Q)]
2020 2023

High-pressure synthesis of novel transition-metal oxides and exploring their
functional properties
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In this study, we aimed to synthesize novel transition-metal oxides using a
unique synthetic method and to find novel functional properties in the resulting new materials. We
discovered giant barocaloric effects and multicaloric effects in the A-site-ordered
perovskite-structure oxides. In LaCa2Fe309 with unusually high valence Fe ions synthesized by the
high-pressure method, we found that oxygen ions are released from and incorporated into the
structure at relatively low temperatures, the so-called mid-low temperature range. In addition, we
synthesized CaCo3Ti4012 containing magnetic ions only at the A site in the perovskite structure and
revealed a complex antiferromagnetic structure consisting of three orthogonal spin sublattices. The
obtained results indicate that new materials with novel functional properties can be developed by
using a unique material synthesis method.



N dCU3Fe4012

1
2
1
X
2 Fe
Fe** Co* Cr#*
X
A
1
‘T.S) 30 T T T T T T
‘Tx 25+
= 20
(/)Q
NRE
A hlk( 10+
ol
. o 5t
BiCusCrsO12 A
I\ 0 1 L Il
H 175 180 185 190
RE (K
1

195

180 190 200
mE K

® 1 BiCusCriOnpTHOENREMR(E) &
MIBEMR(B): TILFREDR



Li
Ruddlesden-Popper

LaCagFes0q
La Ca /

Li

LiBr(Li-OHBr);

Sample weight (%)

100.0 &=

Li
2

99.0( d-(LaCay)Fe;0q |
| o-LaCa,Fe;0g
ggoL nair

97.0 o

0 200 400
Temperature (°C)

600

2 LaCayFe;0q

CaC03Ti 4012

3 CaFesTi, O NS E AL RREMEH S EE

9.0
8.8
8.6
8.4
8.2
8.0

Oxygen content (/f.u.)

9K



32 31 15 6

Ji Kunlang Solana- Madruga Elena Patino Midori Amano Shimakawa Yuichi Attfield J. Paul 61

A New Cation- Ordered Structure Type with Multiple Thermal Redistributions in Co2InSb06 2022

Angewandte Chemie International Edition 202203062
DOl

10.1002/anie.202203062

Tan Zhenhong Lussier Joey A. Yamada Takumi Xu Yuanhui Saito Takashi Goto Masato Kosugi 61

Yoshihisa Vrublevskiy Dmitry Kanemitsu Yoshihiko Bieringer Mario Shimakawa Yuichi

LiNbO3- Type Polar Antiferromagnet InVO3 Synthesized under High- Pressure Conditions 2022

Angewandte Chemie International Edition 202203669
DOl

10.1002/anie.202203669

Kan Daisuke Shiraki Hiroshi Horai Shinji Shimakawa Yuichi 61

Film growth mechanism of mist-chemical-vapor-deposited magnetite 2022

Japanese Journal of Applied Physics

065505 065505

DOl
10.35848/1347-4065/ac6aff

Goto Masato Okazaki Masato Shimakawa Yuichi 95

Charge Transfer between Fe and Ti Induced by Ln Substitution and Temperature in the B-Site- 2022
Disordered Perovskites Ln2(FeTi)06 (Ln = La, Pr, and Nd)

Bulletin of the Chemical Society of Japan 1011 1015

DOl
10.1246/bcsj - 20220100




Amano Patino Midori Denis Romero Fabio Koo Hyun-Joo Avdeev Maxim Injac Sean D. A. Goto 3

Masato Whangbo Myung-Hwan Shimakawa Yuichi

Orthogonal antiferromagnetism to canted ferromagnetism in CaCo3Ti4012 quadruple perovskite 2022

driven by underlying kagome lattices

Communications Materials 51
DOl

10.1038/s43246-022-00274-y

Xu Yuanhui Tan Zhenhong Chen Wei-Tin Chang Chung-Kai Chuang Yu-Chun Goto Masato Shimakawa 61

Yuichi

High-Pressure Synthesized Perovskite CdMnO3 with C-Type Antiferromagnetic Spin Configuration 2022

Inorganic Chemistry

21011 21015

DOl
10.1021/acs. inorgchem.2c03497

Wada T. Namiki W. Tsuchiya T. Kan D. Shimakawa Y. Higuchi T. Terabe K.

