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ABSTRACT: The equation-of-state theory of polymer solutions developed by Flory (FPP theory) is applied
to calculate the preferential adsorption coefficient (A) and the total sorption potential (Y) of polymer-mixed
solvent systems. The formulas deduced for A and Y are compared with the ones obtained for these same
magnitudes using the classical Flory-Huggins (FH) thermodynamic model. The dependence of polymer-solvent
interaction parameters on concentration and the dependence of the liquid 1-liquid 2 interaction parameter
(812) on solvent mixture composition are taken into account. In the FH theory, empirical ternary interaction
parameters, gr and xT, are usually added to describe A and Y. In the FPP theory, thermodyr.amic quantities
depend on the molecular characteristics and exchange interactions of all three componer ts simultaneously
and are thus ternary per se. The formulas of the FPP theory can be simplified to give resul: - that are identical
with those of the FH theory with ternary parameters. In practical applications, the ternary int' raction parameters
are usually taken proportional to g;,. The simplified results of the FPP theory show that the proportionality
constants between gt or xt and g,, contain as a major contribution the nonspecific effects arising from
dissimilarities in molecular surface to volume ratio and in free volume between polymer and solvents.

Introduction

The theoretical description of preferential sorption in
polymer—mixed solvent systems which has been most of-
tenly applied to interpret experimental results of the
preferential adsorption coefficient, A, is the one developed
by Read.! This theory gives the variation of X as a function
of mixed-solvent composition in dilute polymer systems.
To obtain A Read wrote the Gibbs mixing function of the
system, AGy, according to the model of Flory and Huggins,
but in an extended or modified version of it. In the simple
Flory-Huggins expression, the interactional part of AGy
for the polymer—mixed solvent system is written in terms
of binary interactions solvent l1-polymer, solvent 2-
polymer, and solvent 1-solvent 2, each one represented by
a constant binary interaction parameter.

Read extended this model to include the concentration
dependence of each one of these binary interaction pa-
rameters and also to include a ternary interaction param-
eter x03. However, most authors who have applied Read’s
theory of A to experimental results have not taken his x93
into account. . .

Later, Pouchly, Zivny, and Solc also developed a theory
of A>3 based on an extended Flory—Huggins model in-
cluding explicitly a ternary interaction parameter, gr, and
taking into account the concentration dependence of in-
teraction parameters. The application of the theory of
Pouchly, Zivny, and Solc has shown that both the ternary
interaction parameter and the concentration dependence
are very important factors for the proper interpretation
of preferential adsorption phenomena as well as for the
total sorption potential in polymer—-mixed solvent systems.

The binary interaction parameters for the Gibbs func-
tion are g5, 13, and gs3 (1 and 2 solvents, 3 polymer).
These g,;'s are in general not constant. g,, depends on the
composition of the mixed solvent, and g,; and g,5 depend
on polymer concentration. Let us call ¢; the volume
fraction of componen i referred to the total volume of the
ternary system (¢, + ¢o + ¢3 = 1) and u; the volume
fraction referred to the volume occupied just by the liquid
mixture (¢; + u; = 1). The dependence of interaction
parameters on concentration can be written g1,5(i,), g13(téa),
and gy3(us). In the ternary system only two composition
variables are independent. Above, we have chosen them
to be u; (composition of the liquid mixture) and u,
(polymer concentration), where u; = ¢;/(1 — ¢3). The
ternary interaction parameter, g, depends on both inde-
pendent variables: gr(uy,us).
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In the limit of dilute polymer solution, the dependence
on polymer concentration of the binary parameters g;3 and
g2, can be expressed by?

8%3 = X% * (dg;3/des)® =12 1

where superscript zero is used throughout this paper to
denote quantities in the limit ¢; — 0. The x;’s are in-
teraction parameters for the chemical potential and the
g;’s for the Gibbs function.

