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Inorganic nanosheets, that are kinds of anisotropic inorganic particle, are oriented in solvent and
form liquid crystal phases. Recently, this "inorganic nanosheet liquid crystals” are attracting keen
interest. At present, inorganic about 10 nanosheets liquid crystals are reported and the applications
for anisotropic gel and optical devices are expected. As focusing on the formation mechanism of
inorganic nanosheets liquid crystals, Onsager theory roughly explains the mechanism for the
formation of nematic liquid crystals that have only orientation ordering. However, the mechanism
for the formation of lamellar phase with the positional order is not clear and the system is difficult
to be controlled. Although we can propose the thickness, the salt concentration, the particle size,
and the counter-ion as the factors affecting the structure of the nanosheets liquid crystals, details
are still to be clarified. This problems is generally important for the academic research field of
anisotropic colloids as well as for engineering for new advanced materials. To solve the problem,
systematic and detailed studies with new ideal model systems is strongly desired.

In this study, by utilizing the layered perovskite with controllable structure, composition, and
rich functions as an ideal model system, a series of samples with controlled parameters were
investigated in detail. The detailed study of layered clay mineral fluorohectorite system was also
conducted. Through these studies, the impact of the factors such as nanosheet thickness on the
structure and formation of liquid crystal was clarified. Further, these systems were shown to be
applicable for structural color and anisotropic medium for cell culture.

This paper is organized by 7 chapters.

Chapter 1 is the general introduction of this thesis. The background of nanosheet liquid
crystals is explained to show significance and purpose of the present study.

In Chapter 2, it was clarified that the layered perovskite KCa2Nb3010 is exfoliated into single
layers to form liquid crystal phase. In this system, a liquid crystal phase was found at above 0.5
wt% and small angle X-ray scattering (SAXS) characterized the formation of the swollen lamellar
structure.

In Chapter 3, by extending the system of Chapter 2, a series of layered perovskite
KCa2Nan-3NbnO3n + 1 (n = 3, 4, 5) with varied layer thickness were synthesized and the
phase behavior and structure of the liquid crystal phases were investigated in detail. It was
clarified that the basal spacing of the lamellar structure increases with increasing layer thickness.
This is the first report that clarified the effect of the layer thickness. Some of the samples showed
pearl-like structural colors which also depends on the layer thickness.

In Chapter 4, the experimental setup was established for quantitatively evaluate the structural
color of the nanosheet colloid such as the one described in the previous chapter. When the sample
with the structural color is measured, the spectrum that corresponds to the color observed by
naked-eye was obtained. This setup will be applicable for fundamental studies and the application
studies to develop functional materials.

Chapter 5 shows the detailed study of the liquid crystal phase of layered clay mineral
fluorohectorite (FHT). Although the liquid crystal phase of FHT was already reported, the
behavior of the FHT colloid as the liquid crystal was for the first time revealed as the functions of
nanosheet concentration, nanosheet size, and salt concentration. As the result of optimization,
control of the structural colors over whole the wavelength range was successful

In Chapter 6, as the examples of the engineering applications of the nanosheet liquid crystal
materials developed in the previous chapters, cultivation of acetic acid bacteria in the nanosheet
liquid crystals is demonstrated. FHT nanosheet liquid crystals were stable after addition of the
culture medium and were atoxic for the bacteria. The bacteria produced cellulose in the liquid
crystal phase and the bacterial cellulose / nanosheet composite material with liquid crystal
structure was obtained.

Chapter 7 summarizes the main results of this paper, and describes future perspectives and
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