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Chapter-1 Introduction

1.1.3 Unique Properties of Nanomaterials

At the nanoscale, properties of materials behave differently and governed by
atomic and molecular rules. Researchers are using the umque properties of matenals
at this small scale to create new and exciting tools and products in all areas of science
and engineering. Nanotechnology combines solid state physics, chemistry, electrical
engineering, chemical engineering, biocbemistry, biophysics, and matenals science. It
is thus a highly interdisciplinary area and involves integrating ideas and techniques
from a wide array of traditional disciplines. The properties of nanomaterials or nano-
structures are different from bulk material, Metals have unique properties at the nano-
scale due to which some are better for conducting eleciricity or heat and other reflect

light better or change colors. There are two reasons for changes in properties.

1. Ratio of surface area-to-volume of structure increases (most atoms are at or near

the surface which make them more weakly bonded and more reactive) [6].

2. Quantum mechanical effects are important (size of structure is on same scale as the
wavelengths of electrons and quantum confinement occur due to which electronic and
optical properties become different). Ratio of surface area-to-volume of structure and

quantum mechamcal effects as shown in Fig. 1.3.
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lose their conductivity when we reduce the size from bulk to nanometre [8, 9]. The
reason of change in properties of materials at nano scale is due to increase in surface
area to volume ratio [6]. The nanomaterial are categorised into four types on the base

of their dimensions

¢ 0-dimensional nanomaterial
¢ |-Dimensional nanomatenal
e 2-Dimensional nanomaterial

e 3- Dimensional nanomaterial.

1.1.5 Zero-Dimensional Nanomaterials

Zero-dimensional nanomatenials are those materials which have all the three
dimensions (X, y and z) in the range 1-100 nm. For example, quantum dots, nano-

shells, microcapsules and hollow spheres.

1.1.6 One- Dimensional Nanomaterials

One dimensional nanomaterials are those matenals which have any two
dimensions in the range 1-100 nm and single-walled carbon nanotubes, fibers and

nanowires are under this category.

1.1.7 Two-Dimensional Nanomaterials

Two dimensional nanomaterials are those materials which have only one
dimension in the nanometer range i.e Anti-adhesive or anti-stain coatings, applied

films and viruses [10]. Different type of nanomaterials are shown in Fig. 1.4,




































Chapter-1 Introduction

Susceptibility

Paramagnetic

Fig. 1.15: Temperature effect on magnetic material [45].

/

Temperature

1.5 Hysteresis

A phenomenon which takes place when there is magnetization and
demagnetization of medium. Fig. 1.16 shows a coil which is attached with a source of
current. When swtch is on current flows through the coil and magnetic field is
produced in that coil and nature of magnetic field will depend upon the nature of
curtent. When an iron cylinder placed in the coil the magnetic field i1s also produced
m the cylinder due to extemal magnetic field. The extemal magnetic field is called
magnetizing field (H) and magnetic field that is produced in the cylinder due to

external magnetic field, 1s called magnetic field (B) as shown in Fig. 1.16,

In ferromagnetic material, domains are present in the form of close circurt
every North Pole attach with Scuth Pole and vice verso and B = 0 when no extemal

field applied.

18















Chapter-2 Literature Review

CHAPTER 2

LITERATURE REVIEW

2.1 Literature Review

Nadeem ¢7 af. [57] studied the cffect of different concentration of stlica (S10:2)
(10%. 30%, 50% and 60°) on dielectric, magnetic and structural propertics of
CoFe204/810: nanoparticles. Nanoparticles of CoFex04/Si0:» arc prepared by sol-gel
method. X-ray diffraction is use for all samples to study the structure of material. 1t is
observed that when the concentration of Si0- is increased, the average size of crystal
is decreased due to the formation of nucleation sites. The growth of nanoparticles ts
well controlled by SiQ. matrix. Spinel ferrite’s formation was confirmed by Fourier
transform infrared spectroscopy. Scanning electron microscopy image shows that
particles arc spherical and less agglomerate. 1t is studied that when the concentration
of Si0): is increased, size of particle as well as magnetization decreased.
Magnetization of larger nanoparticles i1s high as compare to small nanoparticles
because of surface spin disordered. [t is observed that all diclectric parameters depend
on the conecentration of Si10>. Reduction in diclectric and magnelic properties depend
upon the crystallite size with ncreasing the concentration of S10:. Thercfore, in
ferrite nanoparticles concentration of 5102 1s use to control the magnetic properties,

