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 Scope of Research
Transition metal oxides display a wide variety of interesting and useful functional properties, including electronic 

conduction, superconductivity, ferroelectricity, and ferromagnetism. In fact, some of these oxides have been used in current 
electronic devices. Our research mainly focuses on perovskite-structured transition metal oxides with novel functional 
properties due to complex couplings between their lattices, 
charges and spins. With advanced oxide-synthesis techniques 
such as high-pressure synthesis and epitaxial thin film growth, 
we are currently exploring such functional  oxides.
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Material Design and High-pressure Synthesis 
of Novel A-site-ordered Perovskites

A-site-ordered perovskite oxides with chemical formula 
AA’3B4O12 have a rich variety of physical and chemical 
properties, such as intersite charge transfer. To further 
 explore novel compounds with this A-site-ordered struc-
ture, we evaluated structural stability by calculating the 
global instability index (GII) with the SPuDS program 
and designed new compounds based on the calculation 
 results. We especially focus on the compound with Mn3+ 
in the square-planar A’ site, A3+Mn3+

3Al3+
4O12 because the 

square-planar coordination of the Mn3+ ion is very rare in 
oxide materials, and it is expected that such unique coor-
dination would have unusual electronic structure and 
 results in interesting magnetic properties. Also selecting 
the non magnetic Al3+ ion in B-site makes it easier to 
 investigate how the square-planarly coordinated Mn3+ ion 
magnetically behaves.

From the structural stability of hypothetical AMn3 

Al4O12 (A = lanthanoid ions or Y ions), we find that the ion-
ic radius in the A-site ion rA increases, GII first decreases 
and reaches a minimum for Dy of which rA is 1.08 Å. With 
further increasing rA, the GII increases. This suggests that 
with the A3+ ions having rA near 1.08Å, the AMn3Al4O12 
structure become most stable. Thus we selected Y, Yb, and 
Dy for the A-site elements.

With high-pressure synthesis technique we have suc-
ceeded in synthesizing those designed compounds with a 
cubic Im-3 AA’3B4O12 perovskite structure.

Structural parameters obtained from the structure 
 refinement well agreed with the “predicted” values. Mag-
netic property measurements revealed that the Mn3+ ions 
at the square-planar A-site provides S = 2 spins, which are 
antiferromagnetically ordered at temperatures ranging 
from 29 to 40 K due to the direct exchange interaction. It 
is also found that the moment of Yb3+ and Dy3+ ion 
showed paramagnetic behaviors even below the antiferro-
magnetic transition temperatures.

Selective Reduction of Layers at Low 
Temperature in Artificial Superlattice Thin 
Films

Oxygen-deficient perovskites AFeO3-δ (A = Sr or Ca 
and δ = 0~1.0) attract much attention because they show 
wide varieties in crystal structures and physical properties 
as a function of oxygen content, and thus they have been 
 studied extensively for more than 40 years. For example, 
SrFeO3 (δ = 0) is a simple perovskite, contains iron ions 
with unusually high valence state (Fe4+), which is stabi-
lized by a strong oxidizing atmosphere, and exhibits 
 metallic conductivity. SrFeO2.5 (δ = 0.5), on the other hand, 
is synthesized at an ambient condition, and its brownmill-
erite structure consists of alternate layers of Fe3+ octahedra 
and tetrahedra, and is an antiferromagnetic insulator. It 
has been demonstrated that low-temperature topochemical 
reduction can make the brownmillerite SrFeO2.5 to an 
 infinite-layer structure SrFeO2 (δ = 1.0). Such a wide range 
of oxygen nonstoichiometry could also be exploited in 
 applications for electrochemical energy generation and 
storage devices.

Recently we found the selective topochemical reduction 
occurs when artificial superlattices with transition-metal 
oxides are treated at a temperature below 300°C with CaH2. 
[CaFeO2]m/[SrTiO3]n infinite-layer/ perovskite artificial 
 superlattice thin films were obtained by low-temperature 
reduction of [CaFeO2.5]m/[SrTiO3]n brownmillerite/per-
ovskite artificial superlattice thin films. By the reduction 
only the CaFeO2.5 layers in the artificial superlattices were 
reduced to the CaFeO2 infinite layers whereas the SrTiO3 
layers were unchanged. The observed low-temperature 
 reduction behaviors strongly suggest that the oxygen ion 
diffusion in the artificial superlattices is confined within 
the two-dimensional brownmillerite layers and the stable 
SrTiO3 layers can act as barriers for the  oxygen diffusion. 
The reduced artificial superlattice could be reoxidized, 
and thus, the selective reduction and oxidation of the con-
stituent layers in the perovskite-structure framework occur 
reversibly.

Figure 1. Crystal structure of A-site-ordered provskite AA’3B4O12.

Figure 2. Reversible changes from [CaFeO2.5]m/[SrTiO3]n to [CaFeO2]m/
[SrTiO3]n superlattice. The oxygen ion diffusion is confined within the 
two-dimensional brownmillerite layers.


