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The objective of this study is to contribute to solving some problems related to energy and rare metals by
achieving the efficient electrochemical O, reduction reaction, which is an extremely important reaction for the
cathodic reactions of fuel cells, on the basis of the use of photoexcitation of metallocomplexes and singlet
oxygen instead of high-cost platinum catalysts. Main results are as follows.

(1) Wohrle and Kaneko et al. reported that the cathodic current resulting from O, reduction increased dramatically
when a thin film of a porphyrin derivative was coated on the electrode surface and irradiated with visible light
(J. Phys. Chem. 95, 1748 (1991)). Here, the thin film of Zn phthalocyanine (ZnPc) showed the maximum
cathodic current. By the addition of triphenylphosphine (PPhs) working as an axial ligand, we found that the
photocurrent resulting from O, reduction is higher for a thin film of ZnPc—PPh; than for a thin film of ZnPc.

(2) In the case of the thin film of ZnPc—PPh;, since the bulky PPh; ligand weakens the n—r interactions, the
knowledge of photochemistry of monomeric porphyrins can be employed for elucidating the
photoelectrochemical O, reduction mechanism. On the basis of singlet oxygen yields of the thin films,
singlet oxygen luminescence at the electrode surface, and reduction potential dependence of the
photocurrent, the electrochemical reduction of the excited triplet Pc, followed by electron transfer from the
anion of Pc to O,, is shown to make the main contribution to the origin of the photocurrent resulting from
O, reduction. In addition, this is the first observation of singlet oxygen luminescence at the electrode
surface using the evanescent wave excitation.

(3) We developed a singlet oxygen gas generator. By using the singlet oxygen gas, we succeeded in degradation
of tetracene on a filter.

Thus, we proposed a novel concept for molecular photocatalysts to reduce O,, and therefore, novel
molecular photocatalysts will be developed on the basis of our results. In future, we plan to investigate the
electrochemical reduction of singlet oxygen in the gas phase, because singlet oxygen has a long lifetime in the
gas phase.




