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Uij3 = (0',','3 + Ujj3)/2 (023)

Using this rule for ¢;; it can be shown that ¢* is given by
eq 36.
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ABSTRACT: The characteristic continuity of extensive thermodynamic parameters at glass-transition
temperatures forms the basis for a theory to predict T, in intimate mixtures of compatible high polymers
from pure-component properties. A relation derived from the mixed system entropy in terms of pure component
heat capacity increments and glass-transition temperatures is shown to arise as a consequence of the connectivity
constraint on the excess mixing entropy in these blends. Four known essentially empirical relations for the
effect, including a predictive version of the Wood equation, are obtained as special cases of this expression.
A second mixing relation is derived in terms of pure component properties from the volume continuity condition
at T,. Quantitative restrictions on excess mixing volumes associated with this relation suggest that the entropic
expression may be of wider use. The derivation of relations for the effect of pressure on T, is touched on.
Finally, for two related blends, the entropy-based relation is shown to predict glass-transition temperatures

in very good agreement with experimental values.

The prediction of glass-transition temperatures in
compatible mixtures from pure-component properties
presents a problem of some technological and scientific
interest. Plasticized polymers and polymer blends find a
wide variety of industrial applications; however, the
compositional variation of glass-transition temperatures
in these mixtures is generally discussed in terms of es-
sentially empirical expressions.! The physically plausible
“free volume” hypothesis has provided a rationalization
of certain of these relations.!™ Separately, a statistical
mechanical interpretation of composition effects on T, has
been given in terms of the DiMarzio-Gibbs
“configurational” entropy hypothesis of glass formation.®

0024-9297/78/2211-1156$01.00/0

The first of these approaches is known to offer some
basic difficulties and can lead to relations which are in-
consistent with experimental evidence, while the Di-
Marzio-Gibbs method does not appear to provide an
explicit expression for T, in terms of composition. A
quasi-macroscopic form of the configurational entropy
hypothesis of glass formation has been applied recently
to the problem in ideal and regular solutions® but, nec-
essarily, is couched in terms of fictive rather than actual
transition temperatures. Its application to mixtures thus
necessitates knowledge of the fusion entropy for each pure
component, assumes the compositional variation of fictive
transition temperatures to reproduce that of T, and re-
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quires the mixed-system crystalline entropy to mimic that
of the amorphous mixture below T,. To consider the latter
assumption, if at least one component is macromolecular,
geometrical constraints imposed by a lattice could cause
mixing behavior in the crystalline and disordered systems
to differ considerably. Additionally, correct use of this
description necessitates a knowledge of the conformational
contribution to transition heat capacity increments, a
further problem.”

In recent publications, Couchman and Karasz®® have
outlined a classical thermodynamic theory of the relation
between glass-transition temperatures and composition in
compatible binary mixtures. For ideal and regular so-
lutions, two particularly simple equations for the phe-
nomenon may be derived in terms of pure-component
properties. A relation formally identical to one of these
expressions arises also in the context of the configurational
entropy hypothesis of glass formation.? The predicted and
observed compositional variations of T, were found to
agree fairly well for several binary alcohol systems which
conform moderately to ideal or regular solution behav-
ior.8210 Tt cannot though be assumed that the formalism
for such simple solutions is applicable to compatible
polymer systems. It is, therefore, the purpose of this paper
to provide an analogous method for predicting the effect
of composition on T, for intimately miscible polymers, in
which the influence of specific interactions, the role of
connectivity, and so forth need be considered.

Derivation of Formal Relations for the
Compositional Variation of T, in Polymer
Systems

Two equations for the effect of mixing on glass-transition
temperatures at constant pressure can be derived on the
basis of classical thermodynamics. These arise, respec-
tively, from the characteristic continuity of total system
entropy and volume at T,, in conjunction with the use of
recognized finite transition discontinuities in their de-
rivatives. Since, generally, the entropy assumes a superior
position in thermodynamics the derivation of a mixing
relation from this variable is treated in some detail. There
are, also, specific reasons which suggest that in polymer
systems this relation may find somewhat wider application
than an analogous expression obtained from the system
volume (see later). For simplicity, the theoretical relations
are derived for binary mixtures, but can be generalized to
n-component systems with no obvious difficulty.

