@Multiple Growth Modes of Potassium Oxide on Au(ll11)and

Their Intrinsic Catalytic Activity

Scientific Achievement
The high catalytic activity of small potassium oxide (KO,) 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).

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
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KO, Coverage plain promoters typically assigned in the literature.
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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. 
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