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Synopsis 
A modified copolymerization equation srtbstant,iated by experiment,al evidence has 

been proposed for tricomponent systems. 

To eliminate the complexities and assumptions made in the integration 
of the rate equation put forward by Alfrey and Goldfinger' and Walling 
and BriggsZ for tri- and multicomponent copolymerization systems an at- 
tempt has been made in this paper to modify their equations. 

It is known that in the copolymerization of three monomers, M1, M2, 
and Ma, the chain propagation reactions are 
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where MI*, M2* and Ma* are different growing chain ends. Therefore, 
the rates of disappearance of the monomers, M1, Mz,  and Ma,  would be as 
follows: 
-dMl/dt = K11M1*M1 + K21M2*ll41 + K311@!3*Ml 

= Mi(KiiMi* + K21M2* + K31M3*) (1) 
-dMz/dt = KizMi*M2 + K22df2*M2 + K32M3*&'2 

= M2(K12M1* + K22M2* + K32M3*) 

= Ma(Ki3Mi* + K23Mz* + K33M3*) 

(2) 

(3) 
-dMo/dt = Ki3Mi*M3 + K2aM,*M3 + K33M3*M3 
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Fig. 1. Plots of l/(M)O versus l j ( M )  for copolymerization of three-component 
system consisting of styrene 0, methyl methacrylate A, and acrylonitrile 8. 

where (M&, (M&, and (M3)O are the initial concentrations of the monomers 
and (MI) ,  (MZ), and (M3) are their respective concentrations after time t. 
In this equation one part is equivalent to another part. 

Let us suppose that 

[Kzi/(KllK23 - K13K21) 1 [1/(Mi) - 1/(Ml)o] 

= [K31/(K22K31 - K21K32)] [1/(M2) - l / ( A l Z ) O ]  
= [KlZ/(KlZK33 - K13K32)][1/(jf3) - 1 / ( A f 3 ) 0 ]  = A 

K23/(KllK23 - K13K21) = x 
K31/(K2&31 - K21K32) = 1’ 

KlZl(K12K33 - K13K32) = 
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Then 

[1/(Md - 1/(MJoI = A / X  or l / ( M I )  = A/X + l/(Md0 (28) 

Ill(M3) - 1/(Md0l = A / Z  or I/(Md = A / Z  + 1/(Md0 (30) 

In these equations A ,  X ,  Y ,  and Z are constants. Therefore, the re- 
spective plots of l/(Ml), l/(Mz), and l/(Mn) versus l/(Ml)o, l/(Mz)o, 
and 1/(M& would be linear. To test the validity of these equations, 
values of (MI) ,  (Mz), and (M3) and (Ml)o, (Mz)o,  and (M3)O in terms of 
mole per cent were computed from the data of experiments 4, 5, 6, and 7 of 
Walling and Briggs.2 Linear 
plots support the plausibility of these equations. Further, it may be 
added that the equations would be equally applicable in cases in which 
composition and time of reaction are variant or one of them is variable 
and other constant. 
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