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The problem of first principles modeling of more realistic catalysts consisting of many crystallographic
planes as well as defects has been a major theoretical and computational challenge. Adsorption, surface
diffusion, and surface reaction on the catalyst surface are governed by very separate timescales [1, 2].
This disparity in scales renders prediction of activity of a catalytic process truly challenging. Two
separate techniques, namely the quantum mechanical density functional theory (DFT) and the kinetic
Monte Carlo (KMC) method are often used to model various aspects of catalytic processes. However,
they are both limited to different but still relatively short length and timescales. A recently developed
coarse-grained Monte Carlo (CGMC) technique by our group [3, 4] is a useful tool in bridging length
and time scales from the quantum to the meso or macroscopic. The technique uses a spatially adaptive
lattice to capture the essential features with high resolution and a coarse mesh in relatively inactive
regions. It also allows coarse-graining in time to reach realistic scales [5] and to cope with the typical
problem of fast diffusion [6].

While the existing CGMC is adequate to handle a single component system, most surface reactions
involve many surface species and potentially short range interactions. These issues necessitate extension
of the current framework to multicomponent systems and to short potentials. In this talk, a new
theoretical framework will be presented to fill in this gap. The resulting model is a microscopic analogue
of the well-known Stefan-Maxwell equations but accounts explicitly for interactions, correlations,
microscopic mechanisms, etc. in a rigorous, coarse-grained, statistical mechanics-based fashion. Results
for microscopic rate processes are obtained from periodic slab DFT simulations using the DACAPO
code on model catalysts. In this work, we study the catalytic ammonia synthesis and decomposition, as a
benchmark system. Synthesis has been of interest for a long time due to its use in fertilizers, whereas
decomposition is currently being explored for CO-free production of hydrogen for fuel cells. Hybrid
DFT/CGMC simulations are employed to understand the effect of defects of catalyst surfaces on
reactivity of the ammonia chemistry. It will be shown that mean field models fail completely to explain
experimental data, whereas our hybrid simulations provide a systematic way toward first principles
modeling of defected and polycrystalline catalysts.
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