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Based on density functional theory, we study the electronic structure, magnetic structure, and linear
optical response in SrFeO2. For its infinite-layer structure with iron square-planar coordination, the
band structure, magnetic exchange interaction, and linear dielectric function show significant
anisotropic behavior. In particular, giant optical anisotropy is found. The absorption edge differs by
0.5 eV between xx and zz components, and the low frequency dielectric constant is found to be 4.26
and 5.11 for �xx and �zz, respectively. These results provide evidence of potential application of this
unique structure. © 2009 American Institute of Physics. �DOI: 10.1063/1.3079402�

Iron, one of the most abundant elements in the earth’s
crust, forms numerous oxides, some of which is widely used
in industry as low-cost ferrite magnets.1 They show a wide
variety of electronic properties, ranging from metallic behav-
ior to insulating one. Most of them possess oxygen octahe-
dral and tetrahedral structures. Recently, Tsujimoto et al.2

reported on the synthesis of the first ternary earth alkaline
oxoferrate SrFeO2, by the reduction of an easy-to-prepare,
slightly oxygen-deficient perovskite SrFeO3−x precursor �x
=0.125� at low temperature with CaH2. The tetragonal
SrFeO2 is isotypic with CaCuO2, which is the mother struc-
ture of high transition temperature superconducting materials
and has the infinite-layer structure with a square-planar
coordination.2–4 As expected from crystal field theory, when
the single spin down electron of Fe2+�d6� occupies the de-
generate orbital �dxz ,dyz�, it should be subjected to orbital
ordering or Jahn–Teller distortion when the temperature is
lowered. However, experiment has not shown any structure
instability, and SrFeO2 maintains the P4 /mmm symmetry
down to 4.2 K.2 In the mean time, antiferromagnetic �AFM�
structure with a very high Néel temperature �473 K� is found
in this layered structure.2 On the other hand, based on local
density approximation plus on-site Coulomb repulsion
method, two theoretical calculations were performed to ex-
plain the absence of Jahn–Teller instability as well as the
origin of high Néel temperature.5,6 In fact, for the real appli-
cation, the lack of apical oxygen in SrFeO2 makes its crystal
structure highly anisotropic, and the high mobility of the
oxygen ions would make it useful as electrodes in solid ox-
ide fuel cell and batteries. In the mean time, the optical re-
sponse will show interesting behavior.

In this letter, based on density functional theory, we re-
veal giant optical anisotropy in SrFeO2. First, with optimized
crystal structure, we compare the total energy of G-type
AFM configuration �with antiparallel spin configuration be-
tween all the nearest neighboring �NN� Fe�, C-type AFM
�with antiparallel intralayer NN and parallel interlayer NN�,
A-AFM �with parallel intralayer NN and antiparallel inter-
layer NN�, and ferromagnetic �FM� spin configurations with
parallel Fe2+ spins. Within Heisenberg model for the spin

degrees of freedom, a sizeable difference in intralayer and
interlayer magnetic exchange interaction is found. Second,
based on independent particle approximation and Fermi
golden rule for the interband transition, we explore the linear
optical response in SrFeO2. The absorption edge as well as
low frequency dielectric constant shows great contrast be-
tween xx and zz components. All these results are consistent
with the unique anisotropic structure and provide evidence of
its potential application in optoelectronics.

Our ab initio calculations are performed using the accu-
rate full-potential projector augmented wave �PAW�
method,7 as implemented in the Vienna ab initio simulation
package.8–11 They are based on density functional theory
with the generalized gradient approximation �GGA�. The on-
site Coulomb interaction is included in the GGA+U ap-
proach with effective U=6 eV for Fe 3d electrons.12 A large
plane-wave cutoff of 500 eV is used throughout, and the
convergence criteria for energy is 10−6 eV. PAW potentials
are used to describe the electron-ion interaction, with 10 va-
lence electrons for Sr �4s24p65s2�, 14 for Fe �3p63d64s2�,
and 6 for O �2s22p4�. Brillouin zone intergrations are per-
formed with tetrahedron method in a 10�10�10
Monkhorst–Pack k-point mesh centered at �.13 The fully re-
laxed crystal structure, as shown in Fig. 1, displays a
P4 /mmm tetragonal symmetry, with a=b=3.990 Å and c
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=3.475 Å, in good agreement with recent experimental data
a=b=3.985 Å and c=3.458 Å.2 A �2a��2a�2c super-
cell is used to include all the types of spin configurations.

We first determine the magnetic ground state as well as
corresponding exchange interaction constant. To do this, we
compare the total energy of the four following types of mag-
netic ordering: G-type AFM, C-type AFM, A-type AFM, and
FM. From the total energy, as listed in Table I, we find that
G-type AFM is the ground state when Hubbard U is in-
cluded, which is in agreement with experimental result. In
the mean time, since the magnetic moments are localized at
Fe2+ ions, the effective model for the spin degrees of free-
dom of SrFeO2 is expected to be a Heisenberg model, with
H=−J1�NNSiSj −J2�NNSiSj −J3�2NNSiSj. Here as shown in
Fig. 1, we consider the interlayer nearest neighboring mag-
netic exchange interactions J1, the intralayer nearest neigh-
boring magnetic exchange interactions J2, and the interlayer
next-nearest neighboring magnetic exchange interactions J3,
with J1=−�1 /4S2��E�F�−E�G�−E�A�+E�C��, J2=−�1 /8S2�
��E�F�−E�G�+E�A�−E�C��, and J3=−�1 /16S2��E�F�
+E�G�−E�A�−E�C��. In the mean time, S=2 for Fe2+ ion.

