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Analysis of excited states of pigments in reaction center of purple bacteria with molecular
dynamics simulation ('Graduate School of Engineering, Kyoto University, *Fukui Institute for
Fundamental Chemistry) ORyo lida!, Hirofumi Sato'?, Masahiro Higashi'

The photosynthetic reaction center of purple bacteria contains six porphyrin pigments. The
excited-state interaction of these pigments drives very efficient charge separation process. In
this study, to clarify the origin of the process at molecular level, we developed a model
Hamiltonian explicitly incorporating fluctuations and analyzed the absorption spectra with
molecular dynamics (MD) simulations. First, each pigment was separately treated as the QM
region in the QM/MM calculation. We calculated the fluctuations of excitation energies of
pigments with the MMSIC method', which combines the MM force field with an interpolation
method, and calculated the absorption spectra based on the Frenkel exciton model. The
calculated spectra for the four pigments except the pigment dimer called “special pair” are in
good agreement with the experimental results. Next, to describe the excitation energies of
special pair properly, we developed a method to regress the excitation energy difference
between the dimer as the QM region and each pigment as the QM region with respect to the
intermolecular distances. Furthermore, assuming that the excitation energy difference is due to
the charge-transfer (CT) state, we will present an extended model by adding the CT state to the
Frenkel exciton model.
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