61

In situ manipulation of perpendicular magnetic anisotropy in half-metallic NiCo204 thin film by
proton insertion

2022

Japanese Journal of Applied Physics

SM1002 SM1002

DOl
10.35848/1347-4065/ac594f

Isoda Yosuke Kan Daisuke Majima Takuya Shimakawa Yuichi

16

Orientation-dependent electrochemical reduction and proton evolution in the oxygen-deficient
perovskite SrFe02.5+y

2023

Applied Physics Express

015506 015506

DOl
10.35848/1882-0786/acac60




Shimakawa Yuichi Kosugi Yoshihisa

Giant caloric effects in charge-spin-lattice coupled transition-metal oxides 2023

Journal of Materials Chemistry A -
DOl

10.1039/D2TA09186K

Shimakawa Yuichi Goto Masato Amano Patino Midori 1

Topotactic Oxygen Release and Incorporation in AFeO3 with Fe4+, AFe02.5 with Fe3+, and AFe02 2022

with Fe2+ (A = Ca and Sr): Dedicated to the Occasion of the 100th Birthday of Prof. John B.

Goodenough

ECS Journal of Solid State Science and Technology 043004/1 6
DOl

10.1149/2162-8777/ac62ee

Guo Haichuan Patino Midori Amano Ichikawa Noriya Saito Takashi Watanabe Rei Goto Masato 34

Yang Minghui Kan Daisuke Shimakawa Yuichi

Oxygen Release and Incorporation Behaviors Influenced by A-Site Cation Order/Disorder in 2021

LaCa2Fe309 with Unusually High Valence Fe3.67+

Chemistry of Materials 345 350
DOl

10.1021/acs.chemmater.1c03686

Goto Masato Oguchi Tamio Shimakawa Yuichi 143

Geometrical Spin Frustration and Monoclinic-Distortion-Induced Spin Canting in the Double 2021

Perovskites Ln2LiFe06 (Ln = La, Nd, Sm, and Eu) with Unusually High Valence Fe5+

Journal of the American Chemical Society

19207 19213

DOl
10.1021/jacs-1c09838




de lIrujo-Labalde Xabier Martinez Amador Ulises Ritter Clemens Goto Masato Patino Midori 60

Amano Shimakawa Yuichi Garcia-Martin Susana

3D to 2D Magnetic Ordering of Fe3+ Oxides Induced by Their Layered Perovskite Structure 2021

Inorganic Chemistry 8027 8034
DOl

10.1021/acs. inorgchem.1c00529

Amano Patino Midori Denis Romero Fabio Goto Masato Saito Takashi Orlandi Fabio Manuel 3

Pascal Szabo Attila Kayser Paula Hong Ka H. Alharbi Khalid N. Attfield J. Paul Shimakawa

Yuichi

Multi-k spin ordering in CaFe3Ti4012 stabilized by spin-orbit coupling and further-neighbor 2021

exchange

Physical Review Research 043208/1 8
DOl

10.1103/PhysRevResearch.3.043208

Kosugi Yoshihisa Goto Masato Tan Zhenhong Kan Daisuke Isobe Masahiko Yoshii Kenji 11

Mizumaki Masaichiro Fujita Asaya Takagi Hidenori Shimakawa Yuichi

Giant multiple caloric effects in charge transition ferrimagnet 2021

Scientific Reports 12682/1 8
DOl

10.1038/s41598-021-91888-8

Takegami D., Sugano S., Shimakawa Y., et al. 12

CaCu3Ru4012: A High-Kondo-Temperature Transition-Metal Oxide 2022

Physical Review X

011017/1 12

DOl
10.1103/PhysRevX.12.011017




76

2021
23 28
DOl
Kosugi Yoshihisa Goto Masato Tan Zhenhong Fujita Asaya Saito Takashi Kamiyama Takashi NA
Chen Wei- Tin Chuang Yu- Chun Sheu Hwo- Shuenn Kan Daisuke Shimakawa Yuichi
Colossal Barocaloric Effect by Large Latent Heat Produced by First- Order Intersite- Charge- 2021
Transfer Transition
Advanced Functional Materials 2009476/ 7
DOl
10.1002/adfm.202009476
Chin Yi-Ying Hu Zhiwei Shimakawa Yuichi Yang Junye Long Youwen Tanaka A. Tjeng Liu Hao 103
Lin Hong-Ji Chen Chien-Te
Charge and spin degrees of freedom in A-site ordered YCu3Co04012 and CaCu3Co04012 2021
Physical Review B 115149/1 8
DOl
10.1103/PhysRevB.103.115149
Injac Sean D. A. Xu Yuanhui Denis Romero Fabio Shimakawa Yuichi 50
Pauli-paramagnetic and metallic properties of high pressure polymorphs of BaRhO3 oxides 2021
containing Rh209 dimers
Dalton Transactions 4673 4679

