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Metal oxides are a wide class of materials characterized by oxidized metal centers and reduced oxygen 
centers. Within this group are a wide range of behaviors and applications to processes critical to sus-
tainability on this planet, particularly renewable energy generation and storage and remediation of the 
environment around us. Due to their complexity and numerous compositional design space computational 
tools are critical in understanding the fundamental physics of their behavior and in the design and rapid 
screening of novel materials. Particularly the density functional theory (DFT) implementation of quantum 
simulations enables a priori examination of properties without the need for human input into the models 
which can predetermine the outcome. In this seminar, we will explore the use of DFT in understanding and 
design metal oxide materials for two classes of reactions: oxygen exchange materials for fuel production 
and selective adsorbents for aqueous toxic oxo-anions. In these cases, we will examine problems where 
DFT is highly successful as well as cases were additional techniques are required, and how we can use 
machine learning techniques to overcome these challenges. Through the understandings develop we are 
able to propose new materials designs that provide better performance which is validated experimentally.


