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ABSTRACT

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

INTRODUCTION

Alfrey and Lewis { 1] developed a mathematical treatment
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 [ 2] we related
the heat of binary copolymerization to the heats of homopolym-
erization, the polvmer composition, and two parameters which
characterize the alternation tendency in copolymerization.

Heats of copolymerization were obtained for several binary
systems [ 3-6]. Since no data are available for the ternary system
and such data are more difficult to obtain than data for binary
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system, it is desirable to develop a method for the prediction of the
heat of terpolymerization system from binary data,

THEORETICAL

The quantitative treatment of terpolymerization is quite complex
since nine propagation reactions are invoived.

Reaction Heat of reacticn
M-+ M, - M;- Hy
M-+ Mz - M:- Hia
Mo+ My - M;- His
Mz + M; - M;- Ha,
Mz + Mz - Ma- Ha:
Mz + M; -~ M;- Haa
My + M, = M;- Hay
Mi- + Mz = M- Hs2
Mze + Mg = Ms- His

The expression for the molar heat of reaction of each of the propa-
gation reactions is shown above. An expression for the neat of
terpolymerization at low conversion can be obtained by a treatment
similar to that used in binary copolymerization [ 2].

The molar heat of terpolymerization is given by

Nz2 N:2 N2,

_ Ny Nis N
Aﬁt = —No Hy - <, Hzz = —Na Ha + —No Hiz ¢ —No Hz:
Nn LT _ N2y N3z
N, Hus No Hi, N, Hay + . Haz (1)

where the number of nearest-neighbor pairs of i and j is Nij’ and

the total number of pairs in the copolymer is N, The number of
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M;: monomer units in the copolymer is NoX;, and thus the total
number of M;M, pairs is

Ny = NoX,\ Py {2)

where X, is the mole fraction cf the monomer units M,, and Py, is
the conditional probability that M; monomer unit will follow M,
monomer unit in the presence of Mz monomer unit. Similarly,

we have

N2z = NoX: P22 (3)
N3z = NoXsPss (4)
Niz = NoX,Py2 (5)
N2y = NoX2P:, (6)
Nz = NoX,Py &4
Ns» = NoXsPi; ' (8)
Nz3 = NoXzPas (9)
Niz = NoX:Psz (10)

where X, is the mole fraction of Mi monomer unit, and Pij is the
conditional probability that the Mi monomer unit selected at random
will be followed by the Mj monomer unit, The value of Pij may be

calculated {rom rate constant k as

k. [M*][M]
P = ) B (11)

1) =17 - = fafx
kij[MiJ[MjJ k IMrIIM ] - kg [ ] (M ]

where i, j, and k have values of 1, 2, or 3. Combining Egs, (2)-(10)
with Eq. (1), we obtained
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-’ﬂ'ft = X PuHu + XaPeeHzz + XPigHys + X P2z + X;P2:Ha,
+ X PuHp + XPuHs + X2P2aHas + XaPi2Hse (12

Ham [ 7] has treated the problem of terpolymer composition by
making 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:

P12P23P1. = PuPizPay (13)
A similar concept may be expressed as [8]:

Xl,' Xj = P, v P (14)

v oL
Equations (13) and (14) have undergone some debate in the literature
[9-12], vut they are a necessary consequence of the Q-e scheme
and can be derived from it., It is the purpose of this paper to eval-
uate the heat of terpolymerization with meonomers which do obey
the @-e scheme.

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

X\Pi2 = X;Pa 115)
X Pia = X3Py, (16)
XP23 = X3P32 (1

Substitution of Egs. (15), (168), and (17) into Eq. (12) yields
AHt = X\PuHy + XaP::Hzz = XPuHas » X(PuiHi2 ~ Hay)
+ X1 Pu{Hu + Hs)) + X P23(Hes + Haz) ‘ (18)

In the present case for an infinite moiecular weight terpoiymer
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P, - P2 + Pa =1 {19)
Pzy = P22 = P2z =1 (20)
P;; - Psz + Pz =1 (21)
Thus Eg. (18} can be expressed in terms of the probabilities of
cross-propagation:
AHt = HuX;, - Hz:Xp + HaaXs
+ XiPi2{Hiz - Hu) - X2P2:Hez + X Pi2Hzy
+ XiPu(Hys - Hiy) - XPyHas + X(PuHs:
-~ X2PzalHzs - Hzz) - XPazHas ~ Xz P23Hie {22)
Upon substitution of Eas. (15i-{17) into Eq. {22}, we find
AHt = HuXy + Hz2X2 - HasX
= X\ P2[(Hiz + Hay) - (Hu + Hzo)]
- XiPu{ (Hu + Hay) - (Hu + Hu)
- X2Pzs{(Haa - Hs2) - (Hzz = Has)] (23)
Defining Qij as [13, 14,
Qij = ‘.I—Iij - H}.i\ - '\Hii - Hjj) (24)

Consequently, the heat of terpolymerization is given by

AHL = HuX) = HzeX: + HaeXs + XiPiefi2 + X P1sQ1a

- X2P2323 {25)



10:19 25 January 2011

Downl oaded At:

310 SAWADA

The heat of terpolymerization for the ternary system acrylenitrile
{AN = 1) - styrene (ST =2) - methy! methacrylata (MMA = 3) calcu-
lated from Eq. (23) are presented in Fig. 1. Values in Fig., 1 are
obtained by using [ 4]

riz = 0.18, ra, = 1.35, ri3 = 0.04, ra3 = 0.46,
Hi,, = 16.74 kcal/mole, Hz2 = 13.42 kcal, mole
Hiy = 16.29 kecal, male

and Qij are shown in Table 1. Ham [13] has found that Eg. (13) can

be applied to this ternary system. Thus it is possible to preadict the
heat of terpolymerization in this system from binary data.

18
v
3 17~
E
——
S
O
P 4
T 15 =
<
| ! | i

mole fraction AN

FIG. 1. Heat of terpolymerization for the acrylcnitrile-methyl
methacrylate-styrene system: {(mole MMA), (mole ST) = 1.
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TABLE 1. Parameters Used in Predicting the Heat of
Terpolymerization

-+ H,. B, +H. Q..

ij o i SRS ij
Binary system {kcal;mole) (kcal; mole} {kcal, mole]
AN-MMA 28.4% 30.4% -2.00
AN-ST 34.67% 32.76% +1.91
MMA-ST 32.74° 29,747 +3.00

E]'D'a.t.a from Ref. 4.
Data from Ref. 3.

In the case of birary copolymerization X5, Qu, Q2z3, Py, and Pz;
will vanish. In this case Eq. (25) will reduce to Eq. (26), which is
identical to Alfrey's [ 1]:

AH = H,X, - Hz2Xs - Pi2012X, (26)

Using the same procedure as for the heat of terpolymerization in
Eg. (25), the following equations are found in the case of multicom-
ponent copolymerization containing n monomers which obey the Q-e
scheme.

AH = HuX1 + szXz - Haam + ... - H X

nn n
+ XiPi2flz » XiPully - ... + lelngln
- X2P23§223 + szzquq T e T X2P2n92n
+ XPaallss + XsP3sQas ~ ... - X3P3HQ3R
+
- X P Q 27

n-1"n-1,n" n-1,n
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Equation (27) gives the heat of multicomponent copelymerization with
n monaomers, and this equation is only applicable to multicomponent
systems for which copolymerization follows the Q-e scheme. 3Similar
expressions hold for eniropy and free energy changes with n mong-
mers which obey the Q-e scheme.
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