Mechanistic insights to the solid-gas interactions of oxides from
advanced spectroscopic methods
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The fascinating and useful properties of oxides are in many instances connected to their interaction with liquids or gases at the phase boundary, the latter especially at elevated temperatures, leading to ubiquitous use-cases such as (electro-)catalysis in energy conversion or gas sensing devices. 
Though the bulk properties of simple oxides such as CeO2 and SrTiO3 are well studied and understood, the surface processes taking place when exposed to reactive gases are less readily accessible. Through the advent of spectroscopic methods such as X-Ray photoelectron and absorption spectroscopies in their high pressure and temperature variants, these tools, formerly confined to ultra-high vacuum conditions, can now be used to investigate surface reactions in situ and in real time. 
In a first example, ceria was found to exhibit a strong dependence of catalytic activity on the exposed crystallographic facets. With an in situ spectromicroscopic approach we could show that this dependence has rather thermodynamic than kinetic reasons. In a second example, the space charge layer formation in donor doped SrTiO3 at elevated pressures and temperatures will be investigated. Here, the electronic and ionic rearrangements are responsive to the oxygen partial pressure, but are confined to the first tens of nanometers of the surface, making the use of ambient pressure spectroscopy a necessity. Quantitative assessment of the spectroscopic response to the oxygen ambiance in conjunction with electrical measurements show a behavior in accordance with the surface oxidation model recently put forth.1,2
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