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The purpose of this thesis is to develop a new dye-free optical method to macroscopically, two-dimensionally (2D)
align LCs in polymeric systems. Here, the author proposed a concept of scanning wave photopolymerization (SWaP) using
spatiotemporal scanning of focused guided light. This scanned light enabled to propagate the polymerization reaction region
triggering a mass flow; consequently, the flow generated arbitrary LC alignment coincident with the incident light patterns.

In Chapter 2, the author serendipitously discovered a key related phenomenon achieving the concept of SWaP. A simple
photopolymerization through a photomask with unpolarized light and no alignment layer resulted in generating uniform
one-dimensional (1D) or 2D molecular alignment arising from 1D molecular diffusion along the normal vector to the edge
line of the irradiated region. Furthermore, the photopolymerization through a patterned photomask realized the generation of
microscopic 2D radial molecular alignment with a resolution of 2 pm.

In Chapter 3, the author explored to generate molecular alignment patterns over large areas. As a first transition step
and for ease of characterization, photopolymerization with a 1D scanned slit light was conducted. Optical measurements such
as polarized optical microscopy, polarized UV-vis spectroscopy, and polarized IR spectroscopy revealed that the resultant
film had macroscopic, in-plane 1D alignment of both LC units and polymer main chains along the light scanning direction.
Of particular interest here is such 1D alignment could be generated by SWaP in a wide variety of chemical systems with
various combinations of monomers, crosslinkers and photoinitiators.

In Chapter 4, the author designed a test system for proving that the dominant driving force for generating molecular
alignment by SWaP is a diffusion-triggered mass flow. In the system, molecular diffusion was caused merely by contacting
two different mixtures injected into a glass cell from separate sides where one included a monomer and a photoinitiator, and
the other additionally included a small amount of polymer. The whole cell was normally irradiated with UV light to cause
uniform photopolymerization. The polymerized film exhibited 1D molecular alignment at the boundary. The alignment
length had good agreement with that of theoretically estimated from Fick's law of diffusion.

In Chapter 5, the author developed an optical setup for achieving SWaP with a mask-free spatiotemporally arbitrarily
scanned light that allows one to optically inscribe arbitrary 2D molecular alignment patterns over large areas in a single step.
Various 2D alignment patterns such as arrays of radial alignment, azimuthal alignment, in-plane alignment, and spay-bent
alignment along the light scanning direction were inscribed, and showed unique optical functionalities with potential to open

a window for developing various photonic applications.
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