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Preface

This work presented in this thesis has been carried out at laboratory, Department of Physics,
Faculty of Basic and Applied Sciences, International Islamic University, Islamabad. The thesis is
divided in to four chapters. First chapter gives brief introduction. Chapter two discusses fabrication
and preparation of the sample. Chapter three C orilsiiisrtrs of characterization techniques for
investigation of samples. Chapter four describes the effect of coating on structural, chemical and
magnetic properties of mesoporous silica nanoparticles. At the end, there is an overall conclusion

of the thesis. References to the literature are mentioned at the end.



Abstract

The nanoparticles of mesoporous silica have been synthesized using Hydrothermal and Greener
route. In order to enhance the physical properties, the prepared samples of silica have been
annealed at 550°C. We coated silica with cobalt ferrite nanoparticles, which were synthesized by
greener route. Characterization of synthesized particles was done by using characterize tools. The
structural investigation was done by X-Ray Diffraction (XRD).The morphology of the samples
has been checked using scanning electron microscopy (SEM). The composition of cobalt ferrite
and silica have been determined by using electron dispersive X-Ray spectroscopy (EDX).Fourier
transform infra-red spectroscopy (FTIR) confirmed the characteristic energy bands.By using UV-
visible spectroscopy band gap is calculated. The coating of cobalt ferrite on mesoporous silica
nanoparticles have shown enhancement in magnetic moment. The observed characteristics of
cobalt ferrite coated mesoporous silica nanoparticles are the rising candidate for Nanomedicine

and Dug Delivery Applications.
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INTRODUCTION

Chapter No. 1

Introduction

1.1 Nanotechnology or Nanoscience:

Over the past decade, a small word Nano is rapidly getting famous into world consciousness
because of its great potential. The meaning of the prefix Nano is one billionth of a meter. The scale
with range 1 to 100 nm is said to be a nanoscale. Nanoscience is the study and understanding of
basic principles of molecules and structures having at least one of their dimensions in the
nanometer (1 nm = 107'%) range. These materials are known as Nanostructures while
Nanotechnology is the synthesis, characterization and applications of these nanomaterials into

useful Nano-devices.

Figure 1.1: View of Nano meter Size

Nanostructures are the smallest possible solid things we have made up to date. Thus,

nanostructures are in between single atom and bulk substantial. Quantum mechanics refer to
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INTRODUCTION

absolute compactness. Thus, quantum effects are required to understand properties of Nano-
objects. For example, the smallest cluster of atoms called Quantum dots, Nanodots, and
Nanoparticles. The chemical and physical properties of nanostructures are different as compared
to the bulk material of the same composition because of high surface area to volume ratio of atoms
at the nanoscale.

The properties of nanomaterials are size dependent so the suitable tuning of the properties of
nanostructures by changing their size leads to useful applications in technology. The exterior atoms
on the surface of particles have lower coordination number as compared to the intenior atoms so
increase in surface area to volume ratio by decreasing the size of nanostructure cause the behavior
of surface of surface atoms to be dominant. Now a day Nanotechnologies are the emergent zone
of scientists in all over the world. Nanoscale science is giving us with astonishing considerate and
controller of matter at its ultimate dynamic side by side at the smaller scales. In real, nanoscale
particles have apprehensive much contemplation due to their peculiar electronic [1], optical [2]
and magnetic [3] possessions. The dimensions of these nanoparticles (NPs) mark them decisive
contenders for the formation of competent nanostructures. Such alterations of NPs facilitate their
use in biomedical Applications [4].

Medicine has countless future prospects built on the use of nanomaterials. In the last several
decade, Nanomedicine has experienced quick progress [5-12]. The objective of Nanomedicine is
to plan and manufacture drug delivery vehicles. These vehicles can transmit appropriate drug
loads, proficiently cross-functional hurdles to influence target sites, and securely and sustainably
antidote diseases. Many organic Nanomedicines, containing polymeric micelles, liposomes,
dendrimers, drug polymer conjugates, and nanoparticles (NPs) have been widely considered as

drug delivery schemes. Each delivery stage has its benefit and drawback.

1.2 Green Nanotechnology:

Nanomaterials make available resolutions to scientific and environmental tasks in the regions of
solar energy conversion, medicine, catalysis and water treatment {13, 14]. This cumulative demand
must be attended by “Green” synthesis methods. In the global struggles to reduce spawned harmful
waste, “Green” chemistry and chemical processes are gradually participating with contemporary
advances in science and industry. Green chemistry is defined as developing and implementing

experimental designs of chemical procedure and products to minimize and banish hazardous
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INTRODUCTION

substances to human health and the environment. 12 principle of green chemistry is shown in
figure 1.2. These principles are geared to guide in reducing the usage of insecure products and

make the best use of the proficiency of natural procedures.

