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Keywords

Artificial photosynthesis is a solar energy conversion
technology that mimics natural photosynthesis, and considered
to be one of the next big breakthroughs in energy. Our group
studies the development of functional metal complexes toward
the realization of artificial photosynthesis. Specific areas of
research include (i) synthesis of ruthenium-based molecular
catalysts for water oxidation and carbon dioxide reduction, (ii)
creation of cluster catalysts for multi-electron transfer reac-
tions, (iii) mechanistic investigation into water oxidation
catalyzed by metal complexes, (iv) application of proton-
coupled electron transfer toward multi-electron transfer reac-
tions, (v) electrochemical evaluation of the activity of molecu-
lar catalysts for water oxidation and carbon dioxide reduction,
(vi) electrochemical measurement of metal complexes in
homogeneous solutions under photoirradiation, and (vii)
development of reaction fields via self-assembly of molecular
catalysts.
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Figure 1. An overview of our work.
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1. Fe, Ru, and Os Complexes with the
Same Molecular Framework: Comparison
of Structures, Properties and Catalytic
Activities?)

Water oxidation (2H,O — O, + 4H* + 4e7) is a key
reaction in energy conversion in natural and artificial photo-
synthesis. The development of artificial water oxidation cata-
lysts (WOCs) has attracted growing interest in recent years
due to the urgent need to solve the world’s energy problems.
Metal complexes containing group 8 metal centres (Fe, Ru, or
Os) and water coordination sites can be regarded as the most
attractive candidates for molecular WOCs, because such
metal-aqua species can generate high-valent metal-oxo spe-
cies, which are the key intermediates triggering the formation
of the O—O bond, via stepwise electron removal involving
concomitant proton loss.

In this study, we present the syntheses, crystal structures,
spectroscopic and electrochemical properties, and water oxi-
dation activities of a series of Fe(Il), Ru(Il), and Os(1I)
complexes bearing a pentadentate ligand and a monodentate
ligand. The nature of the metal ions are extracted and dis-
cussed by comparing the difference of the structure, properties
and reactivities among a series of group 8 metal complexes
with the same molecular framework. The results will provide
new insight into the design and development of group 8 metal-
based molecular catalysts for water oxidation.

Figure 2. Crystal structures of the Fe, Ru, and Os Complexes.

2. Electrocatalytic Water Oxidation by a
Tetranuclear Copper Complex?

Cu-based WOCs have attracted much interest among
researchers due to the low cost and biological relevance of
Cu.? One of the most attractive targets in this field of research
can be considered to be discrete multinuclear Cu complexes
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due to their homogeneity and multinuclearity. However, there
are only a few reports on water oxidation catalysis by discrete
multinuclear Cu complexes.

In this study, a novel tetranuclear copper-based water
oxidation catalyst was designed and synthesized by using a
new multinucleating ligand containing two proton dissociation
sites, 1,3-bis(6-hydroxy-2-pyridyl)-1H-pyrazole. The copper
complex showed electrocatalytic activity for water oxidation
reactions under aqueous basic conditions (pH 12.5) with an
overpotential of approximately 500 mV. UV/Vis absorption
and energy-dispersive X-ray (EDX) spectroscopic techniques
coupled with electrochemical analyses of the catalyst system
strongly suggest that the tetranuclear copper complex works as
a homogeneous system under the conditions used. The results
demonstrate the utility of a discrete tetranuclear copper com-
plex in water oxidation reactions.

Figure 3. Water oxidation by the tetranuclear copper complex.
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