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ABSTRACT: In this paper the Poly(methyl methacrylate) (3)1CCI4 (!) !-propanol (2) and 
poly(methyl methacrylate) (PMMA) (3)ICCI4 (1)11-butanol (2) cosolvent mixtures are studied at 
303 K by light scattering, viscometry and interferometry. An inversion in solvation has been found 
in both systems, in the alcohol content ranging between 25 and 30vol% depending of the 1-alkanol 
which is used in the cosolvent mixture. 
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In a previous paper/ a study was made of the 
behaviour of syndiotactic PMMA in CC14 (1)/ 
methanol (2) cosolvent mixture at 303 K. In this 
system, an inversion in solvation occurs at u2 =20%, 
where u2 represents the volume fraction of alcohol. 
It is suggested2 •3 that the sign of the excess Gibbs 
free energy, GE, for the binary mixture is a suitable 
guide for potential cosolvent mixtures. Thus, when 
GE > 0, the two liquids are relatively incompatible 
and the 1-2-3 contacts are more favourable than the 
1-2. Thus, GE which is large and positive for the 
CC14 (1)/1-alkanol (2) binary mixtures4 explains 
why the CC14 (I)/methanol (2) cosolvent mixture 
and the binary liquid mixtures in this study behave 
as cosolvents for PMMA. However, as will be seen 
later, for a satisfactory explanation of this phe­
nomenon, the self-association of 1-alkanols must 
also be considered. 

EXPERIMENTAL PROCEDURES 

·The syndiotactic samples used are described in a 
previous paper. 5 Molecular weight determinations 
by both light scattering and osmometry (made with 
a Knauer membrane osmometer in toluene at 
310K) on several fractions showed that MwfM.= 

1.15. Binary solvent mixtures were made up by 

volume. Refractive indices of the solvents and bi­
nary solvent mixtures were measured with an Abbe 
refractometer. 

Refractive Index Increments 
Differential refractive indices of polymer so­

lutions were measured, at 303 K, with a Carl Zeiss 
interferometer and a Brice-Phoenix differential re­
fractometer, model BP-2000V. The refractometer 
was thermostated to ± 0.05°C. Polymer solutions 
were equilibrated in the refractometer cell for 10-
15 min prior to the measurements. All measure­
ments were made at 546 nm, using the mercury 
green light as a monochromatic source of light. 

Dialysis experiments were carried out in the cell 
described in ref 6, using commercial cellophane 
membranes. 

Preferential adsorption coefficient, A, was calcu­
lated by differential refractometry of dialysis equi­
librium and interferometry using the equation 7 

A= 

dnfdk 
(1) 

were and (dn/dc) are the variations in the 
refractive index with concentration at constant 
chemical potential and constant composition, re­
spectively, and dnfdk is the variation in the re-
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fractive index of the binary solvent mixture with 
composition. 

Viscometry 
Viscosity measurements were made using a 

modified Ubbelohde viscometer. The kinetic energy 
correction was less than 0.2%. The temperature of 
the water bath was maintained within ± 0.01 oc. 
Intrinsic viscosity values, I IJI, were obtained by 
graphical extrapolation of the reduced viscosities to 
zero concentration of the polymer. 

RESULTS AND DISCUSSION 

Solubility tests carried out for CC14 (1)/1-
propanol (2) and CC14 (1)/1-butanol (2) mixtures 
showed PMMA to be soluble in the mixtures with 
u2 between 10 and 50%. Thus, these mixtures are 
typical cosolvents for PMMA. Evidence in support 
of this conclusion can be found in the data for 
intrinsic viscosity as a function of molecular weight 
and solvent composition. Figure 1 illustrates typical 
intrinsic viscosity data for PMMA fractions with 
Mw=8.98 x 105 and 9.77 x 105 in the two mixtures 
concerned. It can be seen that intrinsic viscosity 
increases with increasing u2 and passes through a 
maximum at u2 =23% and 28% for the 1-propanol 
and !-butanol binary solvent mixtures, respectively. 
It is shown below that these compositions coincide 
with the inversion points (A.=O) of solvation. 

