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Origin of neutron magnetic scattering in antisite-disordered SpFeMoOg double perovskites
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Antisite disordering in SiFeMoQ; double perovskite&containing Mo atoms at Fe positions, and vice virsa
has recently been shown to have a dramatic influence in their magnetic and magnetotransport properties. In the
present paper, two polycrystalline,§eMoQ; samples showing different degrees of antisite disotderomi-
nally “ordered” sample with~70% of cationic ordering and a nominally “disordered” sample witth8% of
cationic ordering have been examined by magnetic measurements and neutron powder diffraction techniques
in the 15-500 K temperature range. Our main finding is that the “disordered” sample exhibits a strong
magnetic scatteringnoticeable even at 500)Kcomparable to that displayed by the “ordered” one below
Tc=415 K. For the “disordered” sample, the magnetic scattering exhibited on low-angle Bragg positions, is
not to be ascribed to @onexistentferrimagnetic ordering: our results suggest that it originates upon naturally
occurring groups of Fe cations in which strong antiferromagr{éteM) Fe-O-Fe superexchange interactions
are promoted, similar to those existing in the Lake@®rovskite. These Fe groups are not magnetically
isolated, but coupled by virtue of Fe-O-Mo AFM interactions, which maintain the long-range coherence of this
AFM structure. Susceptibility measurements confirm the presence of AFM interactions below 770 K.
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INTRODUCTION A,B2"B®" 0O and A,B*B’"Og. For them, a perfect rock-
salt-like structure is obtained for thB-cations sublattice.
Some of the oxides of the double perovskites familyHowever, for perovskites of the typ®,B3*B>* Og, various
A,B'B"0Og (A is alkali earth;B’, B” is heterovalent transi- degrees of order of thB cations are observed. The actual
tion metal$ have been recently described to exhibit ferro-degree of order depends mainly on synthesis conditions; it is
magnetism and half-metallicity with a high spin polarization primarily controlled by kinetic processes and not by thermo-
at the Fermi level, making them promising candidates aglynamic equilibrium considerations. As a rule of thumb, in-
materials suitable for spin devices. The case of the halfcreased order may be obtained with increased synthesis
metallic ferromagnetferrimagnel Sr,FeMoQ, is paradig- temperaturésor treatment timé. _ o
matic; with a Curie temperature above room temperature Order—d|_sorder eff_ects in complex oxu_jes can S|gn|f|cantly
(Tc=415K), it can be considered as a serious alternative t§nPact their properties. As we have briefly mentioned, the
manganese perovskites for practical applicatioris. magnetization of $FeMoQ; depends on the synthesis con-
The ideal structure of SFeMoQ; can be viewed as a ditions, through the Fe/Mo degree of order achieved for a

