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Magnetic and electronic properties of a single crystal of ordered double perovskite SFeMoOg
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A single crystal of ordered double perovskite oxide,F@MoQ;, a conducting ferromagnet witfi
~420K, has been prepared by the floating zone method, and the magnetic and electronic properties have been
investigated. It has been found that the ordinary and anomalous Hall coefficients are negative and positive,
respectively, and that the density of the conduction electrons is estimatedxetf?em 2, corresponding to
nearly one electron-type carrier per a pair of Fe and Mo. The electronic specific heat is abo(th8I#3) in
accord with the result of the band-structure calculation by the local density functiobal) method. In the
optical conductivity spectrum, interband transitions fromeggo Mo t,y band with up spin across the Fermi
level and from the O gto the Mo/Fet,4 band with down spin are observed at 0.5 eV and 3.9 eV, respectively,
which confirms the half-metallic electronic structure predicted by the LDA calculation.

[. INTRODUCTION The Fermi level exists within the down-spin band, which is
composed of Fe,y and Mot,, electrons. As an intuitive

In the complex oxides with the ordered perovskite struc-icture for the electronic state, the electrons of Fe and Mo
ture, A,B'B"Og (A being alkaline-earth or rare-earth ele- cations may be considered as localized and itinerant, respec-
ments, whileB’ andB” being different transition-metal ones, tively, with the valence states of Fe(3d>; tggeg, S=32)
respectively,' the B’ andB” cations are alternately ordered and Mc* (4d*; tég, S=13). Taking the magnetic interaction
in a rock-salt lattice, as schematically shown in Fig. 1, partly(interatomic antiferromagnetic exchangeetween Fe and
due to a large difference in their charges or ionic radibr Mo into account, a ferrimagnetic half-metallic state ex-
instance, a lattice oA,FeMoQ; (A=Ba, Sr, and Cashows  pected for this ordered perovskite with localized up-spins of
an alternate ordering of e and Mo" at theB’ andB”  Fé&** and itinerant down-spin electron of Mia Thes-d (or
sites, respectively. In SFeMoQ;, the crystal symmetry is Kondo latticé model may be applicable to the unique mag-
known as cubitor tetragonal with the regular arrangement netic and electronic properties of ordered perovskites as such
of the alternating Fe® and MoQ octahedra. In the a conducting ferrimagnet.
localized-spin model, the magnetic interaction between Fe A high spin-polarization of conduction carriers expected
and Mo having the Fe-O-Mo angle of180° appears for Sr,FeMoQ; is attractive also in the light of the potential
antiferromagnetié,and hence may produce a ferrimagnetic application to the magnetoresistive devices. A late investiga-
ground state, although the actual compound is metallic andon on the polycrystalline specimen of ,5eMoQ; (Ref. 5
the localized-spin picture is too naive. The observed maghas reported a fairly-large magnetoresistad®) subsist-
netic (ferromagnetic or ferrimagneti¢ransition temperature ing up to room temperature, that has been interpreted in
for SpLFeMoQ; is as high as 410-450 KRefs. 1-4. terms of the intergrain tunneling of spin-polarized electrons.

A renewed interest in these ordered perovskites has reA relatively high magnetic transition temperatu#10-450
cently been aroused in connection with gigantic
magnetoresistancethat has typically been observed for per-

ovskite and layered-perovskite manganites. At the ferromag- {:;:\{%}{Aggkg}
netic ground state of manganités.g., La _,SrL,MnO; with W s
x~0.3), a density of states near the Fermi level is composed {(‘&{(‘%{(‘&{%&
only of up-spin electrons, giving rise to a half-metallic na- ‘\i«f“vﬁr‘ﬁ)“ﬁ, .
i e VAN AN K /A ® B; Fe
ture. In this case, an energy gap between the up-spin and the (& (& (ﬁ (
down-spin conduction band is due to a strong Hund’s-rule ‘,&/A\J/A\\/A\A}

< < <3
coupling between the locahy and itinerante, electrons. \vg"\‘\é‘@'{'@a @5 M
Such a close interplay between the magnetic and electronic AN /AX‘)}A&X
states as observed for manganites is expected also for the ‘\”"V/‘"\/‘"‘V/"
ordered perovskites. For FeMoQ;, a density-functional

calculation of the electronic structure has recently been car- F|G. 1. A schematic picture of alternatirgf O5 and B”Og oc-
ried out with the generalized gradient approximati@GA) tahedra in an ordered perovskite structufe,B’'B"Os In
by Sawada and Terakuf&.The results show that the occu- Sr,FeMoQ, the Fe and Mo cations occupy tiB# and B” sites,

pied up-spin band mainly comes from the Feé 8lectrons. respectively.
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TABLE |. Structural data determined from a single crystal x-ray diffraction.

