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ABSTRACT

The structural, morphological, optical, magnetic, and ferroelectric properties were studied for the Bag,lLaggFe,O, (BLF) through
hydrothermal method. The face-centered cubic structure is confirmed from the X-Ray diffraction (XRD) analysis with some impurities.
The particle size calculated from XRD is 21 nm. The Fourier transform infrared spectroscopy (FTIR) revealed the spinel structure of the
synthesized samples. The surface morphology analyzed with the help of field emission scanning electron microscopy, transmission
electron microscope. In addition, UV- Visible spectroscopy was used for the energy band gap (E,) estimation and it is found as 2.05 eV.
The M-H loop analysis makes clear that the synthesized samples have low magnetization with a small loop area. The P-E loop analysis

expressed the ferroelectric nature of the synthesized sample.
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1. INTRODUCTION

It was well known fact that the magnetic materials are one
of the most used materials for information storage devices such as
hard disk, floppy disk electronic chip etc. However, the
technology needs the reduction of size and increment of storage
capacity, better mechanical strength to facilitate the memory
storage applications [1]. Furthermore, the low energy gap and well
optical properties with magnetic nature can be used in magneto
ceramics, magnetocaloric effect application for the multipurpose.
Also, various engineering and electronic application like an
electronic chip, memory storage devices, high energy power
transformer core, shielding of electromagnetic waves, on the other
hand, biomedical application such as drug delivery, MRI imaging
technology, hyperthermia cancer treatment [2] etc.

Generally, the ferrites are part of the magnetic materials.
However, Magnetic materials divided as dia (Ba, La, Cu...etc),
para (O, Mg, Na,..etc), and Ferro (Ni, Co, Fe..etc) magnetic
materials based on the susceptibility increment not only this three
types but also have another type of materials like ferrites (AB,0,),
granites AB;,0,¢ are the commonly used for the industrial
applications. In particular, ferrites are divided into two types such
as soft ferrites (small loop area) which are more suitable for
medical applications and hard ferrite (broad loop area) which is
used for the transformer cores, permanent storage devices. In
present concerns, the soft ferrite magnetic materials having spinel
structure with specified formula AB,O, where A refers the
divalent cations like Co, Cu, Mg, Zn, Mn, Ni, etc., and B relates to
the trivalent iron atoms [3].

In the group of ferrites, the barium ferrites accomplish an interest
due to ferroelectric nature and magneto ceramic characteristics
and having ceramic pigment properties [4]. The rare earth
elements have larger radii hence the rare earth integrated into
ferrites happens lattice imperfections [5]. In general

magnetization, optical band gap, and ferroelectric properties
altered by the Fe-Fe interactions and Fe- rare earth elements. All
of the rare earth series lanthanum (La*®) is the specialized
candidate to alter the physical properties of the material due to the
greater ionic radius which is nearly (1.22 A), in addition, La™ is
diamagnetic (non-magnetic) cations [6]. Even so, replacement of
larger ionic radii in place of Ba and Fe radii can change structural
and magnetic properties by attributing lattice strain in the material.
Whereas the exchange interaction between tetrahedral and
octahedral site might not be taken responsibly in this case to
increase magnetization of the ferrite system, finally the
magnetization of nonmagnetic rare earth element could not effect
because of exchange of cations but it can change structural
properties to engage magnetic properties ferrite systems [7].
Hence, incorporation of greater ionic radii induces lattice strain it
causes an increase of the particle size; therefore the size of
material could be achieved as required industrial application. The
incorporation of La** ions into Bag,Fe,0, system represents
changes in physicochemical properties. The literature revealed the
influence of La (x = 0.8) on structural and morphological,
magnetic, optical, Ferro-electric properties of Bag,Fe,O, not
reported in available literature. The variation of rare-earth ions
replaces the generation of oxygen spaces for reimbursement
charges. Larger molecular radius La** (1.22 A) compared with
Fe* (0.64 A), affects magnetization by breaking spin cycloid in
the barium ferrite system. Therefore, the authors interested in
synthesizing and to study the properties like structural, optical,
morphological, magnetic and ferroelectric properties of La-doped
Ba ferrite nanoparticles.

Further, the preparation of nanomaterials is a key factor to
facilitate the physical properties of the materials. More generally,
usual synthesis methods are like sol-gel method, solvothermal
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method, hydrothermal technique, chemical co-precipitation,
microemulsion, polyol method, and auto-combustion technique
[8]. The hydrothermal method is the accurate and feasible method
to synthesize nanoparticles owing to single phase production,
control of size.

