
Band structure and Fermi surface of (Sr2VO3)2Fe2As2 and (Sr2ScO3)2Fe2As2

Guangtao Wang, Minping Zhang, Lihua Zheng, and Zongxian Yang
College of Physics and Information Engineering, Henan Normal University, Xinxiang, Henan 453007, People’s Republic of China

�Received 3 July 2009; revised manuscript received 11 October 2009; published 2 November 2009�

Inspired by the experience in CuO-based superconductor that larger spacing distance between CuO planes
induced higher superconductivity transition temperature �TC�, some researchers synthesized �Sr2ScO3�2Fe2As2

and �Sr2VO3�2Fe2As2 with the spacing distance between FeAs layers as large as 15.66 Å and found a TC of
37.2 K in the latter compound. Our density-functional calculations indicate that the ground states of
�Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 are stripe antiferromagnetic and checkerboard antiferromagnetic, re-
spectively. The band structure and Fermi surface of �Sr2ScO3�2Fe2As2 are similar to those of LaOFeAs, while
those of �Sr2VO3�2Fe2As2 show significant difference. In �Sr2VO3�2Fe2As2, both Fe 3d and V 3d states con-
tribute to the Fermi surfaces, which implies that the V 3d states may play important roles in the
superconductivity.
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I. INTRODUCTION

The recent discovery1 of superconductivity in the FeAs-
based compound LaFeAsO1−xFx with transition temperature
TC=26 K has generated great excitement. Subsequently,
other related compounds LnFeAsO1−xFx �Ln=Sm, Nd, and
Ce� have been synthesized with TC ranging from 10 K to as
high as 55 K.2–5 This series of compounds crystallized in
ZrCuSiAs structure and have often been abbreviated as
FeAs-1111 system. Later, three new series of compounds,
such as A1−xKxFe2As2 �A=Ba, Sr, Ca, and Eu�,6–10

LixFeAs,11–13 and FeSe1−x,
14 were reported with their maxi-

mum TC at about 38, 18, and 8 K, respectively.
The common features of the above-mentioned FeAs-

based superconductive compounds are that their phases
adopt quasi-two-dimensional crystal structures, where super-
conducting �FeAs� layers are separated by either �LnO�,
�AO� layers, or Li atomic sheets, which act as “charge res-
ervoir.” After analyzing the relationship between the maxi-
mum transition temperature TC and the spacing distance be-
tween neighboring FeAs layers �dFeAs�, we find an interesting
trend that TC raises with the increase in dFeAs �LixFeAs: TC
=18 K, dFeAs=6.4 Å; A1−xKxFe2As2: TC=38 K, dFeAs
=6.5 Å; and SmFeAsOF: TC=55 K, dFeAs=8.7 Å�.2–8,12,13

Such trend has also been revealed in Cu-based supercon-
ductor. For the single-layer systems, such as La1−xSrxCuO4
and Bi2Sr2CuO6, their maximum TC are about 38 K. Increas-
ing the spacing distance between neighboring CuO layers in
double-layer systems, such as YBa2Cu3O7 and
Bi2Sr2CaCu2O8, their maximum TC raise up to 92 K. For
triple-layer system Bi2Sr2Ca2Cu3O10, its spacing distance
further increases, accompanying with a higher TC of 123 K.
Inspired by the experience in CuO-based superconductor,
some researchers believed that the larger spacing distance
may lead to the higher TC and they started to look for FeAs-
based compounds with larger dFeAs. Indeed, some FeAs-
based compounds with dFeAs larger than 15 Å had been fab-
ricated successfully by different groups15–20 and studied by
the first-principles calculations.21 Among these compounds,
�Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 are isostructural
with �Sr4Sc2O6�Fe2P2 while their electrical resistibility are

significantly different. �Sr2VO3�2Fe2As2 and �Sr4Sc2O6�
Fe2P2 show metallic resistivity16,20 while �Sr2ScO3�2Fe2As2
shows insulative resistivity.17 The other important difference
is that �Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 become su-
perconductor at about 17 and 37.2 K, respectively. However,
�Sr2ScO3�2Fe2As2 does not exhibit any signs of supercon-
ductivity down to 1.7 K. Although Shein and Ivanovskii21