Formula weight Crystal system Space group Lattice paramélers V (A3 d., (glcnt)

423.02 Tetragonal 1aimm 8=>5.5713), ag=7.887(4) 245.3(1) 5.73

K) indicates that a spin-polarization of conduction electrondation below 0.06 eV. For the higher-energy reflectivity
remains relatively high(70%) even at room temperature, above 36 eV, then ™ *-type extrapolation was used.
provided that the ground state is a half metal.

At this stage, a study with use of a high-quality single
crystal is desired to further investigate the issues described Ill. RESULTS AND DISCUSSION
hitherto. In this paper, we report magnetic and electronic
properties relevant to the half-metallic state of the
SrFeMoQ; single crystal prepared by the floating-zone
method. Following the description of the experimental pro- The polycrystalline sample was first synthesized by sin-
cedures(Sec. 1), the floating-zone synthesis and structuraltering a stoichiometric mixture of StGDFe,03;, and MoQ
characterization of a single crystal are by first descrii®mst. at 1270 °C for 12 h in a flow of H7%)/Ar. A result of x-ray
[1A). Subsequently, the transport propertigec. IlIB), diffraction indicated that the powder was in a single phase.
electronic and magnetic specific he@ec. 1lIQ are pre- (The reactions in air were not successful for the formation of
sented. The electronic structure is investigated by opticabrdered perovskite structure, but resulted in formation of
spectroscopy(Sec. 1lID), and comparison with the calcu- subphases, such as SrMpPThe obtained powder was pul-
lated band structure is made. The summary is given in Seaerized and formed into a rod with about 100 mm in length
V. and 5 mm in diameter. A rod was sintered for 12—24 h under

the same condition as used in synthesis of the polycrystalline
Il. EXPERIMENTAL PROCEDURES sample. . .
The crystal growth was performed in a floating-zone fur-

The samples of SFeMoQ; used in various measurements nace equipped with double hemiellipsoidal mirrors coated
were single crystals, which were grown by the floating-zonewith gold. Two halogen lamps were used as heat sources. A
method as described in detail in Sec. Ill A. Magnetizationsingle crystal was grown in argon atmosphere at a growth
data up 6 5 T have been taken by a commercial superconfate of 15—-20 mm/h with rotating seed and feed rods in
ducting quantum interference device magnetometer. The repposite directions. The formation of a single crystal was
sistivity and Hall effect have been measured in magneticonfirmed by a Laue reflection method and it was found that
fields up b 7 T using a cryostat equipped with a supercon-a growth direction is parallel t¢111], direction of the
ducting magnet. For the Hall effect measurement, a piece gfseudocubic setting. Then, a part of a melt-grown rod was
crystal was formed into a rectangular shape with typical dipulverized and characterized by an x-ray diffraction, which
mensions of Flength x1.3(width)x0.13(thicknes$ mn?, confirmed that the melt-grown sample is a single phase of
and the gold wires were attached to a rectangular sampline ordered perovskite structure. The powder diffraction pat-
through the electrodes made by gold paste. To remove thern was consistent with the tetragond/mmm symmetry,
asymmetric voltage, three terminalsne at one edge and and a Rietveld refinement gave thaj=5.571(2) A andc,
two in the other edgewere attached and the offset voltage =7.889(4) A. A degree of Fe/Mo ordering of the melt-
was canceled by adjusting the variable resistance connectirggown crystal was estimated to be about 85% from an inten-
to the two terminals. sity of the superstructure reflections frdimk I) with | odd,

