: 80°C
 
PlatenTemp.Equilibr;Time: 2.00 min.
 
Pressurize: 15psi, 2.00min.
 
Pressurize Equifth r. Time: 0.50min.
 
Loop Fill Pressure: 5 psi
 
LoopFillTime: 2.00min.
 
Loop Fill EQuilibr.Time: 0.50 min.
 
InjectTime: 1.00 min.
 

B) Dynamic headspace (trap) technique 

RetentionTime(min.) 
l. dichloromethane 5.137 
2. chloroform 9.260 
3. benzene 1Ll45 
4. trichloroethylene 14.601 
5. 1A·dioxane 17.349 

4 

Sample Concentration ~g/m l) 

12.0 
l. 2 
0.04 
l.6 
7.6 

io 10 
Time(min.) 

Instrument: TeledyneTekmar HT3 Trap StandbyTemp.: 40°C 
Sa mple Equilibr,Time: 15.00 min. Platen/ SampleTemp.: 80°C 
Mixing: level S, 2.00 min. Sweep Flow: 75mL/ min., 3.00 min. 
Mixer StabilizeTime: 0.50 min. Dry Purge: 50mL/ min., 
ValveOvenTemp.: 150°C 5.00 min., 25°C 
Transfer LineTemp.: 150°C Desorb Preheat: 245°C 
StandbyFlow Rate: 10mL/min. Desorb: l.0 0 min., 250°C 

Trap 8ake: 450mL/min., 
6.00 min., 300°C 

Chromatography Conditions 
Column:	 Rtx*-G43 30m, 0.53mm!D, 3.0f.lm (cal.# 16085-126) 
Sample:	 100f.lLUSP467 CalibrationMixture #5 (cal.# 36007) in dimethylsulfoxide, 5mL 

water, - l.Og sodium sulfate in 22mLheadspacevial. Concentrationslisted on 
figure. 

Ini.:	 staticheadspaee or dynamic headspace 
Inj. temp.:	 180°C 
Carrier gas:	 helium, split 2:1 
Linear velocity:	 5mL/min., constant flow 
Oven temp.:	 40°C(20min.), to 240°C@ 25°C/ min. (hold 10min.) 
Del.:	 F!D @ 250°C 

hydrogen flow: 40mL/min.; air flow: 450mL/min.; make-up flow: 45mL/ min. 
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trans Fat: Resolving cis and trons FAME Isomers by GC 
ByJulie Kowalski, Innovations Chemist 

• Highly polar Rt-2560 column resolves ind ividual cisand trans FAME isomers. 

• Analytical reference mixes for quantifying FAMEs in foods and dietary supplements. 

• Use column and reference mixes to meet new trans fat labeling regulat ions. 

Concern over the detr imental effects of diets high 
Figure 1 Food Industry FAME Mix (cat.# 35077) resolved on an in trans fats has prompted the US Food and Drug 
Rt-2560 column. Administra tion (FDA) to require trans fat content Compound 19. C18:2 (trans-9,12) 

to be reported separa tely on food labels after 1. C4:0 20. C18:2 (cis-9,12) 
2. C6:0 21. C20:0 January 2006. The FDA estimates that by 2009 this 3. C8:0 22. Cl8:3 (cis-6,9,12) 

rule will save $900 million to $1.8 billion per year 4. CI0:0 23. C20:1 (cis-ll) 
5. Cll :0 24. C18:3 (cis-9,12,15)in medical costs and lost productivity. The mone­ 6. C12:0 25. C21:0 

tar y savings will far more than offset the FDA-esti­ 7. C13:0 26. C20:2 (cis-ll,14) 
8. C14:0 27. C22:0mat ed $140-250 mill ion in on e-time costs of 9. C14:1 (cis-9) 28. C20:3 (cis-8,11,14) 

determ in ing amounts of tran s fats, revising 10. C15:0 29. C22:1 (cis-B) 

Nutrition Facts panels, and voluntari ly reducing 
amo unts of trans fats' that the food industry will 
incur to comply with the rule. 

