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ABSTRACT: The theory of polymer solutions developed by Flory and Patterson is used to calculate preferential
and total sorption of macromolecules in mixed solvents. The coefficient of preferential adsorption is analyzed
in terms of its dependence on parameters typical of the theory, such as molecular surface to volume ratios
and free volume dissimilarity between polymer and solvents. Our theoretical results are compared with the
ones from the simple Flory-Huggins theory. They are also compared with those obtained using an extended
version of the Flory—Huggins theory which includes a phenomenological ternary interaction parameter. Based
on this comparison, a partial interpretation is given for the molecular origin of such a ternary parameter.

The quasiternary systems formed by a polymer solute
dissolved in a binary solvent mixture are encountered in
many instances of polymer characterization.! When such
systems are placed in osmotic equilibrium with the binary
solvent, a redistribution of solvent molecules between the
two phases spontaneously sets up, due to equilibration of
the solvent chemical potentials. The resulting difference
in solvent composition between the two phases at ther-
modynamic equilibrium is termed preferential or selective
solvent sorption (solvation). For an isolated polymer coil
immersed in a binary solvent medium, such osmotic
equilibrium is established between the interior of the
solvated coil and the mixture of pure solvents external to
it. This purely osmotic contribution to preferential sol-
vation is present in every system comprising a binary
solvent. In highly polar systems, it has been found that
a major contribution to the phenomenon of preferential
solvation comes from the existence of specific strong in-
teractions (hydrogen bonding, for example) between
polymer segments and solvent molecules.?* In the case
of nonpolar or weakly polar systems, in which such strong
interactions play a minor role, the phenomenon of pref-
erential solvation has been interpreted by means of the
Flory-Huggins lattice theory of polymer solutions. The
statistical thermodynamic treatment of preferential sol-
vation by means of the Flory—-Huggins theory originates
with the paper of Shultz and Flory® on polymer chain
dimensions in mixed solvent media. Later, Read applied
this same theory to give an explicit expression of the
preferential adsorption coefficient A.6

In the case of polymers in mixed solvents, the original
Flory-Huggins theory has been extended by introducing
a ternary interaction parameter xr.” A ternary term was
first introduced by Read in his formulation of A. Read
pointed out® that this xr could be regarded, both math-
ematically and physically, as representing the change in
the interaction between two solvent molecules, one of each
kind, when both are in the vicinity of a polymer segment.
Pouchly et al.® have interpreted the necessity of intro-
ducing xr into the theory as being due to the effect of
nonrandom mixing. In general, there is no theoretical
scheme to calculate xr, and it has to be considered as an
adjustable parameter. The original formulation has been
thus extended to improve agreement with experiment, but
at the expense of adding empiricism to the theory. Present
studies of preferential sorption are based on this semi-
empirically extended Flory—-Huggins theory.? The lattice
model, however, suffers from basic deficiencies'® which
cannot be alleviated by extensions of the type mentioned.

The statistical thermodynamics of solutions composed
of chain molecules is nowadays based on the theory for-
mulated by Flory and co-workers!® and by Patterson and
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co-workers,!! which derive from the ideas advanced by
Prigogine and his school.!? This theory (to be designated
as the FPP theory, for Flory, Prigogine, and Patterson)
abandones the model of a rigid lattice for the solution and
takes into account the differences in free volume between
simple liquids and polymers, which give rise to such
phenomena unforeseen by the Flory-Huggins theory (FH,
from now on) as the excess volume and the existence of
lower critical solution temperatures. In general, the
thermodynamic properties of the polymer solution, ac-
cording to the FPP theory, are the result of two main
contributions besides the combinatorial one: a contri-
bution from the contact energies between polymer seg-
ments and solvent molecules, and another one from the
free volume dissimilarity between polymer chains and
simple liquids. This last contribution is ignored in the FH
theory. But the differences between both theories are not
only contained in this free-volume dissimilarity contri-
bution but, also, in the idea introduced with the FPP
theory that the contact interactions take place on the
molecular surfaces and depend, therefore, on the area
exposed by the molecules and not on their volume, as is
assumed in the FH theory. The contact interaction
contribution in the FPP theory differs from the FH one
in that it has an additional and important dependence on
the molecular surface-to-volume ratios.