In a parallel way one can write for the ternary parameter

g°r(uy) = x°r(uy) + (dgr/9¢3)° (2)

The ternary parameter or its dependence on concentration
is not known beforehand and has to be adjusted to ex-
perimental results. The values thus obtained for g°1(u,)
have been found to vary with u, in a manner that parallels
the variation of g;5(u;) with u;. This led Pouchly and
Patterson® to write as an adequate approximation

g1 = (v/2)812 3)

with v a constant. Later, Pouchly and Zivng analyzed
results of A® and intrinsic viscosity’ for a number of systems
and introduced the approximations

g°r{uy) = a810(u,) (4)
x°rluy) = ax’gl2(u1) (5)

with a, and a,” constants. (In fact, Pouchly and Zivny
defined’ a constant g, instead of ¢,/ given by eq 5, but the
relation between their a, and the present a,’ is just 2a,
= a,/ + a,) These authors showed that both approxi-
mations (eq 4 and 5) allow for a reasonable description of
the experimental results of A and [n]. Although these
approximations provide information about the dependence
of g°¢ and of x°r on the mixed-solvent composition, they
still maintain a, and a,’ as adjustable parameters whose
values can be known only by comparison with experiment.

More recently, Figueruelo, Campos, and Celda® have
found a new empirical correlation which is expressed by

gr(uyis) = 815(Us)8as(us)g12(uy) + (9g1/3¢)°,,]1 (6)

They have measured A, [n], and the second virial coefficient
of poly(dimethylsiloxane) in methyl ethyl ketone + n-al-
kane mixtures and have found that the correlation ex-
pressed by eq 6 describes well their results and also results
of other systems from the literature which they have also
tested. The correlation of Figueruelo, Campos, and Celda
has the virtue that, according to them, it allows for a
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prediction of the ternary parameter without any adjustable
constant.

All the above developments have been conducted within
the framework of the Flory—Huggins model for AGy, (either
in its original form or in the modified or extended versions
of it). The limitations of such a model to interpret ther-
modynamic properties of polymers in solution are already
well-known. Flory® developed a new theory based on the
principles of Prigogine and his school, which is more ad-
equate to describe the thermodynamics of polymers in
solution. Such a theory has been used to predict the
variation of the interaction parameters x;; with polymer
concentration, which in the theory is obtained as a con-
sequence of the dissimilarities in free volume and in mo-
lecular surface to volume ratio or contact sites between
polymer and solvents.

Using the framework of the new theory, Pouchly and
Patterson!® derived the total sorption potential, Y, and
verified that the contributions due to the dissimilarities
in free volume and in contact sites between polymer and
solvents allowed one to explain the experimental results
of [n] as a function of u;. They also showed that the
importance of those effects on [5] is such that, when they
are neglected in the Flory-Huggins model, a large ternary
interaction parameter has to be introduced forcefully in
order to approximate the experimental results.

The theory of A using the same new thermodynamic
formalism of Flory was derived by the present author!!
(paper 1). (The new Flory formalism was there abbrevi-
ated FPP, for Flory, Prigogine, and Patterson, and the
classical Flory-Huggins formalism was abbreviated FH).
The final equations obtained for A in the FPP formalism!!
were rather complicated and, in order to ease their prac-
tical application, several approximations were introduced
to obtain usable simpler expressions. In such simpler
expressions the dissimilarities in free volume and in surface
to volume ratio between polymer and solvents were ap-
proximately taken into account, but the dissimilarities
between the solvents themselves were neglected, the same
as Pouchly and Patterson did in their theory of Y.1° This
is probably a reasonable approximation in most cases but,
if necessary, it could be avoided by going back to the more
complex complete equations of the theory.!!

Some of the approximations contained in the simpler
expressions of the FPP formalism for A and Y have an
important consequence. When they are introduced into
the FPP expressions for the interaction parameters, these
approximations are equivalent to neglecting the mixed-
solvent composition dependence of g;, and to not properly
taking into account the polymer concentration dependence
of g;5’s. The application of the simpler expressions of the
FPP formalism for A made to a number of systems'?!® has
met with difficulties in some cases. These difficulties can
be attributed, to a large extent, to these effects of the
approximations on the u, and ¢; dependencies of inter-
action parameters.

It is possible to avoid such approximation by taking into
account the dependence of g,, on mixed-solvent compo-
sition, g,,(u;), and by calculating the derivatives (3g;s/
d¢3)°,1 which express the polymer concentration depen-
dencies of solvent—polymer interaction parameters. This
task is the one we tackle in the present paper. We also
apply the results to obtain new expressions for A and Y
which are still simple but which incorporate such g;,(u;)
and (dg;3/8¢3)°,, dependencies of the interaction param-
eters. By so doing, we are able to compare the FPP ex-
pressions for A and Y with the corresponding expressions
based on the extended FH model.
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This comparison finally allows us to establish a corre-
spondence between the ternary parameter of the FH for-
malism and the parameters of the free volume and mo-
lecular surface to volume ratio dissimilarities in the FPP
formalism.

