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decrease in Nxyenq in order to satisfy the inequality on the
left side of eq 36, as well as the inequality in eq 37. Thus,
as more copolymer is added, the compatibility between
copolymer-homopolymer may also need to be increased.)

In summary, we have generated new phase diagrams for
ternary blends of the type A/B/AB. The diagrams show
that miscibility in these systems is extremely sensitive to
the value of § or the copolymer sequence distribution. Also
evident is the fact that the block copolymer does not al-
ways act as the best bulk agent in creating a completely
miscible A/B/AB blend. This observation concurs with
recent experimental findings.’®* We hope our predictions
concerning the complicated phase diagrams that can be
obtained with this model will encourage new experimental
efforts in this area. We conclude by noting that our future
work will examine the compatibilizing efficiency of block
copolymers in microphase-separated systems. In this re-
gime, the entropy term in our model (AS) must be mod-
ified. Specifically, the theory must reflect the reduction
in AS when block copolymers undergo microphase sepa-
ration.
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ABSTRACT: The theory of association equilibria is used to derive the amount of preferential adsorption
for polymer-mixed solvent systems in which one of the two liquids in the mixed solvent (B) autoassociates
and interacts specifically with the polymer and with the other liquid (A). The model takes into account the
constants for the association of one molecule of B to one site in A and of one molecule of B to one site in
the polymer and also the corresponding constants for the multiple self-association of B for the case where
the first B molecule is associated either with A or with the polymer or is free. The theoretical results are
applied to the systems poly(alkyl methacrylate)s, alkyl = Me, Et, iBu, in the mixed solvent methanol (B)
+ 1,4-dioxane (A). The experimental results of these systems can be quantitatively well reproduced by the

theory.

Introduction

Preferential or selective adsorption is a very common
phenomenon in ternary systems composed of a polymer
and a binary solvent mixture. There is a great variety of
ternary systems that have been studied, mainly those
containing at least one polar component.! In many cases,
specific interactions between polar groups are important,
and the formation of hydrogen bonds have to be taken into
account. This is the case, especially, when alcohols are
components of the system.

In systems with specific interactions random mixing
cannot be assumed. Hence, the thermodynamic theories
traditionally used to interpret ternary system properties,
such as the Flory-Huggins formalism or the equation-of-
state theory of Flory,? are expected not to apply to such
systems.

0024-9297/89/2222-4267$01.50/0

For systems showing strong specific effects such as hy-
drogen bonding, Pouchly et al.* have developed a theo-
retical framework that is based on the theory of association
equilibria.* The existence of associated complexes formed
by association of individual molecules is explicitly recog-
nized in such theory, and the thermodynamic properties
are derived from the equilibrium constants for association.
This type of formalism is expected to be useful in the
interpretation of systems having complexation by hydrogen
bonding, such as those containing alcohols or water, which
are liquids frequently found in studies of polymers in
mixed solvents.

The treatment in such theory of association equilibria,
although straightforward, is more difficult to develop in
detail than the usual random thermodynamic treatment.
As far as we know, the theory of association equilibria has
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been fully developed and applied only for the particular
case in which one of the two liquids in the mixed solvent
self-associates and interacts specifically with the polymer
while the other solvent is inert (Pouchly and Zivn$).?

Extending the same treatment to other closely related
systems is desirable, because comparison among systems
could lend confidence to the validity of the parameters
used in the theory.

Here, we extend the theoretical treatment to the case
in which one of the liquids self-associates, interacts spe-
cifically with the polymer, and also interacts specifically
with the molecules of the other liquid. This case is thus
somewhat more general, and the theoretical results ob-
tained for it include the previous case of one liquid being
inert as a particular case.

Our first task in the present paper is to develop such
a theoretical scheme for the preferential adsorption
coefficient, A. Later we apply these equations to experi-
mental results of A for the systems poly(alkyl meth-
acrylate)-1,4-dioxane-methanol,® which are expected to
be good examples of systems having the type of interac-
tions assumed in the theory. Namely, one of the mixed
liquids (here methanol) self-associates, and hydrogen bonds
are formed to the polar groups of the polymer (ester car-
bonyl), as well as to the other liquid (here 1,4-diozane),
which is a hydrogen bond acceptor (through the ether
oxygen).

