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Half-metallic density of states in S,FeMoOg due to Hund’s rule coupling
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We have investigated the electronic structure ofFf8MoQs by photoemission spectroscopy and band-
structure calculations within the local-density approximatidh (LDA +U) scheme. In valence-band photo-
emission spectra, a distinct double-peak feature has been observed near the Ferai)evepboton-energy
dependence of the spectra and the BB band-structure calculation have revealed that the first peak cross-
ing Er consists of thgFe+Mo) t,, states and the second peak well belwis dominated by the Fey,
states. This clearly shows that only the down-spin states contribute ®¢ti@ensity, thus the half-metallic
density of state$DOY) is realized. We point out that the observed half-metallic DOS can be attributed to the
strong Hund’s rule energy stabilization due to the high-spiR Gonfiguration at the Fe site.
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I INTRODUCTION Fe** (3d%t3,,65,)~M0°* (4d%;t5,,) configuration, which
produces 5 1=4ug.>*® However, the observed saturation
Colossal magnetoresistan@VIR) phenomena have been moment by several groups has been always
stimulating a large amount of research on the manganesg1-3.2u5.3*"~°This low saturation moment has been at-
oxides because of their potential applications to magnetotributed to a slight disorder of Fe-Mo orderifig?
transport devices as well as their profound phySiEsr in- On the other hand, GarslLandaet al. have reported that
dustrial applications, however, one of the ideal properties igip.=4.1ug and uy,=0.0ug .** This implies that the elec-
to work in a low magnetic field at room temperatyR). In tron configuration may be close to the
this sense, tunneling magnetoresistafiddR) has been get-  Fe?*(3d°,t3,,t5, €5.)-M0o®"(4d%) configuration within a
ting more attention than CMR. To realize such properties, thgimple ionic model, although it is probably incompatible
electronic structure should ideally have a half-metallic denwith the metallic behavior of this compound. From a recent
sity of states(DOS) with a high Curie temperatureT{). = Mossbauer measurement, Limdeet al. have claimed a
Although some of the manganites are half metdliisany of  valence-fluctuation state of £& .22 Their result is supported
them have lowT, and need a high magnetic field. by Chmaissemnet al. who have obtainegur.=4.3—4.4ug
Recently, Kobayastet al.reported that an ordered double from a neutron diffraction and a \sbauer measureméfit.
perovskite SyFeMoQ; showed a large TMR, and they also  Thus the major problems on the electronic structure of
predicted its half-metallic DOS like the manganiteEhere Sr,FeMoQ; are(1) the half metallic DOS an¢R) the valence
have already been many studies on the family of the orderedf Fe and Mo ions(the origin of ferrimagnetism, in other
double perovskite& BB’ Og since the 1950’s. Among them, words. Actually, those are closely related to each other be-
iron-based compoundé-e-Mo and Fe-Reare special be- cause the calculated Fermi weight originates fairly in the Mo
cause they show metallic behavior with high ferrimagnetic4d tog) statesg4 1415
T..27° The ferrimagnetisnfor G-type antiferromagnetism of Photoemission spectroscopy is suitable to investigate
Fe and Mo sitesof Sr,FeMoQ; has been proposed by Na- these issues; valence-band photoemission spectroscopy can
kayama, Nakagawa, and Nomura using neutron diffration.reveal the valence-band electronic structure, and core-level
Also, Nakagawa has confirmed the3rt(e3d5;t§me§1) con-  photoemission spectroscopy can also provide important in-
figuration by Msbauer spectroscopyConsequently, it is formation about the valence states by observing chemical
believed that this ferrimagnetism originates from theshifts of core levels. In particular, a Mo ion is known as an
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ion which shows large chemical shifts with different va- potential linearized augmented plane-wavé&LAPW)
lences. The direct method to confirm half-metallic DOS ismethod® within the LDA+U scheme&??3For effective Cou-
spin-resolved photoemissidiSRPES. However, it is very lomb repulsiond) .= U —J, relatively small value$2.0 eV
difficult to perform on bulk compounds. So far, there havefor Fe and 1.0 eV for Mo, respectivelyvere adopted. The
been only two successful SPRES measurements on bulk oexperimental cubic lattice parameterde{=1.99 A and
ides by Kanperet al. (CrO,) (Ref. 16 and by Parketal.  dy,.0=1.95 A) at 300 K(Ref. 4 were used? The plane-
(Lag 1St Mn03) .2 wave cutoff energies were 12 Ry for the wave function, and
Until now, the only photoemission study on,6eMoQ; 48 Ry for the charge density and the potentials. We took 19
is by Sarmaet all’ Surprisingly, they have found a very points in the irreducible Brillouin zone for the face-centered-
complicated Mo 8 core-level photoemission spectrum of cubic lattice.
SrFeMoQ;, and it can never be attributed to a single va-
