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Abstract

This work investigates ultrasound assisted synthesis, characterization and magnetic properties
of SrBaFexMo0,.x0Os (x=1.0, 1.1, 1.3 and 1.4) double perovskites. X-ray diffraction (XRD)
analysis confirmed proposed that samples are in single phase. It was found that lattice
constants decrease with increase in composition x. Morphology of all samples was examined
by Scanning Electron Microscopy (SEM) images. Energy Dispersive X-ray Spectroscopy
(EDS) data confirmed purity and nonexistence of foreign elements in prepared samples.
Fourier transform infrared spectroscopy (FTIR) studies revealed formation of perovskite
structure. It was noticed that Fe-Mo degree of ordering decreases with an increase in
composition x. Saturation magnetization of prepared samples decreased with increase of
composition x, which is correlated with Fe-Mo degree of ordering.

Keywords: Double perovskite, sonochemical, characterization, magnetic properties

*Author for Correspondence E-mail: svpphy2@gmail.com

INTRODUCTION

Double perovskite structure of general formula
A:BB'Os (A= alkali earths and B, B’ =
transition metals) with half-metallic nature have
drawn great interest due to use in
magnetoresistance and spintronic applications.
Diversified applications because of high spin
polarization, soft magnetic nature and high
Curie temperature of these Fe-Mo based double
perovskite,  have  attracted  researchers
worldwide [1-3]. Double perovskite crystal
structure consists of alternating BOs and B'Os
octahedra in the lattice [4-8]. The magnetic
structure of A;FeMoOs consists of ordered
arrangement of parallel Fe** (3d° s=5/2)
magnetic  moments,  antiferromagnetically
coupled with Mo® (4d!, s=1/2) spins.
AFeMoOg magnetic properties are mostly
influenced by anti-site disorder at B & B' sites
leading to a reduction in magnetic saturation
(Ms) of Sr.FeMoOg material. Therefore, it is
beneficial to study the correlation between
degree of Fe/Mo ordering, magnetic properties
and magnetoresistance on AFeMoOgs (A=Sr,

Ba, Ca and SrBa) [9-17]. Many investigations
have already reported on correlation between
magnetic structure, degree of ordering and
magnetoresistance of systems like SrFexMo..
xOs and  SrFei,M01x0s at  different
compositions of x [18-22]. It is observed from
the literature that degree of ordering and
magnetoresistance are optimum at x=1 and then
decreases as x deviates. It has been reported
recently that SrBaFeMoOs system shows a
systematic decrease in T. and increase in M;
with maximum Low Field Magnetoresistance
(LFMR). An extensive study of A;FeMoOg
(A=Sr, Ba, Ca and SrBa) has been carried out
using different synthesis methodologies but no
literature has been reported on sonochemical
methodology for double perovskite system so
far; even though extensive studies on single
perovskite of ABOs system have been done
using sonochemical method [23-28]. The
sonochemical method is very promising in
preparing powders at relatively low preparation
temperature (950°C) under the influence of the
ultrasonic waves [29-30].
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In view of this, in the present study, authors
tried to adopt sonochemical chemical method
for its advantage over other methodologies to
investigate SrBaFexMo0,xOs (x=1.0, 1.1, 1.3
and 1.4) double perovskites. The samples
under study were characterized by XRD,
SEM, EDS, FTIR and VSM.

EXPERIMENTAL WORK
Polycrystalline samples of SrBaFexMo0,xOs
(x=1.0, 1.1, 1.3 and 1.4) (SBFMO) were
synthesized by sonochemical method. Exact
proportional amounts of analytical grade
chemicals such as Sr(NOs)s, Ba(NOs); Fe
(NOs)2.9H,0 and H,MoO4 were added in a
beaker of 200 ml double distilled water and
stirred on magnetic stirrer at room temperature
(RT) until clear solution is formed, to this
citric acid is added in 2:1 mole ratio (citric
acid to metal ion), solution is again stirred for
10 min to obtain clear solution. A highly
intense sonication of frequency 20 kHz was
carried out with a horn made up of titanium at
a temperature of 353 K (Sonics-Vibra cell,
USA) for about 20 min. After sonication,
ammonia is added to the solution to adjust pH
to ~7. Solution is kept on a hot plate of a
magnetic stirrer at 80°C and ethylene glycol is
added in 1:1.2 ratio (metal ion to ethylene
glycol). The resulting solution is kept in a hot
air oven at 230°C for 24 h, the residue formed
was collected and dried on Bunsen burner at
250°C for about 5min to obtain a required
composition and further ground to get
homogenous powder.

