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Co-doped Sr,FeMoOg4 double perovskites: A plausible scenario for phase segregation
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The structural, magnetic, and transport properties of Co-doped Sr,FeMoOyg in a series of nominal compo-
sition Sr,Fe;_,Co,MoOg¢ (x=0, 0.05, 0.1, 0.2, 0.4, 0.7, and 0.9) are studied. At room temperature, the crystal
structure is tetragonal with space group /4/m. The unit cell and the Fe/Co octahedra volumes increase while the
Mo octahedra and Fe/Co-O-Mo bond angles tend to decrease with increasing Co®* content. Antisite disorder
clearly decreases along the series and the lattice expands along the ¢ direction while contracting in the basal ab
plane. As expected, it is observed that the ferromagnetic ordering temperature decreases and antiferromagnetic
correlations set in with Co doping. Also a spin-glass-like behavior, stemming from the presence of competing
ferromagnetic patches in the antiferromagnetic Co>* matrix, is observed for intermediate doping levels. The
conductivity exhibits a semiconducting behavior for all samples, although for low Co contents a metallic
regime is recovered upon application of an external magnetic field. A maximum in the magnetoresistance is
observed for Sr,Feq ¢5CopsM0Og and Sr,FeyoCon ;M0Og, but surprisingly enough, as an antiferromagnetic
and insulating behavior becomes apparent, the heavily doped samples Sr,Fej3Coy7MoOs and
SryFe( 1Cop9oMoOg¢ exhibit magnetoresistive ratios almost the same as those of the corresponding pure
compound Sr,FeMoOg. The observed phenomenology could be compatible with an electronic phase segrega-
tion scenario as has recently been predicted to occur.

DOI: 10.1103/PhysRevB.73.104417

INTRODUCTION

The Sr,FeMoOgy double perovskites have attracted inten-
sive attention due to the large low-field magnetoresistance
(MR) exhibited at room temperature.’> Sr,FeMoOy is be-
lieved to be a half-metallic material in which conduction
electrons are fully spin polarized.! The postulated high spin
polarization of the carriers at the Fermi level enables spin-
dependent scattering processes, and consequently, electronic
transport can be strongly influenced by the presence of mag-
netic fields.” The ideal structure of Sr,FeMoQg is a stack-
ing of corner-sharing FeOg and MoOg octahedra, which al-
ternate along the three directions of the crystal, and the Sr
cations occupy the voids between the octahedra. The mag-
netic structure can be viewed as two ferromagnetically (FM)
ordered sublattices (Mo and Fe sublattice) antiferromagneti-
cally (AFM) coupled together. However, because of the an-
tisite disorder (ASD), part of the Mo ions occupying the Fe
ion site and vice versa, the saturation magnetization is al-
ways lower than the predicted value of 4up per formula unit
(f.u.). This is due to the AFM correlations existing between
two consecutive Fe ions in the antisite disordered material >~
Although ASD reduces the magnetization, it has been shown
that moderate levels of antisite disorder benefit the low-field
MR.%710 It has been proposed that antisite-disorder modu-
lates the low-field magnetoresistive response of the
system!®!! and cationic ordering control on the magnetiza-
tion of Sr,FeMoOg has been widely reported.”® Band struc-
ture calculations'? lead one to think that a significant in-
crease of the Curie temperature 7. could be achieved by
electron doping of the parent compound. It was conjectured
that the FM coupling between Fe ions in the ideal structure
was mediated by the itinerant down-spin electron from Mo
and, therefore, an increase of the carriers in the conduction
band would increase 7. Experimentally, this could be real-

