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deviate substantially from unity, so that the effects of free 
volume and contact site dissimilarities included in goT and 
in xoT are always large. 

Concluding Remarks 
If some previous applications of the FPP theory of X 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 g13 and 
g23. 

We now have developed the equations of the FPP theory 
for X and Y to a more detailed level, equivalent to a proper 
description of these dependencies of gi3's on (p3 and of g,, 
on ul, 

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 i y s  (see eq 33 and 34). These may be 
useful to describe some particular systems. 
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ABSTRACT The ternary interaction potential, gTo, and its derivative with polymer concentration 
d$3)Fi,43?, which, according to the Flory-Huggins formalism as generalized by Pouchly, describe the sorption 
equilibrium in ternary solvent (l)/solvent (2)/polymer (3) systems, have been evaluated for diverse systems, 
and a correlation between them has been found, namely, gTo = K(g12 -t- (8&/8@3),,,4,4). This correlation 
has been explained by analyzing the contributions to gT of the possible dependences of the binary interaction 
parameters, gij. on the third component in the ternary phase. On these grounds, K = g130g230 and both gTo 
and its derivative (8gT/d&Jul,4a-.o 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(methy1 methacrylate), and two poly(dimethylsi1oxane) ternary systems. 

Introduction 
Total (Y) and preferential (A) sorption coefficients de- 

scribe sorption equilibrium in ternary solvent (l)/solvent 
(2)/polymer (3) systems.le3 The equations defining Y and 
X according to the Flory-Huggins formalism (FH) gener- 
alized to ternary systems are not simple functions of sys- 

tem composition. They depend on binary (gij) and ternary 
(gT) interaction potentials and on some derivatives of both 
kinds of potentials with system comp~sition.~,~ g T  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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malism, gT may be evaluated from X data. The evaluation 
method, as proposed by Munk et al.,6p7 exactly solves the 
differential equation in gT defining A. Munk's method 
demands X data over the whole composition range of the 
binary solvent mixture and evaluates gT as a function of 
solvent mixture composition; therefore the first derivative 
of gT with respect to that variable must be also known. As 
in the equation defining Y ,  the last remaining unknown 
is the derivative of gT with polymer concentration (dgT/ 
d$3)u,,43-o; this may be evaluated from Y data. In this 
context, this derivative looks like a parameter adjusting 
at  one the X and Y experimental data; therefore it is not 
possible to predict Y values from experimental X data or 
vice versa. 

Few attempts have been made to try to solve the above 
problem. Van der Berg and Altenag calculated Y values 
from [ q ]  data through the Flory-Fox model9. Assuming 
cubic expansions for gT and its derivative with polymer 
concentration, they calculated the coefficients of both cubic 
polynomials from Y input values by a computer program. 
As the authors admitted, their calculated values did not 
reproduce those obtained by Munk from A ,  and X data. 

On the other hand, two approximate methods have been 
proposed by P0uchl9.'~J~ In his first approach, he assumed 
proportionality between gT and g12, namely gT = ag12, and 
he was able to calculate the constant ag from experimental 
data. Once ag was evaluated, gT was known and also its 
derivatives with solvent mixture composition. With this 
approximate approach the problem of the adjusting 
character of the gT derivative with polymer concentration 
still remains unsolved as well as the impossibility of pre- 
dicting Y values from experimental X ones. In his second 
approach, Pouch19 assumes that both gT and XT (ternary 
interaction parameter) are proportional to g12. He then 
eliminates gT in the equation defining X and eliminates gT 
and its derivative with polymer concentration in the 
equation defining Y,  establishing a correlation between Y 
data. 

Whichever approach is followed and because of the 
unpredictable character of gT, the applicability of the 
generalized formalism seems to be constrained to establish 
correlations between the magnitudes defining the sorption 
equilibrium, but the formalism is unable to predict any 
experimental property of the ternary system in terms of 
those of the respective binary ones. In this paper, a new 
approach is explored. It defines gT as a function of the 
binary parameters. Its consequences are thoroughly 
studied and tested for several ternary systems. 

