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Our research is focused on the synthesis of functional inorganic and
inorganic-organic composite nanomaterials based on precise structural
control of inorganic frameworks. We are particularly interested in the
design of siloxane-based nanomaterials with dynamic functions such as
self-heling and stimuli-responsive properties.

1) Self-healing materials

Development of self-healing materials that can repair damage under
mild conditions is important from the viewpoints of reliability and
safety. Although crack healing of inorganic materials such as glass and
ceramics generally requires high temperature, nanostructural control of
siloxane networks allows the crack healing at the molecular level under
mild conditions. These materials will be practically useful as protective
coatings.

2) Photoresponsive (Photomechanical) materials

Novel photoresponsive organosiloxane-based materials that can change
their shape and structure upon light irradiations have been prepared
based on the molecular design and self-assembly of silicon alkoxides
and siloxane oligomers modified with organic chromophores. Such
photomechanical materials that can convert light energy into motion are
expected to be applied to sensors and photoactuators.

3) Functional nanoporous materials

We have also focused our efforts on the precise synthesis of siloxane-
based nanoporous materials that are applicable to various fields including
environment, energy, and medicine. Highly functional adsorption and
separation materials that reversibly change the structure and properties of
the pore surface by external stimuli and organosiloxane-based transparent
thermal insulation materials with high porosity are currently the main
targets.
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Fig.1 Crack healing of nanostructured silica-based thin films.
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Fig.2 Photoinduced bending of lamellar organosiloxane films.
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