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X-ray absorption of the negative charge-transfer material SrFe1ÀxCoxO3
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We studied the relation between the electronic structure and the phsyiscal properties of SrFe12xCoxO3. The
main technique used in the study was Fe 2p, Co 2p, and O 1s x-ray absorption spectroscopy. The experi-
mental spectra were analyzed in terms of the configuration-interaction cluster model calculation. The analysis
of the spectra shows that both SrFeO3 and SrCoO3 are in the negative-charge transfer regime~this means that
their ground states are mostly covalent and contain considerable O 2p hole character!. SrFeO3 is in a high-spin
state and SrCoO3 in an intermediate-spin state stabilized by strong hybridization. The local electronic structure
and the corresponding spin state are mostly preserved in SrFe12xCoxO3. The relatively large O 2p hole weight
in the ground state explains the absence of Jahn-Teller distortions, as well as the relatively large value of the
magnetic moment observed at the O sites in these materials. SrFe12x CoxO3 illustrates both ferromagnetism
and magneto-resistance in a negative charge-transfer material.
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I. INTRODUCTION

Colossal magnetoresistance~CMR! materials, such as
manganites1 and double perovskites,2 are attracting consider
able attention. The interest in these materials was origin
sparked by their potential applications as magnetic senso
reading heads. Additional interest was provided by the ch
lenges in the elucidation of the microscopic origin of t
CMR mechanism. It is generally invoked that the physi
properties of manganites, such as La12xCaxMnO3, are domi-
nated by the double-exchange mechanism.1 Whereas tunnel-
ing magnetoresistance between~half-metallic! ferromagnetic
phases was proposed in double-perovskites materials,
as Sr2FeMoO6.2

The SrFe12xCoxO3 compound3–5 also presents a larg
negative magnetoresistance for a wide concentration ra
(0<x<0.7).6 Despite several studies of the physical prop
ties of this system, still very little is known about the ele
tronic structure and the magnetoresistance. The electr
structure of this material is particularly interesting becau
the transition metal ions are in a relatively high oxidati
state. In fact, it is expected that the ground state could
qualitatively different with respect to manganites1 and
double perovskites.2 This provided the motivation to investi
gate the electronic structure of the SrFe12xCoxO3 series us-
ing direct spectroscopic techniques.

The purpose of this work is to study the relation betwe
the electronic structure and the physical properties
SrFe12xCoxO3. The main experimental techniques used
this study were Fe 2p, Co 2p, and O 1s soft x-ray absorp-
tion spectroscopy~XAS!. The experimental results were an
lyzed in terms of combined atomic multiplet, crystal fie
and cluster model calculations. The analysis of the spe
shows that the electronic structure of these materials is do
nated by a negative-charge-transfer character. This m
that the ionic state of the Fe and Co ions is not really14,
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ly
in
l-

l

ch

ge
-

ic
e

e

n
f

ra
i-
ns

but rather that the charge state is compensated by Op
holes.

The structure of the SrFeO3 perovskite is cubic~space
group Pm3m) with a lattice parameter ofa53.845 Å.3

SrFeO3 is antiferromagnetic with a screw structure along t
^111& propagation vector. The ordering temperature of s
ichiometric SrFeO3 is TN5134 K and the Fe magnetic mo
ment is 3.1mB .3 SrFeO3 is metallic (]r/]T.0) down to 4 K
and has a room-temperature resistivity of 1023 V cm.3

SrCoO3 has the cubic perovskite structure~space group
Pm3m) with a lattice parameter ofa53.835 Å .4 Stoichio-
metric SrCoO3 is ferromagnetic with a Curie temperature
TC5280 K and the Co magnetic moment is 2.1mB .4

SrCoO3 is also metallic (]r/]T.0) down to 4 K and has a
room temperature resistivity of about 1023 V cm.4

SrFe12xCoxO3 remains cubic over the whole compositio
range with a lattice parameter ofa53.83523.845 Å.5

The SrFe12x CoxO3 material is metallic (]r/]T.0)
with a room-temperature resistivity in the rang
1023–1024 V cm.5 The SrFe12xCoxO3 compound is anti-
ferromagnetic forx<0.1020.15 and becomes ferromagnet
for x>0.2. The Curie temperatureTC increases withx and is
maximum around 0.4<x<0.6, whereas the saturated ma
netic momentm peaks around 0.2<x<0.4.5 In particular, the
SrFe0.5Co0.5O3 compound has aTC5340 K and a saturated
magnetic moment of about 3mB . Finally, the SrFe12xCoxO3
system presents a relatively large negative magnetoresist
for 0<x<0.7.6

