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Development of clean and renewable energy is becoming increasingly more important as the world 
faces the threat of global warming caused by rapid growth of carbon dioxide (CO2) mission in 
combustion of fossil fuels, which are the products of photosynthesis. Before the depletion of fossil 
fuels, it is highly desired to make solar fuels by artificial photosynthesis.  

Artificial photosynthesis consists of several steps: light harvesting and charge-separation steps 
mimicking the photosynthetic reaction center and catalytic steps for water oxidation and reduction, 
and also a catalytic step for CO2 fixation. Excellent model compounds of the photosynthetic reaction 
center composed of electron donor and acceptor molecules have been developed undergoing efficient 
charge separation and slow charge recombination.1,2 The development of efficient water oxidation 
and reduction catalysts remains as the key issue for achieving artificial photosynthesis to obtain solar 
fuels as sustainable energy sources from water in replace of fossil fuels. Platinum group metal (PGM) 
catalysts have been recognized as efficient catalysts for both water oxidation and reduction. However, 
it is highly desired to replace precious and scarce PGM catalysts by earth-abundant metal catalysts 
for water oxidation and reduction. In the past five years, there has been significant progress in the 
development of water oxidation and reduction catalysts based on earth-abundant metals such as iron, 
nickel, copper and manganese, which have been combined with organic photocatalysts.  

This lecture focuses on the state of the art and future challenges in photocatalytic water oxidation and 
reduction with earth-abundant metals, inspired by the oxidation of water with the oxygen evolving 
center (OEC) in photosystem II and the enzymatic reduction of water with hydrogenases,  
respectively.3-5 
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