The pure-component molar entropies are denoted as S,
S, and their respective mole fractions (for polymers it is
useful to consider a mole of mers) as X;, X,. The mixed
system molar entropy, S, can then be defined as

S = X5+ X,S; + AS,, (1)

where the excess entropy of mixing, AS,, includes all
contributions arising from mixing the two pure compo-
nents. For later convenience S, and S, are referred to their
respective pure-component glass-transition temperatures
T,, and T,,, when their values are denoted as S,°, S;°. At
an arbitrary temperature T, use of these definitions and
of the pure-component heat capacities Cy,, C,, leads di-
rectly to the expression

T
S = X8 + fTﬁcm dIn 7|+
T
xifso+ f Cpdln T} + 18, @
The mixed-system glass-transition temperature, T, is

defined by the requirement that S for the glassy state is
identical to that for the liquid state. This condition and
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use of appropriate superscripts g, | lead to the equation

TE
XIE{SIO@ + fm C,¢dIn T} +

g{ 0.g T } g
XS, +fhch2 dIn T} + AS 8 =
1’ 0, Ta 1 }
X 48,0 +ng1ch dln T +
e ol Tery 1
X 8,00 + fTEZszdlnT + AS,! (3)

Since the system composition is fixed, X2 = X! = X, where
in turn { = 1, 2. More generally, this condition is a
characteristic of transitions continuous in extensive var-
iables (here, quasi-second-order transitions) and, con-
veniently, allows the final theoretical relations for T, to
be written either in terms of mass fractions, M;, or mole
fractions. For the former, heat capacities are per unit mass,
for the latter these are molar quantities. The choice of
pure-component glass-transition temperatures as reference
states provides the identity S>¢ = S5, This and the
composition continuity relations simplify eq 3 to

Xy fTT‘(cmz ¢ dinT]+
&
XQE I Z‘(cmg -C,)dn T} + A8, - AS,' =0 (4)

Derivation of an expression for mixed-system glass-
transition temperatures from eq 4 turns primarily on
considering the excess mixing entropy for the glassy and
liquid states. The heat capacity increments occurring in
eq 4 can be approximated to various degrees and present
a secondary, later, question.

The class of mixtures for which AS_ and its behavior
at T offer no problem are the ideal and regular solutions.
In small-molecule mixtures AS would then be solely
configurational and for segmentally mixed high molecular
weight flexible polymers it would be conformational. In
ideal and regular small-molecule mixtures AS,, is pro-
portional to X In X + (1 - X) In (1 - X), where X denotes
X, or X,; since the composition is fixed, the excess mixing
entropy is continuous at T,. For such polymer solutions
an analogous continuity of AS,, arises at 7. Generally,
for ideal and regular solutions eq 4 reduces to®®

TE TE
lenl AC, dIn T+ Xthz AC,dInT=0 (5)

where A denotes transition increments.

In compatible polymer mixtures, the presence of specific
interactions and, for example, the dependence of AS,, on
the intimacy of miscibility!! render the excess mixing
entropy problem more complex than that discussed above.
Nevertheless, if mixing is relatively intimate, approaching
the segmental level, the matter may be clarified sufficiently
to yield a relation for the effect of composition on T in
terms of pure-component properties.