lence such as Fé or FE€". From a cluster-model analysis,
they have suggested the possibility of a negativg at the Ill. RESULTS AND DISCUSSIONS
Mo site!’ In this paper, we present valence-band photoemis-
sion spectra of single crystals of, FeMoQ; taken with syn-
chrotron radiation light, and compare them with our band- First, we show the results of our LDAU band-structure
structure calculations in detail. This is not as direct ascalculations in Fig. 1. As is seen in the figure, the top of the
SRPES, but it gives us sufficient information on the half-up-spin band is located at 0.8 eV while the down-spin
metallic DOS of this compound because of a double-peakand is crossing, resulting in the half-metallic DOS. The
feature which would be characteristic of the family of doubledown-spin conduction band crossikg is dominated by the
perovskites® Changing incident photon energies), we Fe 3d—Mo 4d t,, states while the O @ states have a
extract information on the spectral distribution of the Fk 3 smaller contribution. On the other hand, the up-spin band
and Mo 4 states nealEg. Comparing the spectra with just belowEg is mostly due to the Fed ey, and the O »
band-structure calculations, we will show that this distribu-States without any appreciable Mal £ontribution. Hereaf-
tion directly reflects the half-metallic electronic structure ofter, we simply denote the down-spin conduction band cross-
this compound. We will also point out that the Hund’s rule ing Eg and the up-spin band just belol as a “FetMo
coupling at the Fe site should play an important role to realt,g band”and a “Feey; band,” respectively. The two sharp
ize the half-metallic electronic structure of this compound. peaks betweer-2 and—4 eV in the Fe 8 up-spin band
are due to the Féyq; states. Since those states overlap with
the O 20 down-spin states, the FAg,,; peaks may not be
clear in our spin-integrated photoemission spectra. The major
High quality single crystals of SFeMoQ; were grown by ~ contribution to the—4~—5.5 eV region is from the O 2
using the floating-zone methbld The site disorder was an States of up- and down-spin bands. There are considerable Fe
order of 10% which would not seriously affect the micro- 3d states betweer 5.5 eV and the bottom of the valence
scopic electronic structuf®. The experiments were per- band in the up-spin band, too. This is due to thetfze and
formed at the beamline BL-11D of the Photon Factorythe Feey; bonding states which hybridize with the (p2
(PP using a Scienta SES-200 electron analyzer. The totagtates. However, this Fed3weight would become relatively
energy resolution was about 5®0 meV FWHM using smaller in our spin-integrated spectra due to the largepO 2
65—200 eV photon energies. The chamber pressure wagown-spin weight in the region, although the Fe weight has
typically 2x10 1 Torr, and the temperature was about 20been observed in a similar compound by a Fe3l reso-
K. The spectral intensity had been normalized by the totahant photoemission measureméht.
area of the full valence-band spectra and the kgaspectra Those generic features are consistent with the calculation
were scaled to them. using the generalized gradient approximati@@GA) by
Surface treatment is very important in photoemission exKobayashiet al® However, the top of the Feg, band in
periments since the technique is highly surface-sensitive. It igheir calculation is quite close{—0.2 eV) toEr compared
common that the best way to obtain a clean surface of a bulkith the present calculation. A calculation based on the linear
sample is to cleave the sample when it is cleavable. Howmuffin-tin orbital method using GGA was very similar to that
ever, most three-dimensional samples including ours cannatf Kobayashiet al”?® Since Kobayashet al. used the al-
be cleaved. In such a case, a common treatment is to scrapeost identical lattice parameters to the present calculation,
the sample using a diamond file. This is often successful fothe difference in our and their calculations should originate
many compounds. For multinary oxides, however, it somein a finite U first. In fact, before introducing, the top of the
times occurs that oxygen atoms easily come out durindg-e €5, band was very close t&g in our calculation, too.
scraping due to the ultra-high vacuum, and then the surfacghis fact has been confirmed by other groups. For example,
may have a different composition. To obtain the best qualityusing the same lattice parameters as Kobayeshl., Fang,
of surface, we fractured sampl@s situ at 20 K. The pre- Terakura, and Kanamori obtained basically the same GGA
pared surface was black and shining like a cleaved surfac®OS as Kobayashet all* In their LDA+U calculation,
but was rough enough to get angle-integrated spectra. Fahey adoptedU.4 of 4 eV and 0 eV for Fed and Mod
comparison, we also scraped samples with a diamond file. orbitals, respectively. Here, thé. of 4 eV for Fe is signifi-
Band-structure calculations were performed with the full-cantly larger than ours, and 0 eV for Mo in comparison to

