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Thermodynamic studies of spin-state transition and magnetoresistance effects in perovskite-

type oxides are introduced. The temperature dependences of magnetic susceptibility and heat

capacity due to spin-state transition of LaCoOs are well reproduced by introducing a free

energy of mixing of low-spin Co ions in the ground state and high-spin Co ions in the excited

state. The present results indicate that the energy of mixing is negative, which suggests that

repulsive interaction acts between high-spin Co ions. In addition, it was found in metallic

ferromagnets LageSro4Co03, SrRuO3, and CoPts that the magnetoresistance is proportional to

the entropy suppression by applying magnetic fields. This proportional relation was observed

above, at, and just below their Curie temperatures.
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Fig.1 Cubic perovskite structure.
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Fig.2  Splitting of 3d orbitals and electronic configurations

(b) A

of a Co3+ ion at an octahedral site: (a) low-spin,
(b) high-spin, and (c) intermediate-spin states.
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Fig.3 (a) Magnetic susceptibility, (b) heat capacity,

(c) excitation energy, and (d) fraction of high-
spin Co ions for LaCoOs. Circles and lines
represent the experimental data and the

calculated curves, respectively.
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Fig.4 Excitation energy vs. fraction of high-spin Co

ions in LaCoOs;.
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Fig.5 Total energy vs. fraction of high-spin Co ions

in LaCoO;. The solid line is the present result.
O, @, W represent total energies of low-spin,
high-spin, and intermediate-spin states caluculated
by Zhuang et al.'» { (L) represents a total energy
of rock-salt structures composed of high-spin
(intermediate-spin) Co and low-spin Co ions
calculated by Zhuang et al.'¥
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Fig.6 Proposed arrangement of excited Co ions in low-

spin matrix of LaCoOs3: O, low-spin Co ions; @,
high-spin Co ions; M, intermediate-spin Co ions.
(a) present model around 100 K, (b) Goodenough
model around 100 K, (c) present model around
600 K.
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Fig.7 Magnetic susceptibility of LaCo; - :M.03. (a) M =
Al, (b) M=Ga, (c) M=Rh: @, x=0; O, x=0.04;
0, x=0.08; O, x=0.19; A, x=0.50.

DCo% Co &1 WKL DIHHEMEAVNSVEEZ LN
%Al B LU Ga, F7/2Co &0 DA EMIREVEEZ
5N ARh (Rh3+F4dSBLEDIRAY V) CTEff L 723F %
BHL, FORAEREE L7259 ZFOfEH% Fig.7 1R,
Al % Ga DEIRTIREHALERD Y — 7 2 7R $ IR IS iR~
27 ML, RhOBEIWETIEIRALREOVY — 7 2k L7z, D
Z e, BELOAEHAEO/NSWIEE (AL Ga, BA
Y2 Co) |2 & AEMIMLAY ViREER 2 b, BEED
FEREEPKEVWIEER (Rh) 1I2£ 2 EHILEA E VIRE
ERENTHHDOL LTHFETE S, THUITRGEY Ok
RETHh 2,

VI EORRB LOEZENS, MAY Y Co LIKAE Y Co
DOENE B I OEKIL, BA Y VIRE~ DR
12 & > TCo-O M EDLAEEMEAFE RN THIAT 5 2
LilhrbbEZONDL, VWAL L, BHAE Y CoDpR
WEDbLE, EAY Y Co, HAY Y Co, MEOMTET
HESAI L, Co DENTHTANF =D THL ) 2
L Th D EFMIHRL T 5,

Netsu Sokutei 34 (1) 2007



WREME T 7 A9 A b BERR L) O BT e

2.6 FREZXESIZDONT

Fig.5 /R 9 Zhuang HOFERICL B L, [KAE Y Co &
HAE Y CodS1:1 THIEMOBFESZ Lizk DT A
VE= (A) FHHAE DL EOM (W) L KREL
o Tnh, TOZENns, E-fMlIFT EISNOELY LTw
b EMUREENL, ZOYE, FRAY Y CoBIIZ5 TIOH
HAVEHA M &, Fig.6(c) DBT/RT LI IZFHAE Y CoD
FAA AP S I, J8H ORIARIRANE Z 5 0 jEEA B
%o FHEIZLaCo03 13600 K FIEIZ LI > ¥ — 7 % 2075
BIHRRT Y FOR, fALERICS BESEN S NS TD
A VIRBOZALEPE) L EZHNTWA, 600 KPLET
DAY AAREEDTTH % WS TR VDS, HEALY Y
RETHL LT DL, Zhuang bOFEREDLOENE I,
F 72, FOBSIIRIT600 KA TR ODIERI 20258
B o WO BEN BB~ LD L, HRAE Y88
REETRENLT 2D THIUE, A Y CoMIZE [0
HAEHDE S L 3HESITHETE B, 2Eh 0, &EIR
BCIEFHRSMICIERTE LT 2 Ik o Tt
FPEFT2DT, FIAY Y Co NN THEIEST L LD
DT 5> TRE LA DL 572139 B TEIERAELT
EBHHDILEAY, TANVF - FECLIENTES
MHTH 5,

2.7 F&

LaCoO; DAY ¥ 7 1 A F+ — N—Hi513 1950 £ SHF
FEAMTHONT VB, BIETH ZOhRIKEER X /1 = X 4
BAHOFE ETH D, KFETIIRAEAY Y DIHIT D,
b & R m OIMBERGEHE AR T2 2 L IR L7,
AT A DOFTEAE R 2 S AL I TE TV 519
L2 L, 600 K OGB4 2 BFES 27201213, &
HEAY Y ET VTR CETORBEREEE LZET IV
WLFNZ T B EEZ HIA,

