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Pure and doped Ceria based materials attracted great attention in last two decades due to their
wide range of applications, e.g. catalysts, gas sensors, memristors and micro solid oxide fuel cells.
It is well known that doping and granularity influence the type of conduction, if electronic,
protonic or oxygen ionic. With a systematic study on epitaxial thin films by electrochemical strain
microscopy and hard x-ray photoemission, we answer to the open question on how doping affects
the conduction mechanism and the related surface activity, such as water adsorption and
dissociation with subsequent proton transport in the lattice. We find that at lower Sm
concentration, thanks to presence of Ce3*, the proton conduction is prevalent, featured by lower
activation energy and higher conductivity, which is interpreted in terms of different energy
landscapes involving hydroxyl group and oxygen ions in the crystal lattice. Our work demonstrates
that trivalent doping element concentration must be considered as an important factor for the
design of ceria-based systems, helping in improving the performance of energy storage devices.
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