The FPP theory provides the current statistical ther-
modynamic interpretation of polymer solutions, and its use
instead of the semiempirical extensions of the FH theory
seems, therefore, preferable from a theoretical point of
view. The first application of the FPP theory to polymers
in mixed solvents was done, recently, by Pouchly and
Patterson,!® who calculated intrinsic viscosities and heats
of mixing to infinite dilution. They showed that the values
predicted by the FPP and FH theories differ considerably
from each other and that the FPP ones are in much better
agreement with experiment. Changes in intrinsic viscosity
with solvent composition are due to the expansion of the
coil and reflect, therefore, the overall sorption of the binary
solvent by the polymer. Pouchly and Patterson neglected
the influence of preferential solvation on total expansion
and obtained the intrinsic viscosity in the single-liquid
approximation, in which it is assumed that the binary
solvent has the same composition inside and outside the
polymer coils. Preferential solvation may be an important
contribution to total sorption, and its influence cannot
always be neglected. In fact, for liquid mixtures composed
of a solvent and a precipitant, it has been found

-experimentally'4!® that there is a correlation between the

segment density inside the coil, which is governed by
overall sorption, and the coefficient of preferential sol-
vation A. And, what is more important, A can be measured
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directly by different experimental techniques, such as
refractometry, light scattering, ultracentrifugation, density
measurements, etc. and is, thus, a magnitude available for
direct comparison with theory. The relevance of a proper
theoretical calculation of A is, therefore, great.

In the present paper, we develop the FPP theory of the
preferential sorption coefficient A. The presentation is
organized as follows. In the Review of Thermodynamic
Relationships section we review the general thermody-
namic relationships (independent of any statistical model
for the interactions) which relate preferential and overall
sorption to the Gibbs function of mixing. Also, we cal-
culate the contributions to these properties arising from
the combinatorial entropy. In the next section we write
the noncombinatorial Gibbs function according to the FPP
theory, extending it to the case of ternary systems com-
posed of two solvents and a polymer, and calculate its
contribution to preferential and overall sorption. In the
Discussion section we compare our results with the ones
from the FH theory and discuss the relative importance
of each one of the new contributions introduced by the
FPP theory. We have not attempted to take into account
the configurational restrictions imposed on the polymer
chains by the excluded volume effect. In this sense, our
results suffer from the same deficiency as the FH theory.

Review of Thermodynamic Relationships

The components in the quasiternary system will be
denoted by the following subscripts: 1 and 2 for the
solvents, 3 for the polymer. Superscript zero will mean
that the superscripted magnitude is to be taken in the limit
of vanishing polymer concentration. The preferential
sorption coefficient X is defined in terms of v, the number
of molecules of solvent 1 which are in excess inside the
polymer coil, as:!6

A= (Vi/M)y 1

Here, V; is molar volume, the bar denoting partial quantity
in solution, and M is polymer molecular weight. The total
sorption function, Y, which measures the solvent power
of a given solvent mixture, is defined in terms of G, the
Gibbs function of an isotropic elastic deformation of the
swollen coil, as:?

Y= (‘/I/RT')UEI—2 (aGel/av)p,T (2)

where v3 is volume fraction of polymer inside a small,
concentrated homogeneous volume element, v, of the coil
domain, and RT and p are thermal energy and pressure,
respectively.

These preferential and total solvation quantities are to
be calculated from the Gibbs function of mixing, AGy,
through the following relationships:’

A =-0'My3/ My, 3)
Y = (Vi/2RT)[M;3 - My;(\/05%)%] 4)

where v; is specific volume and the M;;’s are second de-
rivatives of AG)y introduced by Pouchly et al.” The
composition variables chosen are volume fractions, u;,
referred to a unit volume comprising just the binary solvent
mixture free of polymer. Therefore, u; + uy = 1. The
independent variables are u; and us. The M,;’s are then
defined by:

M; = lim (i) (i) G,* (5)
ug—~0 aul uj 8u1 u;

Macromolecules

where G, * stands for (V being total volume)

G.,* = (1 + ul)AGy/V - (RT/V3)u, In (6)

3
1+ Uz

We can now split AGy into its combinatorial and
residual’® contributions as follows:

