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Abstract:-The structural and magnetic characteristics of Lao.7Sro3sMnO3(LSMO), which is
produced using sol-gel, solution combustion, and The material's morphology and structure,
which define its overall properties, are controlled by the synthesis process; The synthesis
begins with metal nitrates as the metal source, citric acid as the chelating agent, propylene
glycol as the solvent, and distilled water (DW) as the precursor. With the use of SQUID
magnetometry, X-ray photoelectron microscopy (XPS), X-ray diffraction (XRD), and
crystallinity, the formation mechanism, crystal structure, Phase composition, and magnetic
characteristics are examined. A crystallite size of around 17.9 nm has been confirmed by XRD
measurements to be the phase of pure nanocrystalline Lag7Sro3MnO3;The 300K and 5K
magnetic characteristics are studied. Lag7Sro3MnO3(LSMO) nanoparticles exhibit
superparamagnetic behavior; coercivity and remanence are negligible. The M-H
curvesdemonstrate that the samples' nanoparticles have ferromagnetic order, and the Arrott
plots suggest that ferromagnetic order increases with increasing particle size.

Keywords: Manganite, Magnetic nanoparticles. Sol-gel-synthesis, nanoparticles. Super
paramagnetism, superspin glass.

Introduction:-The properties of materials at the nanoscale differ significantly from those at
the bulk scale, which makes them useful for use in electromagnetic shielding, optoelectronic
devices, magnetic data  storage, sensors, and other applications. [1-8]
The origins of mixed-valence manganites may be traced back to the 1950s, when G. H. Jonker
and J. H. Van Santen created these materials as polycrystals in order to study manganites'
magnetic characteristics [9]. They discovered that the perovskite structure of these materials
has FM characteristics. The cubic perovskite structure is seen in Figure 1. Rel-xTxMnQO3,
where T is a divalent alkaline earth element and Re is a trivalent rare earth element, is the usual
formula for manganese oxide [10]. Large blue and little blue represent the A and B sites,
respectively.At the centre of each of the cube's faces are green spheres and oxygen,
respectively. Using 12-fold oxygen coordination, the Re and T elements are situated at the A
sites. When a cube is in the octahedral oxygen coordination, cations of Mn are located at its B
sites. To retain charge neutrality, some Mn>" in the perovskite structure is converted to Mn**
by the divalent Re element, which takes the place of the T element. x and 1-x, respectively, are
the stiochiometric portions of Mn®" and Mn*"It has been claimed that the lattice mismatch
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between LSMO's cubic structure to transform into a pseudo-cubic structure, changing the
lattice parameter of the sample. The lattice parameters of the pseudo-cubic structure area =b =
3.905 A and ¢ = 3.846 A with a =B =90° and y = 90.87° [11,12].
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Figure 1: Structure of a Cubic Perovskite.

The Mn atom is half-filled in its 3d orbital and has the electrical
configuration1s?2s°2p®3s?3p®3d>4s. The 3-fold orbital degeneracy of the t2g and eg degenerate
states is broken into three t2g and two eg states because of the oxygen atoms' crystal field. The
t2g states have lower energies concerning the eg states because they experience less coulomb
repulsion than the eg states, which are located between the points of the cartesian coordinate
system between the ligands. This is because the eg states point directly at the ligands. Hund's
first rule, which specifies that the maximal value of spin (S) must be satisfied, states that the
electrons fill the orbital states of Mn*" and Mn*" For Mn** and Mn*" this means that their S
values are 2 and 3/2, respectively. The T2gThe electron density of the Mn*" level is three, while
that of the eG is zero. Manganites' magnetic and electricalcharacteristics are determined by the
electron configuration of Mn cations contained in octahedral oxygen coordination [10].
The particle size distribution, finite-size effect, dipolar or exchange interaction between the
particles, and particle shape all have a significant impact on the magnetic characteristics of
nanoparticles [13]. Since densely packed nanoparticles are used in many magnetic
nanoparticles applications, it is crucial to understand how interactions between nanoparticles
affect the physical characteristics of these systems [2, 14]. Every particle has a big magnetic
moment, or "super spin," if the particle size is less than the size of a single domain [2, §, 15].
The effect of superparamagnetic behaviour is that,The electron density of the Mn4+ level is
three, while that of the eG is zero. The Mn cation electron configuration is embedded in
noninteracting super spins of octahedral oxygen. [16-8]. In the superparamagnetic state, the
magnetic nanoparticles undergo a superparamagnetic relaxation process in which their
magnetization direction rapidly fluctuates rather than fixed along a certain direction. This is
because, while the magnetic order remains within the particles, each particle behaves like a
paramagnetic atom. The blocking temperature is the point at which a nanoparticle's magnetic
anisotropy energy is overcome by thermal activation [8, 13]. The system of interacting super
spins exhibits the super spin glass when the fully frustrated and random interactions between
the super spins get strong enough.actions in very cold temperatures [2, 8, 13, 15, 17]Ac
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magnetic susceptibility is used to investigate the magnetic properties of magnetic nanoparticles
in terms of their kinetics. Superparamagnetic and superspin materials can be distinguished
using this technique. In this study, we synthesised LSMO by chemical methods (sol-gel,
solution combustion). These methods provide nanocrystalline LSMO, and the impact of the
synthesis process on the structural and magnetic characteristics of LSMO has been thoroughly
investigated.

