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Recent insights on the generation, transport, and separation of 
charge carriers in metal oxide photocatalysts 

Metal oxide photoelectrodes tend to be cheap, easy to fabricate, and show relatively good 
(photo)chemical stability in aqueous solutions. This makes them attractive candidates as light 
absorbers in a variety of photoelectrochemical and photocatalytic applications. However, the 
energy conversion efficiencies of these absorbers are poor compared to photovoltaic-grade 
materials.  

In this lecture, I will discuss three main loss mechanisms in metal oxide-based absorbers: a 
sub-optimal photogeneration yield due to localized d-d transitions, inefficient extraction of the 
photogenerated carriers at the interface(s), and localization of carriers at defects. After 
reviewing the role of the electric field in charge separation, which is still often misunderstood 
in the fields of photocatalysis and photoelectrochemistry [1], two techniques to quantify carrier 
generation and transport in photoabsorbers will be discussed. One is time-resolved microwave 
conductivity (TRMC), a contact-free technique that can be used to determine the carrier 
mobility and life time. We recently developed an approach to directly determine the carrier 
diffusion length with this technique, without needing to deconvolute changes in the carrier 
concentration and the mobility [2]. The second technique I will discuss is time-resolved THz 
spectroscopy (TRTS), which we recently used to reveal nm-scale carrier localization in a range 
of oxide absorbers [3]. Throughout the presentation, I will attempt to show how these insights 
can be used to design more efficient metal oxide-based photoelectrodes. 
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