1098-0121/2006/73(10)/104417(6)/$23.00

104417-1

PACS number(s): 75.47.Gk

ized by substituting the divalent Sr cation by a trivalent cat-
ion, typically a rare earth. Indeed, there are plenty of data
describing the complete phenomenology of such
substitutions.'*!* Unfortunately, doping of the A sublattice
greatly influences the antisite disorder, which in turn leads to
unwanted side effects in the magnetic and the transport prop-
erties of Sr,FeMoQOg. Recently, a rich phase diagram has
been obtained as a function of the separation between the Fe
and Mo levels and the band filling."> It includes ferri- and
antiferromagnetic phases that can be metallic, insulating, or
orbitally ordered, and points to the existence of a phase seg-
regation scenario as that depicted for manganites. Also, al-
ternative doping in the B sublattice, e.g., the substitution of
Mo by W or Re, has been widely studied.'®>3 The latter has
been shown to increase the Curie temperature but no im-
provement of the magnetoresistive properties has been
reported.?*

In regards to the series that we are exploring, results for
Sr,CoMoOg have been reported.”>?° The magnetic moment
of Co** has been found to be about 5.3u due to the extra
contribution of the orbital moment, although also a Co’*
state has been proposed by Morimoto and co-workers.?” The
existence of an unquenched orbital moment in the B sublat-
tice is known to influence the energy levels diagram and
therefore it may alter the hybridization scheme, as is the case
for the Re-based FeRe and CrRe series. The presence of a
non-negligible orbital moment suggests that a plausible
strengthening of the FM interaction between Fe ions, leading
to an increase of the Curie temperature and to an improve-
ment of the magnetoresitive properties of Sr,FeMoQg, could
be achieved by doping with a small amount of Co. Also, in
contrast to the observation of mixed valence states for the
pure conducting FeMo compound [Fe**(3d°)-Mo>*(4d")] vs
[Fe?*(3d%-Mo®*(4d%)],?° a single Co**(3d7)-Mo®*(4d°)
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FIG. 1. The Cu Ka XRD patterns of Sr,Fe(¢5CogosMoOg and
SrzFeo'QCOO‘lMOOG.

electronic configuration has been theoretically predicted and
experimentaly confirmed for the pure insulating CoMo
compound.?>3" Therefore, as the Co content increases, a
gradual transition from a mixed-valence, ferrimagnetic or
metallic Sr,FeMoOg to a single-valence, antiferromagnetic
or insulating Sr,CoMoOy, is expected to occur. In order to
shed some light on these hypothesis, we have studied the
structural, magnetic, and electronic properties of the Co-
doped Sr,Fe;_,Co,MoOy (x=0, 0.05, 0.1, 0.2, 0.4, 0.7, and
0.9).

EXPERIMENTS

The oxygen-stoichiometric Sr,Fe;_,Co,MoOy (x=0, 0.053,
0.1, 0.2, 0.4, 0.7, and 0.9) compounds were prepared by a
standard solid state reaction. Stoichiometric mixtures of
high-purity SrCOs;, FeC,0,4-2H,0, Mo;(NH,)s0,,-4H,0,
and Co(NO3),-6H,0 were well mixed, ground, and calcined
at 900 °C for 24 h in air. After that, the calcined mixtures
were reground and reheated at 850 °C in a H,-N, (5-95)
reducing flow for 2 h. Finally, the precursor samples were
sintered at 1200 °C for 12 h in a flow of H,-N, (2-98).
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X-ray powder diffraction (XRD) data used for structure re-
finement were collected at room temperature with Cu K«
radiation (40 kV X 30 mA) and a graphite monochromator. A
2 6-scan mode was applied with a step width 260=0.04° and a
sampling time of 20 s. The step-scanned XRD patterns were
fitted using the Rietveld method with the program Fullprof.
The magnetization was measured by a commercial supercon-
ducting quantum interference device (SQUID) magnetome-
ter. Transport and magnetotransport measurements were per-
formed by the conventional four-probe technique, under
magnetic fields up to 8.5 T in a physical properties measure-
ment system (PPMS) from Quantum Design in sintered pel-
lets of 10 X3 X2 mm?.

