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Abstract

The nickel ferrites nanoparticles doped with chromium ions on octahedral were
synthesized by using conventional soi-gel method. Structural and dielectric properties of
NiCr«Fez.«O4 nanoparticles have been discussed in detail. X-ray diffraction (XRD)
analysis confirmed the cubic inverse spinel structure of the samples with x = 0, 0.2, 0.4,
0.8, 2.0 concentration. It was found that, the average crystallite size and lattice constant
decreases with increase of Cr**concentrations. This reduction is most expectedly due to
smaller ionic radius of Cr (0.064 nm) as compared to Fe (0.067 nm). EDX analysis was
used to confirm elemental composition of our samples shows no prominent presences of
other impurities. With the help of TEM analysis shows the hexagonal shape of
nanoparticles. Dielectric properties have been explained by using Koop’s and Maxwell-
Wagner models. Dielectric properties of sample also show dependence on the Cr*
concentrations. Real and imaginary part of dielectric and loss tangent decreased with
increasing the frequency and becomes constant in higher frequency area. However, AC
conductivity shows an opposite trend and has large values at higher frequencies. This
study confirmed the strong influence of Cr'concentration on the structural and dielectric

properties of NiFe204 nanoparticles.
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Chapter 1 Introduction
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Fig. 1.4: Thin film[8].

1.4  History of nanotechnology

The history of nanomaterials is old but the real revolution in synthesis and
characterization using different techniques including XRD, VSM, SEM, TEM etc started
after 1959. Now we are capable to design and manufacture devices by moving every
atom individually N Taniguchi first time used the world “nanotechnology” in his paper
on ion sputtering machining in 1974 [9]. Richard Feynman'’s ideas of nanotechnology
were built-up by E. Drexler in “Vehicles of creation: the arrival of nanotechnology”, the
book written by E. Drexler published in 1986 [10]. Atomic force microscope (AFM) was
also invented in 1986[11]. During the period of 1980 to 1950 there is many studies were
performed in the field of nanotechnology and number of ways were adopted to promote
this branch of physics. In 1991 (CNT’S) carbon nanotubes were synthesized[12]. In 2001
USA took a serious step in the form of National Nanotechnologicallnitiative(INNNI). The
objective of this initiative was to show the interest in improvement and development of
this technology in Federal Government. In 1996-1998 an exclusive action appeared to
support NNI as special committee of American Centeral for Globel Technology
Assessment (ACGTA), which organized and promoted the values of nanotechnology all
over the world. Mean while Interagency working group on nanoscience (IWGN) back up
by Presidential Council on Science and Technology (PCAST) and also NNI got official
approval in the year 2000. After that president Clinton granted 500 million dollars to NNI
for its development and benefits of nanotechnology.. First time the principal laws and
techniques were introduced in industrial field in 1997 by the company “zyves” and

created the products of nanotechnology.
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In 2000 Government of Japan set a specific department of nanotechnology. In this period
lots of countries including Germany, England, France, China, South Koreaetc started
work on the development of nanotechnology. In 2010 DNA based program assembly

started. [n 2011 nanoprocessor’s circuit was developed.
1.5 Applications of nanotechnology

There are many applications of nanotechnology in our daily life; some of

them are given below.
1.5.1 Medicine

The field of medicine is expected to benefit majorly from the field of
nanotechnology. Nanoparticles are used for the drug delivery. Nano-engineered drugs can
reduce the consumption of drug while increasing its efficiency as well. Nanoparticles can
be tuned to accumulate at the site of damage allowing direct treatment of the damaged

part. Nanoparticles are being developed to destroy various viruses also[13].
1.5.2 Foods

Researchers areworking on the nanomaterials which can enhance the shelf life
of food as well as to keeps it better for the health. Nanotechnology is being used in the
food science from growing of the fruits to the packing of the foods. Silver nanoparticles
are being used in the storage bins to destroy bacteria from the foods in the bins and to
minimize the harmful effect of the bacteria. In the plastic packaging, the zinc oxide
nanoparticles can be used to block the ultraviolet rays and provide the protection from the

bacteria and improvement the stability and strength of the plastic film [13].
1.5.3 Electronics

Nanotechnology envisions developing the devices of very small size, very
large capability and best performance with lower power consumption. In electronics, by
using the nanomaterials instead of bulk materials we can reduce the size of electronic
devices and enhance the capacity. In future we shall be able to have power of all the

computers in the palm of our hand. Data transmission has benefitted a lot by

4
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nanotechnology in which by using silicon nanophotonic component in CMOS circuit,

higher speed can be achieved[13].
1.5.4 Water purification

Study has been started for the punfication of water through nanotechnology.
Industrial wastage is one of the challenges in the purification of water. Harmful chemical
can be converted to harmless either by the chemical reaction with the nanoparticles or by
using nanoparticles as catalysts. Metal and salt removal is also another challenge. We can
convert the salt water to drinking water by using the deionizing method, in which we use
electrodes which are made up of nanosize fiber that shows a pledge for reducing the

energy and cost for the purification of water [13]
1.5.5 Space

If we talk about the space journey and research, then our main problem is to
move the lighter craft, which will reduce the consumption of energy (fuels) provided by
rockets, so it will be the low cost approach to desired orbits. This can be achieved by
using a low density material with high structural strength which can easily be achieved by
embedding nanoparticles on the surface of the aterial to reduce the wear and tear or by

employing grapheme in carbon fibers or other materials[13].
1.6 Magnetism

Many recent technologies such as computers, electric generators, transformer,
electric motors and telephone etc. depend upon the magnetic properties of the materials.
In magnetism we study the response of material due to the applied magnetic field[14].
Magnetism is the intrinsic property of matter.

As we know that
B=puH (1.1)
H is the magnetic field, p is the permeability of material and B is the flux density.

Also we know that
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K = Hole

So equation 1 becomes
B= popuH (1.2)
Now adding and subtracting p,H on the right hand site of the equation (1.2)
B = pop, H+ poH - pH
B = poH+ pH (pe -1)
B= poH+ pM (1.3)
Where M is magnetization and M=H (p, -1)
As Y™ -]
SoM can be written as

M= ymH (1.4)
Where ¥, is the magnetic succeptibility
1.6.1 Magnetic moment

Magnetic dipole moment or magnetic moment is the measurement of the tendency
of a material to align in the direction of external magnetic field. Magnetic moment is

denoted by “A” and its magnitude is given as
M=I*A (1.5)

Where 1 is the current and A is the area of loop. Magnetic moment is a vector quantity.

