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Using neutron powder diffraction, we have investigated the structure of Ba2FeMoO6 at temperatures be-

tween 10 and 490 K. The structure of Ba2FeMoO6 is cubicFm3̄m and tetragonalI4/mmmabove and below
TC, respectively. The tetragonal structure exhibits ac axis that is only slightly longer than the basala param-
eter. A structural distortion from the cubic symmetry is required by the ferromagnetic alignment of Fe and Mo
spins along a specific axis. The ferrimagnetic structure of the Fe and Mo sublattices is well described in the
magnetic I4/mm8m8 space group. At 10 K, the FM moments for Fe and Mo refine to,4.1s1d mB and
,−0.58s1d mB, respectively, with a total ferrimagnetic moment of,3.52mB, in good agreement with the
magnetization results and the high spin state of the Fe electrons. The lower than expected ferrimagnetic
moment is attributed to the presence of Fe and Mo in multiple oxidation states and possible site vacancies.
Bond-valence-sum calculations reveal the presence of significant strains in this system.

DOI: 10.1103/PhysRevB.71.174421 PACS numberssd: 61.12.2q, 75.50.Gg

INTRODUCTION

The recent observation of room-temperature tunneling
magnetoresistance in half-metallic A2FeMoO6 sA
=Ca,Sr,Bad double perovskites,1,2 and their importance to
the emerging field of spintronics has led to considerable ef-
fort dedicated to detailed investigations of the physical and
structural properties of these materials. In previous work, we

showed that Sr2FeMoO6 crystallizes in cubicFm3̄m and te-
tragonalI4/m symmetries at temperatures above and below
its Curie temperaturesTCd, respectively.3,4 The structure of
its Ba2FeMoO6 counterpart, on the other hand, has fre-
quently been described as being cubic at all temperatures
above and belowTC, despite the material’s ferrimagnetic
properties that require it to have a lower symmetry. In this
paper, we take into account the interaction between the
nuclear lattice of the material and the ferrimagnetic ordering
of its Fe and Mo spins to demonstrate that the structure of

Ba2FeMoO6 is cubic Fm3̄m only at temperatures aboveTC
and tetragonalspseudocubicd I4/mmm in its ferrimagnetic
state belowTC. The investigated material is ferrimagnetic
below ,321 K with the magnitude of the Fe and Mo mo-
ments, reaching,4.1s1d mB and,−0.58s1d mB at 10 K, re-
spectively. Refinements of the tetragonal structure are stable
and show that the slightly elongatedc axis is the easy mag-
netic axis for spin alignment. Magnetization measurements,
neutron powder diffraction, Mössbauer spectroscopy, x-ray
absorption, and x-ray magnetic circular dichroism
studies,3,5–9 have demonstrated the antiferromagnetic cou-
pling of the ferromagnetic Fe and Mo sublattices below their
ordering temperature,sTCd and revealed the presence of
mixed oxidation states for Fes2+ /3+d and Mo s5+ /6+d
ions. Recent studies10–13 have demonstrated that increasing
the size of theA-site ion results in increasing the fractional
amount of Fe2+/Mo6+ pairs in the material. As such, the ma-

jority of Fe/Mo pairs would have oxidation states closer to
3+ /5+ in Sr2FeMoO6 and to 2+ /6+ in Ba2FeMoO6. Both
valence combinationssFe2+

uMo6+ or Fe3+
uMo5+d would

result in a saturated ferrimagnetic moment of 4mB, however,
the actual measured moment has always been observed to be
considerably less than this value.

SYNTHESIS AND CHARACTERIZATION

Stoichiometric amounts of BaCO3, Fe2O3, and MoO3
were thoroughly ground and fired in air at 1000 °C for
2 days, resulting in gray precursors. The Ba2FeMoO6 double
perovskite phase was obtained by heating the precursor in a
flowing gas mixture of 0.5%–1% H2/Ar, at a rate of
1.2 °C/min to 1150 °C for 2 h, followed by natural cooling
of the material to room temperature. The final dark-blue
dense pellets exhibited ferromagnetic properties at room
temperature. Samples were characterized using room-
temperature x-ray powder diffraction, neutron powder dif-
fraction between 10 and 490 K, resistivity and magnetoresis-
tive measurementss5–400 Kd, and dc magnetization
s5–400 Kd using a Quantum Design Physical Properties
Measurement System-Model 6000.