had studied the band structure and Fermi surface �FS� of
�Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 by the first-
principles full-potential linearized augmented plane wave
�FLAPW�–generalized gradient approximation �GGA� calcu-
lations, they only involved the nonmagnetic �NM� and ferro-
magnetic �FM� states, without the antiferromagnetic �AF�
state. However, it is well known that the ground states of
both LaOFeAs and BaFe2As2 are stripe antiferromagnetism.
Therefore, it is great in need to study the antiferromagnetic
state for both �Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 in the
present work.

II. METHOD AND DETAILS

The calculations are performed with the BSTATE �Ref. 22�
code, with the ultrasoft pseudopotential plane-wave method.
In order to determine the true ground state, we have consid-
ered four different cases. These are NM, FM, and the two
different AF spin configurations. The first one of the AF con-
figurations is AF1 �checkerboard AF�, where the nearest-
neighbor spins of Fe atoms are antiparallel to each other. The
second AF configuration is AF2 �stripe AF�, where the Fe
spins along the square diagonal are aligned antiferromagneti-
cally. This is the stripe phase, which was first predicted from
the Fermi-surface nesting.23,24 After carefully checking the
convergence with respect to the cutoff energy and the num-
ber of k points, we adopt a cutoff energy of 30 Ry for all the
states and generated K points using the Monkhorst-Pack
scheme with 12�12�4 grids for the NM, FM, and AF1
states and 8�8�4 grids for the AF2 state.

By fixing the lattice constants to the experimental ones,
we optimized the atomic position by minimizing the force on
atoms, where the GGA to exchange-correlation potential in
the Perdew-Burke-Ernzerhof �PBE� form was used.25 For the
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FM and AF1 states, we used the same unit cell as that of NM
state while we used the �2��2 supercell for the AF2 state.
In the calculations of magnetic states, such as FM, AF1, and
AF2 states, the atomic coordinates are the same as those used
in the NM state.

III. RESULTS AND DISCUSSION

A. Nonmagnetic state

The atomic positions for both �Sr2ScO3�2Fe2As2 and
�Sr2VO3�2Fe2As2 are optimized with their lattice constants
fixed to the experimental values. Both the lattice constants
and the atomic position are presented in Table I, where we
also list the experimental atomic positions and the optimized

ones by Shein21 for comparison. From Table I, we can see
that our optimized atomic positions of �Sr2ScO3�2Fe2As2 rea-
sonably agree with Shein’s21 results. For �Sr2ScO3�2Fe2As2,
our optimized FeAs bond length is 0.078 Å shorter than the
experimental one. In LaOFeAs, Yin26 preformed GGA calcu-
lations and found the optimized FeAs bond length is 0.1 Å
shorter than the experimental one. Such difference has been
explained by the effect of spin26,27 and orbital fluctuation.28

The difference between optimized and experimental FeAs
bond length in �Sr2ScO3�2Fe2As2 is smaller than that in
LaOFeAs and BaFe2As2, which indicates that the spin and
orbital fluctuations in �Sr2ScO3�2Fe2As2 is suppressed by the
larger dFeAs.

Let us first study the electronic structure of the NM state
because it has been confirmed that above TC the normal state
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FIG. 1. �Color online� �a� The density of state, �b� band structure, �c� Fermi surface, and calculated Lindhard response function ��q� of
�Sr2VO3�2Fe2As2 in the nonmagnetic state.

TABLE I. The optimized atomic positions in cell of tetragonal �space group P4 /nmm, NM phase�, with
experimental lattice constants. The atomic coordinates from experiment and optimized by Shein are also
listed for comparison. We only list the atomic coordinates in c axis because the atomic coordinates in a axis
and b axis are determined by the symmetry.

