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Heat of Terpolymeriration 

Filter Laboratory 
Daicel Ltd. 
Teppo-cho, Salai 
Osaka, Japan 

A B S T R A C T  

.4 novel correlation for predicting the heat of terpolymeri- 
zation from the binary data is proposed. This correlation 
is applicable to the te--nary system with monomers which 
obey the Q-e scheme. The heat of terpolymerization for 
the ternary system methyl metbacrylate-styrene- 
acrylonitrile is calculated from binary data. 

I S T R O D U C T  ' I O N  

Alfreg and Lewis 'c I! developed a mathematical keatmenc 
relating the heat of binary copolymerization with the composition 
of the copolymer in terms of the molar enthalpies of the four 
basic propagation steps. In the previous paper [ 21 we related 
the heat of binary copolymerization to the heats of homopolym- 
erization, the polymer composition, and two parameters which 
characterize the alternation tendency in copolymerization. 

Heats of copolymerization were obtained for several  binary 
systems [ 3-6 1. Since no data a r e  available for the ternary system 
and such data a r e  more difficult to obtain than data for binary 
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906 SAW.IDA 

system, it is desirable to develop a method for the prediction of the 
heat of terpolymerization system from binary data. 

T H E O R E T I C X  L 

The quantitative treatment of terpolymerization is quits complex 
since nine propagation reactions are involved. 

Heat of reaction 

The expression for  the rnoiar heat of reaction of each of the propa- 
gation reactions is shown above. ..a expression €or the heat of 
terpolymerization at low conversion can be obtained by a creatrnem 
similar to that used in b inary  copolymerization [ 21. 

The molar heat of terpolymerization is given by 

where the number of nearest-neighbor pairs of i and j is X. . ,  and 

the total number of pairs in the copolymer is No. The number of 
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HEAT OF TERPOLYIvIERIZATIOX 907 

hi; monomer units in the copolymer is _h&, and thus the total 
number of MlMl pairs is 

where XI is the mole fraction of the monomer units M I ,  and PI1 is 
the conditional probability that MI monomer unit will follow &I1 
monomer unit in the presence of !& monomer unit. Similarly, 
we have 

S Z Z  = PU’oX2P22 13) 

where X: is the moIe fraction of M. monomer unit, and P.. is the 
conditional probability t,ht the M. monomer unit selected at  random 

u;ilI be followed by the M. monomer unit. The value of P.. may be 
calculated from rate constant k as 

1 11 
1 

J 11 

where i, j, and k have values of 1, 2, or  3. Combining Eqs. (2)-(10) 
Wth Eq. (l), we obtained 
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908 S A W . ! A  

Ham [ 71 has treated the problem of terpolymer composition by 
makinq the simple assumption that the probability of producing a 
certain sequence of monomers is the same as producing the exact 
reverse  sequence. This relationship of product probabilities is 
as follows: 

PlZP23P11 = PUP32PZl i 13) 

X similar  concept may be expressed a s  [ 81: 

Equations (13) and (14) have undergone some debate in the literature 
[ 9- 121, but they are a necessary consequence of the Q-e scheme 
and c a n  be derived from it. It is the purpose of this paper to eval- 
uate the heat of cerpolymerization w t h  monomers which do obey 
the Q-e scheme. 

we find 
Since we a r e  dealing with monomers which obey the Q-e scheme, 

XLPIZ = XZPlL (15)  

Substitution of Eqs. (15), (16), and (17) into %q. (12) yields 

In the present case for an infinite moiec-dar xeight ter?oiymer 
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HEAT OF TE3POLYMERIZATIOX 909 

P1: f P12 f P u  = 1 

P21 - P.2 - Pt3 = 1 

Pjl - 2 3 2  t Pa3 = 1 

119) 

(201 . 

121) 

Thus Eq. (18) can be expressed in terms of the probabilities of 
cross-propagation: 

Upon substitution of Eqs. !151-1171 into Eq. (22) ,  we find 

!-!., = !H.. - H. 'I - \Hil  + H . . )  
11 1: 1: 21 

(24)  

Consequently. the heat of cerpolymerization is given by 

AHL = HiiXL - H22X2 t Hi& * XiP:~r).12 + XIP13R13 

- x 2  P23R 23  (253 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



9 10 SAWXDX 

The heat of terpolymerization for  the ternary system acrylcnitrilz 
(A? = 1) - styrene (ST = 2 )  - methyl methacrylate iMMA = 31 calcu- 
lated from Eq. (25)  a r e  presented in Fig. 1. Values m Fig. 1 are 
obtained by using ( 11 

r12 = 0.18, r p l  = 1.35, r13 = 0.04, r23 = 0.16, 

HU = 16.74 kcal,’mole, HZZ = 13.42 kcalimole 

H33 = 16.29 kcal, mole 

and 0. .  a r e  shown in Table 1. Ham [ 153 ha3 found that Eq. 113) can 

be applied to this ternary system. Thus i t  is possible to predict the 
heat of terpolymerization in this system from binary data. 

11 

mole fraction AN 

FIG. 1. Heat of terpolymerization for  the acrylonitrile-methyl 
methacrylate-styrene system: (mole X v l A ~ ,  (mole STI = 1. 
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HEAT OF T EX PO LETTER1 ZATION 9 11 

TABLE 1. Parameters Used in Predicting the Heat of 
T erpolymerization 

H . .  T H . .  H . .  + H . .  R. 
11 31 11 11 I j  

Binary system (kcal,: mole) (kcal; mole) (kcal, mole) 

LV- MM.4 28.4= 30.4a -2.00 

AN- ST 34.6? 3 2 . E a  +1.91 

MMA-ST 32. 74b 29,74’ -3.00 

Data from Ref. 4. a 
bData from Ref. 3. 

In the case of binary copolymerization Xj, nu, 9 2 3 ,  Pg , and P23 

will vanish. In this case Eq. (25; %-ill reduce to Eq. (26), which is 
identical to Alfrey’s [ 11: 

Using the same procedure as for the heat of terpoiyrnerization in 
Eq. r25), the following equations a r e  found in the case of multicom- 
ponent copolymerization containing n monomers which obey the Q-e 
scheme. 

- x3P34.D.34 * x3P35235 * . .. - x P n 3 3n 3n 

+ ... 

- x  P n n-1 n-1,n n-1,n 
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9 12 SAWXDX 

Equt ion  (27; gives the heat of rnulticomponenc copolymerization with 
n monomers, and :his equation is only applicable to multicornponent 
systems for which copolymerization follows the Q-e scheme. Similar 
elrpressions hoId for entropy and f ree  energy c.hanges with n mono- 
mers  which obey the Q-e scheme. 
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