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Abstract: Nanocrystalline Samarium doped Nickel ferrites having compositional formula NiSmxFe..
x04(0.00<X>0.10) were prepared by the citrate-gel auto combustion method and sintered at 500°C. The
structural characteristics such as XRD analysis were shown cubic spinel structure, and the structural
parameters like lattice parameter, X-ray density, bulk density, and porosity variations with Sm doping
were studied. The surface morphology of prepared samples was observed by Scanning Electron
Microscopy (SEM). The magnetic parameters were studied at room temperature with VSM, and the
observed results are discussed with composition. The DC electrical properties were studied using a two-
probe method in the temperature range from room temperature to well beyond Curie temperature.
Thermoelectric power studies were carried out from room temperature to well beyond transition
temperature with a differential method. The Seebeck coefficient variation with temperature was studied,
and it shows the prepared samples are classified as n-type semiconductors. The observed results can be
explained on the basis of the conduction mechanism.
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1. Introduction

Nanocrystalline spinel ferrites are important electrical and magnetic materials that have
attracted several researchers because these materials are equally applicable in the electronic
industry as well as in biomedical applications [1-3]. The electrical and magnetic properties of
Nickel nano ferrites include high electrical resistivity, moderate saturation magnetization, and
high coercivity. These properties along with good chemical stability and mechanical hardness
make it suitable in electronic industries such as magnetic spin filters [4], data storage [5],
read/write heads [6], microwave absorber [7], etc. and in biomedical areas, they are very useful
for magnetic resonance imaging (MRI) contrast enhancement [8], bio-magnetic separation [9],
tumor treatment by hyperthermia, drug delivery and release [10], magnetic resonance imaging
[11], catalysis [12], drug targeting [13], etc.

Nano spinel ferrites show special electric and magnetic properties, which are quite
different from the bulk ferrite materials. Thermoelectric power studies and Hall Effect are
widely used in the interpretation of the conduction mechanism in semiconductors. The result
of the interpretation of Hall Effect reveals more straight forwarding precise results. However,
in the case of mobility semiconductors such as ferrites, it is sometimes difficult to measure the
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Hall Effect. In such cases, the study of thermoelectric measurements is the only alternative.
The measurement of thermo e.m.f gives vital information about the type of conduction in
semiconductors, whether they are n-type or p-type.

In several earlier reports showed that the property of ferrite nanoparticles might be
enhanced by doping rare earth metal elements [14-15]. In addition, the effect of rare earth
elements such as Ce, Th & Dy in the Ni-ferrite spinel structure was clearly reported concerning
various electrical and magnetic properties [16-20]. According to the literature survey, it can be
extracted that very limited literature is available for Sm doped Ni nanoferrites. Hence in the
present manuscript, we have synthesized NiSmxFe2-xOa4 (0.00<X>0.10) by the citrate-gel auto
combustion method and the structural, magnetic properties, and electrical transport properties
investigation is reported.

2. Materials and Methods
2.1. Experimental method.

The Nickel-Samarium nanoferrites having the chemical formula NiSmxFe2-xOs (Where
x= 0.00, 0.010, 0.030, 0.050, 0.070, 0.090, and 0.10) were synthesized by citrate gel auto
combustion method using the raw materials. Nickel nitrate [Ni(NOz)2], Samarium nitrate
[SM(NO3)3] 6H20, Ferric nitrate (Fe(NOsz)s 9H20, Citric acid (CsHsO7.H20) and Ammonia
Solution (NHs).The chemicals are weighed according to the stoichiometric proportion. The
calculated quantities of metal nitrates were dissolved in a minimum amount of distilled water
to get a clear homogeneous solution. An aqueous solution of Citric acid is used as a fuel
because, among all other fuels, citric acid has a better complexing ability. The metal nitrate to
citric acid ratio was maintained as 1:3 for all the samples, and a nitrate-citrate solution is
obtained to that Ammonia (NHs) solution is added drop by drop to maintain pH 7. The solution
is mixed and heated by continuous stirring up to100°C for 10-12 hours, then a viscous gel is
formed, and the remaining water in the mixture is evaporated and forming a dry gel. It generates
internal combustion and forms a brown colored product, which is the desired sample; the
collected ferrite powder is subjected to calcination at 500° C for four hours.