For the specific-heat measurement in magnetic fidlggs e.g.,(1 0 1). The cation ratio of the melt-grown crystal was
to 9 T), the sample is mounted on a sapphire chip, and thalso checked by an inductively coupled plasma spectroscopy,
data (0.5<T<10K) have been collected by the relaxation and the ratios of S(Fe+Mo) and Fe/Mo were determined as
method. We measured reflectivity spedtR{ w)] for a crys-  1.01 and 0.988, respectively. To improve the ordering of Fe
tal of SLFeMoQ; with a typical size of~5 mm ¢ (¢; diam-  and Mo, the as-grown crystal was annealed at 1250 °C for 12
eten. R(w) in the infrared range 0.06—0.8 eV were measured in a flow of Hy(4%)/Ar, and it was cooled to room tem-
using a Fourier transform type interferometer with a MCT perature at a speed of 50 °C/h. A part of the annealed crystal
detector. A grating type monochromator was used for thavas pulverized and characterized by a powder x-ray diffrac-
higher-energy range, 0.6—36 eV. For the measurement abovi®n, which indicated that the Fe/Mo ordering was increased
5 eV, we made use of synchrotron radiation at UV-SOR from 85% to 92%. The following of this paper is describing
Institute for Molecular Science. In order to investigate thea study on the annealed crystal.
optical spectra at low-temperature 10 K, we measiréd) To further investigate the crystal structure, a single crystal
using He-cryostat up to 5.0 eV. As a reference mirror, wex-ray diffraction was performed with use of a four-circle
used evaporated Ag film on the crystalo6—-2.9 eV, and Al diffractometer with graphite-monochromated Max radia-
film (above 2.8-5 eY Namely, the spectrum at 10 K was tion. The diffraction data were automatically collected with
measured from 0.06 to 5 eV and extrapolated by the datase of MSC/AFC diffractometer software of the Molecular
above 4.9 eV at room temperature. The optical conductivityStructure Corporation, and the total numbers of reflections
spectra were obtained by Kramers-Kronig analysiR@b). by the w-20 method were 368. The structural parameters of a
For this analysis, we assumed Hagen-Rubens type extrap&r,FeMoQ; crystal are listed in Table |. Subsequently, the

A. Synthesis and characterization of a SfFeMoOq
single crystal
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TABLE II. The refined atomic parameters at room temperature for an annealed crystalFe\&Q;
with 92% ordering of Fe and M(R=0.037,R,,,=0.041.

Atom  Positions X y z G  Bey(A?)P U11,6 Usy, Usg(A?)

Sr 4d : 0 3 1 0.553)  0.007%9), 0.007%9), 0.0061)
Fe (1) 2a 0 0 0 0.92 0.38100 0.0054), 0.0034), 0.0043)
Mo (1) 2a 0 0 0 0.08 0.0943 0.0017, 0.0017, 0.0002
Fe(2) 2b 0 0 3 0.08 0.3810)  0.0054), 0.0054), 0.0043)
Mo (2) 2b 0 0 3 0.92 0.0943 0.0017, 0.0017, 0.0002

0 (1) 8h  0.2493) 0.2493) 3 1 1.32) 0.0134), 0.0134), 0.0248)
0 (2 4e 0 0 0.2544) 1 1.62) 0.0299), 0.02499), 0.0000

&The populations for Fe and Mo atoms were fixed at the values of 92% ord@angefined.

®The thermal factor is represented as the equivalent isotropic displacement parddggter (

°The anisotropic displacement parametéts;;, U,,, and Uy are estimated with use of the rela-
tion that Bey=(87?/3) [Ujy(ad*)?+Uy(bb*)2+Usy(cc*)?+2U aa% bb* cosy+2U,hb* cc* cosa
+2U,cc*aa* cosgl.

data were analyzed with use of the teXsan crystallographigion by 6u5 . Inversely, if a F&" (S=32) is at aBy, Site, its
software package of the Molecular Structure Corporationmagnetic moment tends to be antiparallel to those of the
The atomic parameters were refined for an annealed crystgls+ jon causing a decrease in the net magnetization by
C?f SrFeMoQ; with Fe/Mo ordering of 920/‘_" Wh'Ch_ con- 4ug . Hence, the total decrease in magnetization per a pair of
firmed the tetragondld/mmmsymmetry consistent with the " L cite defects is as large agik0 This estimate of the

results of the powder x-ray diffractiofiR=0.037, Ry magnetization loss indicates that the observed decrease by
=0.04). The atomic parameters refined are listed in Table

[I. As shown in Table Il, the atomic positions for(D and
O(2) indicate slight displacements toward Mo atom. In 3 =
SrFeMoQ;, therefore, the size of Mofbctahedra seems to
be smaller than that of Feyctahedra.
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B. Transport properties

Figure 2 shows the temperature profileg@f magnetiza-
tion and (b) resistivity in magnetic fields of a gfeMoQ;
single crystal. In Fig. @), the magnetization at 0.5 T per a
formula unit of SgFeMoQ; is ~2.9ug (and increases up to
a saturated value of 3.2 g at high fields as shown in the
insed at the lowest temperature and it is still appreciable at 0 L e
400 K. The resistivity measurement up to 500 K has indi- 100 200 300 400
cated some anomaly around 420 K, which perhaps corre- Temperature [K]
sponds to the Curie temperatur€s). The T value is in
good agreement with that in literatu@i@efs. 1 and 2 In Fig.