9 

'i" 
(!) 
_j 
Cl 

"'o 7 
x 
0 BUTOH 

Figures 2 and 3 illustrate the K8 parameter char­
acterizing the unperturbed dimensions of PMMA 
and the B polymer-cosolvent mixture interaction pa­
rameter, respectively. Both quantities were ob­
tained using the Stockmayer-Fixman equation8 
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Figure 1. Intrinsic viscosity variation with compo­
sition in two fractions of syndiotactic PMMA in the 
cosolvent mixtures. 
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Figure 2. Plot of K 9 parameter against !-alcohol composition for the two systems. 
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Figure 3. Plot of B parameter as a function of !-alcohol composition for both cosolvent mixtures. 

0.3 

'i 0.2 
(!) 

0.1 

---< 
0 

-0.1 

u2 

Figure 4. Plot of A. parameter against !-alcohol composition for the two cosolvent mixtures. 

ii11M- 112 =K8 +0.51B¢0 M 112 (2) 

where M is the molecular weight and ¢0 the Flory's 
universal constant. 

Both parameters become maximum at 20 and 
30% of !-propanol and !-butanol, respectively. 
Therefore, these compositions are the most com­
patible with the polymer. Moreover, variation in the 
B parameter indicates that the CC14 (1)/1-butanol 
(2) binary solvent mixture is a better cosolvent 
mixture than the CC14 (1)/1-propanol (2). In Figure 
4 a plot of the A parameter against u2 is shown for 
both systems studied. The variation in the A param­
eter in these binary mixtures is typical of cosol­
vent mixtures: as GE is large and positive4 for the 
CC14 (I )/1-alcohol (2) mixture, the solvent com-

Polymer J., Vol. 15, No.8, 1983 

ponent contained in an amount smaller than the 
inversion composition is always preferentially ad­
sorbed and decreases unfavourable interaction be­
tween the two liquid components. The results ob­
tained (Figure 4) show that !-propanol and !­
butanol are selectively adsorbed as u2 decreases 
below the inversion point, while CC14 is preferen­
tially adsorbed as u2 increases beyond this point, in 
agreement with the interpretation above. We know 
only one cosolvent mixture for PMMA which does 
not follow this behaviour: CC14 (1)/n-butyl chloride 
(2),9 where the polar component (n-butyl chloride) 
is always preferentially adsorbed. This behaviour 
was explained taking into account the small and 
positive GE of this binary solvent mixture.9 
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As can be seen in Figures 1, 3 and 4, for both 
cosolvent systems, the solvent compositions at 
which I 111 and B reach the maximum value almost 
coincide with the inversion points of solvation: u2 = 

25 and 29% for !-propanol and !-butanol, re­
spectively. The slight desplacement for both mix­
tures can be explained by the difference in molar 
volume of the liquid components.10 This result 
indicates that the inversion points are located at the 
mixture composition which is most compatible with 
the polymer. 

On the other hand, for a better picture of the 
behaviour of these cosolvent mixtures, it is neces­
sary to bear in mind the alcohol's self-association 
through hydrogen bonds. Wolf and Blaum11 have 
shown that when butyl chloride is mixed with !­
butanol, the hydrogen bonds of the alcohol are 
broken. In the same way, the addition of CCI4 to !­
propanol or !-butanol breaks this self-association 
and, therefore, both alcohols interact with the 
PMMA carbonyl groups. Consequently, the al­
cohols are preferentially adsorbed onto the macro­
molecular coil. When the alcohol composition in­
creases beyond the inversion point, the alcohol's 
self-association becomes more important and then 
CCI4 is selectively adsorbed. 

As we have already seen, the CCI4 (1)/1-butanol 
system is a better cosolvent mixture than the CCI4 

(1)/1-propanol (2), as was found by using the bulk 
composition of the mixture, without taking into 
account the preferential adsorption. However, 
owing to this preferential adsorption, the solvent 
composition in the vicinity of the macromolecular 
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coil (local composition) is quite different from that 
in the region far removed from it (bulk com­
position). In the next paper, we will study this 
effect and its influence on the cosolvent power of a 
series of CCI4 /l-alcohol mixtures. 
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