Time-of-flight neutron powder diffraction data were col-
lected on the special environment powder diffractometer
sSEPDd14 at the Intense Pulsed Neutron SourcesIPNSd. Dif-
fraction data were acquired at several temperatures between
10 and 490 K using a closed-cycle helium refrigerator with
heating capabilities. High-resolution backscattering data,
from 0.5 to 4 Å, and medium-resolution data collected at
90° sdata up to 10 Åd, were used for the structural determi-
nation and analyzed using the Rietveld method and the Gen-
eral Structure Analysis System.15 The medium-resolution
bank was particularly useful for the magnetic refinements
because it contained an additional magnetic peaksat

PHYSICAL REVIEW B 71, 174421s2005d

1098-0121/2005/71s17d/174421s7d/$23.00 ©2005 The American Physical Society174421-1



,4.65 Å at 10 Kd. In the analysis, background parameters,
peak-width variables, extinction, and absorption were re-
fined, together with the lattice parameters, oxygen atomic
positions, and isotropic and anisotropic temperature factors
for the cations and oxygen, respectively.

RESULTS AND DISCUSSION

Magnetic and resistive properties

A ferrimagnetic transition temperature of,321 K
sTC onset,327 Kd is clearly observed in the temperature- and
magnetic-field-dependent magnetization measurements of
Ba2FeMoO6 sFig. 1d. As shown in the figure, at 6 K, a small
field of about 1 kOe is large enough to nearly saturate the Fe
and Mo spin alignment, thus yielding an effective moment of
,3.2 mB. At 70 kOe, the saturated moment reaches 3.67mB
sinset of Fig. 1d.

Resistivity measurements as a function of temperature
and applied magnetic fields show a clear metallic behavior
between 10 and 400 K with a small anomalyskinkd near
321 K that corresponds to the ferrimagnetic ordering tem-
perature of the materialsFig. 2d. As the applied magnetic
field increases, the resistance of the sample decreases at all
temperatures but most significantly at temperatures below
TC. The magnitude of this magnetoresistivesMRd response is
on the order of 30% to 40%, in good agreement with Maig-
nan et al.’s reported results2 obtained with their “metallic”
Ba2FeMoO6 sample. It is important to note that this behavior
is very different from that of Sr2FeMoO6 for which MR
properties were observed only in nonmetallic samples.3

Interpreting the field-dependent resistance measurements,
Maignan and his co-workers2 suggested the MR behavior of
Ba2FeMoO6 as due to spin-dependent carriers being trans-
ferred across the grain boundaries in the bulk. The same
investigators also showed that modifying the properties of
grain boundaries could be used to control this intergranular
MR behavior. Indeed, a significant enhancement of the inter-

granular MR response from 20% to 37%sat 70 kOed was
obtained for a postannealed sample exhibiting semiconduct-
ing and metallic properties above and belowTC, respectively.
At temperatures nearTC, however, the magnitude of the MR
response remains unchanged, thus leading to the conclusion
that intragranular MR bulk effects are also present. Further

FIG. 3. Portions of the best-fit Rietveld profiles obtained using
the tetragonal space groupI4/mmmat 10 K and the cubic space

groupFm3̄m at 490 K. Observedsplus signsd and calculatedssolid
lined intensities are shown together with their differencesbottomd.
Bragg positions are indicated by the tick marks below the patterns.
Asterisks indicate the locations of the observed main magnetic in-
tensities modeled using the ferromagnetic space groupI4/mm8m8.
The letter V refers to the vanadium peak of the sample can holder.

FIG. 1. Temperature-dependent dc magnetic susceptibility of
Ba2FeMoO6. At 5 K, the magnetization saturates at 0.29, 2.29, and
3.67mB under applied external fields of 20, 500, and 70 kOe, re-
spectively. The low-field measurements at 20 Oe show that the fer-
romagnetic transition occurs at,321 K sTCd with an onset tem-
perature near 327 K. Magnetization curve versus applied external
magnetic fieldsup to 7 Td is shown in the inset. At 0.1 T, the spins
are almost all aligned with a measured moment value of,3.2 mB.

FIG. 2. Resistivity measurements as a function of temperature
and applied magnetic fields are shown for our metallic Ba2FeMoO6

sample. The data clearly show a significant magnetoresistive re-
sponse of,30% –40% due to intergranular tunneling at tempera-
tures belowTC and intragranular bulk effects aroundTC.
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evidence for the intergranular MR behavior belowTC was
presented by Yinet al.,16 who measured the behavior of the
resistance within the grain and across grain boundaries in a
Sr2FeMoO6 thin film deposited on a SrTiO3 bicrystal sub-
strate.

