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Abstract  
At the forefront of contributing to solve the sustainable energy puzzle, one now finds first-
principles based computational methods, providing a good balance between accuracy and 
computational cost. With these computational approaches, one can not only describe and 
understand chemistries of already known materials, but also allow for prediction of new 
materials through a careful analysis of the surface chemistry at the atomic level. I will 
demonstrate how we have been able to computationally predict several new catalyst materials. 
This presentation will first focus on electrochemical reactions, including both of the water 
splitting subreactions: the hydrogen evolution reaction (HER) on 2D materials, and oxygen 
evolution reaction (OER) on a highly active earth abundant catalyst and the most active catalyst 
to date that all have been experimentally synthesized, characterized and tested. I will also share 
our recent insights on the stability and activity of a nanostructured OER catalyst system 
showing a new surface activation phenomenon. Finally, I will discuss our ongoing efforts on 
more complex compound materials’ chemistries and geometries used in energy applications 
beyond catalysis, such as fuel cells and batteries. 
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