The fundamental difference between the FH and the
FPP formalisms in their description of a ternary system
is that in the FH formalism the Gibbs mixing function,
AGy,, is written as a sum of binary contributions (1-2, 1-3,
2-3) and needs an explicit introduction of ternary effects
as an additional ad hoc term, while in the FPP formalism
the terms of AGy; depend on the molecular characteristics
and interactions of all the components simultaneously and
are thus truly ternary per se.

The need of a ternary parameter has been justified
sometimes as representing specific interactional effects!®
or some “gathering effect”.l” The present comparison
between FH and FPP theories will show (more emphati-
cally than before'®'!) that gr and xr also hide the free
volume and molecular surface dissimilarity effects and that
the contribution of such nonspecific effects to the ternary
terms is large (in some systems they may be even the only
effects accounted for by gy and x7).

Theory

We shall use here the same terminology and symbols as
in paper 1.!! When referring to an equation in that paper
we shall number it as eq In.

We start by splitting the Gibbs mixing function of the
ternary system, AGy, into its combinatorial, -TAS 1, and
residual, G®, parts (T is the absolute temperature):

AGy = -TAS, o, + GR N

The combinatorial entropy is given by (eq I8)
ASemp = —R(ny In ¢y + nyIn ¢y + ngln ¢g)  (8)

where ¢, is the segment fraction or core volume fraction
and n; is amount of substance (R is the gas constant). The
residual Gibbs function is composed of the heat of mixing,
AHy,, and the residual entropy term, —-T'S®:

GR = AHy - TS 9

In the FPP theory, AHy; and S® for a ternary system are
given by eq I15 and 116, yielding the result for G®:

G} = np VMO - OTy) - T1[S(D) - STy} +
napg* VAHU(T) - O(Ty) - ToIS(D - ST} +
naps*VaHU(T) - U(T) - To[S(D) - S(T)]) -
(n102V1*X12 + n103V1*X13 + n203V2*X23)U(T') (10)

Here, p*, V*, and T;* are the reduction parameters of the
pure components for pressure, molar volume, and tem-
perature, respectively, and the tilde denotes reduced
quantities, U being energy. The X,/’s are binary exchange
interaction parameters and the 6;’s are site fractions or
molecular surface fractions.
The reduced temperature of the ternary system is given
by (eq 119)
I'= (np*Vi*Ty + nopp* Vor Ty + ngpy* Vy* Ty) X
(np*Vi* + nopo*Vo* + ngps* Vg* — nyb,Vi* Xy, -
n83V 1 * X5 = nyfs Vo* X (11)

We see that T depends on the reduction parameters of the
three components and also on the three exchange inter-
action parameters X, X3, and Xy, of all the possible
binary interactions in the system. T is a truly ternary
magmtude Due to this character of T, all the terms of
GR in eq 10 are also ternary, because they contain 7 in
O(T) or in S(T). There is no single term in eq 10 that could
be considered binary.
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On the other hand, the GF of the FH model (without gr)
is

GR = RT(n1¢£12 + n1¢3813 + n2¢3g23) + GR/ (123)
with

G® = RT[n, In (¢1/¢1) + ny In (e3/¢2) + 1y In (g3/63)]
(12b)

This G® arises because the FH model is defined in terms
of volume fractions. The GF of the FH model is a sum of
binary terms. To destroy this additive character a ternary
term is added:

GR = RT(n1¢s812 + niesgis + Noengas + niepesgy) + G¥
(13)

No such additive character is present in G® according to
the FPP theory. All terms in eq 10 depend simultaneously
on the properties of the three components and on their
mutual interactions through 7.

In order to show more clearly the lack of additivity in
the FPP theory we try now to mimick the form of the FH
expression eq 12 with the FPP eq 10. First we make n,
= 0 in eq 10 and 11 to obtain (G®),; for the pure solvent
2-polymer (n, + ny) binary solution, then n, = 0 (6, = 0)
to obtain (G®),; for the pure solvent 1-polymer (n; + n;)
binary solution, and then ny = 0 (6; = 0) to obtain (GF)°
for the binary (n, + n,) liquid mixture without polymer.
In each case we have to make ny, n, (6,), or n3 (65) vanish
not only in eq 10 but also in eq 11. That is, (G )o3 depends
on a 7123 that is given by eq 11 with n; = 0, (G®);, depends
ona T3 (ny=0,6, =0ineq11), and (GR)° depends on
aTy(n;=0,6,=0ineq11). Then

