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Abstract 

The retention characteristics of 11 ethene-based chlorofluorocarbon, bromochlorofluorocarbon and fluorocarbon 
fluids have been studied as a function of temperature on a stationary phase consisting of a 5% (m/m) coating of a 
low-molecular-mass polymer of hexafluoropropylene epoxide on a graphitized carbon black adsorbent. Measure- 
ments were performed at -20, 0, 20 and 40°C for trifluoroethene (R-1123), l,l-difluoroethene (R1132a), and 
fluoroethene (vinyl fluoride, R-1141). Measurements were performed at 40, 60, 80 and 100°C for l,l-dichloro-2,2- 
difluoroethene (R-1112a), chlorotrifluoroethene (R-1113), 2-chloro-l,l-diffuoroethene (R-1122), l-chloro-l-fluoro- 
ethene (R-1121~~). 2-bromo-1,1-difluoroethene (R-1122Bl) and bromoethene (vinyl bromide, R-1140Bl). Measure- 
ments were performed at 60. 80, 100 and 120°C for trans-1,2-dichloro-1,2_difluoroethene (R-1112t) and c&1,2- 
dichloro-1,2-difluoroethene (R-1112~). Net retention volumes, corrected to a column temperature of O”C, were 
calculated from retention time measurements, the logarithms of which were fitted against reciprocal thermo- 
dynamic temperature. The relative retentions, also as a function of temperature, were calculated with respect to the 
retentions of tetrafluoromethane (R-14) and hexafluoroethane (R-116). Qualitative features of the data are 
examined, and trends are identified. In addition, the data were fitted to linear models for the purpose of predicting 
retention behavior of these compounds to facilitate chromatographic analysis. 

1. Introduction 

Many laboratories are engaged in a com- 
prehensive research program geared toward the 
development of new fluids to be used as refriger- 

ants, blowing and foaming agents, and pro- 
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pellants. The research that composes this effort 
includes thermophysical properties measure- 
ments and correlation, materials compatibility 
testing, chemical stability measurement, and 

cycle suitability studies [1,2]. An important part 
of all of these research programs is the chemical 
analysis of new fluids that are tested [3-61. Gas 
chromatography is one of the major quantitative 
and qualitative analysis methods that is applied 
to the study of alternative refrigerants for several 
important reasons, not the least of which are 

reserved 



simplicity and economics of operation [7-91. A 
knowledge of the retention characteristics of 
important fluids un the more useful stationary 
phases is an important component in the design 
of effective qualitative and quantitative chro- 
matographic analyses, Corrected retention par- 
ameters, such as the net retention volume, i/k 
(corrected to a column temperature of O’C), and 
relative retentious~ ra i b, provide the simplest 
avenue to achieve the desired goals. 

In earlier papers, we presented measurements 
for 8 methane-based and 18 ethane-based fluids 
[lO,ll J. In this paper, we present temperature- 
dependent measurements of the net retention 
volume, corrected to a column temperature of 
WC, of 11 ethene-based fluids that are commonly 
encountered in alternative refrigerant research 
and testing. The fluids we have studied are listed 
in the left hand column of Table 1, along with 
the accepted code numbers f lO,lZ]. The mea- 
surements were made on the packed-column 
stationary phase that has proven to be very 
useful for refrigerant analysis: a 5% coating of a 
low-molecular-mass polymer of hexafhmro- 
propylene epoxide on a graphitiz~d carbon 
black. The relative retentions were then calcu- 
lated with respect to tetra~uoromethan~ (for 
three of the ~uids) and hexa~uoro~thane (for all 
fluids). In addition to the discussion of quali- 
tative trends in the data, fits to linear models are 
presented of the logarithms of the net retention 
volumes and the relative retentions against 
thermodynamic temperature, thus providing a 
predictive capability, 

2, Theory 

A discussion of the basic de~~i~i~~s~ theory 
and application of corrected retention parame- 
ters was presented earlier [ltl]. 

