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Standing Out: Unusual Magnetic Transition in Perovskite Oxide Can Help Boost Spintronics 
  
(Tokyo, March 29) Transition metal perovskites oxides exhibit several desirable properties, 
including high-temperature superconductivity and electrocatalysis. Now, scientists at 
Tokyo Institute of Technology explore the structure and properties of a perovskite oxide, 
PbFeO3, in anticipation of the unusual charge distribution and exotic magnetic transitions 
displayed by such systems. They report two of the magnetic transitions, with a distinctive 
transition above room temperature and look into its causes, opening doors to potential 
applications in realizing new spintronic devices. 
 
The advent of electronics has revolutionized our lives to an extent where it is impossible to 
imagine going about our day without relying on an electronic device in some form. What is 
even more remarkable, however, is that we can improve these devices even further by 
harnessing the electron’s “spin”—a property which makes the electron behave like a 
magnet—to create memory devices that are faster and use lower power than traditional 
electronics. Accordingly, the field devoted to this endeavor, aptly called “spintronics”, relies 
on exploiting the “spin state” of the electron. However, controlling spin can be extremely 
tricky, a fact that often leads scientists on a hunt for materials with ordered spin states.  
 
Their attention has recently turned to lead-based transition metal perovskite oxides, a class 
of materials represented by PbMO3 (where the “M” indicates 3d transition metal ion), that 
display rather interesting phase transitions in spin states, making them appealing for practical 
applications.  
 
In a recent study published in Nature Communications, a team of scientists from China, Japan, 
Taiwan, Switzerland, Germany, France, and USA, examined the perovskite oxide PbFeO3, a 
compound that has evaded inspection until now, owing to difficulties in synthesizing samples 
and resolving its crystal structure. “The perovskite family of PbMO3 exhibits complex charge 
distributions and RFeO3 (R = rare earth) shows several interesting spin-related properties, 
such as laser-induced ultrafast spin reorientation, so we expect similarly characteristic charge 
distribution and rich spin-state transitions for PbFeO3,” comment Prof. Masaki Azuma from 
Tokyo Institute of Technology, Japan and Prof. Youwen Long from Chinese Academy of 
Science, who led the study.  
 
Consequently, the team investigated the structure, charge state, and magnetic properties of 
PbFeO3 using a variety of characterization techniques and backed up their observation with 
density functional theory (DFT) calculations.  
 
 

https://www.nature.com/articles/s41467-021-22064-9


The team found that PbFeO3 crystallized into a unique “charge-ordered” state in which a layer 
of Pb2+ ions was interleaved by two layers made up of a mixture of Pb2+ and Pb4+ ions in a 3:1 
ratio, along the direction of layer stacking (Figure 1). On cooling the sample from high 
temperature, the team observed two distinct magnetic phase transitions: a weak 
ferromagnetic transition occurring at 600 K (327°C) characterized by a “canted 
antiferromagnetic” spin ordering (oppositely directed neighboring spins), and a continuous 
spin reorientation (SR) transition at 418 K (145°C) (Figure 2). 
 
The SR transition, although common in all RFeO3 perovskites, stood out in this case because 
it occurred at a much higher temperature compared to those for other perovskites, and unlike 
the R—Fe magnetic interactions usually identified as the cause for this transition, there was 
no such counterpart in the case of PbFeO3. To resolve the conundrum, scientists turned to 
DFT calculations, which revealed that the unique charge ordering in PbFeO3 led to the 
formation of two Fe3+ “sublattices” with competing energies that, in turn, caused the peculiar 
SR transition.  
 
The team is thrilled by these findings and their implications for future applications. “Our work 
provides a new avenue for studying the charge ordering phase and distinctive SR transition 
with potential applications in spintronic devices due to the high transition temperature and 
possible tuning,” remarks the theoretical team leader, Prof. Hena Das. 
 
One thing’s for sure—we’re one step closer to making spintronics the reality of tomorrow!  
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Figure 1. Sketch of unqiue charge ordering in PbFeO3 comprising two types of differently 
charged layers  
Scientists found that PbFeO3 crystallized into a unique state in which a layer composed of Pb2+ 
ions was interleaved by two layers comprising a mixture of Pb2+ and Pb4+ ions in a 3:1 ratio. 
 
  

 
Figure 2. (Left) Magnetic structure of PbFeO3 between 600 K and 418 K. (Right) Magnetic 
phase diagram for PbFeO3   
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On cooling the sample, scientists first observed a weak ferromagnetic transition (WFM) at 600 
K, characterized by a canted antiferromagnetic (CAFM) spin ordering, and then a continuous 
spin reorientation (SR) transition at 418 K. 
 
 
Contact 
Emiko Kawaguchi 
Public Relations Group, 
Tokyo Institute of Technology 
media@jim.titech.ac.jp 
+81-3-5734-2975 
 
 
About Tokyo Institute of Technology  
Tokyo Tech stands at the forefront of research and higher education as the leading university 
for science and technology in Japan. Tokyo Tech researchers excel in fields ranging from 
materials science to biology, computer science, and physics. Founded in 1881, Tokyo Tech 
hosts over 10,000 undergraduate and graduate students per year, who develop into scientific 
leaders and some of the most sought-after engineers in industry. Embodying the Japanese 
philosophy of “monotsukuri,” meaning “technical ingenuity and innovation,” the Tokyo Tech 
community strives to contribute to society through high-impact research.  
https://www.titech.ac.jp/english/ 
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