Neutron powder diffraction

Neutron diffraction patterns reveal the presence of a trace
amount s,1% by weight or lessd of BaMoO4 stetragonal
I41/a, a=5.582 andc=12.82 Åd as an impurity phase. The
weight percentage of BaMoO4 was estimated qualitatively
from the very weak intensities of its barely visible Bragg
peaks and from unsuccessful attempts to include and stabi-
lize the refinements of the structural parameters of this phase.
The presence of this phase implies, however, that other
minute impurity phases might also be present. The presence

of a very small amount of elemental Fescubic Im3̄m, a

=2.852 Åd is possible but could not be confirmed because of
the accidental overlapping of its “expected” peaks, if any, at
2.03, 1.43, 1.17, and 1.01 Å with the main Ba2FeMoO6
peakssnamely, the cubic 400, 440, 444, and 800 lines, re-
spectivelyd. Small amounts of elemental Fe were seen, how-
ever, in other related materials, such as Sr2FeMoO6 and
Ca2FeMoO6, samples prepared under similar synthesis con-
ditions sdata not shownd. To explore the possible off-
stoichiometry of the investigated sample, we refined the site
occupancies for Fe, Mo, and O at all temperatures aboveTC
stwelve independent data setsd where the magnetic peaks are
absent and cannot interfere with the refined occupancies
sunit cells due to ferrimagnetic ordering and Fe/Mo cation
ordering are the samed. These refinements practically yielded
constant values for the refined site occupancies and as such,
the mean valuesnsFed=1.01s1d, nsMod=0.96s1d, and nsOd
=1.005s10d were determined and kept fixed in all subsequent
refinements at all temperatures. While Fe and O sites are
essentially full, the Mo refined site occupancy indicates the
possible presence of some vacancies on this site, in agree-
ment with the presence of the BaMoO4 impurity phase that
could slightly offset the final composition of the main phase.
Other studies proposed the substitution of Fe on the Mo sites
in Sr2FeMoO6 or the presence of antisite defect patches17,18

FIG. 4. The behavior of the lattice parametersstop paneld and
unit cell volumesmiddle paneld as a function of temperature shows
visible kinks near the ferrimagnetic transition temperature. The sub-
scripts C and T refer to cubic and tetragonal, respectively. The
difference between the tetragonal lattice parametersa andc is very
subtle, indicating the pseudocubic nature of the structure. The re-
fined magnetic moment of Fe and Mosbottom paneld yield values
of 4.1s1d and −0.58s1d mB, respectively, at 10 K with a ferrimag-
netic moment of 3.52mB, in good agreement with the magnetiza-
tion’s resultssbottom paneld. Dashed lines indicate the approximate
location of the cubic-to-tetragonal phase transition.

FIG. 5. sad AveragekFeuOl ssquaresd and kMouOl scirclesd
bond lengths for Ba2FeMoO6 sfilled symbolsd and Sr2FeMoO6

sopen symbolsd. sbd AveragekBauOl and kSruOl bond lengths
as a function of temperature.scd Tolerance factor, calculated using
our refined bond lengths, for Ba2FeMoO6 sfilled squaresd and
Sr2FeMoO6 sopen circlesd.
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that consist mostly of Fe rich clusters. Our results, however,
can only be interpreted as due to Mo vacancies because Fe
substitution on the Mo site would otherwise result in a Mo
site occupancy being greater than unitysbecause of the larger
scattering length of Fed. Indeed, attempts to perform such
refinements resulted in meaningless occupancies.

The structure of Ba2FeMoO6 is cubic Fm3̄m at all tem-
peratures aboveTC, as shown in the best-fit Rietveld profile
in Fig. 3. Within the resolution limits of our diffractometer,
no sign of additional peaks or peak splitting has been ob-
served, belowTC, in any of the data collected down to 10 K.
However, taking into account the ferromagnetic ordering of
the Fe and Mo sublattices and the observed increased inten-
sities of a few Bragg peaks due to the ferrimagnetic struc-
ture, the actual symmetry of the material in its ferromagnetic
state is required to be lower than cubic to create a unique
magnetic axis.19,20 Otherwise, in the cubic symmetry, the
magnetic structure could not be introduced and refined. Thus,

refinements were attempted with the symmetry lowered to
that of tetragonalI4/mmm, which is a subgroup ofFm3̄m.
These refinements converged with a slight elongation of the
c axis with respect to the basala axis. In this tetragonal
space group, ferromagnetically aligned spins can be intro-
duced in the direction of thec axis by taking the time rever-
sal symmetry of them mirrors that are perpendicular to the
k100l and k110l directions, thus, resulting in the tetragonal
magnetic space groupI4/mm8m8. In this space group, the Fe
and Mo octahedra are no longer isotropic because the oxygen
atoms surrounding Fesor Mod split into two apical and four
equatorial atoms, thus, giving rise to independent bonds in
the in-plane and apical directions. Refined structural param-
eters and bond lengths are listed in Table I.