RESULTS AND DISCUSSION

X-ray diffraction patterns, shown for two represetative
samples in Fig. 1, show that all samples Sr,Fe,_,Co,MoOg (
x=0, 0.05, 0.1, 0.2, 0.4, 0.7, and 0.9) are single phase double
perovskites with group I4/m. The lattice parameters, position
parameters, and antisite percentages are listed in Table I. It
can be seen that the cell volume continuously increases as
Co content increases. Both experiments and calculations re-
veal that the Co ion takes a +2 valence (3d’ configuration)
for Sr,CoMo00,.2>2%30 The lattice expansion along the series
is consistent with the larger ionic radius of Co®* than that of
Fe3*, 0.0885 and 0.0785 nm, respectively. However, from
the crystallographic data, we observed that this effect is not
isotropic, since the lattice expands along the ¢ direction and
contracts in the basal ab plane. The elongation along the ¢
axis has a large influence on the electronic structure since it
lifts the threefold degeneracy of Co f,, levels and splits them
into a lower-energy doublet (xz/yz) and a higher-energy sin-
glet (xy).’° The shrinking Mo-O bond length, as shown in
Table II, indicates an increasing average valence of the Mo
ion, i.e., from +5(3d") to +6(3d") with increasing Co con-
tent. This increase in the Mo valence occurrs simultaneously
with the gradual change from a mixed-valence state of
Fe?*-Fe’* to a single valence state for the Co?*. It is a well-
known fact that increasing the ionic radii and charge differ-
ence of the atoms in the B sublattice decreases antisite dis-

TABLE I. Crystallographic parameters for Sr,Fe;_,Co,Mo0OQg, including the cell and the positional parameters (space group 14/m), the

antisite proportion, and the discrepancy factors Rey,, Ry

X
Parameter 0 0.05 0.1 0.2 0.4 0.7 0.9
a (nm) 0.55740 (3) 0.55738 (2) 0.5.5736 (2) 0.55734 (1) 0.55730 (2) 0.55727 (2) 0.55708 (1)
¢ (nm) 0.79067 (4) 0.79098 (3) 0.79148 (2) 0.79155 (2) 0.79223 (3) 0.79323 (2) 0.79474 (2)
V (nm?) 0.245658 0.245734 0.245870 0.245873 0.246054 0.246339 0.246638
de z 0.256 (2) 0.255 (3) 0.257 (2) 0.255 (3) 0.257 (3) 0.257 (2) 0.256 (2)
8h x 0.288 (3) 0.287 (3) 0.288 (2) 0.288 (3) 0.288 (3) 0.289 (2) 0.291 (2)
8hy 0.225 (2) 0.225 (2) 0.225 (2) 0.225 (2) 0.224 (2) 0.225 (3) 0.225 (1)
Antisite (%) 6.5 (1) 6.8 (1) 6.4 (1) 4.8 (1) 5.9 (1) 2.1 (1) 0.8 (1)
Reyp 6.31 4.35 8.81 6.78 6.23 5.98 4.18
Ryp 10.15 7.95 13.7 12.5 12.3 10.3 8.1
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TABLE II. The interatomic distances (nm) for Fe(Co)-O(X4) and Mo-O(X4) in the basal ab plane with
four coordination atoms, Fe(Co)-O(X4) and Mo-O(X4) along the ¢ direction with two coordination atoms,
the average interatomic distance Fe(Co)-O, Mo-0, and Sr-O, and the bond angles (deg) Fe(Co)-O1-Mo and

Fe(Co)-02-Mo.

