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Functional Amplification of Stimuli-Responsive Materials Utilizing Phase Transition

Recently, development of small and energy saving devices considering the environment is required
due to environmental destruction caused by rapid social development. However, conventional systems
driven using devices such as electric motors have limitations. On the other hand, the application of
stimuli-responsive materials is expected as a technology for driving various devices in a
microenvironment. In this study, we amplified the function of stimuli-responsive materials through
polymer phase transition by slight external stimuli such as human body temperature and sunlight.

First, a main chain liquid crystal polyester containing a cinnamic acid derivative was synthesized,
which was uniaxially oriented by heating and stretching, and then a cross-linked film was synthesized
by UV-irradiation. The spontaneous deformation associated the phase transition of the liquid crystal was
caused by heating at around 40°C. Furthermore, when azobenzene was introduced into the mesogen unit,
reversible deformation occurred by UV-irradiation. The two types of LCEs showed interesting behaviors
such as different response directions between thermal stimulation and photoreaction.

In addition, a hydrogel was synthesized by combining (N-isopropylacrylamide) gel, which causes
volume change by the temperature change and aggregation-induced emission molecule, which shows
strong emission by aggregation. The gel was found to amplify the fluorescence intensity by more than
10 times through the volume transition of the gel by a slight temperature change from 20°C to 35°C.

In addition, a composite resin of lignin and heat-shrinkable polysilicon was developed. It was found
that unmodified lignin caused a decrease in mechanical properties due to inhibition of resin
polymerization by resonance stabilization of radicals by phenolic hydroxyl groups in the structure, but
modification of hydroxyl groups suppressed the decrease in mechanical strength by the composite, and
trimethylsilylated lignin improved compatibility with silicone and increased maximum stress.

Thus, we have developed polymer actuators and mechanochromic materials that can be driven by
sustainable energy by functional amplification of stimuli-responsive materials using polymer phase
transition.