Lattice parameters, unit cell volume, and refined magnetic
moments for Fe and Mo are shown in Fig. 4 as a function of
temperature. As shown in the figure, the ferrimagnetic order-
ing of the Fe and Mo moments clearly correlates with the

TABLE I. Select structural parameters and bond-lengths for Ba2FeMoO6. Tetragonal atom positions are: Fe ats0 0 0d, Mo at s0 0 1
2

d, Ba
at s 1

2 0 1
4

d, Oequatorialat sx x 0d and Oapical at s0 0 zd. Cubic atom positions are: Fe ats0 0 0d, Mo at s 1
2

1
2

1
2

d, Ba ats 1
4

1
4

1
4

d, and O ats0 0 zd.
Fe and Mo magnetic moments were refined using theI4/mm8m8 magnetic symmetryssee textd. U’s are multiplied by a factor of 100.

T sKd → 10 100 200 295 390 490

Atom Variable I4/mmm I4/mmm I4/mmm I4/mmm Fm3̄m Fm3̄m

a sÅd 5.68902s2d 5.69028s2d 5.69553s2d 5.70409s2d 8.08355s4d 8.09689s4d
c sÅd 8.04621s5d 8.04867s5d 8.05648s5d 8.07014s5d

V sÅ3d 260.415s3d 260.610s3d 261.344s3d 262.575s3d 528.210s7d 530.828s7d

Fe Uiso sÅ2d 0.26s6d 0.33s6d 0.35s6d 0.54s6d 0.61s4d 0.78s5d
m smBd 4.1s1d 4.0s1d 3.3s1d 1.9s2d

Mo Uiso sÅ2d 0.22s8d 0.27s9d 0.5s1d 0.46s9d 0.66s6d 0.63s6d
m smBd −0.58s14d −0.55s13d −0.58s16d −0.7s3d

mFe−mMo 3.5s1d 3.45s1d 2.72s1d 1.2s2d

Ba Uiso sÅ2d 0.14s2d 0.24s2d 0.38s2d 0.51s2d 0.80s2d 0.97s2d

Oequatorial x 0.2546s6d 0.2537s5d 0.2538s5d 0.2542s4d
U11 sÅ2d 0.3s3d 0.4s2d 0.4s2d 0.6s2d
U33 sÅ2d 0.8s4d 0.8s4d 1.0s4d 1.4s3d
U12 sÅ2d 0.0s2d −0.1s3d −0.1s3d −0.1s2d

Oapical z 0.2598s14d 0.2615s10d 0.2614s10d 0.2620s9d 0.2576s2d 0.2582s2d
sor O in cubicd U11 sÅ2d 0.2s4d 0.3s3d 0.4s4d 0.4s3d 0.73s4d 0.81s5d

U33 sÅ2d 0.7s4d 0.8s3d 0.9s3d 0.7s3d 1.052s2d 1.28s2d

RP s%d 4.48 4.49 4.98 4.82 5.01 4.78

RWP s%d 6.68 6.69 7.69 7.4 7.74 7.52

x2 1.377 1.365 1.486 1.390 1.335 1.309

Fe–Oap. sÅd 32 2.090s11d 2.105s8d 2.106s8d 2.115s8d
Fe–Oeq. sÅd 34 2.048s5d 2.041s4d 2.044s4d 2.051s4d
kFe–Ol sÅd 36 2.0622 2.0625 2.0648 2.0720 2.082s2d 2.090s2d

Mo–Oap. sÅd 32 1.933s11d 1.920s8d 1.922s8d 1.920s8d
Mo–Oeq. sÅd 34 1.975s5d 1.982s4d 1.983s4d 1.983s4d
kMo–Ol sÅd 36 1.9606 1.9614 1.9628 1.9620 1.959s2d 1.958s2d
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behavior of the unit cell lattice parameters and volume. At
10 K, Fe and Mo moments refined to,4.1s1d mB and
,−0.58s1d mB, respectively, with a net ferrimagnetic mo-
ment of ,3.52mB, in good agreement with the magnetiza-
tion data shown in Fig. 1 and other similar values reported in
the literature. The practically constant Mo moment refined to
a value of,−0.58s1d mB at most temperatures belowTC,
which is significantly lower than the theoretical value of
−1 mB expected for Mo5+ ions but is in agreement with sev-
eral studies showing the itinerant character of the Mot2g

