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The structural, electronic, and magnetic properties of double perovskite Sr2FeReO6 containing eight different imper-
fections of FeRe or ReFe antisites, Fe1–Re1 or Fe1–Re4 interchanges, VFe, VRe, VO or VSr vacancies have been studied by
using the first-principles projector augmented wave (PAW) within generalized gradient approximation as well as taking into
account the on-site Coulomb repulsive interaction (GGA+U). No obvious structural changes are observed for the imperfect
Sr2FeReO6 containing FeRe or ReFe antisites, Fe1–Re1 or Fe1–Re4 interchanges, or VSr vacancy defects. However, the six
(eight) nearest oxygen neighbors of the vacancy move away from (close to) VFe or VRe (VO) vacancies. The half-metallic
(HM) character is maintained for the imperfect Sr2FeReO6 containing FeRe or ReFe antisites, Fe1–Re4 interchange, VFe,
VO or VSr vacancies, while it vanishes when the Fe1–Re1 interchange or VRe vacancy is presented. So the Fe1–Re1 in-
terchange and the VRe vacancy defects should be avoided to preserve the HM character of Sr2FeReO6 and thus usage in
spintronic devices. In the FeRe or ReFe antisites, Fe1–Re1 or Fe1–Re4 interchanges cases, the spin moments of the Fe (Re)
cations situated on Re (Fe) antisites are in an antiferromagnetic coupling with those of the Fe (Re) cations on the regular
sites. In the VFe, VRe, VO, or VSr vacancies cases, a ferromagnetic coupling is obtained within each cation sublattice,
while the two cation sublattices are coupled antiferromagnetically. The total magnetic moments µtot (µB/f.u.) of the im-
perfect Sr2FeReO6 containing eight different defects decrease in the sequence of VSr vacancy (3.50), VRe vacancy (3.43),
FeRe antisite (2.74), VO vacancy (2.64), VFe vacancy (2.51), ReFe antisite (2.29), Fe1–Re4 interchange (1.96), Fe1–Re1
interchange (1.87), and the mechanisms of the saturation magnetization reduction have been analyzed.
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1. Introduction
Over the past few decades, magnetic double perovskites

with a general chemical formula of A2BB′O6, where A is an
alkaline earth metal or rare earth metal cation, and B and
B′ are 3d and 4d/5d transition-metal (TM) cations, respec-
tively, have been studied, especially the finding of the intrin-
sic tunneling magnetoresistance (TMR) effect at room tem-
perature in Sr2FeMoO6

[1] and Sr2FeReO6
[2] revives the ex-

tensive study of the double perovskites A2BB′O6. Band-
structure calculations reveal that they have a ferrimagnetic
(FiM) half-metallic (HM) character with completely (100%)
spin-polarized transport properties at the Fermi level.[1,2] The
Curie temperatures TC of Sr2FeMoO6 and Sr2FeReO6 are
found to be fairly high, as high as 415 K and 401 K, re-
spectively, making them potential candidates for industrial ap-
plications in magnetoresistive[3] and spintronics[4] devices at
room temperature. Besides experimental works,[1,2,5–13] var-
ious first-principles methods[1,2,14–19] including the local spin
density approximation (LSDA) and the generalized gradient
approximation (GGA) have been used to investigate the elec-
tronic and magnetic properties of the ordered Sr2FeMoO6 and

Sr2FeReO6. It has been found that at the ground state, the
Fe3+(3d5) is in the high spin state of S = 5/2 according to
Hund’s rule, and Mo5+(4d1) and Re5+(5d2) are highly ionized
with valence spin states of S = 1/2 and S = 1, respectively.
Each of the two TM sites, namely, the Fe3+ (3d5, S = 5/2)
and Mo5+ (4d1, S = 1/2) or Re5+ (5d2, S = 1) sites, is be-
lieved to be ferromagnetically (FM) arranged within each sub-
lattice, while the two sublattices are coupled antiferromagnet-
ically (AFM), giving rise to the total spin magnetic moments
of 4 µB and 3 µB per formula unit (f.u.) for Sr2FeMoO6 and
Sr2FeReO6, respectively. The smaller saturation magnetiza-
tions of 3 µB/f.u. and 2.7 µB/f.u. at 4.2 K for Sr2FeMoO6