The highly polar Rt-2560 biscyanopropyl stat ion­
ary phase has the selectivity needed for resolving 
cis and trans FAME isomers to com ply with the 
FDA guidelines. Individual cis and trans isomers 
are resolved on a 100-meter Rt-2560 GC column 
(cat.# 13199), making this the column of choice 
for analyzing par tially hydrogenated fats. The trans 

J7 

isomers elute before the cis isomers (Figure 1), a 
reverse of the elution order on Carbowax's-based 
phases such as FAMEWAX™ or Rtx®-Wax. AOAC 
method 996.062 specifies the determination of '-"------''--- - ­

total fat content based on the fatty acid conte nt 

21

21

30. C20:3 (cis-ll,14,17) 
31. C20:4 (cis-5,8,11,14) 
32. C23:0
33. C22:2 (cis-13,16) 
34. C24:0 
35. C20:5 (cis-5,8,11,14,17) 
36. C24:1 (cis-15) 
37. C22:6 (cis-4,7,10,13,16,19) 

18 

" 

131415111 920 22 31 

11. Cl5:1(cis-l0) 

1324262f301" 36 

12 

9
10 11 

12. Cl6:0 
13. Cl6:1 (cis-9) 
14. Cl7:0 
15. Cl7:1 (cis-l0) 
16. C18:0 
17. Cl8:1 (trans·9) 
18. Cl8:1 (cis-9) 

1510 20 25 30 35 40 45 

after conversion of the fatty acids to the methyl GCJF00649 

Rt-2560, 100m, 0.25mm 10, 0.2IJm(cat.# 13199) 
Sample: Food Industry FAMEMix (cat.# 35077), 

esters, and is the accepted analytical meth od for 
determining total fat con tent for nu tr itional label­ 30mg/ mL total FAMEs in methylene chloride 
ing. A 100-m eter Rt-2560 column meets th e Inj.: 2.01JLsplit (split ratio 200:1), 4mminlet liner (cat.# 20814) 

Inj. temp.: 225°C 
requi rement s of this pro cedur e, and also allows Carrier gas: hydrogen, constant flow 

Flow rate: 1.2mL/ min.quantification of the total trans fat content. 
Oven temp.: 100°C(4 min. hold) 

to 240°C@ 3°C/min. (10min. hold)
To calibrate the GC system for these assays, we rec­ Det.: FlO @ 250°C 

om mend a carefully formulated FA1\t1E mixture, 
such as our 37-com ponent Food Industry FA1\t1E 

ReferencesMix (cat.# 35077, Figure 1) or our 28-componen t 
1http:/ / www.cfsan.fda.gov/ - dms/qatrans2.html# s5q1 

NLEA FA1\t1E Mix (cat.# 35078). Each of these ' Official Methodsof Analysis,17th edition, AOAC 1nternational, 2000. 
mixes includes a gravime tric certificate of analysis 
to help ensure accura te quantification. To ensure 
correct ident ification s of individual C18:1 cis or 

~.- . ­trans isom ers, use our cis/trans FAME Mix (cat.# 
35079), as shown in Figure 1. free literature 
An Rt-2560 colum n is the colum n of choice when HighResolutionAnalyses of Fatty Acid Methyl Esters (FAMEs)
 

determini ng trans fat content and total fat content by Gas Chromatography
 

in food products. Whatever your fatty acid analy­
 lit. cat.# 59584A 
sis requirements, Restek can provide the consis­ Free on request from Restek, or from your Restek distributor. 
tent -performance analytical columns and refer­
ence materials that will help you to accurately 
characterize your materials. 
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Cnmpound excellent resolution 
l. Cl8:0 of cis & trans isomers 
2. Cl8:1(trans-6) 
3. C18:1 (trans-9) 
4. C18:1 (trans-U ) 

45. C18:1 (cis-6) 
6. C18:1 (cis-9) 3 
7. C18:1 (cis-U)
 
8.Cl8:2 (cis-9,12)
 

35 36 37 38 39 40 

Rt-2560, 100m, 0.25mm !D, O.2iJm (cat.# 13199) 
Sample: cis/trans FAMEMix (cat.# 35079), 10mg/ mLtotal FAM Es in methylene chloride 
Ini.: l.OJ.A split (split ratio 20:1), 4mm inlet liner (cat.# 20814) 
Inj. temp.: 225'C 
Ca rriergas: hyd rog en, constan t flow 
Flow rate: l.2mL/min. 
Oven temp.: 100'C (4min. hold)to240'C @ 3' C/min. (10 min. hold) 
Del.: F!D @ 250'C 

Rt-2560 column (fused silica) 
(biscyanopropyl polysiloxane)
 

ID df (um) temp. limits length cat. #
 
0.25mm 0.20 20to 250'C 100-Meter 13199
 

FoodIndustry FAME Mix (37 components) 

30mg/mLtotal in methylene chloride, I mL/ ampul 
cat.# 35077 (ea.) 

