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Electronic structures of double perovskites Sr2„Fe1ÀzMn z…MoO6:
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We investigated the optical conductivity spectras(v) of double perovskites Sr2(Fe12zMnz)MoO6, which
show filling controlled metal–insulator transition. Based on systematic analyses of optical conductivity and O
1s x-ray absorption spectroscopy, the electronic structures of both Sr2FeMoO6 and Sr2MnMoO6 near the
Fermi level are presented, which turn out to agree with the recent LSDA1U calculation results@H. Wu, Phys.
Rev. B 64, 125126~2001!#. With the Mo carrier doping~with z decreasing!, the in-gap spectral weight is
formed, below the gap of Sr2MnMoO6, and finally developed into a Drude peak in Sr2FeMoO6. Due to the
possible site disorder, finite energy peaks rather than Drude-like peaks were observed for most of the doping
ranges 0.2<z<0.8. With the ferrimagnetic ordering, we observed redistribution of spectral weight over a wide
energy region from 0 to 3 eV. The high energy spectral weight was transferred to the low energy region, similar
to the manganites. We discussed possible scenarios relevant to the Fe–Mo hybridization.
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I. INTRODUCTION

Magnetoresistance phenomena in magnetic oxides h
attracted a great deal of attention due to scientific as we
technological importance. The discovery of colossal mag
toresistance in doped manganites has prompted exten
research.1 However, their low magnetic ordering temperatu
and high magnetic field requirements have undermined t
potential in technological applications. Recently, Kobaya
et al.2 reported large, low-field, tunneling type magnetores
tance even at room temperature in ordered double per
kites A2B8B9O6, whereA is an alkaline ion, andB8 andB9
are transition metals.

Among the ordered double perovskites, Sr2FeMoO6 has
been extensively studied.3–5 It is known that the FeO6 and
MoO6 octahedra are alternately ordered in a rock-salt lat
and the angle of the Fe–O–Mochain is nearly 180°. Mag-
netization data indicate a ferrimagnetic ordering with a h
ordering temperatureTc;420 K, in which spins at the
Fe31(3d5) and Mo51(4d1) ions are aligned in the opposit
direction to each other. A theoretical band calculation p
dicted that this material is a half-metal, where the Mot2g
down-spin band~hybridized with the Fet2g down-spin band!
crosses the Fermi level, but the up-spin band is separ
0163-1829/2002/66~10!/104415~7!/$20.00 66 1044
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by an insulating gap.2 Meanwhile, another double per
ovskite Sr2MnMoO6 with Mn21(3d5) and Mo61(4d0) ions
has been known to be either a paramagnetic or a
ferromagnetic insulator.6 Here, the Mo 4d band is fully un-
occupied, and antiferromagnetic insulating behavior due
the superexchange interaction has been suggested. H
Sr2(Fe,Mn)MoO6 compound is an appropriate candidate f
the investigation of the metal–insulator transition caused
the Mo 4d band filling without significant changes of theS
5 5/2 spin background formed with the Fe31 or Mn21 ions.

Optical spectroscopies have been known to be quite u
ful for investigating electronic structures near the Fermi le
and electrodynamic responses related to metal–insul
transitions, as demonstrated in manganites.7 Note that both
double perovskites and manganites are half-metals and s
colossal magnetoresistance. In spite of these similarit
there have been few investigations on the electronic struc
of double perovskites.8,9 Few spectroscopic investigation
have been performed on the electronic structure changes
the ferrimagnetic ordering and metal-insulator transition.
this paper, we report the temperature- and doping-depen
optical conductivity spectras(v) of Sr2(Fe12zMnz)MoO6.
By combining the results with the O 1s x-ray absorption
spectroscopy~XAS! data, we can clarify the electronic struc
©2002 The American Physical Society15-1
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tures of Sr2FeMoO6 and Sr2MnMoO6 in detail. We observe
the spectral weight changes ofs(v) in a wide energy region
below 3 eV not only with variation of the doping concentr
tion but also with temperature. We will discuss the spec
weight changes based on the detailed electronic structure
the Mo–Fe hybridization.