AGM = _TAScomb + AHM - TSR (7)

where AS, ., and SF are respectively the combinatorial
and residual parts of the mixing entropy, and AH), is the
heat of mixing. For AS ., we take the usual form:!°

AScomp = —R(n;In¢; + nyln ¢y + nzln¢y)  (8)

where the ¢;’s are segment fractions or core volume
fractions, and n; denotes the amount of substance. The
relationships

n/V=u/V1+ us)
6= (wi/V)/(u/ Vi + us/ Vo + us/ Vo)

allow us to write AS,, in terms of the u; variables. Here,
V; means reduced molar volume (reduced quantities are
introduced in extenso in the following section). The
combinatorial entropy is most commonly defined in terms
of volume fractions rather than segment fractions. If
required, ¢; can be easily converted into volume fraction
simply by taking equal value for all the Vs in eq 9.
Substituting AGy; of eq 7 into eq 6 yields for G *

G* =

€

RT| “ing + Zmay + L a2 ) | +
V. n ¢ v, n ¢, v, n\{ é; s g
(10

where we have introduced the symbol g to denote the
contributions to G * arising from AH); and S&:

g=(AHy - TS®(1 + uy)/V (11)
These contributions are the ones calculated here using the
FPP theory.
Substituting G,* into eq 5 gives for the M,/’s required
to calculate A and Y:

% \° RT
. (6u12) Vitotigo Hio T o
Uygliao(l = '[) U + lu
L[ (a- =22 _o1-1 ]} (12)
U + lu20

Ug + 7U20
2% \°
M13 Uy dUg
I_?_T_"E -1 -1 E_:Vluw‘*'luzo
Vil Vaug + Tugy  wip + luge| Vi Vaugg + Tug
(13)
a2z Y’
M, —
duUg
RT (V1 )2 Uy + lug Vi Vi 1
NS ) 22 o - ——
Vii\ Vs ] (ugo + Tug)? Vs sUig + lugy
(14)

the u,y’s being volume fractions for the solvent mixture in
the absence of polymer, ! = V,/V,, and | = V,/V,.

To proceed in the calculation of A and Y we require the
function g.
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We take now the problem of finding g according to the
FPP theory. The formulation of this theory given by
Patterson and Delmas!! can be easily extended to the case
of ternary systems. The resulting heat of mixing and
residual entropy are:

AHy = n, U U(T) - O(T)] + n,Uy*
[U(T) U(T] + nyUs* [U(T) U(Ty)] -
(n102V1 X12 + n103V1 X13 + n203V2*X23) U(T) (15)

SR = n, S*[S(T) - S(TY] + nySy* [S(T) S(T2)] +
nsSe*[S(T) - S(T3)] (16)

Here, U* and S;* are molar reduction parameters of the
pure components for energy and entropy, respectively; they
are related to the reduction parameters for pressure (p;*),
molar volume (V;*), and temperature (T;*) through

U =p*V}  Sp=pxV/T# (17)
The X,/’s are binary exchange interaction parameters and
the 6;’s are site or surface fractions in the ternary system.
They are given in terms of the segment fractions, or core
volume fractions, ¢,, as:

0; = ¢:5;/ (181 + P985 + Bas3) (18)

where s; is the humber of contact sites per segment; s;
meastures the molecular surface to volume ratio, an im-
portant parameter of the FPP theory. The tilde in eq 15
and 16 denotes reduced quantities. The reduced tem-
perature, T, is given by:

= (n]_Ul*Tl + nQUg*TZ +n3U3*T3)/(n1U1* + ang*
+ n3U3* - n102V1*X12 - n103V1*X13 - n203V2*X23) (19)

In order to obtain the residual Gibbs function g, we
rewrite eq 15, 16, 18, and 19, in terms of the composition
variables u;, using the following direct equivalences:

¢ = nV*/nV:  nVF=nV,/V,

nVi=wV/(1 + uy) (20)

and obtain for g:

pr* . . ~ & =
8= u1V—1lU(7') - U(Ty) - TL[S(T) - S(TY} +

L ]
oA OCT) = () - TS - STl +
by . . - P X,
uSV—a{U(T) = U(Ty) - T5[S(T) - S(T)1} -
g K12 X9 X3 X3
U 0y—=— 2 + uqb3=— 7. + uyfy—=— 7. U (21)

This form of g is to be derivated twice with respect to
volume fractions (x;) in order to calculate A and Y. These
derivatives are considered now.

