
Journal of Photochemistry, 38 (1987) 65 - 74 66 

KINETICS AND MECHANISM OF THE GAS PHASE PHOTO- 
CHLORINATION OF 1,2-DICHLORO-1,2-DIFLUOROETHYLENE 

H. E. DI LORETO and E. CASTELLANO 

Instituto de Investigaciones Fisicoquimicas Tehicas y Aplicadas. Casilla de Correo 16, 
Sucursai 4, 1900 La Plats (Argentina) 

{Received August 27, 1986; in revised form December 8, 1986) 

Summary 

The gas phase photochlorination of 1,2-dichloro-l , 2-difluoroethylene 
was studied in a static system at temperatures between 30 and 90 “C. The 
rate was measured under both continuous and intermittent light of wave- 
length 436 nm. The only final product, CFClzCFC12, is formed according to 
the equation 

4 
d[WGC141 

dt 
= k [Cl,] J*b.y 

where J is the intensity of the absorbed light. 
The rate constants determined under continuous illumination are as 

follows: iz3#Joc = 5.63 f 0.09 l”2 mol-I”* s-l/2, k,,oc = 10.43 * 0.02 11’* 
mol-1’2 s-‘/2 and k,oc = 21.26 k.l.4 l1’2 molp1’2 s-“~. 

The rate constants for the elementary reactions 

CFCI,tiFCl + Cl, - C2F2Cb 4 Cl 

and 

2CFC12C?FC1 - products 

are 

log k3 = 8.68 - 
4810 + 300 

4.57 T 
and 

log k4 = 8.91 k. 0.21 

respectively, where k3 and k4 are in litres per mole per second. 

1. Introduction 

The photochemical reaction of 1, 1-dichloro-1, l-difluoroethylene 
(CC12CF2) under continuous and intermittent light was investigated some 
time ago [l] and the rate constants for reactions 
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CF&Cl, -I- Cl2 - CF&1CC13 + Cl 

and 

CF,Cl&ZCl, + CF,Cl&Y, - products 

were determined. 
By investigating the photochlorination of CFClCFCl the rate constants 

for the reactions 

CFCl&FCl + CIZ - CFClzCFClz + Cl 

and 

CFClzCFCl + CFCl,CFCl - products 

could presumably be measured and compared with those for the previously 
investigated reactions. 

Consequently, the gas phase photochlorination of a cis-trans mixture 
of 1,2=dichloro-1,2_difluoroethylene under both steady and intermittent 
illumination in the range 30 - 90 “C was undertaken. Under steady illumina- 
tion, the rate equation, the reaction mechanism and some of its kinetic 
parameters were established. Since, as will be shown, the rate depends on the 
square root of the intensity of the absorbed light, the rate constants included 
in the rate equation can be determined using intermittent illumination as 
provided by the rotating sector technique. 

2. Experimental details 

Preliminary experiments showed that the reaction proceeds by a chain 
mechanism. In runs with excess chlorine conducted to completion the pres- 
sure decrease was equal to the CZFzClz initial pressure. The analysis of the 
reaction products using low temperature fractionation and IR spectroscopy 
showed the existence of only one compound identified as CFClzCFC12. 
Therefore, the reaction stoichiometry is given by 

CFClCFCl + Cl2 = CFClzCFClz 

and the reaction course could be monitored manometricahy at a constant 
volume and temperature. The apparatus for continuous and intermittent 
illumination has been described elsewhere 121. The reaction vessel was a 
quartz cylinder 5 cm long, 5 cm in diameter and 98.1 cm3 in volume, with 
flat optical windows. As a light source an Osram HBO-200 high pressure 
mercury lamp fed by a stabilized a.c, power supply was used. A set of quartz 
lenses and stops was used to produce a parallel homogeneous light beam 4.5 
cm in diameter. The 436 nm region was isolated with a system of glass filters 
(BG12 (2 mm) and GG15 (2 mm) (Schott and Gen., F.R.G.)). When 
necessary, the light intensity was reduced by means of calibrated wire 
gauzes. 
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In the experiments carried out under continuous illumination the light 
intensity was measured with a Hatchard and Parker potassium ferrioxalate 
actinometer [ 3 ] and the absorbed light was calculated using the extinction 
coefficient [4] of chlorine. The light absorption was also measured in the 
reaction vessel by means of a Kipp and Zonen large-surface thermopile at a 
chlorine pressure of 200 Torr. The results were in good agreement with those 
calculated. 

The experiments with intermittent illumination were carried out 
according to the procedure suggested by Burnett and Melville [ 51. A 90” 
blackened aluminium sector 30 cm in diameter was used to cut off the light 
beam at its narrowest cross-section, approximately 2 mm in diameter. A set 
of synchronous motors (Thamyr SA, Buenos Aires, Argentina) at constant 
speed was used for slow sector speeds. An electronically controlled d.c. 
motor [S] was used to produce high sector speeds. 