size of nanoparticles and diclectric properties,

Nadeem er al. [56] studied the influence of different concentration (x = 0%,
15%, 30%, 45% and 60%) of silica (StQ2) on magnetic, structural and dielectric
properties of maghemute nanoparticles. Cubic inverse spinel structure of nanoparticles
having concentration x = 0%, 15% and 30% was confimned by XRD. When the
concentration of Si(): increased both [attice constant and average crystallite size were
decreased. Self-organized leaf like shape and spherical shape of nanoparticles can be
observed in the SEM image. Tangent loss and dielectric constant are the parameters
which are decreased when frequency increased and at higher frequency they were

constant. Value of AC conductivity is higher at higher frequency. In conclusion the

23
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surface coating of Si0: can be used to control the size of nanoparticles and change the
dielectric and magnetic properties of maghemite nanoparticles.

Nadeem er al. [58] synthesized the NiFe;Ou nanoparticles dispersed in SiO:
by sol-gel method. Usually sol-gel method provides multiphase nanocomposites, It is
studied by using different techniques that how a single phase structure can be obtain
from a multi-phase composite, when it is annealed at different temperature, The
average size of particle lies between 16-27 nm ranges. Chemical phases are NiFe,
NiO, Fe20s, and NiFe;0; formed below 200°C,

Nogues er al {59] observed the phenomenon of exchange bias FM
(ferromagnetic) and AFM (anti-ferromagnetic) composite nanoparticles. The presence
of exchange bias (EB) is confirmed by hysteresis loop shift. Below the Neel
temperature the coercivity He of nanostructure is increased after the field cooling
procedure. When temperature is increased, and reached at AFM T, effect of
exchange bias is disappeared. Temperature where exchange bias effect is zero is
known as blocking temperature. Exchange bias is also depending upon the size of
nanoparticles.

Moran er al, [60] studied the exchange bias phenomenon and its related
effects on AFM- FM structure. It is studied that when FM material and AFM material
interfaces is cooled, exchange bias is produced in FM. Exchange bias is the
phenomenon connected with anisotropy, formed at interface b/w FM and AFM
matenial. Bean and Meikle-john discovered anisotropy during study. Interface
coupling 1s observed while cooling the FM- AFM couple and magnetic field is
applied above the Neel temperature and below the curie temperature (Ty < T <T¢) to
T < Tn. FM-AFM hysteresis loop shift along fixed axis is usually observed negative
or opposite direction of cooling field at T < Tw. Coercive field value is different for
increasing and decreasing the field and this loop shift is called exchange bias HE.
After field cool process coercivity He is increased.

Kamran er al. [61] studied the effect of different concentrations of $Si0; on the
magnetic properties and structure of multiferroic CoCr204 nanoparticles. By using
sol-gel method nanoparticles of CoCr20a are prepared having crystallite size ranging
from 19nm to 28nm. It was studied that when the concentration of SiQ; is increased,
the cell parameter and average size of crystal is decreased. ZFC and FC measurements
were also done. Nanoparticles of matenals suffered from paramagnetic state to

ferromagnetic short range state. when the size of crystal is decreased or when

24



Chapter-2 Literature Review

concentration of SiO; is increased then transition temperature PM-FM have been
deceased from 101 K to 95 K. Conical spin state for all the sample is observed for all
the samples which also decreased when size of crystal is decreased. Saturation
magnetization (M) also depends upon size of the crystal and decreased when
concentration of SiO; is increased because average crystal size decreased. AC
susceptibility showed transition temperature decrease, T. peak broadening,
magnetization decreased when Si0; concentration increase.