NLEA FAME Mix (28 components) 

30mg/mLtotal in methylene chloride, l rnt/ ampul 
cat. # 35078 (ea.) 

cis/trans FAME Mix (8 components)
 
10mg/ mLtotal in methylenechloride, ImLlampul
 

cat.# 35079 ea.
 

Foranalysis of NLEA FAMEMix on an Rt-2560 column, 
pleaserefer to our 2006catalog or visit our website. 

GenuineRestek Replacement Parts for Shimadzu HPLC Systems 
8y 8eckyWittrig, Ph.D., HPLC Product Marketing Manager 

• Keep your Shimadzu HPLC systems in top condition! 

• All parts designed to meet or exceed original equ ipment perfo rmance. 

• New items constantly being added - check our websi te for our comp lete HPLC product offe ring. 

Restek Replacement Parts for Shimadzu HPLC Systems 
Similar to
 

Description Model # Shimadzupart # qty. cal#
 
Inlet Check Valve LC-M , LC-lOAS 228-12353-91 ea. 25287
 
I nlet Check Valve LC-600, LC-9A, LC-lOAD 228-18522-91 ea. 25295 

~Je t Check Valve new ! LC-I0ADvp 228-39093-92 ea. 24984 
Outlet Check Valve LC-M , LC-lOAS 228-09054-93 ea. 25288 
Outlet Check Valve Rebuild Kit LC-6A, LC-I0AS 228-11200-91 2-pk. 25289 

_Outlet CheckValve LC-600, LC-9A, LC-lOAD 228-18522-92 ea. 25282 
Outlet Check Valve new ! LC-I 0ADvp, LC-lOATvp 228-34976-91 ea. 24983 
Plunger Seal LC-M 228-11999-00 ea. 25285 
PlungerSeal , Polyethylene LC-I 0AS 228-21975-00 ea. 25290 
Plunger Seal LC-600, LC-9A, LC-I 0AD 228-18745-00 ea. 25293 
Plunger Seal new ! LC-I0ADvp 228-35146-00 ea. 24980 
Plunger Seal, Gold new ! LC-I 0ADvp 228-32628-00 ea. 24981 
Plunger Sea l new ! SIL-I0ADvp, LC-I 0ATvp 228-35145-00 ea. 24985 
Plunger Rinse Seal LC-I 0AS 228-28499-00 ea. 25292 
Sapphire Plunger LC-6A 228-12904-93 ea. 25286 
Sapphire Plunger LC-lOAS 228-17019-93 ea. 25291 
Sapphire Plunger LC-600, LC-9A, LC-I 0AD 228-18523-91 ea. 25294 
Needle Seal SIL-I0A, 10XL, 10ADvp 228-33355-04 ea. 25468 
Rotor Seal new ! SIL-I0ADvp 228-21217-97 ea. 24986 
Rotor Seal Assembly SIL-lOA, lOAXL 228-21217-91 ea. 25469 
Stator Assembly SIL-IDA,10AXL 228-21220-91 ea. 25470 
Syringe, 500fJL SIL-I DA, 10AXL 228-25237-04 ea. 25471 
Plunger Assembly, Ceramic LC-I 0ADvp 228-35601-91 ea. 25472 
Plunger Assembly, Ceramic LC-I0ATvp 228-35009-92 ea. 25473 
Plunger Assembly, Sapphire new ! LC-I 0ADvp 228-35601-92 ea. 24982 
Deuterium Lamp SPD-M 062-65056-02 ea. 25283 
DeuteriumLamp SPD-I 0A, 10AV 228-34016-02 ea. 25284 
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COOL OOLsl
• 

Restek Innovations Save You Time and Money 

FlO Jet Removal Tool for Agilent 5890/6890/6850 FIOs 
• Securely grips jet in socket for easy removal or installation. 
• Unique, ergonomic handle- easy to hold. 

restek 
innovation! 

Slip tool over FIDjet... loosen jet... and remove. 

Description qty. 

FID Jet Removal Tool for Agilent5890/6890/6850 FIDs ea. 

Septum Nut Removal Tool for Agilent 5890/6890/6850 GCs
restek • Easily remove the septum nut withou t touching the heated nut- no more burn ed fingers! 
innovation! • Unique, ergonomic handle- easy to grip. 

cat.# 
22328 

and remove, avoidi ng 
hot metal surfaces. 

qty. 
ea. 

Slip tool over loosen nut ... 
sept um nut ... 