[1]

and Sr2FeReO6
[2] respectively are attributed to the mis-site-

type disorder of the TM sites.[20–22]

Growth of the double perovskites Sr2FeMoO6 and
Sr2FeReO6 would always lead to a certain degree of imperfec-
tions. For instance, Kobayashi et al.[1] found that 13% of the
Fe and Mo cations in their sintered Sr2FeMoO6 are not on the
respective sublattices. It is theoretically and experimentally
shown that the ordering of the TM Fe and Mo/Re as well as
the oxygen vacancy are the key factors determining the macro-
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scopic magnetic properties of Sr2FeMoO6 and Sr2FeReO6.
The antisite defects, which are defined as the misplacement of
Fe in Mo/Re positions and vice versa, and the oxygen vacancy
generally decrease the saturation magnetization and the Curie
temperature TC.[1,9,10,20–32] Among those works, only Retuerto
et al.[32] investigated the effects of the inherent imperfec-
tions on the properties of Sr2FeReO6 experimentally, they
found that the sample prepared by a soft-chemistry technique
presents 75% of Fe/Re cationic order and an enhanced Curie
temperature of 445 K, while the one prepared by the high-
pressure method generates a complete Fe/Re cationic order
and a superior saturation magnetization. The other experimen-
tal and theoretical works on Sr2FeReO6 are about the external
impurity substitution defects. Experimentally, Jung et al.[9]

found that the FiM behavior of Sr2FeReO6 changes to the
AFM upon Sb substitution. Jung et al.[10] studied the effects of
diamagnetic dilution of the Fe sublattice on the structural and
magnetic properties of Sr2Fe1−xGaxReO6. They found that
the amount of antisite disorder increases with increasing Ga
content. For 0 < x <0.4, only a tetragonal and magnetically
ordered phase is detected. A phase separation into a tetragonal
phase and a cubic phase is detected for x ≥ 0.4. The soft-
chemistry method was also used by Blanco et al.[33] to fabri-
cate Sr2FeReO6, Sr2FeRe0.9Nb0.1O6, and Sr2FeRe0.9Ta0.1O6.
The lower magnetic moments compared to the theoretical ones
were attributed to the antisite disorder of 25% in the B and B′

positions. Blasco et al.[34] found that the replacement of Sr by
La leads to an increase of the unit cell volume and a rise of the
Curie temperature. However, both the saturated magnetic mo-
ment and the room-temperature magnetoresistance decrease
with increasing La content. Theoretically, the effects of Cr
substituting for Fe,[35] La substituting for Sr,[36] and Tc sub-
stituting for Re[37] on the structural, electronic, and magnetic
properties of Sr2FeReO6 have been investigated by using the
first-principles calculations within the density function theory
(DFT) framework. Therefore, in this paper, on the point of
view of the HM character and magnetization reduction, the
structural, electronic, and magnetic properties of the imper-
fect double perovskite Sr2FeReO6 containing eight different
inherent defects of Fe antisite (FeRe), Re antisite (ReFe), Fe1–
Re1 interchange (Fe1–Re1), Fe1–Re4 interchange (Fe1–Re4),
Fe vacancy (VFe), Re vacancy (VRe), O vacancy (VO), and Sr
vacancy (VSr) are studied by using first-principles projector
augmented wave (PAW) within generalized gradient approx-
imation as well as taking into account the on-site Coulomb
repulsive interaction (GGA+U).