A. Band-structure calculations

II. EXPERIMENT AND CALCULATION
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The energy position of the Fg; band is a key to under-
standing neaEg valence-band photoemission and optical-
conductivity spectra. We will show later that neither the
FIG. 1. Total and partial density of states ofEeMoQ calcu- GGA/LDA nor the LDA+ U with a largeU calculation can

lated with LDA+U method.U, is 2.0 eV(Fe) and 1.0 eV(Mo).  éproduce the nedr spectra.
dFe-O: 199 A anddMo_o: 195 A

e
o

our 1 eV enhances the effects dfon Fe sites. As a result, B. Photoemission spectra

the top of the Fey; band moved te-1.2 eV. In addition, a Figure 2 shows valence-band photoemission spectra of
large part of the Fespectral weight is strongly pulled down Sr,FeMoQ; from a fractured surface(solid lines and

to —7.5 eV due to the largd ., forming a sharp and large scraped(dotted lineg surfaces taken at 20 K. In the spectra
peak at the bottom of the valence band. Wu compared locabf the fractured surface, one can easily observe four struc-
spin-density approximatioflLSDA) and LSDA+U with U tures A (—0.20 eV), B (—1.30 eV), E (—5.0 eV),
=45 eV(Fe) and 1 eV(Mo), and obtained qualitatively the and F (—=7.5 eV). Two shouldersC (—3.2 eV) and
same results as Farg al'® Kang et al. compared valence- D(—4.1 eV), which are clearer in highehr (120
band photoemission spectra of F@aMoQ; with LSDA and  —200 eV), can also be observed. On the other hand, the
LSDA+ U calculations. The differences between LSDA andspectra of scraped surfaces look rather differargndB still
LSDA+ U were very similar to the SFeMoQ; case, and the can be seen but their intensity is quite suppressed. More-
LSDA+ U calculation accounted for their BaeMoQ, spec- over, D and E are not very clear while two structures
tra being better than their LSDX. a (—5.6 eV) andB (—8.2 eV) are enhanced insteadis
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actually observed as a shoulder in the 100, 150, and 200 e¥tructure to some extent, but we also have the bulk compo-
spectra and as a peak in the 120 eV spectrum of the fracturetent or the structures overlapping withand S.
surface, while it becomes very weak in the lower photon- Comparing the raw calculational results in Fig. 1, we can
energy spectra@ is hard to observe in the spectra of the immediately assigi andB to the Fe+-Mo t,4, band and the
fractured surface. Feey, band, respectivelyfC andD may correspond to the Fe

