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ABSTRACT 
Polymer gels are functional soft materials with high-water absorbency and good affinity 
to various kinds of solutes, such as foods, cosmetics, and medicines. Because of these 
characteristic features, gels have been used in daily life over the centuries. Due to their 
complicated network structures, however, polymer gels have been recognized as messy 
systems in chemistry and physics. However, the discovery of volume-phase transition of 
gels in 1978 shed a light on gels. Polymer gels became one of the most topical themes in 
soft-condensed matter physics. Another aspect of gels is their fragility. Because of it, gels 
have not been applied to constructional materials. In the beginning of this century, 
however, several types of super-tough polymer gels were discovered and developed 
especially in our country. Now, polymer gels have various potential applications not 
only to foods and cosmetics but also to bioengineering tissues, medicine, and even to 
constructional materials. In order to understand and improve the properties of gels, it is 
essential to investigate the structure of gels. I have been devoted in structural 
characterization of polymer gels with neutron scattering during the last three decades. 
This article reviews neutron scattering studies on polymer gels together with micelles 
from a personal viewpoint.   
Keywords: polymer gels, polymer physics, small-angle neutron scattering, 
high-performance gels, inhomogeneities, micelles, Rheo-SANS, contrast-variation 
SANS. 
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Fig. 2 (right) weakly charges gel undergoing 
volume-phase transition and cartoons showing 
concentration fluctuations. (left) SANS curves 
of the corresponding gels. 
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Fig. 3 Comparison of SANS curves for (left) 
chemically crosslinked and (right) gamma-ray 
crosslinked PNIPA gels. 

Fig. 4 Schematic illustration of (a) 
conventional gels, (b) slide ring (SR) gels, (c) 
nanocomposite gels, and (d) tetra-PEG gels. 
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Fig. 5 Schematic illustration of contrast-variation 
(CV) method for three-component system 
consisting of C (clay), P (polymer), and W 
(water). 

Fig. 6 Partial structure factors of NC gels under 
uniaxial deformation. SCC, SCP, and SPP denote the 
structure factors of clay-clay, clay-polymer, and 
polymer-polymer correlations, respectively. 
denotes the stretching ratio.  

Table 1 Summary of deformation 
mechanisms and characteristic features of 
various high-strength polymer gels studied 
by SANS. 
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Fig. 8 Rheo-SANS for clay-PEO solutions. The 
viscosity, , is observed at different shear rate, 

. The corresponding SANS 2D patterns are 
shown as insets. A sudden increase in  is 
observed at = 500 s-1.

Fig. 7 Sol-gel phase diagram of clay-PEO 
aqueous solutions. The contour pattern indicates 
the degree of shear thickening. F is defined as the 
viscosity ratio after and before shaking. 

Fig. 9 Viscosity and SANS patterns of CTAB/ 
NapTS aqueous system at various shear rates, .
r and t denote the radial and tangential directions 
of the incident neutron beam, respectively. 
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