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SumTary 
The paper investigates the agreement between ex[~rimenta] and theoretical 
data for the second v]rial coefficient A 2 and for the intrinsic viscosity 
[ q ] for the acetonitrile/chlorobutane/p~ly(methyl methacry!ate) ternary 
system. 

Introduction 
Solvent/solvent/polymer ternary systems exhibit many interesting pro- 

parties. At infinite polymer dilution, the thermodynamic behaviour of such 
systems presents two main characteristics. First, one can note the apDea- 
rance of the phenomenon of cosolvency, when the mixture of t~ nonsolvents 
for the given polymer ac~]ires high solvent power, i.e., behaves as a good 
solvent for the given polymer. A second characteristic feature Comes from 
the composition difference of the mixed solvent inside and outside the 
polymer domain. 

The theoretical treatment of the excluded volume parameters and of the 
preferential adsorption coefficient A. was performed through the thermody- 
namic theory - first by use of the Fl~ry - Huggins (FH) model (I), as gene- 
ralize~ by Pouchly et al. (FHP) (2), and later through the equation of 
state theory (Flory, Prigogine, Patterson formalism) (FPP) (3-5). 

The present paper was aimed to investigate the agreement between expe- 
rimental and theoretical data for the second virial coefficient ~2 and for 
the intrinsic viscosity [ ~ ] for the acetonitrile (MeCN) (1)/chlorobutane 
(CIBu) (~)/poly(methyl methacrylate) (PS~Z) (~) ternary sy~t6~., startina 
from. different expressions for the preferential adsorption coefficient 11 . 

Theory 
Preferential and total adsorption in different solvent/solvent/polymer 

systems was previously investigated (6) starting from. various theoretical 
mo~els. Generally, the ~thematical expressions of the preferential adsorp- 
tion coefficient, either starting from. the F]ory - Huggins mode] or from 
the emuation of state theory (FPP model), differ only in the expression of 
the ternary interaction parameter % T (eq. /I/) 

X T = ax g12(ul ) /I/ 

az beina a constant independent of composition, and Q]p(ul) the binary in- 
teraction function between the solvents. In different-t~eories, a~ appears 
as 

a z= (2g;3g~ - D)/[2(] - D)] /2/ 

*Corresponding author 
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or as 

a x = 9~39~3(I - D'/2)/(] - D') /3/ 

in the theory of Cam.~s et al. (7,8) (~{P model), and as 

a z = (I/2)[I - (VI2/Q3)2(S2 - S~c-oc')]g12(u 1) /4/ 

in the FPP mo~el, where u. (i = I, 2) is the volume fraction of the solvent 
mlxture in the ternary phase, g?. is the interaction parameter between the 

�9 lJ 
two solvents in the ternary phase of the ternary solution or in the binary 
solution (between components i and 3) at infinite dilution of .polymer, 

D = g~3(@g23/dr + g~3(dg13/d@3)e3~0 /5/ 

D' = D/2g~3g~3 / 6 /  

9 i = Vi/V ~ 

S = Si/$12 

oc: [( @inV1)/(@inT)](p~/p~)(1 - T~/T~) /7/ 

where gi3(~) (i = I, 2) is the interaction parameter between components 
i and 3 in [he ternary phase of the ternary solution (bet%~gen components 
i and 3), ~i (i = I, 2, 3) is the volume fraction of component i in the do- 
main of the coil, V~ is the molar volume, p~ , V~ , T~ are reduced parame- 
ters for pressure, ~olar volume and tempera~ure,• and S. is 
the molecular surface to volume ratio. 1 

According to Pouchly et al. (9), the second virial coefficient A 2 can 
be defined by eq. /8/ and the intrinsic viscosity by eq. /9/: 

A 2 = (5~/2V1)[@I0 + S~20 - 2Z13~I0 - 2S%23~20 + 

+ 2(g12 - 2%T)~I0~20 ] /8/ 
+ -2 

A[q ]/M 1/2 = AK@ [2(0.51)~0v3/NoV I](1 - 2aM) e~ M1/Zg12@1o020 

/9/ 

Eq. /8/ can be also written as 

{[(2A2V1)/5~] - @10 - S@20 + 2 ZI~)@10}/(2S~20 ) = 
= _ ~ (M) (M) 

23 + (I - 2az) (g12~i0/S) /10/ 

where 5q is the partial specific volume of the polymer, V] is the molar vo- 
lume of~component I, % i~ is the interaction parameter between polymer and 
solvent i (i = 1, 2), M ~3the _m~lecular weight, @@lis FiOry's viscosity 
constant (equal to 2.5xi0 mol- for [ q ] in mlxg ), N n is Avogadro's 
number, A Kn= K~ - K~ , Kg being the apparent unperturb@~ dimension of a 
macromolecuYar c~ain Yn a ~inary solvent mixture and K@ the real unper- 
turbed dimension in a single theta solvent. 