II. EXPERIMENTS

A series of Sr2(Fe12zMnz)MoO6 (z50.0, 0.2, 0.4, 0.6,
0.8, and 1.0! single crystals were grown by the floating zo
method. X-ray diffraction measurements showed that all
samples were in single-phases, and the ordering of
Fe~Mn! and Mo ions was also confirmed by the correspo
ing superlattice peaks. Using the Rietveld refinement of
synchrotron x-ray powder pattern, we estimated the orde
of the Fe~Mn! and Mo ions. The ordering of the Fe~Mn! and
Mo ions was estimated around 85% inz5 0.0 and increased
with z. For electrical and magnetic properties, we perform
dc resistivity and magnetization measurements using
four-probe method and a commercial Superconduc
Quantum Interference Device~SQUID! magnetometer, re
spectively. Details of sample growth and characterizat
were reported elsewhere.10

The O 1s XAS measurements, which are well known
probe the electronic structures of the conduction band11

were performed at the high-resolution Dragon beamline
Synchrotron Radiation Research Center~SRRC! in Taiwan.
The incoming photon resolution was set to;200 meV, and
the absorption spectra were recorded in the bulk sens
fluorescence yield mode with a penetration depth
;1000 Å.

The reflectivity spectraR(v) of Sr2(Fe12zMnz)MoO6
were measured in the energy region of 5 meV–20 eV
Fourier transform spectrophotometer was used below 0.6
and the grating monochromators were used for 0.5–20 e12

The reflectivity spectra above 5 eV were measured at
Normal Incident Monochromator beamline in Pohang Lig
Source. Using the liquid-He cooled cryostat, t
temperature-dependentR(v) were measured for the regio
of 5 meV–5 eV. After the reflectivity measurements, the g
normalization techniques were used to take into account
surface scattering effect.13

III. RESULTS AND DISCUSSIONS

Figure 1 shows the temperature-dependent dc resistiv
r(T) of Sr2(Fe12zMnz)MoO6. With change ofz, large varia-
tions ofr(T) can be seen.r(T) of Sr2FeMoO6, i.e.,z5 0.0,
shows a metallic behavior (dr/dT.0) within our measured
temperature ranges. Asz increases, the absolute value
r(T) continuously increases andr(T) shows an insulating
behavior (dr/dT,0) for Sr2MnMoO6, i.e., z5 1.0. Such a
systematic change ofr(T) can be understood by the chan
of charge-carrier number in the Mo 4d band, and the metal–
insulator transition seemed to occur aroundz .0.2.

The ferrimagnetic ordering temperatureTc also systemati-
cally decreases with increasingz, denoted by the arrows.Tc
of z50.0 is estimated around 400 K. Asz increases,Tc con-
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tinuously decreases and disappears abovez.0.6. Note that
there should be a correlation betweenr(T) and Tc . The
value ofTc decreases as that ofr(T) increases. This migh
suggest that the Mo 4d charge-carriers mediate the magne
ordering of the local spins.

Figure 2 shows the doping-dependentR(v) of the
Sr2(Fe12zMnz)MoO6 single crystals at 10 K in the rang
0.01–20 eV.@Since there was little change inR(v) between
10 and 290 K near 5 eV, we smoothly connected the ro
temperatureR(v) above 5 eV.# In the far-infrared region,
several peaks due to the optic phonon modes can be see

FIG. 1. Temperature-dependent dc resistivities
Sr2(Fe12zMnz)MoO6. The arrows represent the ferrimagnetic o
dering temperatures.

FIG. 2. Doping-dependent reflectivity spectra
Sr2(Fe12zMnz)MoO6 at 10 K.
5-2
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ELECTRONIC STRUCTURES OF DOUBLE PEROVSKITES . . . PHYSICAL REVIEW B 66, 104415 ~2002!
the insulating samples withz.0.2. For the metallic sample
with z<0.2, the phonon peaks are screened andR(v) ap-
proach 1.0 in the dc limit. In the high energy region,R(v)
are dominated by several broad peaks resulting from in
band transitions.

Using the Kramers–Kronig transformation, optical co
ductivity spectras(v) were obtained. For this analysi
R(v) below 5 meV were extrapolated using the Hage
Rubens relation for the metallic samples and were kept to
a constant value for the insulating samples. For the h
energy region, the values ofR(v) at 20 eV were extended u
to 40 eV and thenv24 dependence was assumed. To che
the possible errors in our Kramers–Kronig transformati
we independently measured the optical constants for the
ergy region of 1.5–5 eV using spectroscopic ellipsome
The results of the Kramers-Kronig analysis agreed quite w
with the ellipsometry data, confirming the validity of ou
transformation.

