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Light-driven self-oscillatory crystal — Concerted mechanical function generated in a reaction
system with varying kinetic rate constants ('Faculty of Science, Hokkaido University) O
Yoshiyuki Kageyama

Macroscopic functions of multimolecular systems of molecular machines under non-
equilibrium conditions attract increasing attention, with the aim of constructing life-like
autonomous objects and realizing autonomous molecular robots. Such research will take
advantage only when the composition of the system continuously changes and consequently
continues to perform mechanical work, even when the energy supply is constant without any
information. Such a system is known as far-away-from-equilibrium, which is the antonym of
steady state.! The composition of a multi-molecular object under a steady condition is generally
determined by the reaction kinetic coefficients in the object. It means that concerted
mechanisms to oscillate or fluctuate the kinetic coefficients are required for far-from-
equilibrium  dynamics. In our light-driven self-oscillatory crystal,” reversible
photoisomerization-induced phase-transition of the crystal acts as a bifurcation for switching
the kinetic coefficients of the photoisomerization. The oscillation in the component and the
repetitive morphological change causes the oscillation in the free energy of the object to realize
mechanical work. The physical background of the light-powered behavior will be discussed.
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1) Discussion about the terminologies is written in Y. Kageyama and G. Maruta, arXiv:2211.06147.
2) Light-driven self-oscillatory crystal was firstly reported in T. Ikegami, Y. Kageyama, K. Obara, and
S. Takeda, Angew. Chem. Int. Ed. 2016, 55, 8239.
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