2.2. Structural Characterizations.

The structural characterization was done by X-Ray Diffractometer Bruker D8 advanced
system with a diffracted monochromatic beam with Cu ka radiation of wavelength (1.5405A9).
The diffraction pattern of Ni-Sm samples recorded between the Braggs angles 10° to 80° in the
steps of 0.04%sec. The crystallite size was estimated from the most intense (311) Bragg peak

using the Scherer’s formula as given in an equation [21].
09121

Where 4 - X-ray wavelength, 8 - angle of Bragg diffraction
S - Full width at half maxima of the peak.
The lattice parameter value is measured from d-spacing value corresponding Miller

indices (h k 1) with the following equation [22].
Anki
The X-ray density was calculated by the following formula [23].

Lattice parameter a =

The X-ray density dy = %g/cm3
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Where n is the number of molecules in a unit cell of spinel lattice (n=8),
M= molecular weight of the sample
N is the Avogadro number. (6.022 x 10 2 mol™?)
The experimental density of the prepared samples was calculated by Archimedes’

principle with xylene media using the following relation.
Weight of the sample in air
dE =

= X Density of xylene
Weight of the sample in air—weight of the sample in xylene ty y

The Percentage of Porosity P of the ferrite sample was then determined by employing
the relation

dy —d
p="2_"Ex100

X
Where dxis the X-ray density & de is the experimental density (bulk density).

The microstructure and surface morphology of prepared samples were examined by
SEM (Hitachi-S520, Japan).

Magnetic hysteresis loops of all samples were recorded at room temperature using a
VSM instrument. Magnetic parameters such as saturation magnetization (Ms) remanent
magnetization (Mr) and coercivity (Hc) were obtained from hysteresis loops and Anisotropic

constant (K) calculated using the following equation. [24].

MsHc

096

Temperature-dependent DC electrical measurements were carried out using two probe

method [25]. The resistivity (p) and temperature (T) Kelvin relationship expressed as Arrhenius
relation [26].

Anisotropic constant K =

Resistivity p = p,e2E/ksT

The Arrhenius plots graph In(pT) versus 10%/T. It was observed that a change at a point
on a plotted graph, it is known as Curie temperature and it indicates a change of magnetic
ordering and dividing the curve into two regions, resultant to ferrimagentic region and
paramagnetic region. From plots, graphs extract the slope and find the activation energy (AE)
of each sample was calculated using the equation.

AE = (2.303)k103 X slope (eV)

Where, po - Resistivity at room temperature,
Kg - Boltzmann constant (8.617x10°eV K™) and AE - Activation energy

Thermoelectric power was studied as a function of temperature and composition by the
differential method [27-28]. Seebeck coefficient (S) was calculated using the following

=

3. Results and Discussion

3.1. XRD Analysis.

XRD patterns of NiSmxFe2x04(0.00 < x <0.10) ferrites, heated at 500 °C for 4 h are
shown in figure 1; it exhibits that crystalline phases were well defined and evaluation with
PDF-4 reference data from the international center for diffraction data and indexed using ICDD
card no (PDF# 86-2267). The reflections from (220), (311), (222), (400), (511), and (440)
planes confirmed a cubic unit cell, and (311) plane shows the spinel phase structure. So, these
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allowed planes confirmed the formation of single-phase having a cubic spinel structure [29].
The crystallite size was found in the range from 28.53nm to 39.45nm.
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Figure 1. XRD pattern of Ni-Sm Nano ferrites.

The lattice parameter values of all the composition of Samarium doped Nickel ferrites
have been calculated from the d- spacing and are reported in table 1. A graph is drawn between
the lattice parameter with composition is shown in figure 2. It illustrates the variation of lattice
constant with Sm*2 content in Ni ferrite. This is attributed to the replacement of smaller ionic
radii Fe3* by larger ionic radii Sm*3 ions.

Table 1.Structural parameters of Ni-Sm nano ferrites.