The resulting powders were taken into
crucibles and made to undergo heat treatment
at 400, 600 and 800°C/6 h with intermittent
grounding. The obtained powders were
pressed into pellets of 1cm diameter and
2 mm thickness using a die by applying 2 tons/
m?. The resulting pellets were sintered at 950°C
for 6 h. For reducing the Mo®" to Mo®" or loss

of oxygen, the pellets were heated at 950°C in a
stream mixture of 10% Ha/Ar gas for about 6 h.

The final materials are subjected to X-ray
diffraction (Philips PW-1830) studies to
confirm the structure. SEM (Zeiss INCA)
studies are done to confirm the grain size, EDS
(Oxford INCA EDX) is carried out on all
samples to check purity and elements present.
FTIR (PerkinElmer spectrum two) spectra are
used to analyze all samples to confirm
perovskite formation. Magnetic measurements
were done on SBFMO compound using VSM
(EZ9, Microsense Inc, USA) at applied
magnetic field from —20 to +20 kOe.

RESULTS AND DISCUSSION

Crystal Structures

The purity of phases of all SBFMO samples is
shown in Figure 1. Compound was found to
crystallize in cubic structure with space group

Fm 3 m as per X-ray diffraction patterns which
are in excellent accord with reported literature
[31]. Lattice parameters ‘a’ and unit cell
volume ‘V’ were evaluated from indexed (hkl)
values (220), (222), (400), (422), (440) and
(620) and tabulated in Table 1. It is observed
from Figure 2 that with an increase in Fe
composition x, lattice parameters and unit cell
volume decrease, reasons for deviation of
lattice parameter are valence disproportion and
the difference in radii of Fe3* and Mo® [32,
33] of SBFMO compound, which is in
accordance with Vegard’s law [34].

Scanning Electron Microscopy

Sintered pellets of SrBaFe,M0,xOs (x=1.0, 1.1,
1.3, and 1.4) were characterized to find grain
size parameter using Scanning Electron
Microscopy (SEM) and resulting micrographs
are shown in Figure 3 (a-d). It is found that
grain boundaries are clearly seen with grain size.

Table 1: Lattice Parameters (a) and Unit Cell Volume (V) of SrBaFe,M0,.0¢ (x=1.0, 1.1, 1.3, and 1.4).

Composition (x) | Space Group a(A) V(A)?
1.0 Em § m 7.9920 510.482
11 Em § m 7.9785 507.884
1.3 Em § m 7.9378 500.167
14 Em § m 7.9327 499.194
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Fig. 1: X-Ray Diffraction Patterns for SBFMO.
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Fig. 2: Lattice Constants vs. Composition (x) for SBFMO.
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Energy Dispersive X-Ray Spectroscopy
Elemental data analyses for all samples of
SBFMO compound were carried out to check
the elements present and purity of the
compound. Figure 4(a—d) shows the EDS
spectra of SrBaFexMo02xOs (x=1.0, 1.1, 1.3,
and 1.4). From EDS spectra, it is confirmed
that all required or raw preparation
composition elements (Sr, Ba, Fe, Mo and O)
were present and no other elements
(foreign/impurities) are existing.

Fourier Transform Infrared Spectroscopy

Figure 5 shows FTIR spectra of the SBFMO
samples in the spectral wave number range
1000400 cm?® at room temperature. To
confirm the perovskite phase formation, the
FTIR spectra should have three characteristic
absorption bands between 850 and 400 cm*
with respect to composition [35]. From
Figure 5, FTIR spectra of the SBFMO samples
under investigation detected bands for Fe and
Mo, i.e., one strong band in the high
wavenumber range (~857.91 cm) associated
to the Mo-O symmetric stretching mode of

MoOQs-octahedra, another band at ~674.30 cm*
assigned to the antisymmetric stretching mode
of the MoOs-octahedra, due to the higher
charge of this cation [36]. A weak absorption
band at about 476.75 cm™ is ascribed to Fe-O
vibration absorption of FeOs-octahedra.

