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Transition-metal oxides show lots of interesting and useful properties. They include ferroelectrics, ferromagnets, 
 conductors, batteries, and so on. These materials are widely used in current electronic devices. The wide variety of their 
crystal structures gives rise to various electronic structures, which lead to interesting and useful physical and chemical 
properties. We are focusing on the fundamental physics and chemistry of these “functional oxides” and seeking new 
 materials with new functions. We are conducting systematic studies of material synthesis based on phase equilibrium 
 information. Precise crystal structures are analyzed by X-ray and neutron diffractions. Electronic and magnetic 
 structures are discussed based on the results of electronic structure calculations and physical property measurements.

 Scope of Research

Publications
Yamada I, Takata K, Hayashi N, Shinohara S, Azuma 

M, Mori S, Muranaka S, Shimakawa Y, Takano M: A 
Perovskite Containing Quadrivalent Iron as a Charge-
disproportionated Ferrimagnet, Angew. Chem. Int. Ed., 47, 
7032-7035 (2008).

Shimakawa Y: A-site Ordered Perovskites with Intrigu-
ing Physical Properties, Inorg. Chem. Mat. Forum, 47, 
8562-8570 (2008).

Oka K, Yamada I, Azuma M, Sato K, Takeshita S, Koda 
A, Kadono R, Takano M, Shimakawa Y: Magnetic Ground 
State of Perovskite PbVO3 with Large Tetragonal Distor-
tion, Inorg. Chem., 47, 7355-7359 (2008).

Inoue S, Kawai M, Shimakawa Y, Mizumaki M, 
Kawamura N, Watanabe T, Tsujimoto Y, Kageyama H, 
Yoshimura K: Single-crystal Epitaxial Thin Films of 
SrFeO2 with FeO2 "infinite layers", App. Phys. Lett., 92, 
[161911-1]-[161911-3] (2008).

 Research Activities (Year 2008)

Assoc Prof
AZUMA, Masaki    

(D Sc)

Program-Specific Assist Prof
ICHIKAWA, Noriya

(D Eng)

Students
NISHIMURA, Kousuke (D3)
KAWAI, Masanori (D2)
OKA, Kengo (D2)
NAKAMURA, Yoshitaka (D1)

PD
TENG, Yonghong

(D Eng)

Post-Doctoral Research Fellow
SMIRNOVA, Olga (D Sc)

HORIKAWA, Takenori (M2)
INOUE, Satoru (M2)
TOYAMA, Takenori (M1)
MATSUMOTO, Kazuya (M1)

Assist Prof
SAITO, Takashi

(D Sc)

Prof
SHIMAKAWA, Yuichi  

(D Sc) 

PD
LONG, Youwen

(D Sc) 



Topics

53ICR ANNUAL REPORT, 2008

Single-crystal Thin Films of  
Infinite-layer Structure SrFeO2 with  
Square-planer Coordination of Fe2+ Ions

There are a number of oxides with transition-metal ions 
such as Fe, Co, and Ni. Ionic states of the transition metals 
can vary in the oxides. For strontium (Sr) and iron (Fe) 
containing perovskite-structure oxides, the oxygen content 
and Fe ionic state were considered to change between 
 SrFeO3 and SrFeO2.5. Last year a new compound, infinite-
layer structure SrFeO2, was reported in Nature to be syn-
thesized by using a low temperature reduction with CaH2.

Immediately after this report, we succeeded in prepar-
ing “single-crystal thin films of infinite-layer structure 
 SrFeO2”. A SrFeO2.5 precursor thin film was first deposited 
by a pulsed-laser-deposition method and the film was then 
reduced at low temper-
ature with CaH2. The 
resultant sample was 
confirmed to be a single-
crystal infinite layer 
 SrFeO2 from X-ray dif-
fraction and absorption 
experiments.

With the epitaxially grown thin-film samples, we can 
investigate mobile behaviors of oxygen ions. The results 
on high oxygen mobility will be useful for fuel-cell appli-
cations. The study on 
single-crystal thin-film 
samples will also reveal 
anisotropic crystal and 
electronic structures of the 
compound. New physical 
properties of the infinite-
layer structure may ap-
pear by using epitaxial 
strain from the substrate 

lattice. The present success of preparing the single-crystal 
thin film SrFeO2 has great impacts on not only research 
fields of fundamental solid state physic and chemistry but 
also application fields of new material synthesis with new 
functions.

PbTiO3 and BiCoO3 with  
Large Polar Distortions

PbTiO3-based ferroelectric and piezoelectric materials 
are widely used in memory devices, actuators, and trans-
ducers. The search for new ferroelectric and piezoelectric 
perovskites had been limited to the systems with d0 ions 
such as Ti4+, Nb5+, and Ta5+ in the B-sites of a perovskite 
ABO3. We have investigated perovskites stabilized at high 
pressures with other transition metals in the B-site and 
lead or bismuth in the A-site. As results, PbVO3 and Bi-
CoO3 are found to be isostructural with PbTiO3. These 
have tetragonal distortions (c/a = 1.229 for PbVO3 and 
1.267 for BiCoO3) much larger than that of PbTiO3 (c/a = 
1.062). The magnetic properties of PbVO3 were the key to 
understand the origin of this large polar distortion. The 
temperature dependence of 
the measured magnetiza-
tion of multidomain single-
crystal samples showed a 
broad maximum centered 
around 180 K, indicating a 
two-dimensional antiferro-
magnetism with frustration. 
The two-dimensional mag-
netism is due to the order-
ing of dxy orbitals, which is 
thought to also be related 
to the large tetragonal dis-
tortion of PbVO3.
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Figure 1. Crystal Structure of SrFeO2.5 
and SrFeO2.

Figure 2. X-ray diffraction of SrFeO2.5 
and SrFeO2.

Figure 3. Temperature dependence 
of magnetic susceptibility of 
PbVO3 crystal and a schematic 
drawing of orbital ordering due to 
a large tetragonal distortion.


