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2 Control of liquid crystallinity and rheological property of clay mineral

S nanosheet colloids by adding biopolymer and organic molecules
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A colloidal dispersion of anisotropic particles forms liquid crystal phases at higher particle
concentration due to spontaneous orientation of the particles. This type of liquid crystals are
classified as lyotropic liquid crystals and are distinguished from organic thermotropic liquid
crystals widely used in display applications. Among them, "nanosheet liquid crystals" is
composed of ultrathin plate-shaped nanosheets with high aspect ratio (~1nm thickness and
several um width); they form liquid crystal phase at exceptionally low concentration less
than 1 wt%. Many applications of nanosheet liquid crystals are expected such as fabrication
of nanocomposite material with good mechanical and gas-barrier properties and
mechanochromic structural color materials. For the future applications, control of liquid
crystal structure and rheological property are strongly desired. In this situation, this thesis
demonstrates that the structure and rheological property of the nanosheet liquid crystal is
effectively controllable by adding organic molecules and biopolymers.

This thesis is composed of 7 chapters as follows.

In Chapter 1, background of this thesis is described. Overview of liquid crystalline
nanosheet materials, including structural control and applications for composite materials
fabrication are reviewed.

In Chapter 2, liquid crystal phase of clay nanosheets dispersed in water/N, N-
dimethylformaide (DMF) mixture solution is investigated by using small angle X-ray
scattering and rheometer. The liquid crystal phase similar to conventional water system was
obtained in the mixed solvent, leading to future application for fabrication of hydrophobic
polymer/nanosheet composites. With the increase of DMF concentration, viscosity and
nanosheet-nanosheet distance tended to increase compared to water system.

Chapter 3 demonstrates control of rheological property of nanosheet colloid by adding
carbonyl compounds. Even at high nanosheet concentration, some kinds of carbonyl
compounds inhibited gelation and the viscosity was largely decreased.

In Chapter 4, montmorillonite nanosheets colloid was found to form defect-free liquid
crystal domain of cm-scale and this behavior was related to rheological property of the
colloid. Furthermore, uniformly orientated nanosheet/polymer composite gel with high
mechanical strength was obtained by in-situ polymerization of N-isopropylacrylamide in
this liquid crystalline nanosheet colloid.

In Chapter 5, liquid crystalline colloid mixture system of nanosheet and cellulose
nanofiber was investigated. When very small amount of cellulose nanofiber was added to
isotropic nanosheet colloid, liquid crystal phase with very high structural order was
obtained. The composite materials with high transmittance and mechanical property were
successfully obtained from the colloidal mixture.

In Chapter 6, the mixture of motor protein tubulin with nanosheet was investigated.
Tubulin reversibly formed microtubules in the presence of nanosheets as triggered by
temperature change, resulting in reversible structural change of the liquid crystal phase of
the nanosheets.

Chapter 7 shows conclusions of this thesis.
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