↓
electron that is shared between Mo and Fe. Similarly, the
value of 4.1mB for Fe is significantly lower than the value of
5 mB that would be expected for Fe3+ ions. As explained
above, reduction of the refined Fe moment could be attrib-
uted to the presence of Fe and Mo ions in different oxidation
statessFe2+/Fe3+ and Mo6+/Mo5+d as well as to vacancies
and disrupted grain surface and boundaries.

Behavior of the averagekFeuOl, kMouOl, kBauOl,
and kSruOl bond lengths as a function of temperature is
displayed in Fig. 5 for both Ba2FeMoO6 and Sr2FeMoO6
sdata extracted from previous work3d. As shown in the figure,
the calculated averagekMouOl bond lengths appear to be
constant, and temperature and sample independent; however,
a significantly largerkFeuOl bond length is observed at all

temperatures when compared to the corresponding bonds in
Sr2FeMoO6 and Ca2FeMoO6. For example, an average
room-temperaturekFeuOl bond length of,2.075, 1.990,
and 2.00 Å is observed for Ba2FeMoO6, Sr2FeMoO6, and
Ca2FeMoO6 sdata not shownd,21 respectively. On the other
hand, the dependence ofkFeuOl bond length on tempera-
ture shows different behavior in Ba2FeMoO6 when compared
to Sr2FeMoO6. In Sr2FeMoO6, an essentially constant
kFeuOl bond length is observed as a function of tempera-
ture, but in the case of Ba2FeMoO6, this bond is nearly con-
stant only below,200 K; it then increases monotonically at
a rate of ,8.93310−5 Å/K between 200 and 490 K. In
Sr2FeMoO6, the nuclear and magnetic structural phase tran-
sitions as well as the rotation of FeO6 and MoO6 octahedra
appear to occur in the vicinity ofTC, thus making it difficult
to firmly separate the steric effects due to pure geometrical
considerations from the electronic effects that result from
magnetic orderingse.g., splitting of thed energy levelsd. As
noted in our previous paper,3 FeuO bonds in Sr2FeMoO6
are relatively short and are essentially constant over a wide
temperature range and the planar FeuO and MouO bonds
contract at a rate faster than the average thermal contraction,
while the apical bonds contract at a slower rate. As the co-
ordinated rotations of the corner-linked FeO6 and MoO6 oc-
tahedra grow, the different contraction rates allow the planar

TABLE II. Bond-valence-sum sBVSd calculations, using room-temperature bond lengths, for
Ba2FeMoO6, Sr2FeMoO6, and Ca2FeMoO6. BVS calculations were performed using the equationv
=oesro−ri j d/B, wherev is the calculated valence,B=0.37 is an empirical universal constant,ro=2.285, 2.118,
1.967, 1.734, 1.759, 1.907, and 1.907 for Ba, Sr, Ca, Fe2+, Fe3+, Mo5+, and Mo6+, respectively, andr ij

represents the cation-to-anion bond lengthsssee Refs. 22 and 25d.