¥y (—12.2 eV) has no intensity just after fracturing and t,g; states, although their energy positions are deeper than
grows with time, clearly indicating that it is related to the theoretical positions by-0.6—0.9 eV. For detailed
surface-aging effects. Also, its intensity decreases from thanalyses, however, we need to construct a theoretical spec-
lower to higher photon energies, and it is almost invisible intrum and compare it with the experiment. This will be shown
the 150 eV and 200 eV spectra. Considering that the intensitin Fig. 5. Before moving to this issue, let us see the rigar-
of the O 2p states is enhanced in the lower photon-energyspectra first to observe the experimental distribution of the
region,y is most probably due to oxygen states of suboxidesvio 4d spectral weight in the nedr region.
on the surface. Here we note that the intensitywoénd 8 Figure 3 shows nedfx photoemission spectra of the
also increases whep grows due to surface aging, suggest-fractured surface taken with sevetal’s. The intensity of
ing that they are related to the surface electronic structuréhe structureg\ andB increases withhv. This indicates that
too. In this sense, we can say that the fractured surface onsiderable Fe @ weight relative to the O @ weight
more reliable than the scraped surface to investigate the bukhould exist in those structures because the photoionization
electronic structure of this compound. Howevar,is still  cross section of the Fed3states relative to the O2states
obvious in the high 156 200 eV photon energy angé will increases withv as shown in Fig. 4% However, the behav-
have its intensity in the spectra from the fractured surfaceiors of the spectral weight &% andB are quite different from
because even the high-photon-energy spectra have a releach other. The inset shows the peak area ahdB vs hv.
tively long tail in the bottom of the valence band. Hence, weOne can see that the spectral weightfofred ling has a
believe thate and 8 should represent the surface electronicminimum at~80 eV, while such a clear minimum is not
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FIG. 4. Calculated photoionization cross section ratios of the Fe
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—90 eV.
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observed irB (blue line. In fact, not only the spectral weight
but also the line shapes &fat 80 eV and 90 eV are almost
identical. On the other hand, Fig. 4 shows that the photoion-
ization cross section ratio Mod4O 2p has a broad mini-
mum near~80—90 eV which is the Cooper minimum of

-2.0 -1.5 -1.0 -0.5 0

the Mo 4d state. Hence the minimum @ should be inter- Binding Energy (eV)
preted as the Cooper minimum of the Md 4tates. This is
clearly demonstrating tha has a contribution from Mo d FIG. 5. (a) 200 eV photoemission spectrum of,EeMoQ, at

states whereaB has only an undetectably small contribution t— 59 K (circles compared to a theoretical curve usiml..o
from those. This is in perfect agreement with both our and-1 99 A (solid curve. The experimental background has been
other groups’ prediction of the band theories. It is, thereforeguptracted. Vertical solid linesACF, «, 8) denote the structures
experimentally confirmed that the Fe;; band and the observed in Fig. 2 and the dotted line&’¢F’, o', B') are the
FetMo t,q band are distributed from—2.2 eV to corresponding features in the band thedoy.200 eV neaiEg spec-
—0.9 eV and from—0.9 eV toEg, respectively. trum is compared with the same LDAU calculation. The 150 eV
Tomioka et al. found a small peak at-0.5 eV in their  spectrum is also presented to show the locatio @fearly. The
optical conductivity spectrum. Based on their band-structurexperimental background of both spectra has been subtracted.