regular arrangement of corner-sharing ge@d MoQ octa- particular synthetic protoc§l®? Moreover, we h_ave re-
hedra, alternating along the three directions of the Crystalcently demonstratédthat the low-field magnetoresistance of
S . ) ) Lo a set of SgFeMoQy samples prepared under very different
with the voluminous Sr cations occupying the v0|c_js in be_'conditions(including soft-chemistry low-temperature proce-
tween the octahedra. Ir_1 a simple picture, the ferrimagneti¢y ,res and high-pressure treatmérdepends monotonically
structure can be descr!bed as an order(_ad array of parallgh the degree ofB antisite disorder of the perovskite
Fe* (S=5/2) magnetic moments, antiferromagnetically srycture.
coupled with MG™ (S=1/2) spins. In this ideal model, the  |n this paper we report on the results of a temperature-
saturation magnetization, at low temperature, would be otiependent neutron powder diffractigNPD) study on two
4pg per formula unit(f.u.). In the real world, such a large samples with very different degrees of ordering: we show
magnetization value has not been obtained for bulkhat, in spite of the large difference in saturation magnetiza-
Sr,FeMoQ; up to date; instead smaller values bellow tion exhibited by both samples, the magnetic neutron scatter-
3.7ug/f.u. have been reportéd® The origin of this differ-  ing is surprisingly similaexcepting subtle differences in its
ence with the theoretical magnetization can be found in théhermal evolution, when we would have expected a consid-
so-called antisiteB-cation disorder, implying that some erably weakened magnetic scattering in the disordered
Mo°* cations occupy the positions of ¥e cations, sgmple. We ascribe the observed scattering to Fe_—rlch re-
and vice versa. gions, where strong Fe-O-Fe superexchange interactions give
The problem of the order-disorder Bfcations in double rise to the antiferromagnet{®&FM) ordering of the Fe spins.
perovskitesA,B'B"Og is a well-known one, and it has been
previously addressed If the charge difference betwedi
andB” is greater than 2, complete ordering of these cations Sr,FeMoQ; perovskites with two different degrees of
is found, for instance in perovskites of the type B-site ordering were prepared in pollycrystalline form by
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soft-chemistry procedures. Stoichiometric amounts of ana-
lytical grade Sr(NQ),, FeGO,-H,0, and (NH)sMo0,0,,4 - ,
-4H,0 were dissolved in citric acid. The citrateitrate so-
lutions were slowly evaporated, leading to an organic resin
containing a homogeneous distribution of the involved cat-
ions. This resin was first dried at 120 °C and then slowly
decomposed at temperatures up to 600 °C. All the organic
materials and nitrates were eliminated in a subsequent treat- 16 18 20 46 38 40 42
ment at 800 °C in air, for 2 h. This treatment gave rise to a — Ordered
highly reactive precursor material. The “disordered” sample —+ Disordered
was obtained after a thermal treatment at 850 °C2ftr in a
H,/N, (15%/85% reducing flow. The “ordered” sample
was prepared from a batch of the previously synthesized
“disordered” one: a fraction of this sample was retreated at
1050°C for 12 h in an K/N, (5%/95% flow, in order to 20
favor theB-cations ordering. _ FIG. 1. XRD pattern(Cu Ka) for S,FeMoQ; perovskites at
The initial characterization of the products was carried OURT, The insets show the first two superstructure pdéh&l) and
by laboratory x-ray diffraction (XRD) (Cu Ka, N (013)] in the tetragonal setting, witla=b~v2a,, c~2a,, a
=1.5406 A). The degree of ordering of both samples was~3.9 (A) for the ordered and disordered samples studied in the
established by Rietveld analysis of the XRD patterns. NPDpresent paper.
patterns of both samples were collected at the SLAD neutron
diffractometer of the Studsvik Neutron Research Laboratory013)]’ which are absent in the “disordered” sample. From

In the temperature range 15-500 K. About 5 g of sample waé_‘e analysis of the intensities of these reflections, via Ri-

contained in a vanadium can; the counting time was up to 1 ; )
h for each pattern. A wavelength of 1.116 A was used. Al theetveIOI refinements of the XRD data, the degree of ordering

patterns were refined by tieuLLPROF Rietveld refinement  Wa&S estlma:[,ed to be of 68 and 18% for the “ordered” and
program®2 A pseudo-Voigt function was chosen to generate disordered samples, respectively. If we def_lr_le the param-
the line shape of the diffraction peaks. No regions in theeterx as the fraction of Mo atoms at Fe positions, we have
refinements were excluded. In the final run the followingX=0.41 for the “disordered” sample ang=0.16 for the
parameters were refined from the NPD data: scale factorordered” sample. Notice thak would take a value of 0.5
background coefficients, zero-point error, unit-cell paramfor a completely disordered sample.

eters, pseudo-Voigt parameter, positional coordinates, isotro-

pic thermal factors, and the magnitude of the Mo and Fe

ordered magnetic moments. The coherent scattering lengths Magnetic data

for Sr, Fe, Mo, and O were 7.02, 9.45, 6.72, and 5.803 fm, The magnetization versus temperature data of the “or-

respectively. The dc magnetic susceptibility was measuregg o q» sample[Fig. 2(a)] shows a low-temperature satura-