Theory 
A dilute solvent (l)/solvent (2)/polymer (3) solution 

may be considered as formed by two phases coexisting in 
equilibrium: the bulk solvent and the domain of the coil, 
binary and ternary, respectively. Throughout the text the 
following nomenclature will be used to define the com- 
position in both phases. 410 (i = 1, 2) is the volume fraction 
of component i in the bulk solvent, and it is assumed to 
be equal to the compositon of the solvent mixture prior 
to polymer solution. $, (i = 1,2,3) is the volume fraction 
of component i in the domain of the coil and u, (i = 1, 2) 
the volume fraction of the solvent mixture in this phase, 
being u, = $,/(l - 43).'0 

According to the FH formalism, as generalized by 
Pouchlg,4 the Gibbs energy of mixing is defined by 

3 3 3  
RT(Cn,  4, + C Eg~In~41 + gTn1d243) (1) 

where n, is the number of moles of the ith component. 
Total (Y) and preferential sorption (A) coefficients defining 

r = l  1=1 ] > I  
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sorption equilibrium are respectively given by 
V. 

= -a3M13/M11 (3) 
where Mij stands for the limit at polymer infinite dilution 
of the second derivative of the Gibbs energy of mixing with 
respect to ui and uj. The diverse Mij's are defined by 

-- - N11 = 
M11 v1 

RT 

(4) 
- 1 s  + - - 2g12 + 2(dzo - $10) - dgl2 + 4 l O & O  - d2g12 

410 420 &lo d4102 

-- - N13 = s - 1 + g13O - sg23O + M13 v1 

RT . .  

where VI (i = 1, 2) is the molar volume of solvent i, s = 
Vl/ V,, u3 is the partial specific volume of the polymer, g13O 
is the binary interaction parameter of solvent ilpolymer 
at polymer infinite dilution, glzo($lo) is the binary inter- 
action potential between both solvents in the bulk solvent, 
and gT is the ternary interaction potential. A detailed 
analysis of eq 4-6 may be worthwhile. 

Analysis of Eq 4. Here, the glz($lo) function and its 
first and second total derivatives with bulk-solvent com- 
position (or solvent mixture composition prior to polymer 
solution, as mentioned above) appear. Therefore, when 
the function glz($lo) is experimentally known, the Ml l (~ lo)  
function can unequivocally be calculated. 

Analysis of Eq 5. In M13, eq 5, (s - 1 + g13O - sg23O), 
g12($lo) and its first derivative, gTo, and the partial de- 
rivative (dgT/du1)43, appear: 

(a) With respect to g12(410) and its derivative the com- 
ments made above also apply here. 

(b) The dependence of the interaction potential sol- 
vent/polymer function, g13(43), on polymer concentration 
($3) may be expressed as a series in 43 powers.12 A t  low 
polymer dilution (43 - 0, as is the present case), quadratic 
and higher 43 powers can be neglected; therefore 

(7) 
gt30 and dg,,/d$, being constants. The term (s - 1 + g13O 
- sgZ3O) will then also be constant, with a value g* 

g* = s - 1 + g13O + sg23O (8) 
Because g13O and/or g23O is usually unknown, the constant 
g* also remains as an unknown to be calculated either by 
approximatelo or by exact methods, as shown later. 

(c) gTO(U1) is the value of the gT(U1, +3) function at +3 
= 0. The functionality of gT(U1, 43) with u1 and +3, when 
+3 - 0, can be expressed, as proposed by P0uchl9,~ by 
gT(u1,+3) = a. + alul + a2u? + ... + anuln + 

which may be arranged as 

g13(43) = gr3' + 43(dg~3/~43) 

+3(b0 + blu, + b2~2 '  + ... bmulm) (9) 

(10) gT(Ul?63) = gTo + 43(agT/a+3)u1,@3-0 
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where gT'(U1) and (dgT/d43)~~,+~4 are polynomials in u1 
with n and m degrees, r e ~ p e c t i v e l y . ~ ~ ~ J ~ J ~  The function 
gT'(U1) in eq 4 remains then as an unknown to be calcu- 
lated together with g*, either by approximate or by exact 
methods. 

(d) Finally, the partial derivative (dgT/du,)+,+, can be 
written at polymer infinite dilution as dgTo/dul, and it Will 
be polynomial in u1 with degree n - 1, easily evaluated if 
the function &?To (u l )  is known. 