Figures 3~a! and 3~b! show s(v) of Sr2FeMoO6 and
Sr2MnMoO6 at 10 K, respectively. Below 10 eV, there a
several peaks originating from the optical transitions
tween the electronic levels. In Sr2FeMoO6, s(v) apparently
show three peaks (A, C, and E) with a Drude peak atv
50 eV. While in Sr2MnMoO6, s(v) show five peaks (a,
b, g, d, and«) with an optical gap;0.5 eV. In both spec-
tra, we can see that the peak strength is quite large abo
eV, and the peaks (C andE) in Sr2FeMoO6 and those (g and
«) in Sr2MnMoO6 are located at similar positions with com
parable strengths. This suggests that those peaks shou
electric dipole-allowedp–d transitions and might originate
from common bands such as O 2p and Mo 4d. @The contri-
bution of s(v) from Sr bands should be located above
eV.14# The strengths of the peaks below 3 eV are mu
smaller than those above 3 eV. This suggests that the for
peaks might be due to thed–d transitions, which originate

FIG. 3. s(v) of ~a! Sr2FeMoO6 and~b! Sr2MnMoO6 below 10
eV. Labeled alphabet and Greek letters represent the apparent
positions.
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from the Mo 4d and Fe 3d bands or the Mo 4d and Mn 3d
bands.

Photoemission spectroscopy and O 1s XAS spectra pro-
vide information on the densities of filled and empty stat
respectively. On the other hand, optical spectra are pro
tional to densities of both initial and final states with appr
priate matrix elements. Thus, it is sometimes rather diffic
to identify the peak origin correctly using the optical spec
only. ~However, the optical spectra can provide absolute v
ues of the spectral weight, if the peak origins are correc
determined.! Therefore, it would be quite useful to perform
optical investigation combined with other spectrosco
tools, such as the photoemission and/or O 1s XAS measure-
ments.

Figure 4 shows the O 1s XAS spectra of Sr2FeMoO6
~dashed line! and Sr2MnMoO6 ~solid line!. Both spectra are
dominated by the Mo 4d bands due to the strong covale
bonding between Mo 4d and O 2p. One can locate the Mo
t2g and eg bands, which are separated by the crystal fi
splitting energy 10Dq of about 4 eV, denoted by arrows
The broad peaks around 535 eV are due to the Sr 5s/4d
bands. Meanwhile, the Fe~Mn! 3d bands are not clearly
shown in the spectra because their intensities are small du
the relatively weak bonding strength with O 2p and embed-
ded under the dominating Mo bands. However, the Fe~Mn!
bands can be more easily identified by subtracting out
Mo bands.

The dotted-dashed line in Fig. 4 shows the differen
spectrum, which is obtained by subtracting the Sr2FeMoO6
spectrum from the Sr2 MnMoO6 spectrum. It clearly shows
one double-peak feature with a negative intensity around
eV and another with a positive intensity around 533 eV. T
spectra of Sr2FeMoO6 and Sr2MnMoO6 contain the contri-
butions of the Fe bands and Mn bands, respectively. Th
the Fet2g–eg bands appear with negative intensity, while t

eak

FIG. 4. O 1s XAS spectra of Sr2FeMoO6 ~dashed line! and
Sr2MnMoO6 ~solid line! at 290 K. The dotted-dashed line repr
sents the difference spectrum, which is obtained by subtracting
Sr2FeMoO6 spectrum from the Sr2MnMoO6 spectrum.
5-3
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Mn t2g–eg bands appear with positive intensity. Note th
the Fe 3d bands are lower by;3 eV compared to the Mn
3d bands. This energy difference can be understood by
difference between O 2p to Fe 3d and O 2p to Mn 3d
charge transfer energies.15 The crystal field splitting energy
10 Dq, is estimated to be 1.160.1 eV and 1.360.1 eV for
the Fe and Mn 3d bands, respectively. The difference spec
also show a sharp peak at the O 1s absorption threshold
which should be due to the chemical potential shift induc
by the substitution of Fe with Mn. In Sr2FeMoO6, the
chemical potential is located at the Mot2g↓ band, which is
partially occupied. When Fe is substituted with Mn, t
chemical potential gradually shifts down, and it becomes
cated below the Mot2g band in Sr2MnMoO6 so that the Mo
t2g band is fully unoccupied. Such a gradual shift of t
chemical potential was confirmed in the O 1s XAS spectra
of Sr2(Fe12zMnz)MoO6 for different z values,16 and the en-
ergy shift of the O 1s XAS threshold was obtained a
;0.2 eV forz5 0.0 andz51.0.

