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Oxides exhibiting predominant proton conductivity in the moderate-temperature range have been well
studied for application of electrolytes in intermediate-temperature fuel cells, which have several
strong points, e. g no use of precious metal catalysts and utilization of low-cost structural
components. However, oxides having both high proton conductivity and high thermal and chemical
stabilities have not been found so far. In the present study, we have theoretically analyzed the proton
conduction mechanisms in oxides at the atomic levels using first-principles calculations, to obtain
the key information for materials design of proton conductors.

The obtained findings are as follows:

(1) Protons are stabilized around oxide ions by forming OH bonds.

(2) Corner-shared oxide ions are not preferred by protons to unshared oxide ions.

(3) Protons are more stabilized by forming hydrogen bonds in oxides with oxygen tetrahedral units.

(4) Protons migrate over a long range by repetition of rotations around oxide ions and hoppings between
the rotational orbits.

(5) Proton hoppings in single oxygen tetrahedral units do not occur, while hoppings insingle octahedral
units occur.

{6) Oxygen polyhedral chains tend to form proton channels in the same directions.

These findings mean that types and networks of oxygen polyhedral units are the key in proton conduction
mechanisms in oxides, which are meaningful information to improve and explore proton conductors.