It is of central importance to the theme of this discussion
that the long-chain nature of high-polymer molecules
(connectivity) has a profound effect on the excess entropy
of mixing when the two components are miscible in a
detailed sense, reducing AS,, to a value orders of mag-
nitude below that if the mers were unconnected. Provided
the severe connectivity constraint is maintained, factors
such as the non-combinatorial “equation of state” con-
tribution to AS,,,'? specific interactions, non-random
mixing, and so forth can be viewed as more or less
moderate displacements of AS,, from a reference value
(that of an ideal or regular solution). In the presence of
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secondary specific interactions, for which there is good
evidence in at least one blend,!®! the connectivity property
cannot but be maintained. Thus, to first order, the excess
entropy of mixing for intimately mixed flexible high
polymers can typically be considered negligible. Conse-
quently, glass-transition temperatures in these blends are
largely unaffected by AS,, and its behavior at T,. This is
particularly convenient as the influence of specific in-
teractions, nonrandom mixing, and other effects render it
unlikely that the excess mixing entropy is continuous at
T,. There is a quantitative argument concerning the

relative magnitudes of the two contributions to the total
system entropy which may be offered in support of this
conclusion.

For ideal solutions of flexible high molecular weight
polymers, AS,, is typically less than ~2 X 105 cal g1 K!
at ~300 K158 If factors altering the excess mixing en-
tropy from an ideal solution value were collectively to
increase the absolute value of this property by as much
as an order of magnitude, then AS,, ~ 2 X 10 cal g™ K.,
This, the maximum of AS_, would occur at some inter-
mediate system composition, when the absolute difference
between T, and the pure-component transition temper-
atures must also approach a maximum. At the appropriate
M; (~1/,) deliberate choice of a relatively low value of this
absolute difference (20 K) and typical values for the AC;
(~0.06 cal g* K!) gives the heat capacity terms of eq 4
as ~2 X 1073 cal g1 K. For consistency T, was taken as
300 K. This order of magnitude difference between the
two terms would typically be maintained across the
composition range. In the absence of primary interactions
between molecules of the two components, the actual
change in AS,, from an ideal solution value is unlikely to
be as large as that given above. Further, a realistic
maximum separation of T, and the T}, could be consid-
erably larger than 20 K.

The preceding qualitative and quantitative discussion
provides a basis for the neglect of excess mixing entropies
for at least one class of compatible polymer pairs. For
these blends, eq 5 may be used to describe the compo-
sitional variation of T,. The formal equivalence thus
established between the effect of composition on glass-
transition temperatures in ideal and regular solutions and
compatible polymer blends arises, though, from the
. connectivity property of high polymers and cannot be
taken as evidence of any further connections between these
mixtures.

In view of the first-order nature of this theory it would
seem inconsistent to derive explicit relations for the
composition dependence of T, other than in first ap-
proximation. Therefore, theoretical relations for the effect
are given here on the basis of temperature-independent
heat-capacity increments. Comparison between theory and
experiment makes use of expressions so derived, the most
general of which is

X,AC,, In (T/T,) + X,AC, In (Ty/Te) =0 (6)

For later convenience the X; are exchanged for mass
fractions (recall that the AC,, are then per unit mass) and
eq 6 becomes

MAC,, In Ty + MyAC,, In T,

In T, = M,AC,, + MyAC,, @
or, equivalently,
M,AC,, In (T, /T,)
In (T / ) = 2-%py g2/ ~ 81 (8)

M,AC, + M,AC,,

Four particular nontrivial cases of the general mixing

Macromolecules

relation arise, as is discussed below.

If the ratio T,/ T,, is not greatly different fron unity,
the logarithmic terms of eq 8 may be approximated in the
usual manner to give

M,AC, T, + MyAC,T

P27 B2

Te > —3f.aC, + Myac,

©

which is formally identical to the Wood equation!” (ori-
ginally derived for random copolymers), but unlike the
latter contains no adjustable parameters. Other familar
expressions can be derived from eq 8 and 9. For example,
the emplrlcal rule AC, T, ~ constant!® when substituted
in eq 9 gives the famlhar Fox equation?
1 M, M,
el (10)
Tg Tgl ng
and is consistent with the observation that if T, is chosen
as the higher pure-component transition temperature, T,
is typically a convex function of M,

