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Thesis Summary

Structural color materials reflect a specific wavelength of color due to a periodic change in refractive
index. Among those materials, structural color polymers contain nanoparticles dispersed in the polymer.
Those polymers enable conversion from deformation into color changes. Thus, the structural color
polymers have been widely researched for applications, such as displacement, temperature, and chemical
sensors. These sensors were mostly based on soft hydrogel due to holding water inside, realizing wide-range
color changes. However, the availability of structural color polymers as sensors in water-prohibited
environments, such as electric circuits and reactive chemicals with water, has been rarely considered.

Herein, two monitoring sensors using a non-hydrogel structural color polymer for water-prohibited
environments are proposed. The availability of the non-hydrogel structural color polymer as a
deformation-to-optical transducer near electric circuits or water-reactive lithium was shown.

Chapter 1 described the background, the purpose, and the concept of this dissertation.

Chapter 2 detailed the principles of structural color polymers. The mechanical theory and ideal/amorphous
structures of the microsphere-dispersed structural color polymer were described.

Chapter 3 explained the fabrication methods and structure analysis of the fabricated structural color
polymers. The analysis using the SEM (scanning electron microscope) images revealed that the fabricated
polymer had an amorphous structure of silica nanoparticles.

Chapter 4 examined color detection with the in-line microliter liquid color monitoring sensor as the first
suggestion. The polymer is non-hydrogel, achieving water protection for the electronic circuit. The
wavelength of the reflective light on the polymer was changed by external compression. With this
mechanism, the sensor achieved color detection between green and yellow. The sensor also detected the
difference in pH by using a BTB (bromothymol blue) solution.

Chapter 5 focused on observation with the stress monitoring sensor between electrodes in a lithium battery
as the second suggestion. A lithium-based electrolyte was permeated into the separator sensor, enabling
mechanical stress monitoring while maintaining the battery's performance. The stress sensor revealed when
and where microbubbles or dendrites occurred in the battery. The stress sensor also achieved long-term
observation during the charging/discharging cyclic test 100 times.

Chapter 6 concluded this dissertation with a discussion of prospects for the sensor of the non-hydrogel

structural color polymer.