II. EXPERIMENTAL DETAILS

The samples studied here were nearly stoichiome
SrFeO3, SrFe0.5Co0.5O3, and SrCoO3. First, oxygen deficient
samples were prepared using the solid-state reaction met
Then, the samples were sealed in gold capsules with
oxygen dispenser KClO4. Finally, the samples were
©2002 The American Physical Society20-1



on

a

ica

lo

ct

th

V
t

d
n.

to
et

in
Fe

ined

-

ge-

ing
e

rge-

b-

he

ably

ion

t
les
er

on
ted
e
n-

naf-
-
in
re-

in
e

f

n
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treated at 6 GPa and 600 °C for 30 min. X-ray diffracti
analysis showed that all the samples were single phase.7 Io-
dometric tritation showed that the oxygen deficiency w
less than 1%.7 The characterization also included Mo¨ssbauer
and magnetization measurements.7

The XAS measurements were performed at the spher
grating-monochromator~SGM! beamline in the LNLS. The
base pressure in the experimental chamber was in the
1029 mbar range. The samples were scrapedin situ with a
diamond file to remove surface contamination. The spe
were measured using the total-electron-yield~TEY! method.
The mean probing depth of soft x-ray absorption using
TEY method is approximately 5 nm.8 The energy resolution
at the O 1s x-ray absorption edge was better than 0.5 e
The energy scale of the spectra was calibrated using
known peak positions in TiO2. The spectra were normalize
to the maximum after a constant background substractio

III. RESULTS AND DISCUSSION

A. Fe 2p XAS spectra

Figure 1 shows the Fe 2p x-ray absorption~XAS! spectra
of SrFeO3 and SrFe0.5Co0.5O3. The spectra corresponds
Fe 2p→Fe 3d transitions and are dominated by multipl

FIG. 1. Fe 2p x-ray absorption spectra of SrFeO3 and
SrFe0.5Co0.5O3 ~dots! compared to an atomic multiplet calculatio
~solid line!.
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effects. The spectra are split by the Fe 2p spin-orbit interac-
tion into the Fe 2p3/2 and Fe 2p1/2 regions. In turn, these
regions are further split by Fe 2p-3d electrostatic interac-
tions and crystal field effects. The shape of the multiples
the spectra are directly related to the ground state of the
ions. These spectra can be analyzed in terms of comb
atomic multiplet plus crystal field calculations.9

The Fe 2p XAS spectrum of SrFeO3 corresponds for-
mally to Fe41 (3d4) ions in a high-spin state. The calcula
tion based on the single ionic configurationt2g

3 eg
1 (5E) does

not account for the spectrum.10 The problem is that the
ground state contains not only 3d4 but also considerable
3d5L character~whereL denotes a ligand hole!. Therefore,
the calculation must include the contributions of the char
transfer configurations 3d5L @the main 3d5 component of the
3d5L configuration is given by the high-spint2g

3 eg
2 (6A1)

state#.
The charge-transfer configurations were included us

the configuration interaction~CI! method. The ground stat
of SrFeO3 was expanded in terms of the 3d4, 3d5L, and
3d6L2 configurations. The main parameters were the cha
transfer energyD, the Mott-Hubbard repulsionU, and the
transfer integralTs . The value of the parameters were o
tained from Ref. 11 (D50 eV, U57.5 eV, and Ts

52.2 eV). The occupations of the configurations in t
ground state are 36% 3d4, 58% 3d5L, and 6% 3d6L2. Fig-
ure 1 shows that the CI calculation reproduces reason
well the features in the SrFeO3 spectrum@the agreement is
better than that obtained using a single ionic configurat
t2g
3 eg

1 (5E) calculation, see Ref. 10#.
The occupation of the 3d5L configuration in SrFeO3 is

larger than that of the 3d4 configuration. This means tha
SrFeO3 is in the negative charge-transfer regime with ho
in the O 2p levels12 ~the effective charge-transfer paramet
Deff of SrFeO3 is actually negative due to multiplet splitting!.
This regime is characteristic of compounds with transiti
metal ions in relatively high oxidation states. The calcula
3d count for SrFeO3, approximately 4.7, is larger than th
purely ionic value 4.0. This indicates that the covalent co
tribution to the bonding in the SrFeO3 compound is rela-
tively large.

