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Functionalization of the polymer gels by hybridization with nanostructured inorganic
materials
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A polymer gel is a crosslinked network polymer swollen with solvent. Polymer gels have
features such as stimuli responsiveness, high biocompatibility and easy incorporation/release of




molecules (open system), so that they are attracting attention as functional soft materials for
medical materials and artificial muscles. The researches of “intelligent gels” which senses
outside, determines, and act like living matter are also underway. However, in general, the gel has
problems such as weak mechanical strength, the difficulty in structure control inside the gel and
functionalization.

On the other hand, improving the function of the materials by forming composites of polymer
materials and inorganic materials has been studied for a long time. In these composite materials,
not a simple combination of the physical properties of the components but also synergistic effects
are expected, leading to remarkable improvement of physical properties and new functions. In
recent years, various inorganic materials with controlled nanostructure have been developed. The
composites with these new materials are expected to show further improved properties. Among
them, inorganic nanosheets obtained by exfoliation of inorganic layered crystals have
characteristics such as the sheet-like morphology with the thickness of about 1 nm and high
aspect ratio. Mesoporous silicas have controllable pore size and structure, high specific surface
area and high adsorption capacity, so that they are applicable for adsorbents and catalysts. Both of
the materials are easily synthesized at low cost, which means that these materials are appropriate
for industrial applications. Although many researches on the composites materials with the
mesoporous silica and inorganic nanosheets have been reported, examples of the composite gel
materials is very rare.

This studies, | aimed at the synthesis of the functional composite gels by hybridization of
thermo-responsive poly(N-isopropylacrylamide) (pNIPA) with mesoporous silica or the inorganic
nanosheets liquid crystal.

This paper is consist of 4 chapters. In chapter 1, fundamental and application studies of
nanostructured inorganic materials, polymer gels, and organic/inorganic nanocomposite are
reviewed and the significance and purpose of this study is shown. Chapter 2 describes the
synthesis of the composite pNIPA gels with the mesoporous silicas with controlled pore structure
and size. While most of reported organic-inorganic composite gel shows increase of elastic
modulus as well as improved fracture strain, the present system showed improved fracture strain
and no change in elastic modulus. It was considered that since the polymer chains penetrates
through the mesopore and porous silica act like pulleys, the stress concentration is relaxed when
the tensile force is applied to the gel. These properties of the gels is useful for applications such as
gel actuator. In chapter 3 demostrates the synthesis of the anisotropic composite gel of pNIPA
with the recently developed liquid crystalline fluorohectorite by gamma-ray-initiated
polymerization and crosslinking. This operations of this method is very simple compared with the
conventional method which use chemical crosslinker and redox initiator, so that it will be possible
to apply for the synthesis of anisotropic gels having a complex shape and large size in the future.
The composite gels have the 4.7 times higher modulus as compared with the gel syntheized by the
conventional method, while anisotoropic property such as thermal volume phase transition
behavior is retained. Chapter 4 shows conclusions of this paper.
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