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Heterogeneous catalysis is a timely and critical research field in basic and applied energy 

sciences, due to its potential to provide solutions to global environmental issues. However, there 

is still a lack of a profound understanding of the molecular and structural processes at the 

interfaces between solids and reactant gases. A detailed understanding of the correlation between 

the chemistry, structure, and function in these materials requires a multimodal investigation. 

Over the past few years, scientists at the at the Advanced Light Source, the Berkeley synchrotron 

facility, have developed a unique setup attached to an X-ray beamline where chemically-

sensitive ambient pressure X-ray photoelectron spectroscopy (APXPS) and structure-sensitive 

grazing incidence X-ray scattering (GIXS) experiments can be performed simultaneously Here, 

we showcase that this tool can provide mechanistic insights that are unparalleled in the literature.   

 

Our novel approach allows us to probe the changing surface and bulk chemistry, and surface and 

bulk structure of the model ceria catalysts in the presence of H2 and CO2 gases. In addition to the 

method itself, the electron density, surface chemistry, and roughness trends observed in ceria 

during the reaction will be discussed in this talk. Access to such a variety of data from working 

catalysts in a single experiment can have far-reaching implications, because changes in surface 

roughness, ability to store hydrogen in the bulk in various forms, and the chemical state of the 

surface, which all depend on the reactive environment, can directly affect the catalyst 

performance. 

 


