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Neutron Scattering on Polymer Gels and Micelles

Mitsuhiro Shibayama
Institute for Solid State Physics, The University of Tokyo

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.

1. IZL®HIZ

ZOE, HARPMETRPESPEESEOREC
WL, FEPErEELEoE~ BN TS
STEREIOF £, HEFEL T P o504, 38
EZEOH A, LTINS EBITHFEE LT
Sl blizBILE B L BT 2. FLo k-
BELE DSV, 1983 4, BRI~V F 22—
B W INSE R FFSERT D R, S, Stein JEAEIC
P HELIC X D@+ 7 L v ROMIEMEDO#FSE
PENO ST Z LIThAE D, Stein Je AT A1
ROFEBELO B - FERIFITORZE T, 1960 FAX
X0 s EYER D OBR S E AT A bR,
Rheo-Optics (#1457 7 DIRENEFEHIMEE OMFTE) <
BT L ROBFEZR EIZB W TN L 34
EHOXKEEROES D TYEEETHD. FAO¥
SRR T TR M HGEL A RO &y R gE s &
ISHLTERY, ERFLT VL&D 7L
vV ROMGEL FD—D2>Th o7z, FAIT/IA X FREL
LIk b7 vy 7 LEEROREGERIT C L% B
STWEDT, WIFHET/IMIEGEL (SANS) (2

120

LommpF 7TV FOWEE, & B % THFZE
WD AHATE. bo &b, —RPICHMEFBEELE
R EHDHITTHR, NBS (7 AU BIEHER
National Bureau of Standards; NBS, 1989 4E(Z
National Institute of Standards and Technology; NIST
LR ICHIIRL TOEBREZ#EVIE L. NBS T
[HTEXSLO C. C. Han 1t (Fig. 1) 2R &%
TN 1D TA- 7= NBS JR IR fiak DR X &
LN LS -
DEFITIAESTH
RERR I I EE 1 BE
XN ANGAV |
TR D WAL 1
BN TT LY
R OFREME &
FBL O[]
mEEKZ, K
HB L= HRME R
W AEST. %
ZTmat v
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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.
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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).
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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. A4
denotes the stretching ratio.
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Fig. 7 Sol-gel phase diagram of clay-PEO
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aqueous solutions. The contour pattern indicates
the degree of shear thickening. F' is defined as the
viscosity ratio after and before shaking.
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Fig. 8 Rheo-SANS for clay-PEO solutions. The
viscosity, 7, is observed at different shear rate,
y. The corresponding SANS 2D patterns are
shown as insets. A sudden increase in 7 is
observed at ¥ =500s".
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Fig. 9 Viscosity and SANS patterns of CTAB/
NapTS aqueous system at various shear rates, y.
r and t denote the radial and tangential directions
of the incident neutron beam, respectively.
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