2. Calculation method and models
The calculations are performed using the Vienna ab ini-

tio simulation package (VASP) based on the DFT.[38–41] The
interaction between electron and ionic core is represented by
the projector augmented wave (PAW) potentials,[42] which are

more accurate than the ultra-soft pseudopotentials. To treat
the electron exchange and correlation, we choose the Perdew–
Burke–Ernzerhof (PBE)[43] formulation of the generalized
gradient approximation (GGA). We take into account the on-
site Coulomb repulsive interaction (GGA+U) with the effec-
tive U parameters of 2.0 eV for Fe and 1.0 eV for Re,[15,44]

which yields the correct ground state structure of the strong
correlation system. A conjugate-gradient algorithm is used to
relax the ions into their ground states, and the energies and the
forces on each ion are converged within 1.0× 10−4 eV/atom
and 0.02 eV/Å, respectively. The cutoff energy for the plane-
waves is chosen to be 450 eV. The Sr 4s24p65s2, Fe 3d64s2,
Re 5d56s2, and O 2s22p4 electrons are treated as valence elec-
trons. The k-points are sampled according to the Monkhorst–
Pack automatic generation scheme with their origin at the Γ

point[45] and 10 divisions in each direction, together with a
Gaussian smearing broadening of 0.1 eV.

In order to compare the electronic structures of the im-
perfect and the perfect Sr2FeReO6 on the same footing, the
calculations are all performed by constructing a supercell of
4 f.u. (Sr8Fe4Re4O24). As compared with Fig. 1(i) for perfect
Sr8Fe4Re4O24, eight different configurations of the defects
(marked with circles) are considered: (a) Fe antisite (FeRe)

at (0.5, 0.5, 0.5) site (Sr8Fe5Re3O24), (b) Re antisite (ReFe)

at (0, 0.5, 0.5) site (Sr8Fe3Re5O24), (c) Fe1–Re1 interchange
(Fe1–Re1) at (0, 0, 0) and (0, 0, 0.5) sites (Sr8Fe4Re4O24), (d)
Fe1–Re4 interchange (Fe1–Re4) at (0, 0, 0) and (0.5, 0.5, 0.5)
sites (Sr8Fe4Re4O24), (e) Fe vacancy (VFe) at (0, 0.5, 0.5) site
(Sr8Fe3Re4O24), (f) Re vacancy (VRe) at (0.5, 0.5, 0.5) site
(Sr8Fe4Re3O24), (g) O vacancy (VO) at (0.5, 0.5, 0.25) site
(Sr8Fe4Re4O23), and (h) Sr vacancy (VSr) at (0.75, 0.75, 0.75)
site (Sr7Fe4Re4O24).

3. Results and discussion
3.1. Relaxed structures

The relaxed structures of 4 f.u. Sr2FeReO6 with eight dif-
ferent defects (marked with circles) are shown in Figs. 1(a)–
1(h) together with the perfect one in Fig. 1(i) for compari-
son. From Figs. 1(a)–1(d), we can see that, for FeRe, ReFe

antisites and Fe1–Re1, Fe1–Re4 interchanges cases, no ob-
vious structural changes are observed due to the Fe3+ and
Re5+ ions having similar radii of 0.78 Å and 0.72 Å,[46]

respectively. However, from Figs. 1(e) and 1(f), we can
see that, for VFe/VRe vacancy cases, the vanished attrac-
tions of the removed Fe/Re atom make its six nearest neigh-
bor oxygen atoms move close to their nearest Re/Fe neigh-
bors, so the corresponding Re–O/Fe–O bond lengths reduce to
1.881 Å/1.798 Å. While in perfect Sr2FeReO6, the optimized
bond lengths are 1.937 Å/2.008 Å for Re–O/Fe–O bonds, as
shown in Fig. 1(i). Figure 1(g) shows that the vanished re-
pulsive forces of the removed oxygen atom make its eight
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nearest neighbor oxygen atoms move close to the VO vacancy
site. Figure 1(h) shows that there are no obvious structural
changes for the VSr vacancy case. As mentioned in our pre-

vious paper,[47]this is because the interactions between the Sr
atom and its nearest neighbor atoms are very weak due to the
completely filled Sr 4p and 5s subshells.