calculation, they ascribed this peak to the &g— Mo

t,g; d-d absorptior The above results, however, show thata'€d, Mo d (black area and Op (the other areastates

the Fee,, states should be located far deeper than theiPecause the other states have negligibly small intensity. The
interpretation. Besides, our band-structure calculation can rd€lative intensity of the three partial DOS was fixed to the
produce the neax photoemission spectrum, as shown be_calculated_ photomnlzatlon_ Cross sect?@nA_ theoretical

low. Hence we infer that the 0.5 eV peak in the optical con-CU'V€ (solid line) was obtained by broadening the cross-

ductivity spectrum is not representing the half-metallic DOSSQC,“0”";‘1”‘9“('3'd t'gotal D(()jS with a Ga(tjjssianddu;a EO thet ex-
unless the Fe.. band has a long tail towards. . perimental resolution, and an energy-dependent Lorentzian
of g due to the lifetime effect’ The background of the experi-

mental spectra was subtracted.

In (a), structuresA’-F', a', and B’ are observed in the
theoretical curve. Now it is clear that the characteristic
To compare experimental spectra and LBA band- double-peak structurdy andB, is essentially reproduced in

structure calculations, we choose the 200 eV spectra becauttiee theoretical curve a&’ (Fe+Mo t,5) andB’ (Fe ey;).
they are most bulk-sensitive. Figure 5 shows a comparison ofhis double-peak structure cannot be reproduced by the
the 200 eV spectra with the LDAU calculation. The spin- GGA calculation by Kobayashet al. because the Fegy;
integrated total DOSgray areaincludes only Fed (white  band is too close t&g in their calculatiorf® C’ andD’ are