The unit of magnetic moment is A-m’.

There are two main sources of magnetic moment which are spin motion and orbital
motion of electrons in the atom. The magnetic moment due to orbital motion of electron
is called orbital magnetic moment and it can be considered as the current loop that

produces magnetic field and due to this action magnetic moment is created. Another
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reason of the magnetic moment is the electron’s spin motion. The magnetic moment due

to spin motion is called spin magnetic moment. Bohr magnetron is used to express the
size of magnetic moment. pp is the notation of bohr magnetron. The value of ppis 9.3
107%* A-m®

The spin magnetic moment in case of electron spin is + ug, where positive and negative
shows up and down spin respectively. Mjup is the magnetic moment in case of orbital

motion. Here m; is a magnetic quantum number.

4&

o
A
Fig. 1.5: Magnetic dipole moment.
Magnetic Magnetic
mament nroment
e«“'#
Alomit electon e
Direction of spin

micleus

(@) (b}

Fig. 1.6: (a) Orbital magnetic moment and (b) Spin magnetic moment.

On the basis of the arrangement of atoms/molecules we can classify the magnetic

materials into different types which are given below.
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In paramagnetism temperature varation is also effective. Magnetic susceptibility has
inverse relation with temperature. When we increase the temperature than randomness of
magnetic moments also increases. Therefore magnetic susceptibility is inversely
proportion to the temperature. In paramagnetic materials the magnetic susceptibility is
positive. Moreover magnetic susceptibility is directly related to applied magnetic field i.¢

the susceptibility will increase by increasing the magnetic field[14].

My
+ " slope=y
J' H
L
M=XH
- x>0

Fig. 1.11: (a) Graph of magnetic susceptibility with magnetic field (b) with temperature.

1.6.4 Ferromagnetic materials

These materials have large number of unpaired electrons and they have magnetic
moments which are arranged in a specific direction although there is no magnetic field, mean they
have spontaneocus magnetization [16]. In ferromagnetic materials there are large amount of
domains. Atoms present in each domain are nearly 12"-10'®, so the arranged atom in the domain
possesses a strong magnetic field. The transition region which is called domain walls has the
thickness of about 100 atoms. In ferromagnetic materials exchange also exist between the magnetic
moment. When external field is introduced then magnetic moments arranged themselves in this way
that they support the applied magnetic field and behave like a strong magnet. In ferromagnetic

materials magnetism remains after the removal of external magnetic field.
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1.6.5 Anti-Ferromagnetic materials

These are the materials in which the spin of the neighboring magnetic moment
is antiparallel. Those materials have no magnetization due to this unlike parallel
arrangement of magnetic moments. In anti-ferromagnetic materials the exchange
interaction is negative. Two types of sub-lattices are present in anti-ferromagnetic
materials which are responsible for this behavior. One sub-lattice has magnetic moment
in upward direction and other has magnetic moment in down ward direction. In the
presence of external magnetic field domains align themselves and they show some
magnetic behavior. MnO is the matenial in which anti-ferromagnetism was observed for
the first time. There is a temperature above which anti-ferromagnetism of the material
vanishes and material tends to hecome the paramagnetic, that temperature is called Neel

temperature[ 16].

1.6.5.1Neel Temperature

It is temperature above which anti-ferromagnetic materials loses their anti-
ferromagnetism and tend to become the paramagnetic because due to increase in
temperature the reduction magnetization phenomenon happens and due to this
randomness of the magnetic domains increased. Ty is the notation for neel temperature.
We can express the relation hetween magnetic susceptibility and temperature as given

below

x=C/(T+Ty) (1.7)

Fig. 1.14: Temperature and magnetic response of antiferromagnetic material.
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When we increase the temperature then magnetic susceptibility will increase upto certain
maximum value. The temperature at that value of magnetic susceptibility is called neel

temperature. Now further increase in temperature decreases the magnetic susceptibility

1.6.6 Ferrimagnetic materials

These are the compound in which magnetic moments are oppositely aligned
but are of different magnitudes, so have a net magnetic moment in the absence of external
magnetic field. In ferrimagnetic materials there are two sub lattices which are unequal
and opposite ¢.g these sub lattices are A and B, if A sub lattice has dipole moments in the
upward direction then B sub lattice will have downward direction. In ionic compound this
type of magnetization occurs. Due to the application of external magnetic field these
magnetic moments modify their orientation, hence support the magnetic field and

increase the magnetization[14].
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Fig. 1.15: Fermimagnetic material.

1.7 Ferrites

These are the magnetic materials which have electrical as well as magnetic

properties. Femrites are polycrystalline in nature. Main constituents of ferrites are metal

13
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oxides and iron oxides. General formula of ferrite is XFe,O3, where X is divalent such as
Mn*", Co™, Ni**etc[17]. Mankind known the importance of ferrites for many centuries
ago, but in 1930 the particular study of their electrical, structural and magnetic properties
were started. After that many researchers broadly studied the ferrites. Fernites have low
dielectric and eddy current losses and have high electrical resistivity, high permeability,
high saturation magnetization and moderate permittivity. Ferrites are the unique materials
which have large applications in various fields. Ferrites can be divided into two classes

on the basis of their structure and composition which are given below.
(1) Soft Ferrites
(2) Hard Ferrites

1.7.1 Soft Ferrites

Soft ferrites are those materials that can be magnetize and demagnetize
easily. The hysteresis loop of soft ferrite is narrow and these ferrites have lower
coercivity. The coercivity of soft ferrites is generally less than 10KA/m. These materials
are brittle and chemically inert. Soft ferrites can be used in transformer cores due to low
coercivity. If a material have low coercivity then its magnetization can be reverse

easily[16]. Spinal and Gamnets belongs to soft ferrites.
1.7.2 Hard Ferrites:

Hard ferrites are those materials that are hardly to magnetize and demagnetize.
Hard ferrites have high remanence and coercivity. Hard ferrites coercivity is greater than
10KA/m. These are the compound of iron oxide, strontium and barium elements. After
the removal of external magnetic field, strength of hard ferrites decreases gradually
because of the permanent magnetization in hard ferrites. Hard ferrites can be used in
microwave oven magnetron, magnetic door, and load speakers etc. Hard ferrites have
very large range of applications in tunable devices, phase shifter and communications
devices. The operating temperature of the hard ferrites vary between -40C to
250Cdepending on the material composition and geometry[16].
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1.9.1 Classification of spinel Ferrites

On the basis of cat-ions distribution there are three classes of spinal fernites that

depends on order of A and B and kind of ions, these types are given below.