Based on the valence band photoemission spectra
Ba2FeMoO6 ~Ref. 17! and the O 1s XAS spectra in Fig. 4,
we determine schematic diagrams of the electronic b
structures for the end members. Figures 5~a! and 5~b! display
the schematic diagrams for Sr2FeMoO6 and Sr2 MnMoO6,
respectively.

As shown in Fig. 5~a!, the electronic structure o
Sr2FeMoO6 should be split into the majority spin~up-spin!
and minority spin ~down-spin! bands due to the half
metallicity. The Mot2g↓ and Fet2g↓ bands cross the Ferm
level EF for the minority spin, while there is a gap betwee

FIG. 5. Schematic diagrams of electronic band structures for~a!
Sr2FeMoO6 and~b! Sr2MnMoO6. For clarity, we represent the Mo
Fe~Mn!, and O bands as the solid, dashed, and dotted lines, res
tively.
10441
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Fe eg↑ and Mo t2g↑ bands for the majority spin. The occu
pied Fet2g↑ and Feeg↑ bands are located around 3 and 1
eV below EF , respectively, consistent with the recent ph
toemission results for Ba2FeMoO6.17

As shown in Fig. 5~b!, there is no electronic band splittin
of Sr2MnMoO6 since it does not have the half-metallic sta
Since the valence band structures are not reported yet
valence band energy diagram could be rather difficult to
assigned. However, we can assign each levels based o
following reasons. First, the crystal structures are nearly
same for both compounds, and the Mo and O are comm
so we can regard the O 2p and Mo 4d bands as nearly the
same as those of Sr2FeMoO6, as confirmed in Figs. 3 and 4
Second, the crystal field splitting energies are similar, as c
firmed in Fig. 4, and the Coulomb repulsion energies are a
similar for Fe and Mn, the energy differences between fil
and unfilled levels should be also similar. Therefore, the
ergy levels of the filled Fe bands, i.e., Fet2g and Feeg , are
lower than those of Mn bands, i.e., Mnt2g and Mneg . Note
that these schematic diagrams turn out to be similar to re
LSDA1U band calculation results for both compounds.18

Based on above schematic band diagrams, we can as
the origins of each peak in Figs. 3~a! and 3~b!. In
Sr2MnMoO6, the peaksg, d, and« can be assigned as the
2p→ Mo t2g , O 2p→Mn t2g , and O 2p→Mn eg ~Mo eg)
transitions, respectively. These peaks have characteristic
dipole-allowed p–d transitions, so they have large pea
strengths. The two small peaksa andb can be assigned a
the Mneg→Mo t2g and Mnt2g→Mo t2g transitions, respec-
tively. The strength of thea peak is quite small, since it is a
d–d transition between the Mneg and Mo t2g bands. The
energy differences;4 eV betweeng and «, and;1.2 eV
betweena andb represent the crystal field splitting energ
of Mo 4d and Mn 3d, respectively, as observed in the O 1s
XAS spectrum.

In Sr2FeMoO6, the peaksC andE can be assigned as th
O 2p→Mo t2g ~Fe t2g , Fe eg) and O 2p→Mo eg transi-
tions, respectively. Note that, in Sr2MnMoO6, the peaks
originating from O 2p→Mo t2g and O 2p→ Mn t2g are
well separated, however, in Sr2FeMoO6, the peaks from O
2p→ Mo t2g and O 2p→Fe t2g ~also, O 2p→Feeg) are not
well separated due to the very close energy positions of
t2g and Fet2g ~Feeg) bands. In fact, the peak ofC is some-
what broader than that ofg, and the strength ofC is larger
than that ofg. The peak corresponding tob for Sr2FeMoO6,
i.e., Fet2g→Mo t2g , should be located above 3 eV, and th
there is no clear peak-like structure near 2 eV. The p
corresponding toa for Sr2FeMoO6, i.e., Fe eg→Mo t2g
should be located above 1 eV.@The Fet2g→Mo t2g and Fe
eg→Mo t2g transitions are not clearly appeared in Fig. 3~a!
due to the large and broad background of peakC.# The peak
A can be assigned as the Mot2g→Fe t2g transition through
the down-spin channel.