�Sr2ScO3�2Fe2As2 �a=4.045 Å and c=15.695 Å� �Sr2VO3�2Fe2As2 �a=3.930 Å and c=15.666 Å�

Atom �site� z Opti �Ref. 21� Expt. �Ref. 20� Atom �site� z

Sr�2c� 0.3172 0.3176 0.3113 Sr�2c� 0.3183

Sr�2c� 0.0860 0.0870 0.0847 Sr�2c� 0.0863

Sc�2c� 0.8052 0.8042 0.8071 V�2c� 0.8011

O1�4f� 0.2170 0.2179 0.2142 O1�4f� 0.2068

O2�2c� 0.9325 0.9325 0.9301 O2�2c� 0.9268

Fe�2b� 0.5000 0.5000 0.5000 Fe�2b� 0.5000

As�2c� 0.5760 0.5778 0.5854 As�2c� 0.5808
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is paramagnetic metal in LaOFeAs and BaFe2As2. The den-
sity of state, band structure, FS and calculated Lindhard re-
sponse function ��q� of �Sr2ScO3�2Fe2As2 in the nonmag-
netic state are presented in Figs. 1�a�–1�d�, respectively. In
Fig. 1�a�, the states between −2 and +2 eV are mostly de-
rived from Fe 3d states, just below which �from −6 to
−2 eV� are the states of O p and As p. The p-d hybridization

between O and Fe is negligible while that hybridization be-
tween As and Fe is sizable. Such results are similar to those
of LnFeAsO1−xFx �Ref. 23� and A1−xKxFe2As2.10 The density
of states �DOS� at Fermi level N�Ef� is 1.64 eV−1 per for-
mula unit. From the N�Ef�, the calculated bare susceptibility
and the specific-heat coefficient are 5.3�10−5 emu /mol and
4.1 mJ / �K2 mol�, respectively, which are smaller than those
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FIG. 2. �Color online� �a� The density of state, ��b� and �c�� band structure, and ��d1�–�d4�� Fermi surface of �Sr2VO3�2Fe2As2 in the
nonmagnetic state. We plot the fat bands, where the symbol size corresponds to the projected weight of Bloch states onto the �b� Fe 3d states
and �c� V 3d states.
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in LaOFeAs �Ref. 23� ��0=8.5�10−5 emu /mol and �0
=6.5 mJ / �K2 mol��.

The band structure and FS of �Sr2ScO3�2Fe2As2 are pre-
sented in Figs. 1�b� and 1�c�, respectively, which show two
holelike FS circling around � and two electronlike FS cir-
cling around M. By shifting the FS around � to M, i.e., by a
vector q= �� ,� ,0�, the holelike FS will largely overlap with
the electronlike FS, suggesting significant nesting effect.
Such nesting effect can be quantitatively estimated by calcu-
lating the Lindhard response function �0�q� as shown in Fig.
1�d�, where �0�q� is strongly peaked at M point for undoped
compound, and it is obviously suppressed and become
slightly incommensurate for both electron doping and hole
doping. The author15 did not find the spin-density wave
�SDW� state maybe because there were some impurities or
oxygen deficiencies in their sample �they also mentioned this
possibility in their following work20�. The suppression of
�0�q� with electron doping can be understood with “rigid”
band shifting. Because the electron doping shifts the Fermi
level up, which tends to reduce the size of the holelike FS
and enlarge the electronlike FS, and it reverses with hole
doping. The existence of strong nesting effect would suggest
that certain kinds of ordering, such as charge-density wave or
SDW,23,24 may develop at low temperature in the undoped
compound, just like LaOFeAs.23,24,29 So we will study the
electronic structure of �Sr2ScO3�2Fe2As2 in the stripe AF
ordering in the next section.