Normal spinal ferrites
Inverse spinal ferrites

Mixed spinal ferrites

1.9.1.1Normal Spinel Ferrites

General formula of normal spinel ferrites is AB;O,. At tetrahedral siteA all the
ions are divalent and at octahedral B are mvalent. There are 64 tetrahedral sites in which
8 are filled and 32 octahedral sites in which 16 are filled. The octahedral sites are larger
than tetrahedral sites. An example of normal ferntes is Mineral spinalZnFe,;04[19].

1.9.1.2Inverse Spinel Ferrites

Inverse spinel structures have an unusual cat-ion distribution. Here half of the
octahedral (B+3 } cat-ions occupy octahedral site while other half occupy tetrahedral site
and tetrahedral cations (A*?) occupy octahedral site. An example is Fe;O,, if the Fe**
(A™) ions are d® high-spin and the Fe** (B>*) ions are d° high-spin [19].

1.9.1.3Mixed Spinel Ferrites

Mixed spinel ferrite is an intermediate case where tetrahedral sites and octahedral sites
mixed with each other. Their distribution can be described as (AB[A%:B-",]-0s,
where brackets [] and parentheses ()} are used to indicate octahedral sites tetrahedral sites

respectively.

Mixed spinals ferrites are pretty and nice means of increasing the magnetic moment. As
we know that magnetic moments of tetrahedral and octahedral sites are antiparallel, so

falling the magnetic moment of one site will increase the total magnetic moment.
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Therefore mixing of normal spinal (ZnFe;0,4) and inverse spinal (NiFe,0,) results in

maximization of moment up to ~40 mol% ZnFe;0,[20].
1.10 Dielectric materials

There are three types of materials that are conductor, semiconductor and insulators. In
conductors there are free ¢lectrons in the materials. In conductors conductions band and
valance band are overlapping so free electrons in the valance band can easily move to the
conduction band so current can flow easily and the is very low resistance. In
semiconductors conduction band and valance band are not overlapped but are close to
each other, so by forcing valance electrons to jump to the conduction band. Now the last
one are insulators, in insulators the valance band and conduction band are so far, so
electrons cannot jump from valance band to conduction band. In insulators the
conduction band is totally empty and the valance band is totally filled. Basically
insulators are the dielectric materials. When external magnetic field is applied to these
materials then they polarized. Due to resistance of insulators these materials are used in

electrical circuits.

The behavior of ferrites is just like the insulators. They have large resistance and due to
their behavior they are stable. As ferrites are hard in nature and chemically strong so they
are very important materials[21]. They can be produced by different methods and are

exist in different size ranges.
1.11 Polarization

Polarization can be defined as dipole moment per unit volume. Mathematically it can be

written as

P=Ypiv (1.8)

In dielectric materials the negative charges (electrons) or positive charges (nucleus)
would not take the measureable motion in the existence of external field (electric), but set
themselves in the stable way. This is known as polarization and the stressed dielectric

material is called polarized. The rotation and stretching are the two ways by which
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1.12.2 Ionic polarization

This type of polarization occurs in those materials that have ionic character.
When field is applied then positive charges align in the direction of field and negative
charges align opposite to it, resulting in the formation of dipole moment. Example of

ionic material is NaCl.

Fig 1.19: Ionic polarization

1.12.3 Orientation polarization

It occurs in the materials which have natural dipole moment. When extemnal
field is applied then this field aligns that’s dipole in specific orientation. In orientation
magnetization, orientation changing all the time because of molecules motion. The

perfect example of orientation polarization is water (H,O} in liquid form [24].
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Fig. 1.20: (a) Without field (b) with field.
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The capacitance increased due to polarization. We can also say that when a object store

the energy in the existence of outer electric field then that object is called dielectric.
1.13.1 Dielectric Constant

It is the property of an insulating material and can be define as ratio of the
capacitance of capacitor when insulator medium is placed between the parallel plates to
the capacitance of capacitor without medium. It is denoted by x. If C is the capacitance
of capacitor in which dielectric is placed and C, is the capacitance of capacitor without

medium then mathematically dielectric constant can be written as:

= C/C, (1.8)
Where « is the dielectric constant and it is 2 number and has no dimension.
Dielectric constant is always greater or equal to 1.
For parallel plate capacitor the capacitance can be given as

C=xg,A/d

Here d is the thickness of the plates; A is the cross sectional area and can be calculated as
A=nar
R is the radius of the plates.

From this equation we can say that if the dielectric constant is maximum than capacitance
will be maximum. Some time we called the dielectric constant as relative

permittivity[25].
Above relation can also be written as
&= £/8o (1.9)

Where &, is the permittivity of free space and its value is 8.85 10™?F/m
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¢ is the permittivity of the medium.
g 15 the relative permittivity.
Permittivity can be written as
e=D/E (1.10)
Where D is displacement vector and E is electric field.
1.13.2 Dielectric loss tangent

As in case of capacitor current lead the voltage by 90° in the absence of any
dielectric medium. When we place a dielectric in between the plates, then energy is loss
and plane shifted from 90° to (90°-8).

Dielectric loss tangent can be defined as the angle between the impedance vector and the

negative axis, as shown in diagram.

Creatl Cideat £ESR

—F— — —AF—AAN—

Impedance plane
i ESrR

T

Fig. 1.23: Dielectric tangent loss.

The dissipation factor or loss of energy or tangent loss can be calculated by the relation

that is given below:
Tand=oc/w e
Tand=1/27fRC (1.11)

Here, b is loss angle, f'is the frequency, C is the capacitance and R is the resistance,

1.13.3 Real part of dielectric constant:
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Real part of dielectric tells us that how much amount of energy is stored in the

material when electric field is applied to the material. Real part of dielectric constant can

be express as
g’ =C/Co

Where & is the real part C, is the capacitance in the absence of dielectric and C is the
capacitance in the presence of dielectric[25]. Real part of dielectric can be calculated by

the following equation
&= (c*d)/(gs*A) (1.12)

Where c is the capacitance d is the thickness of pallet of measuring sample £, 1s the

permittivity having value 8. 85E 2 and A is the area of pallet.
1.13.4 Imaginary part of dielectric constant

When we apply electric field to the plates of capacitor then dielectric turns into
polarized form, as a result charges will start back and forth motion because molecules are
displaced. In case of in phase oscillation there is no energy loss. If dielectric molecules
collide to each other, as a result energy will be loss in form of heat, this is known as

dielectric loss. &, (Dielectric constant} is the complex No and it is given below:
g=& &

heree, is the real part of dielectric and & is the imaginary part of dielectric. The

imaginary part can be calculated as:
&= £'tand (1.13)