3. Ex~r~~entai 

The measurements presented here were per- 
formed on a commercial gas chromatograph that 
had been modi~ed to provide high precision 

retention data. All of the experimental details 
were described earlier [lo, 111, so only a very 
general description will be provided here. The 
chromatograph was modified to provide a highly 
stable column temperature which was measured 
with a quartz-crystal oscillator thermoprobe 
(cahbrated against a NIST-standard platinum 
resistance the~ometer~ that was accurate to 
within * O.Ol”C. Injection was done with a six- 
port sampling valve cuntaining a sample loop of 
0.1 ml volume. The valve was pn~~atically 
actuated with pilot valves using helium as the 
actuation gas to inject very rapidly and thereby 
minimize the magnitude of the injection pressure 
pulse. The injection valve and loop were main- 
tained at 50°C for a11 measurements. The carrier 
gas line to the injection valve was modified to 
aftow the c.olumn head pressure to be measured 
with a calibrated Bourdon tube gauge. This 
gauge was calibrated against a dead mass pres- 
sure balance traceable to a NIST standard. The 
column outlet pressure was measured with an 
electronic barometer that had a resolution of l-3 
Pa (approximately 0.01 Torr). This barometer 
was also calibrated against a dead mass pressure 
balance. The column carrier gas flow-rate was 
measured with an electronic soap-bubble flow 
meter (corrected for water vapor pressure). Re- 
tention times were measured by a commercial 
integrator. A Ra~que-~ilsch vortex tube was 
used to provide cooling in the column oven for 
the subambi~nt temperature measurements 113, 
and references therein]. Thermal conductivity 
detection (TCD) was used with a carrier gas of 
research grade helium. The TCD system was 
maintained at 50°C. for all measurements. 

The stationary phase was a commercially pre- 
pared packing material consisting of a 5% (mim) 
coating of a Ion-molecular-mass polymer of 
hexafluoropr~pyl~ne epoxide modifier on a 6O- 
go-mesh (177-250 pm) graphitized carbon black 
[ 141. Some representative properties of this 
modifier and the column preparation procedure 
were presented earlier [lo]. 

For each retention time measurements five 
fluid injections were performed at each column 
temperature. Each series of injections was pre- 
ceded and followed by five measurements of the 
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carrier gas flow rate, and the injection of five 
aliquots of air. The air was injected separately, 
before and after the injection of fluid, to mea- 
sure the void volume of the column without 
introducing air as an impurity into the fluid 
containers. The corrected retention time was 
simply obtained by subtracting the average air 
retention time. At the start of each of these 
fifteen injections (five air, five ffuid, five air), the 
requisite temperatures (column, flowmeter, and 
barometer) and pressures (column head and 
column exit) were recorded. These replicate 
measurements furnished the uncertainties used 
for the error propagation that provided the 
overall experimental uncertainties that are re- 
ported (two standard deviations, 2~). The col- 
umn head pressure was maintained uniformly at 
137.9 + 0.3 kPa (approximately 20 p.s.i.g.) fur 
the measurements. although measurements were 
initially performed at several other pressures to 
verify consistency in the operation of the 
chromatograph. The carrier gas flow-rate at the 
column exit was maintained at 45 + 0.3 mlimin. 

Measurements were performed at four tem- 
peratures for each fluid. One fluid, the cis- and 
traas-geometric isomer mixture of 112-dichloro- 
1,2-difluoroethene, R-1112c,t, was measured be- 
tween 60 and 12VC. The samples were alt 
obtained from commercial sources in the highest 
available purity, and were used without further 
purification, 

4. Results and discussion 

The corrected net retention volumes, i/L, for 
each fluid are presented in Table 1. The reported 
expanded uncertainties (with a coverage factor 
k = 2) are the result of an error propagation 
performed with the standard deviations obtained 
from replicate measurements of each experimen- 
tal parameter, The uncertainties were found to 
be uncorrelated (as determined by examination 
of Spearman’s p and Kendall’s 7; see [15]), and 
the deviations were found to fit a normal dis- 
tribution and were therefore treated as being 
entirely random [fSj. In addition tu the uncer- 
tainty. the caefficient of variation in percent is 

provided. The precision of the measurements is 
generally between 0.5 and 1.5%, with the aver- 
age precision of all the measurements on these 
compounds being 0.96 %. This figure compares 
very well with the precision of typical retention 
parameters (generally between 1 and 2%) ob- 
tained in other physieochemical gas chromato- 
graphic measurements [16]. A plot of log t-z 
against 1 f T for each fluid is provided in Fig. 1. 
These temperature-dependent data were then 
fitted with the best linear model (simple linear, 
l~garithmic~ power or exponential). The results 
of these fits are provided in Table 2. Included 
with each fluid are the coefficients, the Pearson 
correlation coefficient of the fit, and the tem- 
perature range over which the fit was taken [15]. 
AI1 of the measurements performed on the 
ethene-based fluids are represented very we11 
(within experimental error) with the simple 
linear model: 

