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Photoelectrochemical water splitting devices are integrated systems that couple light 

absorption, charge separation, and electrocatalysis in the same material to generate a 

storable fuel (hydrogen) from abundant sunlight and water. In order to compete with fos-

sil H2 on an economic basis, the solar conversion materials must be low cost and stable, 

with a high efficiency, since large areas of the Earth’s surface must be covered in order to 

convert sufficient power. Studying thin film materials enables a wide range of (advanced) 

analytical techniques to be employed, which are important for optimizing new materials 

and material combinations in terms of their efficiency and stability. These optimized 

systems can then be adapted to particle-based systems, which can potentially generate 

very cheap solar fuels, even cheaper than fossil H2. 

In this talk, I will begin with the relatively simple synthesis of antimony selenide pho-

tocathodes, which give quite high photocurrents for hydrogen evolution when coated with 

a MoSx co-catalyst. Interestingly, this material is remarkably resistant to photocorrosion 

under the harsh working conditions and does not require protective overlayers. In the sec-

ond part, I will describe how we use the dual working electrode technique, in one case to 

deconvolute current-voltage curves, providing insight into the degradation mechanisms of 

“emerging” photoelectrode materials, and in another to offer insight into the mechanism 

of hole transfer through “leaky” TiO2. In the final part, I will show a new way to interface 

molecular catalysts with electrode surfaces via a host-guest approach, using naphthyl-

modified molecular catalysts and cyclodextrin modified-electrodes. The heterogeneous 

binding is remarkably strong and electrocatalysis is demonstrated. Orthogonal de-

anchoring conditions enable the exchange of degraded catalysts with fresh ones, facili-

tating a plug-and-play approach for different electrocatalytic reactions of interest. 


