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INTRODUCTION

Double perovskite materials have attracted considerable
interest in recent years owing to their distinctive structural
adaptability and adjustable physical characteristics. Numerous
researches in the scientific literature have established that these
materials exhibit a broad spectrum of intriguing applications
across diverse domains, including spintronics, photovoltaics,
catalysis, energy storage and optoelectronics [1-6]. C2DD′O6

represents the composition of double perovskites, where alkaline
earth elements are indicated by C, transition-metal elements
with +3 or +2 oxidation states are represented by D, transition-
metal elements with +5 or +6 oxidation states are denoted by
D′ and oxygen is symbolized by O.. The magnetic, transport
as well as magneto resistance characteristics of many types of
double perovskite depend on the selection of D and D′ atoms
in the magnetic interaction of D-O-D′ [4]. The C2DD′O6 double
perovskite form a tetragonal and cubic structure that has a
space group I4/mmm and space group Fm3m, respectively
[1,7].
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Double perovskite Sr2-xBaxFeMoO6 (x = 0, 1 and 2) (SBFMO) materials were synthesized by sol-gel technique in the presence of H2/Ar
atmosphere at 1050 ºC. From X-ray analysis, it was observed that these double perovskite SBFMO materials crystallized in tetragonal
structure for the composition x = 0 and, in cubic structure for composition x = 1 and 2. The coercivity (Hc), saturation magnetization (Ms)
and remanent magnetization (Mr) of SBFMO samples were evaluated from magnetic measurements. The variation in electrical resistivity
(ρ) within the temperature range of 5-300 K was done, by which semiconductor to metallic transformation has been detected in SBFMO
sample. The Magnetoresistance (MR, %) was assessed with changes in temperature and magnetic field, revealing that the MR (%) values
of SBFMO samples differ from the composition x = 1.
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In the structure of C2DD′O6 material, regular arrangement
of corner-sharing DO6 and D′O6 octahedra are alternatively
present continuously in the three-directional space of the crystal,
apart from this, the spaces between the DO6 and D′O6 octahedra
are occupied by cation C [1,6]. The properties of materials like
characterization, magnetoresistance and magnetic attributes
of C2FeMoO6 (where C = Sr, Ba and Ca) have been comprehen-
ded, and are synthesized using the solid-state method [2-8].
From previous reports on such materials, it is inferred that sol-
gel technique was not used in preparation. The present work
has been designed to study the structure, magnetic, magneto-
resistance of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) by sol-gel prep-
aration technique.

EXPERIMENTAL

The Sr(NO3)2, Ba(NO3)2, H2MoO4 and Fe(NO3)3·9H2O were
used for preparing of Sr2-xBaxFeMoO6 (x = 0, 1 and 2). The
entire procedure to prepare the SBFMO materials are followed
from the literature [5,9-11]. In this method, Sr2-xBaxFeMoO6



(x = 0, 1 and 2) samples were inserted into a tubular furnace
at around 1050 ºC in the presence of gas flow (H2-Ar) for 12 h
to convert the ionic state from Mo6+ to Mo5+ in SBFMO. The
crystal structures of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) were
confirmed by X-ray diffractometer. Room temperature magne-
tization measurements of the SBFMO samples were done in
the magnetic field which ranges from -15 kOe to 15 kOe with
the help of vibration sample magnetometer. Electrical resistivity
measurements of SBFMO sample were prepared in the temp-
erature range from 5 to 300 K at different constant magnetic
fields 0 kOe, 20 kOe, 40 kOe, 50 kOe and 80 kOe with the help
of superconducting magnetic system employing the standard
four-probe technique. Variations in the electrical resistivity of
SBFMO were also measured at different temperatures viz. 5 K,
150 K and 300 K in the magnetic field range from 0 kOe to 80
kOe. The relative percentage of magnetoresistance of SBFMO
samples were evaluated in both cases, varying temperature as
well as magnetic field and by using the data of electrical resist-
ivity in presence and absence of a magnetic field.