Analysis of Eq 6. In M33, eq 6, gr3' (i = 1, 2), the 
derivatives dg13/d4, (i = 1, 21, g12(410), gT(U1), and the 
partial derivative (dgT/d43)U1,43q appear. 

(a) With respect to gL3O and gl2(q!Jl0) the comments made 
above must be recalled. 

(b) The derivatives dg13/d43 disappear in eq 6, since 
according to Koningsveld et al.15J6 

(11) 

which at polymer infinite dilution (43 - 0) is transformed 
into 

(12) 

where all terms are constants. When g13' - dgi3/d$3 gFen 
by the above equation is substituted into eq 6, it is 
transformed into 

x~3(43) = g~3 - (l - 43)(dgi3/d43) 

x13' = g13' - d g ~ 3 / ~ 4 3  

N33 = (1/2)(410 + S4zo) - x13'@10 - sx23°420 
k12 - 2gT + (dgT/d43)~,,@3-o)410420 

given in terms of solvent/polymer interaction parameters 
(x13'), usually known or measurable. 

(c) Finally, &?To&) and (dgT/d43)u1,h4 remain unknown. 
Summary of the Analysis. From a phenomenological 

point of view, two magnitudes define the sorption equi- 
librium in tenary systems, total (Y) and preferential (A) 
solvation coefficients. is a magnitude directly accessible 
through experiment, whereas Y is not, but is related with 
the experimental magnitude A2 (second virial coeffi- 
cient)17J8 through 

Y = VlA2/~3' (14) 

or indirectly related, through some excluded volume the- 
ory, with another experimental magnitude such as [?] 
(intrinsic viscosity). On the other hand, according to the 
FH formalism, besides binary interaction parameters 
(potentials) usually known or measurable, three unknown 
functions (or parameters) are necessary to describe the 
above equilibrium, namely, the g* parameter and the 
functions gTo (u l )  and (dgT/d$3)U1,43-0. Because they are 
unknown, the main task, when intending to apply FH 
formalism, is their evaluations, FH formalism remaining 
then as a purely descriptive formalism. For the evaluation 
of the above unknowns, exact and approximate methods 
have been followed. 

Evaluation of the Unknowns. The exact method, as 
proposed by Munk,G solves the differential equation in gT 
defining h (see eq 3-5), gT'(U1) and g* being respectively 
given by 
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substitutions in eq 2 of Y calculated from A2 through eq 
14 and of Mil's given by eq 4-6). Munk's method demands 
X as a continuous function over the whole composition 
range. 

Several approximate methods have been proposed. 
Altena's methods assumes for both gTo and (dgT/d43)~~,4~4 
the same functionality degree in ul,  namely cubic expan- 
sions. From Y input values, calculated from [ q ]  experi- 
mental data through the Flory-Fox model,g Altena's me- 
thod calculates the coefficients of both cubic polynomials 
by applying a computer program for the solution of a set 
of M (number input data) nonlinear equations (substitu- 
tion in eq 2 of Mil's given by eq 4-6) with N unknowns (M 
> N). No further criticism on this method will appear in 
this paper, since, as the authors admitted, their gTo and 
(dgT/d43)u1,434 calculated values did not reproduce those 
obtained by Munk's method,6 probably due to the as- 
sumption of the cubic functionality of gTo and (dgT/ 
d43)u1,,33 and to the use of indirect Y values (coming from 
the application of an excluded volume model). 

Another approximate method is followed by Horta et 
al.,19 who, from A2 data and neglecting in Y preferential 
sorption effects as well as the (dgT/d43)ul,@ derivative, 
calculated gT', which, in turn, was applied;: predict A. 

Also intending to reproduce X's only from gl2(dlO) data 
or looking for a correlation between X experimental data, 
Pouchljrlo assumed that 

gT'(u1) = a&l2(410) (17) 

ag being a constant a t  any composition. 
A, defined by eq 3, is gT'(U1) dependent through N13 (eq 

5), but that dependence disappears when gTo(ul) is sub- 
stituted in eq 5 by its approximate value given by eq 17. 
The equation of a straight line is predicted upon rear- 
ranging terms in eq 3, after substitution of Nll given by 
eq 4 and the approximate N13. From the intercept and 
slope the values of the constants g* and 1 - ug are evalu- 
ated, which, of course, may be used to recalculate A. 