log V;=nl/T+b 

where m is the slope and b is the intercept. 
The relative retentions, T~,~, were calculated 

with tetrafluoromethane (R-14) as the reference 
compound for the three most volatile fluids, and 
with he~a~u~r~tharle (R-116,) for all fluids, 

x 

l 

16 

* 

0 

0 

d 

0 

0.0028 0.0033 0.0037 

1 tf 

Fig. I. A plot of the logarithm of the net retention volume, 
log v;, against IIT. for each fluid measured in this study. 
C = R-1123; *(large) = R-1132a; 0 = R-l 141; l = R-1312a; 
f =R-1113: LJ = R-1122; A = R-I 131a: C(targe) = R- 
I ILV31: *(small) = R-l 14OBI; +(ssmali) = R-1112r: X = R- 
IIEC. 
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Table 2 
Coefficients of the fits of log Vk against I :T. with the respective correlation coefficients 
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Compound Model” h r Temperature range 

(“Cl 

Note that in each case a simple linear model provided the best representation of the experimental measurements. 
” L = Linear. 

These values are provided in Table 3. Plots of 

log r,,,h against 1 /T for each reference are 
provided in Figs. 2 and 3. The expected trend 
with temperature is observed, and the plots and 
fits can therefore be used for prediction of the 
retention behavior on other columns containing 

the same stationary phase. 
It is clear from the retention behavior that 

some difficulty will be experienced with the 

separation of many of the ethene-based fluids on 
the stationary phase used in this study. Despite 
this packing’s great utility in the separation the 

methane- and ethane-based fluids, and its out- 
standing chemical and thermal stability, many of 

the ethene fluids coelutc at all temperatures. The 
coelution is especially pronounced for the follow- 
ing sets: R-1112~. R-1112t, R-1112a; R-1122. 

R-1113; and R-1141 and R-1132a. 
As we have demonstrated in previous papers 

[10,11], it is possible to construct a kind of 
“periodic chart” or property diagram for low- 
molecular-mass halocarbons [2). The chart has a 
triangular format that groups the fluids according 

to their molecular structures and properties. 
Such charts have been successful in sys- 
tematizing, in a semiquantitative manner, prop- 

erties such as normal boiling point. atmospheric 
lifetime, flammability and toxicity [Z]. The rc- 

tention parameters measured for the methane- 

and ethane-based fluids were found to fit this 
scheme qualitatively, with expected minima in 

the fluorine-rich section, and expected maxima 
predicted to occur in the chlorine-rich section. 
We have found that the correlation with the 

ethene-based halocarbons that were examined in 
this study is much less satisfactory. We speculate 
that the potential of a specific interaction (such 

as a charge transfer interaction) resulting from 
the r-bond complicates the retention of the 

ethene-based halocarbons. 

5. Conclusions 

Measurements of the corrected net retention 

volumes and relative retentions of 11 ethene- 
based halocarbon fluids that are relevant to 
research on alternative refrigerants have been 

presented. The logarithms of these data were 
fitted against reciprocal thermodynamic tempera- 

ture to several linear models. In all cases, a 

simple linear relationship accounts for all struc- 
ture in the data. These derived equations can be 
used for the prediction of the retention behavior 

of these fluids on this important stationary 
phase. and therefore can be used for solute 

identification and also for the design of analytical 

and preparative-scale separations. In addition, 



T
ab

le
 

3 
R

el
at

iv
e 

re
te

nt
io

ns
, 

ra
 b

, 
an

d 
th

ei
r 

lo
ga

ri
th

m
s,

 
of

 
th

e 
m

os
t 

vo
la

til
e 

fl
ui

ds
 

m
ea

su
re

d 
in

 
th

is
 

st
ud

y 

C
om

po
un

d
 

‘a
 

b 
L

og
 

‘a
/h

 

20
°C

 
IN

 
X

PC
 

40
°C

 
II

 

;3
:.l

S 
K

) 
g:

 
15

 
K

) 

10
0°

C
 

12
0°

C
 

20
°C

 
(2

53
 

IS
 

K
) 

(“
2k

 
IS

 
K

j 
20

°C
 

U
T

 
bv

<‘
 

W
C

 
10

0°
C

 
12

0°
C

 
(2

53
.1

5 
K

) 
(2

73
 

IS
 

K
j 

(2
Y

3 
IS

 
K

j 
(3

13
.1

SK
j 

(3
73

 
1s

 
K

) 
(3

93
 

IS
 

K
) 