Description 
SeptumNutRemovalTool for Agilent5890/6890/6850 GCs 

Septum nut remains in 
tool until reinstalled. 

cat.# 
24918 

Spanner Wrench for Agilent 5890/6890/6850 FlO Collector Assembly 
• Easily remove the nut from the FID collector without damaging the nut. 
• Unique, ergonomic handle-easy to grip. 

restek 
innovation! 

Remove FlO ignito r cast le. Easily loosen nut by 
aligning two pins on 

bottom of wre nch wit h 
two open slots on nut... 

Replaces 

turn cou nterclockwise... and remove, 

Description Agilentpart# qty. cat.# 
Spa nner Wrench for Agilent 5890/ 6890/ 6850 FID 
Collector Assembly 19231-00130 ea. 22329 
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Headspace Vials;
 

Hand-held, Rechargeable, Crimpers and Decappers
 
By Donna Lidgett, GC Accessories Product Marketing Manager 

Headspace Autosampler Vials 

Description 10o-pk. 100o-pk. 

6mLClear Via l 21166 21167 

lOmL Clear Via l, Flat Bottom 24683 24684 

10mL ClearVial, Rounded Bottom 21164 21165 

20mL Clear Vial, Flat Bottom 24685 24686 

20mLClear Vial, Rounded Bottom 21162 21163 

27mLClear Vial 21160 21161 

20mm Aluminum Seals w/Septa, Assembled 

Description 100-pk. 1000-pk. 

Silver Seal w/ PTFE/Gray Butyl Rubber 21761 21762 

Silver Seal w/ PTFE/Silicone 21763 21764 

Pressure ReleaseSilver Seal w/ PTFE/ Gray Butyl Rubber Septum 21765 21766 

Pressure Release SilverSeal w/ PTFE/ Silicone Septum 21767 21768 

Hand -held Rechargeable Crimpers and Decappers 
• Easy to use; comfortable grip. 
• Hundreds of operations from one charge. 
• Adjustab le crimping force. 

Powered by a standard Black & Decker Versapake battery, these electronic tools for 11mm or 20m m caps 
will cycle hundreds of times on a single charge. Th e cycle is controlled prec isely, through an inte rna l 
counter, and is adjusted with two bu tton s on the side of the case. The tools fit com fortably in the hand 
and weigh approxima tely 600 grams.The jaws can be position ed easily around closely-spaced vials in stan­
dard autosampler tr ays. Each kit includes the tool, a Versapak®Gold rechargeable battery, which uses envi­
ronmentally friend ly NiMH technology, and a charger. Recharging gene rally takes 6-9 hours. 

Decapping has never been easier! 

one... 

new! 

The Electronic Crimper fit s 
arou nd vials in sta nda rd 
autosam ple r t rays. The 
adjustable setting pro ­
vides a precision crim p, 

viaI after v iaI. 

three! 

Description qty. cal# 
11mm Electronic Crimper (110 volt battery charger) kit 22853 
11mm Electronic Crimper (220volt European battery charger) kit 22853·EUR 
11mm Electronic Crimper (220 volt UK battery charger) kit 22853-UK 
11mm Electronic Decapper (110voltbattery charger) kit 22854 
11mm Electronic Decapper (220voltEuropean battery charger) kit 22854·EUR 
11mmElectronic Decapper (220 volt UKbattery cha rger) kit 22854·UK 
20mm Electronic Crimper (110 volt battery cha rger) kit 22851 
20mm Electronic Crimper (220 volt European battery charger) kit 2285HUR 
20mm Electronic Crimper (220 volt UKbattery cha rger) kit 22851·UK 
20mm El ectronic Decapper (110volt battery charger) kit 22852 
20mmElectronic Decapper (220 volt European battery charger) kit 22852·EUR 
20mm Electronic Decapper (220volt UKbattery charger) kit 22852·UK 

2006 vol. 1 • 19 • 

19

19  (of 24) 2006.1



handy septum 
size chart 

Septum 
Diameter 

Instrument (mm) 
Ag ilent (HPJ 

5880A, 5890, 6890, 
6850, PTV 11 
5700,5880 9.5/10 
On-Column Injection 

CE Instruments (TMQJ
 
TRACE ~ GC 17
 

Finnigan (TMQJ 
GC 9001 9.5 
GCQ 9.5 
GCQ w/TRACF", PTV 17 
QCQ~ 9.5 
TRACF" 2000 9.5 

