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Shaping a clean environment and renewable energy resources is a contemporary challenge that will require significant advancements in the development of catalysts for energy and chemical conversion processes. Advances in the theoretical understanding of heterogeneous catalysis have led to the growing use of periodic Density Functional Theory studies to treat a large ensemble of surface catalytic reactions. Our group has focused on engineering the various materials structures as an avenue for generating robust heterogeneous catalysts ranging from traditional gas-phase reactions to electrochemical transformations. The goal is to design heterogeneous catalytic structures and architectures for these processes that are active, selective, and stable. 
 
In this talk, I will begin by discussing how we have applied strategies from computational heterogeneous catalysis to design enhanced electrocatalysts for NO electrochemical reduction. I will then explore challenges in obtaining more detailed descriptions of the electrocatalytic reaction environment, including the structure of catalysts with solid/liquid interfaces, the electrochemical symmetry factor, and the structure and enthalpy of solvents near the electrocatalyst surface using the ab initio molecular dynamic (AIMD) simulations. In addition, I will introduce bimetals, metal oxides, carbides, and graphite to control the environment of catalytic sites and tune the activity/selectivity for targeted thermal catalytic reactions. Specifically, I will illustrate our work on utilizing a CoCu bimetallic catalyst to promote CO2 hydrogenation to 1-butanol. Furthermore, I will show theoretical polymer adsorption on the electronic capacitor materials, such as tetragonal BaTiO3 and anatase TiO2, in the presence of the solvents, using the AIMD simulations.