Kanran ef al. [62] studied the magnetic, dielectric and structural properties of
Cor.xMg.Cr204 nanoparticles with concentration (x = 0, 0.2, 0.4, 0.6, 0.8, and 1) of
Mg prepared by sol-gel method. XRD showed [A]e [B2low Os4 (normal spinel
structure) of both MgCr;04 and CoCr0s.  Both Mg?* and Co*" occupied by
tetrahedral site and Cr'" occupied by octahedral site and did not observed extra
impuritics peaks. The average size of crystal displayed non-monotonic peak
hehaviour with x = 0.6 concentration of Mg. The CoixMg.Cr204 single phase normal
spinel nanoparticles were confinned by FTIR and Raman. ZFC/FC curved opened at
T. by magnetic transition when material change from PM to FM and at T, the state is
spiral spin, When the concentration of Mg increased both T, and T. decreased and
finally at T with x = | concentration of Mg system goes to AFM. And improve the
dielectric properties for nanoparticles with x = 0.6 concentration of Mg,

Stamps er af. [63] studied that exchange bias is a very important and a very
interesting problem which discuss some basic issues of magnetism and includes
exchange bias interactions, impurity and disorder effect at interface, There are two
types of exchange bias one in which partial walls are reversible, and the other in
which asymmetric hysteresis loops are form due to irreversible process. Partial wall
by reversible bias canuot loss completely when asymmetric hysteresis is form.
Exchange bias also depend upon the temperature. Mean field was calculated, shows
that exchange bias and coercive field both are decrease when temperature is increase.

Joshi er al [64] prepared the nanoparticles of NiFe;O4 by using the co-
precipitation method. The optical properties and magnetic properties of NiFezQO4
nanoparticles were explored by using Raman spectroscopy, XRD and dielectric
measurements. The single spinel crystal structure of NiFe;(O4 nanoparticles confirmed
from XRD pattern and average crystallite size NiFe;Q4 nanoparticles found in 8-20
nm range by using Debye-Scherrer’s formula. The combined spinel structure of

nanoparticles was proved by Raman spectroscopy. Dielectric values of nanoparticles
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were strongly dependent upon temperature at all frequencies. Ac conductivity
recommends that the transmission in nanoparticles is because of weak polaron

vaulting among Fe®/ Fe?' particles.

Atif et al. [65] synthesised the nanoparticles of zinc doped nickel ferrite by
using sol-gel method. The structure of these nanoparticles was cubical spinel structure
which was confirmed by X-ray diffraction pattern. Magnetic properties of these
nanoparticles were studied by using super magnetic quantum interference device
(SQUID) magnetometer. Saturation magnetization of these nanoparticles increased
with exchange of Zn®' up to certain level and after that its value becomes decreased.
Dielectric measurements of these nanoparticles were done at room temperature.
Initially it can be seen that ac conductivity, tangent loss decreased and when Zn?' tons
substituted up to certain level, increasing trend was observed. Dielectric parameters of
these nanoparticles were explained by using electron vaulting mechanism.

Martinez et al. [66] studied that the nanoparticles of y-Fe>Qs; having high
surface to volume ratio and show both magnetic effect and exchange anisotropy. The
processes field cooled —zero field cooed (FC-ZFC) and strong field irreversibility MH
curves also detected at the same time. At Tr = 42 K low temperature spin-glass
behaviour 1s verified with high irreversibility even H = 55 kQe. Tr (H) changes

' The exchange

following well-known de Almeida—Thouless line 4. = i~
anisotropy Hg of thermal dependence is described by random field model. From this
framework, he determined the surface spin glass of 0.6 nm thick layer.

Eftaxias ef al. [67] studied that the coercive field of fused magnetic
nanoparticles with core or shell morphology and effect of antiferromagnetic shell on
exchange bias by using technique Monte Carlo simulation. He also studied that the
coercive field is largely depend on interface size, while the exchange bias field mostly
depend on interface structure and less depend on its size. When the thickness of core
of given particle size is reduced and as a result both coercive field and exchange bias
field are increased. He also studied that the coercive field is reduced and exchange
bias field is increased when the thickness of shell increased. It was investigated that
the coercive field is reduced and exchange bias field is increased when the strength of
interface and shell exchange coupling increased. At the end, it was found that results

of exchange bias field depend strongly on temperature than coercive field.
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CHAPTER 3

SYNTHESIS AND CHARACTERIZATION TECHNIQUES

3.1 Fabrication Techniques of Nanomaterial

There are two approaches or techniques for the synthesis of nanomaterial or

nanoparticles.