From Table I, it is noted that both J1 and J2 are AFM, and J3
is FM, consistent with ground G-AFM spin configuration. In
the mean time, J2 is three times larger than J1, showing the
anisotropic behavior in magnetic interactions. Since the
AFM exchange interaction is proportional to 1 /U, as the
decrease of U, all the exchange interaction constant decrease.
Furthermore, the contrast between J2 and J1 increases. On
the other hand, it is noted that calculations within GGA give
a FM ground state, which is inconsistent with experiment.
The on-site Hubbard U includes the strong correlation of d
electrons of Fe. As suggested from previous ab initio calcu-
lations and optical measurement of BiFeO3,14,15 we focus
only on the electronic and optical calculations with U
=6 eV but the use of other U values between 3 and 6 eV do
not change the giant optical anisotropy in SrFeO2 revealed
below.

Electronic structure is displayed in Fig. 2, where G-AFM
SrFeO2 is found to be an insulator with a band gap of 2 eV.
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FIG. 2. �Color online� Total and partial DOS of SrFeO2 with in G-type AFM
spin configuration.
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FIG. 3. �Color online� Total and partial DOS of SrFeO2 with FM spin
configuration.
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FIG. 4. �Color online� Linear optical responses of SrFeO2. �a� Real part of
dielectric function. �b� Imaginary part of dielectric function. �c� Refraction
spectrum. �d� Absorption spectrum. �e� EELS.
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FIG. 5. �Color online� Band structure of G-type AFM SrFeO2. The fatness
associated with the bands is proportional to a Fe �red circles� ion.
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From the orbital selected density of states �DOS�, we can
find that the sixth 3d electron of Fe2+ goes to the z2 spin
down orbital. Unlike xz and yz orbital, z2 orbital does not
degenerate with any other orbital. Therefore, the electronic
structure is stable and consistent with crystal P4 /mmm sym-
metry. In the mean time, the energy level of five orbitals
�either the spin up channel or the spin down channel� does
not agree with the simple crystal field theory. The origin for
this particular orbital occupancy does not rely on the inter-
layer Fe2+–Fe2+ interaction or intralayer Fe2+–O2−–Fe2+ in-
teraction but on a kind of intra-atomic mechanism, where z2

orbitals hybridize with 4s orbitals.6 For the FM spin configu-
ration �see Fig. 3�, the band gap is reduced significantly. Also
Fe d bands are broadened. However, the orbital occupancy
does not change much, verifying the above intra-atomic
mechanism. As shown in the following, such a double occu-
pied z2 orbitals makes the interband transition highly aniso-
tropic.

The optical properties are calculated based on the
independent-particle approximation.16 The imaginary part of
the dielectric function due to direction interband transitions
is given by Fermi golden rule, i.e.,

�aa� =
4�2

��2 �
i�VB,j�CB

�
k

wk�pij
a �2���kj

− �ki
− �� , �1�

where � is the unit-cell volume and � is the photon energy.
VB and CB denote the conduction and valence bands, re-
spectively. The dipolar transition matrix elements pij

a

= �k j�pa�ki	 are obtained from the self-consistent band struc-
tures within the PAW formalism. Here �kn	 is the nth Bloch
state wave function with crystal momentum k and a denotes
the Cartesian component. The real part of the dielectric func-
tion is obtained from �� by a Kramers–Kronig transforma-
tion

����� = 1 +
2

�
P


0

�

d�
��������
��2 − �2 , �2�

where P is the principle value of the integral. In the present
calculations, the � function is approximated by a Gaussian
function with �=0.1 eV. The dense grid of k-points 16
�16�16 with total irreducible 405 k-points, 20 bands per
atom, and the 50 eV of the maximum energy in the integrals
of real part of � are used to guarantee the accuracy of the
present optical calculations. Given the complex dielectric
function ����=�����+ i�����, all the other linear optical
properties can be calculated, e.g., linear refractive index

n��� = ����2��� + ��2��� + �����
2

�1/2

, �3�

and the linear absorption coefficient is related to �� by 	
=��� / �nc�, where c is the velocity of light in the vacuum.

The electron energy loss spectrum �EELS� is given by
Im�−1 /��. As shown in Fig. 4, the optical response show
great contrast between two components. The absorption edge
is found to be 2.5 and 2.0 eV for xx and zz component,
respectively. In the mean time, the low frequency dielectric
constant is 4.26 and 5.11 for �xx and �zz, respectively. These
optical responses can be further understood via the band
structure as shown in Fig. 5. The distribution of d orbitals is
consistent with DOS shown in Fig. 2. In the mean time, z2

orbital shows anisotropic distributed at the top of valence
bands.

In summary, based on density functional theory, we have
revealed anisotropic optical response in SrFeO2. Together
with the electronic band structure and the magnetic exchange
interactions, our calculations are consistent with the unique
crystal structure of SrFeO2 and provide useful aspects of its
potential application in optoelectronics.
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