Fisons/carlo Erba(IMQ)_
 
8000 series E_
 

Gow-Mac
 
6890 series 11
 
All othermodels 9.5
 

PerkinElmer
 
Sigma series 11
 
900,990 11
 
8000 series 11
 
Auto SYS'" 11
 
Auto SYS~ XL 11 

Pye/Unicam 
All models 

Shimadzu 
Allmodels Plug 

SRl 
Allmodels Plu 

Tracor 
540 11.5 
550,560 9.5 
llQ,222 12.5 

Varian 
Injector type: 
Packedcolumn 9.5/10 
Splitlsplitless 
1078/1079 1O1ll 
1177 9 
1075/1077 11 

did you know ? 
Restek's newThermolite'" 
andIceBlue'" septa are now 
precision molded to ensure 
consistent, accurate fit. 
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Peak Performers 
Avoid Septum Problems 

ByDonna Lidgett, GC Accessories Product Marketing Manager 

• Handle septa carefully, to prevent contamination. 

• Use low-bleed septa. 

Septum Handling 
All septa, regardless of their composition, puncturability, or resistance to thermal degradation , will be a 
source of problems if they are misha ndled. Always use clean forceps or wear clean cotto n gloves when 
handl ing septa; do not handle them with bare fingers, nor with powdered latex gloves-contaminants 
such as finger oils, perfum es, make-up , fingernai l polish, skin creams, hand soaps, and talcum can be 
absorbed into th e septum and will bleed from the septum during your analyses. 

Also, follow septum and instru ment manu facturers' recommendations when installing a septum. 
Overt ightening a septum nut invariably will redu ce septum lifetime by increasing septum coring and 
splitting problems. 

Septum Bleed 
All septa contain vario us amo un ts of volatile materials (e.g., silicone oils, phthalates) that can be released 
when the septum is heated to analysis temp eratures. Septum bleed occurs when these volatiles from the 
septum collect on the column, then elute from the column and create baseline disturbances or extrane ­
ous (ghost) peaks in the chro matogra m. This problem is prevalent in temp erature-p rogrammed analy­
ses, because the septum volatiles collect on the column during th e oven cool-down and initial hold peri ­
ods. Capillary colum ns require much lower gas flow rates than packed columns, therefore septum 
volatiles are more concen tra ted, and bleed problems are more pronou nced in capillary GC systems. 

Why are Low-Bleed Septa Important? 
Either baseline rise or extra neous peaks caused by septum bleed can interfere with identification and 
quantification of target analytes. And, because septum bleed is inconsistent, meth od reproducibility can 
be a problem. Using low-bleed septa can minimize these effects and help produce more reliable results. 

Why Does Septum Puncturability Matter? 
A septum that can be penetrated cleanly and easily by a syringe needle has a longer life, and consistent 
injections made through such a septum help ensure accurate results. The soft silicone rubb er from which 
all Restek septa are manufactured is specially formulated for chromatographic perform ance, which 
ensures our septa are easy to puncture. 

What Septum Configurations are Available, and for Which GCs? 
Restek has fashioned septa for all major brand s of gas chromatographs and injectors . Use th e septum size 
chart to determine the septum diameter for your instrument or, contact us. 

Which Septa Should I Use? 
Therrnolitee septa are a proven low-bleed champion . With a maximum temperature of 340°C, there are 
very few applications for which Thermolitev septa are not suitable. 

Icelslue!" septa are ideal for analysts using inlet temp eratures of 250°C or below, or using solid phase 
microextracti on (SPME) sampling techniques. Iceblue?' septa will accommodate punctur ing from the 
large needles used in SPME, and still assure consistent injectio ns and lon g lifetime. 

BTO®septa are bleed and temperature opt imized with a maximum tempera ture of 400°C, for the most 
demanding GC and GC/MS app lication s. They retain remarkable softness and pierceability at high tem ­
peratures. The Centerfluide?" can help reduce coring when used with tapered (rounded-tip) needles. 
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Restek Septa 
• Precision molding assures consistent , accurate fit. 
• Ready to use. 

Do not adhere to hot metal surfaces. 
Packaged in non-contaminating glass jars. 

SeptumDiameter 
I hermolite" septa 
5mmCf,,") 

7mm 
8mm 
9mm 
9.5mm CI,") 
lOmm 
11mm (,..:'/~M '.L') 

11.5m m 

12.5mm eN ) 

17mm 
5hima dzu Plug 
IceBlue ~ Septa 

9mm 
9.5mmCI,") 
10mm 

11.5mm 

17mm 
12.5mm ('N) 

11mm {'1M") Centerfiuide! 

9mmCentertluide" 
9.5mm (,':..1::.",")'­

10mm 

11.5mm CenterGuide™ 
12.5mm ('N) Ce nterGuide™ 

6mm e/.") 

