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Multireference electronic structure theory used for computing rate constants of
nonradiative decay and proton transfer reactions
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The density matrix renormalization group (DMRG) method, a highly accurate
and efficient multiple configuration wavefunction theory, is extended to develop an analytical
gradient method for reliably calculating the structure of excited states, reaction paths, and
interstate coupling constants in reaction processes involving state transitions. We have also
implemented a method to evaluate the rate constants of internal conversion and intersystem crossing
by numerical calculation of Fermi®s golden rule from the information of highly accurate energy
surfaces and inter-state coupling constants. Theoretical analysis of the radiation-free deactivation

process of fluorescent bioprobes of the phosphole oxide skeleton and rate analysis simulations of
the inverse term-crossing of thermally activated delayed fluorescence were achieved.
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