In a further paper," looking for correlations between [q]  
data, Pouchljr assumes that 

g* = - L 1 y N l l  d410 

Once gT'(U1) and g* are evaluated, the last unknown, 
(dgT/d43)ul,434, may be evaluated from A2 data (see the 

a, being a constant a t  any composition. The substitution 
of this assumption in eq 13 yields for N33 the following 
value: 
N33 = 

(1/2)(410 + $20) - x13410 - sx23420 + glZ(l - 2ux)410420 
(19) 

in which N33 no longer depends on gT'(U1) and (dgT/ 
8 4 3 ) u  , 4 3 4 '  The substitution in eq 2 of this new value 
together with the approximate N13 obtained by substitu- 
tion in eq 5 of the approach 17 and with Nll given by eq 
4 yields Y as a function of g12(&). By the rearrangement 
of terms in the new defining Y equation, a linear correla- 
tion is predicted. From the intercept and the slope the 
magnitudes ~ 2 3 '  and (1 - 2a,) may respectively be evalu- 
ated if Y values are known. These can be calculated from 
experimental Az data through eq 14 or from [ q ]  values 
through any excluded volume model. 
Results and Discussion 

Of course, the direct verification of the above approaches 
shows experimental difficulties; among them and not the 
least is the availability of adequate experimental data. The 
calculations of gT and its derivatives demand A2 (or [ V I )  
and X measurements for the same polymer sample at the 
same temperature and over the whole composition range 
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Table I 
Information Available on Interaction Potentials for Diverse Ternary Systems 

system g13' g23' dgi3/d@3 dg23/d@3 g13Og23' K" g* 
B/CH/PS 0.455' 0,715' 0 0.205c 0.325c 0.33 -0.358 
EA/CH/PS 0.662e 0.727d 0.171f 0.205' 0.48d3e 0.48 -0.091 
HEP/MEK/PDMS 0.52'' 0.84' 0.099 0.34 0.44h3' 0.46 -0.219 
UND/MEK/PDMS 0.428 0.009 
ACN/CLB/PMMA 0.455 -0.025 
ACN/ CTC/ PMMA 0.398 0.050 

*As evaluated from Figure 4. bAs evaluated through eq 16.6 eFrom ref 10. dCalculated through eq 12 from ~ 2 3 '  = 0.5226 and dg2,/db3 
= 0.205.i0 eFrom g* with gZ3O = 0.727 as calculated in footnote d. fcalculated through eq 12 from ~ 1 3 '  = 0.4916 and gi3' = 0.662 as 
calculated in footnote e .  #Assuming that dgI3/dd3 = d ~ , ~ / d @ : ~  with dxl3/d& = 0.09.27 "Calculated through eq 12 from xI3' = 0.4302* and 
dg,3/d@3 = 0.09 as in footnote g. 'from g* with g13' = 0.52 as calculated in footnote h. 'Calculated through eq 12 from ~ 2 3 '  = O.49Si4 and 
g23O as calculated in footnote i 

0,s . a) 
a. 

0.2 0.L 0.6 0.8 
dl0 

Figure 1. Dependences of gi2 (--), gTo (---I, XT' (---I, and 
(e-) on system composition for (a) B/CH/PS and 

(b) EA/C@S. (0) M ,  = 372000; (0) &fw = 35600. 

of the solvent mixture besides adequate xL, and glz(410) 
values. As far as we know, few systems fulfill the above 
requirements. Horta et al. measured A, and X for the same 
polymer sample over the whole composition range, as well 
as the function g12, for the acetonitrile (ACN)/l-chloro- 
n-butane (CLB)/poly(methyl methacrylate) (PMMA) and 
ACN/carbon tetrachloride (CTC)/PMMA  system^.'^-^^ 
Similar information is also available for n-hexane 
(HEX)/butanone (MEK)/poly(dimethylsiloxane) 
(PDMS),13 n-heptane (HEP)/MEK/PDMS,13 and n-un- 
decane (UND)/MEK/PDMS14 systems. Munk et al.,6v7 
who pioneered the evaluation of gT and its derivatives, used 
as test systems benzene (B) /cyclohexane (CH)/polystyrene 
(PS) and ethyl acetate (EA)/CH/PS. They measured A2 
and X for both systems over the whole composition range; 
however, for the g,, functions they used tentative values 
in a first publication: which were revised later in a second 
paper.7 