2 Experimental techniques and synthesized samples:-

The sol-gel process [18] was used to create Lao.7Sro3sMnO3(LSMO) nanoparticles. Ten-fold
lanthanum nitrate (La(NO3)3.6H20), tetrahydrate manganese nitrate (Mn(NO3)2.4H20), and
strontium nitrate (Sr(NO3)(all from Sigma-Aldrich, USA),There were two analytical-grade
propylene glycol (Thomas Baker, India) and citric acid (Merck, Germany). Each metal nitrate's
stiochiometric quantity was first dissolved in a different batch of deionized water to form the
precursor solution. Propylene glycol and citric acid were also added in a 1:1 mole ratio to the
preparatory solution containing the metal nitrates. All of the liquid evaporated and black
precursor powder was created by heating the mixture to 90 °C on a thermal plate while stirring
it magnetically. For the purpose of obtaining well-crystallized LSMO nanoparticles, the
precursor powder was heated to 800 °C for three hours while in an ambient atmospherepace of
two degrees Celsius each minute. Using an XRD pattern with a CuKa radiation source in the
20 scan range of 10° to 90°, the phase formation and crystal structure of the powders were
examined.

Synthesis of LSMO
| ann3 :
l La- nitrate solution
srno3 — \l/ Complexing agent
Mnno3 B Metal-acid compIeJes

\l/ Stirring and Heating at 100 °C

La-sr-MnO3 precursors|gel

\l/ Calcination at 800 °C for 3 h

LSMO nanoparticles

Fig.2 Flow chart of the preparation of Lao.7Sro.sMnO3(LSMO) nanoparticles by
Solution combustion technique
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3Results and discussions:-

3.1. Structural analysis:-

The sample's XRD pattern is displayed in Figure 2. The FULLPROF programme was used to
carry out Rietveld refinement in order to examine the x-ray data [18]. After refining, the unit
cell's lattice parameters were determined to be a=5.4736 A and ¢ = 13.3097 A, with a goodness
of fit %2 of 1.25. The sample is of a single phase, as confirmed by the refinement results (inset
of Figure 1) conforming to the rhombohedral structure specifiedby the R-3C space group [19].
Using the Debye Scherrer formula, the values of crystallite size (D) were determined from the
half-width (FWHM-Full Width Half Maximum) of the most intense peak.

_ KA
Bcosb
where A is 1.541 8 A, B(20) is FWHM, and k is a constant (0.94)[20, 21].The approximate
values ofFor the sample sintered at 800 °C for three hours, the crystallite size was found to be
20 nm. The pellets (made of nanoparticles) used in this investigation were sintered at 800 °C
for three hours. XRD data for LaFeO3(LSMO) nps refined using Rietveld technique. The
computed pattern (Ical) is displayed in solid lines, the experimental data (Iobs) are represented
by circles, and the difference between the two patterns (Iobs — I cal) is represented by the
bottom curve. The vertical barrepresenthePbnm space group's Bragg reflection.
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Fig 3. (a) XRD data for LaFeO3(LSMO) nps refined using Rietveld method. The computed
pattern (Ical) is displayed in solid lines, the experimental data (Iobs) are represented by circles,
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and the difference between the two patterns (Iobs — I cal) is represented by the bottom curve.
The vertical bars represent the Pbnm space group's Bragg reflection.
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Fig.3 (b) XRD Pattern of LSMO at room temperature.