It is possible to write a general form common to the
three second derivatives of g required for A and Y. By
making use of the thermodynamic relationships

3UseT=C, aS/aT=C,/T (22)

where C, is reduced molar heat capacity, we arrive at
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b 8
U duy
OO = w22 4 00,58 4 0 2
- (T)au,au U6, 7, 03 7, Ugfs 7, )
-1
R P2 1%
C(T')( T1+u2VT2+u3VT3) X
Dr* . po* Di* p* g
{ Vk T LA V T2 T Vk ™ Ou Vz B Uy,

X12 X13 X23
(u102 V u103—‘-7—1- + u203—‘72— X

o D p*
{VTI 511V T, - T[Vl'% 7,
K3 X2 X3 23
au, (u102 V + u103 V + U,203—“~/; ]} (23)

8, being the Kronecker delta. Performing now the de-
rivatives indicated in this general expression and going to
the limit of vanishing polymer concentration (ug — 0},
prescribed for the M,/’s, we finally obtain:

% \° 818y ColTo)Ag?
(—2) = 2[-U(T) ] t1z - :
6u1 SO

uloﬂ'l*Tl + uzo”z*Tz
62g 0 P 832
—_— = 2[-U(Ty)]— X
(aus‘") [-U(TH)] 5.2

(24)
S,
010613 + Og0fas — G 01002012 | —
Sy
Co(To)Ag?

uem* Ty + ugomo* T,y

o%g 0 . 8,48,
(aul 0u3) = [-U(To)]s—02 X

S,
[513 - S_ﬁzs + £19(010 — B2) ] -
2
CP(TO)AOAZi

Upom ¥ Ty + ugem* Ty

(25)

(26)

Here S;=s/V, & =X, X;;/ V, the volume and site fractions
u,o, 0 refer to the mixture of solvents free of polymer, T,

is the value of T defined in eq 19 when u; = 6; = 0, and
So = upSy + ugS,. The symbols A, and A; stand for:
Ay =1 ¥ (T - To) - m* (T - To) -

=S (S S,

Tos—lém :9“0910 - 3—2920 (27)

- Sy
Ay = 1T - To) - Tos_1 €19010820 — £13610 - S_zfzsezo
(28)

where 7* = p*/ V..

Introducing these expressions into eq 12-14 we get the
M;;’s required for the calculation of A and Y according to
eq 3 and 4. Therefore, the formulation of the FPP theory
for preferential and total sorption is contained in eq 3, 4,
12-14, and 24-28.
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Discussion

Let us discuss now the significance of each one of the
contributions to A and Y present in the above equations
and also compare them with the corresponding Flory-
Huggins expressions. The two important effects of free
volume dissimilarity between solvents and polymer and
of their difference in molecular surface-to-volume ratios
are contained in (6%/au; ou;)°. Both effects are typical of
the FPP theory of solutions and are ignored in the FH
theory, as we recalled before. The molecular surface-
to-volume ratios are expressed in the S; factors and the
free volume dissimilarities in the difference of reduced
temperatures (mainly T3 — T).

Our results for A and Y can be cast in the classical form
corresponding to the FH theory if we introduce in eq 24-28
the following simplifications. We make all terms in C,
vanish, neglecting thus all the contributions from free-
volume dissimilarities. We also neglect all differences in
surface-to-volume ratios, that is, we make S; = S, = S,.
As a consequence, the site fractions 8;, become identical
with volume fractions u;,, We further assume T, = T =
T, and define interaction parameters, ¢;, by:

e; = -O(T)Vig;/RT (29)

Then, also using volume fractions for the combinatorial
terms, we reduce eq 12-14 and 24-28 to the following
simple expressions:

Ol -1+ €13 — l€23 + 512(”10 - u20)
A= —Usg

Uieligy (30)
luyg + gy — 2€15u0Ug0

Y = Yollugo + ugo — 2eq9tygting) [ — 2legauygg —
2legsliog + Uroliao(2¢€10€13 + 2lepoeny +
2lergeay — €157 — e13” — PPegyd] (31)

