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Exploration of Novel Electronic and Magnetic Phase Diagrams in

Transition Metal Oxides by Heat Capacity Measurements
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Transition metal oxides with strong electron correlation show a variety of unusual properties.

Establishing the electronic and magnetic phase diagrams as a function of composition and

temperature is a first step in understanding their behavior, and sometimes a crucial step in
discovering novel properties. This article reviews phase-diagram studies on RCoOj3, RMnOs3,
RMn,0s, and Y, ,Bi,RuxO7 (R = rare earth), where heat capacity measurements were instrumental

in identifying the phase transitions and understanding the complex properties. High-pressure

synthesis and synchrotron powder x-ray structural analysis also played important roles in constructing

and understanding the phase diagrams.
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Fig.1 Magnetic and electronic phase diagram of RNiO3

as a function of the ionic radius of rare earth
R (rg). The data are taken from Ref.l and 2.
Inset shows a perovskite structure with the tilting
of the oxygen octahedra.
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Fig.2 Magnetic phase diagram of RMnOQOs. The data for

R = La-Dy are taken from Ref.5. Inset shows a
sketch of the MnO;, framework, orbital order,
and spin order in the ab plane.

ab [ E OGN 72 Sol BAH AR & b 85 O SRS
W7 85 BB OBRE 25252 LI2LoT, 2O
L9 BRSO FHHTE D L L7250 DD, RA
INE L T o THEFNIEROMEEZ AR E B L, BLEES]
LR E 5 TMn3-02-04-Mnl D78 A2 X A RREAA AR
ADTR 2L 0 bDOTHL, TOETANE [FERED
1B 9D & 9 BREEARASE I, BERZERNR 7 MV OIRE
BLORKGEMSHA SNz, Lo L, EBWICEBES
B2 & > TOHRRT T AN A MIHHE SN D E RISGafENE
MOTEIEANZ & A LTSN TB S, A kG
DNT LD o TWRWOT, FEGRY LIRS HEA TV
WIRILTH - 726

DX IR A RRDEEDO 1 DL LT, Hal
DEELRT—ITHAYNF 7 2 0A( 7 A2EF ORI B
% Fig2 D EH1Z, R=TbXDy lZBVTIHLRTHEA
REAREAHIN B 25, 2 AUS RIS X 2 AT fE
LR ER A EAH T Z EAT2003 FEICFER SN0 2
DFERDEREN 7% > T o AR & O BRA
HERIICIS SN, FEICS  ORERFER, T4bb
YNVF T 20 A 7 AMEBIEOTIHEND L)1k o T
TNF T 28 A 7 AIBW AR OBA DB
BEHEOFRBUC L > TREWTH Y, HEdS A A7~
07 AHA MIBWTHIXRHEMHE 2 BFT 5 2 &
HHHICETETH L L2 OND,

ZITC, FEAREBEENEL?S R = Ho-Lu DIRAHE
WEHH2CL, RMnO; DSEELEAMRIZE T 5 2 &
A 7z0 10 Fig.312, 6 GPa FOEIEAKIZE > TR H N

Netsu Sokutei 36 (4) 2009

191

C, / JK-! mol !

0 10

20 30
T/K

Fig.3 Heat capacity of RMnO3 (R = Ho, Er, Tm, Yb,

and Lu). The data taken on both the heating
and cooling directions are shown. The data have
been offset successively by 10 JK-! mol-!
for clarity. Inset shows the data in C, 7! for
R = Ho.
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Fig.4 Heat capacity of RMn,0Os (R = Sm, Eu, Gd, Tb,

Dy, and Y). The data taken on both the heating
and cooling directions are shown. The data
have been offset by 1.2, 0.9, 0.6, 0.3, 0, and 0
JK-2mol-!, respectively, for clarity.
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Fig.5 Electronic phase diagram of RCoOs. The T (p)
values are taken from the resistivity data in
Ref.17. The Tonset (¥) values are taken from
magnetic susceptibility data; see Ref.16 for the

sources.
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Fig.6 Heat capacity of RCoO;. The data for R = La

are obtained from Ref.18. The data have been
offset by 0, 10, 20, 50, 55, 75, 95, 105, 125,
140, and 155 JK-! mol -1, respectively.

R =Sm-Lu ®E% &R L, 300 ~1000 K OiEFHPH TR
KEABERT (DSC) RV Y ¥ VY —EIC L BB
BEEIT 5720 512, FHBLIZB VT SPring-8 THlE
L 72300 K (2B 2 BEHeH R X #inlr/ 8y — > o1) — b
NV MET AT 72,

Fig.6 [ZRCoO; DEFEZ/RT (R = Lald, LIRTOH;

Netsu Sokutei 36 (4) 2009

193

LuYbTmErHo Dy Tb Gd Eu Sm Nd Pr La
5.8 e )
ot 5.4_@b© @000 o 0 4 s B N ]
< 53 e 8 N
3 C/\/_z o @ 8 N q
:a 52; o0 ® C.) o © N
< 5.;5 o |O °~a | Pbnm g?gc'
— —+— ettt
. 220r N
o ° o Q
- 2101 . o o N .
= 200p @ ®° N
< 1.94F I I —t——=
>~ - 300 K
°
S 13gee®9® ¥ oo 300k g i
$ T v %
K
V19204 | o,
3 160- g O T
~ r . .
A 150k m° 4
e sue®®
s | L ' | P L L 1 ' L M| '
140 1.05 1.1 1.15 1.2
IR / A
Fig.7 The rg dependence of lattice parameters, volume,

average Co-O bond distance <Co-O>, and average
Co-0-Co bond angle <6> for RCoOs3. Circles are
synchrotron x-ray data and squares are neutron
data. For the sources of the neutron data, see
Ref.16. For R = La and Nd, low-temperature data
are also shown with inverted triangles. Others
are room-temperature data.
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Fig.8 The structure of pyrochlore lattice with the

geometrical frustration of antiferromagnetic spins.
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Fig.9 Low-temperature heat capacity of Y, ,Bi,Ru,0O1.
Solid lines are the best fits by C, = yT + T3
+ 6 T*InT as described in the text.
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Fig.10 (Top) Phase diagram of Y, (Bi,Ru,07.
(Bottom) The x dependence of the electronic
heat capacity coefficient y and the spin
fluctuation coefficient 8.
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