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Polymer gels have been important materials for daily life, such as foods, cosmetics, sanitary goods,
detergents, etc. Understanding of the structure of polymer gels is important to improve the
performance of these materials as well as to develop new materials. Neutron scattering has been
one of the key methods to study the structure of polymer gels because of the following advantages;
large contrast by employment deuterated solvents such as D2O, strong penetration, versatile sample
environments, e.g., elongation, flow-field, compression, and high hydrostatic pressures.
In polymer gels, inhomogeneities are inevitably introduced during cross-linking process, which
significantly degrade the performance of polymer gels. For example, non-uniform distribution of
cross-links and/or presence of loops lower the mechanical properties of polymer gels. We have
been studying inhomogeneities of polymer gels by small-angle neutron scattering (SANS). It is
now well known that SANS functions of polymer gels consist of liquid-like dynamic component
and frozen-inhomogeneities. The former is described by Ornstein-Zernike (OZ) function, i.e.,
I(q) = I(0)/(1 + ξ2q2), where q and ξ the momentum transfer and the correlation length, respec-
tively, while the latter is either Gaussian or squared-Lorentian function [1]. Recently, we developed
a new methodology for preparation of defect-free ideal polymer gels [2]. This is called “module
coupling method” with “cross-end-coupling” of symmetric A–B prepolymers having complemen-
tary functional groups. The SANS intensity curves consist only of OZ functions. Furthermore,
the intensity can be scaled with (∆ρ)2φV2ξ

5/3/NA, where ∆ρ, φ, V , and NA are the scattering
length density difference, the polymer volume fraction, the volume of the monomeric unit, and the
Avogadro’s number, respectively [3,4]. The module coupling methods also allowed us to prepare
p-tuned network, where p is the degree of connectivity (0 < pc ≤ p ≤ 1) [5]. By using Tetra-PEG
gels, we investigate the structure-mechanical property relationship for model networks having given
degree of connectivity, p, and discuss the theory of rubber elasticity.
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