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Recently, many polymer scientists are concentrating on developing of hydrogels that possess
structural coloration for sensing of chemical or physical changes of their environment. Studies
on responsive photonic hydrogels are being done actively. However, many of these studies aim
at single, stimuli-responsive photonic hydrogels and most of the responsive hydrogels show poor
mechanical performance. For practical applications, photonic hydrogels with high toughness and
multiple, stimuli-responsive photonic band structure is required.

In this study, the author has made a challenge on the above mentioned topic by developing
a mechanically robust, multiple stimuli-responsive photonic hydrogel. The gel consists of
periodically alternating hard layers of polymerized surfactants and soft gel layers of
interpenetrating networks. The hard polymerized surfactants layers are retained in the soft layers
to diffract light and also serve as reversible sacrificial bonds to toughen the gel. In the soft
layers, the amide and carboxy groups form hydrogen bonds. The hydrogen bonds are weakened
at high temperature, which confers the characteristic of positive thermosensitivity, i.e., swelling
with elevated temperature and vice versa, to the soft layers. Furthermore, dissociation of the
carboxy groups at high pH induces large swelling of the soft layers. These phenomena result in a
responsive photonic gel that can be tuned by swelling of the soft layers either by exposure to
elevated temperature or a pH increase, accompanied by a red-shift of the photonic stop-band.
Along with the thermo-; and pH-chromatic features, the photonic gel is also responsive to
mechanical stress. This is the first report of a tough, lamellar photonic gel with ternary
(stress/strain, thermo, and pH) stimuli-responsive behavior. It is anticipated that this lamellar
- photonic gel will find application in sensors and displays enabling visual expression of
temperature, pH, and stress/strain.

In conclusion, the author has successfully developed a mechanically robust, multiple
stimuli-responsive photonic hydrogel. The simple, controllable and stimuli-responsive photonic
hydrogels presented may have a significant impact on color production for general consumer
goods.

Therefore, we acknowledge that the author is qualified to be granted the Doctorate of Life
Science from Hokkaido University.



