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Development of artificial photosynthesis system based on hybrid system with
visible-light-driven semiconductor photocatalyst and bio-catalyst

Hgiashi, Masanobu
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Artificial photosynthesis, which converts light energy into useful chemical
substances, is attracting attention as a method to solve the environmental and energy problems that
humanity is currently facing due to increased C02 emissions. In this study, we attempted to
construct a novel artificial photosynthesis system by combining an inorganic semiconductor
photocatalyst and a biocatalyst. As a result, by using a photoelectrode system consisting of an
oxynitride photoanode and a sulfide photocathode, a biocatalyst system consisting of the natural
coenzyme NADH (reduced nicotinamide adenine dinucleotide) and lactate dehydrogenase (LDH), and a
rhodium complex connecting the photoanode system and the biocatalyst system, we have demonstrated
that biocatalytic reaction proceeded via NADH regeneration using water as an electron source under
visible light irradiation.
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Fig. 1 Time courses of photocurrents over
various CdS electrodes. Inset : SEM images
of CdS electrode before reaction
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Fig. 3 Current—potentia curves for CdS/CulnSz
photocathodes in phosphate buffer solution (0.1

M, pH 7) with and without MV (10 mM) under
visible-light irradiation.
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Fig. 2 Time course of produced lactate over two-electrode
system consisting of CdS photoanode and CP counter
electrode in phosphate buffer solution (pH 7.0) at 0V vs. CP
under Ar gasflow and visiblelight irradiation. Anode side: 0.1
M Ka[Fe(CN)g], Cathode side: 10 mM sodium pyruvate, 2.0
mM NAD*, 1.0 mM [Cp"Rh(bpy)H20]?*, and 25 units LDH.
Inset: Time course of photocurrent density.
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Fig. 4 Time courses of produced formete over the
cathode side in two-compartment cell system at —
0.5 V vs. Ag/AgCI with and without FDH (20
units) under visible-light irradiation. Anode side:
0.1 M HEPES bhuffer solution (pH 7), Cathode
side: 0.1 M HEPES buffer solution (pH 7) and 10
mM MV.
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Fig. 6 Photoelectrochemical lactate production via in situ NADH regeneration
over a hybrid system consisting of IrOJTaON photoanode, CdS/CulnS;
photocathode and L DH using water as an el ectron source.
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Fig. 7 Photocurrent-potential relationship of

[Cp* Rh(bpy)H20]?* CaTaO:zN electrode under visible light irradiation.
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