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R’ecents- studies in gas-liquid partition chromatographic separations <of hydra- 
carbon! pyrolysis and photolysis’productsl have pointed out the versatility.of z-methy& 
37-(12~me~o~~~ethyl)-tetrazole as a stationary phase. Columns with zo-25 wt. ‘% (of 
tie, tetrazole derivative on 30/60 mesh “Chromosorb” (Johns-Manville Products~ 
have, been used over the temperature range of -196" to + So”. Temperature pro- 
gramming of the columns between these limits permits the effective separation of 
rnik?xres. of hydrogen, nitrogen, carbon monoxide, and many of the ‘C, to C, .acycZic 
andI cyckalkanes, alkenes, alkadienes and the lower molecular weight aromatic hycko- 
oa&ons:in one operation. Of special interest in the studies was the gas-liquid par&ion 
&omatography(GLPC) of mixtures containingbenzene, b.p. So.1’; 1,3-cyclohexadiene., 
b..p.. SO:~;” ;: cyclohesene, b-p. S3.3 O ; and cyclohesane, b.p. So.7”. The chromat’ograrn of 
a synzlietie appro-ximately equimolar misture of these compounds on the “ ‘tetrazole” 
cohunn is presented in Fig. I. For comparison, Fig. 3 shows the chromat~ogram of the 

Fig_. D.. Gas chromatogram of mixture A: consisting of (a) cyclohesane, (b) cyclohexene, .(c) x,.3- 
cyclbhexadiene and (d) benzene. Column T 3 : 3116 in. x IZ ft., OJO/~ I-methyl-g-(z-methoxyethyJ)- 

tetrazole on 1o-40 mesh C 22 brick. 

same:mkture on. a Squalane-‘ ‘Pelletes” (Godfrey-Cabot Corp., Pampa, Tesas) ~coIumn. 
Xo separation occurs on the absorbent type column. The superiority of this new NXPC 
cohxmn for these separations is clearly evident . 
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Slight decomposition of the tetrazole occurs above this temperature and &he chroma- 
tographic baseline changes due to the elution of the decomposit;ion products Tom 
the column. 

Most GLPC columns are quite ineffective when used below fhe freeiing @int (of 

the liquid stationary phase. Since the frozen stationary phase ,does Inot tretkin rtihe 
sample, the column is almost completely inert. The utility of I-met~l~l-~-(2-me-tiho~~ 
ethyl)-tetrazole as a stationary phase at very low temperature is perhaps (due tie iits 

ability to supercool markedly without crystallizing. Using pure matekid .and seeding 
a sample at about -ZOO, crystallization can occasionally be induced to occur. En~gene&l, 
however, samples will remain liquid although viscous at -50 o and ~merely~glass~~ihen 
cooled to liquid nitrogen temperatures. 

Elution times or retention volumes are not routinely measured iin Xhis lla%ora%o~: 
since temperature programming is employed. No effort has been ,made to make itihe 
temperature programming sufficiently linear or reproducible to ‘use lelution tkempem- 
tures since mass spectrometer and infrared identification are the preferred itechriiqnes. 

Fig. 3 points out the separation for one C, and eight C, cyclic.and.ac~ldlic;~~es, 
alkenes, alkadienes and benzene on an 8 ft. 3/.16 in. O.D. column. 
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Fig. 3. Separation of one C, and eight C, cyclic and acyclic alkanes, alkencs. akadicncs andibenzcne 
on I-methyl-g-(z-methosyethyl)-tetrazole. 

A sample of high octane aviation gasoline has been analyzed and tiekhromaxo- 
gram is shown in Fig. 4. No attempt was made to identify the indisddu~l~componen~s. 