Imaginary part of dielectric is the overall amount of energy loose by the matenal.
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Literature review and synthesis

2.1 Literature Review

Barathiraja et al.[26]used microwave combustion technique to synthesize
Mn,Ni;—Fe204 nanoparticles (with x = 0.0-0.5). The XRD confirmed the single phase
spinal structure of nickle ferrites nanoparticles. The crystallite size of samples calculated
by scherrer formula lies in range of 11.49 to 17.24 nm. HR-SEM revealed the formation
of nanoparticles. The HR-TEM revealed the particles size of nickel ferrites nanoparticles
lies between 15 and 20 nm. The EDX verified the elemental composition and showed
good agreement with the XRD result. The optical band gap of nickel ferrite nanoparticles
were slightly increased by inceasing doping level of Mn as observed by
photoluminescence and diffuse reflectance spectra, Optical band gap increased due to
finite size effect. The vibrating sample measurements showed a maxiinum value of
saturation magnetization (67.82 emw/g) for Mno sNiosFe:04. The doping value of Mn
with x=0.5 found to have larger surface area than rest of all and shows best catalytic
properties.

M.Ishaqueet al. [27] synthesized soft ferrites of NigsZno4YaxFez-2xO4 by
double sintering ceramic method. Influence of Y** on electrical, structure, morphology
and dielectric properties was studied. For x<0.06 the structure of sample was single phase
but for x>0.06 there was also small orthorhombic phase peak appeared. Grain growth
reduced by doping of vitrium. FTIR spectra confirmed the spinal structure of samples. By
increasing the concentration of Y>* it was observed that the dc electrical resistivity
increased whereas the dielectric tangent loss and dielectric constant were significantly
decreased, so dielectnc parameters reduced.

Aleksandar et al[28)] synthesized the NiFexO4 powder by sub-critical and
super-critical situation of ethanol in the reaction. NiFe,Ospowder obtained by these two
methods has primary particles which are similar to particles formed by the co-
precipitation method but have higher mesoporosity. They found that magnetic properties
directly depend on annealing temperature. The samples provide higher alteration, higher

NiFe204 content and higher yield and square shaped hyteris loop which were prepared
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under super-critical situation and also by annealing the average crystallite size became
larger. The annealing temperature and time considerably influence magnetic properties
such as coercivity and ramanance, and also morphology of the required powders.

Aakash et al.[29] synthesized Nij.xMnxFe204 nanoparticles (with x=0.05, 0.10,
0.15) by the co-precepitation method. The prepatred particles were of pure spinal phase
which was confirmed by XRD and homogeneous particles were formed. In the sample
there were cationic vacancies which were confirmed by using GSAS due to refinement of
pattern. Strain present in the sample was confirmed by Williamson Hall plot. Mossbauer
spectra showed that prepared samples acquired low magnetocrystalline anisotropy
coupled and have ferrimagnetic character. Moreover, the Mossbauer spectra investigation
confirmed that for Mn ions with low concentration favor to live in tetrahedral sites but for
high concentration the spinel became the inverse.

Deng Ni et al.[30] synthesized nanocrystallite Ni-Zn ferrites by the method of
solvo-thermal. Microstructure and magnetic properties were studied by changing the
parameters such as time and temperature of the solvo-thermal reaction and ratio of Zn?*
and Ni?*. Particles became homogeneous and bigger by increasing the reaction time.
Saturation magnetization gets increased by increasing Ni**. The saturation magnetization
became highest when the concentration was x= 0.30 and that value is 71.515 A-m%kg
while the value of saturation magnetization observed to be lowest when concentration

reduced to x= 0.20 and that value is 61.988 A-m%/kg.

Anjum et al.[31] prepared the nanoparticles of Ni1xCuxFe;04 with (x=0, 0.2,
0.4, 0.6, 0.8) with the help of double sintering method. The prepared sample was soft
fermtes. Lattice parameter increased by doping with Cu because the ionic radius larger
than Ni. VSM was used to investigate the magnetic properties. By increasing the
concentration of Cu, saturation magnetization was found to be decreased. At high

frequency the AC conductivity was increased while dielectric constant was decreased.

Polaert et al/.[32] used plasma technology for the synthesis of NiFe:04
nanoparticles and studied dielectric properties and magnetic properties at 2.45GHz and
temperature ranging from 293 to 513 K in a resonant cavity. The adiabatic heating (no

heat enter or leaves the system) of NiFe:0O4 was modeled under microwave irradiations.
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The Maxwell’s equations along with the transfer of heat are mathematically solved. The
effective parameters are also discussed which includes bed volume, porosity and
microwave incident power. At strongest magnetic field energy absorption and conversion
into heat is maximized, although the dielectric losses contribute to a smaller degree to the
energy conversion and heating. However, the magnetic losses decline with temperatures
approaching the Curie temperature and, based on the measured trends, the electric losses
increased with temperature. Therefore at higher temperature the contribution of electric
losses to heat conversion should increase. By centering the magnetic field over the bed,
an efficient and high energy upto 90% is achieved. By proper tuning of cavity the
materials bio-functionality become active enough from room temperature to a certam

higher temperature, that enhance heat conversion.

Moradmard et al.[33] prepared the Mg doped NiFe;04 by the co-precipitation
method and annealed at 900°C. XRD revealed that the sample has spinal structure. By
increasing the concentration of magnesium it was found that lattice constant and average
crystallite size varies. By doping the Mg in NiFe2(04 saturation magnetization decreased
whereas coercivity increased. Dielectric loss, dielectric constant and ac conductivity of
the samples were also studied. It was found that by increasing the frequency dielectric
permittivity decreased. Saturation magnetization decreased due to the noncollineary
which was generated due to surface effects and finite sized. As the Fe has smaller ionic
radius than Mg so by the replacement, Fe by Mg, coercivity increases. Real part of
dielectric decreased whereas imaginary part increased by increasing frequency. At lower
frequency range & achieved higher value. In the intermediate region of frequency there
was low vanation in dielectric constant,

Joshi et al [34] prepared the nanoparticles of nickel ferrites by the method of
co-precipitation. Magnetic, structural and optical properties were investigated by
changing the temperature. By varying the sintering temperature, the crystal size varied
between the 8nm to 20nm. The ramanance, coercivity and saturation magnetization
increased by increasing the sintering temperature. In NiFe2Qa, strong surface effects were
found at high field. At all the frequencies tangent loss, AC conductivity and dielectric
permittivity showed a strong dependence on the sintering temperature. UV spectra

showed that there is indirect band gap in the nickel ferrites which is in the range 1.27-
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1.47eV. Ni%* occupied both tetrahedral as well as octahedral sites and confirmed the
mixed spinal structure.

