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In this study, we analyze the mechanisms of singlet fission, which generates

two triplet excitons from a singlet exciton, and TTA, which is a reverse reaction of singlet
fission, in molecular condensates by means of first principles calculations and quantum dynamics
calculations. The effects of molecular packing on the reaction mechanisms are clarified. Besides, we
clarify the reaction mechanisms of photon up-conversion in molecules adsorbed on lanthanide cluster
via spin-orbit coupling and electron exchanges. Further, we analyze charge separation mechanisms in
photosynthetic reaction centers using the same approach. We clarify the mechanism that leads to
unidirectional charge separation in the reaction centers of photosystem Il and purple bacteria.
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