Table 1: Structural Parameters of Lag7Sro3MnO3(LSMO) Derived from the Rietveld
refinement of XRD Pattern

Parameters Sample(LLSMO)
a(A) 5.4736

b (A) 5.4736

c(A) 13.3097

Volume (A)3 346.022

Space group (Rhombohedral) R-3C
Crystallite size (nm) 17.9

The surface area (An) to volume (Vn) ratio of the nanocrystal, or A,/Vn, is known to increase
with decreasing particle size in roughly spherical particles with sizes in the nanometer range.
In the case of doped manganites, it has generally been found that when the particle size reduces
from bulk (roughly greater than 150 nm) to nano sizes (roughly less than 50 nm), there is a
corresponding decrease in crystallite size and contraction in unit cell volume. This phenomenon
is caused by a decrease in the sintering time and/or temperature of the ceramic pellets.The shift
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of XRD peaks indicates that the lattice spacing of the hexagonal unit cell decreases as a result
of the decrease in lattice parameters.

the larger value of 20 while applying a shorter sintering time and lower temperature for the
ceramic pellets. The internal pressure, or Pi, characteristics can be used to explain the change
in peak position to the higher angle that occurs with decreasing crystallite size. As the size of
the crystallites decreases, the internal pressure, APi = cAn/Vn, changes. The formula for the

link between the ratio An/Vn and average crystallite size (adii) is An/VnAlJadi-1 [05].As a
consequence, when the size of the crystallite decreases, the ratio An/Vn rises and the system's
internal pressure increases. This causes the unit cell volume to contract in every direction. As
a result, the nano-size sample's total lattice properties decrease. The reciprocal diffraction lines
in the XRD patternThus, the XRD pattern shows a signature of a reduction in the unit cell's
lattice parameter together with small shifts in peak positions towards the higher value of 20.The
observed trend in our investigation, utilising varying sintering conditions, aligns with the
previously documented XRD pattern for distinct doped manganite systems [06, 07].

3.2 XPS analysis

The chemical makeup of the sol-gel, combustion-produced LSMO samples was examined
using X-ray photoelectron spectroscopy (XPS). Fig. 3 displays the O (oxygen)1s spectra. There
are two distinct peaks in the O 1s spectra that are associated with the different the surface. kinds
of oxygen. O II (531-532.8 eV) is the high energy peak, attributed to the surface adsorbed
oxygen or hydroxyl group, while O I (529-530.7 eV) is the lower binding energy peak. The
area under the peak O II/ O I ratio can be used to estimate the number of oxygen vacancies in
the sample [32]. O II/O I ratio, which was derived from the LSMO, the deconvolution of the
XPS spectra is 1.01, 1.12, and 0.88. So, the chemical makeup of the was examined using X-
ray photoelectron spectroscopy (XPS). According to the XPS research, the amount of oxygen
vacancies in the LSMO will be.
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Fig. 4 shows that a comparison between intensity (a.u) and Binding energy of LSMO

3.3 Magnetic characteristics:-Zener's double exchange model [11] explains the magnetic
behaviour of the manganites. Manganese cations' d-orbitals indirectly couple to one another,
which forms the basis of the suggested mechanism. In this mechanism, as opposed to the super-
exchange mechanism, where the two nearest magnetic ionic neighbours are Mn cations with
the same valence, the two Mn cations, Mn3+ and Mn4+, are separated by an oxygen atom
[12,13]. For Mn cations in the double-exchange, there are two conceivable degenerate states.
Here are the states: [14]
T2: Mn4+02—-Mn3+, and T1: Mn3+02—-Mn4+. In T1, an electron moves from the O2- 2p
orbital to the vacant eg orbital of Mn4+, and concurrently, an electron moves from Mn3+ to
the O2- 2p orbital, lowering

based on this orbital's energy, and T'1 transforms into T2. Between these two degenerate states,
the magnetic system is resonant. In Figure 1.5, an electron hopping diagram from O2-to Mn4+
and Mn3+ to O2-is presented. All of the magnetic moments on both Mn cations must be
parallel, and the hopped electron must have the same spin as the other electrons, according to
Hund's rule. This results in the lowest energy levels and a ground state of FM.
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The Mn cations double-exchange is shown in Figure 5(a) [8,14].

