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Thermodynamic Relationship for Fractionation of
Ternary Copolymers

SHINYA TERAMACHI

Department of Applied Chemistry
Faculty of Engineering

Nagoya University

Chikusa-ku, Nagoya, Japan

ABSTRACT

Thermodynamic equations for fractionation of terpoly-

mers were derived, and from them it was obvious that

triple or dual cross-fractionation should be carried out
to determine the distributions of chemical composition

and molecular weight of terpolymers.

Several authors [1-5] have derived thermodynamic equations for
binary copolymer solutions by using the Flory-Huggins' lattice
model. From the theoretical point of view, it may be merely a
simple extension of the theories to derive the thermodynamic equa-
tions for ternary copolymer (terpolymer) solutions. From the
practical point of view, however, it may be meaningful to obtain
those equations and to discuss the fractionation of terpolymers
because of their importance in practical use of plastics. In practice,
an experimental study of the fractionation of a terpolymer was
reported recently [6].

If we assume that 1) the polymer chains are much longer than
the average monomer sequence length, 2) only nearest-neighbor
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interactions may be taken into account, and 3) solvent molecules and
the three species of monomer units have the same volume, we find
the mixing free energy of a heterogeneous terpolymer with a single
solvent to be

AF,, = rr:r[mmw1 .9, nx’Ylnvx’Y iy Z: "X,Y"Y] (1)

Xy =aXy + BxB + X - aﬁxAB - B”Bc - YXp 0 (2)

where X is the degree of polymerization; Y = f(e,B,y) is the chemi-
cal composition; @, B, and y are the mole fractions of A-, B-, and
C-monomer units in the terpolymer A-B-C; n; and v, are the number
of molecule and the volume fraction of solvent, respectively [1], and
nx’Y, vx'Y are the corresponding quantities of a terpolymer (X,Y);

XY’ Xpr Xg? and XC are the interaction parameters of a solvent

molecule with a terpolymer of chemical composition ¥, A-. B- and
C-monomer units, and Xap’ XBC and XaC are the parameters char-

acterizing the A-B, B-C and A-C interactions, respectively. Even
if assumption 3) fails, as is generally so, Eqs. (1) and (2) may be
useful by taking e, B, and y as volume fractions and X as the volume
ratio of polymer and solvent molecules. From Eq. (1), the chemical
potential of component (X,Y) is given by

Auy y =RT [m YRy " (X-1) +va(l - 1/:‘:n) +

(1- V:)XXY -(1- Vz)VzX'x'n] (3)

where f is the number average polymerization degree, vz = Z vX,Y
]

D) N a

Under the condition of phase equilibrium, from Eq. (3) it follows
that
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In vy y/Vx ) X{o +(va- v,)xY§
=X[0 +(vi- va) falx, - Bxyp - YXu Q)
+ Blxg = vxgo) + ¥xcl]
=X[o +(v2- va) falx, - vx, o)
+Blxg - @xpp - ¥Xpo) * Xl
=X[o + (va-va) jax, +Blxg - ax,p)
+AXg - PXge - “"Ac){] (4)
where the prime denotes the precipitation phase and
0 =va(l-1/%)-va(l- 1/X) +(1 - valvax - (1-vEWEX]

If we can assume .XAB’ Xpc’ and Xac to be negligible, we can rewrite
Eq. (4) as follows:

where ¢' = o + (V% - v:)xc, K; = (vk- vz)(xA - xB), and Kz = (vk-v2)
(xB - xc). From Eq. (5) it is certain, as in the case of binary copoly-

mers [4, 5], that the fractionation of terpolymer is inevitably governed
by both molecular weight and chemical composition. For example, in
the system of XA > Xc and Xp > Xer the components having higher

molecular weight and larger values of a and g (y is smaller) are
first precipitated. Accordingly, the fractions obtained by a simple
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fractionation can have neither sharp distributions of chemical com-
position nor those of molecular weight, except for the case of both
K;=0and Kz =0.

