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In our previous papers1-4) we have measured the
heats of dilution of atactic polystyrene,1) cis-poly-
butadiene,2) poly(ethylene oxide),3) and polymethyl
methacrylate4) solutions; derived the interaction

parameter between the polymer and solvent, and
found that the interaction heat parameter, χH, is

considerably dependent not only on the concentra-
tion of the polymer, but also on its molecular
weight. In order to confirm this fact for other
polymer solutions, the heats of dilution of poly-
(vinyl acetate) (PVAc) with the degrees of polymeri-
zation of 480, 1480, and 2450, and also the heat of
mixing of the monomer of PVAc, were measured at
25.0±0.01℃ using a twinmicro-calorimeter, with

methyl ethyl ketone (MEK) and benzene as sol-
vents.

The heats of dilution of the polymer solutions were

measured over the concentration range from 0.2 to

0.08 in the volume fraction of the polymer, by adding

a successive of 10-ml and 30-ml portions of the

solvent to a solution of a known concentration. The

data obtained are shown in Table 1.

The benzene solution is endothermic, while the

MEK solution is exothermic.

As has been shown in previously published paper,1)

the heats of dilution, ΔHd, are related to the initial

volume fraction of the polymer,φ2, and the final

one, φ2', as follows:

(1)

when the interaction heat of parameter, χH, is not

dependent on the concentration, or

(2)

when the χH parameter depends linearly on the

concentration, according to the equation that

In these equations Δn1 is the number of moles of

the solvent added.

By using the experimental data listed in Table 1

and Eq.(1), the interaction heat parameter, χH, has

been obtained for each dilution process of each

system; these parameters are given in the last

column of Table 1.

According to Eq.(1), ΔHd must vary linearly with

φ2φ2'Δn1.However, these plots are not linear, as

may be seen in Figs.1(a) and (b), indicating that

χH depends on the concentration.

This tendency has been confirmed by plotting the

ΔHd/φ2φ2'Δn1 against the average volume fraction

(φ2+φ2')/2 for each system according to Eq.(2).

In order to obtain the accurate values of χ1 and χ2,

the least-squares treatment of the data was carried
out according to Eq. (2); the results are shown in
Table 2.

In a good solvent the XS parameter is considerably
dependent on the concentration, while in the poor
solvent, benzene, it is not.

Such a tendency can be explained according to the
dilution theory of polymer solutions by Flory,5) and
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TABLE 1. THE HEAT OF DILUTION OF POLYVINYL ACETATE SOLUTION AT 25℃

Ⅰ.Polyvinyl acetate-Benzene systems Ⅱ. Polyvinyl acetate-Methyl ethyl ketone systems
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Fig.1(a). The plot of the heat of dilution,ΔHd
,

against φ2φ2'Δn1

Fig.1(b). The plot of the heat of dilution, ΔHd,

againstφ2φ2'Δn1.

also according to the Huggins6) theory. The Hug-

gins theory, however, includes various factors

TABLE 2. DEPENDENCE OF THE INTERACTION HEAT

PARAMETER ON THE CONCENTRATION:

* P: degree of polymerization.

characteristic of polymer solutions, so our results

can not be quantitatively compared with those of

this theory because of the lack of information con-

cerning the chain configuration of the polymer mo-

lecules in the solution.

Further, the value of χ1, which is the interaction

heat parameter in the dilute solution, decreases in

absolute value as the molecular weight increases, as

is shown in the first column in Table 2.

Such a dependence of the χ1 parameter on the

molecular weight has been found for other polymer

solutions in previous papers.s-4)

The dependence of the χ1 parameter on the

molecular weight has been theoretically derived by

Huggins, who also explained it by using the dilute

solution theory of polymers. For example, accord-

ing to the theory the second virial coefficient can

generally be given by the following equation:

where F(X) is the complicated function of the mo-

lecular weight and the excluded volume(β); it de-

creases as the molecular weight increases.

The approximate treatment of the second virial

coefficient gives the apparent interaction parameter,

χ1, as:

which is written as:

Since F(X) decreases with an increase in the mo-
lecular weight, the apparent interaction parameter,
χ1, decreases with an increase in the molecular

weight of the polymer.

Our results seem to be qualitatively in good agree-

ment with the dilute solution theory of Flory.
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