The Fe 2p XAS spectrum of SrFe0.5Co0.5O3 presents only
minor changes with respect to SrFeO3. The absence of
changes indicates that the Fe ions remains relatively u
fected in SrFe0.5Co0.5O3. This means that the formally tet
ravalent Fe41 ions in the mixed compound are in a high-sp
state, that the material is in the negative-charge-transfer
gime with a considerable amount of O 2p holes, and finally
that the covalent contribution to the bonding
SrFe0.5Co0.5O3 is relatively large. Further support for thes
conclusions is provided by the analysis of the O 1s XAS
spectra below.

B. Co 2p XAS spectra

Figure 2 shows the Co 2p x-ray absorption spectra o
SrCoO3 and SrFe0.5Co0.5O3. The analysis of the Co 2p XAS
spectra follow closely that of the Fe 2p XAS spectra above.
The spectrum of SrCoO3 corresponds formally to Co41
0-2
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X-RAY ABSORPTION OF THE NEGATIVE CHARGE- . . . PHYSICAL REVIEW B 65 165120
(3d5) ions in an intermediate-spin state. In a purely ion
picture, the ground state of the Co41 should be either high
spin or low spin. Thet2g

4 eg
1 (4T1) intermediate-spin state i

stabilized by the hybridization with the 3d6L configuration13

@the main 3d6 component of the 3d6L configuration is given
by the high-spint2g

4 eg
2 (5T2) state#.

The calculation based on the single ionic configurat
does not account for the spectrum of SrCoO3. Again, the
calculation must include the contributions of the charg
transfer configurations 3d6L. The ground state of SrCoO3
was expanded in terms of the 3d5, 3d6L, and 3d7L2 con-
figurations. The value of the parameters were obtained f
Ref. 13 (D522 eV, U57.5 eV, andTs52.0 eV). The
occupations of the configurations in the ground state are 2
3d5, 67% 3d6L, and 11% 3d7L2. Figure 2 shows that the C
calculation reproduces reasonably well the features in
SrCoO3 spectrum~the agreement is better than that obtain
using either high-spin or low-spin states calculations,
Ref. 13!.

The occupation of the 3d6L configuration in SrCoO3 is
much larger than that of the 3d5 configuration. This means
that SrCoO3 also is in the negative charge-transfer regim
with holes in the O 2p levels12 ~which is in agreement with
the already negative value of the charge-transfer parametD
for this compound!. The calculated 3d count for SrCoO3,

FIG. 2. Co 2p x-ray absorption spectra of SrFe0.5Co0.5O3 and
SrCoO3 ~dots! compared to an atomic multiplet calculation~solid
line!.
16512
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approximately 5.9, is much larger than the purely ionic va
5.0. This indicates that the covalent contribution to the bo
ing in SrCoO3 is even larger than in SrFeO3.

The Co 2p XAS spectrum of SrFe0.5Co0.5O3 presents
only minor changes with respect to SrCoO3. The absence of
changes indicates that the Co ions are not drastically affe
in SrFe0.5Co0.5O3. This means that the formally tetravale
Co41 ions remains mostly in the intermediate-spin state. T
mixed material is in the negative-charge-transfer regime w
a considerable amount of O 2p holes, and finally the cova
lent contribution to the bonding in SrFe0.5Co0.5O3 is consid-
erably large. Further support for these conclusions is p
vided by the analysis of the O 1s XAS spectra below.

C. O 1s XAS spectra

Figure 3 shows the O 1s x-ray absorption spectra o
SrFeO3, SrFe0.5Co0.5O3, and SrCoO3. The spectra corre-
spond to transitions from the O 1s to unoccupied O 2p
states in the conduction band. These empty O 2p states re-
flect, through the oxygen-metal hybridization, bands
mostly metal character.9 The first peaks at threshold corre
sponds to the Fe-Co 3d band region, the rising structur
around 535 eV corresponds to the Sr 4d band region, and the
bumps around 540–545 eV correspond to the Fe-Co 4sp