BTO ~ Septa new! 
5mm CenterGuide™ 

Shimadzu Plug 

25-pk. 

27120 
27123 

27126 
27129 

27132 
27135 
27138 
27141 
27144 
27147 

-=:"::":'=­

-=.:-=~ 

27150 
27153 

50-pk. 

27121 
27124 

27127 

27130 
27133 
27136 
27139 
27142 
27145 
27148 

-=':'::':':: 
.....:=_=...::=___ 

27151 
27154 

27156 
27158 
27160 
27162 

27164 

27168 
27166 

27112 
27114 

27110 

27106 

27108 

27102 
27104 

27100 

27170 

--=-'-=:..­

_ 

100-pk. 

27122 
27125 

27128 
27131 

27134 
27137 
27140 

27146 
27149 

27143 

_==_'_=_­ -

27152 
27155 

27157 
27159 
27161 
27163 
27165 

27169 
27167 

27113 
27115 

27111 

27107 
27109 

27171 

27103 
27101 

27105 

- - - -

_ 

Thermollte" septa 

• Usableto 340°Cinlet 
tempe rature. 

• Excellent puncturability. 

IceBlue~ septa 
• Usable to 250°Cinlet 
temperature. 

• General-purpose septa. 

• Excellent puncturability. 

• Ideal for SPME. 

•CenterGui de'" design­
requires less force for initial 
penetration. 

•Usable to 400°Cinlet 
temperature. 

• EachbatchGC-FID tested. 

BTO ~ Septa 

17mm Centertiuide" 27116 27117 • Bleed and temperature opti­
Shimadzu Plug 27118 27119 mized; ideal for demanding 

GCand GC/MSapplications. 

Septum Puller 

• Keep several on hand in your laboratory-can be used in many different ways. ~:::~~~:;::J:~iiliiiiliiilil"'__ 
• Use hooked end for removing septa and O-rings; pointed end for removing stuck ferrules or fragments. 

Description qty. cat # 
Septum Puller ea. 20117 

Merlin Microseal™ Septa 
Allow operation from 2 to 100psi (400 Series) or 2 to 30psi (300 Series).
 
Top wiper rib improves resistance to particulate contamination; can be taken apart for cleaning .
 
High resistance to wear-greatly reduces shedding of septum particles into the injection port liner,
 
eliminating a major source of septum bleed and ghost peaks.
 
Longer life-reduces the risk of septum leaks during extended automated runs .
 

• Maximum temperature-Agilent 6890, 5890 Series II: 325°C; Agilent 5890A: 300°C. 

Microseal'" High-PressureSepta, 400 Series (100psQ Merlin# Similar to Aj)"'i1e cat# _"'n.:ct#'-----__--=-'----­
Standard kit (nut, 2 septa) 404 Not offered 22810 
Starter kit (nut, 1 septum) 405 5182-3442 22811 
Nut kit (1nut, fits 300& 400 seriessepta) 403 5182-3445 22809 
High-pressure replacement septum(1septum) 410 5182-3444 22812 

Microseal'" Septa, 300Series (30pSi), ---,-:-:- -::c~_c:_:__:_c_-------::-::::-:--------

Standard kit (nut, 2 septa) 304 5181-8833 22813 
Starter kit (nut, 1 septum) 
Microsea l replacement septum(1 septum) 

Replacement PTFEwashers (2-pk.) 

305 
310 

311 

5181-8816 22814 

22808 

22815 

2006 vol. 1 • 2 1 • 

21

21  (of 24) 2006.1



Click-On Inline Super-Clean™ Traps 
by Donna Lidgett, GC Accessories Product Marketing Manager 

Click-On Inline Super-Clean'Ylraps 
• High-purity output ensures 99.9999% pure gas. 
• Click-On fittings for easy, leak-tight cart ridge changes; available in brass or stainless steel, 'I:' or 'j,". 

Helium -Specific Triple Trap is ideal for GC/MS. 

Using the same features and benefits as Super-Clean" base-plates and filters (see our 2006 catalog), 
Click-On lnlin e Super-Clean" adaptor connectors allow cartridges to be exchanged without introducing 
air. Spr ing-loaded check valves seal when a filter is removed and open only when a new filter has been 
locked in place. There is no longer a need for loosening and tightening fittings every time a trap is 
changed, and your system will not becom e contaminated during the process. 

The Triple Trap is ideal for puri fying carr ier gas- it conta ins oxygen, moisture, and hydrocarbon scrub­
bers in one cartridge. 