(a) (b) (c)
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(g) (h) (i)
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Fig. 1. (color online) Optimized structures of imperfect (marked with circles) Sr2FeReO6 of 4 f.u. containing (a) Fe antisite (FeRe), one Fe atom
substituting for one Re atom at (0.5, 0.5, 0.5) site (Sr8Fe5Re3O24), (b) Re antisite (ReFe), one Re atom substituting for one Fe atom at (0, 0.5, 0.5) site
(Sr8Fe3Re5O24), (c) Fe1–Re1 interchange (Fe1–Re1), exchanging Fe and Re positions respectively at (0, 0, 0) and (0, 0, 0.5) sites (Sr8Fe4Re4O24), (d)
Fe1–Re4 interchange (Fe1–Re4), exchanging Fe and Re positions respectively at (0, 0, 0) and (0.5, 0.5, 0.5) sites (Sr8Fe4Mo4O24), (e) Fe vacancy (VFe),
removing one Fe atom from (0, 0.5, 0.5) site (Sr8Fe3Re4O24), (f) Re vacancy (VRe), removing one Re atom from (0.5, 0.5, 0.5) site (Sr8Fe4Re3O24),
(g) O vacancy (VO), removing one O atom from (0.5, 0.5, 0.25) site (Sr8Fe4Re4O23), and (h) Sr vacancy (VSr), removing one Sr atom from (0.75, 0.75,
0.75) site (Sr7Fe4Re4O24). The optimized structure of the perfect Sr2FeReO6 of 4 f.u. (Sr8Fe4Re4O24) is also shown in panel (i) for comparison.

3.2. HM characters

In order to investigate the effects of the defects on the HM
character of the double perovskite Sr2FeReO6, which are very
important for its application in spintronic devices, we show in
Fig. 2 the total density of states (DOS) of 4 f.u. Sr2FeReO6

containing eight different defects of (a) Fe antisite (FeRe), (b)
Re antisite (ReFe), (c) Fe1–Re1 interchange (Fe1–Re1), (d)
Fe1–Re4 interchange (Fe1–Re4), (e) Fe vacancy (VFe), (f) Re
vacancy (VRe), (g) O vacancy (VO), or (h) Sr vacancy (VSr).
We can see that, the HM characters are maintained for imper-
fect Sr2FeReO6 containing (a) FeRe antisite, (b) ReFe antisite,
(d) Fe1–Re4 interchange, (e) VFe vacancy, (g) VO vacancy, or
(h) VSr vacancy, because their down-spin channels (red lines)
cross the Fermi level EF and the up-spin channels (black lines)

open the band gaps Eup−spin
g of 0.614 eV, 0.769 eV, 0.757 eV,

1.371 eV, 1.527 eV, and 1.535 eV, respectively. On the con-
trary, the HM characters are lost for imperfect Sr2FeReO6 con-
taining (c) Fe1–Re1 interchange and (f) VRe vacancy, since
the total DOS of both down-spin (red lines) and up-spin (black
lines) channels cross the Fermi level EF. The HM characters of
the imperfect Sr2FeReO6 are lost for (c) Fe1–Re1 interchange
at (0, 0, 0) and (0, 0, 0.5) sites but maintained for (d) Fe1–
Re4 interchange at (0, 0, 0) and (0.5, 0.5, 0.5) sites, because
the separation distance of 3.945 Å for Fe1–Re1 interchange is
smaller than that of 6.833 Å for Fe1–Re4 interchange. So we
conclude that the near Fe1–Re1 interchange and VRe vacancy
defects should be avoided in order to preserve the HM charac-
ters of the Sr2FeReO6 and thus usage in spintronic devices.
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Fig. 2. (color online) Total density of states (DOS) of imperfect Sr2FeReO6 of 4 f.u. containing (a) Fe antisite (FeRe), (b) Re antisite (ReFe),
(c) Fe1–Re1 interchange (Fe1–Re1), (d) Fe1–Re4 interchange (Fe1–Re4), (e) Fe vacancy (VFe), (f) Re vacancy (VRe), (g) O vacancy (VO), or
(h) Sr vacancy (VSr). The black and red lines represent up-spin and down-spin DOS, respectively, and the Fermi level EF is set at zero energy
and indicated by the vertical blue lines.
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Now we turn to examine the disappearing reason of the
HM character of the imperfect Sr2FeReO6 containing Fe1–
Re1 interchange defect (see Figs. 1(c) and 2(c) for the structure
and the total DOS). The detailed orbital-decomposed density
of states (ODDOS) projected onto the concerned inequivalent
Fe atoms at (0, 0, 0.5) FeRe antisite and (0.5, 0.5, 0) regular
Fe site and Re atoms at (0, 0, 0) ReFe antisite and (0.5, 0.5,
0.5) regular Re site is shown in Fig. 3. It is clear that the total
DOS of the down-spin channel (red line) crossing the Fermi
level EF in Fig. 2(c) for the imperfect Sr2FeReO6 containing
the Fe1–Re1 interchange defect resulted from the hybridiza-
tions of the t2g (dxy, dyz and dzx) states of the Fe and Re atoms
at regular sites and antisites, while the occurrence of the up-
spin state (marked with an arrow in Fig. 2(c)) in the band gap