Theory

Ternary System Polymer-Mixed Solvent. The
components of the mixed solvent will be identified as B
(for the self-associated liquid) and A, and the polymer, as
C.

In the ternary system there are different specific in-
teractions. We assume self-association of B, which is open
and uniform; i.e., chainlike complexes of any length are
formed. The joining of each additional B molecule to the
associated chain is characterized by self-association con-
stant ¢. B interacts specifically with sites along the
polymer chain. Therefore, we have to consider association
constants of B with C. Following the scheme of ref 3, we
assume that the polymer molecule has m sites for specific
interactions with B, that the constant for such specific
interaction between one B and one site in C is 7, and that
the self-association of B when the first B is associated with
a site in C is characterized by the constant s, This o, is
expected to have a smaller value than ¢ due to some hin-
drance of the polymer chain, and it is also expected that
7 OF ¢, or both, will vary from polymer to polymer de-
pending on the size of the alkyl substituent.

In addition to considering the association constants of
B with C (7., ¢.), we have to postulate also association
constants of B with A. These are 7, and ¢,. The number
of sites on A is called m,. The constant for the association
of one B with one site in A is 1,, and the self-association
of B when the first B is associated with a site in A is o,.

Considering independent behavior of the m sites in the
polymer, we deduce for the ternary system

nPp ™ Py
= + +
Zs:Vs PA(1 1- craPB) 1-0Pp
7"(:I)B me
+ U
Pc(l T UcPB) (1)

where y, is the amount of substance in moles of the s
complex per 1 mol of sites of the Flory—Huggins lattice,
and Py are concentrations of molecules not involved in the
complexes. The symbol ¥, means summation over all
coexisting species of complexes, including free unimers,
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following the notation of ref 3.

From the ), of eq 1, we can obtain »,, vg, and v, i.e.,
the nominal concentration of components in moles per
moles of sites, according to:?

AL,

K= 31n Py

If we call rg the ratio of molar volumes, ry = Vi/ Vg,
then ®x = rgvk, where & is the volume fraction of com-
ponent K.

The Gibbs mixing function per lattice site, AGy, for the
ternary system is®

AGy
RT ~
3 Py 3
Zlveln —— + ®x(Tv)® | - Ly, + Zlvk®sgrs (3)
Pyo s s K<J

K=AB,C (2

K

where the double index K° is related to the pure compo-
nent K and gg,/ is the constant parameter for nonspecific
interactions K-J.

From this AGy, we have to calculate the preferential
adsorption coefficient A. According to Pouchly et al.,? it
is given by

A= ‘Ucom (4)

where 0 is infinite dilution partial specific volume of
polymer and My,’s are the second derivatives of G, * de-

fined as
%G * \°
Mg, = Sugduy (5)

with
AGy &
G =1+ uC)H(J -ZLm q:c) ®6)
B re

where ug is volume fraction referred to the volume occu-
pied by the liquid mixture: ug = ®x(1 + uc), and super-
script zero means the limit ug — 0.

The derivatives M, and M, are obtained theoretically
by finding the corresponding second derivatives of G *,
with AGy given by the association equilibria theory (eq
3). These theoretical My, and M, are used in eq 4 to
obtain A.

We define the weight average degree of self-association
of B in the solvent mixture, j,, the average number of B
molecules bound by specific forces to one segment of C in
an infinitely dilute solution, j,, and the average number
of B bound by specific forces to one segment of A in the
liquid mixture, j,.

They are given in terms of > v, as

rKj 62§V3/(9P36PK 0 (7)
PBO - GZVS/BPK
§

with j = j,, jw and j,, for K = A, B, and C, respectively.