Subsequently, the verification of Horta's approach on 
the one hand and Pouchlg's, on the other is attempted. As 
test systems, the above PMMA and PS systems are chosen. 
Only two PDMS systems are studied, namely, the n-hep- 
tane and n-undecane ones. In Figures 1-3, gI2, gTo, 

and xT0 functions for the above systems 
are represented, and in Table I their ( g I 3 O  - sg23O) values 
(evaluated from g*) are gathered. gTo, as evaluated by 
Munk's method (eq 15) should be polymer molecular 
weight dependent through the dependences of X and gr30 
on polymer molecular mass. However, in the PS6,7 and 

O b  
0) 1.8 

0 l.L 
L 

'y 
0) 

1.0 

0.6 

!- / 

t 

a2 0.4 0.6 98 
3 0  

Figure 2. Dependences of gi2 (--), gTo (---), XTO (-*-), and 
(dgT/d43)U1,+34 (-e) on system composition for (a) HEP/MEK/ 
PDMS, ((0) M ,  = 125000; (0)  M ,  =80500) and (b) UND/ 
MEK/PDMS ((0) M, = 125000; (0) M ,  = 150000). 

8 1  \ 

.... 0 .... 0 ........ a... ". ..%.O..L..O. 
-0 2 

0.2 0.L 0.6 0.8 
910 

Figure 3. Dependences of g,, (-), gf (---I, XT' ( - e - ) ,  and 
(agT/&#J.& (-) on system composition for (a) ACN/CLB/ 
PMMA ( (0)  M ,  = 237000) and (b) ACN/CTC/PMMA ( (0)  M, 
= 120000). 

PDMS13J4,22 systems, no clear dependence of X on mo- 
lecular weight was experimentally observed, at least in the 
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measured range of molecular weights. Because of that, 
single gTo(ul) functions represented in Figures 1 and 2 were 
evaluated from the single smoothed X curves depicted 
through the diverse X experimental data, as Munk et al.6v7 
and Pouch19 et al." did before. (dgT/d&)ul@,q evaluation 
through Munk's method demands gTo and A ,  data. Al- 
though gTo dependence on molecular mass has been 
omitted as mentioned above and given that Az is more 
sensitive to polymer molecular weight than A, for an ex- 
ample, in Figures 1 and 2 (dgT/df$3)u1,&4 values for diverse 
molecular weights have been represented. However, in 
order not to excessively crowd the figures, only one 
smoothed (dgT/d43)ul,do4 function corresponding to a 
single molecular weight has been represented. (dgT/ 
d43)U1,d34 smoothed functions are for a polymer with M ,  
= 125 000 in both PDMS systems and M ,  = 372 000 in 
both PS systems. Those (dgT/dr#&l,g3q smoothed func- 
tions were used together with gTo ones to evaluate XT" 
functions as defined by Pouch19 (eq 181, also represented 
in the figures. 

The g,, functions depicted in Figures 1-3 are those 
measured by Horta et al. for the PMMA systems at 25 
0C19,20 and by Campos et d.l3J4 for the PDMS systems at 
20 "C, whereas g,, for the B/CH system is the one reported 
by P0uchl9,~O very close to that proposed by M ~ n k . ~ , ~  The 
g,, function as proposed by Munk6x7 for the EA/CH/PS 
system does not proceed from direct measurements at 20.0 
"C but from indirect data. In order to ascertain the re- 
liability of the g,, function used by Munk, its measurement 
by light scattering at  20.0 "C was undertaken20 in this 
laboratory. The equation 

g,, = 1.810 + 0.0249(&0 - 420) + 0.306(& - 420)' 

reproduced the obtained data with a standard deviation 
of 0.6%, and it is the one represented in Figure 1. 

gTo, (dgT/d43)ul,+34, and xT0 for the PMMA systems 
proceed from X and A,  data for a polymer with M, = 
237000 in the ACN/CLB/PMMAl9 system and Mw = 
120000 in the ACN/CTC/PMMAZ1 one. The X smoothed 
curves used for &?To evaluation are those reported by 
Campos et al.13J4 for the PDMS systems, by Pouch19,10 
collecting diverse experimental data, for the B/CH/PS 
system, and by Munk et a1.6 for the EA/CH/CP system. 
A,  used data for (dgT/d43)ul,df4, and xT0 evaluations were 
those given by Campos et al. 3~14,22 for PDMS systems and 
by Munk et al.6 for PS. 