12, Minimize potentiai

} I. Prevent waste
for accidents

1. Maximize atom

{1, Analyze in real time economy
to prevent pollution /
\ 3. Less hazardous
) chemical syntheses
10, Design

chemicals and @ GREEN

products to CHEMISTRY * 4. Safer chemicals

degrade after use and products

9. Use catalysts 3. Safer solvents and
reaction conditions

8. Increase energy

8. Avoid chemical .
efficiency

derivatives 7. Use renewable
(protecting groups) feedstocks

Figure 1.2: Fundamental principle of green chemistry
Therefore, any synthetic method or chemical process should discourse these principles by using
environmentally caring solvents and safe chemicals [18]. Production of nanoparticles using
biological means, especially plants is biocompatible as they conceal useful biomolecules which
aggressively reduce metal ions [22, 23]. Additionally, plants as a biological means are

biodegradable and so are the reducing and capping agents involved in the production process [24,
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25]. In figure 1.3 there is a Schematic representation of plant as a source of green Nano synthesis
and its uses in biomedical Application.

With the use of green chemistry, green nanotechnology, therefore, means making nanotechnology
processes and products more environmentally friendly and energy efficient [15]. The goals of
green nanotechnology are:

e Manufacturing Nano products using non-toxic ingredients, fewer energy sources at low

temperature.

¢ Producing nanomaterials which are not harmful to both environment and human health.

e Producing Nano products that can provide a solution to environmental challenges [15, 17].

Seasors.
Drugdelivery:
Cancer therapy
‘Environmental
‘deanup

o o B o

| ey e
— 4
ey

H R H
»

' -

SREE.
o
h-—t«“um .

¥ Chanacterization

Figure 1.3: Schematic representation of plant as a source of green Nano synthesis, its characterization

and biomedical Application [16]
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INTRODUCTION

1.3 Classification of Nanomaterials:

To understand the value and assortment of Nanomaterial it is essential to categorize them. The
most divergent way of classification is on the basis of dimension [26]. Generally, we classified
nanomaterials in four classes. As shown in figure 1.4.

1. 0 dimensional (0-D)

ii. 1 dimensional (1-D)

i1i. 2 dimensional (2-D)

1v. 3 dimensional (3-D)

Nanotubes. tibers and rods Films and coars Polver stals

,Es Ty »\5}

-

Figure 1.4: Schematic diagram of 0-D, 1-D, 2-D and 3-D Nano materials
1.3.1 Zero dimensional:
The material having all of its dimensions in nanometer scale denoted as zero-dimensional (0-D)
materials. For example nanoparticles, nanoclusters etc. some of the physiognomies of (0-D)
materials are given below:
¢ It may be amorphous or crystalline (single or poly)
¢ Can exist in different forms
® It can exist in single or matrix form
e It can be polymer or ceramic
1.3.2 One-dimensional:
The material having one of its dimension beyond Nanoscale. Those beyond give needle-like shape
morphology. For example Nanowires, Nanotubes, Nanorods etc. some of the physiognomies of
1-D materials are given as:

* It may be amorphous or crystalline (single or poly)

Page | 5



INTRODUCTION

e Chemically pure or impure

It can exist in single or matrix form

1.3.3 Two-dimensional:
Materials having two of its dimensions outside the Nanoscale. This will impart layers type

structure to nanomaterials. For example Nanofilms and Nano coating etc. some of the possessions
of 2-D materials are given below:

e Single layer or multi-layer structure

¢ Deposited on substrate

e Surrounded by matrix material

¢ Polymeric, metallic or ceramic

1.3.4 Three-dimensional:

The Materials having no dimension in nanoscale or having three dimensions exceeding Nanoscale
are referred to as 3-dimensional materials. Three-dimensional materials are also called as bulk
material. Although there is no atomic scale dimension but they have Nanoscale possessions. Some
of the possessions of 3-D materials are given below:

¢ Composite material

e Multi-layered

e Chemically pure or impure
1.4 Mesoporous silica:

Mesoporous silica is amorphous inorganic materials which has silicon and oxygen atoms in their
structure. Mesoporous shows that the pore dimensions in such materials range from 2-50 nm in
dimension. Mesoporous Silica NPs have fascinated important attention because of their
exceptional properties agreeable for in vivo applications [27-30]. Such as hydrophilic surface
preferring prolonged circulation, multipurpose silane chemistry for surface functionalization,
tremendous biocompatibility, a comfort of large-scale synthesis, and low price of NP fabrication.
Mesoporous silica is also water soluble, chemically and thermally established with mechanical
power and are toxicologically harmless. At the superficial of the mesoporous silica materials, there
are silanol assemblies that can be applied for enzyme halt by hydrogen bonding between hydroxyl

groups and carbonyl or amino groups on enzyme molecules.
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INTRODUCTION

