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SUMMARY 

Application of ‘gas-solid chromatography techniques to the separation of low 
molecular weight fluorocarbons incorporates a number of advantages’ over previous 
analysis techniques. These advantages include isothermal ‘operation up to 2oo”, 

elimination of substrate bleed, stability’ of the base line, minimum retention ‘times 
and convenience. The relative retention volumes with respect to p&fluoroethane of ,a 
number’ of low’ inol&ilar weight ‘flu&carbons as ‘a function ‘of column support 
material and operating conditions are reported. The separation ‘of a number of ini- 
portant species which are formed during the thermal oxidation ‘of low’ molecular 
weight fluorocarbons are ‘also discussed. 

1NTRODUCTION 

The qualitative and quantitative analysis of low molecular weight fluoro- 
carbon mixtures has many applications including analysis of.. various fluorocarbon 
refrigerants,, quality control of certain aerosol products. and kinetic. studies related 
to the thermal decomposition of, fluorocarbons. TATLOW and co-workersl-6 have 
employed gas chromatography techniques for the analysis and preparative separation 
of a number of perfluorinated and almost perfluorinated cyclohexanes, cyclohexenes 
and benzenes. REEDY has studied~ the chromatography of perfluoroalkanes; C6FX2, 
C,F,, and C,F,,.on a range of stationary phases. SERP~NE~’ has considered the separa- 
tion of a,number of fluoro- and fluorochlorocarbons. Unfortunately the perfluorinated 
compounds were elut&d rapidly-and. they were followed by compounds containing 
at least one other atom which w&e retained. and resolved. CAMPBELL AND. G~DZINO- 
wrcz~ have reported the separation of various fluorocarbons and sulfur. fluoride 
compounds. GREEN AND WACHI~ concluded that Kel-F oils were not completely 
satisfactory for the separation of fluorocarbons. .The results of GREEN AND WACHI~ 
indicated that a-number of low boiling point fluorocarbons could be separated by 
temperature programming a silica gel column or by maintaining a Chromosorb W 
column:. employing CH,~CHCO,CH,~(CF,CF,),H (courtesy of. E.I. duPont de 
Nemours and: Co., Wilmington,. Delaware) as the ‘liquid substrate’. at 00. Recently 

\ 
,* Piesen>’ ad&s :’ ~e$rlxp$t of M&ha&al ‘Engine&in& Drekl Iristitulk df Technology, 

.;Philadelphia; Pa: (.U.S.A.). ‘_ I : !, ‘, .’ ,, ./,. ‘: 

,J.: C?womatog.; 35 (1968): 2rja22.3 



DRENNAN AND MATULA 10 have reported that carbon dioxide and carb,ooyl ,flu,orid~e 
mixtures can be separated on a composite Porapak (Waters Associate, Inc.) column. 
The purpose of the present paper is to report the relative retention times of a number 
&low ‘mol&ular w&i&t fluorocarbons ‘cn Porapak columns, ,and &l&&end th’e us& l&f 
Porapak columns for the analysis of the products of combustion of~lQw<‘mo.lecular 
weight fluorocarbons. 

RXPBRIlUEtiTAL 
i ,,, y - . , ,. . :‘ ( ~: ,* I’, , j I;‘! jr!, _ I,’ * “““‘;<r, ‘I ;. 
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A$$aratus and reagents 
: ...S,.’ ., ‘.,, I., ..; _ ,i.. .\,;‘.*.,‘“f ,, ’ ,,, ‘I’. i 

An Aerograph model No. 
202_~ gas cl~romatog~a~l~ ‘el;;pl~ying a I’ tliernial 

conductivity detector was used for this study. Mixtures were introduced into the gas 
. . , 

cliromatograpli thi%ugh’ a ‘gas sampling valve used in ‘conjunction with a z ml sample 
volume. The chromatograph was equipped with a linear temperature priigi-amriler 

,which was .capable, ;9f imain,$ai,ning isothermal. ,column,;op_eratiQn ,in fhe.;fel perature .’ I’ 
xhhge 39 to” 4dop: 

.,. .,’ 
r.1, .:’ . ,-, *. L.’ .? / “... ‘! i ; ; “: ‘:, ,,( 

.,, 1, , . g . :. 