With. a commercial superconducting quantum interference‘[ion characteristic of a spontaneous ferromagn@tid) or-
device magnetometer on powdered samples, in the temperaéring_ The magnetization vs magnetic field data shown in

ture range of 5 to 800 K. Fig. 3@ at 5 K are characteristic of a ferromagnet with a
saturation magnetic moment of 2Z.8/f.u. Taking the first
derivative of theM (T) curve we establish & of 415 K. By
Sr,FeMoQ; oxides were obtained as black, well- contrast, the data for the “disordered” perovsKikgs. Ja),
crystallized powders. The laboratory XRD diagrams at RT2(b), and 3b)] show a more progressive evolutigalmost
are shown in Fig. 1. The patterns are characteristic of a pefinear of the susceptibility as temperature decreases, reach-
ovskite structure; the “ordered” sample shows superstructuréng a much weaker saturation moment at 5 K, of only
peaks arising from the Fe/Mo ordering.g., (011) and  0.8ug/f.u. Itis striking the presence, in the high-temperature
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region, of a well-defined maximum centered at 77QMg.  electrostatic repulsion of the highly charged Macations is
2(b)], which suggests the establishment of AFM interactionshot minimized due to the frequent occurrence of Mo-O-Mo
below this temperature. configurations.
The strong suppression of the FM properties in the “dis-
ordered” sample is due to the antisite Fe/Mo disorder in the
B positions of the perovskite, if we consider this saturation
magnetization 1) to be the result of an ideal ferrimagnetic ~ For both ordered and disordered samples, the low-
ordering between the moments of Bé andB” positions of  temperature NPD data reveal a strong magnetic contribution
the double perovskite, d8d =Mg,—Mg». In a simple pic- on the low-angle reflections. The magnetic scattering can be
ture, assuming localized magnetic moments af5or Fe** mostly appreciated on th@®11) and (013 superstructure re-
and 1ug for Mo®", the antisite occupancy of Mo at Fe po- flections; the evolution of both reflections at selected tem-
sitions and vice versa would give a variation of the saturatiorperatures is displayed in Fig. 6. The thermal variation of the
magnetization asvlg=(4—8x)ug/f.u.,51° where x is the integrated intensity for théd11) reflection is plotted in Fig. 7
fraction of Fe atoms replaced by Mo. In our ordered andfor the ordered and disordered samples. We considered two
disordered samples, the calculatbtl values for the ob- different models to describe the magnetic structures of both
served degree of ordering are 2.72 and @y&.u., respec- samples.
tively, in good agreement with the observiel] values.

Magnetic structures

Ordered sample

Structural refinement In a first trial, a FM structure was modeled with magnetic

Above 415 K the structure of the “ordered” sample was moments only at the Fe positions; after the full refinement of
refined in the cubidcm3m space grougNo. 225, with a the profile for .the 15 K NPD dqta, mclgdmg the magnetic
doubled unit-cell parameter~2a,, a,~3.9 A. Table I in- moment magnitude and orientation, a discrepaRgyj fac-
cludes the unit cell, atomic and thermal parameters, and dis-
crepancy factors after the refinement at 500 K. Fl@) 4 Ordered 500K, Fm3m | | (€) Disordered 500K, /4/m
shows the goodness of the fit for the 500 K pattern. Below '
415 K the crystal structure was defined in thm space
group(No. 87, Z=2, with unit-cell parameters related &g
(ideal cubic perovskite,ay~3.9A) as a~b~v2a,, ¢
~2ay. Sr atoms were located ati$ositions, Fe at &, Mo
at 2b sites, and oxygen atoms a¢ 4nd & positions. Figure | MWMW
4(b) illustrates the profile agreement for the 15 K pattern, rot——torrbidomens
including the magnetic-structure refinement that is described| g | Ordered 15K, I4/m | | () Disordered 15K, i4/m
below. The structural results for the “ordered” sample com-
pIetel)gl agree with those recently published by Chmaissen
et al.