In all the systems, represented values in Figures 1-3 
clearly show the inadequacy of Horta's approach. 
d43)u1,d34 values are about the same order of magnitude 
as gTo ones; therefore the former cannot be neglected. The 
introduction of both functions is necessary for plausible 
interpretation of experimental data, as was pointed out 
by Munk et al.6,7 and quantitatively demonstrated by 
Campos et al.14 

On the other hand, except for the EA/CH/PS system 
and minor deviations occurring in other systems in certain 
narrow composition ranges, similar trends seem to be 
followed by gT", xT0, and g12, SO both of Pouchlq's as- 
sumptions, as expressed by eq 17 and 18, seem then to hold 
as a general rule. From the relationship between xT0 and 
(dgT/&#~3)~~ ,@~4  in eq 18, when both of Pouchly's assump- 
tions are obeyed the more general correlation 
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must also hold, with K = ag/(l + 2a, - 2a,) being a con- 
stant. In Figure 4, the above equation, represented as plots 
of gT0/(gl2 + (dgT/d+S)ul,+,,3+) vs. is tested for the six 

Figure 4. Dependence of &?To/& + (dgT/d&)u $+) on system 
composition for (a) B/CH/PS, (b) EA/CH/f'S, (c) ACN/ 
CLB/PMMA, (d) ACN/CTC/PMMA, ( e )  HEP/MEK/PDMS, 
and (f) UND/MEK/PDMS. 

systems studied so far in this paper. A fair constancy over 
the whole composition range in the quotient gTo/(glz + 
( d g ~ / d 4 ~ ) ~ ~ , ~ ~ ~ )  obtains in all systems, even EA/CH/PS, 
which, as mentioned above, does not completely obey 
Pouchlg's first assumption. Obtained K values for the six 
systems are gathered in Table I. 

A detailed analysis of those K values shows that they 
are very close to those in the product gI3Ogz3O, which are 
also gathered in Table I for those systems where separate 
values of g13" and g23" are known. This surprising behavior 
seems to indicate that there is certain information enclosed 
in K therefore its empirical character should be put aside. 
gTo seems then to be defined by 

Looking for an explanation to that general (universal?) 
behavior, we had to resort to the underlying ideas in the 
creation of gT, as introduced by Pouch19 in his formalism." 
gT is introduced by Pouch19 in the FH formalism so as to 
take into account the possible dependences of the binary 
parameters on the third component in the ternary phase. 
The following analysis tries to rationalize those dependeces. 
It must be certainly pointed out that the treatment leaves 
unchanged each one of the terms contributing to the 
mixing Gibbs energy, as originally defined in eq 1, and it 
only intends to qualify the possible contributions of the 
binary parameters to the ternary one. 

The value of the gi3 parameter, which in the absence of 
the j third component (i = 1,2; j # i) depends solely on 
polymer concentration, gr3(&), will adopt in its presence 
a new "perturbed" value gs3(43,4J. Similarly, the binary 
g12(+10) parameter through the presence of polymer will 
be transformed into the "perturbed" glz(41,&J. Let us call 
CY, p, and y the "perturbations" suffered by the binary 
parameters in the presence of the third component in the 
ternary phase, in such a way that 

g13($'3?$'!2) = g13(43) + CY 
g23(@3,41) = g23(43) + @ 
g12(41,43) = gn(410) + Y (22) 
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where the functions gi3(43), defined in eq 7 ,  display similar 
functionalities with 43 to that followed by gT(41,43) (see 
eq 10). 

On the other hand, it is generally admitted that gT is 
mainly created at  the expense of g12,10,23 which seems to 
indicate that the deviations occurring in gi3 parameters due 
to the presence of the j component are minimal. In other 
words, in a first approach, a t  least in dilute polymer so- 
lutions, let us assume that (Y N 0, p N 0, and y - yo (yo 
= y4,+), since even at 43 - 0 there is a ternary phase and 
therefore y, which is the perturbation suffered by g12 in 
the immediate vicinity of the chain, does not vanish as 
neither does the ternary phase. 