2(b), the resistivity(p) shows a metallic behaviordp/dT

>0) down to the lowest temperature, and no significant MR
effect is seen apart from small MR at temperatures below
about 150 K. The small negative MR is perhaps due to the
antisite defects at the Fe and Mo sites as argued below.
These features shown in Fig(k? are quite in contrast to
those of the polycrystalline specimen, which shows a large
negative MR(Ap/p~0.3 at 7 T (Ref. 5. In other words, the
absence of appreciable MR in the single crystal as observed
in Fig. 2(b) confirms the assignment made in Ref. 5 that a
fairly large MR of a polycrystalline specimen of FeMoQ

is due to field-induced change in carrier scattering at the 10-40 s 160 — 260 — 3(‘)0 —=100
grain boundaries that are characteristic of cerafcs.

The relatively low saturation momer#=3.2ug), as com-
pared with the ideal valu€4ug; Spwu=3—3=2) is ac- FIG. 2. (8 The temperature profiles of magnetization for a
counted for in terms of the antisite defects atBigandBy,  single crystal of SiFeMoQ; taken at 0.5 T. The inset shows a
sites>® If a Mo®" (S=3) is at theBg, site surrounded by the magnetization hysteresis curve for the same crystal taken afts K.
Mo®* neighbors, its magnetic moment tends to be parallel taremperature profiles of resistivity in several magnetic fields for a
those of the M&" ions, which decreases the net magnetiza-Sr,FeMoQ; crystal.
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of the p,,—H line atu,H>1 T on the ordinate. The anoma-
lous Hall coefficient is then evaluated with use of the relation
FIG. 3. The magnetic field dependence of the Hall resistipjyy ~ that R;=(1-N)Ry+Rs. At 5 K, for instance, Rs
taken at several temperatures for a single crystal gFeoQ,. IS estimated at 1.2610 ° Qcm/G with RyM=0.335
Inset shows the temperature dependence of the inversed ordinagy{) cm, M=2802 G, N~0.9 (Ref. 1) and Ry
Hall coefficient (1R,;). The ordinary Hall coefficient is obtained =—0.578<10 3cm?/C. It is noted in Fig. 3 that the sign of
from the slopedp,,/dH at ugH>1T. The dotted line is the guide Rg is positive opposite to that d® . This is in contrast to
to the eyes. the case of conventional ferromagnets, Fe and Ni, the both
Ry andRg of which have the same sign. Perovskite manga-
0.8ug from the ideal value is expected if the antisite defectsnites, say La ,Sr,MnO, as another typical half-metal
exist in a portion of 8% at the Fe and Mo sites, which isshows the positiveR; and negativeRg oppositely to the
consistent with the result of pOWder X-ray diffraction. resent case. ThaS for the manganites becomes vanish-
Figure 3 shows the magnetic field dependence of Hallngly small as the temperaturer spin fluctuatioi tends to
resistivity p,, of a SpFeMoQ; crystal taken at several tem- zero. By contrast, theRs of SrFeMoQ; is rather
peratures. The,, first increases at€@uoH<1T, whichis  temperature-independent in spite of apparently half-metallic
ascribed to an anomalous Hall effect, and then turn deCfeaS@ﬁaracter_ An Origin of such an unconventional behavior of
at uoH>1T. The slopedp,,/dH at uo0H=1T is negative  theRgis left to be elucidated, but might be relevant to some

and almost temperature independent. In magnetic substancesagnetic frustration arising from the mis-site imperfections.
both of the ordinary and anomalous parts contribute to the

Hall effect. Taking a demagnetizing effect into account, the

S . C. Electronic and magnetic specific heat
Hall resistivity py, is represented &% 9 P