,. ,The’&&ocarb&@ :utili&d:in ‘this, study w~$re’obt@ined ,@&‘a nun&.er ,of sb&ks. 
ITh~‘:pe~uor~!nefha,~~, (CF,) , ,perfluorQe,thane (C,F,): and a ,mixtnre ‘of &s; a@ &zei,- 
.C~Fs-2:;~k~~,:PG~~h~s~~d .fro$r&tl~e: >%athesqn CornPar@,’ East Rutherford, eew , Jersey. 
.The..2:_~~ifl,up~~me~~y~~r~~~~e ‘(C,F,,),,perfluorojl;utane (CeFlo), perAGq~~.~uta~iene-I,~ 
.‘(Ci=,F&. .P e rfl uorobuttie-2, .,.. (C,%,), ,Perfluorocyclobutene , ‘,(c-G,F,), per$~procyclo- 
,,butane (C-C&~),; p;e,~uoropropane.(ds~s)‘, 
frbm Pennin~ular“i3l;emre~ea~~h, Inc., 

and.per$uoropropene (CSFJ ‘were purcha&d 
G&‘iesv$le~ ) Florida. The. .perfluorodthylen~e 

(C,F,) and carbonyl fluoride (CF,O) were purchased from Columbia Organic'Chem- 

icals, ‘lnc:, CGlumbia,‘Souti~‘Cjrdlina: The”iso-C,F, used in this study was produced by 
pyrolyzing perfluoropropene at 7oo” for 15 min in a Vycor reactor. : .’ ‘.,,. .,I’: ,., 

.Pyoc&iy~ .; ,. ‘! ,: r-.’ , * ,’ . :.; ‘ ’ ,. :, t’ ;, . : ,_ : 

: ..: * A number of,variable length GSC columns ,were ‘constructed1 by packing r/4: in. 
O.D. copper~tubing’tiith~go/8Q mesh Poropak (-Witers~Associate, Inc.). The separation 
capabilities,of Types N; P, Q;. R, ‘S ‘and.T‘,Poropak were studied; Before final instilla- 
tion’irr the, chromatograph, each :of the columns was heated to zoo? and p.urged’with 
.helium (6obml/min) for two~liours; ,Prior to the analysis of the fluorocarbon combustion 
products; the column .was conditioned by passing ‘three 250 torr:, samples. of CF~O 
through it. The retention volumes of all compounds were determined ,from’tlie anaiysik 
,of, both:Pure. compounds and fluorocarbon mixtures that had been ‘prepared’, in the 

laboratory. The separations : were. .‘obtained by -operating tlie columns. isothermally 
in the temperature range 75. to 175 O, while maintaining a constant helium’carrierc gas 
flowrate,of6o.ml/min. -‘. .- .’ ,‘. _.... . . I . ., . L r 

, . - .‘.. ‘, ; . ,. .: : *: . . . _‘. .’ ,’ ‘, : : ; 
,%.“.’ .A’. + 

“RESULTSANDDISCU~SION,.r., 2 ,‘., * :’ .. .,. . . : : _. ’ 1: 

i’ . . ,,.I. I.: :,, .I, .._ .: _. : ., .! ;; j ; “; ! ? ,: :’ , ..‘, ; _,.‘( 

~Fj~oyocaybon &&ysii. ’ :., ;’ ., :- ,:. \ , ; c. i, :J ;‘. : 1 .:. 1 : ; ,, :’ :, ! .: _, ,.I’ : ,; .! 

:. : :‘The relative ,retention volumes .of the various &iorocarbon; ‘compounds’ a’s : a 
,function of column:material; :length. and temperature’are list&‘in .Tsibles.I-IV:. All: Zf 
. these.;resqlts; are based on, a helium ,, Far+er, gas flow 1 rate.; ,of .6,Q. ml/&r+ :;I! ,th$. r&tive . . . . . ‘.i’.. . . 
igtention volume.“of a’ compound is ‘n&t ‘&ted in the Tables ‘the retention .time.~was 
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TABLE I ‘I _ 

RELATIVE RETBNTION‘VOLUMES OF SEVERAL FLUOROCARBONS ON PORAPAIC TYPE T 
cpo = 

- 
I.OQ. Helium carrier,gas flow,rak: 60 ml/miq; column material: so/80 mesh. 

Comp&nd 6 ft.‘at 15,oO 
(.. . 

6 ft. at ?oo” 6 ft. at r750 ro ft. at r50° zo ft., at x75O 

t?lc” RRV” t,,, RRV t,,, RRV t,,, RRV h RAV 

Air 

:$$ 
C”F, 
CI,F, 
CF,-C = C-CF, 
C,F,, 
c-C,Fs 
trans-C,i..a-2 CF,-CF,-CF,-CFB 

cis-C,I;‘,-2 
c-c,I;b 
CF,=CF-CF= CF, 
~so-C,F, 
CFa-y = CF, 

CF, 

0.70 0.49 

0.82 I-44 OF57 1.00 
I.91 I.33 
3.53 2.45 
5.91 4.10 
6.61 4.59 

10.5 7.36 
ro.6 7.36 16.9 

‘11.74 
n.a. n.a. 
IS.0 12,50 
k2.3 15.49 
n.a. n.a. 