Ganjali et al.[35] prepared the Nij«CoMn,Fep-, 04 powder where (x=y=
0.01, 0.02 ) by solgel method. By XRD analysis it was concluded that prepared samples
were of cubic spinal structure. The effect of calcination temperature on the magnetic and
structural properties of samples was determined. By increasing the calcination
temperature it was observed that particle size was increased. Scherrer formula was used
to determine the nanoparticles size. When the calcination temperature was increased, it
was found that saturation magnetization was increased whereas it was also found that
coercivity decreased while increasing calcination temperature. At the temperature of
800°C the properties of both the samples were compared.

Gagan dixit at al.[36] prepared the nanoparticles of NiCeFe:—0Os (x=0.0 to x=
0.10). They studied the optical, structural and magnetic properties of these nanoparticles.
Except with the concentration x=0.10 all the samples have spinal structure. By increasing
the concentration of Ce it was found that size of crystal was decreases gradually. By
doping with the Ce to pure nickel ferrite, with the FTIR spectrosvopy it was found that
bands analogous to Fe-o was shifted to the higher wave number. Mossbaures spectra
reveal that all the samples were ferromagnetic. By doping with Ce it was also found that
saturation magnetization decreased so magnetization reduced whereas magnetic
moment’s variation was irregular and there was increment in the optical band gap was
observed.

Jiao Wan-li at a/[37] synthesized nickel ferrites nanopowder by low
temperature solid state reaction and then the sample was modified with Ag. They found
that silver which has amorphous structure can efficiently stop growing up and reuniting
of nanosized nickel ferrites. The nickel ferrites nanoparticles which were modified by
1.5% silver have been sensitivity reaches to 43 for acetone gas, it was 4 times higher than
the pure NiFe204 and doubled as compare to 1.5% mixed nickel ferrites nanoparticles at
the voltage of 4.5V, The NiFe204 nanoparticles which were modified by 1.5% silver
were remarkable higher sensitivity to acetone than other gasses. The recovery and

response time of such sensor is 10sec and 1 sec respectively.
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Sivakumar ef al.[38] used two polymers of different concentrations for the
synthesis of NiFe;O4nanoleaf by conventional sol-gel method. Using sol-gel
NiFe;O4nanosheets were synthesize for the first time. Different characterization
techniques like HRTEM, TEM, HRSEM, XRD, FTIR, VSM, micro Raman, Dielectric
and TGAare used for both nanoleaf and nanoparticies Of NiFe20s. XRD and FTIR
results verify formation of pure NiFe;Osnanoleaf which compleletely decompose at 510°
C. The higber concentration of PVA forms nanoleaf. The dielectric constant decreases
with the variation in frequency. At room temperature (300° C) the nanostructure exhibit
superparamagnetism. The saturation magnetization (Ms) of NiFez0O4 NP’s and nanoleafs
are found to be 46.53 and 44.75 emu respectively. The decrease value of Ms is due to

high value of PV A and spin effect of small nanoparticles.

Ahmed et al.[39] synthesized nickel ferrites nanoparticles by citrate method.
XRD pattern shows that the sample has spinal cubic structure. By doping the Ag in
NiFe204, it was reveal that lattice parameter was slightly increased while cure
temperature decreased by increasing the Ag. By increasing Ag content effective magnetic
moment and ym was decreased. This was expectedly due to the fact that by doping of Ag,
the distance between cation and anion increased. By which magnetic exchange

interaction decreased.

Airimioaei et al.[40] prepairedNij xMnxFe204 (where x=0, 0.17, 0.34, 0.50)
powder by sol-fel method. By increasing the concentration of Mn in nickel ferriteit was
observed that saturation magnetization decreased and coercivity increased. Due to the
decreased in the saturation magnetization the particle size reduced. Dielectric properties
were measured in the 10Hz to IMHz. by increasing the Mn in nickel ferrites it was
observed that dielectric permittivity was increased. By increasing the concentration on
Mn complex impedance representation showed that ceramic ferrites were
inhomogeneous. Single impedance arch shown by particles with composition at x=o0 and
0.17 and multi impedance arch shown by the particles with composition at x=0.34 and
0.50. Nir.p17Mno17Fe204 spinal compound was synthesized by doing several
experiments to achieved best magnetic and structural properties and became most

suitable candidate for chip device applications.
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Synthesis and characterization techniques

3.1 Synthesis of nanomaterials

There are two approaches to synthesized nanomaterials. These two approaches are

given below.

» Top down approach

» Bottom up approach

3.1.1 Top down approach
In this approach nanomaterial/nanoparticles are synthesized by grinding or
breakig down the bulk material to convert it at nanoscale. There are many processes

including ball milling, laser abolition, sputtering deposition etc.
3.1.2 Bottom up approach

In this approach the nanoparicles/ nanomaterials are synthesized by
gathering the atomic or molecular size particle to convert them into nanosize. That
approach includes the process such as electrochemical deposition, co-precipitation, sol-
gel process etc. Here nanoparticles was synthesized by sol-gel process which is explained

this below
3.2 Sol-gel method

It is bottom up approach. Nickel ferrites (NiFeO4) nanoparticles are prepared

by sol-gel method. This method was adopted because it is very versatile and easy method.
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Chemical used in this method for the synthesis of nickel ferrites are given below.
» Nickel Nitrate (Ni(NO3)2.6H20)
» Tron nitrate (Fe(NO3)1.9H20)
» Ethanol(C;He0)
» Citric acid(CsHzOr)
» Distilled water(H,0)
» Ammonia (NH3)

Nickel nitrate and iron nitrate was taken at the ratio 1:2 and mixed in a beaker. Ethanol was
added in the beaker in appropriate amount. The beaker was put on the stirrer so that nickel nitrate
and iron nitrate mixed properly. Now citric acid and distilled water was taken in fix ratio and
mixed in another beaker and put on the stirrer. After that both solutions were mixed together and
again put on the stirrer. Now ammonia was introduced drop by drop until the pH of solution
became 5. After that the temperature of 70°C was applied until solution was converted in gel
type. This gel was put into the oven at 100°C for 12 hours. After that gel was solidify. Now that
solid was grinded and powder was obtained. This powder was placed in the furnace at 900°C for
2 hours. After 2 hours furnace was switched off and when fumace get cooled down to room
temperature the sample taken from furmace. Now the sample was grinded and was ready for

analysis.