By generalizing Pouchlys first approach, gTo(U1) - 
g12(410), a t  any composition of the ternary mixture and 
assuming that gT(Ul,&) is proportional not only to g12 but 
also to g13 and g23, one obtains the following equation: 

Assuming that the proportionality constant of the above 
equation is unity, substituting the resulting gT(U1,43) 
function in the expression defining the mixing Gibbs en- 
ergy (eq l), and recalling the definition of gi3(43), as given 
by eq 7 ,  we obtain the following values for M13 and M33: 

- 

gT(U1,43) - g12('$1,43)g13(42,43)g23(41,43) (23) 

A comparison of eq 24 with eq 5 allows us to establish the 
following equalities: 

&?To = g13°g230(912(410) + yo) 

both consistent between them. Similarly, the comparison 
of eq 25 with eq 6 yields again eq 26 and 

this last equation also being consistent with eq 26. 
Equation 26 is coincident with the one empirically found 

(eq 21), whose validity was thoroughly discussed before, 
if 

yo = (agT/a43)u1.#3-0 (28) 

which is in accordance with the widespread idea that gT 
proceeds from g12. So, BohdaneckYz4 specifically points 
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out that gT is "the parameter representing the 1-2 inter- 
action of solvent molecules in the vicinity of the polymer 
segment" and Pouch19 et al.10325 defines the difference k12 
- gT) as an "effective g,,". Hereupon an equivalence must 
exist between y, which takes into account the g12 variations 
in the presence of 43, and the term accounting for the gT 
changes with 43, namely (dgT/d43)~~,4~-.O. 

Finally, from gT(41143) = gTo(ul) + 43(&T/d43)~1,43-0, as 
stated in eq 10, and the fact that gTo(ul) and (a&/ 
d 4 3 ) u 1 , 4 3 ~  are polynomials in u1 with n and m degrees, 
respectively, that is, both independent of 43 at polymer 
infiiite dilution and therefore so is yo, eq 27 is transformed 
into 

The value of the adjusting parameter ( a g ~ / a 4 3 ) ~ ~ , ~ + ,  can 
then be defined in terms of binary interaction parameters 
by 

Similarly, substitution of the (dgT/dI$3)Ul,@3q value in eq 
21, or in eq 26 with the y value given by eq 28, also allows 
us to define the other adjustable function, gTo(U1), as an 
exclusive function of binary parameters through 

Defining in short 

eq 30 and 31 are respectively transformed into 

(33) 

and xT0(u1) can also be defined in terms of binary pa- 
rameters through 

recalling the xT0 definition in eq 18. Both 33 and 34 agree 
with both Pouchlg's assumptions (eq 17 and 18, respec- 
tively); therefore the proportionality constant ug and a, 
lose their empirical character and their values may be 
predicted from data of the binary systems. In the follow- 
ing, for brevity, the validity of eq 32-34 is only tested with 
calculated xT0(u1) values since in xTo(ul) are enclosed both 
gTO(U1) and (dgT/d43)ul,$34. The evaluation of XTo(U1), or 
gTo(U1), or (agT/843)~~,$,4 demands known values for the 
following parameters of the binary systems: g130, g2301 
dg13/d43, d&3/d43 (all of them enclosed in 61, and g12(410!. 
g12(410) functions for all the systems studied so far in this 
paper are depicted in Figure 1. The remaining data for 
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Figure 5. Variations with system composition of calculated binary 
parameters (---) and experimental (-) ternary interaction pa- 
rameter (xT0) for the same systems as in Figure 4. 

those systems for which separate g13O and g23O values are 
known are also gathered in Table I. For UND/MEK/ 
PDMS,14 ACN/CLB/PMMA,'' and ACN/CTC/PMMAZ1 
systems only separate data for ~ 1 3 '  and ~ 2 3 '  are known. 
These systems obey eq 20 (see Figure 4) with K values 
gathered in Table I. Under the assumption that the 
physical significance of K also holds for these systems, from 
K = g13'&3O and g* = (s - 1 + g13O - ~g23'), also gathered 
in Table I, separate values for g13O and g230 can be ob- 
tained. Once these are known, the remaining unknown 
dgi3/d43 (i = 1, 2) parameters can be evaluated through 
Koningsveld's equation,15 from gi3' and xi3' known values. 
The following data sets were obtained in that way for the 
above systems. UND/MEK/PDMS system: ~ 1 3 '  = 