(GR)° nlpl*Vl*{U(TO) - U(T1) - TI[S(TO) -
ST + nop* Vo MO(T,) - U(T,) - Tg[S(To) -
ST - naboy Vi* X120 (Ty) (14)

(G® )13 = nlpl*Vl*{U(Tl U(Tl) T1[S(T1 ) -
S(T1 I+ n3p3*V3*{_U(T13) - U(Ty) - Ta[S(Tm) -
S(TH1} - nib, m V¥ X13U(T13) (15)

(G® 2,23 = nypy* Vo* {U(TQ ) - U(Tz) - Tz[S(Tz ) -
S(TH1 + naps*Vs*{,U(Tzs) UTy) - T3[S(T 3) —
S(Ty]} - n203(2)V2*X23U(T23) (16)

where the subscript i(j) on concentration variables means
concentration of i in the presence of only j as second
component.

The common variable for the ternary system, T, is
different from the variables of the binary ones Ty, T13, and
Ty, and thus the binary terms of eq 14-16 and the terms
of eq 10 differ. The simultaneous presence of the three
components and of their interactions is included in eq 10
and 11 and is not the result of just adding binary terms.
This is an important advantage of the FPP formalism over
the FH one.

Let us continue in our effort to mimick the FH ex-
pression and calculate now according to the FPP theory
the binary interaction parameters g5, 813, and g3 and their
concentration dependencies dg;s/d¢; and dgys/des. To this
end we equate each one of the FPP expressions for (GF)®,
(G®)13, and (GR),3, eqs 14-16, to their corresponding ex-
pressions in the FH theory; namely, we make

(GR)° = RTnyee810 + (GR)e (17)
(G®)13 = RTnyesi813 + (GF)ys (18)
(GR)g3 = RTnops)8as + (GF)gg (19

with (G®)° given by eq 14, (GR),; by eq 15, and (GF),; by
eq 16.
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From the g;/'s obtained in this way we calculate the
limiting values g°;; and also the derivatives (dg;3/des)°,,.
The results, after some mathematics, are as follows:

g 13
pAVx V. - Y x s . o
BT V_3 {U(T) U(Ty) - To[S(T) - S(T)1} -
,3 83 Vi Vi V3 .
U(T)~—~l +(1’V_3)'731“(V,-) =12

(20)

with s; the number of contact sites per segment, and

Vi 2 Vi Vi C
V_B +V3 1—"7/'; (1—1,2)(21)

with C‘p reduced molar heat capacity.

In the case of g, we calculate the product wglqgg;s,
which is more useful in the formulas of A and Y. Here,
u;, means volume fraction in the binary liquid mixture free
of polymer. From eq 17 we get

VifGRY VifGRY
ﬁ(v) —u1ou2og12+ﬁ(7) (22)

and substituting from eq 14
*Y *

Uo"om RT

*

. P J.
SN + tun 20Ty -
Vi*Xys - Vi G¥ ’

R T O(Ty) - AT\ TV (23)
where [ = V,/V,,

Having identified g°,3, §°53, (dgya/des)°, (dgas/dews)®, and
Uigliao81s in the FPP theory, let us turn now to the calcu-
lation of A and Y.

According to thermodynamic theory,>® A and Y are given
by

Uolige812 = {U(To) U(T1) - TI[S(TO) -

U(Ty - TAS(Ty -

S(T1

N = -05°(My3/M;y) (24)

y= - a2 2
—2RT 33 T M 53‘; (25)

where the M;/’s are second derivatives of the Gibbs func-
tion with respect to u; and u;, which can be found defined
in I (0 is the specific volume). Each M;; has a contribution
from the combinatorial part of AGy and a contribution
from the residual part. The expressions for the combi-
natorial terms of My;, M;;, and M;; are given in eq 112-14.
The residual terms, M;~, are

MR = (6% /dud)° (26)
MR = (8% /du,8us)° (27
MR = (6% /9us))° (28)

with g the residual Gibbs function per unit volume of the
liquid mixture:

g = (GR/V)(1 + uy) (29)
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We can rewrite

o (GRY
MR = — (30)

" 5”102( v )

a (oY
R= —{ — 31
Mg aum(aua) (31)

and using eq 22

RT &2 G¥
MR = 71 Py 2[(u10 Ugn12) + RT( ) ] (32)
10

with U481, having the meaning given in eq 23.