DOl
10.1039/D1DT00502B




Tan Zhenhong Koedtruad Anucha Goto Masato [lihoshi Makoto Shimakawa Yuichi 60

Layered Hexagonal Perovskite Oxides 21R Ba7Fe5Ge2020 and 12H Ba6Fe3Ge3017 2021

Inorganic Chemistry 1257 1263
DOl

10.1021/acs. inorgchem.0c03423

Koedtruad Anucha Amano Patino Midori Chuang Yu-Chun Chen Wei-tin Kan Daisuke Shimakawa 10

Yuichi

Ruddlesden-Popper phases of lithium-hydroxide-halide antiperovskites: two dimensional Li-ion 2020

conductors

RSC Advances

41816 41820

DOl
10.1039/D0ORA07803D

Abe Yoshiyuki Satoh Iwao Saito Takashi Kan Daisuke Shimakawa Yuichi 32

Oxygen Reduction Reaction Catalytic Activities of Pure Ni-Based Perovskite-Related Structure 2020

Oxides

Chemistry of Materials 8694 8699
DOl

10.1021/acs.chemmater.0c03320

Tan Zhenhong Denis Romero Fabio Saito Takashi Goto Masato Amano Patino Midori Koedtruad 102

Anucha Kosugi Yoshihisa Chen Wei-Tin Chuang Yu-Chun Sheu Hwo-Shuenn Attfield J. Paul

Shimakawa Yuichi

Charge disproportionation and interchange transitions in twelve-layer BaFe03 2020

Physical Review B 054404/1 5

DOl
10.1103/PhysRevB.102.054404




Kamada Taro Ueda Taisei Fukuura Shuta Yumura Takashi Hosokawa Saburo Tanaka Tsunehiro Kan
Daisuke Shimakawa Yuichi

145

Ultralong Distance Hydrogen Spillover Enabled by Valence Changes in a Metal Oxide Surface 2023

Journal of the American Chemical Society 1631 1637
DOI

10.1021/jacs.2c09729

Iihoshi Makoto Goto Masato Kosugi Yoshihisa Shimakawa Yuichi 145

Cascade Charge Transitions of Unusually High and Mixed Valence Fe<sup>3.5+</sup> in the A-Site 2023

Layer-Ordered Double Perovskite SmBaFe<sub>2</sub>0<sub>6</sub>

Journal of the American Chemical Society

10756 10762

DOl
10.1021/jacs-3c01654

Chen Chen Kosugi Yoshihisa Goto Masato Shimakawa Yuichi

11

Thermal properties and phase transition behaviors of possible caloric materials
Bi<sub>0.95</sub>Ln<sub>0.05</sub>NiO<sub>3</sub>

2023

Journal of Materials Chemistry A

15389 15393

DOl
10.1039/D3TA01259J

Goto Masato Okazaki Masato Shimakawa Yuichi 96
Structural and Magnetic Properties of the <i>B</i>-Site-Ordered Double Perovskites 2023
<i>Ln</i>2NiTi06 (<i>Ln</i> = La, Pr, and Nd)

Bulletin of the Chemical Society of Japan 1269 1273

DOl
10.1246/bcsj - 20230154




Shimakawa Yuichi 131

Novel functional properties of charge-transition oxides synthesized under high pressure 2023

Journal of the Ceramic Society of Japan 771 776
DOl

10.2109/jcersj2.23115

Injac Sean D. Mullens Bryce G. Denis Romero Fabio Avdeev Maxim Barnett Christopher Yuen 12

Alexander K. L. Amano Patino Midori Mukherjee Supratik Vaitheeswaran Ganapathy Singh David

J. Kennedy Brendan J. Shimakawa Yuichi

Characterisation of Pb<sub>2</sub>Rh<sub>2</sub>0<sub>7</sub> and 2024

Y<sub>2</sub>Rh<sub>2</sub>0<sub>7</sub>: an unusual case of pyrochlore stabilisation under

high pressure, high temperature synthesis conditions

Journal of Materials Chemistry C 3077 3089
DOl

10.1039/D3TC04389D

Masuno Atsunobu Munakata Sae Okamoto Yoshihiro Yaji Toyonari Kosugi Yoshihisa Shimakawa 63

Yuichi

Crystal-Like Atomic Arrangement and Optical Properties of 2024

25La<sub>2</sub>0<sub>3</sub>?75Mo0<sub>3</sub> Binary Glasses Composed of Isolated