FIG. 3. O 1s x-ray absorption spectra of SrFeO3 ,
SrFe0.5Co0.5O3, and SrCoO3 ~dots!.
0-3
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band region. These assignments are consistent with prev
analysis of the SrMnO3 and SrFeO3 spectra.10

Figure 4 shows in more detail the metal 3d band region of
SrFeO3, SrFe0.5Co0.5O3, and SrCoO3. These regions can b
analyzed using cluster model calculations including char
transfer configurations. The method of calculation follo
that used in the closely related SrMnO3 and CaMnO3

compounds.14,15 The metal 3d band region spectra corre
sponds to 3dn11L→c3dn11 transitions, wherec denotes an
O 1s core hole. The energies of the final state configurati
are related to the value of theD, U, andTs parameters. The
model parameters used here were the same used in the
vious analysis of the metal 2p XAS spectra.

The relative energy of the transitions is mostly given
the energies of the various 3dn11 final state configurations
The relative intensities of the transitions is mainly given
the occupations of the 3dn11L terms in the ground state. Th
Racah parameters (B and C) were reduced to 60–70 % o
their initial Hartree-Fock value~this reduction takes into ac
count the extra screening of the O 2p ligand holes in the
ground state!. The crystal field splitting was estimated fro
LSDA calculations of pure SrFeO3 and SrCoO3.16 The abso-
lute energy and intensity of the calculations were adjusted
as to match the experimental peaks.

FIG. 4. Metal 3d region of the O 1s XAS spectra of SrFeO3 ,
SrFe0.5Co0.5O3, and SrCoO3 ~dots! compared to cluster model ca
culations~solid lines!.
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Figure 4 shows the calculations for the metal 3d band
region of the SrFeO3 and SrCoO3 compounds. The calcula
tion for the SrFeO3 compound corresponds to 3d4L→c3d4

transitions inOh symmetry. The relative energy and intensi
of the calculated spectrum is in reasonably agreement w
the experiment. In addition, the calculated spectral wei
for SrFeO3 is also in agreement with previous LSD
calculations.16 The calculated DOS exhibited a sharp mino
ity t2g band at the Fermi level, a broad majorityeg band
acrossEF , and a broad minorityeg band aboveEF .

The calculation for the SrCoO3 compound corresponds t
3d5L→c3d5 transitions in Oh symmetry. The calculated
spectrum is in reasonably agreement with the experiment
previous LSDA calculations.16 This provides further suppor
for the intermediate-spin interpretation of the Co 2p XAS
spectrum above. The calculated DOS exhibited a sharp
nority t2g band at the Fermi level, a broad majorityeg across
EF , and a broad minorityeg band aboveEF . The main
difference with respect to SrFeO3 is that the majorityeg band
in SrCoO3 is further apart fromEF ~in fact, SrCoO3 is close
to be a half-metallic ferromagnet with a minimum in th
majority eg band atEF).

The calculation for the SrFe0.5Co0.5O3 compound is a lin-
ear combination of SrFeO3 and SrCoO3. The relative energy
and intensity of the calculated spectrum is in fair agreem
with the experiment. We note that the intensity of theeg↑
peak is overestimated and that of theeg↓ peaks is underesti
mated. At first sight, these could be attributed to a par
transformation of some Co ions into a high-spint2g

3 eg
2 (6A1)

state. However, this is unlikely because the Co 2p XAS
spectrum shows that most of the Co ions remains in
intermediate-spint2g

4 eg
1 (4T1) state. On other hand, change

in the Fe ions can be ruled out because the high-spint2g
3 eg

1

(5E) state is rather stable. The differences are attributed
changes in the ground state of O ions located between Fe
Co ions.

D. Physical properties

1. Tendency to ferromagnetism inSrFeO3

The SrFeO3 compound is antiferromagnetic with a scre
structure along the propagation wave vectorki^111&. The
Heisemberg-like exchange interactions estimated from
analysis of paramagnetic neutron scattering areJ1
51.2 meV, J2520.2 meV, and J4520.3 meV.5 The
screw structure is due to the competition between the fe
magnetic nearest-neighbor interactionJ1, and the antiferro-
magnetic second- and fourth-nearest-neighbor interactionJ2
and J4, respectively. We note that the magnitude of t
propagation wave vector in SrFeO3 (uku>0.135a* ) is rela-
tively small.5 In turn, this implies that the correspondin
wavelength of the magnetic screw structure is relativ
large. In fact, the relative phase angle between two adja
spins along thê 111& direction (40°) is rather small. This
fact can be understood taking into account that the FM in
action is much larger than the AFM interactions. All th
suggests that the magnetic structure of SrFeO3 is on the
verge of becoming ferromagnetic, see below.
0-4
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2. (Half-metallic) ferromagnetism inSrCoO3?

