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Abstract

Inorganic nanosheets obtained by exfoliation of layered crystals such as smectite-type clays have been actively investi-
gated as building blocks of nanomaterials in the past 25 years. However, their colloidal systems were at the outside of such a
research trend. At the beginning of 21st century, liquid crystalline behavior of colloidal nanosheets was recalled into academic
studies, and then the materials chemistry of ‘nanosheet liquid crystals’ has been gradually developed. Many popular nanosheets
have been registered at the library of liquid crystals. Nanosheet liquid crystals are rare examples of inorganic soft materials,
whose properties are greatly different from their mother crystals due to their sofiness. A typical property of nanosheet liquid
crystals is structural coloration reflecting long periodic lengths between nanosheets. Also, technical inventory of manipulat-
ing liquid crystalline nanosheets has been enriched as exemplified by electric alignment and optical manipulation. Hierarchical
structures of liquid crystalline nanosheets up to mm-level lengths have been organized with appropriate combination of manip-

ulating techniques.
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Fig. 1  Schematic representation of the transformation of layered crystals to nanosheet liquid crystals through exfoliation, and
a typical polarized optical microscope image of 2 niobate nanosheet liquid crystal
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Fig. 2 Schematic representation of the isotropic to liquid
crystalline phase transition in a colloid of anisotro-
pic particles. The colloidal particles (represented by
rods) are randomly dispersed to form an isotropic
phase at 2 low concentration (a). However, such
an orientation becomes impossible by overlap of
free volume for rotation (represented by ellipses
surrounded with dashed lines) of the particles at a
high concentration (b). When 2 part of the particles
is orientationally ordered to form a liquid crystalline
phase, the free volume of the residual particles is
recovered (¢)
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Fig. 3 Schematic representation of (a) nematic and (b)
lamellar phases of nanosheet liquid crystals
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Fig. 4 Appearance of structural colors of niobate
nanosheet colloids with different nanosheet con-
centrations and treatment conditions
White turbid colloids washed with water (left
image) were prepared and then subjected to further
dialysis with water {(middle image) or to dialysis
with a KCl solution (right image), thereby showing
structural colors.

Adopted from ref. 17) with permission from The
Chemical Society of Japan
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Fig. 5 Gray-scaled fluorescence optical microscopy images and schematic representation of nanosheet arrangement of the nio-
bate nanosheet liquid crystal (5gL7) in 2 160-um thick cell before (a) and after incubation: for (b) 60 and (c) 120min
Adopted from ref. 23) with permission from the PCCP Owrer Societies

Fig. 6 Gray-scaled fluorescence optical microscopy
images and schematic representation of nanosheet
arrangement of the niobate nanosheet liquid crys-
tal (5gL7) in a 100-gm thick cell after incubation
at room temperature for 120min and subsequent
application of an electric field of 500 Vem™ and
50kHz (a) for 8min with the direction of electric
field paraliel to gravity and (b} for 60min with the
direction of electric field perpendicular to gravity
Adopted from ref. 23) with permission from the
PCCP Owner Societies
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Fig. 7 Optical microscope images of a single colloidal
niobate nanosheet under the irradiation of linearly
polarized laser beam
The single-headed white arrow points the focus-
ing point of the laser bean, 2nd the double-headed
arrow indicates the polarized direction of the laser
beam
Adopted from a ref. 28) with permission
Copyright (2019} American Chemical Society

Fig. 8 Optical microscope images of liquid crystalline
colloidal niobate nanosheets (a) before and (b)
during the irradiation of linearly polarized laser
beam
The double-headed arrow indicates the polarized
direction of the laser beam
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