Mesoporous silica materials can be synthesized in the presence of surfactants. The surfactant is
crucial since it will decide the size of the formed pores and a wide variety of different surfactants
can be used. Mostly surfactant used in mesoporous synthesis is non-ionic block copolymers.
Benefits with block copolymers are their constancy to time is the assembling by fluctuating solvent
composition, molecular weight or copolymer configuration. The size of the pores can also be
controlled by using diverse temperatures for the duration of synthesis, where high temperature
provides greater pores. The surfactant acts as templates for the polycondensation of the silicon
source (sodium silicate, Tetraethylorthosilicate) [31, 32]. The features which conclude the
physiochemical factors of mesoporous silica like a type of mesostructured, pore diameter, pore
volume, wall thickness are hooked on the synthesis state of affairs such as pH of the medium, type
of the silicon source, a templating agent and its attentiveness [33-35]. The nature of synthesis
conditions will vary the superficial features of the mesoporous silica (silica-surfactant
interactions). The nature of the superficial concluded silanol groups will diverge consequently in
different mesoporous silica. The different types of silanol groups which are present on the surface

of mesoporous silica are: (a) single, (b) hydrogen bonded, and (c) geminal silanol groups [36].

Figure 1.5: Schematic representation of single (a) hydrogen-bounded (b) and geminal (c) silanol

groups present on the surface of mesoporous silica [36]
The content of the silanol groups is determined by how the silica-surfactant exchanges are cracked
or on how surfactants are aloof, once silica materialization is complete. Due to the occurrence of
these silanol groups at the surface of mesoporous silica, these materials are of specific concern

because of tailorable superficial amendments [37, 38].
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INTRODUCTION

1.4.1 Applications:

Mesoporous silica materials have great surface areas, tunable pore diameters, great pore volumes
and well-ordered absorbency which mark them possible contenders for various applications. The
chemical nature and the capability to tailor the surface for chemical alteration as talk over above
marks them supreme for applications such as adsorption, catalysis, separation, sensors and drug
delivery systems [39-42]. Mesoporous silica has been used expansively in chromatographic
columns for the parting of molecules and the halt of biomolecules such as enzymes [43, 44]. The
combination of aluminum species in mesoporous silica provides them a fascinating character to
catalyze reactions [45-52]. Mesoporous silica has also established their tactic in environmental and
biomedical applications [53-58].

Nowadays, Green energy become a hot issue in both exploration and the world, whereas
mesoporous silica has a significant place also here. SBA-15 uses as a template for the anode or
cathode materials for batteries [59-61]. Additionally, it can also be used in solar cell applications,
both as a template for an amalgamation of Titania or cobalt nanoparticles [12, 62-65] and as a
scattering layer for refining the cell effectiveness [66]. Core-shell Nanocomposites of magnetite-
mesoporous silica are widely used in environmentally friendly applications for the adsorption of
noxious ions [67, 68].

1.4.1.1 Silica as a Nano medicine:

The traditional cure methods ultimately depend on cytotoxic medicines with terrifying side effects
and deficient target specificity. To overcome this problem we should need to cultivate effective
target specific drug delivery system [27, 69]. Following are the circumstance for the advancement
of a proficient drug delivery system.

e Biocompatible carrier

¢ High loading drug

e Well-ordered release of drug at a proper rate

¢ No leakage of drug molecule; zero premature release

¢ Site directing and cell specificity ability

Biodegradable material like polymeric nanoparticle, dendrimers and liposomes were established
as smart drug delivery system with target specificity triggering the carrier at particular pH or

physiological conditions. But soft materials and the particle starts permeable. Silica has been well-
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known as biocompatible among various fundamentally stable material. It has been shown that
mesoporous structure of silica can stock and gradually release the drug e.g. MCM-41 and SBA-51
silicas. Mesoporous silica nanoparticle is honey-comb like porous structure with empty channels
to encapsulate compounds. Following possessions of silica fascinated consideration for controlled
drug delivery application:

o Tunable particle size: Mesoporous silica nanoparticle has tunable pre-size (10-300 nm) allowing
endocytosis by living cells without causing remarkable cytotoxicity.

e Stable and Rigid Frame Work: As compared to others polymeric carrier Mesoporous silica
nanoparticle are moderately stable and resistant to heat, pH, mechanical stress or other
degradations.

e Uniform and Tunable Pore Size: Mesoporous silica nanoparticle has tunable pre-size (2-6 nm)
with slender distribution. The property sanctions precision in drug delivery system.

e High Surface Area and Large Pore Volume: Mesoporous silica nanoparticle have a large surface
area (N900m?/g) and pore volume (N 0.9 cm®/ g) allows high loading of the drug.

e Two Functional Surfaces: The two surfaces of Mesoporous silica nanoparticle i-e External
(exterior) and internal (pore) sanctions external and internal functionalization of particles.

e Porous Structure: Mesoporous silica nanoparticle includes an exclusive honeycomb-like porous
structure with cylindrical pore from one end to another end of a sphere. There is no connectivity
between channels making it a good reservoir of the drug even in incomplete capping until capping
is done [27, 70].

