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Study of multifunctional materials utilizing the spin state of cobalt
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We have for the first time identified an oxide that exhibits magnetic shape
memory effect even at room temperature. The sample (Lal-xSrxCoO (x=0.2)) elongated rapidly when a
magnetic field was applied, and the elongation was maintained even when the field was removed. X-ray
diffraction experiments showed that the fraction of crystalline domains changed, confirming that
the magnetic field induced twinning deformation.
We have investigated the valence and spin states of Co in In203 doped with Co (In2-xCox03). We
found that Co existed in a divalent high-spin state in the amount of Co doped was small (x <0.04).
The amount of Co doping increased, Co existed in the low or intermediate spin state of trivalent.



MnV,0, CoO
50 ~ 250 K
La,_,Sr,Co0; (x =0.2) 180 K
100 K 100 K
La;_,Sr,Co0; (x =0.2)
b.
InNAs  GaAs
TiO, Co In,0; ZnO
Sno,
In,0; Sn ITO In,0; Co
Co
La;_,Sr,Co0; (x =0.2)
350 K
In,03 Co
X
La;_,Sr,Co0; (x =0.2) Floating Zone
X 2
In,_,Co,04
X X
X AlKa
1 La,_,Sr,Co0; (x =02) 2 X 1@  1(b)
180 K 9T
X 1c) B 20 -0 1d)  1(e)
{111}, {222}, 20 -0
[111],
[111], [111], [11T],
B @ :mm,n;uzg
i | — HiMBHIN%
2 La;_,Sr,Co0; (x = ‘\ 2 -
0.2) 2(a) .‘ I
(b) 180 K TO TOREIR#FIANLIH
180 K
2(b) B ‘ - s
I | . .
I ©
250 K =
© Ty,
) I
) After applied magnetic field 9 T at 180 K L ‘\‘ m‘

1 La,_,Sr,Co0; (x =0.2) 2 X



3

La,_,Sr,Co0; (x =

1 R 4 "
(@) (b)
02) 100 ~ 350 K ://IIHL L2F /it ]
141 B=9T - Lok |
100 K 06 T N 1
06f |
10F 04r 1
B, 5 5 0af ]
Zosf 200 _
325 K ol = i
5L — 100K
06 0.4 — 200K 7
— 250K
350 K oal 06 — 300K ]
0.8} 325K
350K
02F -Lop b
12k / 4
4 0.0 L L L L L L L 14 T T L L L L L L
B 9T 0 50 100 150 200 250 300 350 400 08 -6 4 2 2 4 6 8
¢ RE W Hi18 (1)
B,
2 La;_,Sr,Co0; (x=0.2)
6_(a)I100II< L"l T T ] _(b)bool‘( T \l‘ T T -_l’ T ] _((;)ZISOK T T T T T ]
- -
T I
sk 1t w0 1t -
g
3L 4 } 4 } 4
o
5 t f
< o 4 t 4 Lk — i
— | =
1 b /
0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6-(d)§00[{ —T ] [DRE T Lok IR
5 - - L - - -
o 4F 1T 1T b
S
X 3l - =1 | 1 L |
] — -
3
<, 4 L 4 Lk i
1+ f - o - — o —
&_45/7
0 = =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-10-8 -6 4 -2 0 2 4 6 8 10-10-8 -6 4 2 0 2 4 6 8 10-10 -8 -6 -4 -2 2 4 6 10
W35 (T) T35 (T) W35 (1)
3 100 350K
180 K
1 B. M. Emag = VoMB.
Emag
E. = 0,AL/2L = 13 ~ 52 x 10 J/m?
Emag Enag 1
10 ; ; ; ; ; ; : 16
—— Magnetization at 9 T
,,., ::Jidc to eye 1 LaCOO3
sl
12 100 K X
ool 1.0
< g T B, M, Evig
g 08 :F; (K) M (tg/mol) (kJ/m?)
2 g
o4 06 " 100 0.60 L7 21
180 0.70 0387 8.0
N 04 200 1.4 0.0637 2.6
02 250 31 0.0743 6.8
[ 300 55 0.105 17
o . . . . . . . 00
0 50 100 150 200 250 300 350 400
BE K