Now for further study Cr* was chosen as a dopant material. This was doped on B site
(octahedral site because of its trivalent nature) at the ratios 0.2wt%, 0.4wt%, 0.6wi%, 0.8wr%

and 2.0wt% by using the same process as given above.
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v

The wavelength of x-rays lies from 0.5A to 2.5A which is shorter than ultraviolet and
their wavelength is larger than gamma rays. This wavelength is same as that of solids
materials [42]. By the discovery of X-rays scientist become able to investigate the

structure of material at atomic level.

For two main purposes X-Rays diffraction is used, characterization of material as
fingerprint and structure determination of the material i.e packing of atoms, angles of
atoms and interatomic distance between the atoms. XRD is very key characterization
means in material science. By using XRD technique any material’s shape and size can be

easily determined.
3.4.2 Production of X-Rays

The X-Ray tube is an important source to produce electromagnetic radiation.
Electrons are emitted thermodynamically in X-ray tube in which source of copper K. as a
target element having wavelength 1.54 A is used [43]. These emitted electrons are
bombarded on the target material or specimen. As a result inner shell transition takes
place in a material to produce X-rays. These rays are of different energy. The rays have
energy smaller than 10keV are known as soft X-rays while the rays having energy greater

than 10keV are named as hard X-rays.

Fig 3.2; Mechanism of X-rays production[43].
For the X-rays production three main sources are required which are given below

Electrons source
High voltage source to accelerate the electrons

Metal target

3.4.3 Bragg’s law
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W.H Bragg and his son W.L Bragg derived the Bragg’s law in 1915. Braggs
were given a noble prize on determining the structure of ZnS, NaCl and diamond. This
law gives detail about the interference pattern of scattered X-rays by a crystal. Bragg’s

law states that diffraction will occurs only when following given equation will fulfilled.
ni= 2dsind (3.1)

Here “n” is the positive integer, 8 is the angle between plane and incident rays (here
incident ray and reflected ray obeys the law of reflection}, A is the wavelength of applied

x-rays and d is the separation between the planes of specimen[44)].

S; :

Fig. 3.3: Diffraction of Rays from the plans of crystal[44].

Here tbe ray Sz covers the distance larger than ray Si. This traveled distance depends on
the angle of incidence of the rays and distance between the planes of sample/specimen.

For interference, path difference of rays must be the integral multiple of wavelength.
Bragg’s law can also be written as

A=2d'sinf (3.2)
This equation is not include “n” because here d'=d/n.

3.4.4 Measurement of particle size

For the measurement of the size of the particle we can use the well known

formula known as Debye Scherrer formula. In 1918 Paul Scherrer introduced this
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formula. The result of Scherrer formula is comparatively batter than the transmission
electron microscope. By scherrer formula we can measure the grain size of 0.1-0.2 um.
Scherrer formula is given as.

092
" BcosBp (3.3)

Where,

D is the particle size

A is the wavelength of cupper ka.

B corresponds to half of the maximum wavelength as given in following figure.
Bp is the Bragg’s angle

Crystal thickness has inverse relation with width of crystal (B) i.e as B increase size of

the particle will decrease [45]

INTENSITY

\

1
26: 204 2,

20 —————

Fig 3.4: FWHM [45).

For the value of B, relation is given below

B = (20, - 28,) (3.4)
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exposed the amazing progress in the field of science. In TEM we use beam of electron for
the imaging of sample. Three dimensional magnified image of a sample can be obtained

by TEM that cannot be obtained by optical microscope.

Emst Ruska and Max Knoll built the TEM in 1931 and in 1939 the first TEM was
commercialized [47]. For the development of TEM Emst Ruska was awarded by the
Nobel Prize.

3.6.1 Component of TEM

There are different components of TEM which are given below:
3.6.1.1 Electron gun

Electron gun 1s the source that produces electrons. These electrons are
generated through the tungsten filament at 2700K. These electrons are called
thermoelectrons. This filament acts as a cathode. There is Wehnelt outside the filament

that gathered the electrons in straight line.
3.6.1.2 Condenser lens and condenser aperture

The magnetic lenses are placed below the electron gun. The purpose of lens is to
adjust the width of the electrons beam. A narrow beam of electron is necessary for the
transmission electron microscopy. When we have greater the strength of lens then

diameter of electron beam will be small and vice versa.

Condenser aperture is used to control the number of electrons reaching to the sample. It

excludes the high angled electrons.

3.6.1.3 Objective lens

After passing through the specimen the electron beam will scattered due to the
electrostatic potential of the constituent e¢lements of the sample/specimen, then here
objective lens is used to focus this electron beam and determines the final diameter of the
electron beam. It focuses the electron beam on the CCD or phosphor screen. Objective

aperture can also be used to control the high angled electrons.
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3.8.2 Benchtop LCR meter

Benchtop LCR meters are prominent because of their accurate analysis upto
0.01% and controllable frequency. They are directly control by the computer. More
important thing of bencbtop LCR meter is DC bias current/voltage.
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Results and discussion

Ferrite nanoparticles gain an incredible attraction in the recent research because
they are very valuable in technological applications. They consist of normal, mixed and
inverse spinel structures. At nano level, ferrite nanoparticles show amazing and
outstanding properties which are not observed in the material at bulk level because of
high surface to volume ratio [51]. Among such nanoparticles, Nickel ferrite nanoparticles
are unique due to practical applications in different fields such as data storage, drug

deliveries and transformers cores.

Doping in ferrite nanoparticles have very interesting role in controlling the
physical properties of ferrite nanoparticles. The doping at B site may cause the cationic
distribution between A and B site which can alter the physical propertics of ferrite
nanoparticles. The doping of antiferromagnetic Cr™ at B site of NiFe;O4 nanoparticles
can control structure stability which can enhance dielectric properties of NiFe:O4
nanoparticles. So, it is very interesting to study the synthesis and characterization of
NiFe;04 nanoparticles. We have synthesized nanoparticles by Sol gel method and study
the effect of Cr™ doping on dielectric properties of NiFe;04 nanoparticles. Different
characterization techniques such as X-ray diffraction (XRD), Furrier transform infrared
(FTIR), Energy dispersive x-ray spectroscopy (EDX), Transmission electron microscopy
(TEM) and LCR meter are used for the analysis of the nanoparticles.