Subscript zero in Py, or in other concentration vatiables

denotes the liquid mixture outside the polymer coils.
Using the equivalences

® axv \*
K s
PK B ry aPK (8)

we can write G, * as
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A
G*¥=usIn®, + ryug In ¥ +

RT
1
T+ g (uaupgap’ + uplcEAC’ + raUpUcERC) -
Ly, Xy, Xy,
usIn| — |-raug In 2 —r—Au In 2 -
A aPA AYB aPB re ¢ aPC

rA(l + uC)Zus + rAuA(Zv,)A(’ + rAuB(Zv,)BO +
s § 8
rauc(Zv,)c® - raug In (Pg%) (9)
8
Using the form of ¥ .», appropriate for the type of as-

sociation equilibria, we are considering, namely, eq 1, we
finally obtain

u raja tr ]
ol :-'_-_A(l . f_c)
Va ugg Jw Jw Ugp
MAC = = +
_ a0 T
Ugo Jw
8ac’ —ra8ec + (upg ~ upo)ragpa’ (10)
and
1 + ra ¥ 2raj, 1
V u jw
_AMAA = = 2 2ragea’  (11)
RT Uno Tala’
1-——
Ugo Jw
with
.m 1P
ja=— = (12)
ra (1 - o'aPBO)[l + (na - o'a)PBO]
. me 1.Pp
Je = —— a (13)
re (1 - acPBO)[l + (nc - O'c)-PBO]
-1
. 1 [1 + (T’a - aa)PBO]mA-l
={———— + ms.P X
Jw 1- O'PBO)2 ATlal A0 (1 - 0, Pg)™*1
1 1+ oPg + p (1 + (n, — o) Po}™!
m
(1 - gPgg)? 1 - Py Al o (1 - 6,Pgo)™*!
my - 1)y, P
1+O'EPBo+ ( A )na BO
% 1+ (773 - Ua)PBO (14)
1- anPBO

In these equations, Pp is related to the liquid mixture
composition, ugg, through
Ppy = (1 - ¢Ppgo)tipo (15)
with

my aqu(l - O'PBo)z -

a (1= 0Ppo)[1 + (1 — 7,) Ppo]

Equation 15 can be considered as second degree in Py, and
solved formally as

1+ 20’1230 - (1 + 40'1230)1/2

Pgy = 17
B0 So%ling (17)

uBO = Ugg 1+ — (16)

obtaining Pg, from ug, by iteration.

The equations for j, and dp, are simplified when we
introduce the assumption o, = ¢. They are further sim-
plified when using m, = 1.
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Binary Liquid Mixture. The expression for the Gibbs
mixing function per lattice site, AGy, for the binary mix-
ture, according to the association equilibria theory, is given
by eq 3 with ®¢ = 0, Y, having the same meaning as in
eq 1, but with P¢ = 0, and », and vg being obtained from
Y v, through eq 2. P, and Pg refer now to the A + B
mixture.

According to the Flory—Huggins model, we can write the
binary AGy as

AGy

RT
where gp, is the Flory-Huggins interaction parameter.
This interaction parameter is used as a phenomenological
coefficient whose value is determined from the experi-
mental values of AGy for the mixture. Its results thus are
composition dependent, in contrast with gg,’, which by
definition of the model is constant (recall that gg,’ is the
interaction parameter for nonspecific effects). For the
binary liquid mixture & is equivalent to the previously
used up,.

Comparing eq 3 (®¢ = 0) and eq 18, we obtain for the
Flory-Huggins interaction parameter g,p, as given by the
association equilibria theory

= va In CI:’A + In dg + VAQBrAgBA (18)

&pa = 8pa’ +_1n—+—ln(1—aPB)—

®p
my 1.Pp Py’
— In{1+ In Pg® -
rA<I>B ( l‘daPB) @A(n B "O'PBO)
1
QAQB 1- UPB (19)

with &g (=tig,) given by eq 16 and PB (=Pgo) given by eq
17 and Pg® = Py (% = 1). Since Py is s function of &g and
&y is a function of Pg, eq 17 has to be solved by iteration.

Application

The systems to which we apply now the theory are the
methyl, ethyl, and isobutyl methacrylate polymers
(PMMA, PEMA, PiBMA, respectively), all in the mixed
solvent 1,4-dioxane (A) + methanol (B). It is supposed
that methanol associates with the carbonyl of the polymer
ester group and with the ether oxygens of 1,4-dioxane. The
experimental results of A\ for these systems are from ref
6.

