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First-Principles Study of Fe-Mo Double Perovskites
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We have studied the $Fe ;,Mo:1_,0s compound using first-principles density functional theory. The calculations were done within

the generalized gradient approximation scheme and with the Perdew-Burke-Ernzerhof functional. A detailed analysis on the bonding or
antibonding character of the Fe and Mo orbitals together with the distribution and the way of hybridization of those orbitals in the valence
and conduction bands has been done. Our spin-polarized calculations for the tetragonal lattice, where Mo sites have been replaced with F
in the ordered structure, give a half-metallic ground state:for 0.

Keywords:Double perovskites; magnetoresistance; first-principles.

Hemos estudiado el compuesteBe, . Mo;_,,Os usando la teda de las funcionales de la densidad de primeros principios. &loslos
fueron hechos dentro del esquema de la aproxiomedel gradiente generalizado, utilizando la funcional de Perdew-Burke-Ernzerhof. Se ha
hecho un aalisis detallado del caracter enlazante o antienlazante de los orbitales del Fe y el Mo junto con la @istyitunianera en que

se hibridizan estos orbitales en las bandas de valencia y cobdué&si nuestrosatculos con esip polarizado para la red tetragonal, donde
sitios de Mo han sido reemplazados con Fe en la estructura ordenada, se obtiene un estado baseatiedganaet> 0.

Descriptores: Perovskitas dobles; magnetorresistencia; primeros principios.

PACS: 71.15.Mb; 71.30.+h; 72.25.-b; 71.23.-k

1. Introduction spin resonance [4] and X-ray absorption, ultraviolet photo-
electron and electron energy-loss spectroscopies [5] among
The study of electronic transport and magnetotransport opthers. As a result of all the experimental contributions, it
new materials is of great interest since new phenomena ari@ known that SyFeMoQ; is a half-metallic ferromagnetic
potential applications may be discovered. Particularly, thedxide with complete spin polarization and substantial low-
phenomenon of colossal magnetoresistance (CMR) shown iield magnetoresistance. The Fe-Mo compound is a poten-
the manganese-based and other analogous compounds is vy candidate for memory devices because of its fairly high
interesting. Manganites crystallize in the cubic structure ofCurie temperature. Changes in composition of the double
the perovskite mineral CaTiand it was found that a mag- perovskite SyfFeMoQ; modify radically its physical proper-
netic transition is accompanied by a metal-insulator transities. The best example is FeWQ; [6] that is an antifer-
tion for hole-doped manganese oxides. However, they déomagnetic insulator. Mis-site disorder and its effects on the
not share the model to explain the electromagnetic behavigtonduction band are also very important to explain electronic
with other colossal magnetoresistive materials, as some pyand magnetic properties of this double perovskite. There
rochlores or spinels. Some attempts to clarify the physicahave been some efforts to study the effects of disorder and
processes involved in the CMR were made studying the efthe electronic correlation [7,8]. However, in view of the diffi-
fect of doping on the manganites. The spot light was put orgulty to have a detailed control of mis-site disorder effect we
CMR after the measurements reported by Kobayesshii [1] ~ follow the route introduced early by Topwat al. [9] to in-
on the oxide compound §FeMoQ;, which shows a double Vvestigate the off-stoichiometric §fe;, ,Mo;_,Og system.
perovskite structure and magnetoresistance at room tempdn this paper, we study the §te; Mo, _,Og double per-
ature. Fundamental and practical interests have guided trvskite forz >0, here the system is rich in Fe since some
research since then because of the possible commercial alglo’s are replaced with Fe in the ordered structure. We study
plications from magnetic sensors to electrodes in solid-oxidéhe evolution of the density of states using density functional
fuel cells. Experimental studies provided a lot of informationtheory (DFT) calculations and changing the Fe/Mo relative
on SkpFeMoQ;, obtained by multiple techniques,g., neu-  contentin a supercell.
tron diffraction [2], nuclear magnetic resonance [3], electron
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2. Methods and computational details O-Fe-O-Fe-O-Fe-O- chain. For the third supercell (C) there
are two consecutive Mo-O-Fe-O-Fe-O-Fe-O- chains in the [0

The electronic properties of gfe . ,Mo;_, O were studied 0 1] direction at the (0 4 0) supercell plane, producing 12.5%

within the DFT framework. We used the generalized gradieninore Fe than Mo content as compared to the (B) supercell.