region of the perfect Sr2FeReO6, i.e., the disappearing rea-
son of the HM character of the imperfect Sr2FeReO6 contain-
ing the Fe1–Re1 interchange defect, is attributed to the small
bonding-antibonding splitting of the up-spin t2g (dxy, dyz and
dzx) states of both antisite ReFe at (0, 0, 0) (especially) and near
antisite FeRe at (0, 0, 0.5) with positive and negative magnetic
moments, respectively. It should be pointed out that such a
small bonding-antibonding splitting of the up-spin t2g (dxy, dyz

and dzx) states also exists in the other imperfect Sr2FeReO6

with HM character, it is just because the split bonding state
and the antibonding state of the up-spin t2g (dxy, dyz and dzx)

orbitals do not cross the Fermi level EF and thus open the var-
ious up-spin band gaps Eup−spin

g (eV) as mentioned above.
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Fig. 3. (color online) Orbital-decomposed density of states (ODDOS) projected onto the concerned inequivalent Fe atoms at (a) (0, 0, 0.5)
FeRe antisite and (b) (0.5, 0.5, 0) regular Fe site and Re atoms at (c) (0, 0, 0) ReFe antisite and (d) (0.5, 0.5, 0.5) regular Re site for imperfect
Sr2FeReO6 containing the Fe1–Re1 interchange defect (see Figs. 1(c) and 2(c) for the structure and the total DOS). The black and red lines
represent up-spin and down-spin DOS, respectively, and the Fermi level EF is set at zero energy and indicated by the vertical blue lines.

3.3. Spin couplings and magnetic moments

In order to investigate the effects of the defects on the spin
coupling and magnetic moments, we show the spin or differ-
ence charge densities (ρspin = ρup−spin−ρdown−spin) in Fig. 4
for imperfect 4 f.u. Sr2FeReO6 containing eight different de-
fects of (a) Fe antisite (FeRe) at (0.5, 0.5, 0.5) site, (b) Re
antisite (ReFe) at (0, 0.5, 0.5) site, (c) Fe1–Re1 interchange
(Fe1–Re1) at (0, 0, 0) and (0, 0, 0.5) sites, (d) Fe1–Re4 in-

terchange (Fe1–Re4) at (0, 0, 0) and (0.5, 0.5, 0.5) sites, (e)
Fe vacancy (VFe) at (0, 0.5, 0.5) site, (f) Re vacancy (VRe)

at (0.5, 0.5, 0.5) site, (g) O vacancy (VO) at (0.5, 0.5, 0.25)
site, or (h) Sr vacancy (VSr) at (0.75, 0.75, 0.75) site. The spin
charge density of the perfect 4 f.u. Sr2FeReO6 is also shown
in Fig. 4(i) for comparison. The yellow (turquoise) isosurfaces
represent the positive (negative) charge density of 0.005 e/Å3