Thus as the dual cross-fractionation is useful for determining
the chemical composition distributions of binary copolymers [7-10],
the triple cross-fractionation must be used for determining the true
distributions of chemical composition and molecular weight of
terpolymers. In the triple cross-fractionation, three fractionation
systems which have different pairs of signs with respect to K; and
K2 must be employed; e.g., ++, +- and --. The sample is first
fractionated into primary intermediate fractions in one system,
and then every intermediate fraction is fractionated into secondary
intermediate fractions in the other system, and finally every second-
ary intermediate fraction is fractionated in the remaining system.

The triple cross-fractionation may not appear to be practical
because of those complicated procedures and, moreover, it may
appear very difficult to find three fractionation systems appro-
priate to triple cross-fractionation. Fortunately, however, chemi-
cal compositions of terpolymer polymerized in a batch are usually
distributed along a straight line in the triangular diagram of
chemical composition. This can be confirmed by plotting the
chemical composition distribution of styrene-methyl methacrylate-
acrylonitrile terpolymer calculated by Skeist [11] on a triangular
diagram. In such cases there is a possibility of determining the
true distributions of chemical composition and molecular weight
of terpolymers by dual cross-fractionation. As for binary copolymer,
we may use two fractionation systems in which the value of Xy

increases and decreases, respectively, as the composition of the
terpolymer is changed along the straight line in a triangular diagram
(Fig. 1).

If the parameters characterizing the interactions between two
monomer constituents of terpolymer, x AR’ etc., are not negligible

in Eq. (4), the value of Xy may have a minimum or maximum in the

rangeof 0< a< 1, 0< B< 1, and 0< y< 1. Even in such a case
the fractionation of terpolymer may be carried out by the same
method as stated above if the chemical compositions of the sample
is distributed only in a region where the value of Xy increases or
decreases monotonically.

If the system is composed of solvent (1), nonsolvent (2), and
heterogeneous terpolymer (3), we have the mixing free energy
as
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~.OYla,B,y)

o

FIG. 1. Interaction parameter Xy of a solvent with terpolymer

of chemical composition Y. Y is plotted in a triangular diagram.,
Xy is plotted on a perpendicular axis.

AFM =RT[1'I1 Invy +nz lInvz + Z l'lx’Y In ?x’Y + MVaXaz

XY
+ n1x§ vX,Yle +n2z x% vx’szY] (6)
Xy = @Xp +BX g +¥X o= @BXyp - BrXge - ¥ Xp0 (7
Xy T8 TP g * VX0 " xpp - AYXpe T T Xpc @

where x ij is the interaction parameter of solvent (i) with segment (j).
Then the chemical potential of component (X,Y) becomes
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Aux’Y =RT[1n YY" (X-1) +vsX(1 - 1/fn) - vivaXxiz

+iX X,y +vaXx g - VivaX im - vavaxim] (9)
Under the condition of phase equilibrium we obtain
In (vy y/Yx y) = X{o* + (v1- VDX ¢ + (V2 - va)x o (10)
o* =vs(1- 1/X ) - vi(1 - 1/X) - (viva - Vivh)xa - Vivex
+VIVEX - VaVaX o +VEVEX (11)

For simplicity, assuming that x , ., X5~ and x are negligible,
we obtain AR "BC AD

In (v ¢/vg y) = X(@" + Kia + K2p) (12)
where

0" =0* + (V1= VI)X o * (V2 - V2X,

Ki = (v - V(X , - X o) + (V2 = VE)(X, 5 - X, ()
and

Ki=(v:- vix g - X, +(Va - v'z)(sz - X,0)

Although the contents of K-parameters are more complicated than
in the case of a one-solvent system, we can speculate how the
fractionation should be carried out from the analogy to the case
of a one-solvent system.
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Thus, to determine the distributions of chemical composition and
molecular weight of terpolymers, dual cross-fractionation may be
effective if we can speculate on the distribution of chemical compo-
sition of the sample from its polymerization condition. If we cannot
do so, triple cross-fractionation should be tried.
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