If we identify the ¢;’s with the classical FH interaction
parameters x;;, then eq 30 and 31 coincide with the ex-
pressions of A due to Read® (without ternary parameters)
and of Y due to Shultz and Flory,® respectively. Making
use of the relationship U = U/U* = U/p*V*, we have for

€;jr
¢ = ~(U;/RT)X;;/p* (32)

which we recognize as the contact interaction term in the
formulation of x; by the FPP theory.”” An additional term
of the form (C,;/2R)(1 - T,»*/Tj*)2 is included also in the
FPP theory of x;; but is out of the scope of the FH one.
Therefore, our equations, when properly simplified in the
manner described above, include correctly the FH results
for A\ and Y, as a particular case.

In order to make our theoretical results useful for in-
terpretation of experimental data, it is convenient to
simplify somewhat the general expressions obtained and
find a form more amenable to calculation. The simpli-
fication should not be as drastic as the one leading to the
classical FH results (eq 30 and 31) but, rather, it should
retain the features of surface-to-volume and free-volume
differences which are important when the polymer is
compared with the liquids comprising the binary solvent.
As a first approximation, the differences between the two
solvents may be neglected (in the presence of the polymer),
leading then to the following set of useful simplifications:!3
Vi =V, pi* = po*, 81 = Sy, Ty = T, Reduced quantities
depending on T, may also be expanded around T, dis-
regarding products of interaction parameters £;;, and re-
taining only the terms linear in T — T.1® The preferential
adsorption coefficient then simplifies to:

Macromolecules
A= ~
. o&l =1+ s(e;3 — legg) + (5 — adegalugg - uzo)u y
3 Va luyg + ugo — 2€15u10Ug0 1(0 2;
33

where s = s3/s,, and
a = (TC(T)/FOT) Mps*/p*) (X - T*/Ts*)  (34)

Equation 33 differs from the classical FH eq 30 in the
appearance of the following: the factor s containing
surface-to-volume ratios, the free-volume dissimilarity term
a, and V;/V;. Equation 33 reduces toeq 30if s = 1, a =
0,and V,/V,; = 1. For a particular polymer-binary solvent
system, s can be calculated from the known geometry of
the different molecules. For the same system, « can be
calculated from the reduction parameters p;*, ps*, T:*, To*
and the solvent thermal expansion coefficient a;:

Tlép(Tl)/[_U(Tl)] =T (35)

As an example of the relative importance of s and «, we
give their values for the extensively studied system
polystyrene-benzene-cyclohexane (PS-BZ-CH), which
are: s = 0.48; « = 0.13 (at 25 °C).1® As we see, s differs
appreciably from unity in this system, so that the influence
of the difference in surface-to-volume ratio between
polymer and solvents, which is not taken into account by
the FH theory, is important in the preferential solvation
phenomenon. The value of « in this same system is small
compared to s but is still by no means negligible. To ignore
this contribution from free volume dissimilarity may in-
troduce a relevant error, especially if the temperature is
high, since « is an increasing function of temperature
(through «;T). It should be noted that the factor s — «
appears in the term containing uyq — ug. This term is the
one responsible for the inversion in A observed in many
systems,>! because 1y ~ ug is the only term changing sign
with varying solvent composition. Since the appearance
of inversion is favored by a large value of the term in u;
— Ugg,2° both s and « are important in locating such an
inversion point in A, when it occurs.

Regarding the overall sorption, the same simplifications
used for A yield for AY = Y — u;Y; — ug Yy

AY = 1/2(‘71/ V3)2(lu10 + Ugg — 2e15Uyolige) {-(1 - 1)2 +
2¢15[(82 — o — sa)(lugy + tgg) — ([ = 1)(s — a)(uyg — ugg)]
=200~ Ds(erg — legg) -
€192[4(s% — o — sa)uqgugg + (s — @)2(uqg — Ugg)?] -