As mesoporous silica have high surface areas and pore volumes so it has great attention in the
biomedical applications. They have been broadly researched as hopeful drug delivery systems.
Mesoporous silica NPs are largely used for delivery of energetic payloads based on physical or
chemical adsorption [27, 29].The literature precedent shows various illustrations of drug molecules
loaded onto mesoporous silica materials. Ibuprofen has been broadly considered as a model drug
adsorbed on the mesoporous silica materials like MCM-41, SBA-15 and hexagonal mesoporous
silica (HMS) materials [71-74]. In addition, many anti-cancer drugs, such as doxorubicin and
camptothecin, have also been studied for controlled release using mesoporous silica materials. Lin
and co-workers studied the release of a drug cargo using crowned mesoporous silica materials.
Recently, rattle type mesoporous silica FesOs@SiO2 have also fascinated a great compact of

attention for drug delivery [75, 76]. Drug delivery using mesoporous silica materials mostly be
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INTRODUCTION

contingent on the textural properties of these materials, such as pore diameters, pore volumes,
particle morphology and surface amendments. The capability to cartel these possessions makes
silica nanoparticles a wanted platform for biomedical imaging, analyzing, monitoring, and ablative

rehabilitations [28].
1.5 Magnetic nanoparticles:

Nano-sized magnetic materials are of particular interest because the magnetic properties change
drastically when the size of a magnetic particle is reduced below 100 nm and the modified
attributes are useful for many applications and devices [77-79].

In large particles, energetic considerations favor the establishment of magnetic fields. As the
particle size decreases toward some critical size, formation of domain walls becomes energetically
unfavorable and the particles are called single domain. A number of interesting magnetic
phenomena arise when one or more of the dimensions of a magnetic particle are reduced to
nanometer size, that are of the order of single domains. Ferro- and Ferrimagnetic nanoparticles
reveal an actions related to paramagnetism and it is half-way between Ferro/Ferrimagnetism and
paramagnetism. These particles are called superparamagnetic particles.

Nanomagnetism emerged as a major field of research in the recent years due to the possible
applications of the Nano-sized magnetic materials. Magnetic NPs have many distinctive magnetic
possessions such as superparamagnetic, great coercively, small Curie temperature, high magnetic
vulnerability, etc. Magnetic NPs are of big interest for researchers from a spacious range of fields,
containing magnetic fluids, data storage, catalysis, and bio applications [74-78].

Currently, magnetic NPs are also employed in important bioapplications, including magnetic
bioseparation and detection of biological entities (cell, protein, nucleic acids, enzyme, bacteria
virus, etc.), clinic diagnosis and therapy (such as MRI (magnetic resonance image) and MFH

(magnetic fluid hyperthermia), targeted drug delivery and biological labels.
1.6 Ferrites:

Ferrites are ceramic oxides holding iron oxide Fe;O3, as a major constituent [80-82].The history
of ferrite materials can be found back to periods ago with the innovation of stones that fascinated
iron. The naturally molded ferrite is magnetite (Fe3O4 or FeO.Fe203). The first man-made ferrites
were industrialized independently in Japan and Netherlands in the 1930’s. Since then, exhaustive

efforts have been dedicated to this research area. It revealed significant signs of progress in both
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INTRODUCTION

science and technologies of ferrite materials. The exclusive electric and magnetic properties of
ferrite materials to allow them to have an extensive range of applications, such as microwave
components, magnetic fluids, high-frequency devices and magnetic data storage. Ferrites are

mostly ionic and have very even crystal arrangement. Ferrites can be classified into three groups:

1. Spinel

1. Garnet

iii. Magnetoplumbite.

The spinel-type oxides have the general formula AB2O4 where A is a divalent and B is a trivalent
metal ion. The general chemical formula of spinel ferrites is A" Fe; ™ O4 where A represents

divalent ions, as mentioned in Table 1.1.

Type Structure General Formula Example
A"=Fe, Cd, Co,Mg,
Spinel Cubic Al'Fe;04
Ni,Zn
A=Y Sm, Eu, Gd,
Garnet Cubic A" 3FesOn
Tb,Lu
Magnetoplumbite Hexagonal A'Fe;2019 A'=Ba, Sr

1.6.1 Magnetic Properties of Spinel Ferrites:

According to the Neel’s theory of ferromagnetism, ferromagnetic materials like cobalt ferrite
(CoFex04) prepared of two sub-lattices (A and B). Contained by the particular sub-lattices, the
magnetic moments are set parallel to one another but the strong interactions between the two sub-
lattices outcomes in the anti-parallel pre-arrangement of the ordered moments in the two sub-
lattices. A spinel ferrite then may be defined as the material which below a certain temperature
(Curie temperature) shows a spontaneous magnetization, rising from the anti-parallel arrangement
of the strongly coupled atomic dipoles [80-82].