This work presented here also provides a thermody-
namic basis for the recent observation by Pochan, Beatty,
and Hinman'® that data on the composition dependence
of T, for a number of polymer systems can be reproduced
approximately by the equation

InT,=M;InT, + My InT, (11)

In the context of this theory eq 11 follows from eq 7 if AC
= AC,,. Thus, the correlatlon observed by Pochan et i
is not necessarlly of kinetic!® origin. A fourth version of
eq 7 is obtained if both pure-component heat capacity
increments have the same value and the logarithmic
functions are suitably expanded. This expression

Tg ~ Mngl + Alz?"g2 (12)

therefore can also be obtained from eq 11.

As both total entropy and total volume are continuous
at glass-transition temperatures there are two, comple-
mentary, bases for the derivation of mixing relations.
Consequently, the derivation of a relation for T in terms
of pure-component properties from the mixed-system
volume is outlined below. The volume analogue of eq 1
is defined in terms of mole fractions, pure-component
molar volumes, V;, and the molar excess mixing volume,
AV s molar volumes referred to the T, are denoted by VLO,
and isobaric volume thermal expans1v1t1es ;= (1/V9)-

(aV;/9T), are introduced, leading to (cf. eq 4)

X V02T, -~ Ty) + XoVlda(T, — T, + AV, -
AVpE =0 (13)

where A again denotes transition (glass to liquid) i mcre-
ments. In terms of pure-component volume fractions, ¢,°
= X,V2/(X,\V,° + X,V,0), and the excess volume fractions,
¢mg’ AV /(X V04 X V), ¢l = AVL/(X V0 + X VYD),
eq 13 may be written as

$:1°80,(Tg — Ty) + 62°805(Ty ~ Ty) + bl = df = 0

(14)

For mixtures in which either AV _# = AV, ! or the excess
m1x1ng volumes are finite but negligible compared to
¢2Aa,(T, - T,), glass-transition temperatures are given by

¢1 Aangl + (1)2 A(IQng

¢ 61°Acy + ¢Aa,
This equation is formally identical to an expression ob-
tained from the linear additivity of pure-component free

volumes, though the definitions of the «; and ¢ differ
somewhat.??

(15)
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Ideal mixtures are necessarily described by eq 15. Its
suitability for mixtures with nonzero excess mixing vol-
umes is, however, a matter for enquiry. The relative
magnitudes of the two types of terms in eq 14 may be
estimated readily. A typical value for the Ag; is taken to
be ~5 X 104 KL If, as before, T, - Ty, ~ 20Kand¢,
~ 1/, the terms in Aw; are ~5 X 162, Takmg as a rough
guide to the validity of eq 15 the condltlon that ¢,°Ax,(T,
- T,) estimated from values given above should exceed the
absolute value of ¢, — ¢,,8 by an order of magnitude, the
latter term must not exceed 5 X 107 (0.05%) at T,. Itis
important to note that connectivity should not affect AV,
to the extent it influences AS,, and, further, that (negative)
volumes of mixing reported for several blends'®? (though
not at T,) typically exceed ~1%. Moreover, the free-
volume expression formally identical to eq 15 does not
predict T, correctly when specific interactions are pres-
ent.'® lg-us seems to suggest that eq 8 might be of
somewhat more general use than eq 15, although a more
definite statement must await careful experimentation and
further theoretical enquiry.

Formal considerations have thus far been limited to
blends at constant pressure. Conveniently, the derived
mixing relations can be readily adapted to include the
effect of pressure. Subject to the reasonable neglect of
terms in dAC,,/dp as second-order effects, eq 7 and 9 yield,
respectively, the expressions

dln T, din T,
d ln Tg MIACPI —dp"— + MzAsz dp
dp MAC,, + M,AC,, (16)
and
gL g2
dTg MIACPI ‘d';‘ + M2ACp2 E .
17

dp = MAC, + MyAC,,

Four other predictive relations for the pressure dependence
of T, can be derived, one from each of eq 10-12 and 15.