The Fuel Gas Trap is ideal for puri fying flame ionization detector (FlD) fuel gases, removing both mois­please note 
ture and hydrocarbons. 

Super-Clean" traps are 
recommended for purifying The Helium- Specific Triple Trap is ideal for pur ifying helium in GC/MS systems. This trap is packed and 
non corrosive gaseswith low purged under helium and conta ins oxygen, moisture, and hydrocarbon scrubbers in one cartr idge. 
concentrationsof contaminants. 
For oxygen traps, the maximum Trap replacement depends on the quality of the incoming gas. Use the doub le connector and install an 
concentration of oxygen in the indicatin g cartridge after the trap to indicate when a trap should be replaced. 
incoming gas stream is 0.5%. 

Gas Estimated 
Filter Quality Maximum Maximum Use Capacity Ufetime 
Type at Outlet Pressure Flow(Umin.) For H,O(g) 0, (mL) Hydrocarbons (g) (Years) 

Moisture > 99.9999 11bar 25 Inert carrier gas, 21 NA NA >3 
cat.# 22467 160psi helium, air, H, 

Oxygen > 99.9999 11bar 25 Inert ca rrier NA 3000 NA > 3 
cat.#22468 160psi gas 

Hydrocarbon > 99.9999 11bar 25 Inert carrier gas, NA NA 36' >3 
cat.#22466 160psi helium) air) H2 

Fuel Gas' > 99.9999 11bar 25 Inert carriergas, 10 NA 18' > 2 
cat.# 22465 160psi helium, air, Hz 

Triple' > 99.9999 11bar 25 Inertcarrier 1000 12' >2 
cat.# 22464 160psi gas 

'Removes hydrocarbons, moisture.
 
'Removes hydrocarbons, moisture,oxygen.
 
'As n-butane.
 

Click-On Inline Super-Clean'<Trap and Connector Kits 

Description qty. cat.# 
Carrier Gas Purification Kit, 1/," Stainless Steel 
I ncludes (2) 'f," SS connectors and (1) oxygen/ moisture/ hydrocarbon triple trap kit 22456 
Carrier Gas Purification Kit,1/," Brass 
I ncludes (2)1/," brass connectorsand (1) oxygen/ moisture/ hydrocarbon triple trap kit 22457 
Ca rrier Gas Purification Kit, It." Stainless Steel 
Includes(2) It." SS connectors and (1) oxygen/ moisture/ hydrocarbon triple trap kit 22458 
Carrier Gas Purification Kit, 'f," Brass 
I ncludes (2)1/," brass connectors and (1) oxygen/ moisture/hydrocarbontriple trap kit 22459 
Fuel Gas Purification Kit, 1/," Stainless Steel 
Includes (4)1/ ," SS connectors and(2)hydrocarbon/moisture traps kit 22460 
Fuel Gas Purification Kit, '/," Brass 
Includes (4) lis"brassconnectors and(2) hydrocarbon/moisture traps kit 22461 
Fuel Gas Purification Kit, If,' ' Stainless Steel 
Includes (4)1/." SS connectors and (2) hydrocarbon/ moisture traps kit 22462 
Fuel Gas Purification Kit, '/ ," Brass 
Includes (4) If," brass connectors and(2) hydrocarbon/moisture traps kit 22463 

2006 vol. 1 
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Click-On Inline Super-Clean' Replacement Traps 

Description 
Click-On Super-Clean™ TripleTrap 
(removesoxygen, moisture andhydrocarbons) 
Click-On Super-Clea n™ Fuel GasTrap 
(removes moisture and hydrocarbons) 

qty. 

ea. 

ea. 

cat.# 

22464 

2246S 

Click-On Inline Super-Clean' Ultra-High Capacity Traps 
Description 
Ultra-High Capacity HydrocarbonTrap 

Ultra-High Ca pacity MoistureTrap 
Ultra-HighCapacity OxygenTrap 

qty. 

ea. 

ea. 
ea. 

cat.# 
22466 

22467 

22468 

Helium-Specific Click-On Inline Super-Clean' Trap Kits 

Description qty. cat.# 

Kits 
Helium-Specific Carrier Gas CleaningKit, 'Is" Stainless Steel 
Includes (2) '/ ." SS connectors and (1)oxygen/moisture/hydrocarbon 
Helium-SpecificTripleTrap kit 22469 
Helium-Specific Carrier Gas Cleaning Kit, '/ ." Brass 
Includes (2) '/." brass connectors and (1) oxygen/ moisture/ hydrocarbon 
Helium-SpecificTripleTrap kit 22470 did you know? 
Helium-Specii ic Carrier Gas Cleaning Kit, ,;." Stainless Steel 
Includes(2) ,;." SS connectors and (1) oxygen/moisture/hydrocarbon The Helium-Specific Click-On 
Helium-SpecificTrip leTrap kit 22471 I nline Super-CleanTM Trap is 
Helium-Specific Carrier GasCleaning Kit, ';." Brass designed specifically for 
Includes (2) ,;." brass connectors and (1)oxygen/moisture/ hydroca rbon purification of helium in 
Helium-SpecificTripleTrap kit 22472 

