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1.

Main Research Results

1) Formation of nano-ordered structure due to the spontaneous organization of polymers (9,16,17,18)

The fracture surface morphology of solid chiral Sc* polymer was studied by SEM and AFM observations.
Very clear undulation with a regular repeating can be detected by both methods. The peak to peak distance
corresponds to the helical pitch of chiral Sc* phase (150nm ~600nm depending on the chiral content in the
polymers) and the depth from top to bottom is around 20-70 nm. Such an undulation mode in the fracture
surface is due to the helical arrangement of polymers to form the helical Sc* structure; the easily cleaved
direction is along the polymer chain forming a helical conformation. The undulation morphology is also
observed on the film surface of homogeneously aligned sample, however the depth, relatively smaller than
that observed on the fracture surface, is around 2-5 nm. The source for the undulation in both cases may
be the same, but in the latter, the interfacial tension is considered to act to produce a more gentle
undulation.

We synthesized the helical poly[n-decyl-2-methylpropylsilane] with a wide variety of molecular weights
of 13,700 to 151,000 and the narrow molecular weight distributions of 1.07 to 1.39. Together with a
clarification of their thermotropic phase behavior with columnar-SmA-nematic-isotropic phase

sequence, the layer structure of the SmA phase was analyzed by small-angle X-ray and AFM methods.
AFM images show that the SmA layer structure is regularly formed from all the polymers. The layers are
regularly piled up throughout the area of 10 x 10 (1 nf without significant defects and the long correlation
length along the layer is beyond 1001 m even for the high molecular weight polymers irrespective of a
very small number density of polymer ends. The layer thickness varying from 10 to 110 nm nearly
corresponds to the molecular length. Such a consistent formation of the smectic layer structures with
various layer spacings gives the opportunity to produce large-area nanostructures for optical devices

at easy processing.

2) Polar nematic liquid crystals in hard-rod polar polymers (6,19,20,21)

Steady shear flow viscosity was measured for nematic liquid crystalline (LC) in aromatic copolyesters
composed of 4-hydroxy benzoic acid (HBA), 6-hydroxy-2-naphthoic acid (HNA), telephthalic acid and
biphenol whose molar contents are 0.73-X, 0.27-x, x and x, respectively. Second harmonic generation
(SHG) measurements showed that a polar nematic LC formed by poly(HBA/HNA) with x = 0 was altered
to a conventional non-polar nematic LC with an increase in x up to 0.07. The shear-rate dependence of
melt viscosity measured for nematic LCs of these copolymers showed four characteristic regions; a
Newtonian plateau in lowest shear-rate region 0 in addition to the well-known three regions,
low-shear-rate shear-thinning region I, the intermediate Newtonian plateau region Il and high-shear-rate
shear-thinning region Ill. The SHG-active structure in nematic LCs reflected on the Newtonian plateau
region 0, in which the viscosity of the SHG-active nematic LC was 10 times higher than that of the

non-SHG-active nematic LC. The higher viscosity of the SHG-active nematic LC was clearly connected



to the smaller domain size (or larger number of disclinations) estimated by small-angle light scattering. In
the non-polar nematic LC, many disclinations initially formed are easily annihilated because of the
coalescence of two disclinations with opposite signs, whereas in the polar nematic, such an annihilation
occurs hardly because of the polar packing symmetry.

The ferroelectric ordering in nematic liquid crystals of polar molecules is of fundamental and practical
interest. However, there are only a few experimental reports on this. In this paper, we examine the SHG
measurement for lyotropic nematic liquid crystals of racemic mixtures of poly((I-benzyl glutamate)
dissolved in benzyl alcohol. We recognize the formation of polar nematic liquid crystal, by observing the
clear transition from polar phase to non-polar phase with the increase of temperature. The polar to
non-polar transition temperature increases with the increase of the concentration, which corresponds to a
theoretical expect.