RESULTS AND DISCUSSION

X-ray diffraction: The X-ray diffraction (XRD) patterns
of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) materials recorded at room
temperature (Fig. 1). The X-ray diffractograms of SBFMO were
analyzed and compared with previous literature [4-6]. It is
confirmed from X-ray analysis that the composition x = 0 and
x = 1, 2 crystallize in tetragonal and cubic structure that has a
space group I4/mmm and space group Fm3m, respectively
[4-6]. Lattice parameters of Sr2-xBaxFeMoO6 samples were
evaluated in the method of Cohen’s least square, by taking the
individual (hkl) values and Bragg angle values of the XRD
peaks estimated from CELEN computer program [10]. The
formulae V = a2c and V = a3 were used to calculate the volume
of the unit cell for tetragonal and cubic structure of Sr2-xBaxFe
MoO6, respectively. The lattice parameters along with unit cell
volumes of these samples are specified in Table-1. It is known
from analysis of XRD that the structure of material convert
from tetragonal to cubic when Ba atom is inserted in place of
Sr atom at C-site in the C2FeMoO6 double perovskite [2,6,9,
12,13]. Lattice parameters and unit cell volume of SBFMO
increases when composition changes from x = 0 to 2 owing to
the size of Ba2+which is bigger than that of Sr2+ [4].

Magnetization: Fig. 2 shows the change of magnetization
when magnetic field is varied from -15 to 15 kOe at 300 K for
Sr2-xBaxFeMoO6 (x = 0, 1 and 2) (SBFMO) samples. The values
of coercivity (Hc), remanent magnetization (Mr) and saturation
magnetization (Ms) of SBFMO samples were evaluated and
are specified in Table-1. From Fig. 2, it is clearly observed that
the maximum saturation magnetization (Ms) is observed at com-
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Fig. 1. X-ray diffraction patterns of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) samples
recorded at room temperature.
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Fig. 2. Magnetic field dependence magnetization (M–H) curves of
Sr2-xBaxFeMoO6 samples obtained at temperature 300 K

position x = 1 and such that it decreases when composition
deviates from x = 1 to 0 and from 1 to 2. This might be attribu-

TABLE-1 
THE VALUES OF LATTICE PARAMETER (a), UNIT CELL VOLUME (V), SATURATION MAGNETIZATION (MS),  
REMANENT MAGNETIZATION (Mr), COERCIVITY (HC) AND OF Sr2-xBaxFeMoO6 (x = 0, 1 AND 2) MATERIALS 

Samples a (Å) c (Å) V (Å3) MS (emu/g) Mr (emu/g) HC (kOe) 
Sr2FeMoO6 5.569 7.898 244.98 18.07 0.32 0.039 

SrBaFeMoO6 8.066 – 524.91 21.66 1.29 0.055 
Ba2FeMoO6 8.073 – 526.14 12.55 0.34 0.038 
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ted, theoretically that extreme degree of Mo/Fe ordering occurs
at composition x =1 in Sr2-xBaxFeMoO6 samples. The degree
of Mo/Fe ordering generally influences the result of magneti-
zation in the double perovskite materials. In this case, the degree
of Mo/Fe ordering decreases the saturation magnetization (Ms)
as the composition deviates from x =1. The change in saturation
magnetization (Ms) with composition may be further more owed
to miss-site imperfection or anti-site defects between Fe and
Mo atom, oxygen deficiency and valence disproportion in the
Sr2-xBaxFeMoO6 samples [2,14,15]. It is also observed from
Table-1 that Mr and Hc decrease with composition x and deviate
from 1 in Sr2-xBaxFeMoO6 due to rise in anti-site defects or else
decrease in degree of ordering [2,10,11].

Temperature dependence on electrical resistivity: The
resistivity (ρ) as a function of temperature varied from 5-300
K at fixed magnetic fields 0, 10, 20 and 40 kOe is presented in
Fig. 3a for composition x = 0 (Sr2FeMoO6). It is observed that
the resistivity at composition x = 0 (Sr2FeMoO6) vary between
0.5931 × 10–4 to 0.6934 × 10–4 Ω-cm at 0 Oe, 0.5883 × 10–4 to
0.6103 × 10–4 Ω-cm at 10 kOe, 0.5894 × 10–4 to 0.5881 × 10–4

