JOURNAL OF CHROMATOGRAPHY 4161

-METHYIL-5-(2>-METHOXYETHYL)-TETRAZOLE—A STATIONARY
PHASE FOR GAS-LIQUID PARTITION CHROMATOGRAPHY
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(Received September 27th, 1960)

Recents. studies in gas-liquid partition chromatographic separations of hydro-
carbon pyrolysis and photolysis products? have pointed out the versatility of r-methyl-
5-~(2z-methoxyethyl)-tetrazole as a stationary phase. Columns with 2025 wt.'% of
the tetrazole derivative on 30/60 mesh ‘‘Chromosorb’” (Johns-Manville Products)
have been used over the temperature range of —196° to + 80°. Temperature pro-
gramming of the columns between these limits permits the effective separation of
mixtures. of hydrogen, nitrogen, carbon monoxide, and many of the C, to C, acyclic
and cyclic-alkanes, alkenes, alkadienes and the lower molecular weight aromatic hydro-
carbons:in one operation. Of special interest in the studies was the gas—liquid partition
chromatography(GLPC) of mixtures containingbenzene,b.p.80.1°; 1,3-cyclohexadiene,
b.p.. 80.5°; cyclohexene, b.p. 83.3°; and cyclohexane, b.p. 80.7°. The chromatogram of
a synthetic approximately equimolar mixture of these compounds on the “‘tetrazole”
column is presented in Fig. 1. For comparison, Fig. 2 shows the chromatogram of the
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Fig.. 1. Gas chromatogram of mixture A: consisting of (a) cyclohexane, (b) cyclohexene, .(c) 1,3~
cyclohexadieneand (d) benzene. Column T 3: 3/16 in. X 12 ft., 259%, 1-methyl-5-(2-methoxyethyl)-
tetrazole on 20—40 mesh C 22 brick.

same: mixture on a Squalane—‘‘Pelletex’’ (Godfrey-Cabot Corp., Pampa, Texas) column.
No separation occurs on the absorbent type column. The superiority of this new GLPC
column for these separations is clearly evident.
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It fis motewortlhy that, om the tetrazole columm, the compeonents of the mixture
e separated in order of their imcreasing umsaturation and essentially in reverse order
off tlvedir Boilimg poimts. Swch a behavier indicates: complexing of the unsaturated
wompommds: witth: the stationary phase throwgh wealk sw bond formation, dipole—dipole
iimmeratioms: or comibbinations of these. A similar explanation has been advanced by
[LasWeER, ZAms AND PANTAazorLos® for the effectiveness: of tetrahalophthalate esters

TIIRE,, MINUTES
5] am - ) a

—

&p 85 2 8m
-

32

os et

a5 statiemary plhases in the separation of aromatic compounds. Supporting evidence
florr s explamation was found im the infrared spectra of equimelar mixtures of
m-metivl-5-(z-methosyethyl)-tetrazole with bemzene, 1,3-cvclohexadiene and cy-
clioflreweme,, respectively.. Shifts im the absorptiom maxima awveraging 8 cm~—Y* to higher
weanve: mummmiers fior tie C-H outt of plane: bemdlimg vibrations in benzene at 675, 1812 and
meFHe am Y are evidemt. For 1,3-cydohesadiene and cyelohexene, absorption maxima
associaned with caribon-caribon donble bomd stretching frequencies at 1715 and 1695
o amd meFHe amt, respectivelly, are shifted 5-ro and 2-35 cm—?, respectively, to
Nower weawe mummibers.. Shifftss of the: magmitndes observed correspond roughly to energies
off 25 43, 204+ © and 10 &+ I calimole for benzene, r,3-cyclohexadiene and cy-
llofreseme, respectivelly,, Im mixtures with the tetrazole derivative. They are propor-
iomal] tve e met: diecrease im bond order resultimg: from disseciation of the olefin—olefin
ompleses amd fiormarion of the olefim—tetrazole complexes..

Smamman, HERIDGG AaxD GH-Av® have showm that retention wolumes using a
silliver miitratie-satmrated: glycool statiomanry phase increase with increasing asymmetry
off isomyemic ekefims and comdnde that,, for this system, complexing is of major impor-
wamae: bt that: the polarity of tihe stationary phase also plays a role in the separation
offl @lletfims: @f simmiliar Teilimg pomts. By amalogy with other 1,5-disubstituted tetrazoles
wihese: dijpele momemts range from 5.30 to 7.36 Debye umits?, r-methyl-5-(2-meth-
asyetihyd)-tetrazok: s andonbtediy stromglv polar. Confirmatery evidence is shown by
tite: nnmuswallly hhiigh: boilims poimt: (708 att T 4 pressure) for a compound of its low
malkecnliar weiglt (Ty3.177).

TiThse e temperatrmme Hmmit of tinis material asa stationary phase is about So-go°.
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Slight decomposition of the tetrazole occurs above this temperature and the chroma-
tographic baseline changes due to the elution of the decomposition products from
the column.