Ferrite Composition Crystallite Lattice X-ray density | Bulk density | Porosity
size parameter dx (gram/cc) de (gram/cc) | P (%)
(nm) a (A)

NiFe204 39.45 8.307 5.432 5.273 2.92

Ni Smo.o10Fe1.9904 33.37 8.338 5.393 5.347 0.85

Ni Smo.o30Fe1.9704 30.72 8.061 6.162 5.338 13.37

Ni Smo.osoFe1.9504 30.74 8.329 5.679 5.360 5.61

Ni Smo.o7oFe1.9304 31.65 8.281 5.638 5.381 4.55

Ni Smo.osoFe1.910* 28.53 8.458 5.332 5.320 0.22

Ni Smo.10Fe1.904 29.53 8.334 5.596 5.389 3.69

Figure 3 shows the X-ray density (dx) with Sm* concentration. The X-ray density (dx)
is depending on the lattice parameter and molecular weight of the sample. From table 1, we
can observe that X-ray density, bulk density, and porosity variation with Sm*® concentration.
This is due to lattice parameter variation with Samarium concentration and also may due to the
grater atomic weight of Sm is 150.36 gm/mol, and the lesser atomic weight of Fe is

55.845gm/mol.
of &t .\l/ )

Lattice parametrs[A°)
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Figure 2. Variation of lattice constant with Sm*3 concentration.
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Figure 3. Variation of X-ray density (dx) with Sm*® concentration.

3.2. Morphology by SEM.

Studied the microstructure and morphology of prepared samples using a scanning
electron microscope (SEM). Where the secondary electron images were taken at different
magnifications to study the synthesized samples surface morphology. The SEM images of Ni-
Sm ferrite are shown in figure 4. The images show that the particles have an almost
homogeneous distribution, and some of the samples are agglomerated form. It evidenced by
SEM images that the agglomeration of particles lies in the nano region. The particles were
observed as uniform grain (in different SEM images) sizes.

o - OTAMMW  maye IMAX [P PHYSCS
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Figure 4. SEM micrographs of Ni-Sm nano ferrites.
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3.3. Magnetic properties.

Figure 5 shows magnetic hysteresis loops of prepared nano ferrite samples at room
temperature with Vibrating Sample Magnetometer (VSM). With a maximum applied field of
20kOe, the typical measurements are calculated from magnetic hysteresis loops of the samples
with different Sm concentration. The hysteresis loops of nano ferrite samples shifts towards
field axis with increases of the Samarium concentration in the Nickel nano ferrites.
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Figure 5. Magnetic hysteresis loops of NiSmxFe2-xO4 (0.00 <X < 0.10) ferrites.

The resultant values of Saturation magnetization (Ms), Remanent magnetization (My),
Coercive Field Hc (Oe), and Anisotropic constant (K)for the ferrites samples are shown in table
2. Increases of the Samarium content in Nickel-based ferrites the saturation magnetization will
be increases. It attributed to the surface spin effect and cation distribution on A-site and B-site.
The Sm®* ion strongly occupies the Tetrahedral A-site [30-31]. Ni?* ions occupy both
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Tetrahedral and Octahedral. The occupancy of Sm3* ion at the tetrahedral site (A-site)
successively replace Fe®*" ions from A-site and transfers an equal amount of Fe3* ions to B-site.
The strength of A-B interaction increases with the occupancy of Sm** ion in A-site with
successive transfers of Fe®* ions to B-site. It is responsible for increases in saturation
magnetization.

Table 2. Magnetic parameters of Ni-Sm nanoferrites.

Ferrite Composition Saturation Remanent Coercive Anisotropic
Magnetization magnetization (Mr) | Field constant (K)
Ms(emu/gr.) Hc (Oe)

NiFe204 2.060 0.66 228.26 490.53

Ni Smo.ooFe1.9904 2.202 0.53 226.99 520.65

Ni Smo.os0Fe1.9704 2.303 0.62 220.95 530.14

Ni Smo.os0Fe1.9504 2411 0.66 215.13 540.29

Ni Smo.o7oFe1.9304 2.254 0.64 219.05 514.31

Ni Smo.osoFer.010* 2.188 0.55 207.56 473.06

Ni Smo.1oFe1.904 2.583 0.60 206.69 556.12

3.4. DC Electrical properties.

Figure 6 illustrates the variation of the DC electrical conductivity with temperature for
NiSmxFe2-x04(0.00 < X < 0.10) nano ferrite samples ferrites. It is clear that which the
conductivity decreases with an increase in temperature for each sample, which is a normal
behavior of semiconductors [32]. It can be explained well with Verway’s hopping mechanism
[33]. When Sm?®" ion-doped for Fe**, Sm®" ions partially occupy on the A sites, then some Fe
ions are shifted from A to B sites. Hence Ni?* ions decrease on B sites. Consequently, the
number of Fe?*&Fe* ions increase on the B sites. As a result, the electrical resistivity
decreases, and conductivity increases with Sm3* substitution (x). Similar behavior was
observed and reported by other researchers [34-35]. Fe?* was interpreted based on the cation
distribution of Ni-Sm nano-ferrites.

