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The development of materials informatics on oxide-ion conductor
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Developments of solid oxide-ion conductors have led to various energy and
environmental technologies such as solid oxide fuel cells, oxygen separation membranes and gas
censors. We have explored new structural-type oxide-ion conductors using the bond valence-based
energy (BVE) and functional density theory (DFT) calculations. Some oxides were picked up as
candidate materials for oxide-ion conductors. These oxides were prepared with solid state reaction
method and their characters such as the crystal structure and electrical conductivity were
investigated. Optimal dopants of target oxide-ion conductors were also explored and the enhancement
of their oxide-ion conductivity was tried. We discovered several kinds of new structure-type
oxide-ion conductors using computational chemistry approach and experiments.
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Fig. 2 XRD patterns of (a) BaSc1.9Ca01SisO10, (0)  Fig. 3  Tauc plots of  BaSc,SizOu,

BaSc1.9Mgo.1Siz010 and (c) BaSc,SizO1o. BaSc1.9Cao 1Si3010, and BaSc1.9Mgo.1SisO1o.
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Fig. 4 P(O;) dependence of electrical
and

conductivities of BaSc;SizO10
BaSc1.9A0.1Si309.95 (A: Mg, Ca) at 800 °C.

Fig. 51Z

Fig. 5 Arrhenius plot of oxide-ion conductivity
of BaSc,Siz010 and BaSci9Cag1Siz0g95 in dry
and wet air, and BaSc1.0M(o.1Siz0g.05 in static air.
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Fig. 5 (@) BV-based energy landscape for an oxide ion in BaSc;SizO10 with the isovalue at 1.5 eV
viewed along the a axis (0.0 <x<1.0,0.0 <y <1.0,0.0 <z <1.0) with blue SiO, tetrahedra, purple
ScOg distorted octahedra and green Ba cations. The red and purple lines with arrows indicate the
possible migration paths in the b axis direction. (b) Crystal structure of BaSc,SizO10 viewed along the
aaxis (0.0 <x<1.0,0.0<y<1.0,0.0<z<1.0). (c) BV-based energy landscape for an oxide ion in
BaSc,Siz01o with the isovalue at 1.67 eV viewed along the b axis (0.0 <x<1.0,0.38 <y <0.61, 0.0 <
z < 1.0). The blue and black lines with arrows denote the possible migration paths in the [10-1] and
[101] directions, respectively. (d) Crystal structure of BaSc,SizO1o viewed along the b axis (0.0 <x <
1.0,0.38<y<0.61,0.0<z<1.0).
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