1.6.2 Consequence of Spinel Ferrites:

Spinel ferrite of Nano-sized materials show remarkable electrical and magnetic properties and

encouraging technological applications in different spheres of energy. The most inspiring feature
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of Nanomagnetism is the custom of the nanomaterials in biological and clinical applications. Iron
oxide is widely useful for several functions like cell separation and purification, contrast factor in
magnetic resonance imaging (MRI), targeted drug delivery, magnetic fluids 33 hyperthermia
(MFH) and Nano-biosensors. By using magnetic particles with affinity cancer cells, these cells can
be selectively heated by an external alternating magnetic field in the range of 50-500 kHz
frequency range. This heating result in the end of the selected cells, whereas the healthy cells are
not affected by such discourse. The side effects of chemotherapy like ‘hair loss’ can be avoided
[83]. Targeted drug delivery is a drug is attached to a magnetic carrier, directed by a magnet, can
be produced to target a specific drug site. It helps in the local treatment of diseases in the uniformity
with a more prey-specific delivery of drugs. Magnetic heating can also be used as a trigger to
release drug from an implant. The drug is confined with a thermo-responsive polymer which

releases the drug on its target when heated by means of an external AC-magnetic field [84].
1.6.3 Cobalt ferrite:

As an important member of the family of spinel ferrites, cobalt ferrite (CoFe2O4) centered materials
have been putative as the encouraging candidates for a wide diversity of applications as well as
magnetic and magneto-optical data storage due to their good chemical stability and magnetic
properties such as the high Curie temperature, relatively high saturation magnetization and high
magnetic anisotropy [83]. Also, among different metal ferrites, cobalt ferrite 1s known for its
relatively high magnetostriction, and there have been many attempts to make sintered
polycrystalline. Cobalt ferrite is categorized into a hard magnet due to its high corecivity and
moderate magnetization. Due to its high magnetic corecivity value and good physical and chemical
stability, it has been used for various applications.CoFe;O4 exhibits high coercive force,
mechanical hardness, and chemical stability. The CoFe2O4 nanoparticles have received particular
attention because of their slower magnetic moment relaxation compared to magnetite ones.
Therefore, more efforts have been made for the synthesis and characterization of CoFe;04
materials. The FCC structure of cobalt ferrite is shown in figure 1.6. It is composed of eight cobalt
sites possesses tetrahedral coordination with oxygen and having 16 ferric sites having octahedral

coordination.
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1.6.3.1 Applications:

Cobalt ferrite nanoparticles possess a potential for possible future biomedical applications [83, 85]
biosensing and Nanomedicine [86-88], spanning from cell separation, purification and contrast
agents for magnetic resonance imaging [89] high-density magnetic devices [86, 90] Li+-batteries

[91, 92], to drug delivery [93], biosensors [94], and magnetic fluid hyperthermia [95, 96].

Fe _atoms
octahedral sites

Co-atoms
tetrahedral sites

|
H
I
3
i
!

CoFe 0,4 spinel The red cubes are also contained 1n the
back half of the unit cell

Figure 1.6: crystal structure of cobalt ferrite
1.7 Aims and objective:

The main objectives of this work are;

» To form stable and uniform sized mesoporous silica nanostructure by hydrothermal method and
by using greener route

e Study on the formation and synthesis of cobalt ferrite coated mesoporous silica nanostructure
(Co.Fe204@Si02)

¢ Study the effect of coating of cobalt ferrite on mesoporous silica nanostructure

e Surface characterization of (Co.Fe;04@SiO2) cobalt ferrite coated mesoporous silica
nanostructure (Co.Fe;O4@Si0;)

e Study applications of cobalt ferrite coated mesoporous silica nanostructure in drug delivery
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Chapter No. 2

Synthesis Techniques

Introduction:
This chapter will describe the method adopted for chemical synthesis of cobalt ferrite coated on
mesoporous silica nanostructure. Furthermore, different parameters have been examined to obtain

high-quality nanoparticle with even distribution.
2.1 Synthesis of nanoparticles:

There are different techniques for the synthesis of nanoparticles, which are mostly grouped as top-
down approach and bottom-up approach. In bottom-up approach, the single atoms get closer to
each other to form large molecules. These approaches contain the contraction of materials
components (up to atomic level) with further self-assembly progression leading to the formation.
Top-down approach contains the decrease of bulk material of nanoparticle [97] as shown in figure

2.1.

Aswembiv frromn
Atomsy DM obecules

BOTTOM-UP

Figure 2.1: Schematic of synthesis of nanoparticles [97]

Chemical vapour deposition, sol-gel and DNA nanotechnology are a few examples of bottom-up

approach while photolithography, Nanosphere lithography, and ball milling are a few good
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examples of top-down approach [98]. Each approach is having its advantages and disadvantages.
For example, in top-down approach by nature, aren’t cheap and quick to manufacture - Slow and
not suitable for large-scale production. Whereas in bottom-up start with atoms or molecules and
build up to nanostructures. Fabrication is much less expensive when dimensions of nanostructure
fall below nanometer scale then the bottom up is a better approaches compare to top-down
approach because bottom-up approach enables one the yield nanostructure with less defect and
more homogeneity. On the contrary, the top-down approach methods mostly create surface defects

and contamination [99].

