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We have established basic theories to develop the beyond-Born-Oppenheimer
chemistry and apply to explore novel chemical phenomena. The main results we have successfully
studied include: 1) Mechanism of charge-separation dynamics and catalytic cycle of water splitting
in Photo System Il by Mn4CaO5 cluster in plants: We have also found what we call collision induced
charge separation.2) Chemistry without potential energy surfaces: The dynamics in dense manifolds of

quasi-degenerate electronic states has been scrutinized, in which the notion of neither adiabatic
potential states nor potential energy surface lose their senses. A characteristic chemical bonding
has been found in boron clusters, which we call the dynamical chemical bonds, based on what we call
hyper-resonance.
3; Symmetry breaking in multi-dimensional nonadiabatic chemical dynamics: We have found a novel
nonadiabatic interaction, which can distinguish right and left in molecular mirror symmetry.
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[“Charge separation and successive reconfigurations of electrons and protons driving water-splitting
catalytic cycle with tetranuclear Mn oxo complex. On the mechanism of water splittingin PSIT”, Kentaro
Yamamoto and Kazuo Takatsuka, Phys. Chem. Chem. Phys., 22, 7912-7934 (2020).]
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