For the “disordered” sample the structure was found to be| ,
tetragonal in whole of the temperature range, from 15 to 500§
K, thus all of the NPD patterns were refined in th&/m
space group. The antisite disordering obtained from the XRD““‘!’MWWMW L A
patterns was included in the model, but it was not refined 15 30 45 60 75 9 105120 15 30 45 &0 75 9 105 120
since a strong correlation with the magnetic contribution to 20 (degrees) 20 (degrees)
the scattering was found in trial refinements. The unit-cell G, 4. Observedopen circley calculated(full line) and dif-
parameters and volume variation with temperature for botherence (bottom NPD Rietveld profiles for SFeMoQ; perovs-
samples is represented in Fig. 5, as well as the thermal ev@ites: (a) ordered, 500 K Em3m), (b) ordered 15 K [4/m), (c)
lution of the tetragonal strain, defined es v2a. A larger  disordered 500 K I@/m), (d) disordered 15 K I(4/m). The second
volume is observed for the disordered sample, in which th&eries of tick marks correspond to the magnetic Bragg reflections.
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© g disordered sample, for which the saturation magnetization is
0.054 very small, hardly 0.8g/f.u. A priori we would have ex-
T Tetragonal U4m ' Cubic Fm3m pected that the structural disordering at Biposition of the
0.044 ! (Ordered) perovskite would have led to the absence of long-range mag-
—_ T : netic ordering between Fe and Mo magnetic moments. How-
§ 0.034 ever, in Fig. 6 we observe a magnetic contribution, similar in
£ 1 magnitude, on the same low-angle reflections for both
% 0.02 samples. Surprisingly, the integrated intensity of tBé&1)

® Ordered
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FIG. 5. Thermal variation ofa) unit-cell parameters(b) unit-
cell volume, andc) tetragonal strain, defined as-c—+v2a.

tors of ~8% was reached. The subsequent introduction of
magnetic moments at the Mo positions in an AFM arrange-
ment with respect to Fe momentise., describing a global
ferrimagnetic structunelead to a dramatic improvement of
the refinementR,,,4 dropped to~4% for the final param-
eters listed in Table I. After the final refinement, ordered
moments of 3.9(1)g and —0.37(6)ug were obtained for
Fe and Mo positions, respectively. Trials to ferromagneti-
cally couple Fe and Mo moments invariably led to a serious
deterioration of the fit. The spatial orientation of the mo-
ments is affected by a large error and was not refined; a fixed
orientation parallel to the axis was considered. The same
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Integrated Intensity

FIG. 7. Temperature evolution of the integrated intensity of
model for the magnetic structure was used to refine the re®11) reflection for the “ordered” and “disordered” patterns.
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reflections are quite comparable at 15Kg. 7); moreover,

it is slightly larger in the “disordered” sample in all the
temperature range. An abrupt decay of the intensity is ob-
served abovd . for the “ordered” sample, as expected; the
residual intensity corresponds to the structural Fe/Mo order-
T (K) ing. As for the disordered sample, the decay is more gradual
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TABLE |. Atomic parameters after the Rietveld refinement of NPD patterns for ordered and disordered

Sr,FeMoQ; perovskites.

15 K 500 K

Sample Disordered Ordered Disordered Ordered
14/m Fmgm

a(h) 5.562417) 5.554Q05) 5.595@3) a(A) 7.907 24)
c(A) 7.89692)  7.90Q1) 7.91548) V(AY 494.398)
V(A3 488.672)  487.41)  495.41)

Sr 4d(30%) sroec(iid

B(A? 0.31(2) 0.202) 1.053) B(A? 1.053)
Fe 2a(000) Fe 4(000)

B(A? 0.292) 0.2(1) 0.733) B(A? 0.6(1)
Magnetic momentgg) 2.2013) 3.91) 1.026) Magnetic moment £g)

Mo 2b(003%) Mo 4b(:3d)

B(A? 0.01(2) 0.12) 0.433) B(A? 0.3(1)
Magnetic moment £g) —0.376) Magnetic moment £g)

01 4e(00z) O  24e(x00)

z 0.2493) 0.2544)  0.2562) X 0.2511)
B(A? 0.61(5) 0.5598) 0.41) B(A? 1.2482)
02 8h(xy0)

X 0.2723) 0.2712)  0.2572)

y 0.2273) 0.2282)  0.2322)

B(A? 0.423) 0.255) 1.6(1)

Reliability factors Reliability factors

e 10.4 10.9 12.0 e 7.93
Rp(%) 7.23 7.94 11.1 Rp(%) 11.8
Rup(%) 9.43 9.42 13.0 Rup(%) 11.0

