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In this dissertation, a study on the electro-optic characteristics of polymer/cholesteric liquid crystal (ChLC)
nanocomposites is reported to reduce the driving voltage and understand the physics of polymer/ChLC
nanocomposites. A low-temperature polymerization process can manipulate the electro-optic switching mode;
the result is that a low driving voltage is attained in low-monomer-concentration polymer/ChLC nanocomposite
while maintaining a fast response time. The study on the helical pitch dependence of the electro-optic
characteristics in polymer/ChLC nanocomposites should help understand the response mechanism of such

polymer/ChLC nanocomposites. The details are described in the following chapters.

Chapter 1: Introduction

An introduction to the properties of LCs, ChLCs, and the polymer/ChLC nanocomposites is given. The research

purpose and overview of the dissertation is also described.

Chapter 2: Deformation-free switching of polymer-stabilized cholesteric liquid crystals by low-temperature

polymerization

The 'deformation-free' switching mode in polymer/ChLC nanocomposites usually occurs when the polymer
concentration ranges from a few to several tens of wt% values. In this chapter, a qualitative change in the
electro-optic response of polymer/ChLC nanocomposites with a monomer concentration of 6.6 wt% is
demonstrated by reducing the polymerization temperature. The LLC domains are formed by phase separation
between the polymer and non-photopolymerizable L.C molecules during the polymerization process. Because the
domain size depends on the polymerization rate during polymerization-induced phase separation, smaller L.C
domains can be achieved by controlling the degree of phase separation via a change in the polymerization
temperature. Suppressed phase separation leading to the formation of smaller LC domains is accomplished by
reducing the polymerization temperature. The driving force leading to the formation of smaller domain sizes is
believed to be the increased viscosity at lower temperatures. The low-monomer-concentration polymer/ChLC
nanocomposites can achieve a lower driving voltage without any deterioration in the fast response. The electro-
optic characteristics and polymer morphologies of low-monomer-concentration polymer/ChLLC nanocomposites

with different polymerization temperatures are investigated.

Chapter 3: Helical pitch dependence of the electro-optic characteristics in polymer/cholesteric liquid crystal

nanocomposites having ultra-small liquid crystal domains

Studies on the helical pitch (p) dependence of the electro-optic characteristics in low-monomer-concentration
polymer/ChLLC composites are reported. Depending on the polymerization temperature, low-monomer-
concentration polymer/ChLC composites show two response modes: a 'polymer-stabilized' response and a
'deformation-free' response. Despite the difference in the electro-optic response modes, the threshold electric

field of the polymer/ChLC composites increases as the helical pitch decreases for both response modes. However,




the threshold electric field shows differing dependencies on the helical pitch according to the electro-optic
response modes. The 'polymer-stabilized' ChLC roughly shows a p%57 dependence on the pitch, which is a
consequence of the response being dominated by the Helfrich deformation. The 'deformation-free'
polymer/ChLC, on the other hand, shows a smaller dependence on the pitch of approximately p9-33. The decrease
in the pitch dependence is described as a consequence of the nano-confined LC molecules undergoing a

Fredericks-type reorientation instead of a helix deformation.

Chapter 4: Helical pitch dependence of the electro-optic characteristics in polymer/cholesteric liquid crystal

composites having large-size liquid crystal domains

The helical pitch dependence of the threshold electric field in high-monomer-concentration polymer/ChLC
composites having pitch-length scale LC domains is investigated. In contrast to the previous chapter, the
threshold electric field shows little dependence on the helical pitch. This difference in the behavior of the helical
pitch dependence in the thresholds is thought to originate from the difference in the dynamics of the LC
molecules in each of the domains. The dynamics of the LLC molecules in each of the domains is determined by
the ratio of domain size to pitch length, since the domain sizes are statistically distributed. The portion of L.C
domains showing the helix deformation in the polymer/ChLC composite increases with an increase in the ratio
of domain size to pitch length. For short pitch samples, the decrease in thresholds due to the change in the
dynamics of the LC molecules within the domains cancels out the increase in thresholds caused from the

increased twist in the Fredericks-type reorientation.

Chapter 5: Conclusions

The results obtained from chapter 2 to chapter 4 are summarized and the main conclusions of the dissertation

are drawn.
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