The initial use of the column was in the study of the .pyrolysis ‘of cydlotiexene. 
The pyrolysis was investigated over the temperature range +zo-~~s” RO -_s%n6i~ tie 

mechanism and the energy of activation of the decomposition. The.amount ddeaom- 

position was determined by the complete product. analysis aof ithe samg’le. ‘illhe (de- 
compositions were limited to a few per cent; therefore, mass -speclxome$er xna!@is 

of the total samples was difficult since the mass spectrum of c_vclohesenelos?e~~~~ed 

the mass spectra of most of the products. Although the absorption cdlumns ki15aIil~ 
used (Squalane on Pelletes) were able to separate all the products iup ito tie (C, uxnge, 
they failed in the separation of the,&, C, and C, isomers. 
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Pi.&. 4.. Gas: diromatogram of high octane aviation gasoline. Column T 3: 3/16 in. x 12 ft., 25 O/” 
n-methyl+-(z-methosyethyl)-tctrazolc on ~0-40 mesh C 22 brick. 

The 8; ft.. 3:/n6 iti.. column of zo,% I-methyl-g-(z-methosyethyl)-tetrazole on “Chro- 
mnosonb~“’ separated alli the reaction products completely with the exception of a few of 
tie mikror products.. A chromatogram that has been run to show the products is 
slho4m ikll Kg.. 5.. 

IF*. 5. Gas oliromato,qram of a_ partially pyrolyzecl sample of cyclohesene on I -methyl-s-(2- 
methosyethyl) -tetrazole. 

l&e c&uxm.s; ba..e~ been prepared in the standard manner by dissolving the 
~-~~L~~~,~-metl~~_~yethy-tetrazole in methylene chloride in contact with the 
““Cli~~omoso~b’~ and. evaporating. to dryness. The material was then loaded into copper 
&r&&g an& wour& mto, a 12’ in.. 0;D. coil on a mandril. The apparatus and the tem- 
gK?lEUlnMre: grogi a.rnmhg technique used have been previously outlined6. The method of ’ 

iStm&iScatiet ofthe~peaks by capturing the effluent gas of the column and subsequent 
rnnzussspectrometeta.naLysis have al’s0 been. discussed~,‘. 
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r-Methyl-~-(2-9nethoxyethyl)-tet7rizole_ 5-(- ~-1\Iethos~etBnlrB~-rretHazoll~~ (64 g”, 0.5 mole) _ 
was methylated in aqueous basic solution with dimeth+mIfate at 30-40" following 

a previously described procedures_ After compka-ion of reaction, the solution was 
cooled to zoo and estracted with four 5o-nn9 portions of methylene chloride_ The 
methylene chloride solution was dried with magnesium sulfate and evaporated on a 
steam bath leaving an oily product residue. DistilBBaaion of this residue gave zg\-Sg g 
(la.0 %) of z-methyl-5-(n-methosyethyl)-tetrazole, b-p- ti’” at o-2 mm 

_-knal_ calcd. for CsH,oOX4: C, +zzq: H, ;;_aq; S, 39-41 
Found: C, 4.~13; H, 7-z; X;, 39.45 

and 33.70 g (47.5 %) of ~-methyl -3-(z-merhos~_elIh_\rl~-rterrazole, b.p_ po-%o” at I *~6 
(Hickman Molecular Still) 

-Anal_ calcd. for C5HzoOSo: C, q.z_q; H. 7-q; S, 39-q 
Found: C, +_cg; H, 6239; S, 39_59,39.77_ 

We are indebted to Prof, HASS B_ JOX~~SES, Tulane Uraiversity, New- Orleans, La_ 
for his encouragement and many valuable discussions. The interest and cooperation 
of Mr. E. M. BESS in the interpretation of chxoma@graphic data is gratefully acknow- 
ledged. Mr. Dos PERLICH aidedin carryin g out 58me of the early evaluation runs on 
the column material, and Mr. JOSEPH H. Joxxssos and 3Irs_ TELEX R. YOCSG carried 

out the mass spectrometer analyses_ 

Data are presented to show the versatility of I-methyl-S-(2-methosyerhylj-tetrazole 
as a stationary phase for the gas-liquid pam%ition chromatographic separations of 
mixtures of hydrogen, nitrogen, carbon monoskie, Ct ro C, cyclic and acyck alkanes, 
alkenes, alkadienes and benzene, Its complesing properties and strongly polar nature 
assist markedly in the separation of a series of cyclic C,-hydrocarbons of increasing 
unsaturation having similar boiling points and other G= and C, straight-chain com- 
pounds. Previous clean separation of these compounds by gas chromatography has 
not been reported. 
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