R, (%) 2.47 2.88 4.87 R (%) 4.84
Rimad %0) 6.54 3.60 29.1 Rimad %0)

and a substantial magnetic contribution is still present at 50@ure as a perfect AFM arrangement of Fe spins with alternat-
K, as it can also be observed in Fig. 6.
As it will be discussed later, we believe that the magneticstructure with the same unit cell and positional parameters as
scattering of the disordered sample originates from AFMthe host SjFeMoQy perovskite. We have constrained the
coupling between neighboring Fe cations through Fe-O-F@cale factor of both structural and magnetic models, and re-
paths, which naturally occur in a random distribution of fined the magnitude of the Fe magnetic moments. The pa-
Fe/Mo cations. We have modeled, thus, the magnetic struGameters after the Rietveld refinement of the 15 K pattern are

—
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ing directions, occupying all thB positions of a perovskite

included in Table I. The goodness of the fit is shown in Fig.
4(d), where both structural and magnetic contributions to the
scattering have been included. The thermal variation of the
magnitude of the Fe magnetic moments is included in Fig. 8.
Notice that the ideal AFM model for the magnetic struc-
ture of the “disordered” sample implies the absence of mag-
netic scattering at théh,k,) peaks when =even, whereas
for the ferrimagnetic structure of the “ordered” sample the
magnetic contribution occurs at botkr even and odd. This
is shown in Fig. 9, where the magnetic contributions to the
scattering for both samples are presented. This effibet
absence of magnetic peaks for even is impossible to be
observed directly from the diffraction patterns, as there is
always a strong crystallographic contribution on the
=even Bragg positions. Only the Rietveld refinement of

FIG. 8. Thermal dependence of the Fe magnetic moments foboth patterns allowed us to confirm the proposed model. Tri-
the “ordered” and “disordered” perovskites.

als to refine the “disordered” structure with the ferrimagnetic
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FIG. 9. Observed NPD patterrispen circles and calculated FIG. 10. Temperature dependence of the tilting angle of the

magnetic scatteringthick line) for a ferrimagnetic modefordered 7€ @nd MoQ octahedra.

sample and AFM model(disordered sample The magnetic scat-

tering on (kl), 1=even reflections occurs only for the ferrimag- Which allows for a rock-salt-like distribution of Fe and Mo

netic model. cations over theB sublattice positions, in perfectly ordered
samples, and implies a Fe-O-Mo angle of 180°. However,

model (starting from 3.5 at Fe positions and 0.3 at  there is still some discrepancy regarding the space group of

Mo positions led to a fast increase of the magnetic momentthe tetragonal low-temperature phagelow T¢); although

at the Mo positions(and a decrease at Fe positipfisading  the space groupgt/mmmand P4/mmm (Refs. 6, 14 have

to a model close to that proposed for the “disordered”been suggested, we have adopted the model recently de-

sample, with comparable moments at all positions. In fact, &cribed by Chmaisseet al.,** in 14/m. The structure of

slightly larger moment was observed on Fe positions, whictbr,FeMoQ, can be described as the result of a single an-

is due to the contribution of the 18% of Fe/Mo ordering tiphase octahedral tilting along tleeaxis. The magnitude of

present in the sample. the tilting can be simply derived from the Fe-O2-Mo angle;

It is also worth underlying that the presence of a FMthis angle(Fig. 10 evolves from a maximum value at 15 K
coupling between near-neighbor Fe-Fe magnetic moments)=5.5° for the “ordered” sampleto ¢=0 atT., at the
would inevitably imply the absence of any magnetic inten-onset of the structural phase transition from tetragdlval
sity on the(011), (013),... Bragg positions, in contradiction temperature to cubic (high temperatune For the “disor-
with the observation. dered” sample the structure is still tetragonal at the maxi-

mum measurement temperature of 500 K, at which the tilting
DISCUSSION angle takes a significant value gf=2.5°.
As shown in Table I, in the “ordered” sample Fg@c-

A tetragonal-to-cubic structural transition concomitanttahedra are significantly largéexpandefithan MoQ octa-
with the FM transition T¢) has been recently described for hedra. This observation is coherent with the larger ionic size
Sr,FeMoQy, "> which is in agreement with our observa- of Fé* vs Mo®*.2® For the “disordered” sample the Fe-O
tions. It is commonly admitted that the high-temperatureand Mo-O bond lengths are more similar, as expected for the
structure(aboveT ) crystallizes in the=m3m space group, high degree of antisite disordering.

