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Time-spacial multiscale operand measurements of potential distribution in all
solid-state electrochemical devices
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This study aimed to experimentally evaluate the chemical potential of mobile
species, which is the driving force of reactions and ion transport and is also the main factor
determining the chemical stability of the materials, in all-solid-state electrochemical devices
using solid-state ionic conductors as electrolytes. By combining the potential probe technique with
the synchrotron radiation operando measurement technique, which were originally proposed and
developed by our group, the distribution of the oxygen chemical potential and its temporal change in
an oxide ion-conducting solid electrolyte in a solid oxide cell (SOC) as a model case were
successfully measured in an experimental manner. The obtained results were quantitatively explained
by assuming bipolar diffusion and local equilibrium in the solid electrolyte.
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Fig. 2. Operando measurements of positional distribution and itstemporal change of oxygen chemical
potential within the electrolyte of the solid oxide cell in Fig. 1. Temperature; 973 K, Oxygen partial
pressure; 0.01 bar.
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Fig. 3. Simulated positional distribution and its temporal change of oxygen chemical potential within
the electrolyte of the solid oxide cell in Fig. 1. Temperature; 973 K, Oxygen partial pressure; 0.01 bar.
Ambipolar diffusion of oxide ion and electron holes, and local equilibrium between charged species

are assumed.
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