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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. Electrochemical Response of Metal
Complexes in Homogeneous Solution
under Photoirradiation?)

Photoinduced electron transfer (PET) is a key process in
reactions that convert light energy to electrical or chemical
energy, both in natural and artificial systems. The efficiency of
PET, which largely affects the performance of these systems,
is correlated with the redox properties of the photoexcited
molecule, which transfers electrons or holes during the PET
reaction. Hence, determining the redox potentials of photo-
excited molecules is of great significance not only for under-
standing the mechanisms of PET reactions but also for achiev-
ing highly efficient light-energy conversion systems. Electro-
chemical analysis under photoirradiation should enable the
measurement of the redox potentials of excited species. How-
ever, reports of the direct electrochemical detection of photo-
excited molecules have been limited to only a few examples in
which specialized photoelectrochemical instrumentation was
required. This limitation may be due to the difficulty to avoid
the complication of voltammogram profiles that arises from
the unintended side effects of photoirradiation, such as tem-
perature increases and enhanced mass transfer. Thus, the redox
potentials of excited states have more commonly been indi-
rectly estimated using the 0-0 transition energy (Eqo) or the
quenching rate constant (kq). Therefore, the establishment of a
versatile methodology for electrochemical measurements
under photoirradiation will provide new insights into PET
phenomena.

To establish a simple method for directly determining the
redox potentials of the photoexcited states of metal complexes,
electrochemical measurements under several conditions were
performed. The electrochemical response was largely influ-
enced not only by the generation of photoexcited molecules
but also by the convection induced by photoirradiation, even
when the global temperature of the sample solution was
unchanged. The suppression of these unfavourable electro-
chemical responses was successfully achieved by adopting
well-established electrochemical techniques. Furthermore, as
an initial demonstration, the photoexcited state of a Ru-based
metal complex was directly detected, and its redox potential
was determined using a thin layer electrochemical method.

Figure 2. Schematic illustration of electrochemical measurement of a
metal complex under photoirradiation.
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2. Phosphine-Substituted Ruthenium(ll)
Polypyridine Complexes with a Single
Labile Ligand?

Ruthenium(II) polypyridine complexes with a single labile
ligand have been widely studied as catalysts for many chemi-
cal reactions including water oxidation, CO; reduction, and
photoinduced chemical conversions. One of the key strategies
in developing ruthenium polypyridine catalysts with novel
properties and reactivities is the introduction of phosphine
ligands because their 6-donating and m-accepting abilities can
influence electronic structures of the ruthenium center. How-
ever, few studies examining substitution of phosphine for
pyridine moiety have been reported; there have been only a
few works of diphosphine-coordinated ruthenium(II) poly-
pyridine complexes, and no crystal structures have been
reported. Thus, the investigation of phosphine-substituted
ruthenium(II) polypyridine complexes with a single labile is
important not only for the design and development of new
catalysts but also for an understanding of their basic properties.

We report the synthesis, structural characterization, and
electrochemical and spectroscopic properties of a series of
ruthenium(II) polypyridine complexes containing 8-(diphenyl-
phosphanyl)quinoline (Pqn), trans(P,MeCN)-[Ru(trpy)(Pqn)
(MeCN)](PFg), (trans-PN) and cis(P,MeCN)-[Ru(trpy)(Pqn)
(MeCN)](PF¢)2 (cis-PN), or 1,2-bis(diphenylphosphanyl)
benzene (dppbz), [Ru(trpy)(dppbz)(MeCN)](PFe)2 (PP). Effects
of the number and position of phosphine donors on the struc-
tures and electronic properties were investigated on the basis
of comparisons with [Ru(trpy)(bpy)(MeCN)](PF¢)> (NN). The
electrochemical measurements of these complexes showed
distinct behavior in their reduction reactions; reduction of
cis-PN resulted in cis—trans isomerization to trans-PN, and
that of PP proceeded via a two electron-transfer reaction. The
mechanism of these electrochemical behaviors was explained
in conjunction with the liberation of a monodentate labile
ligand.
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Figure 3. Cyclic voltammograms showing redox-induced cis—trans

isomerization from cis-PN to trans-PN.
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