X
Structure 0 0.05 0.1 0.2 0.4 0.7 0.9
Fe(Co)Og octahedron
Fe(Co)-0O1(x4) 0.2024 0.2033 0.2039 0.2037 0.2037 0.2043 0.2049
Fe(Co)-02(X2) 0.2037 0.2021 0.2039 0.2020 0.2038 0.2037 0.2032
(Fe(Co)-0) 0.2027 0.2029 0.2039 0.2031 0.2037 0.2041 0.2043
MoOg octahedron
Mo-02(X4) 0.1938 0.1939 0.1919 0.1935 0.1935 0.1930 0.1925
Mo-O1(X2) 0.1930 0.1934 0.1933 0.1938 0.1924 0.1929 0.1942
(Mo-O) 0.1935 0.1937 0.1924 0.1936 0.1933 0.1930 0.1931
Fe(Co)-O1-Mo 179.99 179.99 179.99 179.99 179.99 179.99 179.99
Fe(Co)-02-Mo 167.63 166.01 165.05 165.72 165.53 165.34 164.92
SrOy, polyhedron
Sr-O1(X4) 0.2622 0.2624 0.2617 0.2625 0.2625 0.2624 0.2622
Sr-02(X4) 0.2972 0.2971 0.2981 0.2972 0.2976 0.2980 0.2987
Sr-03(X4) 0.2787 0.2787 0.2787 0.2787 0.2787 0.2787 0.2786
(Sr-O) 0.2794 0.2794 0.2795 0.2796 0.2796 0.2797 0.2798

order. Both the ionic radii and charge differences are larger
between Co** and Mo (Co?*>Fe3*>Mo " >Mo’") as
compared to the parent compound (Fe**, Mo’*), and
consequently, increasing the Co>* content tends to decrease
the antisite disorder. Indeed, antisite disorder of
Sr,Fe( 1Coy oMo0Og is only 0.8%, indicating almost absolute
ordering within the error range. The depopulation of
the conduction band, as inferred from the change of the
valence of Mo, aided by the deviation of the bond angle
Fe(Co)-O-Mo from 180°, as shown in Table II, work to-
gether toward the reinforcement of the insulating state,
which is consistent with the observed increase of the resis-
tivity as the Co content increases.

From the magnetic point of view, the saturation magneti-
zation M, exhibits a non-monotonic behavior, as seen in
Fig. 2. Compared with the pure Sr,FeMoO4 (SFMO)
(3.83up/f.u.), the magnetization of Sr,Fe(¢5C0p(sM00Og
(3.60up/f.u.) decreases, while that of Sr,FejoCoy;MoOg
increases (3.72up/f.u.). The Iintrinsic large magnetic
moment of Co>* cations, 5.3ug/f.u. in pure Sr,CoMoOy
also contributes to the variation.”> The AFM patches
Co?*-0O-Mo%*-0-Co** decrease the magnetization, while
the isolated Co ions within the ferromagnetic matrix
Fe’*-0-Mo’*-0-Fe** are expected to increase the magneti-
zation. In the low-doping regime, the two double-edged
effects are compatible. As more Co ions participate in the
structure, the probability of the Co ions forming consecutive
AFM chains in the B lattice also increases leading to the
observed lowering of the total magnetization. A further cross
check of the extra contribution of Co to the magnetization
comes from the following calculation. If it is assumed that all
the Co ions participating in the structure are AFM coupled

and the fraction of antisite disorder is y, the magnetization M
is calculated as M=[Mpg(1-2y)—My,(1-2y)](1-x) with
Mg.=5up and My,=1ug. Obviously, without considering
the contribution of the FM coupled Co ions, the calculated
magnetization should be lower than the experimental value.
We find that for the x=0 and 0.05 compounds, the calculated
magnetization is approximately the same as the experimental
value while for the rest of the members of the series, the
calculated magnetization is lower than the experimental
value, as shown in the inset of Fig. 2. This is consistent with
our hypothesis that in all compounds there are some Co ions
that remain isolated within the Fe**-O-Mo’*-O-Fe** contrib-

M (ugf.u.)