Binary Liquid Mixture. We first determine the pa-
rameters of the theory corresponding to the liquid mixture
1,4-dioxane + methanol by comparison with the experi-
mental results of the molar excess function, GE, of this
mixture. Such experimental G,F is reduced to the form
of empirical value of gp, through

=1 GE+X1X+X1X 20
gBA—XBq)A RT Aln Bnq)B (20)

with Xy = mole fraction.

The experimental gg,’s at the temperature 298 K, at
which X was determined, were calculated from G,E data
in the literature at other temperatures. In ref 7 we find
GoF values for 1,4-dioxane + methanol in the form of
Wilson and NRTL equations. Two sets of coefficients for
these equations are given: one obtained from experimental
data determined at 293 K, the other from experimental
data determined at 303 K. They conveniently bracket our
working temperature of 298 K. To obtain gg,, we put T
= 298 K in the Wilson and NRTL equations and use both
sets of coefficients. The values thus calculated for gg,
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Figure 1. Fit of the theoretical Flory-Huggins interaction pa-
rameters, gga for the liquid mixture 1,4-dioxane (A)-methanol
(B). Points: Experimental data = mean gg, values at 298 K,
calculated from data of Wilson and NRTL equations at 293 and
308 K from ref 7. Curve a: calculated for gg,’ = 0.85, ¢ = 400,
ns = 244, my = 1. Curve b: calculated for gg,’ = 0.30, ¢ = 400,
Na = 100, ma = 1.

depend slightly on the type of equation chosen and on the
set of coefficients used in it. However, for a given &g,
differences in the gg, calculated are small (within 2% of
the mean value). We take for gg, the average of all four
calculations (Wilson, 293 and 308 K; NRTL, 293 and 308
K). These mean values are shown in Figure 1.

Now, the fitting criterion, in order to determine the
parameters g, n,, 0,, My, and gpy’, is to obtain the least-
squares deviation in the range ®5 = 0-0.45 between these
experimental gg, and the ones calculated from the asso-
ciation equilibria theory as explained before.

Since we have too many parameters, we try to simplify.
First, we take o, = o, under the assumption that the
self-association of B would not be hindered by A if B is
already associated with a site of A. The molecule of A is
small enough not to restrict appreciably the accessibility
of other B molecules to the one attached to one site. Also,
for m, we taken only two possible values: m, =1 or 2,
corresponding to a saturation of the acceptor capacity of
dioxane when one proton of the donor is attached or to
independent capacity of donor-acceptor exchange for both
oxygen atoms of the dioxane molecule, respectively.

We also have as a guide the previous results obtained
for the benzene-methanol mixture in which it was found
o = 400.8 Since o refers to the self-association of pure
methanol, independent of the companion liquid, we take
here ¢ = 400 also, for consistency with previous results.

Presumably, 7, for the heterocontact methanol-dioxane
should be smaller than o for the self-contact of methanol
(7, < 0).

Also, it is reasonable to expect that gg,’ should be only
a fraction of the experimental g, (gps’ < &Ba)-

Input Parameters for the Liquid Mixture. With ¢
= 400 and m, = 1, the minimum deviation is found for gg,’
= 0.85 and 7, = 244. The fit of the experimental gg, by
theory using these parameter values is perfect (standard
deviation of 0.3%), as it can be seen in Figure 1, curve a.

In order to obtain a set of parameters involving lower
values of 7, (the association constant of B with A), in curve
b of Figure 1, we have represented the fit of experimental
Zga by theory using ¢ = 400, my = 1, 9, = 100, and gg,’
= (.3. This gga’ value corresponds to a minimum in the
standard deviation (9%) for 5, = 100. This set of param-
eters has been selected because, as we will see in the fol-
lowing section, it is the set that gives the best fit for ex-
perimental A values.

