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Thermodynamic Properties of Polymer Solutions

Takahiro Sato

(Received May 22, 2003; Accepted June 19, 2003)

Various statistical thermodynamic theories have been presented so far to understand
thermodynamic properties of polymer solutions. The basic model and assumptions as well as
deficiency of the theories are explained. The famous Flory-Huggins theory is favorably compared
with experiment only at high polymer concentrations. The cluster expansion theory for polymer
systems successfully calculates the second virial coefficient in dilute polymer solutions but not
the higher virial coefficients. The renormalization-group theory makes possible the calculations
of the higher virial coefficients, but it is not applicable to concentrated polymer solutions. A
perturbation theory extended to polymer solutions is favorably compared with experiment
except for high-molecular-weight flexible polymer solutions with low concentrations.
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Fig.1 Schematic diagram of the lattice model for
polymer solutions.
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Fig.2 Comparison between theory and experiment of
osmotic compressibility for toluene solutions
of polystyrene with a molecular weight of
900,000: circles, data of Noda et al.®; dot-dash
curve, the Flory-Huggins theory; solid curve, the
perturbation theory; dotted curve, the
renormalization-group theory.
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Fig.3 (a) Schematic diagram of the bead model for
polymer chains used in the cluster expansion
theory; (b) cluster diagrams for the single, double,
and triple intermolecular contact terms.
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Fig.4 Molecular weight dependence of the second virial
coefficient for polystyrene in toluene obtained
by light scattering (unfilled circles),1 by
osmometry (triangles),® and by sedimentation
equilibrium (filled circles);® solid and dotted
curves, calculated by the theory of Yamakawa
with and without considering the polymer-chain-
end effect, respectively; dot-dash curve, theoretical
values using the single-contact approximation.
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Fig.5 Schematic representations of interacting two
cylinders, two short polymer chains, and two
long polymer chains.
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Fig.6 Comparison of osmotic compressibility for
toluene solutions of low molecular-weight
polystyrenes or oligostyrenes with the perturbation
theory.18)
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