The DOS, band structure, and FS of �Sr2VO3�2Fe2As2,
shown in Figs. 2�a�–2�d�, are significantly different from
those of �Sr2ScO3�2Fe2As2. We can see that the states be-
tween −2 and +2 eV are mainly derived from not only Fe 3d
states but also V 3d states. At the Fermi level, the DOS of
V 3d states is even higher than that of Fe 3d states. From −6
to −2 eV, the states are mainly derived from O p and As p,
which is similar to �Sr2ScO3�2Fe2As2. The p-d hybridization
between O and V is greater than that between As and Fe. The
DOS at Fermi level N�Ef� is 12.88 eV−1, which will induce
magnetic unstable, according to the Stoner criteria.30 From
the N�Ef�, we calculated the bare susceptibility and specific-
heat coefficient are 4.1�10−4 emu /mol and

30.9 mJ / �K2 mol�, respectively. The band structure and FS
are more complex than those of �Sr2ScO3�2Fe2As2. In
�Sr2ScO3�2Fe2As2, all the FS are derived from Fe 3d states
while in �Sr2VO3�2Fe2As2 the holelike FS �Fig. 2�d�1� is
mostly derived from Fe 3d states and the other three elec-
tronlike FS �Figs. 2�d�2–2�d�4�, circling around � point, are
mostly derived from both Fe 3d and V 3d states. From the
fat bands �Figs. 2�b� and 2�c��, we found a very interesting
result that every electronlike FS had two sheets, the inner
sheet coming from Fe 3d states and the outer sheet coming
from V 3d states. The band structure and FS indicate that not
only Fe 3d states but also V 3d states may play important
roles in the superconductivity. From the volumes enclosed by
the holelike and electronlike Fermi surfaces, we find that the
hole and electron carrier density are about 1.36�1021 /cm3

and 1.73�1021 /cm3, respectively. Such result is consistent
with Zhu’s report,20 where they found the carrier is electron
rather than hole at all the measured temperatures.

B. Antiferromagnetic state

As mentioned in the introduction, Shein and Ivanovskii21

had studied the electronic structure of �Sr2ScO3�2Fe2As2 and

TABLE II. The energy �per formulas� of FM, AF1, and AF2
states with respect to NM state �in eV�.

Sample NM FM AF1 AF2

Sc-42622 0.0 0.0 0.0918 0.2216

V-42622 0.0 0.6258 0.6717 0.373

TABLE III. The moment ��B� of Sc, Fe, and V in the FM, AF1,
and AF2 states.

Sample Atom FM AF1 AF2

Sc-42622 Sc 0.0 0.0 0.0

Fe 0.0 1.63 1.88

V-42622 V 1.51 1.50 1.24

Fe 0.03 1.23 1.48
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FIG. 3. �Color online� �a� The density of state, �b� band struc-
ture, and Fermi surface of �Sr2ScO3�2Fe2As2 in the AF2 state.
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�Sr2VO3�2Fe2As2 by the first-principles FLAPW-GGA calcu-
lations. They found nonmagnetic �Sr2ScO3�2Fe2As2 was
formed from nonmagnetic conducting �Fe2As2� layers and
insulating �Sr2ScO3�2 blocks while �Sr2VO3�2Fe2As2 was
constructed of nonmagnetic conducting �Fe2As2� layers and
magnetic half-metallic �Sr4V2O6� blocks.21 That is, to say,
they found the ground states of �Sr2ScO3�2Fe2As2 and
�Sr2VO3�2Fe2As2 are nonmagnetic state and ferromagnetic
state, respectively. However, they only involved the nonmag-
netic and ferromagnetic states, without the antiferromagnetic
state in their calculations. In order to determine the true
ground state, we have calculated the total energies of
�Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 in four different
magnetic states, such as NM, FM, AF1, and AF2. The total
energies �per formulas� of FM, AF1, and AF2 states �with
respect to NM state� are presented in Table II. We can see the
ground states of �Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2 are
AF2 and AF1, respectively. For �Sr2ScO3�2Fe2As2, the
ground-state AF2 is 0.22 eV more favorable than NM state,
which can be understood from the FS nesting effect. Such
nesting effect induced SDW has been well discussed in
LaOFeAs and BaFe2As2.23,24 However, in �Sr2VO3�2Fe2As2,
the FS nesting effect is disappeared and the ground state is
AF1. In Table III, we present the magnetic moments of Sc,
Fe, and V atoms in the FM, AF1, and AF2 states for both
�Sr2ScO3�2Fe2As2 and �Sr2VO3�2Fe2As2. For �Sr2ScO3�2
Fe2As2, the magnetic moment of Sc is zero in all the mag-
netic state while the magnetic moment of Fe is 1.88�B in the
ground state �AF2�. Our FM results �converged to the NM
state� are consistent with Shein’s,21 where they started calcu-
lation from FM state for �Sr2ScO3�2Fe2As2 but the magnetic
moment of Fe converges to zero, so they drew the conclusion
that the ground state was NM state. However, when we in-