The peakA was assigned by some workers as the
eg↑→Mo t2g↑ transition with the assumption that the M
t2g↓ and Fet2g↓ bands were nearly degenerated.9 However,
if the peakA originates from the Feeg↑→ Mo t2g↑ transi-
tion, the peak strengthA should be comparable to that ofa in

ec-
5-4
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Sr2MnMoO6. In addition, the peakA should be located at a
higher energy thana. Therefore, our assignment of peakA
as the Mot2g↓→Fe t2g↓ is more reasonable and such
assignment can explain the doping dependents(v), as
shown later. Also, recent LSDA1U calculation result clearly
shows that the Mot2g↓ and Fet2g↓ bands are separated
since the U values are different for the Fe and Mo ions.19

To understand the changes of electronic structure from
metallic Sr2FeMoO6 to the insulator Sr2MnMoO6, we show
the doping (z)-dependents(v) below 2.5 eV in Fig. 6. For
the z5 1.0 sample, there are two peaksa ~centered around
0.8 eV! andb ~centered around 2.0 eV! with the optical gap
;0.5 eV. As the number of Mo 4d charge-carriers increase
~i.e., asz decreases!, the high energy spectral weight de
creases and the low energy spectral weight increases. B
on our schematic diagrams of Figs. 5~a!, and 5~b!, we can
regard that the peaks ofa andb shift to higher energy with
decreasingz. Then, the continuous decrease of high ene
peak strength can be understood. In the low energy reg
the spectral weight increases due to the increase of the o
pation of Mo t2g↓ and Fet2g↓ bands. Finally in metal,z
50.0, there is the Drude peak and the broad peakA, which
was also observed by Tomiokaet al.9

The Mo 4d charge-carriers do not form the Drude pe
for most doping ranges, i.e., 0.2<z<0.8, but turn into
the Drude peak for thez50.0 sample. The plasma frequen
vp of z50.0 is estimated using the relation of18 vp

2

5*0
`sd(v8)dv8, where sd(v) is the Drude peak, giving

value ofvp;1.8 eV. Note that the value of 1.8 eV is sma
when we compare with the same quantity calculated from
free electron mass and the known value of carrier num
n51.131022/cm3 ~Ref. 9!. This result might suggest the co
relation effect of Mo carriers in double perovskites.~In fact,
the effective mass is reported to be larger than the free e
tron mass by recent specific heat measurements.19! A degree
of site disorder of Fe ions at Mo sites and/or Mo ions at
sites, however, can be the main source for localization of

FIG. 6. Doping-dependents(v) of Sr2(Fe12zMnz)MoO6

at 10 K.
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charge-carriers in double perovskites. It has been known
site disorder, which strongly depends on the sample prep
tion method,20 plays a crucial role in some physical prope
ties, such as low-field magnetoresistance.21 Even for our
Sr2(Fe12zMnz)MoO6 single crystalline samples, ther
should be a certain degree of site disorder and it will eff
s(v).22 For example, the free carrier motions through t
Fe–Mo–Fe chains or Mo–Mo chains23 will be disturbed;
hence the low energy peak can be formed rather than
Drude peak for 0.2<z<0.8 and the Drude peak for thez
50.0 sample becomes small. The issues of correlation
site disorder effects ons(v) of double perovskites require
further systematic studies.

To understand the electronic structure changes with fe
magnetic spin ordering in double perovskites, we also inv
tigateds(v) of Sr2(Fe0.6Mn0.4)MoO6 (Tc;250 K) at 290 K
(.Tc) and 10 K (,Tc), as shown in Fig. 7. For Sr2FeMoO6
(Tc;400 K), we attempted reflectivity measurements at 5
K. However, after the high temperature measurements,
found that the color of the surface became changed, poss
due to the change in oxygen stoichiometry. So, we could
investigates(v) of z50.0 aboveTc . The temperature-
dependent behaviors ofs(v) for z50.0 from 290 to 10 K
were found to be similar to those forz50.4 from above to
belowTc . Forz51.0, there was no considerable variation
s(v) between 290 and 10 K.

