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1.Highlights in 2007 

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.  

 

Thermoelastic response of a cross-linked main-chain polyester was examined in the nematic 

temperature region from 80°C to 150°C.  The monodomain nematic elastomer decreased its length 

in the orientation direction by 45% on heating from 80°C to 150°C and recovered it on cooling to 

80°C without change in the degree of orientational ordering.  This reversible distortion of the 

nematic elastomer is well explained by the configurational change of the polymer chain including 

hairpin folding, the probability of which is proportional to the Boltzmann factor of hairpin energy. 

 

Rigidity and chirality are topical characteristics of α-helical polypeptides and 
explain the tendency for polypeptide molecules to form a cholesteric liquid crystal (LC) 
in concentrated solutions. The transition behavior from isotropic to LC solution and the 
resulting superhelicoidal cholesteric structure form the basis of research for clarifying 
the self-organization of biological macromolecules in living material systems. Another 
feature of polypeptide helices, the polarity, is also important. Since the helical 
conformation of polypeptides is built up by intramolecular hydrogen bonds between the 
proton donor N-H group and the proton accepter C=O group, residue dipole components 
accumulate along the polymer chain, producing an extremely large dipole moment 
along the molecular axis; for example, μ = 3000D for a single α-helical chain with a 
degree of polymerization of 1000. This extremely large dipole moment is of interest 
because of the possibility of forming a polar or ferroelectric liquid crystal, which is 
predicted by theoretical calculations and computer simulations. However, few 
experimental researchers have been concerned with studies related to this area.  Here, 



we report the certain second-harmonic generation (SHG) response from lyotropic LC 
solutions of racemic mixtures of poly(γ-benzyl glutamate) dissolved in benzyl alcohol, 
showing the spontaneous formation of polar nematic phase in lyotropic LC solutions 
and polar-to-nonpolar transition upon increasing the temperature or decreasing the 
concentration. The result strongly suggests the  importance of polar structure in 
supermolecular associated materials of living systems composed of fibrous proteins, 
polysaccharides and DNA.  

 
The shear flow orientation in the diblock copolymers composed of polystyrene 

(PS) and side-chain liquid crystal polymer (LCP) was investigated by the wide and 
small angle X-ray diffraction methods.  Two diblock copolymers prepared by atom 
transfer radical polymerization have the weight fractions of the PS segment of 0.13 and 
0.21, and form the well defined microsegregation structure with PS cylinders 
hexagonally packed in a matrix of LCP which forms smectic A, nematic and isotropic 
phases in an order of increasing temperature.  Two types of shear flow orientation have 
been observed depending on the type of the phase in the LCP matrix.  The shear flow 
at nematic temperatures orients well the PS microcylinders as well as the LC mesogens 
in the velocity direction.  This parallel-b orientation is expectable from the general 
orientation of the microcylinders and LC mesogens in shear flow.  When the LCP 
matrix transforms to the smectic LC, the mesogens are aligned parallel to the velocity 
gradient direction entailing significant disturbance for the microcylinders.  By 
annealing this sample at nematic temperature, the well-defined perpendicular-c 
orientation can be attained with both the microcylinders and mesogens lying parallel to 
the velocity gradient direction. These two characteristic orientations could be explained 
to arise as a compromise between orientations of microcylinder and LC mesogen. 
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