- - 

0.6s 
0.71 

0.68 
0.74 

0.96 1.00 
I.09 I.14 
I.55 I .62 
I .g2 2.00 
2.Ib a.19 
h.90 3.02 
2.g0 3.92 
3.50 3.65 
n.a. n.a. 
3;95 4.12 
4.55 4.74 
n.5. n.a. 

0.66 
0.66 0.82 

0.82 

0.81 1.00 
0.92 1.14 
I.19 I.47 
I.39 I.72 

I.82 
1.4.7 1.94 2.39 
I.94 2.39 
2.18 a.69 
n.a. n.a. 
2.44 3.01 
2.73 3.37 
n.a. n.a. 

8.08 8.42 4.55 5.62 

x.03 0.64 
1.17 0.72 
1.62 1.00 
I.89 I.I7 

2e73 1.67 

3.51 2.17 

3.84 2.37 
5.40 3.33 
5.40 3.33 
6.48 4.00 

7.30 4.51 
7.45 4.60 
8.60 5.31 

10.4 6.42 

=5*4 9.51 

1.03 0;70 
1.13 oi77 

:z 
I,00 

. X,Iq. 
2.21 I,50 
2.75 1.87 
2.96 2.01 
3.90 2.65 
3.90 2:65 
4.98 3139 
n.a. n,a. 
5.02 3.42 
5.63 3183 
n?a. n.a. 

9.25 6,2g 

a t,n = Retention time in minutes to peak. 
b RR\’ = Relative retention volume with respect to perfluoroethane. 

TABLE II 

RELATIVE RETENTION VOLUMES OP SEVERAL FLUOROCARBONS ON PORAPAIC TYPE N 
C,F,, = 1.00. Helium carrier gas flow rate: 60 ml/min; column tiaterial: so/80 mesh. 

__ 
5 ft. at roo” 5 ft. at r50° ro ft. at r7S” i 

tma RRV’ Em RRV tm RRV 

Air 
CF, 

:;2* 
:@C= C-CF, 

GFII 
c-C,F, 
CF,-CF,-CFQ-CF, 
ivans-C,F8-2 c&z-C,F,-2 

c-C&F0 
CF., = CF-CF= CF, 
iso-k,Fa 
CF,-_::= CF, 

CFa 

0.60 
0.71 
I.22 
I.56 
4-62 2.87 

4.99 
7.84 
8.44 

12.53 
n.a. 

12.53 
16.2 
n.a. 

.’ 
- 

0.49 
0.58 
I.00 
I.27 
2.35 
3.79 
4.09 
6.13 
6.92 

10.27 
n.a. 

10.27 
13.28 
ma. 

0.76 
0.86 
I.19 
1.48 

I.57 
2.15 
2.24 
2.56 
n.a. 
2.83 
3.29 
n.a. 

5.90 7a76 

0.58 
0.58 

0.76 
0.76 
1.00 
1.12 
1.57 
x.95 
2,.07 
2.83 
2.93 
3.37 

. . 
;;;2 
4.33 
n.a; 

1,17 0.81 
1.17 0.81 
I.44 1.00 
I.62 1.12 
2.03 I.41 
2.35 I.63 
2.95 2.05 
3.13 2.17 ; 

3.13 z ” 3.46 . 
3.70 2.57 
3.90 2.71 
4.35 3.02 
4,65 3.23’ 

- 7.32 5.08 

,” t$Rv 
= Retention time in minutes to peak. : :;.. ,~_“, 

= Relative retention, volume with respect to perfluoroethane: :’ ” 

J,CAriwnatcig.; ;35: (x968)’ 217~Gi 
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TABLE III 

RELATIVE RETENTIONVOLUMESO$SSLVERALBLUOROCARBON~ON PORAPAICTYPES RAND S 

C,F, = 1.00. I-Ieiium carrier gas flow rate: 60 ml/min; column material: so/80 mesh. 

Compound TylbeR Ty$eR Type S . Trpe S 
6 ft. at roo” 6 ft. at 150~ 6 ft. at zoo0 6 ft. at ISO’ 

tma RRV” tm RRV t,,, RRV trn RRV 

Air 

EF+ 
C;F; 
C,F, 
CF,-C = C-Cl?, 
caF6 
c-C,F, 
CFS-CF,-CF,-CF, 
trans-C,FB-2 
c-C,I;b 

E&C= CF, 
= CF-CF= CF, 

dF8 

0.85 

0.95 
1.48 
I .86 
3.00 

4.30 
4.33 
6.88 

7.56 
8.80 
9.62 

12.30 
., . ,. 

