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ABSTRACT

A gas-liquid chromatographic separation
of some low molecular weight fluorocarbons
is described. The separation has been ef-
fected at 0°C with a partially fluorinated bu-
tylacrylate, CHZ=CHCOzCHz(CF2CFZ)3H
as the liquid phase. As an adjunct to GLC
separation, separations were also carried
out by GSC on a silica gel column under

programmed temperature conditions.
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I. INTRODUCTION

A liquid phase has been found which yields excellent results for the gas
chromatographic separation of certain low molecular weight fluorocarbons.
The efficacy of the material, GH2=CHC02CHZ(CFZCF2)3H is superior to
liquid phases previously reported in the literature and is somewhat difficult
to rationalize. As an adjunct to gas-liquid chromatography (GLC) separation,
separations were also carried out by gas-solid chromatography (GSC) on a

silica gel column,

Reed (7) evaluated several liquid phases for the GLC separation of some
fluorocarbons (C5 to C9). He concluded that fluorocarbon and chlorofluocarbon
media give better resolution of fluorocarbon mixtures than hydrocarbon media
after evaluating di(2-ethylhexyl) sebacate, Cl(CFZCFC1)3CFZCOOCZH5, Kel-F
No. 90 grease, perfluorokerosine, and perfluorotributylamine. Campbell

and Gudzinowicz (3) reported the separation of some C1 to G4 fluorocarbons

on No. 3 Kel-F oil columns of various lengths; one was augmented with a

short column containing diisodecylphthalate. Unfortunately, Kel-F oil did

not constitute a completely satisfactory liquid phase for fluorocarbon

separation.

II. EXPERIMENTAL
APPARATUS AND REAGENTS

The gas chromatographic apparatus consisted of a Beckman GC-2A gas
chromatograph to monitor the column effluent and a 20-foot coiled column
maintained at 0°. The column was constructed from 1/4 - inch o.d. copper
tubing and was packed with packing material consisting of 45- to 60-mesh
Chromosorb W and CH2=CHCOZCH2(CFZCF2)3H (courtesy of E.I. du Pont

de Nemours & Co., Wilmington, Delaware) in the weight ratio of 70 grams
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of Chromosorb W to 30 grams of the liquid substrate. The packing material
was prepared in the usual manner by dissolving CH2=CHC02CH2(CFZCFZ)3H

in ethyl ether. The carrier gas was helium, and the flow rate measured at
room temperature was 95 cc. per minute. For GSC, the apparatus was similar,
to that described by Greene et.al = (4). Silica gel (Davison Chemical Co.,
Division of W, R, Grace Corp., Baltimore, Md.) was ground to 50- to 80-mesh
and packed in a 10-foot, 1/4 - inch o.d. copper tube,

Fluorccarbons were obtained from various sources. CF4, C3F8 and a mixture

of cis- and trans- C4F8-Z were purchased from the Matheson Co., East

Rutherford, New Jersey. Cyclo-C41=‘8 (Freon-318) was purchased from E. 1.
du Pont de Nemours & Company, Wilmington, Delaware. C2F6, C2F4,
n--C3F6 and iso—C41=‘8 were obtained by the pyrolysis of cycbo-C4F8. Cyclo-
C3F6 was prepared by the photolysis of CZF4 using a low pressure mercury

arc (1).
PROCEDURE

The retention volumes of CF4, C3F8 and cyclo-C4F8 were obtained in the
usual manner from the pure samples. The retention volumes of cis- and
trans-C 4F8-2 were determined after the individual components of the mixture
had been identified by infrared spectrometry. The retention volume data for
C2F6’ C2F4, and n‘-C3F6 were obtained from the analysis of the pyrolysis
products of cyclo~C4F8 between the temperature interval of 400° to 1000°,

The cyclo-C4F8 was pyrolyzed by passing it through a 1/16-inch o.d. stainless
stell tube, 16 inches in length, at a flow rate of 1.0 cc. per minute. At 400°,

only two peaks were observed which correspond to the equilibrium (5)

cyclo-C4F8 "(i ZCZF4

At 650°, a single additional peak was generated and was identified as
n~C3F6 (2). Verification was obtained from the analysis of the pyrolysis
products of Teflon, heated at 650° (3, 6), which produced the identical peaks.

et - = T b w2



At 800°, cis- and trans- C4F8-Z and C3F8 were identified as was iao-C4F8
by the method described by Campbell and Gudzinowicz (3). Between 700°-800°,
the yield of CZF4 decreased sharply while the adjacent peak, which was

assigned to CZF6 (2), appeared and increased in size,
DISCUSSION

A gas-liquid chromatogram of a complex, gaseous, fluorocarbon mixture is
shown in Figure.l. Relative retention times are summarized in Table 1. The
individual components of cis- and trans- C4F8-Z mixture were identified by
infrared spectrometry. This cis form gave characteristic absorption bands
at 5.78, 7.42, 9.0, 10.5, and 13.83u, while the trans form gave absorption
bands at 7.74, 11.27, and 14.6p. Cyclo-C.F, and n-C_F, wer: not resolved.

376 376
The small peak which emerges immediately before n-C3F6 was assigned to

CZFZ; it is difficult to conceive of another assignment. The small peak preced-
ing iso-C4F8 is probably octafluoro-1-butene (C4F8-1).

A gas-solid chromatogram of a similar gas mixture is shown in Figure 2. The
temperature was programmed from room temperature to 180° and the separa-
tion was completed in 60 minutes. The cis and trans isomers of C4F8-Z

were not resolved, but n- and cyclo-C.?'F6 could be resolved.
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CF4

CZF6

C,F,

C3F8

C,F,

TABLE I

Relative Retention Times

cyclo-C4F8

C Fg-2:

C4F8-Z:

C4F8-l

iso-C‘irF8

cis

trans

.24
.28
.35
.39
.57

o O o o

o

1.21

2,03
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