When m, = 2 (maintaining ¢ = 400) is used, the fit of
8ra results is always worse than using m, = 1. Therefore,
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Table I
Parameter Values Giving the Minimum Deviation (3)
between Theory and Experiment,® for the Preferential
Adsorption Coefficient, A, Calculated According to the
Association Equilibria Theory

PEMA 400 085 244 375 -2.2 1454 0.028
PiBMA 400 085 244 375 -1.6 100.7 0.035
10 PMMA 400 0.30 100 375 ~2.45 195.5 0.013
11 PEMA 400 030 100 375 -L.75 125.0 0.016
12 PiBMA 400 0.30 100 375 -0.5 45.6 0.016

8ac’ -

polymer ¢ g m o ra8nc’ e é
1 PMMA 400 0.85 244 400 0.0 5.7 0.034
2 PEMA 400 0.85 244 400 -1.2 59.3 0.028
3 PiBMA 400 0.85 244 400 -2.3 129.5 0.018
4 PMMA 400 030 100 400  -3.4 243.2 0.013
5 PEMA 400 0.30 100 400 -275  169.2 0.014
6 PiBMA 400 0.30 100 400 -1.6 88.2 0.009
7 PMMA 400 085 244 375 0.1 11.2  0.034
8
9

from now on we concentrate on presenting the results for
the my = 1 case only.

Preferential Adsorption Coefficient. Parameters
for the Ternary System. We calculate A according to
the association equilibria theory, by means of eq 4-17. The
values of the parameters o, 1,, 8g4’, and m, are fixed from
the comparison with the experimental gg,. For the re-
maining parameters »,, o, and ga¢’ — ragpc’s we have the
previous study of the system PMMA (C)-benzene (A)-
methanol (B) as a guide.? In that system, parameters 7,
and o, refer to the specific interaction of methanol with
the polymer PMMA. Here, in one of our systems, we have
this same polymer-solvent pair, so we expect 7, and o, to
have the same values as found before.> These were o, =
375 and 5, = 6.5. But the theoretical A calculated for
PMMA in the mixture 1,4-dioxane-methanol using these
same parameter values for the interaction PMMA-
methanol and different trial values for g,¢" ~ ragnc’, either
with n, = 244, gg,’ = 0.85 or with 5, = 100, gg,” = 0.3, gives
an unacceptable representation of the experimental \. We
are forced to change the values of 5, and o, altogether.
This represents a weakness of the theory, since a unique
value is not found for each type of interaction irrespective
of the system studied.

Then, we proceed to vary all three parameters o, 7., and
&as’ — ragnc’, looking for a minimum in the standard de-
viation, 6:

1 1/2
5= ; Zo\icalc _ )\i“pﬂ)z] (21)
i=1

In this search, the values of o, 7., and g5’ — ragec” have
been scanned at intervals of 25 in ¢, 0.1 in 7., and 0.05 in
gac’ —ragec’. The lowest 6’s have been found for the sets
of parameter values that are summarized in Table I. In
this table we also collect the different sets of parameters
selected for the liquid mixture in the preceding section of
the paper. The theoretical curves calculated with the sets
of parameter values giving lowest § are shown in Figure
2. We can see that they reproduce the main features of
the experimental variation of A.

Discussion

Although we obtain a good agreement between theory
and experiment, it is necessary to discuss the numerical
values found for the parameters. Let us see first whether
these values are reasonable. For the self-association of
methanol, ¢ = ¢, = ¢, = 400 agrees well with the known
data for hydrogen bonding in methanol. Thus, an equi-
librium constant for 400 corresponds to a Gibbs energy for
hydrogen bond formation of —15 kJ-mol™, which is the
value found for methanol.? For the association of methanol
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Figure 2. Comparison of theory and experiment for preferential
adsorption coefficient, A, of poly(alkyl methacrylate)s in 1,4-di-
oxane-methanol. (ugy = methanol volume fraction). Points:
Experimental results from ref 6. (0) PMMA (alkyl = Me); (a)
PEMA (Et); () PIBMA (iBu). Association equilibria theory.
(2-A) Calculated with the parameter values shown in Table I and
numbered as 4-6. Curves: (a) PMMA; (b) PEMA; (c) PiBMA.
(2-B) Calculated with the parameter values shown in Table I and
numbered as 10-12. Curves: (a) PMMA; (b) PEMA; (c) PiBMa.

