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The Spin State Transition in LaCoO3; Revising A Revision

Using the Co-L2,3 edge we reveal that the spin state transition in LaCoO3 can be well described by a low-spin ground
state and a triply-degenerate high-spin first excited state. From the temperature dependence of the spectral
lineshapes we find that LaCoO3 at finite temperatures is an inhomogeneous mixed-spin-state system.

LaCoO3 shows a gradual non-magnetic to magnetic transition
with temperature, which has been interpreted originally four decades
ago as a gradual population of high spin (HS, t2g

4eg
2, S=2) excited

states starting from a low spin (LS, t2g
6, S=0) ground state. This

interpretation was changed after theoretical work of Korotin et al. in
1996, who proposed on the basis of local density approximation +
Hubbard U (LDA+U) band structure calculations, that the excited
states are of the intermediate spin (IS, t2g

5eg
1, S=1) type. Since then

many more studies have been carried out on LaCoO3 with the majori-
ty of them claiming to have proven the presence of this IS mecha-
nism. In fact, this LDA+U work is so influential that it forms the basis
of most explanations for the fascinating properties of the recently
synthesized layered cobaltate materials, which show giant magneto
resistance as well as metal-insulator and ferro-ferri-antiferro-
magnetic transitions with various forms of charge, orbital and spin
ordering. Here we revealed by using the Co-L2,3 XAS spectrum that
the spin state transition in LaCoO3 can be well described by a LS
ground state and a triply degenerate HS excited state, and that an
inhomogeneous mixed-spin-state system is formed.

Fig. 1 shows the set of Co-L2,3 XAS spectra of LaCoO3 taken for a
wide range of temperatures. The set is at first sight similar to the one
reported earlier [3], but it is in fact essentially different in details. First
of all , our set includes a low temperature (20 K) spectrum
representative for the LS state, and second, our spectra do not show a
pronounced shoulder at 777 eV photon energy which is characteristic
for the presence of Co2+ impurities.  The extended temperature range
and especially the purity of the probed samples provide the required
sensitivity for the spin-state related spectral changes.
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