and thus an up-spin (down-spin) moment. In the (100) cross
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sections, the colors blue, turquoise, and green represent the
values of spin charge density in increasing order. We can see
that, firstly, in cases of (a) FeRe antisite at (0.5, 0.5, 0.5) site,
(b) ReFe antisite at (0, 0.5, 0.5) site, (c) Fe1–Re1 interchange
at (0, 0, 0) and (0, 0, 0.5) sites, and (d) Fe1–Re4 interchange
at (0, 0, 0) and (0.5, 0.5, 0.5) sites (each interchange contains
one FeRe antisite pluses one ReFe antisite), the spin moments
of the Fe (Re) cations situated on Re (Fe) antisites are coupled
AFM with those of the Fe (Re) cations on the regular sites. We
also make an FM configuration calculation for each case, i.e.,
all the Fe (Re) moments are positive (negative), but the total
energies are 2.67 eV, 0.00 eV (in fact pushed to the AFM con-
figuration), 0.36 eV, and 0.49 eV higher than the AFM ground
states for the (a) FeRe antisite, (b) ReFe antisite, (c) Fe1–Re1
interchange, and (d) Fe1–Re4 interchange cases, respectively.
Secondly, in cases of (e) VFe vacancy, (f) VRe vacancy, (g)
VO vacancy, and (h) VSr vacancy, an FM coupling is observed
within each cation sublattice, while the two cation sublattices

are AFM coupled. This is similar to the perfect Sr2FeReO6

case shown in Fig. 4(i). Thirdly, as expected, each cation de-
fect affects mainly its six nearest neighbor oxygen atoms. In
cases of (a) FeRe antisite, (c) Fe1–Re1 interchange, (d) Fe1–
Re4 interchange, (e) VFe vacancy, and (f) VRe vacancy, a par-
tial negative spin moment (turquoise) presents on the six near-
est neighbor oxygen atoms, while in the ReFe antisite case
(b), no spin moments are observed on the six nearest neigh-
bor oxygen atoms. Fourthly, the VO vacancy at (0.5, 0.5, 0.25)
site causes the nearest neighbor Re4 cation at central (0.5, 0.5,
0.5) site having a much larger and expansive negative spin mo-
ment (turquoise) and its five survived nearest neighbor oxygen
atoms having a partial negative spin moment (turquoise). Fi-
nally, no spin density distributions at eight Sr sites in cases
(a)–(g) and no obvious influence on the magnetic moment dis-
tributions in case (h) both indicate that the contributions to the
magnetic moment from the Sr atoms are neglectable.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Sr

Fe

Re

O

c

a
b

Fig. 4. (color online) The spin charge density of imperfect Sr2FeReO6 of 4 f.u. containing (a) Fe antisite (FeRe) at (0.5, 0.5, 0.5) site, (b) Re antisite
(ReFe) at (0, 0.5, 0.5) site, (c) Fe1–Re1 interchange (Fe1–Re1) at (0, 0, 0) and (0, 0, 0.5) sites, (d) Fe1–Re4 interchange (Fe1–Re4) at (0, 0, 0) and
(0.5, 0.5, 0.5) sites, (e) Fe vacancy (VFe) at (0, 0.5, 0.5) site, (f) Re vacancy (VRe) at (0.5, 0.5, 0.5) site, (g) O vacancy (VO) at (0.5, 0.5, 0.25) site, or
(h) Sr vacancy (VSr) at (0.75, 0.75, 0.75) site. The spin charge density of the perfect Sr2FeReO6 of 4 f.u. is also shown in panel (i) for comparison.
The yellow (turquoise) isosurfaces represent positive (negative) charge density of 0.005 e/Å3 and thus an up-spin (down-spin) moment. In the (100)
cross sections, the colors blue, turquoise, and green represent the values of spin charge density in increasing order.
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The initial fractional coordinates (x, y, z) and local mag-
netic moments µ (µB) of the Fe and Re atoms on the regular
site and antisites, the total magnetic moments µtot (µB/f.u.),
the HM characters, and the up-spin band gaps Eup−spin

g (eV)
of the imperfect 4 f.u. Sr2FeReO6 containing eight different
defects are summarized in Table 1, together with the values
of the perfect Sr2FeReO6 for comparison. It is clearly shown
that, except for the VRe and VSr vacancy cases, the total mag-
netic moment µtot of the imperfect Sr2FeReO6 system with
one of the other six different defects is smaller than that of
the perfect one. So the smaller measured saturation magneti-
zation of 2.7 µB/f.u. at 4.2 K in Sr2FeReO6