= 0.069, and dg23/d43 = 0.298. ACN/CLB/PMMA sys- 
tem: ~ 1 3 '  = 0.508,'' ~ 2 3 '  = 0.525," g13O = 0.769, g23O = 
0.592, dg13/d1$3 = 0.261, and dg23/d43 = 0.067. ACN/ 
CTC/PMMA system: x13'= 0.495,'l X23O = 0.510,21 g13' 
= 0.783, g23" = 0.508, dg13/d~3 = 0.288, and dg23/d43 = 
-0.002. Even though the above results for both PMMA 
systems proceed from independent measurements, it is 
rewarding that there is consistence between both calculated 
g13' values, the small difference between them probably 
arising from different molecular weights of the studied 
PMMA samples, = 237000 in the ACN/CLB/PMMA 
system and Mw = 120000 in the ACN/CTC/PMMA one. 

In Figure 5 xT0 (ul) values calculated through eq 34 are 
compared with experimental values, which already were 
depicted in Figures 1-3. As can be seen, calculated XT'(u1) 
values fairly fit experimental ones. The importance of this 
behavior should be stressed, since if the ternary parameters 
can already be calculated from the binary ones, any 
property of the ternary system may be predicted from data 
of the binary systems. As an example, the validity of the 
gTo (ul) evaluation from binary parameters is used ad- 
vantageously for the prediction of a property of the ternary 
system such as the preferential solvation parameter, A, 
whose prediction is uncertain even through the FPP for- 
m a l i ~ m . ~ ' . ~ ~  

X through the FH formalism generalized by Pouch19 is 
defined by eq 3. The substitution in that equation of the 
gTo(U1) value given by eq 32, recalling that, as stated in 

0.468,14 ~ 2 3 0  = 0.499,14 g13O = 0.537, g23O = 0.797, dg13/d& 
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Figure 6. Variations with system composition of calculated (-) 
and experimental (---) preferential solvation coefficient (A) for 
(a) B/CH/PS and (b) EA/CH/PS systems. 
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Figure 7. Variations with system composition of calculated (-) 
and experimental (---) preferential solvation coefficient (A) for 
(a) HEP/MEK/PDMS and (b) UND/MEK/PDMS systems. 

the theoretical part, (agT/au1)Bs4 = dgTo/dul and taking 
into account Koningsveld's equation at polymer infinite 
dilution, allows us to define X exclusively in terms of binary 
parameters as 

= -- (s - 1 + gl30 - sg,,") + 
Nl' D3 ( 

' 410420 2)) 
In Figures 6-8 X values predicted through the above 

equation are compared to experimental ones. Except for 
the EA/CH/PS system, which also shows deviations on 
the calculated xTo (ul) function, the calculated X values 
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Predictability of Properties in Ternary Solvent (1)/ 
Solvent (2) /Polymer (3) Systems from Interaction Parameters of 
the Binary Systems. 2. Evaluation of Total Sorption Parameters 
and Related Magnitudes 
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(Valencia), Spain. Received December 17, 1984 

ABSTRACT Starting from the correlation gTo = K (gI2 + (8gT/8qb3)ul,h+J holding for ternary solvent (l)/solvent 
(2)/polymer (3) systems and from the physical significance of K,  namely, K = g,3°g230, equations allowing 
the prediction of total sorption coefficients (Y) or its related magnitudes and second virial coefficients (A2), 
either from binary interaction parameters (xj,) and potentials (gi,) or from data on preferential sorption 
coefficients (A), have been derived. Second virial coefficients evaluated from data of the binary systems are 
compared with experimental ones for two polystyrene, two poly(methy1 methacrylate), and two poly(di- 
methylsiloxane) ternary systems, and the contribution of preferential sorption to  total sorption is discussed. 

Introduction 
The evaluation of the total sorption parameter, Y,  in 

ternary solvent (l)/solvent (2)/polymer (3) systems has 

0024-9297/85/2218-2511$01.50/0 

usually been undertaken following Flory-Prigogine-Pat- 
terson (FPP)1-4 or Flory-Huggins (FH)  formalism^.^^ In 
the former, Y is defined in terms of equation state pa- 
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