2.2 Synthesis of cobalt ferrite Nano particles:

In directive to obtain materials with the favored physical and chemical properties there are many
techniques to synthesized the nanoparticles. The synthesis of cobalt ferrite nanoparticles through
different method has become an essential area of research and development [100]. Various methods
of synthesizing spinel cobalt ferrite nanoparticles have been described, such as

e Ball Milling [101]

e Ceramic Method by firing [101]

e Co-Precipitation [101-103]

e Reverse Micelles [104]

e Hydrothermal Method [105, 106]

e Polymeric Precursor {107]

e Sol-gel [108]

e Micro Emulsions [109]

e Laser Ablation [110]

e Polyol Method [111]

e Sonochemical Approaches [112]

e Aerosol Method [113]

In this thesis, CoFe2Os (cobalt ferrite) have been synthesized by “greener route”

Page | 15



SYNTHESIS TECHNIQUES

2.2.1 Synthesis of cobalt ferrite Nano particles through greener route:

2.2.1.1 Plant used for the synthesis of cobalt ferrite Nano particles:

This biosynthetic method is modest and arranges for high-yield Nano-sized materials having well
crystalline configuration and suitable properties. However, the high calcination temperature is
necessary to renovate the precursor to form crystalline materials. Aloe Vera (Aloe barbadensis
Mill) is a perennial succulent fit into the Liliaceal family, and it is a cactus-like plant that cultivates

in hot, dry type of weather [114].

Figure 2.2: Aloe Vera Plant
For several years, aloe Vera has been testified to possess immunomodulatory, anti-inflammatory,

UV protective, antiprotozoal, and wound- and burn-healing indorsing properties [115,118].
2.2.1.2 Preparation of plant extract:

The solution of Aloe Vera plant extract was prepared by using 5 g slice of carefully washed Aloe
Vera leaves. We cut Aloe Vera leaves magnificently and got Aloe Vera gel. The obtained gel was
dissolved in 10 ml of de-ionized water then stirred for 30 min to attain a clear solution. The
resulting product was used as an Aloe Vera plant extracted solution. The whole process of

preparation of aloe Vera plant extract solution is shown in figure 2.3.
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2.2.1.3 Chemicals:

These chemicals are used in the preparation of cobalt ferrite nanoparticles. Table 2.1. Chemical

SYNTHESIS TECHNIQUES

used in preparation of cobalt ferrite nanoparticles.

Chemicals Chemical formula Chemical Structure
Coz+ O
Cobalt nitrates Co(NO3) - F‘:l+
3)2 Q -Of ~ O_
+
o“;-' = O'
-O-.., N+ O
|
Ferric nitrate Fe(NO3); O
. . Fe" . -
O, ,+0 Q.,+0
1 |
@ O
H O—-H
Ethanol C>HgO H -
Ne—c
/ "H
H H
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Deionized water

H-.O

H

O

L

H

2.2.1.4 Process for the preparation of cobalt ferrite Nano particles:

By using Co-Precipitation method, we synthesis cobalt ferrite. At room temperature Ferric nitrate

and cobalt nitrate is dissolve in Aloe Vera plant extract solution under vigorous stirring for 1h. As

a result of stirring a clear solution was gotten. Then precursor mixture of metal nitrates in Aloe

Vera extracted solution was retained in domestic oven for 10 min. when solution reached at the

point of spontaneous combustion it vaporizes and rapidly become solid. After completion of the

reaction obtained solid powder was washed and dried.
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ﬁ'nely cut

dissloved in distill water and
for 30 min

Aleovera Plant
Extract solution

Figure 2.3: Schematic Diagram of preparation of plant extract solution

washed Aleovers leaves
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2.3 Synthesis of mesoporous silica Nano particles:
The properties of nanoparticles are highly size-dependent so the synthesis of nanoparticles with

desire size is of great importance. The different route has been developed for the synthesis of
mesoporous silica nanoparticles. Some of these are dry methods (solid state method) and some are
wet methods (chemical method). In the dry method, the primary products are mixed directly and
then heats. In the wet chemical method, the primary solutions of the salt are mixed together and
then dried at a certain temperature.

The wet methods of preparation of mesoporous silica are as follows:

¢ Chemical Co-Precipitation [119]

¢ Vapor-Phase Synthesis [120]

¢ Hydrolysis [121-123]

e Microemulsion method [124]

e Thermal treatment method [125]

¢ Sol-gel method [126, 127]

In this thesis, mesoporous silica nanoparticles have been synthesis by chemical hydrothermal
method and greener route.

