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Reducible metal oxides are crucial for applications such as catalysis and solar 
energy conversion. Among these, cerium oxide (CeO2) stands out for its stability 
and activity, yet its necessary reduction to promote Ce3+ active sites and 
associated oxygen vacancies requires high energy. Ceria doping or mixing with 
other elements has been proven successful in increasing the conversion from 
Ce4+ to Ce3+. In addition to iso-valent and alio-valent doping with cations of 
lower oxidation state than Ce4+, mixing ceria with metallic cations of higher 
oxidation state can induce a charge transfer that promotes and stabilizes Ce3+ 
sites. Among these elements, uranium cations are the most suitable candidates: 
substituting a fraction of Ce4+ with U4+ results in a charge-transfer process that 
promotes the formation of Ce3+ and U5+ states. In particular, the production of H2 
via thermochemical water splitting (TCWS) has been shown to increase 
significantly in powder samples with about 20% U content [1], which has been 
theoretically linked to lower oxygen vacancy formation energies [2].  
 
The fundamental study of the charge-transfer process requires model systems, 
as heat- and mass-transfer limitations are largely absent in polycrystalline 
powders. Using in-situ X-ray photoelectron spectroscopy (XPS) and low-energy 
electron diffraction (LEED), we explored the redox properties and structural 
stability of 6 to 8 nm thick epitaxial (111)-oriented Ce1− U O2 on Ru(0001). The 
as-grown films, prepared by reactive direct-current sputtering from metallic 
targets, exhibit a high Ce4+ to Ce3+ conversion, which is reversible upon 
reducing-oxidizing cycling [3]. Besides, the presence of OH groups after 
reduction and water-exposure cycles is higher in mixed oxides than in reference 
films. However, the concentration of Ce3+ states and oxygen is higher than 
predicted by DFT+U calculations across various U contents and spatial 
ordering. The observed behavior is likely related to the lattice distortion arising 
from the significantly different ionic radii of Ce3+ and U5+. This effect has not 

been considered before in Ce1− U O2 mixed oxides. Our findings highlight the 
important yet often-neglected effect of statistical entropy (cation distribution in 
the lattice), in addition to composition, on the formation of oxygen vacancies, 
thereby enhancing hydrogen production from water. 
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XPS Ce 3d (a) and U 4f (b) regions for Ce1− U O2 films with varying content of 
U (x= 0.05, 0.20, and 0.60). The presence of Ce3+ and U5+ states is evident 
from the direct comparison to reference CeO2 and UO2. On the right side, LEED 
patterns of the (111)-oriented mixed oxide films.  