approximation (GGA) with the PBE functional [10], within The fourth supercell (D) contains a Fe-O-Fe-O-Fe-O-Fe-O-

the CASTEP code [11, 12], as implemented in the Materialghain and a Mo-O-Fe-O-Fe-O-Fe-O- chain as it represents

Studio software suite. To study the different compositionssimultaneously the (A) and (B) cases. Finally, in the super-

of SnFe 4 ,Mo;_,Og we constructed a 160 atoms supercellcell (E) there are two parallel Fe-O-Fe-O-Fe-O-Fe-O- chains

which was made up by eight unit cels % 2 x 2), wheretwo  and this supercell is 25% richer in Fe than Mo.

stoichiometric formula units (SFeMoQ;) are contained in

each one. In the starting supercell o§BeMoQ; (Fig. 1)the 3. Results and discussions

Mo atoms were replaced by Fe atoms systematically,

to buil{N . .
f hat the alph I f
up each one of the supercells. e confirm that the alpha (up spin) valence band o

) ) SrFeMoG; is composed by, andt,, electrons from Fe
The lowest concentration of Fe in our supercells corre4,4 Mo atoms, as reported previously [1,14], but we found
sponds tar = 0 (SrFeMoQ) in the SpFe 1 ;M01_Os  thatthey are distributed at separate bonding and antibond-
compound and it is found in the Mo-O-Fe-O-Mo-O-Fe-O- jng heakgFig. 2). Mandalet al. [14] assign Fe, andty,
chains along the [0 0 1] direction. Subsequent replacement;iag only at the valence band and Mg ones at the con-
of Mo atoms by Fe translates into a kind of control of both: 4 ,~tion band: in contrast. we observe the existeneg ahd

the order and the relative concentration. In the first generatep2 bonding contributions of both atoms within the valence
g

supercell (A) a Mo atom was replaced by Fe, so that one of,3ng, and these states are unfolded by combination yith
the mentioned chains transforms into Mo-O-Fe-O-Fe-O-Feandpy oxygen states.

O- without perturbing the other ones and there is now 6.25%  Tha pehavior of the alpha channel is due to the strong

more Fe than Mo. The second supercell (B) contains ongyitting among bonding and antibondidgstates, being the
more Fe atom than the previous one so that one of all theyier aphove the Fermi level [13-15]. For the conducting
possible chains in the [0 0 1] direction transforms into a Fey,qt4 (down spin) channel around the Fermi level, we found
aty, bonding state for Fe in the valence band, almost at the
Fermi level, as well as, andt,, Fe states which are bond-
ing and antibonding respectively, the latter at higher energy.
Although, the valence band is composed of bonding combi-
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FIGURE 1. (Color online)Supercell structure for gFeMoG;. For
each of the eight unit cells used to built up this supercell it is possi-
ble to identify that Fe is located at every vertex and at the center of
the cell while Mo atoms are at the center of top and bottom faces, as=IGURE 2. (Color online) Total density of states of SFeMoQy

well as at the center of every edge. Between every Fe-Mo nearesaround the Fermi level (vertical dotted line). The orbital symmetry
neighbor couple there is an O atom; the remains are Sr atoms.  labels are included.
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FIGURE 3. (Color online)DOS of SkFe; . Mo1-_,Og for major-
ity and minority spins for:= 0 (a), 0.0625 (b), @25 (c) and 0.250
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that the number of electronic states around the Fermi level
increases with: due to the injection of F&d electrons to the
lattice (Fig. 3). This injection has different effects on alpha
and beta channels: on the top of the valence band for the con-
ducting alpha channel new states are generated which further
develop a band occupying the energy gap region, whereas the
band for the conducting beta channel is shifted to lower ener-
gies due to the occupation of states above the Fermi level.
For the same concentration & 0.125) but different an-
tisite replacement configurations, the energy gap for the up-
spin channel as well as the distribution of accessible states
are not appreciably modified. That is the case for the super-
cells (B) and (C); the total density of states for the former is
shown (Fig. 3c), correspondingto= 0.125. Figure 3 shows
our spin-polarized calculations for the total density of states
fromax = 0.0 tox = 0.25 in SkFe . .Mo;_,Og, and the
half-metallic ground state in agreement with experiments [9].

4. Conclusions

In summary, we have studied the off-stoichiometric
SrFe +,Mo;_,Og system forz > 0 compositions using
first-principles calculations. For the stoichiometric com-
pound ¢ = 0), it is found that valence and conducting bands
are formed by bonding and antibonding crystalline orbitals
arising from combinations of Fe and Mborbitals with O

p ones. It is also found that the system has a half-metallic
ferromagnetic ground state.
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