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Ensemble density functional theory method for non-adiabatic dynamics of
excited states
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Ensemble density functional theory (eDFT), as developed in the works of E. Lieb* and E. Gross,
L. Oliveira, and W. Kohn,? furnishes a rigorous framework for seamless inclusion of the
nondynamic electron correlation into the description of ground and excited states of molecules.
Having briefly introduced the basic formal aspects of eDFT, | will address implementation of
practically accessible computational methodology capable of describing electronic states of
molecules undergoing bond rupture, bond formation reactions.® Special attention will be given to
the description of molecular properties in the ground and excited electronic states; in particular,
the non-adiabatic couplings between the states, the forces on the nuclei, and the ionization
energies. Several examples of application of the developed methodology to describe non-adiabatic
reactions occurring in photochemical and photobiological systems will be given.*
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Spin-orbit coupling with relativistic MRSF-TDDFT as the first step for
developing applications for studying intersystem crossings
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The Mixed Reference Spin-Flip TDDFT (MRSF-TDDFT) method, which solves the problem
of spin contamination in multi-configuration electronic states, has been extended to calculate spin-
orbit coupling (SOC) between singlet-triplet and triplet-triplet states using spin-dependent single-
particle transition density matrices. Through benchmarks of atoms of groups IV and VI and organic
molecules, the method shows sensitivity to the chosen basis sets and density functional, but with
an average deviation of less than 10%.

SOCs obtained from MRSF-TDDFT follow El Sayed's rules, distinguishing between strong and
weak spin-orbit couplings in organic systems. The calculated SOC-MRSF is consistent with the
experimental and theoretical values in the spin-orbit energy splitting calculations for atoms even
for the fifth-row element Sn. In addition, using SOC-MRSF, we can predict the expected
intersystem crossing, for example, in thymine. Thus, due to its accuracy and ease of use, SOC-
MRSF is a potential protocol for applications such as non-adiabatic molecular dynamics (NAMD)
involving both internal conversions and intersystem transitions in large systems.
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