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A recent investigation1 has shown that the pyrolysis of 1-bromo-2-chloroethane 
yields essentially vinyl chloride and HBr. Minor products are vinyl bromide and KC1 
which arise mainly from a secondary reaction between vinyl chloride and HBr. This 
was supported by evidence for the formation of vinyl bromide in the HBr-catalysed 
decomposition of 1,2-dichloroethane.2 We now wish to report some quantitative 
kinetic information on the gas-phase reaction of HBr with vinyl chloride. 

Experimental 

Anhydrous HBr (Matheson) was used. Vinyl chloride (Imperial Chemical Industries) and 
vmyl bromide (Aldrich) were fractionated under vacuum untll gas-chrornatographlcally pure. 

The apparatus, which was a conventional static system, has been described prev1ous1y.z 
Known pressures of HBr and vinyl chloride were mixed in an unpacked reactor (c. 400 ml) 
coated with the pyrolys~s products of ally1 bromlde3 and after surtable react~on tlmes, the 
mixtures were analysed for vinyl halides by gas chromatography. 

Attempts to measure the equilibrium 

CzH&+HBr f CzH3Br +HC1 (kl, kz) 

by leaving mixtures in the reaction vessel for prolonged periods before analysis were thwarted 
by discrepancies in the vinyl chloride mass balance which may have been due to polymerization.4 

Results and Discussion 

Rate measurements were made at  points far removed from equilibrium. An 
independent check on reaction (2) showed it to be extremely slow and no rate data 
were obtained from this direction. 

Table 1 contains values for the second-order rate constant k l ,  calculated by 
standard methods5 at  temperatures around 305 and 348°C. The values are constant 
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a t  each temperature. There are insufficient data to warrant an Arrhenius plot but 
we estimate that log(kl/l. mol-1 s-1) E 9-3410, where 0 = 2.303RT in kcal mol-1. 

TABLE 1 

KINETIC DATA FOR THE GAS-PHASE REACTION OF HBr WITH VINYL CHLORIDE 

(All concentrations in mol 1 . ~ 1 )  

Temp. Reaction 104[CaH &1] 104[HBr] 104kl 
( O C )  Time (min) (initial) (initial) 104[CzH3Br1 (1. mol-18-1) 

For reaction (l), a multi-step molecular mechanism seems appropriate. The 
formation of vinyl bromide could occur by the addition of HBr to vinyl chloride 
followed by subsequent decomposition of the bromochloroethane : 

HBr +CH2=CHC1 + CHsCHBrC1 (k3, k4) 

Product analyses failed to reveal the presence of any bromochloroethane but 
the steady-state concentration is likely to be quite small. Under conditions far 
removed from equilibrium, the rate of reaction (6) will be negligible in comparison with 
the other reactions and, assuming that the intermediate bromochloroethane is 
present in steady-state concentration, the rate of formation of vinyl bromide is 
given by 

d[CzHsBr]/dt = k5[CH3CHBrCl] 

Comparison of this expression with the rate law for reaction (1) gives 

I t  is possible to calculate k1 from the above equation by estimating k3, ke, and 
k5 from the rate of addition of HBr to ethylenehnd the rates of decomposition of 
ethyl bromide7 and ethyl chloride7 respectively. Thus kl = 108.3-36.6/8 = 3 x 10-6 1. 
mol-l s-l a t  305°C compared to the experimental value (Table 1) of 1.6 x 10-4 1. 
mol-I s-l. The actual rate is therefore considerably faster than is predicted by the 
above scheme but the decomposition of 1,l-bromochloroethaneg has been shown 
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to have a large heterogeneous component and this could account for the above dis- 
crepancy. The effect of changes in surface area was not investigated in this study. 

A radical-chain scheme may also be considered and feasible reaction steps 
are listed below : 

plus various chain termination steps. However, a kinetic analysis by the usual 
methods9 leads to the conclusion that this type of mechanism is unsatisfactory. 

The kinetics of formation of vinyl bromide from HBr and vinyl chloride are 
difficult to explain on the basis of the proposed molecular and radical mechanisms. 
However, there are insufficient data to resolve the question of surface participation 
or the possibility of reaction (1) being a direct molecular process. 

9 Benson, S. W., "Thermochemioal Kinetics." (John Wiley: New York 1968.) 