The microscopic origin of the ferromagnetism in th
SrCoO3 compound is not completely clear at the mome
The results shows that the electronic structure of this m
rial derives from the intermediate-spint2g

4 eg
1 (4T1) state. The

ground state is not only given by the 3d5 configuration, but it
contains also a considerable 3d6L weight. Potzeet al. pro-
posed that the ferromagnetism in SrCoO3 was due to a
double-exchange-like mechanism,13 which involves
Co-O-Co interactions between partially filledeg states medi-
ated by the corresponding O 2p holes. Band structure calcu
lations of SrCoO3, however, shows a minimum in the majo
ity eg band at the Fermi level16 ~this is also supported by th
above cluster model calculations which show a majorityeg
peak far away fromEF). So, in fact, SrCoO3 might be a
half-metallic ferromagnet such as the double-perovskite s
tem Sr2FeMoO6.

3. Absence of Jahn-Teller distortion inSrFeO3

The ground state of the Fe41 ions in the cubic perovskite
SrFeO3 derives from the high-spint2g

3 eg
1 (5E) state. At first

sight, it is surprising that this double-degenerate state d
not exhibit a~cooperative! Jahn-Teller distortion. This appa
ent discrepancy can be reconciled taking into account
relatively large occupancy of the 3d5L configuration. In fact,
the ground state of SrFeO3 is dominated by the 3d5L con-
figuration (58%) and not by the 3d4 configuration (36%).
The main 3d5 component of the 3d5L configuration is given
by the high-spint2g

3 eg
2 (6A1) state which inhibits the distor

tion. The isoelectronic Mn31 ions in LaMnO3 are also in a
high-spin t2g

3 eg
1 (5E) state and present a Jahn-Teller dist

tion, but in this case, the ground state~given by 55% 3d4,
40% 3d5L, and 5% 3d6L2) is more ionic than in SrFeO3.
This indicates that a strong covalency could eventua
quench Jahn-Teller distortions~and/or charge-ordering
phenomena!.

4. Magnetic moment at the oxygen sites

The ground state of the SrFeO3 and SrCoO3 compounds
contains a considerable amount of O 2p hole character. This
follows from the relatively large occupancy of the charg
transfer configurations 3dn11L in the ground state. In turn
this fact helps to explain the relatively large magnetic m
ment observed at the O sites in both compounds. The m
netic moment at the O sites derived from neutron meas
ments is approximately 0.1mB in both cases.17 A magnetic
moment at the O sites was also observed in O 1s magnetic-
circular-dichroism results in SrCoO3.18 The magnetic mo-
ment obtained from LSDA calculations is about 0.14mB for
SrFeO3 and 0.19mB for SrCoO3.16 The larger moment for
SrCoO3 can be understood taking into account that SrCo3
is more covalent than SrFeO3 ~the occupancy of the charg
transfer 3dn11L configuration in SrCoO3, 67%, is larger
than that in SrFeO3, 58%).

5. Origin of the ferromagnetism inSrFe1ÀxCoxO3

The microscopic origin of the ferromagnetism in th
SrFe12xCoxO3 compound is not completely understood y
16512
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As indicated above, the dominating interactions in the st
ing member of the series, SrFeO3, are ferromagnetic.3 In
fact, a relatively small amount of Co,x>0.2, is enough to
turn the SrFe12xCoxO3 material ferromagnetic.5 The main
question left is how the Co presence quench the resid
antiferromagnetic interactions in SrFeO3.3 The most invoked
possibilities would be the double-exchange mechanism
half-metallic ferromagnetism. The first is related to a mod
of fluctuations between~localized! spins, whereas the secon
derives from~itinerant! band structure calculations.