We now calculate (dg/du3)° needed in eq 31. Substi-
tuting G® by its expression given in eq 10 into eq 29 and
performing the derivative with respect to us, we get in the
limit Y3 0

98 1
(_) 7 {Pa {O(To) - O(Ty) - To[S(Ty) -

dug 3

. .S . .8
S(Tyl} - U(To)s—:,(uwxm + lugoXas - ulouzol;f;Xm)}
(33)

where I = V,/V, and sy’ = uy48; + luges,. Obviously, if we
now apply the derivative d/du,, to eq 33, we obtain the
samle1 expression given in I for (8%¢/du,du;)°, namely, eq
126.

The second derivative (3%g/du;%)° needed in eq 28 was
already obtained in I, but it was then slightly misprinted
(eq I25'Y). We give it here again:

g\ o 830V 7
i) = 2U(To);(7§ [z u1oX13 + luggXo; -
o i Co(ToAs?
— Uyl - 7T Vo T
sy Wtz N T (p* V)T + g/ Vo) Ts

with A; defined in eq 128.

Let us compare now these expressions of the FPP theory
with the ones of the FH formalism. Using the FH eq 12
for AGy; it is obtained

RT & G¥
MR = '{71' 0 2[uloumglz RT( v ) ] (35)
10

RT 9
MR =— ——[ U108°%13 + lugpg®e3 — Uiglloplia —

(34)

V1 aulo

SN (RS CVAY I BRSO BV
Y10 Yo Uy + 7”20 V3 n Uy + Zu20

RT i)
= A 8°%13—18°%;3 - 5u_w(u1°u2°g12) +(1-1)x
L= Vi/ Vs ~ -1 _‘ﬁ_&um"'lum
Uio + ZLLQQ Uypo + zu20 V3 V3 Uyo + ZU20
(36)
RT
MyR = 27‘1‘ UiglgoSz — (U10X°15 + luggx®e3) +
Ugo + lugg - Vi/Vs \? Vi 1 -
2 uw + 7U«20 V3
v
_117?_ (37)
Uyg + ZU20
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Table 1
Factor fin g, = fg,, for Preferential and Total Sorption®
f
theory in My; () in My ()
FPP Lo o
set A of (Vy/Va)(s - a) (V) Va)(s? - sa - o)
approximations
FH
ternary parameter 1-a, l-a,—-a,
approximated

by eq 4 and 5%7

ternary parameter 1 - g°138%23/(1—«) 1-(28°138%;3 - %)/(1-x)
approximated
by eq 6°

¢k defined in eq 60.

Equation 35 for M, is the same as eq 32. Therefore,
M} has the same form in the FPP and FH formalisms.
If gy, is substituted by its empirical value and its compo-
sition dependence is taken into account in one of the
formalisms (FH), so can be done in the other (FPP).
Therefore, M, is the same in the FH and FPP theories
when in both the empirical values of g, and of its deriv-
atives with respect to solvent mixture composition are
used.

Let us consider now M;3® or equivalently (3g/dus)° (eq
31). In the FPP theory (dg/dus)° is given by eq 33. In the
FH theory it is given by (eq 31 and 36) (dg/dus)° =
(RT/ V) (u108°13 + lugg8%03 — Uyglisg81s — --.). To see whether
these two expressions for (dg/dus)° are equivalent or not
and what are their differences, if any, we can use our
formulas for g5, £°13, and g%, according to the FPP
theory, eq 20 and 23, and substitute them above to obtain
(RT/ V) (u108°13 + lgng®93 — Uygliaggys — -..) according to the
FPP theory. Comparing the result with eq 33 for (dg/
dug)®, we can see that both look alike but are not equal.

To obtain an easier comparison between them we have
to resort to the same kind of approximations used in I,
namely,!! to neglect dissimilarities in free volume and in
molecular surface to volume ratio between both solvents!®
and to expand quantities depending on T in powers of the
small difference T — T}, retaining only linear terms and
neglecting products of interaction parameters X;;. This
set of approximations we call set A for further reference.
Then, using such a set A of approximations, (dg/du,)° and
£°13) 8°23, and gy, simplify to