Comparison of Predicted and Observed
Composition Dependence of T,

A critical test of the theoretical relations requires,
generally, that the principal and subsidiary conditions
necessary for their derivation be met. The blends con-
sidered should of course be largely, if not entirely,
amorphous, in order to obviate the possible influence of
crystallinity. Further, those relations derived from the
entropy require that miscibility approach the segmental
level. If a principal condition is departed from signifi-
cantly, comparison of observed and predicted values of T,
may be advantageous, though of supplementary usefulness

The poly(2,6-dimethyl-1,4-phenylene oxide) (PPO) and
polystyrene (PS) system is probably the most studied
compatible polymer blend. It has been judged compatible
by a variety of methods,?! exhibiting a single composition
dependent T, for all relative proportions according to
differential scannmg calorimetry (DSC),!62223 thermo-
mechanical,® dynamic mechanical,?®>?® thermal optical
analysis,zz’26 and dielectric methods. ! Additionally, there
is direct calorimetric evidence for the expected negative
heat of mixing, AH,,, across the range of composition,?” a
sufficient but not necessary criterion for compatibility (the
mixing is sufficiently intimate that AS,, is considered
negligible?”). This negative value of AH,, is consistent with
evidence for phenyl-group coupling!* and, certainly, the
formation of these secondary bonds must be considered
suggestive of interaction at a somewhat detailed level, and

Tg, K
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Figure 1. Glass-transition temperatures, T, of PPO/PS blends
vs. mass fraction of PPO, Mppo. The full curve was calculated
from eq 8. Fried’'s experlmental values of T,!¢ are represented
as circles. Datal® for eq 8: AC,, = 0.0671 cal Kgl g, AC,, = 0.0528
cal Kl'g T, = 318K, T, = = 489 K. PPO was designated as
component 25 All calculated temperatures were rounded to the
nearest degree.

possibly intimate mixing. Also, DSC thermograms for
these blends show less than the considerable thermal
broadening vis-d-vis pure components observed for a
related compatible polymer pair./®?® The existence of local
concentration variations for the PPO/PS blend cannot,
though, be excluded. This blend therefore seems suitable
for application of those theoretical relations derived from
the entropy continuity condition; there are definite in-
dications of rather intimate mixing, and the PPO/PS
interaction is secondary (the presence of substantial in-
teractions between the two components is a topic for later
discussion). Turning now to the validity of a relation such
as eq 15, based on the neglect of AV, it should be noted
that this quantity has been observed as significant for the
PPO/PS blend.!®

In order to compare theory and experiment in a self-
consistent manner, it is necessary to seek blend data
determined in the same manner as for the pure-component
transition heat capacity increments and glass-transition
temperatures. This is to ensure that any significant
differences between predlcted and observed values of T,
can be ascribed to genuine dlscrepanc1es and, s1m11ar1y,
agreement can be taken as genuine. Fried!® has recently
studied several properties of two largely amorphous
polymer blends, PPO/PS and PPO/poly(styrene-co-4-
styrene). The pure component and blend glass transitions
were determined in a Perkin-Elmer DSC II at a heating
rate of 20 K min!. The PPO was additive free; details of
sample preparation and other relevant experimental data
are given elsewhere.!® The glass-transition temperature
was in all cases taken at the midpoint of the transition heat
capacity increment. The associated uncertainty in T, was
estimated as 2 K.