Ω-cm at 20 kOe and 0.5693 × 10–4 to 0.5831 × 10–4 Ω-cm at
40 kOe. The value of resistivity (ρ) in the present analysis is
lesser than that earlier reported for Sr2FeMoO6 [1]. The method
of preparation technique and sintering conditions influences
on the resistance of the sample [2,3]. The composition x = 0
(Sr2FeMoO6) shows two variations in the temperature range
from 5-300 K. One is the semiconductor state in lower tempera-
tures and other one is metallic state at higher temperatures. The
semi-conductor to metal transition temperature (TSM) values
of composition x = 0 (Sr2FeMoO6) at fixed magnetic fields 0,
10, 20 and 40 kOe were derived from Fig. 3a and are shown in
Table-2. The TSM for composition x = 0 (Sr2FeMoO6) sample
reduces by rise in the magnetic field. It might be owed to the
diminishing scattering effect thereby increasing in magnetic
moment ordering in the sample [11].

The resistivity (ρ) plots of sample at composition x = 1
(SrBaFeMoO6) versus the temperature from 5-300 K are illus-
trated in Fig. 3b at fixed magnetic fields of 0, 20, 50 and 80
kOe. The resistivity of composition x =1 (SrBaFeMoO6) by
varying temperature 5 to 300 K is in the range 0.265 × 10–4 to
0.391 × 10–4 Ω-cm at constant magnetic field 0 kOe, 0.246 ×
10–4 to 0.390 × 10–4 Ω-cm at fixed magnetic field 20 kOe,
0.235 × 10–4 to 0.388 × 10–4 Ω-cm at fixed magnetic field 50
kOe and 0.232 × 10–4 to 0.384 × 10–4 Ω-cm at fixed magnetic
field 80 kOe.

The resistivity of SrBaFeMoO6 sample in the non-magnetic
field is larger than previously reported [4]. The high value of
resistivity of SrBaFeMoO6 can be ascribed to dissimilar synth-
esis technique and the sintered environment. The SrBaFeMoO6

exhibits a transformation from semiconductor to metallic beha-
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Fig. 3. Electrical resistivity as a function of temperature of Sr2-xBaxFeMoO6

(x = 0, 1 and 2) samples with different constant magnetic fields

viour by varying temperature (5 to 300 K) in the magnetic field
and as well as non-magnetic fields. The semiconductor-metal
transition temperature values (TSM) of SrBaFeMoO6 at the fixed
magnetic fields 0, 20, 50 and 80 kOe were determined from
Fig. 3b and are specified in Table-2. From the results, the values
of semiconductor to metallic transition temperature (TSM) fall
to minor regime due to rise in the magnetic domain ordering
by increasing of the magnetic field intensity [5,10].

In the temperature variation from 5 to 300 K, resistivity
(ρ) of Ba2FeMoO6 sample (composition x = 2) at the constant
magnetic fields of 0, 50 and 80 kOe is illustrated in Fig. 3c. It
is found that the resistivity of BaFeMoO6 varies between 2.0
× 10–4 to 4.5 × 10–4 Ω-cm at 0 kOe, 1.8 × 10–4 to 4.3 × 10–4 Ω-

TABLE-2 
VALUES OF SEMICONDUCTOR-METALLIC TRANSITION TEMPERATURE (TSM) OF  

Sr2-xBaxFeMoO6 SAMPLES AT DIFFERENT CONSTANT MAGNETIC FIELDS 

Samples Semiconductor-Metallic transition temperature (TSM) in Kelvin at different constant magnetic fields 
Sr2FeMoO6 179 K @ 0 kOe 126 K @ 10 kOe 112 K @20 kOe 101 K @ 40 kOe 