to dioxane or to the carbonyl of polymer we have as a guide
studies of liquid mixtures composed of a hydrogen bonding
self-associated liquid and a hydrogen bond acceptor, such
as methanol + methyl acetate and H,O + THF.* The heat
capacity of these mixtures has been interpreted using an
association equilibria model. The equilibrium constant for
proton donor-proton acceptor complex formation was
found lower than that of the proton donor self-association,
but not very different from it.® Thus, our use of 5, = 100
and 244 and 7, in a wide range of values up to 243 is
reasonable. (For the polymer we are using the approxi-
mation mg/r¢ = 1, so variations in the value of », reflect
changes in site-—segment ratios besides differences in the
strength of the polymer-methanol complex.)

Let us discuss now the consequences and physical
meaning of the different values found for 5, and n,. We
divide this discussion into two points: first, the influence
of n, and 75, on the length of the methanol chains (asso-
ciated to polymer, associated to dioxane, or free); second,
how 7, and 7, influence the shape of the preferential ad-
sorption curve (X vs upg, with its minimum, inversion, and
maximum points).

We start with the influence of n, and 5, on the length
of methanol chains. j, and j, depend only on »,, while j,
depends simultaneously on 7, and 5.. 7, = 0 means no
association of methanol to dioxane. For 5, = 0 the length
of the free methanol chains varies with ug, from j, = 9.0
(upo = 0.05) to j, = 26.9 (upy = 0.45; o, = ¢ = 400). When
the association with dioxane takes place (n, > 0), the chains
of methanol become much shorter. The association of
methanol to dioxane effectively cuts the chains by a factor
of 4-7. Thus, j, = 1.7 (ugy = 0.05) and 6.7 (ugy = 0.45),
for 5, = 100, and j,, = 1.3 (ugy, = 0.05) and 5.0 (ug, = 0.45),
for n, = 244. The methanol-dioxane complexes that are
formed are even shorter. This can be seen from the very
low values of j, compared with j,. For example, j,ry =0.11
(upg = 0.05); 1.6 (upy = 0.45), either for n, = 100 or n, =
244 (j, changes very little with 7, for », values above 50).
Therefore, dioxane cuts the length of free methanol chains
and forms methanol-dioxane complexes, which contain
much shorter chains.

The association of methanol to polymer is gauged by ..
For 5, = 0 there is no such association. As 7, increases,
Jc also increases. For 5, = 100, n, = 243 (case 4 in Table
I), the j, values are jrc/mc = 0.24 (up, = 0.05) and 2.5 (ug,
= 0.45). Thus, larger methanol chains associate to the
polymer site than to the dioxane molecule. But still, these
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methanol-polymer site complexes are much shorter than
the self-complexes of free methanol. So the length of the
methanol chains in the complexes are in the order meth-
anol-dioxane < methanol-polymer < methanol-methanol
(in dioxane) < methanol-methanol (in an inert solvent).

By comparing the three polymers (with the set of pa-
rameter values giving the best fit of experimental \: cases
4-6 in Table I), we see that the value of 7, decreases with
increasing size of the lateral substituent. This is reasonable
if we believe that the bulkiness of the substituent poses
steric hindrance to the formation of methanol-carbonyl
complexes.

At infinite dilution of polymer, there are no free polymer
sites; all are in the form of complexes with methanol. The
length of the methanol chains in these complexes is a
growing function of ug, This has important consequences
for the shape of the preferential adsorption curve. We take
now this second point of the discussion: the influence of
7, and 7, on the form of A vs ug,. We have to distinguish
three zones or ranges of ug,. The range where methanol
is preferentially adsorbed (A < 0), the inversion point (A
= (), and the range where dioxane is preferentially ad-
sorbed (A > 0).

