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In the present study, a first-principles method to quantitatively evaluate the change in local
structure during ionic migration process has been proposed. In this method, the atomic
displacements in a host crystal is expanded by the eigenvectors of the local lattice vibration.
This method was here applied to a proton-conducting oxide, BaZrQO3, as a model system. In
the BaZrOs; crystal, protons migrate over a long-range by repetition of rotation around single
oxide ions and hopping between adjacent oxide ions. The calculated potential barriers of
proton rotation and hopping are 0.17 eV and 0.25 eV, respectively. The local structural
displacements during the proton rotation and hopping were then expanded by the
eigenvectors of lattice vibration. As a result, the proton hopping requires lager change in
local structure than the proton rotation, particularly Zr-O stretching modes, which is a factor
to the higher potential barrier of proton hopping in BaZrO;.
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