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Electronic structure of the antiferromagnetic phase of Sr,Co,05
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Abstract

AbD initio calculations analyze the properties of the G-type antiferromagnetic Sr;Co,0s as a high-spin system. The description of the
electronic structure is given; all the Co atoms are in a high-spin state with a small unquenched orbital angular momentum. Thermal
analysis on a polycrystalline sample shows a magnetic phase transition at high temperatures.
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Co oxides are becoming increasingly important nowa-
days due to the great variety of physical properties they
present, such as colossal magnetoresistance [1] or super-
conductivity [2] and the plethora of applications they can
be used for. In particular, oxygen deficient perovskites
present potential applications as electrodes in solid state
fuel cells.

We have carried out density functional theory calcula-
tions on the compound Sr,Co,0s within a full-potential,
all-electron approach by using the WIEN2k software [3].
Electronic correlations were taken into account by means
of the LDA + U approximation [4].

Polycrystalline Sr,Co,Os was synthesized using the
citrate technique method described elsewhere for related
compounds [5]. X-ray diffraction pattern revealed an
orthorhombic crystalline structure with space group
Ibm2. The structure can be described as a brownmillerite-
type [6] with two inequivalent Co atoms: one of them in an
octahedral environment (Col) and the other in a tetra-
hedral environment (Co2). Thermal analysis of the powder
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sample was carried out by differential scanning calorimetry
(DSC). The scans were performed under a nitrogen flow
from 150 to 350°C, using a heating rate of 20 °C/min.

DSC curve (Fig. 1) shows a very clear endothermic peak
at 263.5°C, which can be assigned to the loss of magnetic
ordering. This is in good agreement with early neutron
diffraction studies reporting a Néel transition in this
temperature interval [7].

Sr,C0,05 is a charge-transfer insulator with the O p
levels on top of the valence band and the Co d unoccupied
bands forming the conduction band. We can see in Fig. 2
that the bands with a higher Co d character lie far below
the Fermi energy and the O p levels occupy the bands
closer to the Fermi level. However, the conduction band
has a large d-character.

We can schematically say that both Co atoms are in a
HS state (t3,e; in the case of the octahedral and e}t3, for
the tetrahedral Co).

The electronic structure of Col (distorted octahedral
environment) has the ty, levels split into a lower lying
doublet and a singlet due to the tetragonal distortion
(elongation along x-axis of the oxygen octahedron) that
lifts the d,. level to a higher energy. This can be observed in
Fig. 3 by the non-negligible occupation of the spin-down
channel of levels d,. and d,, that form the doublet.
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Fig. 1. Differential scanning calorimetry of the synthesized Sr,Co,0s.
The inset shows the first derivative of the DSC curve.
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Fig. 2. Partial d DOS plots for all the Co d and O p levels in the unit cell.
A charge-transfer insulator character can be observed. Upper (lower)
panels correspond to spin-up (down) levels.

The tetrahedral environment of Co2 is largely distorted.
The e, doublet is split, being the d,>_,» orbital lowest and,
hence, slightly more occupied than the d;.»_. as can be
seen in Fig. 4. Analyzing the spin-up channel (in this case
the minority channel, since Co2 shown in Fig. 4 is
antiferromagnetically (AF) coupled to Col in Fig. 3), one
can see there is some occupancy of the t,, bands as well due
to the small crystal field splitting: the e, and t, bands
largely overlap, being their bottoms separated by only
0.2eV.

This partial occupation of the minority levels leads to a
small but non-negligible orbital angular momentum
(OAM) parallel to the spin moment. The OAM of the
tetrahedral Co is twice that of the octahedral one (0.3 and
0.15ug, respectively). This is due to the smaller crystal field
splitting observed in Co2.
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Fig. 3. Partial d DOS plots for Col, in a distorted octahedral symmetry.
A HS state can be observed. Upper (lower) panels correspond to spin-up
(down) levels.
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Fig. 4. Partial d DOS plots for Co2, in a distorted tetrahedral symmetry.
A HS state can be observed. Upper (lower) panels correspond to spin-up
(down) levels.

We have studied different magnetic arrangements for the
Co atoms, always considering a HS state for the magnetic
ions in the material. The AF G-type solution (each Co
atom is AF coupled to all its neighbors) is more stable than
a ferromagnetic (FM) solution by about 130 meV/Co. We
also tried an A-type (FM planes coupled AF) and C-type
(FM chains coupled AF) solution. These are 80 and
90meV/Co less stable, respectively. These results are for
GGA + U with U =4eV, with the non-orbitally depen-
dent part of the exchange-correlation potential modeled
utilizing the Perdew—Burke—Ernzerhof scheme [8]. These
results, the big stabilization energy of the G-type AF phase,
are consistent with the very high Néel temperature
observed (537 K).

The magnetic moments calculated inside the muffin-tin
spheres are 3.0ug for both Co atoms. Considering the
values of the OAM calculated, the effective magnetic
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moment would be 3.5u3/Co, consistent with the experi- References
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