[2] compared to
the theoretical value of 3.0 µB/f.u. can be attributed to vari-
ous defects. Furthermore, from Table 1, we can see that for
the FeRe antisite case, the reduced saturation magnetization is
resulted from the occurrence of antiparallel aligned magnetic
moment −3.926 µB on FeRe antisite. For the ReFe antisite
case, the reduced saturation magnetization is attributed to the
fact that the supplied parallel aligned magnetic moment 1.561
µB by the ReFe antisite is smaller than the disappeared mo-
ment 3.696 µB of the substituted Fe. These two reducing mag-
netization mechanisms occur simultaneously in the Fe1–Re1
(Fe1–Re4) interchange cases, i.e. antiparallel aligned mag-
netic moments −3.929 µB (−3.915 µB) on FeRe antisites and
supplied smaller parallel aligned magnetic moments 1.353 µB

(1.400 µB) by ReFe antisites, leading to the much lower sat-
uration magnetizations of 1.87 µB/f.u. (1.96 µB/f.u.). The

vanishing of a regular site Fe atom and thus the vanishing of
its parallel aligned magnetic moment (3.696 µB) is clearly re-
sponsible for the reduced saturation magnetization of the im-
perfect Sr2FeReO6 with VFe vacancy. Although removing a
Re atom from its regular sublattice leads to decreasing parallel
aligned magnetic moments on its three near Fe2, Fe3, and Fe4
neighbors, both the vanishing (decreasing) antiparallel aligned
magnetic moment on itself (its three near Re1, Re2, and Re3
neighbors) and a slightly increasing parallel aligned magnetic
moment on the Fe1 atom result in a larger saturation magne-
tization of 3.43 µB/f.u. in imperfect Sr2FeReO6 with VRe va-
cancy. Although removing an oxygen atom causes slightly in-
creasing parallel aligned magnetic moments on four Fe atoms
on the regular sublattice, both the vanishing parallel aligned
magnetic moment and especially the increasing antiparallel
aligned magnetic moments on the four Re atoms on the reg-
ular sublattice still lead to the slightly smaller saturation mag-
netization of 2.64 µB/f.u. in the imperfect Sr2FeReO6 con-
taining VO vacancy. Finally, the total magnetic moment µtot

of the imperfect Sr2FeReO6 with VSr vacancy is larger than
that of the perfect one. The reason is that not only the par-
allel aligned magnetic moment of about 3.90 µB for four Fe
atoms is larger than that of 3.696 µB for four Fe atoms in per-
fect Sr2FeReO6, but also the antiparallel aligned magnetic mo-
ment of about −0.71 µB for four Re atoms is smaller than that
of −0.857 µB for four Re atoms in perfect Sr2FeReO6, so the
largest saturation magnetization of 3.50 µB/f.u. is found.

Table 1. The initial fractional coordinates (x, y, z) and local magnetic moments µ (µB) of the Fe and Re atoms on the regular site and
antisites, the total magnetic moments µtot (µB/f.u.), half-metallic characters, and up-spin band gaps Eup−spin

g (eV) of imperfect 4 f.u.
Sr2FeReO6 containing eight different defects. The values corresponding to the perfect Sr2FeReO6 are also shown for comparison.