82(613 - 1623)2 ~ 28(s — a)erglers — legg) (g — uzo)}ulgum))
36

where o = aps*/p,*. This expression reduces to the one
obtained previously by Pouchly and Patterson!? if we
neglect terms containing the differences €;3 — legs, Uy — g,
or [ — 1, The contribution to the total AY of the terms thus
neglected is as important as the contribution from the
terms retained, as we have verified by calculating AY for
the example system PS-BZ-CH. However, Pouchly has
argued? that the single-liquid approximation to AY of ref
13 should be superior to the complete eq 36, because the
terms arising from preferential sorption diminish AY too
much. As pointed out by Yamamoto and White,*? two
effects contribute in determining the solvent power of a
mixed solvent: one is the effect of a mean potential acting
throughout the polymer region, and the other is the effect
of short-range forces acting between the polymer segments
and the solvent coating adjacent to them. The “results
of these effects may cancel out, and the simple average of
the solvent power of individual solvents may indeed give
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a good approximation of the solvent power of a mixed
solvent”.2 An argument similar to this is used by Pouchly
in h2is preference for the single-liquid approximation for
AY.A

Our theoretical results will be compared now with the
extended FH theory which introduces a ternary interaction
parameter xt. This comparison will allow us to interpret,
in part, the molecular origin of xt. The expression ob-
tained for A when xr is included in the FH theory (neg-
lecting for simplicity the concentration dependence of the
x;;'8) is identical with 30, but with the FH x;/’s in place of
the ¢;;’s, except for the €12 in the numerator which is to be
replaced by x1; — x7.° When the resulting expression is
compared with our )\ of eq 33, we find the following formal
correlation: the x parameter in the extended FH theory
corresponds to the factor (V,/V;)(s - @) in the FPP theory,
since both xt and s — a affect the o — ugy term of A. The
influence of the ternary parameter xp is to decrease the
contribution from x;,, leading to an effective x15° = x12
— xr smaller than x;,. The same influence is exerted by
the factor s — « which leads to an effective €;o° = ¢;5(s -
a) smaller than ¢, because s — a < 1.2 The terms s and
a as multiplication factors for ¢, depend on the charac-
teristics of the polymer and reflect its influence on the 1-2
interactions between unlike solvent molecules. The
phenomenological parameter x has to be introduced, then,
to incorporate in a semiempirical way the effect caused in
such interactions by the presence of the polymer. Ans
smaller than unity and the negative contribution from «
in e5(s — &) V;/ V; are equivalent to introducing a ternary
x1. This represents a partial molecular interpretation of
such a phenomenological parameter.

Support for the identification of s and « as contributions
included in x1 comes from a comparison between A and
AY. As noted by Masa et al.,® the decrease of influence
of the 1-2 terms due to ternary interactions is almost two
times lower in the case of A than in the case of Y. This
is taken into account in the extended FH theory where the
x1 parameter enters in the form of x5 — Xt in A and in the
form of x;5 = 2xt in Y. Now, we can explain this need of
a contribution from xr higher in Y than in A by noting that
the terms in ¢;, in eq 36 contain the factor (V;/V4)%(s% -
a’ - sa), while the term in ¢ in eq 33 contains only the
factor (V, / V3)(s - @), the former being smaller than the
latter, For the example system PS-BZ-CH, we have
(V1/V3) (2 - o - sa) = 0.07 and (V1/V3)(s - a) = (.39,
which explains why the so-called ternary interactions have
a larger influence on total swelling than in preferential
sorption.

Other contributions to the ternary parameter besides
those represented by s and « may be present. Any attempt
to generalize the theory to include additional contributions
should first recognize that several simplifications are
contained in the present formulation of A\. For example,
we have neglected the exchange interaction entropy term
Q;j, introduced by Flory.?® For detailed agreement of
theoretical results with experiment, the introduction of this
entropic contribution may be required. Also, the as-
sumption of random mixing of segments, inherent in the
FPP theory, has not been avoided. Recent versions of the
FPP which incorporate nonrandom mixing effects may be
relevant.? Within the framework of the FH theory,
Pouchly et al® have incorporated nonrandom mixing
effects due to the formation of association complexes by
the components of the system.

An important limitation of our theory is the neglect of

Statistical Thermodynamics of Preferential Sorption 789

excluded volume. Yamamoto and White? considered
excluded volume in their calculation of the © temperature
of polymers in mixed solvents. A similar incorporation of
excluded volume into the FPP theory of A would be an
important step forward in the understanding of prefer-
ential solvation.