Inorganic Chemistry 5701 5708
DOl

10.1021/acs. inorgchem.4c00176

Watanabe Rei Goto Masato Kosugi Yoshihisa Kan Daisuke Shimakawa Yuichi 36

Oxygen Release and Incorporation Behaviors in BaFeO<sub>3</sub> Polymorphs with Unusually High- 2024

Valence Fe<sup>4+</sup>

Chemistry of Materials 2106 2112

Dol
10.1021/acs.chemmater.3c03236




34 20 19

Yuichi Shimakawa, Y. Kosugi, and M. Goto

Giant entropy changes in charge transition oxides

e-MRS 2022 Spring Meeting

2022

Masato Goto

Structure-property relationships in geometrically frustrated magnets Ln2LiFe0O6 with unusually high valence Fe5+ ion

18th International Conference of Computational Methods in Sciences and Engineering (ICCMSE 2022)

2022

Yuichi Shimakawa

Control of Magnetic Structures in Cation-Ordered Perovskite Oxides

International school and conference on Evolution of Electronic Structure Theory and Experimental Realization

2023

Yuichi Shimakawa, T. Saito, M. Amano Patino, and F. Denis Romero

A-site magnetism in quadruple perovskite structure oxides

APS March Meeting

2023




Yuichi Shimakawa

Control of Magnetic Structures in Cation-Ordered Perovskite Oxides

Reconnecting Oxide Research Meeting

2023

2022

IRCCS

2022

B Ln2LiFe06

35

2022




B Ln2LiFe06

103

2023

Yuichi Shimakawa

Novel materials synthesis under extreme conditions

THERMEC™® 2021

2021

M. Amano Patino and Y. Shimakawa

Complex A-site magnetism in quadruple perovskite materials

25th Congress of the International Union of Crystallography (1UCr2021)

2021

M. Goto, Sean Injac, T. Saito, and Y. Shimakawa

Structural and magnetic properties of geometrically frustrated magnets Ln2LiFe06 (Ln: lanthanoids) with unusually high
valence Fe5+ ion

Pacifichem 2021

2021




Y. Kosugi, M. Goto, A. Fujita, T. Saito, and Y. Shimakawa

Large barocaloric effects in charge transfer oxides containing unusual high valence Fe ions

Pacifichem 2021

2021
2022

Sean Injac
Fe5+ Ln2LiFe06(Ln: )
2021

Injac Sean

Fe5+ Ln2LiFe06
2022

2022




Sean Injac

Fe5 Ln2LiFe06

102

2022

2020

M. Goto

Structural and magnetic properties of B-site-ordered double perovskites Ln2LiFeO6 (Ln: lanthanoid elements) with unusually
high valence Fe5+ ion

The 4th IRCCS International Symposium

2021

76

2021




68

2021

100

2021

Y. Shimakawa, Y. Kosugi, and M. Goto

Giant Multicaloric Effects in Charge-Transition Oxides

MRS Spring Meeting

2023

Y. Shimakawa

Functional properties of charge-transition oxides

KU-VUW Joint Workshop

2023




Y. Shimakawa

Control of magnetic structure by cation order in perovskite structure oxides synthesized under high pressure

TERMEC™ 2023

2023

Y. Shimakawa, T. Saito, M. Amano P., and F. D. Romero

Nontrivial magnetic structures in cubic quadruple perovskites

IUCr 2023

2023

M. Goto

Structure-property relationships in high-pressure-synthesized novel perovskite-type oxides

JSPMIC2023

2023

Y. Shimakawa

Novel functional properties induced by charge transitions in oxides

International Symposium on Solid State Chemistry

2023




Y. Shimakawa

Novel functional properties in charge transition oxide

2023 Taiwan Japan Workshop on Crystals Growth, Analysis & Calculation

2023

Y. Shimakawa

Multiple caloric effects in charge-spin-lattice coupled transition-metal oxides

AMF-AMEC 2023

2023

Y. Shimakawa

Multiple caloric effects in charge-spin-lattice coupled transition-metal oxides

MRM2023/ 1UMRS-1CA2023 Grand Meeting

2023

2023




170

2023

2023

https://www.scl .kyoto-u.ac.jp/~shimakgr/index.html

Advanced Solid State Chemistry, ICR

https://ww.scl _kyoto-u.ac. jp/~shimakgr/indexE.html

(Goto Masato)

(10813545)

(14301)




(Denis Romero Fabio)

(10813537)

(14301)

2021 9 30

10

ISIS

NSRRC

NIMTEC