BN _ 1) rmi s g
(_)=7pﬂmm—wm—%wm-
3 3

- - . . 83
S(T)]} - U(Tl)s—l u10X13 + U Xoy — Urolieo X1} 1 +

s; p* T1C (T) T,*
51 p3 1 1 v (38)

s3 py* U(T1) Ty*

8% =
pi*V* Viyp
1RT T/i{i{U(Tl) - U(Ty) - Ts[S(Ty - 8(Ty)1} -
UTssxis +1 Vl Vl] Vl (_12
( 1)31p1* V3+V3 i V3 =L
- (39)
pr*Vi* o . Xpp

12 =~ RT U(Ty) * (40)
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Therefore, comparing eq 38—40, we find that, under the
set A of approximations

8_g - RT u + lu ~ Usgld -‘Zl ﬁ+
£ v, 108°13 208° 23 10 20812‘73

ps* TiCx(T) I
pr UT) Ty

In I we simplified notation by calling!!

5 =85/8, (42)
7."‘1(..:';;(’1‘.’-‘1) p3* Tl
= =7 1
O] o\ T “y

According to such definitions, eq 41 now reads

8_g RT u +lu - Uyl E(s -
us V1 108°13 208° 23 10 20g12V3

v, v, , v
a) = (uyg + lugg)y 1 - “7‘; - “‘,‘3 n V3 (44)

And substituting into eq 31 we finally obtain for M5}

according to the FPP theory under the set A of approxi-
mations:

RT
MR = 7[5"’13 —1g°%; -
1

V3 (S - 01) (u10u20g12) +

1
(-1 1—73 (45)

This is the same expression as in the FH formalism, eq
36 with 7 = 1, except for the factor (V, / Va)(s - a). Now,
in both formahsms we can substitute the interaction pa-
rameters for their empirical values; i.e., we can use ex-
perimental results of g°;3, £%53, and g;, (obtained in their
respective binary systems) to compute M;;*. Then both
formalisms, FH and FPP, are equivalent, except for the
fact that the influence of the (8/du.0) (u1gti2081,) term is
modified by the factor ( Vl / V3)(s — a) in the FPP theory.

Let us now consider M3® or (6%¢/duz?)°. In the FPP
theory (8% /dus?)° is given by eq 34. In the FH theory it
is given by eq 37. Again, we use the expressions of x°3,
x°23, and gy, given by the FPP theory (eq 1, 20, 21, and
23), and substitute them into eq 37, thus obtaining
(RT/ V) urotbarz — (U10x°13 + lgox®as) + ...] according to
the FPP theory. Comparing the result with eq 34 for
(8%g/du4?)°, we can see here also that they are similar
expressions, but they are not equal. Resorting again to the
set A of approximations in order to advance further in the
comparison of both expressions, we get for (8%g/du5%)°, x°13,

and X°23
\7 T,*
U(Tl) u10)s*X5 - 5 ps* ‘TT; -
3

3%g

aU32

1)+ 25X, | + ugols?Xss - Z T—‘—l
13 20) 8" Ag3 2 T,*

ZSXZS]} - u10u20X12[82 - CZ(% + S)]} (46)
1
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O = -
X" i3 RT V3

Xi3 [0 4 T1
7w ot Fs "1 it
{s ok 2[ (T3 1)+ 28 ]}
i, (Y] Y 3
5 1- Vs - Va 1- V3 1, 2) (47)

Comparing eq 40, 46, and 47, we realize that, under the
set A of approximations, the FPP theory gives

& ° = —2RT u + lu
us? v, 10X°13 20X 23 ~

V. \?
"‘7; (8% — o — sa)uygligegiz ~

Uy + lug Vi Vi Vi
mre @] R e

where we have used o’ with the same meaning as in I:!!
= a(ps*/p1*) (49)

Therefore, comparing eq 37 (with 1 =1) and 48, we can
see that the FPP theory, under the set A of approxima-
tions, gives for My® the same result as the FH formalism,
except for the factor (V,/ V;)%(s? - o ~ sa) modifying the
influence of the uiguy8;, term.

Adding now the combinatorial part of the M,;,'* we get
the final results of the FPP theory under the set A of
approximations. In summary, they are

2

*Vx{ V.
P 1) U(Tl) x

luyg + ug + u10u20_2(u10u20g12)
My =L . (50)
H Vi Uiolgo
M = .
RT
A I-1+g°%;-1g%; - —(S - Oé) (Umuzoglz)]
1
(61)
RT| u1o + luy
My = 22— ——— — (u10x®13 + lugx®s3) +

v, 2

Vi \?
_"-/_3 (82 -o - Sa)u10u20g12 (52)

Ternary Parameter

In our comparison of the FPP and FH expressions we
have made use of eq 12 for G® in the FH model. Let us
consider the contribution of the ternary parameter ex-
plicitly by using eq 138 and compare the role of such a
parameter with the results of the FPP theory.