Atomic Ordering

In a unit cell, degree of ordering is study of
favorable occupation of different atoms in
respective sites [14]. For a solid solution Mo,.
«Fex, order of phase of is MoFe. The degree of
ordering M can be calculated as: N=Pmo®—
Pmo@=Pre@—Pr®, where Pmo®, Pmo@, Pg®
and Pe® are relative occupancies of Mo and
Fe atoms on Mo site and Fe site respectively,
i.e., PM0(1)+PF9(1):1 and PM0(2)+PF9(2)=1.
Therefore, when complete disorder occurs,
PMo(1)=PMo(2)=1—X/2, pFe(l):pFe(z)zx/z, and 11:0-
When the maximum ordering is achieved,
Pmo®@W=1, Pmo®@=1-%, Pr®=0, Pr@=x, and
Nmax=X for Mo-rich compounds (x<1), and
PFE(Z):]_, PFe(l):X_l’ PMO(Z):O’ PMO(l):Z_X, and
Nmax=2—X for Fe-rich compounds (x>1).
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In the present case, A is SrBa, B is Fe and B’
is Mo in double perovskite A;BxB'2xOs, Fe and
Mo alternatively occupy the B and B' sites
respectively. For B-rich compounds (x>1.0),
maximum degree (nmax) IS 2-x and for B'-rich
compounds (x<1.0), maximum degree is X in
SrBaFexMo0,.40s (i.e. A2BxB'>xOs) compounds
and values are tabulated in Table 2. Plot
showing maximum degree (nmax) as function
of composition is shown in Figure 6. It found
from figure that the degree of the B/B'-site
ordering is maximum at x=1.0 and deviates
(decreases at x=1.1, 1.3, and 1.4) from there
on in SrBaFexMo0,.x0s (X=1.0, 1.1, 1.3 and 1.4)
compound.

Magnetization Measurements

Figure 7 shows magnetization versus applied
magnetic field graph of SrBaFexMo0,xOs
samples (x=1.0, 1.1, 1.3 and 1.4) recorded at
room temperature. Magnetic properties like
saturation magnetization (M), remanent
magnetization (M;) and coercivity (H;) for
BSFMO series have been obtained from
Figure 7 and tabulated in Table3. The
variations of saturation magnetization (Ms)
with Fe composition (x) of BSFMO compound
are plotted in Figure 8. It is evident from
Figure 8 that saturation magnetization was
found to be maximum at x=1.0 compared to

1 2 3 4 5 6 7 8 9

Spectrum 1

10

kev|

other compositions. The values of saturation
magnetization were found to be 8.40 7.03,
4.95 and 4.54 e.m.u/g for x=1.0, 1.1, 1.3, and
1.4 respectively. This type of trend for
saturation magnetization with Fe composition
(x) was correlated with degree of Fe/Mo
ordering for SrFeMo0,x06 have been
reported [37, 38], Mis-site (Fe-Mo)
imperfection, oxygen deficiency and valence
disproportion were quoted as reason [39].
From Figure 9, it is confirmed that correlation
exists between degree of ordering and
magnetic properties of BSFMO compound.

Table 2: Maximum Degree of Ordering (fmax) Of
SrBaFexMo02,0s (x=1.0, 1.1, 1.3 and 1.4) System.

Composition (x)|Maximum Degree of Ordering (qmax)
1.0 1.0
1.1 0.9
1.3 0.7
1.4 0.6

Table 3: Magnetic Properties of SrBaFexM0,x0s
(x=1.0, 1.1, 1.3 and 1.4) Double Perovskite.

.. M H M
Composition (x) (emuslg) (koce) (emur/g)
1.0 8.409 62.98 0.39
11 7.039 88.91 0.41
1.3 4.958 1115 0.20
14 4.544 94.42 0.12

Spectrum 1
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Fig. 4: (a—d) Energy Dispersive X-Ray Absorptionn Spectrographs of SrBaFexMo...Os Samples for
Composition (a) x=1.0, (b) x=1.1, (c) x=1.3 and (d) x=1.4.
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Fig. 5: Fourier Transform Infrared Spectroscopy of SrBaFexMo.x0s (x=1.0, 1.1, 1.3 and 1.4).
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Fig. 6: Degree of Ordering as a Function of Composition x of SrBaFexMo..4O¢ (x=1.0, 1.1, 1.3 and
1.4).
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Fig. 8: Saturation Magnetization (Ms) Dependence on Composition x of SrBaFesMo,x0s Samples for

Composition (x=1.0, 1.1, 1.3 and 1.4).
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Fig. 9: Correlation between Degree of Ordering and Saturation Magnetization with Composition x of
SrBaFe,Mo0,.xOs Samples for Composition (x=1.0, 1.1, 1.3 and 1.4).

CONCLUSIONS

It is reported here that SrBaFexMo2.«Og (X=1.0,
1.1, 1.3 and 1.4) compound prepared by
sonochemical method is in a single phase with
cubic structure and lattice parameters were
found to vary with Fe composition x. Average
grain size of compound was confirmed from
SEM pictures. Purity and elements present in
final compound were investigated using EDS
technique. Perovskite structure formation is
confirmed from FTIR spectra. Magnetic
properties of all samples in compound were
investigated using VSM technique and from
M-H loop Ms, M, and Hc were evaluated.
Saturation magnetization was clearly varying
with Fe composition x and which is in
correlation with degree of Fe/Mo ordering.
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