3) Liquid crystals in main-chain polymers (2,12,13,22,24)
Twin dimers with 3-methyl pentane spacer behave as the U-typed molecule if m is longer than 12 and
form the Sa phase. This behavior is in contrast to that in the homologous dimers with linear
pentane spacer which assume the extended conformation and form the antiferroelectric Sca” phase.
Twin dimmers in the smectic field, hence, can select another way to accommodate the alkyl tail
groups fairly longer than the alkyl spacer ones, suggesting new potentiality in spontaneous
molecular organization.
The main-chain type of liquid crystal (LC) polymer was prepared with a combination of bibenzoate
mesogen and 2-phenyl propane spacer. It forms the fluid  smectic LC. However, the smectic phase
has a two-dimensional frustrated structure with a (parallel to the layer) = 12.9 A, ¢ (along the polymer
chain) = 20.6 A and p =70.0°. The occurrence of such a characteristic frustration is due to the bulky
phenyl group sticking out of the propane spacer that is incompatible with a conventional smectic structure.
The polymer assumes the regular chain folding conformation excluding the obstructive phenyl groups
within a limited column-like space, and the resulting columns embedded in a smectic matrix are aligned
with a two-dimensional positional order.
The main-chain BB/PDA-5(3-Me) polyester containing photo-crosslinkable  p-phenylenediacrylate
(PDA) moiety was synthesized and its transparent monodomain Sca wWas crosslinked by UV
irradiation.  The monodomain Sca elastomer contracted about 40% of original length along
n-director on heating to the isotropic phase and recovered only 5 % at the liquid crystallization on
cooling. Irrespective of such a small recovery, the liquid crystal is well formed with a high orientation,
but the smectic structure formed is of a Sa type with the layer spacing two times larger than that of the
original Sca phase. By elongation of this contracted elastomer, the S, structure is altered to the Sca one,
showing quasi-plateau in the stress-strain curve. The connection between the structural transformation
and the stress-strain behavior lets us propose the folding lamellar S, structure in which the chain folding
arises in each of two units. Such a charactertistic folding structure may be formed because of the limited

mobility of mesogens in networks



4) Liquid crystals in side-chain polymers (4,11,14)

Side chain LC poly(fumarate)s carrying cyanobiphenyl mesogens display thermoreversible
contraction and extension movements of the layer spacing over a wide smectic Ad phase temperature
range. A significantly large contraction ratio, e.g., 15.2%, was revealed to originate from a lowering
of the orientational order parameter based on an X-ray diffraction analysis of the magnetically
oriented samples.

5) Banana liquid crystals (3,7,8,10,15,23)

We prepared a homologous bent-shaped molecule with the same central naphthalene core and long side
wings in which one phenyl ring is attached to the classic one via an ester linkage. As a result of the
expanded mesophase temperature region, an anti-ferroelectric banana phase similar to the typical B2
phase was formed here in addition to the solid B4 phase. The ferro- and anti-ferro-electric switching of
polar smectic phases can be applied for the in-plane switching display using a homeotropically aligned
cell.>*® From this perspective, the high spontaneous polarization (800 nC/cm?) and high birefringence
due to the small bent angle endow this molecule with advantages over the conventional banana
molecule with a high bend] angle. Thus, the present result opens up prospects for new, considerably
extended molecular designs for bent-shaped molecules in both fundamental and application fields.

The bent-shaped molecule with a central naphthalene core, N(2,7)-12-PIMB, forms the low
birefringent B2 (LB-B2) phase with the TGB-like helical structure and, then the low birefringent B4
(LB-B4) phase on cooling from the isotropic melt. By applying the electric field, the LB-B2 phase is
altered to the highly birefringent B2 (HB-B2) phase because of unwinding of TGB-like helix. The
HB-B2 phase is transformed to the HB-B4 phase without a loss of birefringence. These four phases
show the characteristic circular dichroism spectra. The source of the chirality in achiral banana
molecular system and the correlation in the chirality between these  phases are discussed.

6) Others (1,5,25)
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