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[ Abstract] New catalysts that reduce carbon dioxide have been investigated with great
interest to find new energy sources. Recently, it was reported that two-electron reductant of
[Ru(bpy)2(pbn)]*>* changes carbon dioxide into formic acid anion. It was also reported that two-
electron reductant of [Ru(bpy)2(bpp)]*" changes oxygen into hydrogen peroxide. In addition,
these two-electron reductant complexes were found to return to the original [Ru(bpy)2(pbn)]**
or [Ru(bpy)2(bpp)]**. In this study, in order to clarify the reaction mechanism of these catalytic
cycles, we investigate the electronic structures of these complexes and their two-electron
reductants by density functional theory (DFT) calculations. The results indicated that the
LUMO of complex 2 is unstable compared to complex 1 because 2 involves more “nodes” in
its LUMO than that of 1. In addition, we also found some differences in the relative energies
and spatial distributions of frontier orbitals between complexes 1 and 2, which contribute to the
differences in their reactivities. On the basis of these results, we present a ligand design-
guideline to realize an efficient catalyst.
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