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ABSTRACT

Transition-metal oxides show lots of interesting and useful properties. The wide variety of their crystal

structures gives rise to various electronic structures, which lead to various chemical and physical properties. The

author has been interested in such transition-metal oxides and is seeking new materials with novel functional

properties. In this review article new functional properties found in A-site-ordered quadruple perovskite structure

oxides with the unusually high-valence cations are highlighted. Negative thermal expansion was found in

NdCu,Fe,0,, at the intersite-charge-transfer transition temperature near room temperature. The property is useful

for developing materials to compensate the normal positive thermal expansion. Significant latent heat was also

found to be provided by the intersite-charge-transfer transition in NdCu,Fe,O,,. The large latent heat is considered

to be related with unusual first-order magnetic entropy change induced by the charge transition. The large entropy

change can be utilized for thermal control through a caloric effect, which can make effective energy systems for

thermal energy storage and refrigeration.
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a)

Fig. 1 Schematic drawings of a) simple ABO, perovskite structure, b)
a'a’a’ tilt of BO, octahedron, and ¢) AA";B,0,, A-site ordered
quadruple perovskite structure.
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FHIEG K TG T H 2 L TR 72 KC % B L CHMO
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NdCu,Fe,0,, 1 Nd,0,, Cu(NO,),*3H,0, Fe(NO,),*9H,0 %
R E L CIRBEM 24 L, Z1E 1100°C T9 GPadDJET)
T T30 MBS 2 2 & TAM L7z, BUEHG X

N & D HHFEZ ATV, Z2RIARE Im—3 O )7 S HAHEE T H
HIEERME L. T2, BIFIY—2 %) — bV MEIZ
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Fig. 2 Synchrotron X-ray diffraction pattern and the result of Rietveld
structure refinement for NdCu,;Fe,O,, at 400 K. Vertical bars
indicate the Bragg reflection peak positions. The bottom curve
shows the difference between observed and calculated intensities.

[k LB Rina] 870 &% 11 75



Fr BB RETEBR AL AL KL D Rl B 447

MO ED Culf F > 2 EATHY, BFEE b
Fe £ 4 Y OREEMEIEI Cuf 4 EDOBTH A B MEH
(3CU™" + 4Fe*”" — 3Cu” + 4Fe™) XX o TSI N5, FHEE
WZERRATEEINT 5 4 & VB O ZEIZ A 2N 7 =408 &
X BB FIEERICE VRS Tw 5B

COH A EBEMBERE I35 300 K & v FiRiL ok
Z A7, FEAMGOMREHERIC BV CRREIEE LTEHT
M 2 WHZEA LS. 9, ARORENEFS 2
DGR THTERRDH 1.7% & Aok & < Z21ks
% (Fig.3 a)). —MEMICREAMEHIIMEL S B ERERLT 5 5

CES iar"’4“'7 a)'
o 404 5 4
= i AV ~ ]
S 402 L 1.7%
> i ! ]
_Z 400+ ipl.../l‘!
= 308} .

Resistivity (2 cm)

0.001 R B B B
O0———T——T7 71—

w
o

)
()

M/H (10-3cmu mol'l)
S

1 1 s 1 'y 1 1

0
200 250 300 350 400

Temperature (K)

Fig.3 Temperature dependences of a) unit-cell volume, b) resistivity, and
¢) magnetic susceptibility (M/H) of NdCu,Fe,O,,.
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FROGFOWEN LY ET (5F) BHHEIKE L Z2DT,
ZOMTF RO REL LD EETH LD (IEBIE),
NdCu,Fe,0,, TOZALIZE R AR TH 5. FFIZ,
TIAEHRE CTOIEBIR Z #2720 O A BILIRMEL O
BEARDOLNTEY, ZOBMRIEETH L. ZoHM
R ORI T HAAE T- O MBI In-3 L 283, VH
RO EROAIFHATHS, T, 4 MHEHRH
BERBIZ X 5 CFe & Cud A F UMliEOEAL L2k R = 5 4
T A ZADEADF T ERTH S 2 &R E N
TWaY, SEHNRABEIRI 2IEHICE L WHITH 5.

EHIC, ZOmBRE T, BREIRLHEILED | KR
FNCAS RIS LT 527, BRI RO 48 1 72 (5
A AR TIERPIER O K & B2 L (Fig. 3 b)), #
LFE O Y — 7 13K T o JOg @R E~0ER (Fig. 3 ¢)
ZRLTWA., Thid, 4 PHEMBHIEZICL D, Fe
BLUCuA F v DA #AIC AL 5 2 LIS BT
REOEMIGERT S, 2F 0, H—FMIITIF EE T
RN T 5B TREORZEREDOMRNE DS, FFICAY VRE
BTRICBOWTONET 2 RERENEZFELLTBY, 20
R TIEHERICBVWTET - A Y - TR AHBE L2
PEBAEARE B2 L 2R LTS, ZomuilEE2FI TR
X, B ZASHE AR T H S ABIEIRIERE 2 RIS R &0
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Fig. 4 DSC (differential scanning calorimetry) heat flow of NdCu;Fe,O,,
(left axis) and corresponding entropy change AS referred to the
value at 350 K (right axis).
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Fig. 5 Temperature dependence of refined Fe’" magnetic moment in
NdCu,Fe,O,,. The fitting for the refined moments with an S = 5/2
Brillouin function is also shown in a dashed curve.
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Fig. 6 a)Heat flow curves divided by cooling rate dg/dT and (b) corresponding
entropy as functions of temperature of NdCu,Fe,O,, under applied
pressures of 0, 96, 270, and 510 MPa.
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