TABLE Il. Main interatomic distancegA) and angles(®) for ordered and disordered FeMoQ;

perovskites

15K 500 K
Sample Disordered Ordered Disordered Ordered
14/m Fm3m
FeQ; octahedra FePoctahedra
Fe-O1 1.977) 2.003) 2.0112) Fe-O 1.9869)
Fe-O2 1.972) 1.991) 1.950 86)
MoOg octahedra Mo@ octahedra
Mo-0O1 1.987) 1.953) 1.9472) Mo-O 1.9679)
Mo-02 1.982) 1.951) 2.008 26)
Fe-O1-Mo 180.0 180.0 180.0 Fe-O-Mo 180.0
Fe-O2-Mo 170.9) 168.95) 175.337)
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Although  the actual electronic  configurations
Fet(3d%)-Mo°" (4d?) vs Feé'(3d*)-Mo®"(4d° have

been considered as possible, the average valence for Fe has ? i i $ i ?
been found to be intermediate between high-spin configura-
tion values of F&" and Fé* from Mossbauer spectroscopy $ i
studies'® This is to say that both electronic configurations
(with F€* and Fé') must be considered as degenerate, the
final state being a combination of both configurations. At 15
K we find a small but significant ordered magnetic moment
on the Mo siteq uy,=(0.37£0.06)ug], antiferromagneti- ?
cally coupled with the Fe magnetic moments in a ferrimag-
netic configuration, which is clearly consistent with an inter-
mediate V-VI oxidation state for Mo. i ?

The main issue to be addressed in this paper is the origin
of the magnetic scattering on the sample showing an impor-
tant component of antisite disordering. We have been able to i $ i
accurately fit the magnetic contributions to the neutron scat-
tering by modeling an AFM structure consisting of a perfect
arrangement of Fe cations occupying all of Bipositions of FIG. 11. Schematic view of the magnetic coupling in a disor-
a perovskite structure with the same unit-cell parameters a@ered sample, showing a high degree of B-antisite disordering.
the crystallographic SFeMoQ; phase. The refinement of Dark atoms and moments correspond to Fe, light ones to Mo.