clude two types of antiferromagnetic states, the ground state
is AF2 state. In �Sr2VO3�2Fe2As2, the FS nesting effect ab-
sents and the ground state is AF1, where the magnetic mo-
ments of V and Fe are 1.50�B and 1.23�B, respectively.

In order to understand the ground state of
�Sr2ScO3�2Fe2As2, we show the total and projected density
of states, band structure, and FS of AF2 state in Fig. 3. Let us
first focus on the states between −2 and +2 eV because the
property of the compound is mainly determined by the DOS
near Fermi level. It is obviously that this part of DOS are
mostly derived from Fe 3d states, just below which �from −6
to −2 eV� are the states of O p and As p, which is similar to
the results of NM state. However, there is an important dif-
ference that the Fermi level locates at the “pseudogap,”
which may explain why the AF2 state is more stable than the
other states. Unlike nonmagnetic state, there are only two
Fermi-surface sheets, one small hole cylinder circling along
�-Z line and the other small electron pocket locating at the
middle of �-X line. From the volumes enclosed by these
Fermi surfaces, the calculated hole and electron carrier den-
sities are about 1.02�1020 /cm3 and 1.30�1020 /cm3, re-
spectively.

Figure 4 shows the total and projected density of states,
band structure, and FS of �Sr2VO3�2Fe2As2 in AF1 state.
From −2 to +1 eV, the states are mostly derived from both
Fe 3d and V 3d states, just below which �from −6 to −2 eV�
are the states of O p and As p. There are three bands cross-
ing Fermi level. The largest cylinder FS circling along �-Z
and the very small pocket locating at Z point are electronlike
FS. For the large holelike FS, it has two sheets, one circling
along �-Z line, the other circling along M-A line �at the
corner of Brillouin zone�. From the volumes enclosed by
these Fermi surfaces, the calculated hole and electron carrier
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FIG. 4. �Color online� �a� The density of state, ��b� and �c�� band structure, and �d� Fermi surface of �Sr4V2O6�Fe2As2 in AF1 state. We
plot the fat bands, where the symbol size corresponds to the projected weight of Bloch states onto the �b� Fe 3d states and �c� V 3d states.
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densities are about 8.40�1020 /cm3 and 8.37�1020 /cm3, re-
spectively. From the fat bands, we can see that the two cyl-
inder Fermi surfaces, circling along �-Z line, are mostly de-
rived from V 3d states while the sheet centered along M-A
line is mostly derived from Fe 3d states. Combining Fig. 2
with Fig. 4, it obviously shows that the V 3d states show
great contribution to the Fermi surface in both NM and AF1
states. It means that the V 3d states may play important roles
in the superconductivity of �Sr2VO3�2Fe2As2.

In summary, by the first-principles calculations, we have
studied the electron structure of �Sr2ScO3�2Fe2As2 and
�Sr2VO3�2Fe2As2. We find that the Fermi-surface nesting in-
duced stripe antiferromagnetic state �AF2� is the ground state
of �Sr2ScO3�2Fe2As2 while the ground state of

�Sr2VO3�2Fe2As2 is the checkerboard antiferromagnetic state
�AF1�. Both band structure and Fermi surface of
�Sr2ScO3�2Fe2As2 are similar to those of LaOFeAs while
electronic structure of �Sr2VO3�2Fe2As2 shows significant
difference. The V 3d states show great contribution to the
states at Fermi level, which implies that the V 3d states may
play important roles for the superconductivity in
�Sr2VO3�2Fe2As2.
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