-40000 -20000 0 20000 40000

FIG. 2. The magnetization M curves of Sr,Fe;_,Co,MoOq
(x=0, 0.05, 0.1, 0.2, 0.4, 0.7, and 0.9). The inset shows the mea-
sured (square) and calculated (circle) magnetization at 50 kQOe.
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FIG. 3. (a) Magnetization M versus temperature T of

SryFe;_,Co,MoO¢ (x=0, 0.05, 0.1, 0.2, 0.4, and 0.7). The inset
shows the ZFC (black solid symbols) and FC (gray hollow sym-
bols) M of Sr,FeyCoggMo0Qg. (b) The real x' and imaginary y”
components of the ac magnetic susceptibility versus 7 for
Sr,Fe( 3CoysMoOg¢ with the arrow denoting increasing frequency.

uting to the total magnetic moment. Notice that the observed
non-monotonic behavior of Mg does not follow the trend of
T, which systematically decreases as the Co content goes
up, as shown in Fig. 3(a). In fact, for Sr,Fe, ;CoggMoQg, the
FM is completely suppressed and only a proper Néel tem-
perature at around 22 K can be reported. Therefore we con-
clude that the strengthening of the FM interactions at very
small doping levels, indicated by the enhanced Mg, is limited
to a very local scale, in agreement with the postulated exis-
tence of isolated Co ions coupled ferromagnetically to the
Fe-rich matrix. Along the series what is observed is an over-
all weakening of the superexchange interaction with Co dop-
ing. This can be explained on electronic grounds as the result
of the depopulation of the conduction band, although other
factors such as the decrease of the bond angle Fe-O-Mo can
also contribute. For the pure compound, the Curie tempera-
ture is closely related to the number of the electrons in the
conduction band near the Fermi level, the carriers mainly
provided by Mo’* ions. In the Co-containing Sr,FeMoOy, as
the doping increases, Mo* ions are replaced by Mo®", the
density of carries at the Fermi level decreases, since the pdd
hybridization takes place between the almost unoccupied
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down-spin Mo 1, orbital and the oxygen orbitals.”® The
pumping out of carriers from the Mo in the conduction band,
according to the recent calculations by Taraphder et al.,'?
favors a scenario of an electronic phase segregation where a
ferromagnetic and metallic nonorbital ordered phase coexists
with an antiferromagnetic and insulating orbital-ordered one.
An experimental confirmation of the occurrence of such
phase segregation could be inferred from the existence of a
drastic change in the magnetoresistive properties, resulting
from the growth of a conducting phase at the expense of an
insulating one when an external magnetic field was applied.
Also the existence of a cluster-glass- or spin-glass-like be-
havior would point out the existence of a favorable scenario
for the postulated phase segregation.

A first hint for the latter comes from the increasingly ir-
reversible behavior of the magnetization along the series. For
Co content higher than x=0.2, an irreversible behavior is
detected below 30 K, as shown in Fig. 3(a), where zero-
field-cooled (ZFC) and field-cooled magnetizations are ob-
served to diverge from each other. In order to ascertain the
occurrence of a spin-glass state, we have measured the ac
susceptibility of Sr,Fe(3Co,7Mo0Qg, also shown in Fig. 3(b).
There are two well-defined peaks, one at about 70 K related
to the FM to paramagnetic (PM) transition, and the other at
around 30 K which seems to be correlated with the onset of
glassy behavior. As expected for a spin-glass system, a clear
decrease of temperature for the latter peak is observed as the
frequency decreases. The onset of spin-glass behavior is con-
sistent with the plausible coexistence of AFM and FM inter-
actions in the intermediate compounds, which is known to
promote strong spin frustration. Besides this magnetic frus-
tration, the disorder in the distribution of the magnetic ions
adds another condition that favors the existence of a spin
glass. This spin-glass-like behavior strongly influences the
macroscopic electrical resistivity as discussed below. For the
highest levels of doping in the series, a standard AFM be-
havior is observed. However, a clear FM contribution is ap-
parent even in Sr,Fe(CoyoMoQg, as inferred from the hys-
teretic behavior exhibited in Fig. 2 and a small drop around
290 K in the temperature-dependent magnetization, shown in
the inset of Fig. 3(a).