the magnitude of the magnetic moments on the Fe positiongeqyeen the magnetic ordering of isolated Fe-O-Fe couples
at 15 K, gives an ordered magnetic moment o2 with i maintained by the intermediate Mo atoms, by virtue of the
constrained scale factors for the crystal and magnetic struggsg-AEM nature of the Fe-O-Mo interactions. We cannot
ture. An equivalent approach is to constrain thé Fenag-  argue if isolated Mo atoms inside Mo-O-Mo regidmeithout
netic moment to g and to refine the scale factor of the Mo-Fe contactsare magnetically ordered: in fact this is ir-
magnetically diffracting phase: by doing so we have obtainegelevant for our model of magnetic structure, in which we
that about one-half of the main crystallographic phase is alsenly consider the antiferromagnetically ordered Fe-O-Fe re-
magnetically diffracting. This is to say that, in spite of the gions, mostly contributing to the magnetic scattering. The
disordered nature of the Fe distribution upon the crystabmall extra contribution of the Mo-rich regions can be ne-
structure, almost all of the Bé cations are actively partici- glected for our purposes.
pating in the magnetic scattering. The thermal variation of the magnetic moment on Fe po-
The almost random distribution of Fe/Mo cations that wesitions (Fig. 8 shows a distinct behavior for both samples.
expect for the “disordered” sample implies that the Fe-O-FeThe Fe moment for the “ordered” perovskite exhibits an
configuration frequently occufas well as Mo-O-Mo con-  abrupt decay at 415 K, which corresponds to the vanishing of
figurations; in these regions we must consider that the Feferrimagnetic ordering, whereas the Fe moment for the “dis-
O-Fe magnetic interactions are by far more similar to thos@rdered” sample gradually decreases and it is still significant
happening in LaFe©perovskite than in SrFeQO The former  at the highest measurement temperature, of 500 K. This be-
Fe**-containing perovskite experiences an AFM orderinghavior can be understood on the basis of the stronger super-
below a surprisingly high N temperatureTy=750 K}’ exchange Fe-O-Fe interactions operating in the “disordered”
However, for the F& -containing SrFe@perovskite,Ty is  sample. An extrapolation of the data represented in Fig. 8
much lower, of 134 K€ Our high-temperature susceptibility gives a Nel temperature for the “disordered” sample around
measurementgFig. 2(b)] show a maximum at 770 K, sug- 760 K, close to the maximum observed in the susceptibility
gesting AFM interactions of strength similar to those ob-curve [Fig. 2(b)]. At the same time, while the “ordered”
served in LaFe@. In the regions where the Fe-O-Fe con- sample exhibits a phase transition from tetragonal to cubic
figurations occur, in spite of having a local chemical upon heating acrosb., the “disordered” perovskite is still
composition closer to SrFeQ we must not forget that the tetragonal at the highest measurement temperature of 500 K,
electronic delocalization of the Mo-electron that is still as clearly suggested by the unit-cell parameters and strain
present despite thB-cation disordering enables the estab-thermal variation, in Fig. 5. This fact could explain the con-
lishment of a global charge neutrality across the crystaltroversy observed in related literature, in which the descrip-
keeping the nominally trivalent valence for Fe. tion of SpbFeMoQ; samples has been assigned to both cubic
Our picture thus shows a disordered Fe/Mo pattern irand tetragonal symmetries at RT, probably depending on the
which the Fe-O-Fe superexchange AFM interactions arelegree of ordering of these particular samples.
comparable to those existing in LaFgCFigure 11 shows a It is worth commenting that recertb initio calculations
simplified image of the magnetic ordering in the disorderedof the disorder effects on electronic structure and magnetic
sample; only one layer d cations is shown for the sake of structure suggest that in the disordered samples the indi-
simplicity. The coupling between near-neighbor Fe-Fe owidual magnetic moments at each Fe site are strongly re-
Fe-Mo atoms is always AFMas it happens in the perfectly duced due to the destruction of the metallic state, while the
ordered perovskije The important fact is that the coherence coupling between the various Fe sites continue to be FM:
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their results suggest that near-neighbor Fe-Fe and Mo-Mto the hypothesis that near-neighbor Fe-Fe atoms are antifer-
interactions are FM in origin. This is in contrast with our romagnetically coupled, by virtue of strong superexchange
experimental observation; moreover, the presence of a strorige-O-Fe interactions. In a pattern of randomly distributed Fe
magnetic contribution to the scattering on tfs1) super- and Mo atoms, the magnetic scattering originates from natu-
structure reflection clearly indicates that the FM alignment ofrally occurring Fe-O-Fe pairs, experiencing AFM Fe-Fe in-
near-neighbor atoms is to be excluded: only a AFM arrangeteractions; the refinement of the magnitude of the ordered
ment of the corresponding spins gives rise to a magneticmagnetic moment shows that virtually all of the Fe atoms
superstructure and explains the diffraction on these Braggarticipate in the scattering process. The coherence of the
positions. AFM arrangement of neighboring Fe-O-Fe regions is main-
In agreement with our findings, Monte Carlo tained across the crystal by AFM Fe-Mo superexchange in-
calculation$? predicted that disorder may lead to AFM cou- teractions. The chemical disorder, giving rise to Fe-O-Fe and
plings between neighboring Fe sites, instead of the FM couMo-O-Mo couples, seems to be accompanied by a charge
pling proposed for the idealized structure. Furthermore, theegregation in such a way that an average trivalent oxidation
possibility of existence of strong AFM couplings betweenstate is attributable to Fe atoms in Fe-rich regions. Given the
adjacent Fe-Fe next-neighbors has also been suggested thifferent origin of the main magnetic interactions with re-
Dass and Goodenoudghwho attribute the little hysteresis spect to the ordered sample, the thermal variation of the or-
exhibited by theM/H curves of SsFeMoQ; to AFM Fe-  dered magnetic moments in the “disordered” sample shows
O-Fe interactions across antiphase boundaries. Moreover, tleeslower decay upon heating; this sample is antiferromag-
anomalous susceptibility and the abnormal increase of thaeetically ordered below 770 K.
paramagnetic Weiss constant can be accounted fiyr a
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