2.3.1 Chemicals:

These chemicals are used in the preparation of mesoporous silica Nanoparticles through chemical

route as shown in Table 2.2.

Chemicals Chemical formula Chemical Structure

Pluronic P-123 HO(CH2CH>0)20(CH-CH i CH
i Ly
(CH3)0O)70(CH2CH20)20H % .

|

.
A
Ek
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H3C CH3
Cetrimonium I
bromide CTAB CioH4BrN Br (CH2)1 5 —N+— CI—I3
CH,
H3C
Tetraethyl SiCsH2004 C)
orthosilicate TEOS /\gi/o \/C Hs
H,c” O v
CH3
H 0—H
He ™
Ethanol CyHeO \
C—0~C
‘H
H H
Deionized Water H>O /LI\

2.3.2 Preparation of mesporous silica Nano particles:

A solution made by mixing of 60 ml of 2M HCI, 30 ml H2O, and 25 ml ethanol. Then add 3 g of
triblock copolymer P123 and 0.5 g of CTAB dissolve. Under magnetic stirring, 10 ml of TEOS
was added to the aqueous solution at room temperature. After 30 min of stirring, the solution was

transferred into a Teflon-lined steel Parr autoclave and heated at 80°C for 5 h, and then retained at
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a higher temperature (120 or 130°C) for 12 h. The white precipitate was collected and dried at
90°C for 24 h. For the removal of templates, the sample was calcined at 550°C for 5h.

2.3.3 Process for the coating of cobalt ferrite on mesoporous silica Nano

particles:
First, 1.5 g of silica (through chemical route) was dissolved in 10 ml of ethanol. In another beaker,

0.5 g of cobalt ferrite was dissolved in 10 ml of ethanol. When both samples were dissolved in
ethanol then put these beakers in the sonication bath for sonication. After 30 min, samples
completely dispersed in ethanol. We mixed both suspensions and stirred for 1 h. then the powder

is collected by centrifugation and dried at 90°C.

2.4 Synthesis of mesoporous silica Greener route:

2.4.1 Plant used for synthesis of mesoporous silica Nano particles by greener

route:
Azadirachta indica- Neem plant is the most extensively obtainable and fast growing plant. It is

most usually used the old-fashioned pharmaceutical plant. Significant development has been made
in estimating the biological activity of phytochemicals for medicinal applications. The
phytochemicals present in Neem plant efficiently act as plummeting and capping agent. In the
modern era, Neem is reflected as an appreciated source of exclusive natural products for

improvement of medicines against numerous diseases [16,128,129].

Figure 2.4: Neem leaves
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2.4.2 Preparation of plant extract:
Firstly the Neem leaves were washed with tap water so that to remove all the dust. For further

removal impurities, the leaves were washed with distilled water. After washing the leaves were air

dried. By using mortar and pestle air dried leaves were crushed and grinded. The crushed and

grounded pastes of leaves were boiled in 200 ml of distilled water for 10-15 minutes until bubbles

appear in the mixture. The filtration was completed in two steps. The leaves paste was filtered

using filter paper. The filtrate then obtained was the required plant extract of Neem plant.

2.4.3 Chemicals:

These chemical are used in the preparation of mesoporous silica through greener route are in Table

2.3.
Chemicals Chemical formula Chemical Structure
H3C CH3
Cetrimonium Ci9H42BrN Br (CH,),s —_N— CH,4
bromide CTAB
CH;
H3>
: Y P~ CHs
Tetraethyl SiCsH2004 Hc— 0 /S:\O
orthosilicate TEOS <
CH,
H, O —-H
Hea ™
Ethanol C:H¢O Nc—c |
/ “H
H H
Deionized Water H>O /Ll\
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2.4.4 Preparation of mesoporous silica Nano particles through greener route:
For the green synthesis of mesoporous silica nanoparticles 1:1 amount of silica precursor TEOS

and Neem plant extract bit by bit mixed together with slight heating and stirring. The ethanol
CTAB solution (1:0.1) solution was added to the foregoing mixture. During the process, 50-60°C
temperature and magnetic stirring were given overnight. The next day supernatant was decanted
and the particles were dried in drying in the oven at 60°C temperature. The green synthesized NPs
were then washed with distilled water 4-5 continuous washings were given to the NPs. During the
washing process distilled water was added to the NPs and stirred using magnetic stirrer and then
allowed to settle. After 15-20 minutes the NPs got settled in the bottom and the supernatant was
decanted. After the washing, the NPs are dried in drying oven at 60°C temperature. The
mesoporous silica nanoparticles were calcined at 500°C for 5 hours. Calcination purifies and

removes volatile impurities from NPs.