GC/MSsystems! 
Replacement Trap 
Helium-SpecificTripleTrap 
(removes oxygen, moisture and hydrocarbons) ea. 22473 

Click-On Inline Super-Clean' Indicator 
• Color changes: oxygen-g reen to grey; moisture-beige to clear 

Description qty, cat.# 
Click-OnInline Super-Ciean™ I ndicator Install an indicator after the 

(oxygen, moisture plus adsorbents and hydrocarbons) ea. 22474 Click-Oninline trap so there is 
no confusionabout when to 
replace the trap. 

Click-On Inline Super-Clean' Connectors 
Description qty, cat.# 
' f," Brass Click-OnI nlineSuper-Clean! Connectors 2-pk. 22475 
'/. " StainlessSteel Click-On Inline Super-Clean! Connectors 2-pk. 22476 
'/." Brass Click-On Inline Super-Clean"? Connectors 2-pk. 22477 
';." Stainless Steel Click-On Inline Super-Clean' Connectors 2-pk. 22478 

Click-On Inline Super-Clean' Double Connector 
Description qty. cat# 
Click-On InlineSuper-Clean' Double Connector,stainlesssteel 
(connects trapand indicator) ea. 22479 

Wall-Mounting Clamps for Click-On Inline Super-Clean'<Traps 
Description qty' cat.# 
Wall -Mounting Clamps for Click-OnI nline Super-Cleant'<Iraps 4-pk. 22480 

Replacement O-Rings for Click-On Inline Connectors 
Description 

Re placement a-Rings for Click-On Connectors 

qty, 

10-pk. 
cat.# 
22481 
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for more info 
Analyses of acidic/ neutral 
and basic drugs on Rxi'"-5ms 

columns are described on 

pages 8-9 of this Advantage. 

Figure 3 Three manufacturing batches of Rxi" columns show excellent reproducibi lity. 

New Rxr Fused Silica Columns Con tinued from page 3. 

Totally Reliable Column-to-Column Performance 
Chromatographers need to know every column they receive is going to perform in the same way as the 
column it replaces. RxiH 1 column technology has enabled us to tighten our quality control standards, and 
guarantee reproducibility. Columns from each of three manu facturing batches show the excellent repro­
ducibility assured by the new manufacturing process. 

Typical Applications 

Alcohols, amines,aromatic 
hydrocarbons, bile acids, 
drugs, EPA Methods, esters, 
fattyacid methylesters 
(FAMEs), flavors andaromas, 
glycerides, halogenated 
hydrocarbons, herbicides, 
hydrocarbons, organicacids, 
oxygenates, polynuclear 
aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls 
(PCBs), pesticides, phenols, 
polymers,solvents, steroids, 
sugars, sulfur compounds 

3 4 Totally Reliable Column-to-Column Performance 
1 8 

GCEVOOS19 

Guaranteed Quality and Reliability 
Rxi" columns are already proving to be the best columns on the market, for inertness, ultr a-low bleed, 
and column-to -column uniformity. It is our promise and commitment to you that every Rxi" column 
you receive will be exactly as good as the one it replaces. 

Rxi'M-5ms Columns (fused silica) new! 
(Crossbond" 5%diphenyl / 95% dimethyl polysiloxane) 

Nonpolar 5% dimethyl 195% dimethylpolysiloxane phase, equivalent to USP Phase G27.
 
Operating temperature range: -60 to 330/350 "C.
 
Most widely used general purpose column.
 

ID df(um) temp. limits lS-Meter 30-Meter 

0.25mm 0.25 -60to 330/350°C 13420 13423 

0.50 -60to 330/350°C 13435 13438 

l.00 -60 to 330/350°C 13450 13453
 
0.32mm 0.25 -60to 330/350°C 13421 13424
 

0.50 -60to 330/350°C 13436 13439 

1.00 -60to 330/350°C 13451 13454 

For other dimensions, and additional information about Rxi" columns, pleasevisit our website: www.restek.com/rxi 
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