1. Top down approach

2. Bottom up approach

3.1.1 Top Down Approach

In this technique or approach we divide or break the bulk matenal down to
atomic level for fabrication of nanoparticles [68]. There are many methods for the
fabrication of nanoparticles by using top down approach such as:

# Ball milling method

# Laser ablation mecthod

» Lithography
Some difficulties are present in this technique

> Significant damage of crystallographic arrangement
» Defectiveness of surface structure

» Broad size dispersal.

3.1.2 Bottom Up Approach

In this technique or approach we form nanoparticles by collecting atom by
atom, molecules by molecules and cluster by cluster [69]. This approach is very

beneficial approach as compare to Top down approach because it is

# Easy to control
» It is reproducible method

# Structural analysis is easy
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# Particle shape and size easily controlled
» Morphology optimization
» Homogeneous chemical composition
» Cheap
~ High degree of crystallinity.

Some advantages while using this process are:

1} Nano structure with reduced number of defects are obtatned
2) Homogeneous chemical composition of nano structure

3) Long range order nanostructure 1s formed.

There are some different techniques which are included in bottom up approach are

given bellow:

# Physical Vapour deposition
» Electrochemical deposition
~ Hydrothermal technique

» Chemical Vapour Deposition
» Sol-gel method

» Co-precipitation method

# Precursor method.

3.2 Synthesis of CoCr:04/Si0; Nanoparticles

There are many methods for the fabrication of nanoparticles but 1 chose sol-
gel technique for fabrication of CoCr204/Si0; nanoparticles because of some basic

reasons which are given bellow:

# Uniform distribution of particle size
» Non-destructive technique
# Homogenous formation
# Low cost method.
We have used following precursors in a stoichiometri¢ ratio:
# Cobalt nitrate (Co(NO:).6H20)
# Chromium nitrate (Cr(NGh):.9H20)
# Citric acid (CeHsO7. H20)
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»  Ammonia
# Tetraethyl orthosilicate (TEQOS)

We have used 99% pure chemicals for the preparation of CoCr204/SiO:
nanoparticles. First, we found the desire ratio of cobalt nitrate, chromium nitrate and
citric acid. Then we have obtained homogenous mixture by mixing chromium nitrate
and cobalt nitrate of appropriate ratio in 30 ml solution of ethanol. This is solution A.
After that we obtammed second solution which 1s the mixture of distilled water, citric
acid and TEOS with desired ratio (0 and 80%) of TEQS with total nitrate. This is
solution B. Then we have inserted solution B tn solution A drop wise with droplet
and obtatned a single solution C. Now we added ammonia in solution C drop wise to
achieve its pH of 5. Then solution C is heated at 70°C under constant stirring until the
formation of gel. After the formation of gel, it is placed in an oven at 110°C for 12 h.
Afterwards, we have grind the material and then put 1t in the ceramic bottle and
annealed at 900°C for 4 h and achieve desired CoCr204/S10; nanoparticles. Flow
chart of synthesis of CoCr204/S102 is shown in Fig. 3.1
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3.4 Transmission Electron Microscopy

Transmission electron microscopy (TEM) is a technique which 1s used to

obtain information for shape and size of nanoparticles [97].
3.4.1 Working Principle of TEM

Typtcal parts of TEM are electron gun, stage, electromagnetic lens and
florescent screen. TEM starts its working from electron gun and electron gun is
considered as the main part of TEM. The highly energetic electrons are necessary for
electron diffraction having energy 60-400 keV. Initially electrons are accelerated from
cathode and move toward anode. A powerful lens is used behind the anode to
condense the electrons into the shape of a beam and this beam is focused on the
specimen. The specimen should be very thin like a thin film so that beam of electrons
which is highly energetic can pass through the specimen.

