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Electronic structure of BaFeOs under High Pressure
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It is well-known that high pressure can drive the crystal structural
transition. The electronic structure under high pressure is more
interesting. For example, the delocalization of localized electron in
correlated electron system under high pressure and the Fermi liquid . ‘
behavior of free electron under high pressure. The novel spin order ‘ ,

and electronic structure under high pressure can be studied by

neutron scattering experiment at J-PARC. We investigate the
electronic structure of newly synthesized BaFeO; by high pressure
[1]. This material can be considered as the expansion of SrFeOsz with Fig. 1 Crystal structure of simple cubic BaF'eO;
simple cubic crystal structure shown in Fig. 1. Both of them present helical spin order at ambient pressure [2, 3]
and ferromagnetism (FM) under high pressure [4, 5]. It is significant to study the electronic structure to get some
insight about the FM phase transition under high pressure. Here, we report some calculated result on the evolution
of partial charge density in energy range of (-1.0~0) eV, noting that the Fermi energy of system always shifts to 0
eV. The calculation is done by VASP with local spin density approximation plus Hubbard U (LSDA+U), and on-
site Hubbard U and exchange J is set to 3.0 eV and 0.6 ¢V. In BaFeOs and SrFeOs3, the 3d electrons in Fe** ion fall
into two classes: three of them occupy the localized t2¢ orbital and the left one occupies the double degenerated e,
orbital. The interaction of localized t; electron on neighboring sites is described by superexchange (SE)
interaction mediated by O and the interaction of e, electron on neighboring sites is described by double exchange
(DE). The SE and DE favor the AFM and FM respectively, and the competition between of them will lead to
helical spin order. The interaction between localized tz¢ electron and conducting eg electron can be described by
Hund coupling. The partial charge density in energy range of (-1.0~0) eV calculated in FM BaFeOs with lattice
parameter a=3.97 A and a=3.80 A is shown in Fig. 2a and Fig. 2b respectively. In the Fig. 2a, it is obvious that

l\ el

¢\

(a)

Fig. 2 Partial charge density of FM BaFeO3. (a) Lattice a=3.97 A; (b) lattice a=3.80 A
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the electron below the Fermi level almost concentrates on the O site and it is consistent with the calculated result
of density of state (DOS) [3], where the O2p electron dominates at the Fermi level. Under high pressure, the lattice
parameter can be reduced. The result with lattice a=3.80 A reveals that the Fe3d electron also will make
contribution to the conductivity. The extra electron near the Fermi level is resulting from the enhanced
hybridization under high pressure, although the microscopic mechanism is complicated, associating with the
overlap integral and the charge transfer energy. In fact, the extra Fe3d electron near the Fermi level is spin down
and it will weaken the superexchange by reducing local spin moment [5]. The superexchange interaction is not

monotonically increasing under high pressure.
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