Whenever possible the components of the system were blackened and 
those between the lamp housing and the reaction vessel were enclosed in a 
blackened cardboard box. In order to prevent the entry of stray light into 
the reaction cell, all runs were carried out in a darkened room. 

CFClCFCl (cis-trans mixture), supplied by PCR Research Chemicals, 
Florida, U.S.A., was purified by repeated low pressure trap-to-trap distilla- 
tion. Only the middle fraction was collected and stored in a Pyrex trap 
cooled with liquid air. IR analysis using the 990 cm-’ band and E = 0.0035 
Ton--’ cm- ’ for the cis isomer and the 890 cm-’ band and e = 0.014 Torr-x 
cm-’ for the trans isomer [73 showed the mixture to consist of 48% cis 
isomer and 52% trans isomer. Cylinder chlorine was washed with water, 
dried over sulphuric acid, condensed and trap-to-trap distilled at low pressure 
and stored in a trap cooled with liquid air. CF,, supplied by the Matheson 
Co., U.S.A., was circulated through a trap cooled at -120 “C and stored in a 
Pyrex flask (2 1). Cylinder oxygen was circulated through a trap cooled at 
-130 “C and stored in a Pyrex flask (2 1). CFClCFCl and Cl, were carefully 
degassed before use. 

Under continuous illumination most of the runs were followed up to 
80% conversion. Under intermittent illumination the reaction rate was 
generally measured up to 40% conversion. 

3. Results 

3.1. Experiments under continuous illumination 
Under the experimental conditions used no dark reaction or induction 

period was observed. The experiments showed very good reproducibility. 
Most of them were conducted at 30 “C and some others at 60 and 90 “C. The 
light intensity was varied between 0.45 X lOi and 4.02 X 1016 quanta 

* mm W-1 ; the initial chlorine pressure was varied between 25 and 200 Torr and 
that of C,F,Cl between 15 and 200 Torr. Considering that the conversion 
was up to 85% the lowest C,F,Cl, pressure investigated was about 2 Torr. 



TABLE 1 

Results of a typical experiment (number 55, see Table 2)a 

ZAtb kd 
(min) $?$! (1 112 moI-l/2 ,-l/2 

1 

3 2.9 5.24 
6 5.9 5.63 
9 9.0 6.09 

12 11.7 5.56 
16 16.2 5.69 
20 18.4 5.53 
24 21.6 5.86 
28 24.5 5.63 

aZ’= 30 ‘C; [Cl,]i = 100.6 Torr; [C2F2ClZ]i= 49.5 Torr; Jo = 3.68 X 10’” quanta mine1 
where [ Cl2 ]i and [ C2F2C12 ]i are the initial reactant pressures. 
b EAt, illumination time. 
CZAp, decrease in total 

I: 
ressure corresponding to the illumination time EAt. 

dMean value 5; = 5.65 1” mol -112 $-l/2* 
_ 

Some experiments were carried out in the presence of up to 50 Torr of 
added reaction products and some others in the presence of up to 300 Torr 
CF,. Oxygen effects were studied by adding up to 100 Torr oxygen. 

At the end of some experiments, conducted to a conversion of up to 
30”/6 of the initial CzF,C1, pressure, the reactor content was condensed and 
the excess chlorine distilled off at -110 “C. Thereafter the unreacted 
C2FzCla was separated from the C2 F2C14 by distillation at -80 “C and 
collected into an IR cell. 

IR quantitative analysis showed the mixture to consist of 48.8% cis 
isomer and 51.2% trans isomer, identical, within the limits of the experimen- 
tal errors, with the original mixture. Consequently, no difference in the 
reactivity of the two isomers could be detected. 

The experimental results showed that the reaction rate is proportional 
to &,s1’2 and to the chlorine pressure and is independent of CFClCFCl pres- 
sure, at least up to pressures of about 2 Torr. It is also independent of the 
presence of reaction products or of the total pressure. Consequently, the 
reaction rate can be represented by the equation 

d[GF2%3 AP 
dt 

= - = k [cl2 ]&,,1’2 
At 

The mean values of k determined at 30, 60 and 90 “C were as follows: 
z-Y,2 i5.63 * 0.09 11’2 mol-“2 s-l/2; kdOOC = 10.43 + 0.02 11’2 mol- 1’2 

; 90°C = 21.26 + 1.4 1112 mol-“’ s- l12. From these data the -activation 
energy E for the overall reaction was fdund to be 4.81 f 0.3 kcal. The 
presence of oxygen inhibits’ the photochlorination reaction and promotes a 
sensitized CFClCFCl oxidation. 

Table 1 shows the results of a typical experiment. Table 2 gives a sum- 
mary of the most important results obtained under continuous illumination. 
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3.2. Experiments under intermittent illumination 
Rotating sector experiments were carried out at 30 and 90 “C and the 

ratio 

2 X rate with sector 
P= rate with continuous light 

was determined. 
In the experiments with the sector the light intensity was measured 

using the reaction itself as an actinometer. Accordingly, in each experiment 
the procedure was to measure the rate under continuous illumination 
followed by the rate at a previously fixed sector speed and, finally, the rate 
at high sector speed was measured. This sequence was repeated two or three 
times. In this way the light intensity could be calculated and at the same 
time the constancy of the lamp output could be checked. 

