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Macroscopic and precise alignment control of functional molecules represented by liquid crystals (LCs) and
polymers is the key to generating a new function and enhancing their performances. Among various alignment
techniques, a photoalignment method offers the greatest potential to finely control molecular alignment because
of the capability of micro- to nano-patterning without physical contact. However, even by such a sophisticated
method, the control of microscopic molecular orientation with a three-dimensionally complex manner remains a
challenge. Recently, we have proposed a novel photoalignment method based on a new concept of scanning
wave photopolymerization (SWaP). In this paper, the author investigated the alignment behavior of LC
monomers induced by SWaP and fabricated the polymer film with three-dimensional molecular alignment
patterns.

The author firstly demonstrated the alignment control of mesogenic moieties in densely crosslinked LC
polymer films with various molar ratios of an oxetanyl anisotropic monomer and crosslinker. During this
research, out-of-plane molecular alignment of LC was serendipitously discovered. By using the unique
phenomenon, 1D light scanning with the constant exposure energy induced the tilt alignment with different
angles in the films. By GI-WAXD measurement, it was found that not only the LC moieties but also higher-order
structures were tilted along the light scanning direction. Furthermore, the author estimated induced tilt angles
from experimentally obtained birefringence, and successfully fabricated three-dimensional molecular alignment
patterns. Based on these results and a concept of thermodynamic force, molecular diffusion enabling such
three-dimensional molecular alignment was experimentally and theoretically analyzed. As a result, the drift
velocity of diffusion was larger with an increase in the light intensity of SWaP, and the tilt angles and tilt
direction were rationalized. Finally, the author examined the ability of molecularly aligned polymer films
fabricated by SWaP as an alignment layer, and prepared a thick free-standing film enough to act as an actuator.
As a result, the molecularly aligned polymer film fabricated by SWaP acted as the alignment layer. Using this
alignment layer, the author successfully fabricated a thick free-standing crosslinked polymer film with
three-dimensional molecular alignment. This thick free-standing film exhibited thermal actuation and bent due to
the difference between expansion and shrinkage depending on the alignment direction.
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