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Abstract  

Transforming (photo)electrochemical activity using interfacial nano-layers 

The use of renewable electricity to drive chemical reactions provides an approach to storing the 
energy from intermittent sources (solar, wind) in the form of chemical bonds. In combining 
photoabsorber and electrocatalytic components into integrated devices, we developed various types 
of photocathodes for proton reduction to hydrogen, as well as carbon dioxide reduction to carbon 
monoxide. Precisely controlled nanometer-scale layers of metal oxides, grown by atomic layer 
deposition (ALD), can be used to tune interfaces for notable improvements in interfacial charge 
transport and corrosion passivation. These approaches enabled benchmark demonstrations of 
photocathodes based on copper oxide and on bulk-heterojunction organic photoabsorbers. 

Looking to expand electrochemistry as an approach for the synthesis of more valuable carbon-based 
products, we are investigating the mechanistic origins of selectivity for electrocatalytic reduction of 
carbon dioxide on inorganic catalysts. Again, we show that ultra-thin films of metal oxide can 
significantly alter activity, discovering that ~1 nm films of SnO2 deposited on CuO shifts the 
electrocatalytic selectivity to favor the production of carbon monoxide with Faradaic efficiency 
exceeding 90%. To uncover the origins of these effects, we use in situ X-ray spectroscopy techniques 
for element-specific information under electrochemical operating conditions.  
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