JOURNAL OF SOLID STATE CHEMISTRY 107, 299-301 (1993)

Structural Changes Accompanying the Spin-State Transition in
LaCoO;: A Variable Temperature Co-K-EXAFS Study

T. ARUNARKAVALLI, G. U. KULKARNI, anp C. N. R. RAO*

CSIR Centre of Excellence in Chemistry und Solid State and Structural Chemistry Unit, Indian
Institute of Science, Bangalore-560 012, India

Received May 25, 1993; accepted June 14, 1993

Variable-temperature Co-K-EXAFS measurements establish the occurrence of two cobalt sites, proba-
bly associated with the two spin states, above 400 K. The population of the two Co sites becomes

equal around 670 K, at which temperature the change in space group occurs.

Amongst the transition metal oxides, La-
Co0, occupies a special place since it shows
fascinating changes in the electron states of
cobalt with change in temperature, culmi-
nating in a transition from localized to col-
lective-electron behavior at high tempera-
tures (/-3). Furthermore, LaCoO, is one of
the few oxides showing a spin-state transi-
tion (4). Raccah and Goodenough (f), in
their seminal paper, employed X-ray dif-
fraction to investigate the structural changes
in this perovskite and proposed that the
space group changes from R3¢ to R3 around
650 K. In the room-temperature R3c struc-
ture, there is only one Co-site, but in the
R3 structure, there are two distinguishable
octahedral cobalt positions, Co; and Coy,
characterized by widely differing Co-O dis-
tances (~0.5 A), occupied by low- and high-
spin cobalt ions, respectively. Raccah and
Goodenough suggested that there was long-
range ordering of the two spin states in the
high-temperature structure with nearly
equal populations of the two species. The
essential features of this model have been
verified by Mdssbauer spectroscopy and re-
lated techniques (3). More recently, based
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on neutron diffraction studies, Thornton ef
al. (5) have reported that the R3 symmetry
becomes evident only at 668 K and that the
R3c symmetry is retained at all other tem-
peratures. Their 668-K neutron data, how-
ever, vielded a difference of only ~0.02 A
between the two Co—O distances in the R3
structure. Thornton et al. therefore con-
cluded that there was only marginal evi-
dence for spin-state ordering at high temper-
atures. Since the structural changes
involving two Co sites associated with the
high- and low-spin states of trivalent cobalt
is of vital significance in understanding the
properties of LaCo0,, we considered it im-
portant to investigate this oxide by an atom-
specific probe such as extended X-ray ab-
sorption fine structure (EXAFS) which
would directly provide information on the
primary coordination of the cobalt ions. For
this purpose, we have carried out a Co-K-
EXAFS investigation on LaCoO; from 300
to 773 K.

LaCoO; was prepared by the decomposi-
tion of fanthanum cobalticyanide at 1273 K.
The sample was cooled slowly to room tem-
perature at a rate of 1 K/min in order to
avoid quenching of the high temperature
phase. The sample was characterized by X-
ray diffraction using a JEOL diffractometer.
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F1G. |. Fourier transforms of Co K-EXAFS of La-
Co0Oy at 300, 523, and 623 K,

For EXAFS measurements, the sample was
pressed in the form of a self-supporting wa-
fer after mixing with boron nitride and was
mounted in an indigenously developed high-
temperature cell which allowed spectra to
be recorded upto 800 K. Co-K-EXAFS
spectra were recorded at 300, 400, 523, 623,
723, and 773 K using a Rigaku spectrometer
attached to arotating anode X-ray generator
(Rigaku-Ru 200B, Japan). A Ge(220) crystal
was used as the monochromator with a 0.1-
mm slit for X-rays from the Mo target. Fou-
rier transforms (FTs) of the EXAFS data
were obtained with &, ~2.8 and &, ~ 11.8
A~! after weighting the data by &°. Curve-
fitting analysis was carried out using the
multiphasic model mvolving the additive re-
lationship of EXAFS function.

In Fig. 1 we show the Fourier transforms
(FTs) of the Co-K-EXAFS of LaCoO; at 300,
523, and 623 K. The room temperature FT
shows a prominent peak at 1.54 A which, on
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curve-fitting with Co—O parameters from
CoAlLQ,, vielded a coordination number of
6 and a Co-O distance of 1.92 A. The FT
remains nearly the same at 400 K. Interest-
ingly, with increase in temperature to 523
K, the peak due to Co-0 coordination shifts
to 1.36 A and we see a prominent shoulder
around 1.8 A. Curve-fitting of the inverse
transformed data employing a wide R-win-
dow (1.1-2.0 A) gave Co—O coordinations
of 3and 2.2 at 1.72 and 2.2 A. The shoulder
around 1.66 A emerges as a distinct peak at
higher temperatures, with a simultaneous
decrease in the intensity of the feature at
1.36 A (sce the FT at 623 K in Fig. 1). Curve-
fitting analysis (R-window 1-2 A) led to
Co-Q coordinations of ~3 around 1.66 and
2.2 A,

In Fig. 2 we show the variation of the
Co-0 distance with temperature. At 300 and
400 K, there is only one Co-0Q distance
(~1.92 A) corresponding to a single octahe-
dral Co site, while at higher temperatures
(> 523 K), we clearly see two Co-0O dis-
tances around 1.66 and 2.2 A arising from
two distinguishable Co sites. These dis-
tances correspond exactly to those reported
by Raccah and Goodenough (7) for octahe-
dral Co; and Coy; sites. We have estimated
the relative populations of the two Co sites
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F1G. 2. Vanation of Co-0O distances with tempera-
ture: closed circles, indistinguishable Co sites; irian-
gles, Co, site; and squares, Coy site.
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based on the coordination numbers obtained
from the curve-fitting analysis. We find that
only one type of Co site exists below 400 K
and the population of the two sites becomes
nearly equal between 650 and 700 K. This
suggests there could be ordering of the two
spin-states of Co around this temperature.
What is noteworthy is that Thornton er al.
{(4) also found a change in symmetry in this
temperature region.

The features due to Co-La and Co-Co
coordinations can be seen from the FTs
in Fig. 1 in the higher r-region. Accord-
ingly, the peak at 3.12 A (at 300 K) corre-
sponds to Co-La coordination, while the
shoulder around 3.4 A arises due to Co-Co
coordination. It is interesting that two
Co-La peaks emerge at higher tempera-
tures coinciding with the occurrence of
two Co-0O distances.
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The present results establish that two
types of Co-O distances manifest them-
selves in LaCo0O,, probably associated with
the two spin states of trivalent cobalt. The
populations of these two spin states become
nearly equal around 670 K. Interestingly, it
is in this temperature region that Raccah
and Goodenough proposed the occurrence
of spin-state ordering and a change in the
space group from R3¢ to R3.
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