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Development of novel fast ion conductors is a crucial issue for realizing solid oxide fuel cells (SOFCs)
which can operate in low temperatures. While yttria-stabilized zirconia (YSZ) had been well-studied both
by experiments and theories, exploration of other types of materials retaining high ionic conductivities in
lower temperatures is still desired. Experimental studies in the recent twenty years have found some
rare-earth-based oxides having higher ionic conductivities to be promising for operation below 600°C
[1-4], and first-principles simulation studies on the materials have begun [5-9]. As well as doping,
introduction of strain by forming a laminate of nanoscale films was found to be an effective factor for
controlling ionic conduction [3,5]. We studied atomic and electronic properties on oxygen-ionic
conduction of lanthanum gallate (LaGaO3)-, lanthanum germanate (La2GeO5)-, praseodymium nickelate
(Pr2NiO4)- and ceria (CeO2)-based materials by first-principles calculations based on density functional
theory (DFT). We analyzed effects of doping and strain on stable structures, electronic densities of states,
oxygen migration paths and activation energies in order to evaluate their capabilities in application to
electrolytes. We focus on minimum energy paths of oxygen migration based on nudged elastic band
analysis in order to figure out ion conduction properties in low temperatures. The obtained simulation
results of the activation energies showed good agreements with experiments in several aspects. By
analyzing the site dependencies of vacancy formation energies and activation energies, we inferred
possible factors of preventing the oxygen ion conduction. Based on the results, we practiced iterative
materials design procedures that we deduced possibly more promising compositions for the oxygen ion
conduction, confirmed the properties by simulation, inferred the desirable and undesirable factors, and
went back to the deduction of possibly more promising compositions. In the presentation, we will propose
the designed materials and predict their electronic, magnetic and ion conduction properties.
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