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Among various approaches attempting to develop renewable energy sources, solar hydrogen
production via water splitting has received an increasing attention in relation to the recent
advancement in the hydrogen fuel cell technology. The combustion energy after storing two
reductive equivalents decreases in the order of H, (he) > CO (0.99he), HCHO (0.99he) > HCOOH
(0.89he) > CH30H (0.85he) > CH4 (0.78he) (he=286 kcal/mol). The source of electrons and protons
can be produced in the artificial photosynthetic

water oxidation process (2H20 + 4hv > O, + 4H* + 2H,0 2C0O,

4e’). Among these fuels, only formic acid and ||| || ; |

methanol are liquid and possess superior -
characteristics from a viewpoint of energy density i l / l
together with the feasibility in refueling and \

. . . . 0O, 2H, 2CO 2HCOOH
transportation in ambient conditions. Further, 1 atm +2H,0 or Pd
formic acid has a remarkable potential as a source Catalyst

of high-pressure H because of its reversible
conversion capability: HCOOH € Hy + CO2 (AG = - |higher pressure(ca.36 MP>[2H2 +2C0, (/iquid)]
12 kcal/mol; see figure, right). The production of
{O2+2HCOOH} is advantageous owing to the spontaneous separation of the two products into
the gas and aqueous phases, while the production of {2H,+0,} or {2C0+0,} yields a flammable
gas mixture. With these perspectives in mind, our recent interests still concentrate on the basic
studies towards the improvement of our understanding on the mechanisms of water reduction
and CO: reduction on various transition metal molecular to heterogeneous catalysts.}® We
succeed to develop and investigate the environmentally friendly photocatalytic CO, reduction in
fully agueous media.>? We have advanced our understanding on the mechanisms of catalytic CO;
reduction by DFT.>3 We have also advanced our studies on two-electrode solar water splitting
systems which permit H, separation at a dark cathode.* A quite new topic in our group is the
project on the mechanistic studies of electrocatalytic hydrogen evolution reaction by platinum
subnanoclusters.®
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