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Ceria catalysts present a great potential for the selective hydrogenation of alkynes to alkenes and the hydro-
genation of carbon dioxide to methanol. Recent works suggest that the type of surface and subsurface hy-
drogen may play an important role, affecting both the activity and the selectivity in hydrogenation reactions.
Interaction with hydrogen go typically through two routes: homolytic dissociation to form two hydroxyls
and heterolytic route to form hydride and a proton, although other pathways are possible. The hydrides are
stabilized by oxidizing the cerium atoms next to the oxygen vacancies.

Using simultaneous X-ray photoelectron spectroscopy, X-ray absorption spectroscopy, and grazing incidence
resonant X-ray scattering measurements at ambient conditions, we aim to understand both the structural
and chemical changes occurring during reduction, oxidation, and interaction with hydrogen. We measured
anomalous/resonant X-ray scattering at Ce L5 edge to distinguish between Ce+4 or Ce+3 species revealing
dramatic changes in shape of the form factor. X-ray photoelectron spectroscopy shows that the surface was
most oxidized when annealed in the H2 atmosphere, suggesting formation of hydrides. Ceria can expand
through the process, and this volumetric change can be observed in diffraction measurements. Correlation of
all the simultaneously acquired spectral and diffraction data gains novel insights of the ceria-H2 system.
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