If the left hand side of eq. /10/ is denoted with Z, the correlation 
of Z with g12~i0/S should yield a linear dependence, as it has been veri- 
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Fig. I. Plot of the second virial 
coefficient A~ vs. the volume frac- 
tion u I for t6e M~N (1)/CIBu (2)/ 
/PM~ (!) ternary system. The data 
were taken from Ref. (10). 
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Fig. 2. Plot of the intrinsic vis- 
cosity [ q ] vs. the volume frac- 
tion u I for the ~[eCN (!)/CiBu (~)/ 
/PMMA (~) ternary system. The data 
were taken from Ref. (11). 

fied in several ternary systems (9). At the same time, the proportionality 
represente~ in eq. /I/ is demonstrated. 

Fm. /11/ allows the calculation of ~(M). 
13 " 

-2 I 
A2,i3 = (v3/Vi)(~ -Xi3 ) /11/ 

With the experimental values of ~ (M) and (I - 2a~ )(M) 23 , one can calculate 
A 2 by use of ea. /8/ for every M. 

In a true cosolv~ system, where the single liquids are near theta 
, �9 OO ~ % i; OO - �9 �9 

condltlons ( ~:~-- ~ ~ , ~i3 belng the interactlon parameter between 
polymer an@ solvent i• infznite dilution), the relation between A K@ and 

@i0~20912 will remain unchanged. 

Results and Discussion 
The data of Campos et al. (7) were considered for the binary interac- 

tion function between solvents 

g12(e10 ) = 2.679 - 11.183@10 + 45.401e 0 - I05"145~10 + 

+ 134.168~ 0 - 87.77~0 + 23.009~ 0 /12/ 

%;~ was taken as 0.5 (MeCN being a theta solvent), and ~3 as 0.52 (CIBu 
being a nonsolvent). By use of the relation of Nakata and ~aji (10) for 
g?_ = (4/3) %?. , the values of a._ = 0.67 and g2 = 0.69 were found. The 
i~ �9 lJ ~13 taken from Nakata and Kaji experimental data processed in thls study were 
(10) for A 2 and from Prolongo e t al. (11) for [ q] (Fiqures I and 2). 

The preferential adsorption coefficient A I is plotted in Figure 3 as 
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a function of solvent composition. A preferential adsorption of MeCN is 
observed over the composition range of 5~N 0 - 0.43, and then ClHu, i.e. 
the solvent less adequate from the thermodynamic point of view, is prefe- 
rentially adsorbed. The phenomenon of inversion is associated with the va- 
lues of g12 which are positive and high. Thus, inversion seems to be a 
common phenomenon for solvent/nonsolvent mixtures which persists even in 
mixtures Of good solvents with marginal ones, or marginal (theta) solvents 
with nonsolvents. 
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Fig. 3. Theoretical values of the 
preferential adsorption coefficient 
~I as a function of the volume 

fr~ction u I in MeCN (1)/C!Bu (2)/ 
/P>~ (~) ternary system. 
1 - FH model; 2 - com~0n curve ob- 
tained according to FHP and FPP 
models. 

Fig. 4. Theoretical values of the 
total adsorption coefficient Y as a 
function of the volume fraction u I 
in MeCN (!)/ClBu ([)/p~. (3) terna- 
ry system. 
I - FH modeli 2 - FHP model, accor- 
ding to Ref. (7); 3 - F~ model, 
according to Ref. (8); 4 - FPP model. 

The total adsorption coefficient Y is plotted in Figure 4 as a func- 
tion of solvent composition. A detailed discussion on A. and Y was previ- ] 
ously published (6). An inversion of Y is observed for s ternary system. 

Using eq. /9/ and the experimental data of Pro]ongo et al. (11) for 
[ q ], the values of a x were calculated (Table I) and then intr(Juced in 
eq. /8/ to yield A 2 values. These values were plotted in Figure 5 as com- 
pared to those resulting from different theoretical models. The figure also 
presents the experimental values of A 2 repertedby Nakata and Kaji (10). 

Table I. a7s values obtained from different 
theories and from experimental data 

az. 

FHP model, acc. to Ref. (7) 0.4509 
FHP model, acc. to Ref. (8) 0.3504 
FPP mo~el 0.4887 
from A 2 = f( %.~, ~.~, %T ), 

Ref.]~10) lu 0.4460 
from [ q ] = f( X ZT) 

Ref. e i ~  ' 0 . 4 9 5 o  
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Fig. 5. Plots of the se- 
cond virial coefficient 
A? vs. the volume fraction 
u~ for the MeCN (I)/ CIBu 
(2)/P~A (3) ternary sys- 
tem. 
I - FHP model, acc. to 
Ref. (7); 2 - FHP mode], 
acc. to Ref. (8); 3 - FPP 
mode]; 4 - from exptl, va- 
lues of [q ]; 5 - expt]. 
values from Ref. (10). 

For the present system, the experimental data for A 2 are much better 
predicted by the FPP model. This conclusion sustains our previous results 
describing ternary systems containing polystyrene (6). At the same time, 
A 2 values calculated from intrinsic viscosity data, according to eq. /9/, 
appear to be very close to those experimentally observed. As a practical 
consequence, one can analyse the behavicur of a given polymer in a binary 
solvent, ~en the individual interaction parameters are known, from viseo- 
metric data. Knowing the ternary interaction par&meters, one can determine 
the preferential adsorption an4 hence, without experimental tests, some im- 
portant solution properties. The disagreement between theory and experiment 
may be attributed to some specific interactions which are to be discussed 
in other studies. 
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