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This dissertation presents the development of flexible, stretchable strain sensing applications based on
a cholesteric liquid crystal elastomer (ChLCE), changing its optical properties depending on an applied
mechanical strain. Here, the author proposed a concept of multilayered system, enabling to tune the
mechano-responsive behavior of ChLCE regardless of mechanical properties of ChLCEs by using
layering materials with desired mechano-responsive behavior. Furthermore, a slight modification of
chemical structure for synthesizing the ChLCEs allows to enhance the optical stability under other
external stimuli such as excessive heating and solvent exposure.

In Chapter 1, the author presents the importance of cholesteric liquid crystals in the field of
stimuli-sensing applications, basic knowledge of ChLCEs for realizing strain-sensors, and describes the
purpose of this dissertation.

In Chapter 2, the author explored the multilayered concept for tuning the mechano-responsive
behavior of ChLCEs. The synthesized ChLCEs showed a rapid mechano-responsive behavior when a
mechanical strain is applied but a relatively slow recovery response after strain removal, which typical
behavior due to creep recovery process of polymeric systems. By contrast, the multilayered ChLCEs
exhibited drastic change of recovery response; when the elastically-responsive film of silicone rubber
was layered, the recovery response was fast (<1 s); and when the plastically-responsive film of
polymethyl pentene was layered, the recovery response was ultraslow (> 6 months). The author has
found that the layered materials never affected the optical property of ChLCE where the reflection color
and the reflection peak wavelength changed under applied strain due to the molecular orientation change
in ChLCEs. Theoretical investigation of recovery response of multilayered ChLCE systems using
Voight model had a good agreement with the experimental results. Of particular interest here is that the
optical property change was independent of the stress and depended only on the applied strain, and
could be quantified even by a commercially available camera and naked eyes. These findings suggest
that the ChLCE system with arbitrary recovery response behavior has significant potential for use in
practical high-performance strain sensing applications.

In Chapter 3, the author investigated the effect of chemical structure of crosslinkers on mechanical



properties of ChLCE for extending its strain sensing capability. The author synthesized different type of
ChLCEs with an alkylene crosslinkers or a mesogenic crosslinker. Tensile test of the syntheized
ChLCEs revealed that the introduce of mesogenic crosslinker improved the mechanical properties of
ChLCE where Young’s modulus, breaking stress and breaking strain were increased. This allows us to
control the mechanical durability of internal layer of ChLCE and extend the strain sensing capability that
is difficult to be tuned by external layers.

In Chapter 4, the author discussed the pressure sensitive adhesive (PSA) properties of a bare ChLCE
film that is an important factor for using multilayered system in practical strain sensing applications. The
ChLCE synthesized here showed good PSA properties onto various substrates, e.g. of a glass, a thin
aluminum, a human skin, and a roughened painted surface. According to the multilayered ChLCEs
changing the reflection color, the proposed system enables to be used in the strain sensing of various
substrates.

In Chapter 5, the author focused on enhancing environmental stability of color change of ChLCE for
minimizing the degradation of precision in strain sensing. Generally, the environmental stability can be
enhanced by introducing a large portion of crosslinking sites; however, the increase of covalent
crosslinking site deteriorates the flexibility and stretchability of ChLCE. Here the author introduced
noncovalent cross-linking sites via intermolecular interactions between cyanobiphenyl derivatives
bonded to the polymer network. ChLCE with a cyanobiphenyl derivative as a side-chain mesogen
exhibited mechano-optical responsive behavior, and showed high resistance to harsh environments,
including excessive heating and various solvent exposure.

In Chapter 6 the author provided the general conclusion for this dissertation. The design concept of
multilayered materials enables to arbitrary tune the recovery response of ChLCEs, and realized to
develop a practical strain sensing application with fast and ultraslow recovery response regardless of the
original mechanical property of a bare ChLCE layer. Considering that the optical properties of LCEs can
be designed by controlling chemical structure of compounds and molecular orientation patterns, the
proposed multilayered concept with potential to provide a pathway for developing not only a strain

sensing application but also various LCE-based applications.