The ternary parameter does not appear in M,;, so that
eq 50 is also valid with G® given by eq 13. Let us see now
M5 and My The corresponding expressions in the ex-
tended FH theory can be written as

RT 3 )
V1 I—1+4g°%3-1g%; - (‘“’aul[u1u2(g12 - gT)]) } (53)
RT Uy + lug
My = —— — (U1x°13 *+ Tugox®2) +

Ugolszo(81g —

- x1)° ] (54)
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Table II
Values of fin g,*f = fg,, for Preferential and Total Sorption®®
Y
A _ <V1>2(s
_8%1s8°n -Yl(s - )" 1 - 28%108% — &

polymer mixed solvent 1-a, 1-« Vs, l-a,-a,/ 1~« sa -a)°
PIB CoH, + c-CeHp 0.55 0.23 0.26
PS CeHg + c-CoHy 0.22-0.76 0.64 0.41 0.17-0.25 0.39 0.08
PS CoH, + n-C7Hyg 0.66 0.46 0.43 -0.08 0.08
PS EtOAc + ¢-CgHy, 0.35 0.05
PDMS n-C-Hys + MEK 0.27 0.42 0.61 0.16 0.37
PDMS n-C;1Hy3, + MEK 0.34 0.41 0.62 0.14 0.39
PMMA CH,CN + BuCl 0.42 0.41 0.11 0.03
PMMA CH,CN + CCl, 0.53 0.44 0.24 0.11

s Empirical values of a, and g,/ obtained in ref 6-8 from experimental data of A and Y. ®Empirical values of £°13, £°5;, (dgi3/dey)°, and
(dgga/des)® obtained in ref 8 from experimental data. ¢Theoretical values calculated from the molecular characteristics of the pure com-
ponents. pi*, ps*, Ti*, Ts*, ¥, Vs, ay, and s (geometrical value) taken from ref 14 and 19-25.

We now use the correlation of g7 and x suggested by
the experimental results of A and Y. First, we use the type
of approximations of Pouchly and Zlvny"7 expressed here
by eq 4 and 5. Substitution of these equations into eq 53
and 54 yields

M, =
RT 3
v, l=1+g°%;-18%;(1- ag)gw(ulouzoglz) ] (55)
RT| v + lusg
My = - —10_3__0 = (w10x°13 + lugox®2g) + (1 -
1

ag - axl)u10u20g12] (56)

Let us consider now the correlation of Figueruelo,
Campos, and Celda, expressed by eq 6. From such a
correlation these authors deduce®

£°r = £198°138%23(1 ~ 1)} (67)
ogr ) degp o

(aul) - duyg (58)

a o
(5‘?3) = guax(l - 0! (59)

©3 u

with
dgss \ dgis \
K= g°13(?@) + g°23(a—15) (60)
P3 ¥3

We substitute now eq 57-59 into eq 53 and 54 and obtain

RT
M= 7[1—1 +g°13—lg°23—(1—
1
8°138°3 ) 9
1 -« Jduy
= (uy0x°13 + lugox®s8) + (1 -

28°138%3 — «
‘—1—2'—)1410“20&12] (62)

—(u1oUz0812) ] (61)

RT uyo + lug

M 33 = ‘/1 2

1-«

Comparing these results derived from the correlation of
Figueruelo, Campos, and Celda, eq 61 and 62, with the
results derived from the assumptions of Pouchly and Zivny,

eq 55 and 56, we see that both are entirely equivalent in
the sense that no new terms containing additional de-
pendencies of A or Y on solvent composition are introduced
with the ternary parameter in either case.

The role of such a ternary parameter is to reduce the
effect of gy. Instead of g5, in M5 and in M3, an effectlve
8152 is used, such that

812°%(uy0) (63)

= fg12(u10)
where f is a constant factor. fis equal to 1 - a,in M3 and

to 1~ a,—a,” in M3; when the type of assumptions (eq 4

and 5) proposed by Pouchly and Zivny are used. f is equal
to1l "g°13g°23 (1 - K)_l in M13 and tol -~ (2g°13g°23 - K)(l

- k)™! in M43 when the correlation (eq 6) of Figueruelo,

Campos, and Celda is used.