SrBaFeMoO6 35 K @0 kOe 20 K @ 20 kOe 13 K @50 kOe – 
Ba2FeMoO6 46 K@ 0 kOe 27 K @ 50 kOe 26 K @ 80 kOe – 
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cm at 50 kOe and 1.7 × 10–4 to 4.2 × 10–4 Ω-cm at 80 kOe by
increasing the temperature from 5 to 300 K. In present study,
resistivity of Ba2FeMoO6 in the non-magnetic fields is lower
than the previous reported [6-8]. The lower resistivity of Ba2Fe-
MoO6 is due to adopted dissimilar procedure in the preparation
technique and sintering temperature. The synthesis environ-
ment and grain boundaries of double perovskite have influenced
generally on the property of resistivity [4,6,9,10,16,17]. It was
found from Fig. 3c that Ba2FeMoO6 sample exhibited semicon-
ductor to metallic change in the temperature 5-300 K thereby
indicating a semiconductor-metallic transition. The semicon-
ductor-metal transition temperature values (TSM) of the sample
were obtained from Fig. 3, which are specified in Table-2. It
is seen from Table-2 that the TSM value drops off with raise of
magnetic field for Ba2FeMoO6 sample. This could be attributed
to increase in magnetic domain ordering along with the magnetic
field thereby resistivity of Ba2FeMoO6 reduced [5,11].

Magnetic field dependence on electrical resistivity: The
resistivity (ρ) of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) samples with
variation of magnetic fields from -40 to 40 kOe for composition
x = 0, -80 to 80 kOe for composition x =1, 2 at fixed tempera-
tures of 5, 150 and 300 K is illustrated in Fig. 4a-c, respectively.
The resistivity values of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) samples

are shown in Table-3. From the resistivity values, the resistivity
of Sr2-xBaxFeMoO6 (x = 0, 1 and 2) samples reduces with raise
in the magnetic field. The reduction of resistivity with magnetic
field could be correlated to the enhancement in the magnetic
domain ordering which diminishes electron-magnon collisions
[5].

TABLE-3 
RANGE OF ELECTRICAL RESISTIVITY WITH  

VARIATION OF MAGNETIC FIELD AT TEMPERATURES  
5, 150 AND 300 K FOR Sr2-xBaxFeMoO6 (x = 0, 1 AND 2) SAMPLES 

Range of electrical resistivity (Ω-cm) 
Compounds 

300 K 150 K 5 K 
Sr2FeMoO6 5.84-5.92 × 10-3 5.38-5.73 × 10-3 5.69-6.95 × 10-3 
SrBaFeMoO6 3.87-3.93 × 10-3 2.90-3.05 × 10-3 3.86-4.37 × 10-3 
Ba2FeMoO6 0.42-0.44 × 10-2 2.29-2.41 × 10-3 0.17-0.19 × 10-2 

 
Temperature dependence magnetoresistance (MR):

The variation of resistance with the influence of magnetic field
is well known as magnetoresistance. The percentage of magneto-
resistance is defined as:
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where H is the applied magnetic field, ρ(0,T) is the resistivity’s
at non-magnetic field and ρ(H,T) is the resistivity at magnetic
field H at temperature T. The MR (%) of Sr2-xBaxFeMoO6 (x =
0, 1 and 2) with varying temperature from 5-300 K at fixed
magnetic fields are shown in Fig. 5a-c. It is observed from Fig.
5a-c that the variation of magnitude of MR (%) of Sr2-xBaxFe-
MoO6 sample increases with a decrease in temperature due to
effect of domination of the grain boundaries or effect of magnetic
domain boundaries thereby the MR (%) of SBFMO rises with
reduction in temperature or in the other way, that decrease of
effects of spin-scattering on the region around grain boundaries
[1,5,9,18]. It was found from the Fig. 5c that the MR (%) at
magnetic field 50 and 80 kOe in the 5-200 K temperature region
increases while there is no systematic variation in the 200-
300 K temperature region in the Ba2FeMoO6 sample.

Magnetic-field dependence magnetoresistance (MR):
The MR (%) of Sr2-x BaxFeMO6 (x = 0, 1 and 2) samples in the
various magnetic field range particular temperatures 5, 150 and
300 K are illustrated in Fig. 6a-c. The MR (%) values are shown
in Table-4. It was observed from figure that the MR (%) increases
at 5, 150 and 300 K along with increase of magnetic field. This
may be due to the lowering of spin-scattering at region of grain
boundaries and also, polarization in charge carrier increases
with the application of magnetic field [6,8,9,19-21]. This process

TABLE-4 
VALUES OF MR (%) OF Sr2-xBaxFeMO6 (x = 0, 1 AND 2) 

