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Spin State and Spin Crossover Phenomena of
Perovskite-type Cobalt Oxides
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(Received April 7, 2003; Accepted June 20, 2003)

It has been reported that the intermediate spin state becomes the ground state of Co ions
in perovskite-type cobalt oxides and that peculiar spin-crossover phenomena occur in the
oxides. The experimental facts and their interpretation on the spin state and the spin crossover
phenomena of LaCoOs; and ProsCapsCoOs are introduced in comparison with those in spin-
crossover complexes. The spin crossover phenomena of the perovskite-type cobalt oxides are
correlated with the change in electrical resistivity. It has been considered that the correlation
originates from the strong Co 3d e3- O 2p hybridization connecting with the intermediate spin
state. In addition, many facts imply that the roles of vibrational and magnetic energies to the
spin-crossover phenomena are different between perovskite-type cobalt oxides and spin-crossover

complexes.
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Fig.3 Temperature dependences of (@) resistivity and
(b) magnetic susceptibility of LaCoOs3.%
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Fig.4 Temperature dependences of (a) unit cell volume
and difference between the unit cell volume
and Gruneisen-Einestein fit curve for LaCoQs3.9)
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Fig.5 Temperature dependences of heat capacity of
LaCo0s.”
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Fig.6 Temperature dependences of (@) resistivity, (b)
dc magnetization, (c) heat capacity, and (d) lattice
constants and unit cell volume of Pro5CaosC00sa.
The inset of (b) shows the inverse of contribution
to magnetic susceptibility from Co atoms obtained
by subtracting Pr contributions (dashed line in
(b)). The solid lines in the inset indicate the
results of fitting according to Curie-Weiss law.
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Fig.7 (a) Heat capacities of ProsCansCo0s. Temperatures
in the figure indicate the lowest limit of precooling
for respective runs. Two thick solid lines represent
the base lines for estimating the transition enthal py
and entropy. (b) Spontaneous temperature-drift
rates observed in the heat capacity measurements.
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Table 2 Bond lengths and bond angles of ProsCaysCo0s
determined by Rietveld refinements of neutron
diffraction data.

10 K 297 K
Co-0O(1) / O 1.9131(3) 1.9194(3)
Co-0O(1) / O 1.9228(7) 1.921(1)

1.9279(7) 1.927(1)

<Co0-0> / O 1.9213(6) 1.922(1)

0 0(2)-Co-0(2) / ° 90.70(1) 90.99(1)
0 O(1)-Co-0(2) / ° 90.07(5) 90.12(7)
90.10(4) 90.22(6)

<0 0-Co-0> / ® 90.29(3) 90.44(5)

0 Co-O(1)-Co / ° 154.10(7) 158.3(1)

0 Co-0(2)-Co / ° 152.97(4) 157.73(6)

<0 Co-0-Co> / © 153.54(6) 158.0(1)
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Fig. 9 Proposed electronic structures of ProsCagsCoO3
for the low- and high-temperature phases.
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