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Polymer gels are noncrystalline, disordered, and soft materials, consisting of infinite polymer networks and solvent. About 30 years
have passed since small-angle neutron scattering (SANS) technique was applied to structure investigations of polymer gels,! which
was about 15 years later than its first applications to polymeric systems.? Because of random cross-linking of the gel network, the
structure of a gel is inhomogeneous over a wide spatial range from a few nanometers (the mesh size) to submicrons (large clusters).
This is one of the reasons why scattering studies on gels started much later. Polymer gels are inherently much complicated systems
than other polymeric systems. the gel network has various types of defects, entanglements, and a broad distribution of inter-crosslink
chain length. As a result, structure investigations of polymer gels with SANS were far from quantitative level, even though SANS had
been contributed to advances in polymer gel science, namely, deformation,® swelling, polyelectrolytes,* volume phase transition,’ etc.

Though it was a dream for polymer chemists to fabricate “ideal” polymer networks, consisting of uniform mesh without defects, its

realization had been unsuccessful. This lecture presents an overview of the history of fabrication and characterization of
inhomogeneity-free polymer gels investigated by SANS, small-angle X-ray scattering, and light scattering.

A homogeneous gel consisting of monodisperse mesh size without negligible defects, named as tetra-PEG gel, was fabricated by
cross-end-coupling of tetra-arm poly(ethylene glycol) (tetra-PEG) carrying complementary end groups.® The network homogeneity
was confirmed by SANS and by mechanical testing.” This methodology has brought a paradigm shift in synthesis, physics, and
materials science of polymer gels, and various types of gels were prepared, e.g., ion gels,'? critical cluster gels,'' 12

Owing to the development of gel fabrication, it is now possible to make a tailor-made multi-component polymer network gel with
unimodal mesh size, such as 2x4 gels,'* and DNA-cross-linked physical gels."* This has necessitated advancement of scattering
theories for polymer gels. We have developed a scattering theory for multi-component polymer networks based on random phase
approximation'® '® and applied it to structural analyses of DNA-cross-linked physical gels'* and deuterated/hydrogenous hetero-
polymer network gels'”
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