To further quantify the electronic properties of
Pxy=RutRM, (1) SrFeMoG;, the low-temperature specific heat has been mea-
sured. In the case of magnetically ordered states, the contri-
bution from the spin-wave excitation is additional to the spe-
cific heat. Then, the total specific heat is composed of three
arts; namely, contributions from conduction electron, spin
aves, and lattice, represented as

whereR;=(1—-N)Ry+Rs. Here,R, andRg are the ordi-
nary and anomalous Hall coefficient, respectively. Fhév,
and N are an external magnetic field, magnetization, and
demagnetizing factor of a sample, respectively. Since th
magnetization of a SFeMoQ; crystal almost reaches satu-
ration for ugH>1T, the ordinary Hall coefficient is deter- _ _ _ 32 3
mined from the value oflp,,/dH in a high-field region. The C=CalM)*Conl D+ Cranicd T) =y T+ aT+ AT @)
inset to Fig. 3 shows the temperature dependence of the ob-
tainedRy . The Ry has a negative sign, that is, the conduc-Here, y is the electronic specific heat coefficient, whilend
tion carrier is electronlike. With use of the relation ths B are related with the spin wave excitation and the Debye
=1/(en), a density of conduction carriers is estimated to betemperature, respectively.
~1.1x 10?2 cm 3 (approximately one electron per a pair of ~ Figure 4 shows theC/T vs T2 of a SpFeMoQ; crystal,
Fe and M9, which shows no significant dependence on tem-which was taken at zero magnetic field and 9 T. Below about
perature below 200 K. These results obtained by the ordinar§0 K, application of an external magnetic field of 9 T is
Hall effect seem to be consistent with the density-functionakufficient to cause a spin-wave gap and remove a spin-wave
calculation based on generalized gradient approximatiogontribution from a specific heat. Therefore, an intercept of
(GGA) (Ref. 5 that indicates a metallic Fermi surface. the C/T—T? line & 9 T on the ordinate gives thaty

As indicated in Eq.(1), the anomalous Hall coefficient ~8 mJ(molK?), as shown in Fig. 4. In a conventional
can be obtained througR;M. In Fig. 3, the value oR;Mg  metal, the electronic specific heat is related to the density of
(Mg being the saturation momens obtained as an intercept states at the Fermi levaN(Eg) via the relation thaty
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FIG. 5. The specific heat from which the electronic part is sub-

1000+
tracted, C— yT)/T2 vs T2, for a SpFeMoQ; crystal. i

Optical Conductivity ( 2 "em’

=1/37%kg 2N(Eg). In the present cas®|(Er) is calculated
as 2.0< 10?*eV~ 1 mol ™%, which is consistent with the LDA Energy (V)

result (1.2<10°*eV~" mol™") (Ref. § but may be somewhat  FiG. 6. The spectra df) optical reflectivity taken at 10 K and
renormalized by the electron-correlation effect. Incidentally,() converted optical conductivity for a ieMoQ; crystal. Thed-d
the temperaturé€l) dependence of the resistivity is quadratic transition from Fee, to Mo ty, band with up spirfat~0.5 eV) and
with T in this crystal, and a coefficienf in p(T)=p,  the charge transfe{CT) transition from O 3 to Mo/Fet,, band
+AT? is about 2.1& 10 3 xQ) cm/K?. This gives the ratio  with down spin(at~4 eV) are denoted by open and closed triangles
Aly?~3.3x10 ° uQ cm(mJI K *mol 12, being not con- in (b), respectively. Three broken lines () represent Drude com-
tradictory to the Kadowaki-Wood law thaf\/ 72= 1.0 ponent,d-d transition andp-d CT transition, respectively, fit with
X107° u) cm(mJI K1 mol~1)? (Ref. 12. the three-component Drude-Lorentz model functisee text
By utilizing the value ofy, the electronic part can be ) o ) .
subtracted from the net specific heat, which makes it possibli$ Schematically shown in Fig. 7. In Fig.(®, a metallic
to estimate the value of in Eqg. (2). Figure 5 shows the high-reflectivity b'c_md appears with an apparent plasma_edge
(C—yT)IT¥2ys T32 The (C—yT)/T32is almost linearly ~at 1 eV. Thes(w) in Fig. 6(b) represents a sharp Drude-like
dependent o3 at such low temperatures. An intercept of 'esponse, which shows a steep increase toward, con-
the (C—yT)/T32 vs T32 line on the ordinate gives that  firming a metallic behavior in the ordered perovskite. In ad-
= 1.45 m}K25mol). dition to the Drude-like co_mponent, we can see a small but
A contribution from spin wave€.(T) (=aT%?) in Eq. _clea_r structure denoted with an open triangle ground 0.5 eV
(2) is further written agN, andkg being the Avogadro num- " Fig. 6(b). The LDA calculation of the densn_y of states
ber and the Boltzmann constant, respectively based on the GGA has revealed that the up-spin ba_nd shows
a small gap betweeery and tyq bands, as schematically
CondT)(=aT¥?)=0.11NkgA¥ (ks T)¥? 3) shown in Fig. 7. Then, it is reasonable to ascribe this small
absorption to thed-d (eg—t,g) electron transition(Note
where A= (Sy—Sg)/(4J,5S,Sg) in the case of a ferrimag- that such al-d transition is not intra-atomic but corresponds
net with S; andJ;; being the spin quantum numberiaub-  to the charge transféCT) excitation from Fe to Mo site, and
lattice and the exchange interaction betwéemd| sublat-  this is consistent with its small spectral weighCompared
tices, respectively> With the values of a  with the d-d absorption, an intense peak-structure is seen
=1.45 mJ(K>°mol), Sy=3, andSg=3, one obtainsl,g  around 4 eV. This large absorption probably results from the
=—4.1meV. According to a mean-field theory on the ferri- CT excitation from O » to MoFet,4 band with down spin.
magnet, the simplest approximation gives the Curie temperdn 3d transition-metal oxide perovskites, the energy of the
ture asTc=W(CaCg)Y? where w=—2zJ,5/(Nog’ug?) CT excitation critically depends on the number of
(z, g and ug being the coordination numbers, the Lande
factor and the Bohr magneton, respectivelgnd C;
=No0%up2Si(S;+1)/3Kg. With z=6 andJyg=—4.1meV
for the present compound, the Curie temperature is thus
evaluated to be=490 K, which shows a reasonable agree-
ment with the observed value=420 K).