C. Comparison between experiments
and band-structure calculations
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due to the Feey; and the O  states. The O 2 contribution Then, what is the origin of the 1 eV shift? In the crystal,
to C' andD’ is rather large because of the overlapping® 2 the Fe (Mo) site is in the same environment as that of
down-spin states. It should be noted titandD’ forma  SrFeQ (nominally 3d%) [SrMoO, (nominally 4d?)]. How-
prominent(indeed, the largesipeak, and their energy posi- ever, since the effective charge-transf€) energyA o« of
tion is quite different from the experiment& and D by  SrFeQ is negative, the ground state of the Fe sfie
~0.6—0.9 eV.E and a consist mainly of the O @ non-  SrFeQ) is actually more liked®L 3***Here,L andL denote
bonding states which may be assigned to be a single struen O 2 ligand electron and hole, respectively. By contrast,
tureE'/a’. Fet,g; and Feey, bonding states contribute #© it is known that Mo ions are stable in higher oxidation states.
and B to some extent, respectively. Hence Mod“ strongly tends to lose an electron:d%
Figure §b) shows a comparison in the neBg- region  —4d'L.%® Then %L +4d*L naturally turns out to be the
with a better signal-to-noise ratio. The energy position of thegd®+4d* configuration(before the Fe-Mo hybridization is
Fet+Mo t,y band is in good agreement with the experiment.switched on. This situation realizes the same electronic con-
Moreover, the overall line shape of the band is also reprofiguration at the Fe site as in LaFgQ@3d®) which is a
duced in the theoretical curve. However, the peak position infarge-gap insulator.
the experiment4, —0.20 eV) is much closer t& than This d® configuration under the cubic symmetry is very
the theoretical positionA’, —0.50 eV). Here, the 150 €V special. Within the Hartree-FockHF) approximation, the
spectrum is also shown to see this0.20 eV peak more d-d energy gap of thed® configuration is an order ot
clearly. Note that the peak at—60 meV in the theoretical +4J while it is much smaller ¢ U —J) in the other electron
curve is not a real peak but one due to the Fermi edgesonfigurations’ This is the Hund's rule energy stabilization
Consequently, the different energy positionfo&ndA’ can  in thed® configuration and the major origin of the larfg,,
be interpreted as a band narrowing of therfo t,4 band.  of d® compounds$? However, LaFe@is actually a CT-type
Like the FerMo t,g) band, the energy position of the Bg,  insulator whoseE g, is also controlled by .3 Thus in the
band is in good agreement with the experiment. As for the3d> compounds the larg&y,, is determined by both the
line shape, however, only the lower binding-energy side oktrong Hund's rule coupling anfi;, but not by the simple
this band is well explained by the theoretical curve; a largeCoulomb repulsion. Therefore, just a large Coulomb repul-
tail of the Fet,y, peaks,C’' andD’, is overlapping with the sion in the Fe states cannot account for the discrepancy be-
higher binding-energy side of the lég; band, and this band tween the LDA theory and the experiment.
is not as obvious as in the experiment. It is worth noting that the local Fe DOS in the calculations
The above comparison can be summarized into twawith a largeU . are very similar to those of the unrestricted
points. (1) Our LDA+U calculation reproduces the energy HF calculations on LaFeQby Mizokawa and Fujimori? in
position of the Fe-Mo t,y; and Feey; bands well, but the  which the Fe DOS also have an intense peak at the bottom of
line shape of the Fey; band is not well reproduced due to the valence band. This similarity suggests that a lajgg
the large Fe,,; peaks.(2) Nevertheless, the theoretical Fe almost completely corrects the self interaction and hence re-
toq; peaks are much closer By (by ~0.6-0.9 eV) thanin covers the effects of the nonlocal exchange potential which
the experiment. All the other states except the iigaregion  has been neglected in LDA but is fully taken into account in
are generally closer t&r. As a result, the experimental the HF approximation. In this sense, what is lacked in our
valence-band width is wider by 1 eV. This is quite unique calculation(and LDA) is not a large Coulomb repulsion but
and unusual in the family of perovskite-type oxides becauséhe appropriaténot just nonlocal exchange interactiofand
the valence-band width of those compounds is essentiallgf course the electron correlation effector LaFeQ, an
reproduced by band-structure calculatiéhs. FeQ, ° cluster-model calculation gives a peak-to-pdaj,
Within the LDA+U scheme, the above 1 eV shift must be of ~5 eV (Ref. 32 and optical and photoemission-inverse
explained by the relatively small value bfg for the Fed  photoemissionEg,;s of ~2 eV have been reporté&?’
states first. Indeed, the Hgy, states in the calculations of Then, a peak-to-peak gap of1—2 eV belowE should be
Fanget al.and Wu are located at 3~ —4 eV in agreement expected for the Feband in SsFeMoQs. It is indeed ob-
with our experiment®'®> However, the top of the Fey;  served as featurB (located at—1.3 eV) in our experimen-
band is located at-1.2 eV in the calculation of Fanet al.  tal spectra. On the other hand, the bottom of the valence
with Ugg=4 eV for Fe! This is too deep compared to our band in self-energy-corrected HF calculations has generally a
experiment, and it becomes even worse —1.5 eV) in  smaller spectral weight than HF calculations, and a long tail
Wu’s calculation with a similal) .* In addition, both cal-  appears in the higher-binding energy region inst€adence,
culations have a large peak at7.5 eV due to the large the lack of the large peak at the bottom of the valence band
Ui, Which is not observed in the experimental spectra. Conin our experiment can probably be explained by the above
sequently, a largé) o does not actually improve the band- electron-correlation effects.
structure calculations. Another explanation is a latdgf of The electronic structure of gfeMoQ; is schematically
the Fet,y states than the Fe, states. However, this would summarized in Fig. 6(a) depicts the DOS of the Fed3
again produce an intense peak at the bottom of the valence Mo 4d! ionic state without the Fe-Mo hybridization.
band as shown by Solovyest al. for the LaFeQ case®® The Fe up-spin states are already pulled down and forming
Moreover, the shift of the whole valence band cannot bean energy gap due to the strong Hund'’s rule coupling, while
explained by this scenario. the Mot,, states generate the Fermi surfa@®. shows the
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(a) plain the higherT,. than the manganites. Nevertheless,
4 N 1 G Sr,FeMoQ; does not show CMR. The reason is probably
He g 0l Moe, =P that SpFeMoQ; is a very typical DE compound like a
i PN »Energy  heavily doped manganite, for exampleole&i ;MnO;. The
Fetrr 4 Fe or ' DE theory predicts a finite Fermi weight even abdveand
. g : Down hence does not predict any metal-insulator transitions
N SFetg, || (MIT).*® In accordance with this, both compounds have a
; IRl | I‘: relatively large Fermi weight and do not show MIT either. In
(b) ; \; l/’ ‘I contrast, all the CMR manganites show sharp MIT and have
; : | L Up vanishingly small Fermi weight, or in other words, a
/—\ 5 i [« : pseudogaf! Therefore, even though the DE can explain the
; A — > Fnergy MR effects to some extent, it cannot explaiolossalmag-
; v netoresistance. The essence of CMR is MIT and the first
— et [ Fe3d ' . Dowm reason would probably be the pseudogap. In this sense, the
--------- [ Mo 4d 3d°® “half-filled” Sr ,FeMoQ; is a good reference to examine
----- el Eg how the DE theory appears in real compounds.
S

