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K

Theory shows 
potassium (K) sites 
are multifunctional 
and open a new  
pathway enabling 
the  temperature-
dependent 
selective 
conversion of CO2 
to methanol.Research Details

DFT computation showed deposited K+ ions play multifunctional roles: an active center for selective tuning in
binding of reaction intermediates, an accelerator for charge transfer, and a mediator for electron tunneling.

Both DFT calculations and KMC simulations predict the K opens a new *H2C(OH)2-mediated formate pathway
for selective CO2 conversion to methanol and suppresses the CO production via reverse-water-gas-shift
reaction.

Sensitivity analysis predicts that stabilization of formic acid intermediates while destabilizing the formate
intermediates will improve CO2 conversion and methanol selectivity.

Scientific Achievement
Researchers revealed that potassium (K) deposited on a CuxO/Cu(111)
model surface facilitated the conversion of CO2 and described
mechanistic processes that tune product selectivity from CO to
methanol, based on combined density functional theory (DFT) and
kinetic Monte Carlo (KMC) simulation.

Significance and Impact
Direct conversion of CO2 to methanol is a challenge in industrial
catalysis. Alkali promotion of metal-oxide catalysts for this and related
reactions is important to improve performance. The new mechanistic
understanding for alkali-based catalysts provides design rules linking
alkali-surface electrostatic interaction and alkali-mediated charge
transfer to reactive binding of reactants and intermediates and catalytic
activity/selectivity.

Presenter
Presentation Notes
Alkalis have been reported as promotors in heterogeneous catalysis to enhance activity and selectivity. The effective utilization of alkalis requires fundamental understanding of underlying mechanism. Here, we take a well-defined potassium (K)-modified CuxO/Cu(111) (x≤2) model surface as a case study to rationalize the nature of K during the carbon dioxide (CO2) hydrogenation using combined density functional theory (DFT) calculation and kinetic Monte Carlo (KMC) simulation. Our results demonstrate significant tuning of selectivity from carbon monoxide to methanol on going from Cu(111) to K-modified CuxO/Cu(111). The deposited K+ stabilizes the CuxO thin film under the reducing condition of carbon dioxide hydrogenation. Mechanistically, K+ acts as an active center for selective tuning in the binding, an accelerator for charge transfer, and a mediator for  electron tunneling. As a result, the K-modified CuxO/Cu(111) opens a methanediol [H2C(OH)2]-mediated formate pathway to facilitate the selective conversion of carbon dioxide to methanol. Our study develops intrinsic rules of design to tune the catalytic performance using alkali metals. The research carried out at the Chemistry Department of Brookhaven National Laboratory (BNL) was supported by the division of Chemical Science, Geoscience, and Bioscience, Office of Basic Energy Science of the US Department of Energy (DOE) under contract no. DE-SC0012704. The DFT calculations were performed using computational resources at the Center for Functional Nanomaterials (CFN) and the Scientific Data and Computing Center, a component of the Computational Science Initiative, at BNL under contract no. DE-SC0012704, at the National Energy Research Scientific Computing Center (NERSC), a DOE Office of Science User Facility, supported by the Office of Science of the DOE under contract DE-AC02-05CH11231, and at Stony Brook University, which was founded by National Science Foundation grant (#1531492)
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