Coordinates Fe antisite Re antisite Fe1–Re1 interchange Fe1–Re4 interchange Fe vacancy Re vacancy O vacancy Sr vacancy
Perfect

(x, y, z) (FeRe) (ReFe) (Fe1–Re1) (Fe1–Re4) (VFe) (VRe) (VO) (VSr)

Fe

Fe1(0, 0, 0) 3.910 3.926 ReFe ReFe 3.868 3.970 3.901 3.889 3.696
Fe2(0, 0.5, 0.5) 3.953 ReFe 3.925 3.962 VFe 3.265 3.886 3.905 3.696
Fe3(0.5, 0, 0.5) 3.919 3.927 3.950 3.936 3.954 3.177 3.918 3.905 3.696
Fe4(0.5, 0.5, 0) 3.884 3.916 3.921 3.912 3.862 3.131 3.733 3.898 3.696

FeRe(0.5,0.5,0.5) −3.926 FeRe −3.915 FeRe

FeRe(0, 0, 0.5) −3.929 FeRe

Re

Re1(0, 0, 0.5) -0.548 –1.192 FeRe –0.670 –0.594 –0.396 –1.156 –0.714 –0.857
Re2(0, 0.5, 0) –0.578 –1.161 –0.763 –0.781 –0.650 –0.376 –1.254 –0.712 –0.857
Re3(0.5, 0, 0) –0.630 –1.210 –0.847 –0.831 –0.576 –0.398 –1.276 –0.712 –0.857

Re4(0.5,0.5,0.5) FeRe –1.246 –0.891 FeRe –0.596 VRe –1.546 –0.715 –0.857
ReFe(0, 0.5, 0.5) 1.561 ReFe

ReFe(0, 0, 0) 1.353 ReFe 1.400 ReFe

µtot/µB 2.74 2.29 1.87 1.96 2.51 3.43 2.64 3.50 3.00
HM character yes yes no yes yes no yes yes yes
Eup−spin

g /eV 0.614 0.769 – 0.757 1.371 – 1.527 1.535 0.46

4. Conclusion
From the aspects of HM character and magnetization re-

duction, the structural, electronic, and magnetic properties of
the imperfect Sr2FeReO6 containing eight different defects
of FeRe or ReFe antisites, Fe1–Re1 or Fe1–Re4 interchanges,
VFe, VRe, VO, or VSr vacancies have been studied by using

the first-principles projector augmented wave (PAW) poten-
tial within the generalized gradient approximation as well as
taking into account on-site the Coulomb repulsive interaction
(GGA+U). The following results have been obtained.

(i) No obvious structural changes are observed for the im-
perfect Sr2FeReO6 containing FeRe or ReFe antisites, Fe1–Re1
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or Fe1–Re4 interchanges, or VSr vacancy defects. However,
the six (eight) nearest oxygen neighbors of the vacancy move
away from (close to) VFe or VRe (VO) vacancies.

(ii) The HM character is maintained for the imperfect
Sr2FeReO6 containing FeRe or ReFe antisites, Fe1–Re4 inter-
change, VFe, VO, or VSr vacancies, while it vanishes when
Fe1–Re1 interchange or VRe vacancy is presented. So the
Fe1–Re1 interchange and VRe vacancy defects should be
avoided to preserve the HM character of the Sr2FeReO6 and
thus usage in spintronic devices.

(iii) In FeRe or ReFe antisites, Fe1–Re1 or Fe1–Re4 inter-
changes cases, the spin moments of the Fe (Re) cations situ-
ated on Re (Fe) antisites are in an antiferromagnetic coupling
with those of the Fe (Re) cations on the regular sites. In VFe,
VRe, VO, or VSr vacancy cases, a ferromagnetic coupling is
obtained within each cation sublattice, while the two cation
sublattices are coupled antiferromagnetically.

(iv) The total magnetic moments µtot (µB/f.u.) of the im-
perfect Sr2FeReO6 containing eight different defects decrease
in the sequence of VSr vacancy (3.50), VRe vacancy (3.43),
FeRe antisite (2.74), VO vacancy (2.64), VFe vacancy (2.51),
ReFe antisite (2.29), Fe1–Re4 interchange (1.96), Fe1–Re1 in-
terchange (1.87), and the mechanisms of the saturation mag-
netization reduction have been discussed.
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