When the beam of electrons pass through the specimen, it diffracts from its
path and image of specimen is formed on the photographic film which is called

screen. Schematic diagram of TEM 1s as shown in Fig. 3.2.
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CHAPTER 4

RESULTS AND DISCUSSION

Magnetically driven ferroelectric nanomaterials have been of great interest due
to their physical properties and have potential applications in modem technology. In
recent years, cobalt chromite (CoCr204) gains importance in scientific community due
to its multiferroic (fermimagnetic and ferroelectric) nature. CoCr;04 nanoparticles
exhibit spinel structure in which Co’" ions reside on A sites and Cr*' ions reside on B
sites. The main problem in fernmagnetic CoCr204 nanoparticles is the agglomeration
due to strong interparticle interactions. To overcome this problem, we coated these
magnetic nanoparticles with non-magnetic stlica (Si0») material. We chose StO: for
surface coating which can control the particle size, interact with the surface spins,
reduce the agglomeration, control the surface anisotropy and control the magnetic

transitions [56].

In this research thesis, we have studied magnetic properties of uncoated and
Si0; coated CoCr204 nanoparticles. Uncoated and SiO- coated CoCr:0; nanoparticles
have been synthesised by using sol gel method X-ray diffraction characterization
technique has used for the crystal structure of CoCr204/S10:> nanoparticles.
Transmussion electron microscope has used for the shape and size of nanoparticles.

SQUID magnetometer has used for magnetic measurements,

4.1 X-Ray Diffraction

X-ray diffraction (XRD) 1s a very suitable and non-destructive technique to
determine different parameters such as crystal structure, lattce parameter and
crystallite size of nanoparticles. We have done XRD for CoCr204/(S102),, y = 0% and
y = 80% which are prepared by using sol-gel technique. Fig 4.1 shows the XRD scans
of CoCr20,4/S10; nanoparticles. Indexed peaks are (111), (220), (311), (400), (422),
(511) and (440) revealed the normal spinel structure for both uncoated and coated
CoCr:0 nanoparticles. The positions of all peaks almost remnain same for uncoated

and Si0; coated nanoparticles, which proves that SiOz did not alter the intemal
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K magnetization is recorded with increasing temperature. As for as the FC curve is
concemed, at 145 K temperature the sample was cooled by decreasing the
temperature and magnetization is recorded in the presence of external magnetic field
such as 50 Oe, 500 Oe and 1000 Oe [81]. The ZFC curves of uncoated and 80% SiO-
coated CoCr204 nanoparticles show negative magnetization in the temperature range
42 Kto 87 Kand 4.2 K to 71 K, respectively due to uncompensated spins at the grain
boundaries. The negative magnetization decreases in both uncoated and 80% SiO;
coated CoCr;Q4 nanoparticles by increasing the external magnetic field. As with the
increase in extenal magnetic field, more magnetic moments aligned in the direction
of magnetic field. From the graph of uncoated and 80% SiO; coated nanoparticles, it
is observed that the negative magnetization also decreased when we coat the CoCr204
nanoparticles by Si0», It means that surface spins disorder of nanoparticles relaxed
due to coating of Si0» [82-84]. The Curie temperature (Tc¢) in ZFC/FC is at which
material changes from paramagnetic to ferrimagnetic material while the dip associated
with Ts is a conical spiral state. ZFC/FC curves for uncoated CoCr;04 nanoparticles
revealed Tc at 99 K, 100 K and 101 K along with conical spinal state Ts =27 K at 50
Oe, 500 Oe and 1000 Oe respectively. Plocek et al. and Plumier et al. [85, 86]
obtained Tc = 99 K and Ts = 26 K for CoCr:04 nanoparticles which confirms our
ZFC/FC results. When we have coated the CoCr04 nanoparticles with silica, the
values of Tc are 95 K, 99 K and 100 K along with conical spinal state Ts at 19 K, 25
K and 25 K at 50, 500 and 1000 Oe, respectively.
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