3. S EBEMAIC B T3 ERIEREE
I hAE—&DHERE

SIRAE ST a T SRR 2 FEOB S, ORI
RIFPOTH D, EBIZIE, WAL FLT A=,
T RKG, HTIRE)Z: EOMEAET B 7280, BrEdpe L
T, BEIRPUERDCOIIR D2 L3V, #ERICBITA 2
D &9 HEN L BEIPEEOBRE ML 2 L, WEOE
TIREX RS 2 ECEETH LD, T0L) milheE
BILT 2 LIESTEL Y, LEL, ZOHAOKE S
PEEHCE SN DG, Ty baE—dZoflh i
AL B L YFE % A I RS D B

Netsu Sokutei 34 (1) 2007

27

3.1 FERMEAOERIRINER LRSI
A Y VA LTI & [ Tl o 72 IREEDSHREE T H 5 6
AR TIZAE VESNIENDEL, A YV EFOEE
R T 720, BREPDEL S, REAY v LBl
T ((FEET) 5% bRTIE, RET, WHTOR
SR p (M, T) EBUEM (T, H) ORI

X

DRSS 5 2 & PHERIICEIHR STV 51610 22T,
AW HRATE L e WiEsk, SIZREAY Y DAY Y& T4,
m BT DL R, m* TETOEMEE, JIEREAL VL
WIEEFOIHAMENEHER, eld7 2V I AN F—,
M [ SRR T D B
TSP 12 & A ESEHROZE(L

p(T, H)=AS(S+1)

m*) J?

M(T, H) )2] (13)
EF

m sat

Ay p(T)=p(T. H)— p(T, 0) (14)

ELTERE NS, (1)RDH, BRAAHDORGIRDUE

An p(T)=—A'M(T, H)? (15)

ERTIENTE (FHMAMATIEIMT, 0)=0%DT), f#
ST E WAL D2 DM 5 & V) BERIES NS,
SHHI R OIIFETIE Z D15 RICTED W THIT SIS Z
VLS, TSR IR T 52 L iddh D
B, Ak, (13)RITTFHHHEBIC X - TEIENRTHE D,
A Y OEHHHESER SN TS, ZOE, (13)
W REEFT A T ML Lo BN T v, LA
5T, FIEEEANRI DS E S & 7 A SR g R B T
A5)EPH L b b L sN s,

3.2 =B

FIRMEAHR 2 & E 2 WRIEAEUT AR TH AL L D b
HHE - REEEEA D TET A B (LT A TH L T
Y MEE=DIZ)HFAY VESIOHENE R TR L LT
WAL, L, =¥ ha¥— 3 THRE R &0
ek edGhk A (BAIWERLEMN), AC oy o
Y= 2 M) 3 C IR CTH 5, Z 2 TREY & FIN]
L2 EDZALEEE R Do FRTHBEVEIRTIE, B0
ETHRITDIIE AL IR TG LEZ NS, 22
TAMETIE, =v bo—%%
Ay S(T)=S(T, H)—S(T, 0) (16)

TEFRL, Wiy ho ¥ —EoBRzHE L 72,
I b0 E—EIRY T OBE =S



L S

Ago koe S / JK -1 mol !
Ago koe p / Hcm

Ago koe p / Hcm

Ago koe p / Hcm

Agp k0e S / JK-1mol ! Agg koe S / JK~-1 mol !

200
T/ K

100

Fig.8 Temperature dependences of magnetoresistance
(O) and entropy suppression due to 90 kOe
magnetic field (@). (a) LaosSr0.4Co0s, (b) STRuOs,

(c) CoPts.

C(T, H) a7 — fT C(T, 0)
0

An S(T)= f -

dr (17)

WZHEDWCEME L 72, F72, RS F Tl 730 5134

DR AT — 5 DS N Ao 12T, RHALDIE - R

A2 BIE L, ~ 27 A% 2 )V ORBMRR;

Aﬂsmzfy(w) dH (18)
0 oT H

ICHOWTLy Fa Y —EAEE L,

Mg L72aBHI T 7 A A4 MR Lag 6Sro.4Co0s3,
SrRuOs, Lags»sSro.17sMn0s3, B X U CusAu BHHAIE 4T
H5HCoPz ThHbD, WINbBEEMNZ/RL, ZHifiik
LU Tl 2 Ry WETH 5 i ?R?}T‘iﬁﬂﬁliﬁﬂ
Yy L BEIATPATIC % B W TlT o 720 Bk, #AE, EXR
PHUEME 213 Quantum Design 7D PPMS %ﬁﬁﬁ L7z
3.3 #ER-ER

Fig.8 DOl LageSro4Co03, SrRuO;, CoPts DEEEIT

[2006 SEREZH -

28

BEHH
25 ’ . .
@ © 300K
0l T 270K |
. O 245 K (~T¢)
a A 230 K
S 151 :
~ é
a 10l z
= a
n 3
5 L |
04" ‘ -
(b) e 230K
60 " 200K .
¢ 170 K
E[ A IOKETYAN 1
?}L 40 ¥ 150 K g 170 K "". A" 4
=~ 2 160K o7 &7
% 230 &~ ]
- A
<20 3 o’ _
0
E 2
]
=
QU
5 1
I
1
0 ) ) i MZI (ug/f.u.)? )
‘b) 0.2 0.4 0.6 0.8 1
—Ay S/ JK-!mol-!
Fig.9 Magnetoresistance vs. entropy suppression due

to magnetic fields at some temperatures for (a)
LaySro4Co0s3, (b) SrRuOs, (c) CoPts. Inset shows

magnetoresistance vs. squared magnetization.
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to magnetic fields at some temperatures for
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