We argue that a mechanism based on double-exchan
unlikely in the mixed SrFe12xCoxO3 compound, simply be-
cause the potential felt by the supposedly activeeg electrons
at the Fe and Co sites is different~although, we must note
here that a double-exchange mechanism remains a valid
sibility in pure SrCoO3).13 The second possibility is that th
Co ions induce a minimum atEF in the majorityeg band of
SrFe12xCoxO3, eventually turning the material ferromag
netic as in the alternative half-metallic ferromagnetism s
nario. In this sense, the ferromagnetism in SrFe12xCoxO3

resembles the half-metallic ferromagnetism in Sr2FeMoO6,2

and not the double-exchange ferromagnetism often propo
for manganites, such as La12xCaxMnO3.1

6. Magnetoresistance mechanism inSrFe1ÀxCoxO3

The origin of the magnetoresistance mechanism in
SrFe12xCoxO3 compound6 remains unclear at the momen
The main possibilities would be based on the doub
exchange mechanism and on tunneling between ferrom
netic phases. Again, the double-exchange mechanism is
possible due to the potential differences between the Fe
Co sites. Tunneling between ferromagnetic phases, with
phase separation scenario,19 seems to be a more likely expla
nation. In fact, this scenario is supported by previous stud
of the magnetic properties of the Fe-rich phase
SrFe12xCoxO3. These studies suggest that SrFe12xCoxO3
(x<0.15) is composed by ferromagnetic islands coup
antiferromagnetically.5

We note that large magnetoresistance in Sr2FeMoO6 is
observed in polycrystalline samples and not in sin
crystals.2 This was interpreted as being due to tunneling b
tween half-metallic ferromagnetic grains in the polycryst
line samples.2 In this sense, the origin of the magnetores
tance in SrFe12xCoxO3 seems to be similar to the origin i
Sr2FeMoO6,2 and has less in common with double-exchan
based explanations usually proposed for manganites suc
La12xCaxMnO3.1 It remains to be checked if the inhomog
neities in SrFe12xCoxO3 are intrinsic or due to the micro
structure of the samples, this could be eventually tested
means of magnetotransport measurements in single cry
of SrFe12xCoxO3.

7. Negative charge-transfer character ofSrFe1ÀxCoxO3

The analysis of the spectra above shows that
SrFe12xCoxO3 compound is in the negative charge-trans
0-5
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regime.12 This means that the ionic state is not really Fe41

and Co41, but rather that the charge state is compensated
O 2p holes~in terms of the CI cluster model, the occupatio
of the 3dn11L configuration is larger than that of the 3dn

configuration!. Therefore, SrFe12xCoxO3 illustrates both
ferromagnetism and magneto-resistance in a negative cha
transfer material, and confirms that the ground state
SrFe12xCoxO3 is qualitatively different from manganites1

and double perovskites.2 We note that La12xCaxMnO3 is in a
mixed charge-transfer/Mott-Hubbard regime and has a do
nating 3dn configuration.14 The situation is less clear in
Sr2FeMoO6, although recent XAS studies show that the
ions are indeed in a Fe31 state, with a mixedpd-metal
ground state which is mostly dominated by the first ionic 3dn

configuration.20

IV. SUMMARY AND CONCLUSIONS

In summary, we studied the relation between the el
tronic structure and the physical properties
SrFe12xCoxO3. The main technique used in the study w
Fe 2p, Co 2p, and O 1s x-ray absorption spectroscop
~XAS!. The experimental spectra were analyzed in terms
the configuration-interaction cluster model calculation. T
analysis of the spectra shows that both SrFeO3 and SrCoO3
are in the negative-charge transfer regime~this means that
their ground states are mostly covalent and contain con
m
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erable O 2p hole character!. SrFeO3 is in a high-spin state
and SrCoO3 in an intermediate-spin state stabilized by stro
hybridization. The local electronic structure and the cor
sponding spin state are mostly preserved in SrFe12xCoxO3.
The relatively large O 2p hole weight in the ground stat
explains the absence of Jahn-Teller distortions, as well as
relatively large value of the magnetic moment observed
the O sites in these materials. The origin of the magneto
sistance in the SrFe12xCoxO3 compound remains unclear a
the moment. The double-exchange mechanism seems
likely due to the difference in the Fe and Co on-site energ
Tunneling between ferromagnetic phases, within a ph
separation scenario, is a more likely explanatio
SrFe12xCoxO3 illustrates both ferromagnetism and magn
toresistance in a negative charge-transfer material.
ground state is qualitatively different from manganites, su
as La12xCaxMnO3, and double-perovskites, such a
Sr2FeMoO6.
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