4.1 X-Ray diffraction (XRD)
X- ray diffraction (XRD) is a non-destructive characterization tool which gives

information about crystal structure, crystallite size and lattice parameter of nanoparticles.
Fig. 4.1 shows XRD pattern of NiCryFe;xOsnanoparticles where x=0, 0.2, 0.4, 0.6, 0.8
and 2. The diffracted peaks (1 11),(220),(311),(222),(400),(422),(511),(440)
and (5 3 3) are the miller indices of pure NiCrxFe2 «Osnanoparticles at different angles, 20
= 18.5%,30.4°%, 35.7°, 37.4°, 43.4°, 54°, 57.5°, 63.1° and 74.6 respectively for all samples.
NiCr«Fe2xOs XRD pattern shows cubic spinel structure for all samples [52]. All the
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major peaks of NiFe204 remain unchanged after the Cr dopant. There were no impurity

phases detected in all samples which confirm the single phase NiCrxFez-xO4nanoparticles,
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Fig. 4.1: XRD pattern of NiCr,Fe;..04 for x=0, 0.2, 0.4, 0.6, 0.8 and 2.

The crystallite size of nanoparticles of NiCrxFez.xOs was measured by the help of Debye

Scherrer’s formula given below[52].
D=0.94B cos 8 4.1)

Here P is the full width at half maximum (FWHM) of the peak of XRD, 9 is the Braggs
angle and A is the wavelength of X-rays. Fig. 4.2 (2) shows the calculated crystallite size
of NiCriFezx04 nanoparticles at x=0, 0.2, 0.4, 0.6, 0.8 and 2. The crystallite size was
found to be in the range of 28 nm to 44 nm. The 1naximum crystallite size was observed

for x=0 concentration and then decreased for all the concentration of Cr.
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Fig 4.2(a): Crysiallite size of NiCryFe,.404(b) Lattice constant of NiCr,Fes.xO4.
Lattice constant was calculated by the help of following formula[53].

a = d(h*+k?+1%)'"? 4.2)
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Where (h k 1) are the miller indices and “d” is interplanar space which can be calculated

by the help of Bragg’s law. Bragg’s law is given as
n A=2dsin @
Forn=1
A=2dsin 6 (4.3)

Fig. 4.2 (h) shows value of lattice parameter for NiCryFe2xO4 nanoparticles. It has been
observed that the value of lattice parameter has decreased very slightly with the doping of
Cr. It is due the replacement of larger ionic radius crystal Fe?* (0.67 A) by the smaller
Cr’* (0.64 A)[54]. Due to the strong preference of Cr’* ions for octahedral site, it must
have replaced the Fe*" ions at octahedral and has not disturbed the spinal cubic structure
of NiCryFez.xO4 nanoparticles.

4.2  Fourier transform infrared (FTIR) analysis

Fourier transform infrared (FTIR) spectroscopy is used to study the nature of
chemical bond in nanoparticles.Fig. 4.3 shows the room temperature FTIR spectra for
NiCrxFe2-xO4 nanoparticles in the frequency range 350-750 ¢m™'. The FT-IR spectra of
NiCryxFes-xO4 nanoparticles show two strong absorption bands (vi) in the range of 595—
622 ¢cm! and (v2) in the range of 400-500 cm™'. The absorption band v; at higher
frequency is due to the metal-oxygen vibrations at tetrahedral site (A-site) while the
stretching band v; at Jower frequency is due to metal-oxygen vibrations at octahedral site
(B-site)[55]. The vibrational frequencies of the IR bands corresponding to tetrahedral and
octahedral sites are given in Fig 4.3 for different concentration of Cr. It is observed that
bands v; and v, shift towards higher wave number with increasing Cr** ions as compared

to Fe’* ions. This shift is due to the reduction in the size of unit cell.
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Fig. 4.3: FTIR spectra of NiCrFez0s.
4.3 Energy dispersive spectroscopy (EDX)

Fig. 4.4(a) shows the EDX pattern of NiFe,0O4 nanoparticles. the peaks of Ni,
Fe, O and Al substrate were observed on the EDX image and confirmed the
homogeneous mixing of the Ni, Fe, and O atoms in pure ferrites {56]. EDX confinmed the
formation of NiFe;O4 nanoparticles. The inset table of Fig. 4.4(a)shows the percentage
composition of the individual elements in NiFe;O4 nanoparticles. Fig. 4.4(b) shows the
EDX mapping of the elements Ni, Fe and O. It is found that the observed mass % of
metals agree quite well with theoretical metal concentration. Cr and Fe molar

concentration of 1:2 was also confirmed by the observed composition.
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4.5 Dielectric properties

Dielectric properties of nanoparticles depend on different factors which include
process of preparation, chemical composition, annealing temperature, sizes of prepared
particles, tatio of dopant particles etc. We have studied the effect of Cr*doping at
octahedral B-site on the dielectric properties of NiFe2Q4nanoparticles. The dielectric
response was meastred with the help of LCR mater in the frequency range of 100 Hz to 5
MHz. Dielectric parameters such as real and imaginary part, dissipation factor or tangent

loss and ac conductivity as a function of frequency were measured.

4,5.1 Real part of Dielectric

Fig. 46 (a) and (b) show the real part of dielectric constant of pure
NiFezO4and Cr doped NiFe,O4 nanoparticles respectively. Real part of dielectric constant
of NiCryFezxQ04 (x=0, 0.2, 0.4, 0.6, 0.8 and 2) was calculated using equation.

g = (c*d)/ (e.*A) (4.4)

Real part of un-doped and Cr doped NiFe2Osnanoparticles exhibit same behavior. At low
frequency range, real part shows maximum value and gradually decrease to low value as
the frequency of the applied field increases. The decreasing trend of real part with
increasing frequency is typical for ferrites. This behavior can be explained based on
polarization namely electronic, ionic, dipolar and space charge polarization. At lower
frequency, these types of polarization contribute very well while at higher frequency
some polarization types relaxed out, resulting in decreasing the real part of dielectric
constant at higher frequency [57]. Maxwell-Wigner and Koop’s model further explains
this behavior [58]. According to this model, ferrites consist of grains (highly conducing
region) and grain boundaries (poorly conductive). At low frequencies, the grain
boundaries are more effective in producing polarization because electrons pile up at
resistive grain boundary and enhances polarization. At higher frequencies, the lagging
behind of charge carriers of grains cannot contribute in polarization of dielectric constant.
As a result, real part of dielectric constants decreases at high frequency {59]. In our
frequency range, mostly space charge polarization occur and play role in dielectric

constant [60].
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Fig 4.6(a): Real part of dielectric of NiFe;(4 nanoparticles.

