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Evolution of Novel Functions in Perovskite-related Oxides
by Controlling Structures and the Chemical Bonds
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Relationship between physical properties and structure or chemical bond in perovskite-
related oxides has been briefly explained. Magnetic interactions are mainly depending on the
local structures of B-O-B sequence and the electronic state of transition metal ions can be
controlled by tuning the competing A-O and B-O bonds. Origin of the high temperature
quantum paraelectricity in perovskite titanate was explained by the repulsion and Coulomb
forces between Ti-O bonds. An example of the control of quantum paraelectricity to quantum

ferroelectricity in SrTiO3 was introduced.

Finally, ionic conduction in perovskite-related oxides was briefly reviewed.
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Fig.1 Known Ruddelsdon-Popper phase A, +(B,0s+1.
Numbers attached to the elements show the n
for A, +1B,0s, +1. Shaded elements form perovskite

(n=20) only.
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(a) 1 : 1 ordered parovskite
of A,B'BVg.

(b) 1 : 2 ordered perovskite -—=

of A3 8'850g.

(c) 1 : 3 ordered perovskite
of A,8'830y, .

® 8’ o B

Fig.2 B-site cation arrangements in the ordered
perovskites. (a) 1:1 ordered perovskite, (b)1:2
ordered perovskite, (¢) 1:3 ordered perovskite.
Oxygen atoms are not shown in this figure.
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Fig.3 Bonding angle dependence of Weiss temperature
or Curie temperature for ruthenium perovskites.
NN, PN, LN, and LK represents (Nd,Na)RuO;s,
(Pr,Na)RuOs, (La,Na)RuOs3, (La,K)RuO;3, res-
pectively.
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actions among cations in perovskite.
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Fig.5 K;NiF4-type structure with 1:1 ordered

superlattice in the B-site.

Fig.6 Magnetic supersuperexchange couplings between
iron (IV) ty; orbitals involving two nearest

neighboring oxygen atoms in LaSrMgysFe(sOs.
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Fig.7 Environmental structural octahedron (MOg) in
the K:NiFs structure.

Ground state domains for a d¢ electronic
configuration as a function of elengation (or
compression) parameter 6 and field-Racah
parameter ratio (Dq/B){g =(M-0)o,/(M-O);0,}.
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crystalline ReOs.
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Fig.12 Temperature dependence of dielectric constant
for (Ln,Na)TiOs (180 kHz).

Table 1 T, and T, for SrTiOs, CaTiOs, and LagsNagsTiO3
fitted by Barrett's formula.

Compound T,/ K To/ K
SrTiO: 84 38
CaTiOs 104 — 159

LagsNaosTiO3 180 —770
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Table 2 Structural parameters of LaosNaesTiOs and

SrTiOs.
Compound  T./K* ao/A t  dnol/A
LagsNagsTiOs 900 3.873* 098  1.948™
SrTiO; 105 3.905 1.00 1953

*Phase transtion temperature due to a softening of zone bounda
mode.
**Perovskite parameter.

***Determined by Rietveld analysis.

BTHEERN -BL22BRETFHFEERRE, CaTiOy &
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Table 3 Typical perovskite-type ion conductors.

Compound Conducting species
CaTii+AlxO3 -2 027, hole
BaCe;+A, O3 (A =La,Nd) 07, H+
SrCe.95Ybo 0503 5 hole, H*
S1rZri+A<03 (A =In,S¢,Y) hole, H*
CaZr1~A0; hole, H+
La;+S1,Ga;,Mg,03 02
Lnas —3LixTiO; Li+

{Ln =lanthanoid)
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