Moreover, some of the previous reports exorcised with this type of
materials very interestingly in many areas viewing to their multi
ferric nature and narrow optical band gap. Qing Lin et al [9].
Synthesized Mg, Ba dual doped LaygsFeOs particles in nanometer
size via sol-gel method it was found that the particle size depends
upon the preparation method, whereas they found that low-
temperature calcination is probably good for getting pure phase in
XRD, on the other hand, the VSM studies show the Ba* can
increase the H, value. In a similar way, the ferrite-based
composites such as polyaniline, polypyrrole mixed with ferrites

2. MATERIALS AND METHODS

The chemicals of La (NO),6H,O, Ba (NOs),6H,0, Fe
(NO3); 9H,0 & NaOH (Sigma- Aldrich) were selected as the
precursors. La (NO3), .6H,0, Fe (NO3);. 9H,0 & Ba(NO3),.6H,0,
Fe (NO3); 9H,O mixed in a laboratory glass beaker using
magnetic stirrer in distilled water (1:4) Nitrates: water separately
as per the planned stoichiometric calculation. The stirring process
continued at constant pH values (pH = 11) through the addition of
the NaOH slowly to the mixer. After, the reacted homogeneously
mixed brown colored solution was transferred into 300 ml
autoclave (steel lined Teflon jar). The sealed autoclave was
fetched into a hot air oven. The temperature of the oven kept
at150°C and time setup is 8 hrs. Further, the reacted solution was

3. RESULTS

3.1. X-Ray Diffraction (XRD) Analysis.

Figure.l illustrates the revealed patterns of X-ray diffraction for
the synthesized material of Bag,lLaggFe,0,. The XRD outline
could be evidenced that the synthesize nanoparticles showing the
developed cubic spinel phase formation including some impurity
phases. These are found at two-theta angles around 40.812,
32.186, 50.614, 54. 409, 64.814 and 71.883°. They are associated
to the perovskite phases of BaFeO3; and LaFeOs. In general, this is
happened owing to the incorporation of trivalent ion into the
divalent element. Similar observation is noticed in reference [6].
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Figure 1.X-ray diffraction spectra of the BLF nanoparticles.
This confirmed a fact that the formed cubic spinel phases are not
pure. However, we considered them as the maximum intense

could be permitted for the fabrication of multi-efficient materials
for electronic devices and sensors applications [4-5].

Lagg substituted Bag,Fe,O, for structural, optical,
magnetic, and ferroelectric properties through the hydrothermal
method followed by predictable heating at 573 K was done in this
work. Indeed, the hydrothermal method followed by Ilow
temperature can provide a single phase having well morphology. It
can be estimated that La substituted barium ferrite shows the
reduction in magnetization (M) as well as enhancement in the
energy band gap. These types of systems may be well suited for
biomedical application such as hyperthermia treatment and drug
delivery systems. Moreover, there were limited works done so far
on the La incorporated barium ferrite nanoparticles via the
hydrothermal route.

washed with the acetone and distills water several times till it got
purified, then this purified content dried at 100°C in the oven for
two hours. Finally, fine powder type samples were collected.
These samples are characterized to study structural,
morphological, optical, magnetic properties using X-ray
diffraction, Fourier transforms infrared spectroscopy (FTIR), Field
emission  scanning electron microscopy, and Transmission
electron on microscopy (FESEM, TEM), Energy Dispersive X-ray
analyzer (EDAX), UV- Visible spectroscopy, vibrating sample
magnetometer (VSM) respectively, and P-E loop tracer used to
detect ferroelectric nature.

peaks for evaluating the structural parameters of cubic spinel
structure. These reflection planes of (111), (220), (311), (222),
(400), (511), (440), (533), (444) are in relation with the cubic
spinel phases of JCPDS: 25-0283 pattern. The crystallite size (D)
was calculated using the average crystallite D = 0.9A/Bcos6, where
A = wavelength of X- rays and B is full width half maximum [10-
11] for the maximum reflection plane or cubic characteristic plane
(311) it was found as 21 nm. Also, micro-strain (¢) was
premeditated using principle € = B/4tanf and the results were
accounted in Table.1 [12].

On the other hand, the lattice parameter was found using the
familiar formula a = d (h*+ k®+1?) * for the same reflection plane
(311) and that value is 9.85 nm. The radii of synthesized elements
can be affected in the octahedral tetrahedral occupation Ba*%:1.35
A, La™: 1.22 A, Fe* 0.645 A [13]. The difference between Ba*
and La**radii makes strain in lattice structure which is due to the
distribution of cations of different ionic radii between the
tetrahedral site and octahedral site. The incorporation of La*
atoms replaces Fe*? atoms owing to the greater ionic radii of La"
than the Fe*? radii. This leads to a larger value of lattice parameter
which could become a reason for the larger volume which is found
as 955.67 A3. In addition, the theoretical density was calculated
by using the statement p= 8M/Na® (where ‘M’ is molecular
weight, ‘N’ is Avogadro’s number, and ‘a’ is lattice constant) it
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was presented in Table.l. Later, the BLF nano particle’s bulk
density samples assessed using the formulation p, = m/zr?t, hear m
is mass, r is radius, and t is the thickness of pellets. Afterward,
porosity: P = 1-(pe/py) [2] is calculated for the synthesized sample
(Table.1). The specific surface area of the sample was established
with the help of relation [2]: S = 6000/(D*py), where D, and p;
have their usual meaning.