Theoretical values for the compositional variation of T,
for PPO/PS blends were calculated from eq 8 and, as
Figure 1 demonstrates, these agree well with Fried’s ex-
perimental results. The accuracy of various approxima-
tions to eq 8 has also been considered. Table I lists
predicted values of T, from, in order, eq 8-12. As expected,
the predictions of eq 8 are closest to the experimental
values. For the PPO/PS blend, eq 9 also predicts values
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Table I
Comparison of Predicted and Observed Values of T, for
Various Compositions of PPO/PS Blends

mass fraction of glass transition temp, Ty, in K

PPO (Mppo) exptl’® eq8 eq9 eq 10 eqll eql2
0 378 378 378 378 378 378

394 394 396 396 398 400
413 413 416 416 419 422
431 434 438 438 441 445
458 460 462 462 465 467

489 489 489 489 489 489

= oooo
O om R

of T, close to the observed results. Further, since the
product AC, T, for the two components is respectively 25.8
cal gt (PPQO) and 25.4 cal ¢! (PS), the predictions of eq
9 and 10 differ little. Both of these expressions are
somewhat more accurate than the logarithmic rule of
mixtures applied to glass-transition temperatures. Clearly,

however, the combination of circumstances necessary for .

these results will not invariably arise.

Turning to the mixing relation derived from the volume
continuity condition, Fried'® has considered the reported
Ace; and shown that T, is predicted to be a concave function
of the variable Mppg, whereas Figure 1 illustrates that T
is actually a convex function of Mppg. Thus the observecf
and predicted compositional variation of T, disagree even
qualitatively. This fundamental difference is consistent
with earlier comments on the possible inadequacy of eq
15.

Since the PPO/PS compatible pair seems appropriate
for realistic application of the theory and good agreement
is found with experiment, the theory might be applied
usefully to other compatible polymer mixtures and to the
parallel phenomenon when two pure components are made
into a random copolymer. For blend systems other than
PPO/PS there is relatively less information concerning the
type and level of compatibility. For example, DSC evi-
dence is generally available, allied perhaps with the results
of dielectric measurements and the rough guide of optical
clarity. To seek limits of the theory a blend derived from
the PPO/PS system but known to be less compatible is
considered next.

Random copolymers of styrene (S) and p-chlorostyrene
{(pCIS) blended with PPO have been found compatible by
DSC, thermal optical analysis, dielectric, dynamic me-
chanical, and density measurement.!®?® For copolymers
containing $67.1 mol% of pClS, compatibility occurs for
all relative proportions of the pure components. DSC
thermograms show considerable transition broadening
compared with the parent copolymer and PPO compo-
nents.'® Dielectric studies demonstrate a parallel relative
broadening of the relaxation spectra in the compatible
blend, which can be interpreted as arising from a range
of local concentrations.?® A second peak generally observed
in phase-separated mixtures is not seen in the region of
compatibility. Further, the compatibility/incompatibility
transition is rather clear on the DSC thermograms,
Outside the region of compatibility two largely constant
glass transitions characteristic of the pure components are
observed.!® In summary, there would seem to be distinct
miscibility, but it is somewhat unlikely that this extends
to the segmental level.

The compositional variation of T, for a PPO/S-pCIS
copolymer blend has been calculated from eq 8 for the
copolymer with 58.5 mol % p-chlorostyrene. The pre-
dicted and observed relations between blend glass-tran-
sition temperatures and mass fraction of PPO are depicted
in Figure 2. Equation 8 predicts the observed behavior
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Figure 2. Glass-transition temperatures of PPO/poly(sty-
rene-co-p-chlorostyrene) blends vs. mass fraction of PPO. The
full curve was calculated from eq 8. The circles represent data
taken from Fried.’® For the copolymer,'® AC,, = 0.0593 cal K™
gl, T, = 398 K. Data for PPO as for Figure 1.

very well.? Thus, although the transitions at intermediate
compositions are rather broad, the theory is quite ac-
ceptable for a composition which approximates the ma-
croscopic mass proportions.