If we now look back at the expressions deduced in the
FPP theory under the set A of approximations, eq 51 and
52, we see that they are of the same form. In such eq 51
and 52 of the FPP theory, the influence of g, is also re-
duced by a constant factor f, which is (V;/ Vo)(s - @) in My,
and (V;/ V3)2(s? - sa - o) in Mg,

The different forms of the factor f are compared in Table
I. The main consequence from the comparison between
the results of the FPP and FH theories is that the factor
f always contains the effects of dissimilarities in free
volume and in molecular surface to volume ratio between
polymer and solvents. Even if the system is nonpolar and
no other effects are present, these dissimilarities introduce
a nonunity f, which in the FH theory is understood as due
to a ternary interaction parameter.

If in addition to the effect of these dissimilarities, other
effects such as polar or specific interactions are present
in the system, they can also contribute to f, but their
additional contribution should be difficult to interpret in
terms of ternary interaction parameters unless the per-
manent contributions from s, o, and o’ are first recognized.

To stress the idea that these nonspecific contributions
of free volume and molecular surface are in fact contained
in g°p and x°r, we compare now the numerical values that
are calculated for the factor f using the ternary parameter
of the FH theory and the values predicted for f by the FPP
theory under the set A of approximations. The results are
shown in Table II.

As we can see, the values of f given by the ternary pa-
rameter g°r using A data range around f = 0.3-0.6, in
relative agreement with the range of values predicted by
the FPP theory for f = (V/V3)(s - a). The values of f
obtained from the ternary parameter x°p using Y data are
smaller (f = 0.1-0.3), also in relative accordance with the
values of the FPP theory for (V) V3)2(s —sa—o). At any
rate, (V,/V3)(s -~ &) and especially (V,/V3)2(s* - sa - &)
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deviate substantially from unity, so that the effects of free
volume and contact site dissimilarities included in g° and
in x°7 are always large.

Concluding Remarks

If some previous applications of the FPP theory of A and
Y have failed, one of the main reasons could be the use
of too simplified formulas containing approximations
which, when applied to calculate interaction parameters,
are equivalent to neglecting the dependence of g, on
mixed-solvent composition and to not properly taking into
account the polymer concentration dependence of g,5 and
823

We now have developed the equations of the FPP theory
for A and Y to a more detailed level, equivalent to a proper
description of these dependencies of g;3’s on ¢; and of g;,
on u;.

The equations to be used for a comparison of the theory
with experiment are eq 50-52. These still contain the
approximations called set A. If desired, even this set of
approximations can be avoided by using the complete
equations for the M;®’s (see eq 33 and 34). These may be
useful to describe some particular systems.
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Predictability of Properties in Ternary Solvent (1)/

Solvent (2) /Polymer (3) Systems from Interaction Parameters of
the Binary Systems. 1. General Considerations and Evaluation of
Preferential Solvation Coefficients
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ABSTRACT: The ternary interaction potential, gr°, and its derivative with polymer concentration (dgr/
d¢b3)y, 45—0» Which, according to the Flory-Huggins formalism as generalized by Pouchly, describe the sorption
equilibrium in ternary solvent (1) /solvent (2)/polymer (3) systems, have been evaluated for diverse systems,
and a correlation between them has been found, namely, gr° = K(g, + (3g7/d¢3)y, 4,—0)- This correlation
has been explained by analyzing the contributions to gt of the possible dependences of the binary interaction
parameters, g, on the third component in the ternary phase. On these grounds, K = £3°g53° and both g1°
and its derivative (9gt1/d¢3)y, 4,0 may be defined solely in terms of binary interaction parameters and, as
a consequence, so may any property of the sorption equilibrium. As an example, preferential sorption coefficients,
A, evaluated from data of the binary systems are compared with experimental values for two polystyrene,
two poly(methyl methacrylate), and two poly(dimethylsiloxane) ternary systems.

Introduction

Total (Y) and preferential (A\) sorption coefficients de-
scribe sorption equilibrium in ternary solvent (1)/solvent
(2)/polymer (3) systems.!® The equations defining Y and
A according to the Flory-Huggins formalism (FH) gener-
alized to ternary systems are not simple functions of sys-

tem composition. They depend on binary (g;;) and ternary
(g7) interaction potentials and on some derivatives of both
kinds of potentials with system composition.*5 g and its
derivatives are unknown, their evaluation from experi-
mental data being the main task when intending to apply
FH formalism to ternary systems. According to this for-
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