From figure 6, It was observed that a change at a point, it indicates a change of magnetic
ordering and dividing the curve into two regions, resultant to the ferrimagnetic region and
paramagnetic region. According to the magnetic semiconductor theory, the ferrimagnetic
region is an ordered one, while the paramagnetic region is disordered one [36]. Therefore, for
the conduction in the paramagnetic region, more energy is required compared with the
ferrimagnetic region. Hence, the activation energy in the paramagnetic region (Ep) is found
greater than in the ferrimagnetic region (Er). Similar results were reported by others in Zn-Ni
ferrites [37]. The activation energy values in the paramagnetic region and ferromagnetic region
and Curie temperature value are reported in table 3.

Table 3. Electrical properties NiSmxFe2-xO4nano ferrite samples (0.0 <x < 1.0).

Ferrite Composition Curie Temperature Para Region (Er) Ferri Region (EF) Transition temperature
Tc (K) eV eV Ts (K)

NiFe204 610 0.975 0.912 765
Ni Smo.o10Fe19904 594 0.941 0.883 752
Ni Smo.o30Fe1.9704 579 0.829 0.751 737
Ni Smo.os0Fe1.9504 566 0.775 0.711 722
Ni Smo.o70Fe1.9304 551 0.691 0.642 700
Ni Smo.osoFe1.010* 538 0.624 0.581 692
Ni Smo.10Fe1.904 527 0.573 0.509 675
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3.5. Thermoelectric power studies.

The Variation of Seebeck coefficient (S) with the temperature of the prepared Ni-Sm
nano ferrites was shown in figure 7. It was observed that the Seebeck coefficient increases with
an increase in the temperature up to a particular temperature are called Transition temperature
and beyond the Transition temperature Seebeck coefficient decreases.

At low temperature, a positive value of the Seebeck coefficient shows the p-type
semiconducting nature of the prepared ferrite samples. By increasing the temperature and
increasing the Sm composition, the Seebeck coefficient increases. Beyond the transition
temperature Seebeck coefficient start decreases, and it shows a negative value of the Seebeck
coefficient. Therefore at a higher temperature, the samples have behaved as n-type
semiconductor nature [38]. The probable conduction mechanisms in the spinel nano ferrite
system under investigation are Fe?*«sFe®"+e™ (n-type or electron exchange mechanism) [39].

If the hole exchange mechanism dominates over the electron exchange mechanism, the
ferrite composition might conduct as a p-type semiconductor or vice versa. On increasing the
temperature, the n-type of conduction mechanism becomes more probable, which generates
electrons and the material behaves as an n-type semiconductor at a higher temperature. Hence
the material was behaving as a p-type semiconductor at the low-temperature region and
changes to n-type at the high-temperature region. A similar tendency was reported by other
researchers [40-41]. The transition temperature Ts (K) are reported in table 3, and these values
well agree with Curie temperature Tc(K), which are reported from DC electrical properties.

“7 i,

Logi THsmE)

LogiaTxam ki

Figure 6. Temperature-dependent dc conductivity graphs of NiSmxFe;.xO4nano ferrite samples (0.00<X<0.10).
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Figure 7. Seebeckcoefficient variation with temperature (K) of NiSmxFe;.x04(0.00<X<0.10)
4. Conclusions

The citrate Gel Auto Combustion technique is a very simple and economical method,
where no specific heating or cooling rate is required. X-ray diffraction pattern confirms the
formation of a single-phase cubic spinel structure, and crystalline size is in the range of 28 to
39 nm. SEM micrographs are revealing largely agglomerated. Saturation magnetization
increases with Sm consternation increases. The variation of dc conductivity with temperature
shows semiconducting behavior. Temperature-dependent Seebeck coefficient explains at low
temperature, a positive value of Seebeck coefficient shows p-type semiconducting nature, and
at a higher temperature, the samples have behaved as n-type semiconductor nature.
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