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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.

Covalent Linking of Substitution-Inert Metal Complexes,” Dalton
Trans. 44, 15334-15342 (2015).

¢ A. Fukatsu, M. Kondo, Y. Okabe and S. Masaoka, “Electro-
chemical Analysis of Iron-Porphyrin-Catalyzed CO, Reduction
under Photoirradiation,” J. Photochem. Photobiol. A 313, 143-148
(2015).

¢ M. Yoshida, M. Kondo, T. Nakamura, K. Sakai and S. Masaoka,
“Three Distinct Redox States of an Oxo-Bridged Dinuclear Ruthe-
nium Complex,” Angew. Chem., Int. Ed. 53, 11519-11523 (2014).



1. A Pentanuclear Iron Catalyst Designed
for Water Oxidation')

Water oxidation (2H,O — O, + 4H* + 4¢7) is considered
the main bottleneck in the production of chemical fuels from
sunlight and/or electricity. In nature, the oxidation of water is
efficiently catalysed by the oxygen-evolving complex (OEC)
in photosystem II (PSII). Because extraction of the OEC is
extremely difficult, various synthetic molecular catalysts have
been investigated over the last decades. However, the develop-
ment of efficient, robust and abundant metal-based molecular
catalysts remains a challenge. In this work, we show a water
oxidation reaction catalysed by a pentanuclear iron complex.
Electrochemical analysis revealed that the pentairon complex
exhibits rich redox flexibility with six different oxidation
states between Fells and Fe!lls, in which the Felll state is the
active species for oxidising water. A computational investi-
gation indicated that the O—O bond formation proceeds from
the mixed-valence Fell,Felll(FelV=0), intermediate with a
reaction barrier of less than 10 kcal mol~!'. The turnover
frequency of the water oxidation catalyst was determined to be
1,900 s~!, which is considerably greater than that of the OEC
(100-400 s~1). Our findings indicate that efficient water
oxidation catalysts can be created based on multinuclear iron
complexes with redox flexibility and adjacent water-activation
sites.
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Figure 2. Structure (a) and characteristics (b) of the Fes catalyst.

2. Electrochemical Analysis of Iron-
Porphyrin-Catalyzed CO, Reduction under
Photoirradiation?

To understand the mechanisms of solar-to-fuel conversion

Awards

reactions, electrochemical responses of catalysts should be
investigated under photoirradiation because the electrochemical
process proceeds subsequent to the photochemical process.
However, in general, the electrochemical and photochemical
properties of molecular catalysts are separately evaluated
using different experimental setups. In this study, the photo-
chemical reaction of a metal-complex-based catalyst was
analyzed by electrochemical measurements. A well-known
catalyst for the CO, reduction reaction, meso-tetraphenyl-
porphyrin iron(III) chloride (Fe(tpp)Cl), was selected as the
target analyte. Although the analysis of the electrochemical
response of Fe(tpp)Cl under photoirradiation with conven-
tional cyclic voltammetry (CV) was not allowed, the adapta-
tion of thin layer cyclic voltammetry (TLCV) enabled us to
detect the photochemical reaction of Fe(tpp)Cl. The influence
of photoirradiation on the electrochemical property of Fe(tpp)
Cl was investigated both under Ar and CO, atmospheres.
Although the thin layer cyclic voltammograms of Fe(tpp)Cl
upon photoirradiation under an Ar atmosphere were almost the
same as those measured in the dark, the measurements under a
CO, atmosphere clearly indicated the change of the electro-
chemical response upon photoirradiation. The detailed analy-
sis of this phenomenon revealed that the photoinduced decar-
bonylation reaction regenerates the original [Fe'l(tpp)] com-
plex under photoirradiation.
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Figure 3. Electrochemical CO; reduction under photoirradiation.
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