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Mechanistic Studies on the Molecular Catalysis for Energy Conversion
(‘Kyushu University) OKosei Yamauchi

Energy conversion based on H: evolution from water [1] and CO; reduction into various
chemicals [2-3] are the key technologies to solve the global warming and shortage of fossil
fuels. It is also important to couple these reduction reactions with water oxidation [4] to convert
solar energy into chemical energy. To fabricate water-splitting systems enabling higher solar
energy conversion efficiency, it is of great importance to develop molecular systems promoting
photocatalytic hydrogen evolution reaction (HER) with high efficiency.

As part of the efforts in this area, we demonstrated that a cobalt N-heterocyclic carbene
complex (Co-NHC1) promotes photochemical HER even with low driving force (150 meV).
This is the first 3d-metal complex catalytically active in the classical aqueous photosystem
consisting of [Ru(bpy);]** and methylviologen (MV?*). It was suggested that the HER by Co-
NHC1 proceeds via the concerted proton-electron transfer (CPET) to afford a
hydridocobalt(IIT) intermediate (Co(II) + H" + ¢= — Co(III)(H)), but the overall mechanism
leading to H» evolution was unknown.

We recently achieved the first demonstration of the Volmer-Heyrovsky-like molecular
catalysis of HER, although such mechanism is often adopted by some metal electrodes. The
detailed experimental and theoretical investigations unambiguously clarified that Co-NHC1
and its methoxy-substituted derivative (Co-NHC2) undergo metal-centered CPET to yield the
Co(IIT)(H) species as a key intermediate, as previously expected (Figure 1). The energy
diagram developed by estimating the pK. and redox potentials for the possible intermediates
allows us to conclude that the following H, elimination also proceeds via the CPET path
(Co(IIN)(H) + H* + e~ — Co(II) + Hy) (Figure 2). This unique double CPET pathway has a close
similarity to the metal-catalyzed HER through the Volmer step (M + H" + ¢© — M(H¥))
followed by the Heyrovsky step (M(H*) + H" + e — M + H,). Interestingly, the structures of
two intermediates involved in the 1st and 2nd CPET steps (i.e., Co(Il) and Co(III)(H) species)
are well superimposable to reveal that the consecutive CPET reactions are substantially
minimized in the reorganization energy, which rationalizes the exceptional reactivity of Co-
NHC catalysts.
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