Fig. 4.6(b) shows the real part of Cr doped nickel ferrite nanoparticles. It can be clearly
seen that the value of real part of dielectric increased by doping of Cr** concentration.
This increase is due to fact that chromium is less conductive nature as compare to iron.

Conductivity of chromium is 6.7*10°S/m and the conductivity of iron is 1*107S/m.
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Fig. 4.6(b): Real part of dielectric of NiCr,Fe;.«O4 nanoparticles.
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4.5.2 Imaginary part of Dielectric constant

Imaginary part of dielectric constant can be defined in terms of tangent loss
and real part of dielectric constant. Imaginary part was calculated by using the following

relation.
&' =¢tan § (4.5)

Fig. 4.7(a) shows the imaginary part of dielectric of NiFe2O4 nanoparticles. In equation,
imaginary part depends on tangent loss and real part of dielectric constant. At low
frequency the value of imaginary part is high and by raising the frequency up its value is
decreased and at high value of frequency the imaginary part becomes almost
independent[61]. The imaginary part of dielectric constant also explained based on
Maxwell-Wigner and Koop’s model. According to Koop’s model resistivity is high due
to grain boundaries at lower frequencies therefore the energy required for electron
hopping between Fe?* and Fe** ions at the grain boundaries is higher hence the imaginary
part is high. On the other hand, at higher frequencies the resistivity is small due to
conducting grains that offer negligible resistance to the electron hopping thus energy

losses are minute.
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Fig. 4.7(a): Imaginary part of dielectric of NiFe;O4.
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Fig. 4.7(b) shows the imaginary part of Cr doped nickel ferrite by doping with Cr™ on
octahedral B-site the imaginary part increased. The imaginary part show maximum value

for x=2 concentration. This is due to less conductive nature of chromium as compare to
iron.

3000 - 4 . =
\ NiCrFe_ O —=—x=0
<  { 2x 4 — e —x=0.2
2500 - ! —4—x=0.4
p —v—x=0.§
2000 - ‘[" s - T Kfﬂ.s
411 254 4 / —4—x=2.0
A a4 /
1508 - 4 !
: “I ‘ﬂ 154 4 /
w 1080 Gy e |
- /
54,
__/'
4 o
s.. - T T T Y T Y T T T
'y 0% 18 13 19
Copemtrafien
0=
T T
2 3

L
-
) -

log f(Hz}

Fig. 4.7(b): Imaginary part of dielectnc of NiCryFe,..0O4 nanoparticles.

4.5.3  Dielectric loss tangent

It is also known as dissipation factor (tand). Figure 4.8(a) shows the
dielectric loss tangent for pure NiFe;O4 nanoparticles. It can be clearly seen that the
dielectric loss tangent is high at low frequency and show decreasing trend with increasing
frequency. This decrease in dissipation factor can be explained on the basis of Koop’s

model[58]. At low frequency grain boundaries are effective (which are resistive) and

provide more resistance to the electron flow, therefore energy loss is high.
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Fig. 4.8(a): Tangent loss of NiFe;0, nanoparticles.

Fig. 4.8(b) shows the dissipation factor of Cr’* doped NiFe;Os nanoparticles. The
dissipation factor reveal increasing trend by doping with Cr™ on octahedral site. This is
also due to less conductive nature of chromium as compare to iron. From the dielectric
measurement, we observed that both dielectric loss factor (imaginary part) and
dissipation factor (tangent loss) show similar trend to that of dielectric constant because
these dielectric parameters are correlated with each other. Energy dissipation in the
dielectric systems 1s due to dielectric loss angle and dielectric loss factor. These losses
originated due to domain wall resonance. Moreover, losses are low at higher frequency

since domain wall motion is repressed [62].
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Fig. 4.8(b): Tangent loss of NiCroFe; 0, for (x=0.0, 0.2, 0.4, 0.6, 0.8 and 2).

4.5.4 AC Conductivity
AC conductivity helps us to understand the conduction mechanism and types

of ions responsible for the conduction and it is calculated by the formula given below:
Gac=E{EO CDtamS (46)

Here &/ is the real part, &, is the free space permittivity, o is the angular frequency having

value 27 f and the tand is the dielectric loss tangent.

Fig. 4.9 (a) shows ac conductivity of for pure NiFe;O4 nanoparticles. It is observed from
the graph that ac conductivity increases with increasing frequency. At low frequency
grains boundaries are effective, so electrons con not overcome the barrier, therefore ac

conductivity is minimum. While at high frequency area grains become effective,
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therefore electrons move easily and ac conductivity show increasing trend. As a result
hopping of charge career increases with the increase in applied field, therefore the AC

conductivity increases[63].
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Fig. 4.9(a): AC conductivity of NiFe;Q. nanoparticles.

Fig. 4.9(b) shows the ac conductivity of Cr** doped NiFe;O4 nanoparticles. On doping
with Cr™*, the ac conductivity has decreased. It is due to the less conductive behavior of
chromium as compare to iron. When Cr* is doped in nickel ferrites at octahedral B-site,
then Cr* ions are taking place of Fe'*, so hopping electrons which take place in

conduction are reduced. That’s way ac conductivity decreased.
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Conclusions

Cr doped NiFe;Q4 nanoparticles have been successfully synthesized by sol-gel
method. Structural analyses were carried out with the help of XRD, FTIR, EDX and
TEM analysis. Dielectric measurements of the investigated samples were studied with the
help of LCR meter. XRD patterns revealed that diffraction peaks of all the samples
represent the cubic spinel structure. Nanoparticles contained single phase structure with
no additional phase. The lattice constant decreases with an increase in Cr contents. The
average crystallite size of NiCrFez.xO4 nanoparticles lies in the 28 nm to 40 nm range.
FTIR spectrum revealed that two main absorption bands vy and v2 were found in the
frequency range 595-622 cm™ and 400-500 ¢m! respectively. The values of absorption
band slightly decreased with increasing Cr content. EDX confirm the formation of
NiFe;04 nanoparticles. TEM image was obtained at 100 nm showing hexagonal shaped
nanoparticles. Dielectric studies of NiCr,Fe2.<04 were cammied out in the frequency range
of 100 Hz to 5 MHz. The decrease in diclectric constant with frequency is due to
decrease in polarization because the dipoles cannot follow up the field variation. It was
found that real and imaginary part of dielectric and loss tangent decreased by increasing
frequency and become independent at high frequency areas while AC conductivity
behavior is inversed. On doping with chromium (Cr*) on octahedral site the real part,

imaginary part and loss tangent increased while AC conductivity decreased with doping.
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