The preferential adsorption of methanol is determined
both by 5, and 5,. Since the association of methanol to
a polymer site is gauged by 7., it is natural that large values
of n, give increased preferential adsorption of methanol
(more negative A). j.in M,c (eq 10) is responsible for this
effect, but », has also some influence. Large values of 1,
disfavor the adsorption of methanol to polymer because
dioxane is competing for complex formation. The influ-
ence of 7, is exerted through j,, j, in M, (eq 10) and in
My, (eq 11).

At the inversion point, the number of methanol mole-
cules associated with a polymer site are 1.1 (PMMA), 0.7
(PEMA), 0.35 (PiBMA) (cases 4-6 of Table I). So, zero
preferential adsorption does not mean that methanol is
not associated to polymer but rather a compensation of
effects.

After the inversion, dioxane is preferentially adsorbed
(A > 0). In spite of this, methanol continues to be asso-
ciated with the polymer in this range. Then, what are the
factors determining an overall preferential adsorption of
dioxane? In M,c (eq 10) there are three contributions.
One comes from specific interactions (the fraction in eq
10). This gives always a negative contribution to A (for
the sets of parameter values being used). The other two
are from nonspecific effects. One is due to the interaction
between liquids (the term containing gg,’ in eq 10). This
also gives a negative contribution to A (in the range of ug,
where the polymers are soluble). The only term left for
dioxane to be preferentially adsorbed is the one related
to the balance of solvent-polymer nonspecific interactions
(8ac’ — ragnc’ in eq 10).

The preferential adsorption of dioxane is thus attributed
in the theory to the difference in solvent quality of the two
liquids. If dioxane is a better solvent of the polymers (for
reasons other than the associating capacity of methanol),
then g,c’ — ragec’ <0, and this term gives a positive con-
tribution to A\. This contribution is not influenced by the
value of 7., but it is influenced by the value of 7, through
M,,. In the range where A > 0, M,,! is larger for higher
n.'8. Therefore, the preferential adsorption of dioxane is
favored by large 5,’s (the formation of methanol-dioxane
complexes acts in favor of the preferential adsorption of
dioxane).

We mentioned before that the length of the methanol
chains associated to polymer, j,, is an increasing function
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of ugg. In fact, j, increases faster than up, (for the pa-
rameter values being used), so that j./ug, in My (eq 10)
still grows with ug,. This means that in the range of large
ugy’s the preferential adsorption of dioxane is opposed by
an ever increasing length of the methanol-polymer com-
plexes. These two opposing effects finally reach a com-
pensation that is responsible for the appearance of a
maximum in A. After this maximum, the growing meth-
anol-polymer complexes dominate and X starts to decrease.

This is exactly the behavior suggested by the experi-
mental points. Its prediction is one of the successes of the
theory. Any other theory not taking into account asso-
ciation equilibria would miss this maximum and yield a
continuous increase of A after the inversion point (in the
range of up, accessible to experiment).

Let us finally comment on the values of the parameters
for nonspecific interactions. We notice that the —(g,¢" -
ragec’) values required are very large. If dioxane were an
athermal solvent (g,¢’ = 0) and methanol would have a g’
value similar to the g interaction parameter of poor sol-
vents in systems with no specific interactions (g’ = 0.8),1°
then gac’ — ragpc’ would be around -1.7. Our values are
not too far from this situation. However, the polymer-
solvent parameters for physical interactions, ga¢’ and ggc/,
are assumed constant in the theoretical model applied here.
This could be a simplification that is more important in
the case of gg¢’.

Regarding the parameter for the liquid mixture, gg,’,
the value that best fits the experimental results of A is
lower than the gg,’ obtained from G,F of the mixture.
This is similar to the case of ternary systems when they
are analyzed in terms of the Flory-Huggins model. In fact,
the binary parameter gg, necessary to fit A is lower than
that of the mixture, which is usually represented by a
ternary contribution gy, and then in the expression of A,
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&ga 18 expressed as a difference gga ~ 81

Finally, we can conclude that the association equilibria
theory of preferential adsorption applied to systems with
solvent-solvent and solvent-polymer interactions results
in a good description of the experimental data on the
poly(alkyl methacrylate)-1,4-dioxane-methanol systems.
A quantitative agreement between theory and experiment
is found.
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