With the ferrimagnetic ordering,s(v) are changed for a
wide energy region below 3 eV. The spectral weight abo
1.0 eV is transferred to the low energy region below 1.0 eV24

Since the change ofs(v) in the high energy region is rathe
small and broad, we have measuredR(v) several times, and
found that the changes ins(v) were quite reproducible. We
estimated the effective number of carriers,Neff(v), using
Neff(v)5(2meV/pe2)*0

vs(v8)dv8, whereme andV repre-
sent the free electron mass and unit-cell volume, resp
tively. When we integrates(v) up to 3 eV, as shown in the
inset, Neff(v) is nearly the same for above and belowTc ,

FIG. 7. Temperature-dependents(v) of Sr2(Fe0.6Mn0.4)MoO6

at 290 K (.Tc) and 10 K (,Tc). The inset shows theNeff(v)
which is obtained by integratings(v).
5-5
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indicating that the optical sum rule becomes satisfied wit
the spectral region below 3 eV. This result suggests that th
is a redistribution of the spectral weight in the energy reg
upon cooling throughTc .

It might be considered that the spectral weight change
double perovskites are quite similar to those of manganite25

In manganites, the spin-split band model based on
double-exchange mechanism26 has explained such spectr
weight transfer. AboveTc , s(v) show a peak due to th
interband transition between the Hund’s rule split bands s
as Mneg↑@Mnt2g↑#→Mneg↑@Mnt2g↓#. ~This notation indi-
cates that the transitions occur between twoeg bands with
the same spin but differentt2g spin background.! Below Tc ,
the background spins of the Mnt2g ions become aligned an
the interband transition will be prohibited, and the spec
weight will move to the low energy Drude-like absorption

If such spin-split band model is applicable for double p
ovskites, the Hund’s rule splitting of the Mo ions should
quite large to explain such large energy scale~i.e., ;3 eV)
change ins(v). Generally, the Mo ion is nonmagnetic, s
the Hund’s rule exchange energy is considered to be m
smaller than that of the Mn ion. However, Sarmaet al.27

recently proposed the unusual renormalization of the in
atomic exchange strength at the Mo ions (0.8–1.5 eV) a
ing from the Fe–Mo interaction. Although this scenario
quite interesting, as far as we know, there is little experim
tal data to support this scenario. In manganites, the ba
width of Mn eg is known to be smaller than the Hund
exchange energy, so that the Hund’s rule split band mo
could be applicable. However, in double perovskites,
bandwidth of Mo is expected to be larger than the band sp
ting between Mot2g↑ and Mo t2g↓. Moreover, our O 1s
spectra of Sr2FeMoO6 are similar to those of Sr2MnMoO6,
as shown in Fig. 4. This suggests that the spin-split b
model for the Mo ion might be not sufficient to explain th
spectral weight change with ferrimagnetic ordering in t
double perovskites.

The increase of the spectral weight in low energy reg
can be explained by the increase of hopping motion
charge carriers. Once the Fet2g spins are ferromagneticall
aligned, the aligned Mot2g↓ electrons easily move to the F
t2g↓ sites to yield a kinetic energy gain. Note that ma
reports have suggested that the Fe ions have interme
valence states between Fe21 and Fe31.28 Then, there should
be a finite number of Fet2g↓ electrons. The increased low
sh
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energy spectral weight should come from the decreased s
tral weight in the high energy region. The origin of decreas
spectral weight in the high energy region is not so clear at
current stage, since it occurs near the tail of broad and str
charge transfer peaks. However, our observation that the
rule is satisfied by integrating up to 3 eV with ferrimagne
ordering suggests that the Mo band should be hybridi
with the Fe band and the corresponding spectral weight
come redistributed due to the Fe spin ordering.29

IV. SUMMARY

We investigated electronic structure changes induced
the filling control of the Mo 4d charge-carriers in double
perovskite Sr2(Fe12zMnz)MoO6 using optical conductivity
measurements. With doping, we observed large spec
weight changes in a wide photon energy region. Using
detailed analyses of optical conductivity spectra and Os
x-ray absorption spectroscopy results, we found that s
changes should originate from the fact that the energy le
of the Fe 3d and Mn 3d bands are located at quite differe
positions. Below the gap of Sr2MnMoO6 (;0.5 eV), the
in-gap states start to appear with doping and finally
Drude peak appears in Sr2FeMoO6. The strength of the in-
gap state increases with the increase of the Mo 4d charge-
carriers, but it does not form a Drude peak abovez>0.2,
which is probably due to the site disorder effects. We ha
also observed the spectral weight transfer from high to l
energy region with the ferrimagnetic ordering. The spec
changes occur over a rather wide energy scale of;3 eV,
suggesting the redistribution of electronic structure due
the Mo–Fe hybridization.
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