It is generally known that Re1-xAxMnO3 compounds include a double-exchange process. We
can achieve various magnetic phases and electrical characteristics by varying the composition
of these compounds. The TC of these materials is dependent on the average ionic radius of the
cation in the A position and the doping level x, as demonstrated by Santen and Jonker [7,15].
It was demonstrated that Lal-xSrxMnO3 has the greatest possible TC and Ms value, with an
ideal ratio of x ~ 0.3. For spintronics [16], multiferroic tunnel junctions [17], colossal
magnetoresistance [18], resistive switching memory devices [19], ferroelectric/ferromagnetic
systems [20], and heterostructures [21], La0.7Sr0.3MnO3 (LSMO) films are promising
possibilities. The greatest magnetic efficiency cannot always be achieved, despite the wide
range of applications for LSMOs.

To study the magnetic behavior of the samples, the field dependence of magnetization has been
measured at room temperature (295 K). The field dependence of the magnetization

for samples are shown in Fig. 4. From Fig. 4, the M-H curve of sample shows
superparamagnetic behavior, without noticeable remanence and coercivity. However, the M—
H curve of samples show that the magnetization has a ferromagnetic typebehavior with a small
hysteresis loop and a low coercive field. It can be seen from Fig. 4 that the magnetization is
not saturated in the applied magnetic fields up to 8.5 kOe which is due to the noncollinear
surface spins of nanoparticles. The existence of the coercive field in the magnetization of
samples indicates some part of the particles are blocked due to the overcoming of the thermal
energy by their anisotropy energy at room temperature. Thisis due to the size distribution of
magnetic nanoparticles, and consequently these samples have different blocking/freezing
temperatures. We have also applied the well-known Arrott plot (M? versus H/M) for samples
as shown in the lower insets of Fig. 4. From Fig. 4, Arrott plot shows a strong convex curvature
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with a finite spontaneous magnetization which is a signature of ferromagnetic phase of the
samples [26, 27]. Spontaneous magnetization can be estimated by linear fitting of the high
magnetic field part of the M>~H/M curve and intercepts it with the M? axis. By increasing the
particle size, the spontaneous magnetization and curvature are increased which indicates that
the magnetic order in the samples

Fig.5(b) M-H loop of LSMO
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Fig.5(c) M-T(ZFC-FC)measurement of the LSMO
4.Conclusions:-

To determine the magnetic behaviour of LSMO nanoparticles, summarise the acquired data.
The samples' nanoparticles have ferromagnetic order, as demonstrated by the M-H curves, and
the Arrott plots demonstrate that ferromagnetic order increases with increasing particle size.
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Superparamagnetic and spin glass systems exhibit these behaviours. Neel-Brown, Vogel-
Fulcher, and critical slowing down are three phenomenological models and empirical criteria
parameters that are used to characterise the magnetic dynamic behaviour of magnetic
nanoparticle systems based on the strength of the interparticle interaction. For
superparamagnetic systems, the Néel-Brown and Vogel-Fulcher laws are applied. For both spin
and superspin glasses, the Vogel-Fulcher law is applied. Utilising the Neel-Brown model to fit
the experimental data results in unphysical lowvalues for the relaxation time (t10=10—54—
10—128 s) of the samples and suggests that the LSMO nanoparticles interact strongly with one
another. Strong interactions between LSMO nanoparticles are confirmed by the excellent
agreement between the experimental data and the Vogel-Fulcher model. The relaxation time
and magnetic anisotropy constant for our samples with varying particle sizes have been
determined by fitting the experimental data with this model. The results that were achieved
match the results that were published. Strong nanoparticle contact is also evident from the
values of that were obtained. Our samples may exhibit superspin glass behaviour, as the
essential slowing down hypothesis fits the experimental data quite well. Even yet, it is
challenging to separate true spin glass systems from interacting superparamagnetic systems.
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