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Photoelectrochemical (PEC) water splitting is an ultimate 

strategy to convert the energy of the Sun to the energy stored 

in the chemical bonds of molecular hydrogen and oxygen. 

Photoelectrodes made of earth-abundant elements have poor 

surface catalytic activity thus catalysts are commonly 

incorporated onto their surfaces to boost the activities. 

BiVO4 is one of few promising oxide semiconductor light-

absorbing materials for use as a photoanode in the oxygen 

evolution side of the water-splitting PECs. The typical 

efficiencies of unmodified BiVO4 photoanodes for water 

oxidation are not impressive as they suffer from excessive 

electron-hole recombination and poor charge transport that is 

correlated to the bulk and surface defect densities. Therefore, 

strategies such as morphology control, doping, and pairing 

with oxygen evolution catalysts to alleviate one or more of 

these limitations have been developed. PEC turnovers are 

dramatically enhanced by the incorporation of co-catalysts. 

There are several catalysts shown to be rather effective in the 

water oxidation reaction, however, there is an ongoing debate 

about the origin of the enhancement in the activity. It has 

been argued that catalysts decrease the recombination rate of 

the charge carriers at the photoanode surfaces without being 

truly involved in the oxidation reaction. Their involvement in 

charge transport and utilization depends on the catalyst 

amount and active phase. 

In this talk, the viable strategies to enhance the surface 

activities of BiVO4 photoanodes will be presented. In 

addition to facile recombination dynamics of the charge 

carriers both in bulk and in the surface region, electron 

trapping at the interface under illumination significantly 

hampers the water oxidation kinetics. Surface modification 

and doping as well as co-catalyst incorporation have a 

significant impact on the elimination of the electron trapping 

process and facilitates charge transport. The effects of 

nitrogen doping [1], oxygen vacancies [2], cobalt doping, and 

Co(OH)2 catalyst incorporation [3] on the charge transfer 

kinetics will be discussed. 
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