On the nature of the active sites for HCOOH decomposition on supported Au catalysts
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[bookmark: _GoBack]Formic acid (HCOOH) is a major byproduct in biomass processing1 and a promising liquid hydrogen carrier that can be used for in situ hydrogen production.  Well-dispersed Au nanoparticles are found to be highly reactive for HCOOH decomposition with 100% selectivity toward CO2 and H2.2-3 In this work, an integrated approach that combines state-of-the-art density functional theory (DFT) with reactivity experiments and microkinetic modeling is presented to unravel the detailed reaction mechanism and the nature of active site on Au catalysts. DFT calculations were performed on Au(111), Au(100) and Au(211) model surfaces to obtain initial guesses for the surface reaction energetics needed for the microkinetic model. Then by adjusting the DFT derived binding energies and activation energies in the microkinetic model, good agreement is achieved between the model predicted reaction rates and reaction orders with the experimental results collected on Au/SiC catalysts. The reaction is predicted to proceed entirely through the formate (HCOO) mediated route which is comprised of three elementary steps: HCOOH*HCOO**+H*, HCOO**CO2*+H*, H*+H*H2. The large adjustments made to the DFT derived parameters in order to obtain good fits with the experimental data suggest that none of Au(111), Au(100) and Au(211) provide an accurate representation of the active site for this reaction. In fact, the active site might be an even more under-coordinated Au site with coordination number ≤6. Then, ab initio molecular dynamics simulations were carried out to determine the structures of small gold clusters which generally contain a high concentration of under-coordinated sites. Theoretical investigations of HCOOH decomposition on several Au cluster models further confirm our conclusion regarding the importance of highly under-coordinated Au sites in this chemistry.
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