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[bookmark: _GoBack]Abstract: Single atom catalysts receive extensive attention for reducing noble metal utilization and potential elimination of side reactions. Yet, their active sites remain highly debated and fundamental insights are limited due to experimental challenges. Here we introduce first-principles microkinetic modeling, with CO oxidation over Pd atoms on γ-alumina as a testcase, to provide insights into single atom catalysis. Although CO oxidation has been previously suggested to occur on doped Pd single atoms in alumina, experimental turnover frequencies and reaction orders are well reproduced only if the reaction proceeds on adsorbed Pd single atoms. This finding shows that microkinetic analysis can be essential for understanding the performance of different catalytic materials and for potentially discriminating mechanisms and active sites. Importantly, we show for the first time that the well-established ab initio thermodynamics approach fails to describe the coverages and the correct oxidation state of a catalyst, at least in the single atom or small cluster limit. Instead, a fully kinetic modeling approach is required to expose simultaneously kinetics, adsorbate coverages, and the catalyst oxidation state. These findings have important ramifications well beyond the specific system studied herein for closing the gap between models with kinetic and operando spectroscopic experimental studies.
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