Application of our theory to certain experimental sys-
tems may need the use of the complete eq 24-28, since the
approximations leading to the simpler eq 33 may not
always be justified. In particular, if the solvents in the
mixture have different reduction parameters, as is the case
if one of the solvents is an oligomeric liquid,?” then T, #
T,, and the full equations have to be considered.

We have not mentioned the molecular weight depen-
dence of A. According to Dondos and Benoit?® and to
Read,® A varies with M as A = A, + AM™Y/2, The ther-
modynamic formulas we have used to derive A consider
only terms of the lowest order in the density of polymer
segments inside the coil. They do not include, therefore,
contributions of the type AMY/2 which arise from higher
order terms.?® Qur expressions correspond, then, to A..

Acknowledgment. This work was supported by the
Program of Cooperation between the U.S. and Spain under
Grant No. ITP3080.

References and Notes

(1) P. J. Flory, “Principles of Polymer Chemistry”, Cornell
University Press, Ithaca, N.Y., 1953.

2) B. Ch)aufer, B. Sebille, and C. Quivoron, Eur. Polym. J., 11,683
(1975).

(3) A. Dondos, Eur. Polym. J., 12, 435 (1976).

(4) B. Carton, V. Bottiglione, M. Morcellet, and C. Loucheux,
Makromol. Chem., 179, 2931 (1978).

(5) A. R. Shultz and P. J. Flory, J. Polym. Sci., 15, 231 (1955).

(6) B. E. Read, Trgns. Faraday Soc., 56, 382 (1960).

(7) J. Pouchly, A. Zivny, and K. Sole, J. Polym. Sci., Part C, 23,
245 (1968). )

(8) J. Pouchly, A. Zivny, and K. Solc, Coliect. Czech. Chem.

" Commun., 37, 988 (1972).

(9) S. G. Chu and P. Munk, Macromolecules, 11, 879 (1978).

(10) P. J. Flory, Discuss. Faraday Soc., 49, 7 (1970).

(11) ? Pa)tterson and G. Delmas, Discuss. Faraday Soc., 49, 98

1970).

(12) 1. Prigogine, “The Molecular Theory of Solutions”, North-
Holland Publishing Co., Amsterdam, 1957.

(13) J. Pouchly and D. Patterson, Macromolecules, 9, 574 (1976).

(14) A. Dondos and H. Benoit, J. Polym. Sci., Polym. Phys. Ed., 15,

© 137 (1977).

(15) A. Dondos, Eur. Polym. J., 14, 651 (1978).

(16) C. Strazielle and H. Benoit, J. Chim. Phys. Phys.-Chim. Biol.,
58, 675 (1961).

(17) g(l Bir)oé, L. Zeman, and D. Patterson, Macromolecules, 4, 30

1971).

(18) For computation, the properties of the solvent mixture des-
ignated with subscript 1, such as oy, V7, pi*, T}*, are taken as
the average of the pure solvent yalues.

(19) A. Zivny, J. Pouchly, and K. Solc, Collect. Czech. Chem.
Commun., 32, 2753 (1967).

(20) A.Zivny and J. Pouchly, J. Polym. Sci., Part A-2, 10, 1467 (1972).

(21) J. Pouchly, his comments as journal reviewer.

(22) M. Yamamoto and J. L. White, Macromolecules, 5, 58 (1972).

(23) The ¢, is identical with x;, in the approximation we are
considering: T, = T, (see eq 32).

(24) Z.Masa, J. Pouchly, J. P¥ibilova, and J. Biros, J. Polym. Sci.,

- Polym. Symp. Ed., 53, 271 (1975).
(25) f( A. )Orwoll and P. J. Flory, J. Am. Chem. Soc., 89, 6814, 6822
1967).
(26) g(] A. R. Renuncio and J. M. Prausnitz, Macromolecules, 9, 898
1976).

(27) J. E. Figueruelo, V. Soria, and A. Campos, Makromol. Chem.,
180, 1069 (1979).

(28) A. Dondos and H. Benoit, Makromol. Chem., 133, 119 (1970).

(29) M. Hert, C. Strazielle, and H. Benoit, Makromol. Chem., 172,
169 (1973).