In the Co-poor end of the series, one might conjecture
that  Sr,Fe(95CoposM0Oyg and  Sr,Fej;oCop;MoO¢, are
expected to be half-metallic, just like Sr,FeMoOQy, since, pre-
sumably, the density of states should not change very much
with Co contents around 5% and 10%. However, the data
shown in Fig. 4 reveal that the presence of consecutive
Co?*-0-Mo®*-0-Co?* insulating patches spoils the metallic
character of the low-doped samples. The insulating behavior
of Sr,CoMoOg has been explained by theoretical calculations
in terms of the lifting of the 7,, triplet degeneracy due to
crystal field effects (c-axis elongation of the Co-O bond in
the tetragonal structure).’® This splitting is enhanced by the
presence of an on-site Coulomb electronic correlation, giving
rise to an insulating gap between the down-spin Co xz/yz
doublet and xy singlet. Notice that the metallic character is
recovered when an external magnetic field is applied, which
in turn renders very high magnetoresistance MR ratios.

Figure 5 shows the measured MR R(H,T)
—R(0,7)/R(0,T), at T=5 K for Sr,Fe,_,Co,MoO4 (x=0,
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FIG. 4. Resistance R versus temperature 7 in zero field and
85 kOe for x=0.05, 0.4, and 0.9. A zoomed plot of R(T) around
293 K for x=0.9 is shown in the inset.

0.05, 0.1, 0.2, 0.4, 0.7, and 0.9). It is found that the low-Co-
doped Sr,Fe;_,Co,MoOg (x=0.05 and 0.1) samples have
larger MR (about —45.8%) than that of the pure compound
Sr,FeMoQOg (about —42%). Notice also that in these com-
pounds the temperature behavior of the resistivity changes
from insulating at zero field to metallic behavior in a
high external field. This can be understood as the result
of the alignment with the applied field of the highly frus-
trated spins existing in the proximity of the nanometric
Co**-0-Mo®-0-Co”>* patches. Overcoming this magnetic
frustration considerably increases the number of effective
good conduction paths and induces a measured MR ratio
even larger than that of the pure Sr,FeMoO, compound, for
which these AFM interactions are absent (if the samples
are perfectly ordered). The slightly larger MR of
Sr2F60‘9C00_1M006 than that of Sr2F60‘95C00'05M006 at
85 kOe is probably related to the slightly larger magnetiza-
tion of the sample. With the same contour, the magnetoresis-
tive ratios of Sr,Fe,Co,,M00¢ and Sr,Fe(cCo, s MoO¢ are
lower than those at x=0, 0.05 and 0.1. It is worth mentioning

—_—x=0
00—x=0.05 .
| ——x=0.1
——x =02 /"»:.‘
A0 —O—x=04 * -
——x=0.7 Y

MR (%)

50 N 1 N 1 L 1

H (Ce)

FIG. 5. Magnetoresistance MR of Sr,Fe;_,Co,MoO¢ (x=0,
0.05, 0.1, 0.2, 0.4, 0.7 and 0.9) at 5 K.
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that the thermal variations of the low temperature resistances
of Sr,Fe,_,CoMoOg4, with x=0.2 and 0.4, are different
from what is observed for the low-doped compounds. This is
particularly noticeable when an external field is applied and
the metallic behavior in the low doped samples is
recovered, as shown in Fig. 4. Notice also that for the
x=0.2 and 0.4 member of the series, the resistance shows an
upturn at low temperature, whose origin can be related to
charging effects.>! In these compounds Sr,Fe,3Co,,MoOg
and Sr,Feq ¢Coy4MoOg, the AFM insulating
Co?*-0-Mo®*-0-Co?* patches or areas start to percolate. As
the Co doping increases, a small fraction of FM
Fe’*-O-Mo’*-0-Fe’* regions are distributed in small metal-
lic clusters, in principle not associated with any physical
boundary, surrounded by a more insulating matrix (Co-rich
regions). Consequently, at low temperature, depending on the
effective grain size of the chemical Fe**-O-Mo’*-O-Fe**
conducting patches, charging effects can take place. This is
consistent with the observed reduction in the slope of the low
temperature resistance when a field 85 kOe is applied.>