(2
93

.1
SK

) 
(3

13
.1

5 
K

) 
(3

33
.L

5 
K

) 
(3

53
.1

5 
K

) 
(3

73
 

I5
 

K
) 

(3
93

 
I5

 
K

) 

ra
, 

b 
w

rh
 

w
sp

ec
r 

10
 r

er
ra

~u
on

~m
~l

hu
nr

 
(R

-1
4)

 
R

-1
12

3 
15

.2
2 

12
 H

3 
Y

 1
4 

8 
33

 
I I

X
 

I I
I 

(I
 97 

0 
92

 
R

.lt
32

a 
8 

30
 

7 
3x

 
5 

Y
4 

5 
45

 
0 

92
 

I)
 R

7 
11

.7
7 

07
4 

R
-1

14
1 

7 
9x

 
7 

21
 

5 
Y

7 
5.

43
 

0 
Y

(I
 

II
 M

l 
0.

78
 

0.
73

 

‘.,
b

 
w

rr
h

 r
e.

s/
m

~
 I

I)
 h

m
$,

m
o

rr
h

o
n

e 
(R

-1
16

) 
R

-1
12

3 
I 

57
 

I 5
4 

I 
41

 
R

-1
13

2a
 

0.
85

 
0 

R
Y

 
0 

8Y
 

R
-1

14
1 

u
 8

2 
Ii

 x
7 

0 
w

 
R

-1
11

2a
 

R
-1

11
3 

K
-I

I2
2 

R
-1

13
la

 
R

-1
12

2~
1 

R
-1

14
08

1 

R
.1

11
21

 

R
.I

II
Z

c 

1 3
5 

0 
20

 
II

 I
9 

0 
15

 
0 

13
 

0 
89

 
0 

07
 

Il
.0

5 
0 

O
S 

(I
 0

s 
0 

88
 

O
O

Y
 

00
6 

0.
05

 
- 

L
).w

J 
61

.1
2 

47
 

37
 

32
 

91
 

25
.2

8 
1.

79
 

1.
64

 
1.

52
 

1.
40

 
Y

. l
b 

7w
 

6 
73

 
5.

9s
 

0%
 

0.
90

 
0 

83
 

cl
 7

7 
x 

94
 

7 
93

 
6 

n3
 

S.
Y

8 
0 

95
 

0.
90

 
0.

83
 

0.
78

 

6.
29

 
5.

63
 

5.
18

 
4.

64
 

08
0 

0.
75

 
0 

71
 

0 
67

 
20

 7
2 

16
 7

4 
13

.9
9 

11
.7

6 
1 

32
 

1.
22

 
1.

15
 

I 
.I1

7 
15

 2
6 

I2
 

99
 

II
 

25
 

9 
91

 
1 

18
 

1.
11

 
1.

M
 

1.
W

 

47
.5

3 
36

07
 

27
.3

3 
22

 0
6 

l.
b

w
 

1.
56

 
I.

44
 

1.
34

 

4S
 4

2 
34

 3
8 

27
 3

3 
22

 0
6 

1.
66

 
1.

54
 

1.
44

 
1.

34
 



T-J. Bruno. M. Cuciari ! J. Chromatogr. A 686 (1994) 245-251 251 

0.0032 0.0034 0.0036 0.0036 

1fT 

Fig. 2. A plot of the logarithm of the relative retention. lop 

r . with respect to tetrahuoromethanc, against l/T. for the 

&Fds measured between -20 and 40°C. 0 = R-l 12.3: l = R- 

1132a; 0 = R-1141. 

we note that the retention parameters are not 
qualitatively correlated by the triangular diagram 

scheme that successfully describes the normal 
boiling point, flammability, atmospheric lifetime. 
and toxicity of low molecular mass halocarbons. 
We had found in previous work that the re- 
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Fig. 3. A plot of the logarithm of the relative retention. lop 

r , 5 with respect to hexafluoromethane. R-l 16, against I !T. 
forhthe fluids measured between 10 and 120°C. 0 = R- I1 1%; 

l =R-1113; q =R-1122; n =R-ll31a; A=R-1122Bl; += 

R-114OBl; 0= R-1112t; + = R-111’~. 

tention parameters of methane- and ethane- 

based halocarbons were qualitatively predicted 
by this type of property diagram. 
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