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Manipulation of impurities in liquid crystal (LC) has received wide interests since it helps develop
tunable functional composites, such as photonic elements, molecular motors, and biological sensors. It has
been reported that flexible polymer could be transported through spatial variation of the scalar order
parameter (S) in the nematic LC. The spatial variation of S in this molecular manipulator was generated by
stimulating the trans-to-cis isomerization of azobenzene derivatives in the nematic phase. Under UV light,
the trans-azobenzene converts into cis form. The cis-azobenzene with a bent-like shape tends to destabilize
the liquid-crystalline order, resulting in a decrease of S and the birefringence (An) of the nematic phase.
Based on this mechanism, the molecular manipulator has a great potential to drive arbitrary nanometer-sized
impurities in the nematic phase. However, this method has a limitation. The natural diffusion of azobenzene
might cause poor spatial resolution of S, which obstructs the development of precisely-controlling the nm-
sized impurities.

This thesis aims to solve the current limitation of the molecular manipulator. Herein, immobilization of
azobenzene through polymerization is proposed to prevent the diffusion of azobenzene in the nematic phase.
Azobenzene-containing monomer is in-situ polymerized with diacrylate monomer in the nematic phase,
resulting in the formation of LC gels with the phase-separation of azobenzene-containing copolymer
microstructure. In chapter 2, a newly observed photo-response of LC gels is reported. Unlike typical photo-
induced decrease of An in the azobenzene/nematic mixture, an increase of An is observed under UV
irradiation in the LC gels. To clarify the origin of this abnormal photo-response, the photo-induced change of
An and the morphology of the copolymer microstructure are investigated with the variant composition of LC
gels. The mechanism of abnormal increase of An is considered as follows. The shape of the copolymer
microstructure, which have a finite anchoring strength on their surface, influence the LC director and result
in a lower An before the UV irradiation. The trans-to-cis isomerization of azobenzene weakens the surface
anchoring of the copolymer microstructure. Hence, the LC directors recover their uniform distribution, and
the increase of An appears.

In chapter 3, the resolution of photo-induced spatial variation of S in the LC gels is studied. To simplify
the experiment, the composition of LC gels is tuned to eliminate the abnormal increase of An and evaluate
the spatial resolution of the LC gels. The photo-induced spatial variation of An of the non-polymerized and
the polymerized samples are quantitatively compared through measuring their full-width-at-half-maximum
(FWHM). The FWHM of the non-polymerized sample expands with time, while the polymerized sample
remains the feature close to that of the stimulating light. The time evolution of An clearly shows that the
photo-induced change of S is highly constrained in the irradiated area in the polymerized sample. Based on
these results, the LC material for modulating the scalar order parameter with a high spatial resolution has
been successfully achieved in this thesis.
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