Concluding Remarks

It has been demonstrated that an elementary relation
for the effect of composition on glass-transition temper-
atures in compatible polymer mixtures, based on the mixed
system entropy continuity at T}, serves to describe the
phenomenon from pure-component properties. This re-
lation arises in part from a special property of polymer
molecules (specifically, their long chain nature (connec-
tivity)) which reduces the excess mixing entropy to a
typically negligible value. The final theoretical relations
predict the observed effect of composition on glass-
transition temperatures surprisingly well for two polymer
blends, a result which may be considered to reflect suc-
cessfully on the neglect of excess mixing entropy. Further,
the central predictive relation serves to unify the basis for
the form of four equations for the phenomenon and can
be extended to predict the pressure dependence of T, for
polymer blends. In view of the success of such a simple
treatment the theory might be usefully extended.
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in Macromolecular Multicomponent Systems. 2.
Concentration Dependence?
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ABSTRACT: A perturbation-theoretical approach to the concentration dependence of phase separation in
quasiternary macromolecular solutions consisting of polymer, solvent, and nonsolvent is developed. It results
in a linear semilogarithmic phase equation yg* = A, - ¢.* In c,, where yp* denotes the precipitant fraction
(volume fraction of the precipitant at the cloud point) and ¢, the initial polymer concentration in g/cm®. Here,
A, and o.* are constants with A, as the precipitant fraction at ¢; = 1 g/cm?® and ¢.* the inverse value of the
change of the relative perturbation density (Au*pp.). The theory is verified experimentally at 25 °C by
investigation of the three different systems: (a) polystyrene-benzene-methanol; (b) poly(methy! meth-
acrylate)-benzene—cyclohexane; (c) poly(e-caprolactam)—m-cresol-petroleum ether. Fast turbidimetric titration
measurements on the basis of the dynamic volume pulse technique were used. The perturbation-theoretical
approach is confirmed furthermore by numerous experimental results taken from the literature. The results
are compared critically with the earlier approaches on the basis of statistical thermodynamics, partition equilibria,
and solution equilibria. In this context, the effect of the constant ratio of the solvent/nonsolvent in the gel

phase is interpreted theoretically.

I. Introduction

This paper is concerned with a perturbation-theoretical
approach to the initial concentration dependence of phase
separation in macromolecular multicomponent systems
after the addition of nonsolvent (precipitant), and with
applications of the theory. The approach is based on
concepts that I have developed in previous papers.!® The
assumptions and basic equations have been set out in the
first paper of this series.?

Firstly, it is shown how the perturbation relations can
be applied to calculating the functional dependence of the
precipitant fraction (volume fraction of the nonsolvent at
the precipitation threshold, y¢*) from the original polymer
concentration, taking into account the macromolecular
phase concentrations. Then, the theory is applied to

'This paper is dedicated to Professor Maurice L. Huggins on the
occasion of his 80th birthday, but publication unfortunately had to
be delayed.

! Presented at the 76th Annual General Meeting of the Deutsche
Bunsen-Gesellschaft fir Physikalische Chemie in Braunschweig, May
19-21, 1977.

0024-9297/78/2211-1161801.00/0

various multicomponent macromolecular systems. The
results obtained are scrutinized and compared critically
with earlier attempts at problem solution such as, e.g.,
partition equilibria*? and solution equilibria.t’

II. Fundamentals: The Perturbation-Theoretical
Approach of Phase Separation in Fluid
Macromolecular Multicomponent Systems

Addition of nonsolvent to a homogeneous macromo-
lecular solution may cause its disintegration by polymer
precipitation. The simplest system here is now a fluid
heterogeneous ternary one. Generally, however, solutions
of macromolecules in solvent/nonsolvent mixtures are
quasiternary multicomponent systems. In the following,
the assumptions and the notation of ref 3 are used.

Let the finite set of a multicomponent macromolecular
solution of nonelectrolytes |K, = {1, 2, ..., L,, .., P, ..., F, 4,
F 1, ..., r} be perturbed by the admixture of a nonsolvent
F, & |K;. Then, the system passes from the reference state
|[Ko—~|K=1{1,2,.., Ly, ... Pj, .., F,, ., r} = |K, + {F}, F,
€ |K D IKolG,\) € Nojm). Let the statistical polymer
component in the precipitation equilibrium which is
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