Bond-lengthsÅd Ba2FeMoO6 Sr2FeMoO6 Ca2FeMoO6

Fe–Oap. 2.115s8d32 1.996s15d32 1.986s7d32

Fe–Oeq. 2.051s4d34 1.983s8d34 2.016s5d32

Fe–Oeq. 2.015s5d32

Mo–Oap. 1.920s8d32 1.951s15d32 1.977s7d32

Mo–Oeq. 1.983s4d34 1.963s8d34 1.971s5d32

Mo–Oeq. 1.966s5d32

A–Oap. 2.8537s3d34 2.7866s1d34 3.165s2d31

A–Oap. 2.446s2d31

A–Oap. 2.351s3d31

A–Oap. 3.117s3d31

A–Oeq. 2.85284s4d38 2.711s3d34 2.626s9d31

A–Oeq. 2.869s3d34 2.368s10d31

A–Oeq. 3.362s10d31

A–Oeq. 2.689s11d31

A–Oeq. 2.615s9d31

A–Oeq. 2.368s10d31

A–Oeq. 3.361s10d31

A–Oeq. 2.692s10d31

vBa=2.58 vSr=1.96 vCa=2.06

Using ro for Fe2+ vFe=2.41 vFe=3.03 vFe=2.89

Using ro for Fe3+ vFe=2.58 vFe=3.23 vFe=3.08

Using ro for Mo5+ vMo=4.80 vMo=4.82 vMo=5.04

Using ro for Mo6+ vMo=5.19 vMo=5.21 vMo=5.04
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and apical FeuO and MouO bonds to maintain nominally
constant lengths in spite of the thermal contraction. Thus,
rotation of the FeO6 octahedra occurs to relieve the internal
geometrical strains caused by the FeuO bonds being at or
near their minimal sustainable value, the onset of this rota-
tion does not have to coincide with the nuclear and/or mag-
netic structural transitions. As such, rotation of FeO6 octahe-
dra is not necessary in Ba2FeMoO6 because thekFeuOl
bonds are considerably largers2.06 to 2.09 Åd than the sug-
gested minimal value of,1.98 Å. On the other hand, en-
hanced geometrical frustrations due to smallerA-site ions
lead to larger structural distortions and to more degrees of
freedomsoctahedral rotations and tiltsd being added to the
system as demonstrated by the monoclinicP21/n structural
distortion of Ca2FeMoO6, for example, as reported by Ritter
et al.8 and others.6,7

Finally, we used the bond-valence sum method22 to esti-
mate the room-temperature oxidation states of Fe and Mo in
Ba2FeMoO6, Sr2FeMoO6, and Ca2FeMoO6. As shown in
Table II, the calculated valence states of Fe, Mo, Sr, and Ca
ions sin Sr2FeMoO6 and Ca2FeMoO6d are in good agreement
with their expected values based on the assumption of
Fe3+

uMo5+ pairs in the materials, however, significantly
different values are obtained in the case of Ba2FeMoO6 with
the oxidation states of Fe, Mo, and Ba calculated as
,s2.4–2.5d+, ,s4.8–5.2d+, and,2.58+, respectively,ssee
Table II for more detailsd. The large oxidation state calcu-
lated for bivalent Ba is of particular interest because it indi-
cates the presence of considerable strains within the structure
in agreement with predictions based on the tolerance factor,
calculated using nominal ionic sizes as tabulated in Shan-
non’s paper,23 suggesting that the synthesis of this material
would be difficult under normal conditions. However, the
tolerance factorstd, calculated using bond lengths extracted
from our refinements, was found to be constant witht=1.0 at
all temperatures between 10 and 490 K, thus indicating the
cubic and pseudocubic nature of its structure even in its fer-
rimagnetic state and implying the presence of large strains
between the different layers. Figure 5 also displays the
temperature-dependent tolerance factor calculated for
Sr2FeMoO6 that shows a normal behavior with the tolerance
factor increasing with increased temperatures and then be-

coming constantst=1.0d at all temperatures above the
tetragonal/cubic phase transition.24 The unusually large va-
lence state calculated for Ba and the calculated tolerance
factor imply that this ion is under compressive strains. Inter-
preting the results obtained for Fe and Mo, on the other hand,
is not straightforward because of their multiple oxidation
states and the itinerant nature of the Mot2g

electrons, how-
ever, we speculate that Fe and Mo layers must be experienc-
ing tensile strains to at least partially counterbalance the
compressive strains in the Ba layers. More investigative
work is needed to resolve this issue.

CONCLUSIONS

Using neutron powder diffraction, we have investigated
the evolution of the nuclear and magnetic structures of
Ba2FeMoO6 as a function of temperature. The lattice param-
eters and unit cell volume of Ba2FeMoO6 are considerably
larger than those of Sr2FeMoO6. Similar to Sr2FeMoO6, the
structure of Ba2FeMoO6 undergoes a phase transition from

cubic Fm3̄m to tetragonalspseudocubicd I4/mmmat TC but,
unlike Sr2FeMoO6, the FeO6 and MoO6 octahedra do not
exhibit any rotations. The cubic to tetragonal structural tran-
sition is required by the ferrimagnetic interaction of the Fe
and Mo spins with the nuclear lattice. The ferrimagnetic
structure of Ba2FeMoO6 can be described using the symme-
try of the tetragonal magneticI4/mm8m8 space group. Fi-
nally, our refinements show that the Fe and Mo moments are
considerably lower and larger than their expected values in
Fe3+

uMo5+ and Fe2+
uMo6+, respectively, thus suggesting

the presence of a mixture of both combinations. Bond-
valence-sum calculations show the presence of significant
strains in the system due to the large size of the Ba ions.
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