Most GLPC columns are quite ineffective when used below the freezing point of
the liquid stationary phase. Since the frozen stationary phase does mot retain tthe
sample, the column is almost completely inert. The utility of 1-methyl-5-(2-methoxy-
ethyl)-tetrazole as a stationary phase at very low temperature is ;perhaps due o its
ability to supercool markedly without crystallizing. Using pure material and seeding
asample at about —20°, crystallization can occasionally beinducedto occur. In;general,
however, samples will remain liquid although viscous at —50° and merely glasswhen
cooled to liquid nitrogen temperatures.

Elution times or retention volumes are not routinely measured in thisllaboratoery
since temperature programming is employed. No effort has been made to make ithe
temperature programming sufficiently linear or reproducible to use elution tempera-
tures since mass spectrometer and infrared identification are the preferred technignes.

Fig. 3 points out the separation for one C; and eight C4 cyclic.and:acydlic:alkanes,
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, alkenes, alkadicnes andbenzene
on 1-methyl-5-(2-methoxvethyl)-tetrazole.

A sample of high octane aviation gasoline has been analvzed and the chromato-
gram is shown in Fig. 4. No attempt was made to identify the individual components.

The initial use of the column was in the study of the pvrolysis .of cyclehexene.
The pyrolysis was investigated over the temperature range 420-535° to study the
mechanism and the energy of activation of the decomposition. The .amount «of decom-
position was determined by the complete product analysis of the sample. The de-
compositions were limited to a few per cent; therefore, mass spectrometer :analysis
of the total samples was difficult since the mass spectrum of cyclohexene overlapped
the mass spectra of most of the products. Although the absorption columns initially
used (Squalane on Pelletex) were able to separate all the products up ito the (C, range,
they failed in the separation of the C;, C5 and C, isomers.
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Fig:.. 4.. Gas: chromatogram of high octane aviation gasoline. Column T 3: 3/16 in. x 12 {t., 259,
r-methyl-5-(2-methoxyethyl)-tetrazole on 20-40 mesh C 22 brick.
The & ft.. 3/16: in.. column of 20 9% 1-methyl-5-(2-methoxyethyl)-tetrazole on ‘‘Chro-
moesorb’™ separated all the reaction products completely with the exception of a few of
the miner products. A chromatogram that has been run to show the products is

shown im Fig. 5.
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Figs. 5.. Gass chromatogram: of a partially pyrolyzed sample of cyclohexene on 1-methyl-5-(2-
methoxyethyl)-tetrazole.

 EXPERIMENTAL

Alipparatus and procedure

The: columns: have been: prepared in the standard manner by dissolving the
r-methyl-5-(2-methoxyethyl)-tetrazole in methylene chloride in contact with the
“Chromosorl’” and evaporating to dryness. The material was then loaded into copper
tubimg and wound inte a 2 in.. O.D. coil on a mandril. The apparatus and the tem-
perature: programming technique used have been previously outlined®. The method of
idemtification of the peaks by capturing the effluent gas of the column and subsequent
massspectrometeranalysis have also been discussed9.?. :
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Materials

1-Methyl-5-(2-methoxyethyl)-tetrazole. 5-{z-Methoxvethyvl)-tetrazole® (64 g, 0.5 mole)
was methylated in aqueous basic solution with dimethyvlsulfate at 30-30° following
a previously described procedure®. After completion of reaction, the solution was
cooled to 20° and extracted with four 50-ml portions of methyvlene chloride. The
methylene chloride solution was dried with magnesium sulfate and evaporated on a
steam bath leaving an oily product residue. Distillation of this residue gave 29.85 g
(42.0 %) of 2-methyl-5-(2-methoxyvethyl)-tetrazole, b.p. 60° a2 0.2 mm

Anal. calcd. for C;H,;,ON,: C,432.23:; H, 7.09; N\, 39.41
Found: C,42.13; H, 7.22; N, 3948
and 33.70 g {47.5 %) of 1-methyvl-5-(2-methoxyvethvl)-tetrazole, b.p. 70-So® at 1 1
(Hickman Molecular Still)
Anal. calcd. for C;H,,ON,: C,632.24: H, 7.09

N, 304
Found: C,3197;: H,689;: N, 39

-59, 39-77-
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SUMMARY

Data are presented to show the versatility of 1-methvl-5-(2-methoxyethylj-tetrazole
as a stationary phase for the gas-liquid partition chromatographic separations of
mixtures of hydrogen, nitrogen, carbon monoxide, C, to Cg cyclic and acvclic alkanes,
alkenes, alkadienes and benzene. Its complexing properties and strongly polar nature
assist markedly in the separation of a series of cvclic Ci-hyvdrocarbons of increasing
unsaturation having similar boiling points and other C; and Cg straight-chain com-
pounds. Previous clean separation of these compounds by gas chromatography has

not been reported.
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