SAMPLES AT CONSTANT TEMPERATURES 5,150  
AND 300K AND MAGNETIC FIELD 40 kOe 

MR (%) 
Compounds 5 K and  

20 kOe 
150 K and  

40 kOe 
300 K and  

40 kOe 
Sr2FeMoO6 -15.54  -6.18  -1.38  
SrBaFeMoO6 -17.35  -10.23 -4.12 
Ba2FeMoO6 -8.48 -3.33  -2.88 

 
is most efficient at lower magnetic fields and temperatures
lower than Curie temperature, in which case the polarization
of charge carriers is comparatively high. Another explanation
for the above is an intrinsic one that result from the quenching
of spin-scattering of the carriers by localized spins. This process
dominates the high magnetic field MR [6,19]. It can be seen
from Fig. 6b that the MR (%) of the sample increases rapidly
with change in magnetic field from 0 to 20 kOe. And further
more the MR (%) slowly increases with variation in the magn-
etic field from 20 to 80 kOe. In double perovskites, magneto-
resistance arise from the penetrating of spin-polarized carriers
across the insulating barriers. These barriers can be grain boun-
daries, Mo-Fe imperfection disorders and also domain walls
[4,5,22,23]. Spin polarization of charge carriers play important
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Fig. 6 Variation of MR (%) with magnetic field at temperatures 5, 150 and 300 K for the composition (a) x = 0, (b) x = 1 and (c) x = 2 of
Sr2-xBa-xFeMoO6

role in tunnelling magnetoresistance. High the magnetic smooth-
ness of the substance, it has the more significant role to increase
the low field magneto resistance [4]. In double perovskites,
the spin polarization is very sensitive to anti-site defects as
well as temperature.

Composition dependence magnetoresistance and mag-
netization: The values of MR (%) with composition at temper-
ature and magnetic field (5 K and 20 kOe), (150 K and 40 kOe)
and (300K and 40 kOe) are shown in Fig. 7a. The plot of satur-
ation magnetization versus composition is illustrated in Fig. 7b.
It is understood that the highest value of MR (%) and magneti-
zation occur at x = 1 and after which the value of MR (%) and
saturation magnetization lowers as composition deviates from
x = 1. The fall in MR (%) and saturation magnetization while
deviating from composition x = 1 in Sr2-xBaxFeMO6 may be
ascribed to attenuation of Fe/Mo-site ordering or anti-site
defects growth [5,9, 19,24]. It is observed that the magnitude
of MR (%) and Ms are maximum at x = 1.0 and also both of
them decrease when composition deviates from x = 1. Hence,
it can be concluded that there is a correlation between, magneto-
resistance and magnetic properties with degree of ordering in
Sr2-xBaxFeMO6.
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Fig. 7a. The values of magnetoresistance (MR, %) with composition at
temperature and magnetic field (5 K and 20 kOe), (150 K and 40
kOe) and (300 K and 40 kOe)
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Conclusion

In this work, the sol-gel process was used to prepare double
perovskite Sr2-xBaxFeMoO6 (x = 0, 1 and 2) (SBFMO), which
was sintered at 1050 ºC in the presence of gas flow (H2-Ar) for
12 h to convert the ionic state from Mo6+ to Mo5+. The lattice
parameters and unit cell volume increases with change of com-
position owing to the size of Ba2+ which is bigger than that of
Sr2+ and it was found that the structural phase transition from
tetragonal to cubic lattice occurs at composition x = 1 in SBFMO.
The saturation magnetization (Ms) is found to be highest for
composition x = 1 and lowers when composition x deviates
from 1, which arises by the rise in anti-site defects or decrease
in degree of ordering. The samples also show a change from
the semiconductor to metallic as temperature varies from 5 to
300 K. The change in value of MR (%) of SBFMO samples
increases with lowering the temperature due to effect of the
grain boundaries domination or effect of magnetic domain boun-
daries and increase with an increase in a magnetic field due to
the lower of spin collisions at grain boundaries. The magnitude
of MR (%) of SBFMO is higher at x = 1 and, then decreases
when composition depart from x = 1. From these results, it is
confirmed that there is a correlation between the magneto-
resistance and magnetic properties with degree of ordering in
Sr2-xBaxFeMO6.
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