The criterion p_ = 1.00 + 0.01 where p, refers to conditions of 
limiting fast sector speeds was applied; p, = 1 for a 90” sector when the rate 
is proportional to Jabs112. When this value for p, was not found, the results 
of the experiments were discarded and the reactants were subjected to 
further purification. 

A typical plot of p us: log,,(J,b, “‘ti), where ti is the flash period, is 
given in Fig. 1. The k4 value that results in the best fit of the theoretical 
p = f(log,, m) function, where m = 2J*b, 1’2 kql’* ti, with the experimental 
P Vs. loglO(Jab, l'* ti) points is k, = 8.2 X 10s 1 
deviation was then about 5%). 

mol-l s-l (the maximum 

-6 -5 -4 -3 -2 
log(Ja~~2ti1 

Fig. 1. Rotating sector curve for p us. logIo(Jabs1’2 fi) (initial chlorine pressure, 50 Torr; 
initial CFClCFCl pressure, 100 Torr): -, theoretical curve best fit to the experimental 
points;o,T=30°C;~,T=900C. 
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4. Discussion 

The experimental results can be explained on the 
known chain mechanism which is common to a series of 
photochlorinations (CHz =CHCl [ 81; CHCl=CHCl [ 21; 
CClz=CC12 [lo]; C2F, [ll]; CF,=CFCl [ll]; CF2=CC12 

C4F8 [141) 

Cl, +hv-c1+c1 

Cl + CzF,C12 -+. 
C2F2C13 

&F&l, + Cl, - CzF,CL, 
. . 

CaF2Cl3 + CzF2C13 - products 

The reverse reactions of steps (2) and (3), if present, 
since the rate is independent of C2F2Clz pressure. 

For the same reason reactions such as 
. 
C2F2C13 + Cl - C2F2C14 

and 

Cl + Cl + M - Cl, + M 

can be ruled out. 

basis of the well- 
substituted olefin 
CHC1=CC12 [ 91; 
[=I ; C3F, [13]; 

(1) 

(2) 

(3) 

(4) 

are not important 

Because of the high quantum efficiency of the overall reaction it was 
impossible to establish whether reaction (4) is a dimerization or a dispropor- 
tionation. 

Stationary state treatments give 

dCWWl41 
dt 

= & [c12]J*~,1’2 
k4 

which is identical with the rate equation found when k = k3/k41’2. 
Within the experimental error, k4 does not depend on the temperature. 

Therefore, E4 must be close to zero as is usual for the recombination of 
radicals in the photochlorination of olefins [ 151. According to the 
mechanism, E = E3 -( l/2)E4. Taking E4 = 0, E, is calculated to be 4.81 f 0.3 
kcal moTL. From the numerical values determined for k and k4, we obtain 
k3 = kkq112 = 1.61 X 105 1 mol-’ s-’ at 30 “C and hence 

4810 + 300 
log,, kg = 8.68 - 

4.57T 

If collision diameters of 6 A and 3.6 A are assumed for the CFC12C?:FCl 
radical and chlorine respectively, the collision frequency z3 is found to be 
1.56 X 10” 1 mol-’ s-’ from which the probability factor P3 = A3/z3 = 3 X 
10-S was obtained. This probability factpr is of the same order of rflagnitude 
as those found for the reactions CF2C1CC12 + Cl2 [l] and CHC12CC12 + Cl2 
[IS]. The value z4 = 9.4 X lOlo 1 mol-’ s-’ was also calculated and the 
probability factor P4 = Aq/z4 = 0.87 X 1O-2 was optained. This is similar to 
the one found for the recombination of the CF,ClCCl, radicals [ 1] _ 
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These values compare well with those recently obtained by direct 
measurements for the similar reactions CF,Cl + Cl2 and CyS + Cl, [ 171. 

The value 8.91 f 0.21 found for log ,, k4 for the CFCl CFCl radical is 
similar to those found for the CC13 HCl C [15], CCl,&& [15] and 
CF2CI&12 [1] radicals (9.3, 8.7 and 9.0 respectively) and somewhat less 
than that expected from the empirical relation proposed by Bertrand et al. 
WI- 

Table 3 compares the values obtained in this work for CFClCFCl with 
the corresponding ones for CF,CCl, [ 13. It appears that the k4 values as 
well as the activation energy E, are nearly the same for these two isomers. 
However, the chain propagating step constant k3 and, consequently, the 
overall rate constant, is nearly five times higher for CFClCFCl. This dif- 
ference results mainly from the difference between the corresponding 
probability factors and to a lesser extent from the small difference in the 
activation energies. It is concluded that there is less steric hindrance when 
the chlorine atom adds to the CFCl group o.f the CFC12CFCl radical than 
when it adds to the Ccl2 group of the CF2ClCClz radical which already has 
two chlorine atoms. 
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