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Scientific Achievement
The high catalytic activity of small potassium oxide (KOx) particles 
supported on Au(111) for the CO oxidation reaction was discovered and 
studied using a combination of scanning tunneling microscopy (STM), 
ambient-pressure X-ray photoelectron spectroscopy (AP-XPS), catalytic 
testing (CT), and density function theory (DFT).

Research Details
• STM and XPS studies revealed the morphologies and compositions 

of KOx at different alkali coverage, going from clusters to islands.  
• Batch reactor measurements showed high CO oxidation activity for 

the small KOx clusters and a deactivation at high K coverage.
• DFT studies helped to explore the phase changes in KOx and 

identified K2O as the most active alkali species for CO oxidation.
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Significance and Impact
Multiple growth modes were found for potassium oxide on Au(111). The 
study revealed a key correlation involving structure, oxidation state, and 
chemical activity for the alkali oxide under reaction, highlighting the 
importance of small aggregates of K2O in catalysis beyond the role of 
plain promoters typically assigned in the literature.
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Part of the study used research facilities of the NSLS-II and the 
CFN at Brookhaven Nation Laboratory and the resources of the 
National Energy Research Scientific Computing Center.

STM images and DFT optimized structures for 
KOx/Au(111) at different alkali coverages
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Presentation Notes
1-2 paragraph description of highlight – It is well known that alkali metals can substantially improve the catalytic performance in key process of the chemical industry associated with C1 chemistry. Our study used a combination of scanning tunneling microscopy (STM), ambient-pressure X-ray photoelectron spectroscopy (AP-XPS), catalytic testing (CT), and calculations based on density function theory (DFT) to examine the co-adsorption of K and O2 on Au(111) at temperatures (450-525 K) which are meaningful for C1 catalytic process. At low potassium coverages (< 0.15 ML), only small K2O/K2O2 aggregates (1-2 nm in size) were observed on the surface with a preference to grow near the elbow structures of the Au(111) herringbone. When the coverage was increased to 0.2 ML, large island of the oxide (20-40 nm) that contained a mixture of K2O and KOy (y < 0.5) appeared.DFT studies indicated that O2 can dissociate on K cations and produce mobile O atoms, which is usually a rate-limiting step in the oxidation of CO. This finding inspired a further study of CO oxidation on a series of KOx/Au(111) catalysts. Catalytic studies for CO oxidation in a batch micro reactor showed a maximum CO2 production rate at an alkali coverage of 0.1 ML, with a clear drop of activity appearing when the coverage went above 0.15 ML. XPS and DFT studies attributed the drop of activity to an increase in the concentration of highly reactive KOy island, which could lead to poisoning of active sites by de deposition of carbonate-like species and even atomic carbon. Thus, our study revealed a key correlation involving the size, structure, chemical state and catalytic activity of the alkali oxide. Since Au(111) is not active for CO oxidation, it is likely that this small KOx systems are an integral part of the active phase instead of a plain promoters.  In on-going experiments, we have found that small aggregates of K2O2/K2O also have very high catalytic activity for the production of hydrogen through the water-gas shift reaction (H2O + CO  H2 + CO2) and for the trapping and conversion of CO2. Acknowledgements – The  research  carried  out  at  Brookhaven  National  Laboratory was supported by the U.S. Department of Energy, Office of Science and   Office   of  Basic   Energy   Sciences   under  contract   No.   DE-SC0012704. This study used resources of the 23-ID-2 (IOS) beamline of  the  National  Synchrotron  Light  Source  II,  a  U.S.  Department  of Energy (DOE) Office of Science User Facility operated for the DOE Office of Science by Brookhaven National Laboratory under Contract No.  DE-SC0012704. The  DFT  calculations  were  performed  using computational resources at the Center for Functional Nanomaterials (CFN), which is a U.S. Department of Energy Office of Science User Facility,  at  Brookhaven  National  Laboratory,  and  at  the  National Energy  Research  Scientific  Computing  Center  (NERSC),  a  U.S. Department  of  Energy  Office  of  Science  User  Facility  located  at Lawrence Berkeley National Laboratory and operated under Contract No. DE-AC02-05CH11231.Publication/ press releases/ related linksR. Shi, W. Liao, P.J. Ramirez, I. Orozco, M. Mahapatra, J. Kang, A. Hunt, I. Waluyo, S.D. Senanayake, P. Liu, J.A. Rodriguez, Angew. Chem. Int. Ed. 2022, DOI: 10.1002/anie.202208666 
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