Interestingly, at the Co-rich end, very large MR ratios are
observed for Sr,Fe,;Coy;7M00¢ and Sr,Fe( ;CoyoMoOg. Al-
though both of them are insulating in zero field and 90 kOe,
they exhibit almost the same MR (-40%) as the pure
ferromagnetic/metallic compound Sr,FeMoOg (-42%) (see
Fig. 4). Since Sr,CoMoOg has no MR at all,? it is intriguing
to observe such large values of the MR in Sr,Fe( ;Coy ¢MoOg
at 5 K, about -31% at low field 10 kOe and -40% at
90 kOe, as shown in Fig. 5. The large low-field magnetiza-
tion could be closely related to the intrinsic inhomogeneous
(electronic phase segregated) nature of the systems under
study, as theoretically predicted. When the average size of
the Fe rich ferromagnetic patches decreases to the nanometer
scale upon doping, the cluster-glass behavior is reinforced, as
pointed out by the increase of the irreversibilities observed in
the magnetization. The effect of an applied magnetic field on
these highly inhomogeneous and frustrated systems strongly
suppresses the spin disorder characteristic of the glassy phase
making the ferromagnetic regions grow. When the ferromag-
netic phase grows and becomes comparable to the mean free
path, the resistance largely decreases in accordance to our
observations. Notice also that for Sr,Fe( ;Coy¢Mo0QOq the re-
sistance at 90 kOe exhibits a small jump at 293 K, above
which the MR totally disappears as shown in the inset of Fig.
4. This jump correlates with a small jump in the magnetiza-
tion around the same temperature; see the inset of Fig. 3(a).
The merging up of the resistance curves corresponding to
0 kOe and 90 kOe is closely related to the melting of the
ferromagnetic phase as the temperature increases. Above
293 K, there are no ferromagnetic interactions any more, and
the compound is homogeneously PM. The thermal variations
of the resistivity of Sr,Fe,;Coy7M00g are similar to that of
Sr,Fe( 1Coy gMoQg. It is insulating, and the resistance at zero
field meets that at 90 kOe at a slightly higher temperature of
303 K. The occurrence of CMR coupled to a spin glass state
has been previously observed in perovskite related
compounds such as (TbLa),;;Ca;;sMnO; (Ref. 33) or
RNij, 3Co,705.3* This effect has also been reported for pyro-
chlorelike compounds such as Tl(,_,Bi,Mn,07.%
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CONCLUSIONS

We have explored the series Sr,Fe;_ ,Co,MoOg and fully
characterized its structural, magnetic, and transport behavior.
For the intermediate members of the series, the Co?* ions
form AFM bonds, while the Fe3* ions form FM bonds. The
coexistence of FM and AFM bonds produce the spin-glass
phase observed for the highly doped samples. Within an elec-
tronic phase segregation scenario where metallic FM, insu-
lating AFM regions and highly spin-disordered regions coex-
ist, the inhomogeneous FM mesostructures boost the MR
from 0 in Sr,CoMoOg to —40% in Sr,Fe( ;Coy¢MoOg at 5 K
and 90 kOe. This confirms the recent predictions on the in-
trinsic inhomogenous nature of these double perovskites. '3
Also, the diluted Co?* ions in x=0.05 and 0.1 compounds

PHYSICAL REVIEW B 73, 104417 (2006)

contribute to the slight enhancement of MR with respect to
undoped Sr,FeMoOq. It is thought that the application of an
external field increases the size of the ferromagnetic do-
mains, hence diminishing the spin fluctuation scattering in
the sample.
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