3.2. Morphological Properties.

The surface analysis of the barium lanthanum ferrite (BLF)
nanoparticle was studied with the help of Field emission scanning
electron microscopy, and Transmission electron microscopy. The
FESEM image (Fig.3) reflects morphological aspects such as the
shape of the nanoparticles as well as distribution grains. Hence, in
the micrographs, the grain size of the particle was found using the
linear intercept method: G,= 3d/2MN, here ‘d’ pass on to the
testing line distance, ‘M’ is connected to the magnification used
and ‘N’ is coupled to the number of grains touching to the testing
line [6].
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Figure 3.FESEM image of the BLF nanoparticles.

The 24.7 nm sized particles and the partial agglomeration between
the particles observed. However, The EDAX spectra of
synthesized nanoparticles show no impurities involved in the
material as appears in Fig.4. On the other hand, The appearance of
the TEM images shows synthesized particles oriented as
nanofibers with the size 20 nm - 100 nm as shown in Fig.5, it was
noticed that the group of nanofiber grains was distributed
equivalently, Moreover, the growth of nano fibers with a group is

due to the magnetic interactions between the nanoparticles. This
fiber grains was occurred due to the presence of rare earth element
(La) this type of fiber formation by incorporating La"™ was
reported in previous paper. The hydrothermal treatment supported
the formation of nanofibers. This type of confirmation was
reported in the literature [3]. This kind of nanofiber formation and
its clusters are well suited in the drug delivery and related
biomedical functions [3].
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Figure 4.EDS spectra of the BLF nanoparticles.

Actually, the huge number of ferroelectric domains of Ba, La
elements may induce the elongated fibers. Suresh et al. reported
the lanthanum doped cobalt titanate nanoparticles; they found
lanthanum incorporation supports to the fiber formation also
which are elongated by ferroelectric cations. In addition, the size
of the particles observed between 10 nm - 70nm. The morphology
of synthesized particles agreed on the fact which is the grain size
greater than the particles size it could be happened by
agglomeration [3].

10 nm :
Figure 5.TEM picture and SAED of BLF samples.

Table 1. Structural properties of the BLF nanoparticles.

a(d) FWHM D(@(m) V@A)’  pglem’)

pe @/cm’)

porosity (P) S(m’g) G,(hm) v (cm?)

BLF

9.85

0.02481 21 955.67 3.74 2.69

3.3. FT-IR spectral analysis.

The obtained FTIR spectra as shown in Fig.6 represent
the formation of the spinel structure of the synthesized samples.
The spectra illustrate the two spinel characteristic absorption
bonds such as the octahedral bond at 428 cm™ whereas tetrahedral
stretching vibration bond at 569.2 cm™. Hence, this two bond
assignment revealed the arrangement of spinel bonds in the lattice
and it was indicated as v, andv; in the Fig.6. Moreover, the
additional absorption bonds were observed in the spectra and it
was due to iron ions vibrations, and oxygen atoms of the H,O

0.28 0.00281 57 24.257 569.21 418

molecule [12]. This may be happened due to the strain and
crystalline effects.

3.4. UV-Visible spectra.

The UV- Visible spectroscopy is one of the accurate tools for the
estimate the energy gap (Eg). Hence, the diffuse reflectance
spectra and absorption spectra were carried out and it was
represented in the Fig.7. The Energy band gap estimation was
carried out using the relation (ahv) ™ =k (hv-Eg) [13] where ‘hv’ is
the energy, k’ is continuous, ‘Egis the optical band-gap and’ is
expressed as the type of transition. The ahv is measured in eV/cm.
In the present work the ‘m’ value taken as 2 because the transition
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is direct. In Fig.7 extrapolated linear portion shows the optical
band gap value. The Eq value was found as 2.05 eV it indicates the
proper value of the absorption value as shown in Fig.7. These E
values are little in scale. Therefore, the BLF nanofibers can
articulate in optoelectronic devices, photocatalytic and sensor-
based purpose [12-13].
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Figure 6.FTIR band spectrum of the BLF nanoparticle.
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Figure 7.0Optical band-gap determination of BLF nanomaterials.

3.5. Magnetic Properties.

M-H loop studies (Fig.8) or hysteresis loop obtained from
the vibrating sample magnetometer. The saturation magnetization,
coercivity and retentivity evaluated using vibrating sample
magnetometer at room temperature. it was noticed the hysteresis
curve shows diamagnetic nature and low saturation magnetization
(M) it is 0.24 G, coercivity (H¢) 0.04 G, remanence magnetization
(M,) 0.06 emug™. The saturation magnetization of the synthesized
sample obtained at 0.3. These properties show the synthesized
sample has nonmagnetic nature. The reason for the nonmagnetic
nature revealed may be increasing non-magnetic cations in B site
that is octahedral site. The distribution of cations was probably

4, CONCLUSIONS

Bag,LaggFe,04 (BLF) nanoparticles were synthesized via a
low-temperature hydrothermal process. The structural properties
such as particle size, porosity, and the lattice constant were
evaluated from the X-ray diffraction. The morphology was studied
by using the FESEM and TEM the studies express the well-
formed grains and particles size in nano level of the synthesized.
Moreover, the energy band gap was calculated from the UV-
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