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Interplay between collective dynamics of molecular-level reaction and self-oscillatory
macroscopic transformation in an azobenzene derivative assembly under steady light
irradiation ('Faculty of Science, Hokkaido University, *Research Institute for Electronic
Science, Hokkaido University) O Yoshiyuki Kageyama,' Yasuaki Kobayashi,> Daisuke
Yazaki,' Tomonori Ikegami®

Self-organization is the phenomenon where excited microscopic dynamics are converted into
macroscopic dynamics. We reported self-oscillatory flipping motion of an azobenzene crystal,
the motion of which is driven by the photoinduced repetitive isomerization of the azobenzene
derivative. However, there are huge difference in size between the millimeter length crystal
and the nanometer length molecule, and therefore, the mechanism for realizing the spatio-and-
temporally patterned dynamics is not self-evident. In this work, we construct a simple
mathematical model that demonstrates the periodic deformation of an elastic plate object, in
which repetitive photoisomerization and crystalline phase transition are incorporated, as
observed experimentally. By employing a kinetic equation which depend on the accepted light
intensity (/) and the phase-state (¢) (eq. 1), a Landau’s function for a mean-field approximation
for the first order phase transitions (eq. 2), and an equation for the spring elasticity between the
elements, the model plate showed periodic flipping motion like as the observed crystal. Self-
organizing behavior across the three levels of hierarchy is included in the modeled dynamic.
Keywords : Self-organization, Hierarchization, Collective Dynamics, Molecular Motor,
Discrete Mathematical Model
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