ha)dd = 0.50 eV

D. Electronic structure investigated by optical spectroscopy

The issue discussed here is an electronic structure of
SrFeMoQ; investigated by optical spectroscopy on a single-
crystal specimen. Figure 6 showa) reflectivity spectrum
and(b) converted optical conductivity spectrJm(w)] in the FIG. 7. A schematic picture of the electronic band structure of
ground state(10 K). For comparison, the electronic band the ordered perovskite $ieMoQ, based on the density-functional
structure of SfFeMoQ; as predicted by the band calculafion calculation by Sawada and TerakuRef. 5.

02p —_—  » MofFe by

hogr = 3.9 eV
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d-electronst* The single-peak structure of the present CT~3.2ug per formula unit of SfFeMoQ;. The deviation from
band indicates that Mg, and Fé,q are so hybridized as t0  the jdeal value €4u) may be ascribed to a significant
form an apparently single but broad final state in the opticaleqyction of the net moment due t68% of mis-site imper-
process. ) o fections. The single crystal shows minimal MR effect, con-
As shown by dotted lines in Fig.(6), the shape ob{(w)  trary to the case of polycrystalline samples, which shows
can be divided into those threg components, i.e., Drude CONfrototypical intergrain tunneling MR. The ordinary and
ponent,d-d, and p-d CT transitions, and fit with a three- anomalous Hall coefficients are negative and positive, re-
component curve by using conventional Drude-LorentZgpectively, and the density of the conduction electrons is
model, estimated to be 1:410?>cm™3, which corresponds to nearly
_ one electron-type carrier per a pair of Fe and Mo. The elec-
o(w)=Imlwe(w)/4r] ) tronic specific heat coefficieny is about 8 mfmol K?), or

= (0 1+ (w0l yp) 2+ (wldm) the density of states & is 2.0 10%%ev? mo!*l, in over-
all agreement with the result of the electronic-structure cal-
X IM[ Sygwag (034— 0%+ i ygqw) culation. From an analysis on the magnetic specific heat, we
5 5 . have estimated the ferrimagnetic interaction between Fe and
+Scrwer (0gr— 0 +iycro)]. (5) Mo thatd,g~ —4.1 meV, being consistent with the observed

For fitting, we made use of the value of dc conductivity, Curie tt_amperature. In _the optical conductivity spec_trum, the
o(0) (see Fig. 2 The estimated-d and CT transition ener- OWest interband transition from f&g to Moty band is ob-
gies,fiwgg andfiwcr, are 0.50 and 3.9 eV, respectively. In served at=0.5 e\/, which corresponds to the gap value be-
particular, a gap in the up-spin band across the Fermi Ieveﬂ’veen the up-spin bands across the Fermi level. A Qharge-
which gives rise to a half-metallic nature for the down-spintiansfer transition from th®2p to the Mo/Fet,, band with
band, is given byiwyy(=0.50 V). It is worth mentioning downjspm(CT excitation Iocate; at=3.9 eV. Thgse resglts
that those values abyq and w1 show a quantitative agree- are In g5°°d agreement with the density-functional
ment with the calculated band structdregain confirming ~calculation:

the half-metallic nature of this compound as depicted in
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