- 

0.57 0.86 0.80 0.80 
0.64 0.86 0.80 0.90 
I,00 1.07 ‘1.00 1.41 
r.26 1.17 1.10 1.71 

2.03 I.54 I.44 a.98 
2.91 I.81 1.69 2.98 
2.93 1.80 x.68 4.19 
4.65 2.39 2.23 6.90 
5.11 2.57 2.40 7.63 
5.95 2.57 2.40 8.80 
6.50 2.87 2.68 9.98 
8.31 3.31 3.09 12.5 

- 6.10 5.70 

0.57 0.75 0.75 
0.64 0.80 0.80 
1.00 1.00 1.00 
1.21 1.10 1.x2 
2.11 1.42 1.42 
2.11 1.42 1.42 
2.97 1.70 I.70 
4.89 2.30 2.30 
5.41 2.45 2.45 
6.24 2.45 2.45 
7.08 2.70 2.70 
8.86 3.20 3.20 

- 5.69 5.69 

‘lb t m = Retention time in minutes to peak. 
b RRV = Relative retention volume with respect to perfluoroethane. 

TABLE IV 

RELATIVE RETENTI&NVO&MES OFSEVERAL PLUOROCARBONSON PORAPAK TYPE Q 
C,F, = 1.0;. Helium carrier gas flow rate: 60 ml/min; column mabrial_: so/So mesh. 

Compound - FWe Q- 
6 ft. at roo” 

Type Q 
6 ft. at 150~ 

trn’ RRV” t,,, RRV 

Air 
CF,i 
CPt3 
CP, 
2;:C E C-CF, 

Ca& 
c-C,Fa 
CF,-CF,-CF,-CF, 
tralzs-Cdl;‘,-2 

0.79 
0.90 
1.5r 
x.74 
3.32 
4.55 
4.20 
‘7.49 
n.a. 
n.a. 

0.52 0.83 
0.60 0.85 
I.00 

I.15 
2.20 

g.or 
2.78 
4.96 
ma. 
n.a. 

I.11 
-r.aa 
1.56 
1.80 

I a95 
2.8r 
n.a. 
n.a. 

0.75 
0.77 
1.00 
I.10 
I.51 
I.73 
1.76 
2.53 
ma. 
ma. 

c-C,Fa :, ” 
= CF-CF = CF, 

n.a. 
n.a. 

n.a. 

n.a. 
n.a. 

n.a. 

n.a. 
n.a. 

n.a. 

n.a. 
n.a. 

n.a. 

Lb tm =: Retention time in minutes to peak. ,. 
b RRV = Relative retention volume with respect to perfkoroethane: .: - ,- 

J. Citromatog., .35 (7.968). 2x7~222 
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greater than 25 min, and a notation of n.a. implies that a com$ound wasriot test&l. 
Poropak Type P,does not effectively separate the compounds;&f interest and hence 
results for this column are not listed. A ten foot column of,Pdropak.Typk T maintained 
at 150~ was found to bk the most effective for the separtition. pf. zi mikture cotitaining 
air and a large number of low molecular..weight fluorocarbons. A GS(;: chromafogram 
of a complex, gaseous fluorocarbon mixture obtained‘ with the. aid 1 of a .ten fodt; 
Poropak Type T column is shown in Fig. I. The column temperature was .maintained 
at 150~ and the separation was completed in approximz@ly 17 min. The perfluoro- 
cyclobutane and perfluorobutane were not resolved on this column. 

. 

c2F4 n cis- C, Fa 

air 

CFfcBC-C F, 
. 

W=a a 
2 

II 

cis- Cd Fe 
I\ isorC4Fe 

6 0 IO 12 14 16 18 
Time (min) 

Fig. r . Gas-solid chrornatogram of fluorocarbons. 

CF,O 

I I I I 1 I 

0 3 6 9 12 15 18 

Time (min) 

Fig. a. Typical chromatogram of C,F, oxidation products. 

J. Cirromatog., 35 (1968) 217-222 
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FZa~orocnrbon COWhLStiOvt $?‘odzccts 0 

The major equilibrium proclkts associated with fluorocarbon combustion 
include O,, CF,i, CO,, Cl?,0 and C,F,I. A GSC chromatograrn of these compounds 
obtained with the aid of a six foot composite column consisting of two feet of so/80 
mesh Poropak type T followed by four, feet of so/80 mesh Poropalr N is shown in 
Fig. 2. The column temperature was maintained at 23” and the helium carrier gas 
Aow rate was 60 ml/min. 
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