5 10.124f% ' ) ) ) (ﬂ)' ji 012 }b) o ! ' A
Co o005 o 10l—8 Veul8H) ]
10.123} B N, (24d) o
a CO -&- Cihu]l contrent x :
x =003 =z wmxf 0.8
< Eod
#‘j T
101214 a 006
5(b) 5 ;
Co 10.120F 004
24d 10119} 002}
x = 0.07 P
. . . . o o, . 0.00 . . . . . d
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.00 0.02 0.04 0.06 0.08 0.10 0.12
Cobalt content ¥ Cobalt content ¥
8b
5 Co
6 X
6(b) (©) X
Co3* LaCoO; Co?* CoO 6(d) X
Co Co Co Co?* Co
x = 0.05 Co®* x = 0.08 Co?* Co®t 2:1
Co Co?* 24d Co
Co3* 8b
T — T T T = T T T T T T
(a) Iny ,Co,0; Z g i
= o ™
3 < D c
30x10 £ 7
3
G
2> 20
7]
&
E
10
1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 0
EEIRILF— (V)
(b) In:_xdoXOJ IO measuredI ' I
- x=0044 —fiting 1
- 'COJ‘(Lang) T T T T
=1 - =0 (Co0) N
8
2
7]
&
E
©) In:_XC'oXO] ' 'O measnred' '
b x=0.095 — fitting - 04F . - i
— - -C0’ (LaCoOy) A
=1 - =Co’(Co0) 1
8 0.2f E
i
£ 0.0k L ) i
0.00 0.04 0.08 0.12
J)VULRE x

795 790 785 780

EETIRIF— (eV)
6 X



B E (up/Co)

8

15 , : . .
(a) Iny_,Co,04
42K i
10F n
-8 x=0023
—=- x=0.052 x=0.12
- x=0072
05F o x=0082 — |
B x=0.095
0.0 x=0.095
-0.5F n
x=0.082
-1.0F - |
-15 L L 0 x=0.079
-10 -5 0 5 10 _‘_?_ |
(=]
Hot (T) %
010 (b) In,C0,05 ' 8 x=0.072
300K < 1
-8 x=0023
0051 5 X007 - x=0.052
—6- x=0.082 |
) B x=0.095
Q
m
=0.00 x=0.044
AvJ § 0002—.— =0.023 -
B E 000+ 0%
-0.05 |- : ‘”""‘%. x=0.034
) g 4)001% ] |
§ -0.002
-0.10 0.00 0.1
-0.10 L we 003 x=0.023
10 -5 0 5 10 L | ) " X
0 100 200 300 400
HoH (T) Temperature (K)
7 Inz_xcox()g
7(a) 42 K
7(b) 300 K
7(c) 100 K
Co x =0.04
3.8 peff(C02+,S =3/2 ) =
gJS(E+1) =39 Co 2
3 Co
s§s=0 1 2 3 0 283 490
3 Co S=0 S=1
> |
(@
4 |
)
Q
&
M 3
i
T
4= 21— _
=
T ® measured
1—- © §=0 —
=7 S=1
§=2
0 | | | | | |
0.00 0.02 0.04 0.06 0.08 0.10 0.12

J)NLRE x



3 3 0 1

H.Kumagai, Y.Hara, K.Sato 489

Site occupancy, valence state, and spin state of Co ions in Co-doped In203 diluted magnetic 2019

semiconductor

Journal of Magnetism and Magnetic Materials 165358 1-8
DOl

10.1016/j . jmmm.2019.165358

A. Yokosuka, H. Kumagai, M. Fukuda, K. Ando, Y. Hara, and K. Sato 10

Room temperature magnetic shape-memory effect in strontium-doped lanthanum cobaltite single 2020

crystals

AIP Advances 095217 1-6
DOl

10.1063/5.0021751

Ikeda, Akihiko Matsuda, Yasuhiro H. Sato, Keisuke 125

Two Spin-State Crystallizations in LaCo03 2020

Phys. Rev. Lett. 177202 1-6

DOl
10.1103/PhysRevLett.125.177202

LaCo03 B-T

2019




(La,Sr)Co03

2020

In203

2018

Magnetostriction study of field-induced spin-state transitions of LaCo03

2018

Tio2

2019




(In, La)203

2018

Two spin state crystallizations in LaCo03 at ultrahigh magnetic field

2020

(LaAl03)

2021

Excitonic phases in LaCo03: A magnetostriction study up to 600 T

2021




Yoshihiko Kobayashi,Keisuke Sato,Kichizo Asai

2021

Springer, Singapore

48

Spin-Crossover Phenomena in Perovskite Cobaltites: Their History and Current Status of the
Research

(Hara Yoshiaki)

(30331979) (52101)

(Matsuo Akira)

(70379311) (12601)