. . . IV. CONCLUSIONS
FIG. 6. Schematic electronic structure ofBeMoQ; (a) in the

ionic state, andb) in the real Fe-Mo hybridized stafgia oxygen. In conclusion, we have investigated the electronic struc-
Solid and broken lines denote the symmetry of those hybridizationsure of bulk SgFeMoQ; by photoemission spectroscopy and
LDA +U band-structure calculations. In the photoemission
DOS with the Fe-Mo hybridization via oxygen sites. The spectra, we have observed a double-peak structureEear
occupied Fe up-spin states are further pushed down due thich is characteristic of metallic double perovskites. The
the hybridization, and the Mo, up- and down-spin states band-structure calculations have shown that this double-peak
split due to different hybridization strengtAThus the strong  structure cannot be reproduced by LDA/GGA nor LBA
Hund’s rule coupling of thel® configuration and the differ- with a largeU. Making use of the Mo 4 Cooper minimum
ent hybridization strength between up- and down-spin chanand comparing with the LDA U calculations, we have ex-
nels cooperatively work to realize the half-metallic DOS in tracted the distribution of the Fed3and Mo 4 states in the
this compound. double-peak structure; the first peak crosdiigconsists of
Finally we compare the electronic structure of this com-(Fe+Mo) t,, states whereas the second peak's lower
pound and the magnetoresistive manganites. From our ré~1.3 eV) Er has only Feey, states, demonstrating that
sults, as well as the results by other groups, it is shown thadnly the down-spin states contribute to te intensity. We
the 3d° Fe up-spin states are well localized and behave as have pointed out that the observed half-metallic DOS can be
large local spin of5=5/2. Here we note that this spin almost attributed to the strong Hund’s-rule energy stabilization due
purely originates from the Fe states because we have ole the high-spin 8° configuration at the Fe site.
served no appreciable Mo weight in structi@eThe Mo-Fe
t,g down-spin electrons move around aawtiferromagneti-
cally couple to the local spins. This situation iglarge local
spin + charge carriers, namely the double exchakiDg) The authors would like to thank T. Kikuchi for technical
scheme as pointed out by Kaegal!® The difference from supports in the experiments. Part of this work was done un-
the manganites is merely that the charge carriers are inevitaler the approval of the Photon Factory Program Advisory
bly in the down-spin band simply because the up-spin state€ommittee(Proposal No. 00G021This work was supported
are fully occupied. The local spin of this syste®=5/2) is by a Grant-in-Aid for Scientific Research from the Ministry
larger than that of the manganiteS=3/2). This would ex- of Education, Science and Culture, Japan.
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