2.4.5 Process for the coating of cobalt ferrite on mesoporous silica Nano

particles:
First, 1.5 g of silica (through chemical route) was dissolved in 10 ml of ethanol. In another beaker,

0.5 g of cobalt ferrite was dissolved in 10 ml of ethanol. When both samples were dissolved in
ethanol then put these beakers in sonicate bath for sonication. After 30 min, samples completely
dispersed in ethanol. We mixed both suspensions and stirred for 1 h. then the powder is collected

by centrifugation and dried at 90°C.
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Washing of
neem leaves

Crushing of neem
leaves

Grounded neem
Y eaves

The crushed leaves
are boiled and
filtered

Figure 2.5: Schematic Diagram of preparation of Neem plant extract solution

2.5 Applications:

In this work, we have used mesoporous silica as a Nanomedicine, because mesoporous silica
nanoparticles is honey-comb like structure with empty channels to encapsulate compounds. We
choose Ketoprofen as a model drug. Ketoprofen is used to dismiss pain from various
circumstances. It also diminishes pain, swelling, and joint stiffness from arthritis. This medication
is a nonsteroidal anti-inflammatory drug (NSAID). It works by blocking your body's production
of certain natural substances that cause irritation. This consequence helps in Reduction of swelling,

pain, or fever.
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2.5.1 Drug loading:
0.5 gm of Ketoprofen was dissolved in 10 ml of ethanol. In the drug solution, 0.5 gm of

mesoporous silica nanoparticles were added. Then the suspension for 2h while the evaporation of
ethanol is avoided. After stirring it was centrifuged and air dried to get drug loaded nanoparticles.
Filtrate (1.0 ml) was take out with vital and diluted to 100 ml and then was analyzed by UV/VIS
spectroscopy at a wavelength of 265nm.

2.5.2 Drug release:

The release pattern was perceived in PBS buffer (pH= 7.4). Drug loaded particles were diverse in
PBS and kept in 37° shaking bath for 30 minutes. After 30 minutes the particles were centrifuged
and optical density of particles is checked at 265 nm by using UV- Visible Spectrophotometer.
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Chapter No. 3

Characterization techniques

Introduction:
Every material has its own particular properties. Different techniques can be used to fathom the

properties of nanoparticles. Each technique gives some specific information; some are allied to
chemical and others may be associated with physical properties. Different tools of characterization
have been used to study structural and chemical properties of materials.

¢ X-Ray Diffraction

¢ Scanning electron microscopy

¢ Energy dispersive X-Ray spectroscopy

e Fourier transform infrared spectroscopy

3.1 X-ray Diffraction (XRD):

X-Ray Diffraction (XRD) is an effective and non-destructive technique that is used to study
structural parameters such as crystalline structures, crystal size and other crystallographic

information {130, 131].

3.1.1 Working principle of X-ray diffraction:

When x rays are incident on a set of equally spaced parallel planes of distance ‘d” apart then these
are reflected ray having to a path difference of 2dsinO, where 0 is angle between incident ray
diffracting plane of crystal as shown in figure 3.1 [132]. Diffraction peaks appear only if different
reflected rays are in phase and constructively interface. Otherwise no diffraction pattern can appear
[133]. If X is the wavelength of the incident beam then the path difference for constructive
interference is given by Bragg’s law as [134].

Path difference =n A=2 dnw sin O 3.1

Where n is an integer.
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Figure 3.1: Schematic diagram of diffraction by atomic planes of crystal [132]

Three different methods can be used on the basis of brag’s law to have diffraction from crystal
[131].

¢ Laue method

¢ Rotating crystal method

e Powder diffraction method

Mostly powder diffraction technique is used in this project. Therefore, only this technique will be
discussed in detail.

3.1.2 Powder diffraction method:

The sample in powder form is exposed to monochromatic x rays of known wavelength. The sample
in powder form consists of a number of crystallites having a number of random distributions of
orientation with respect to incident X-ray beams. Some particles will be oriented in a way. For
example, Bragg’s reflection will occur by their (1 1 1) planes. Other particles will be rightly

oriented for oriented for reflection by (1 0 0) planes and so on.
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As a result, each of the sets of lattices planes in the crystal is capable of satisfying Bragg’s angle
of reflection with the incident beam. In this method, no actual rotation of the crystal system occurs
but the distribution of the number of crystallites in every possible direction is equaling to single
rotted about all possible direction of 2 0131, 133].

3.1.3 Particle size:

The term particle size is used to refer crystals having size lesser than 1000 angstrom. The average

size of the particle is estimated by Scherrer formula from the broadening of diffraction peaks.

093
B cos6

3.2

Where t is a size of crystallite, A is the wavelength of incident radiation and beta is full width at
half of its maximum intensity (FWHM) shown in the figure 3.2. Beta is calculated in radians and

roughly it can be measured as:
B=5(20a-20b) 3.3

Broadening of peaks is mostly considered due to particle size effect. It is used to calculate the
particle size of loose powders instead of individual crystal size in a solid mass. The Width of

diffraction curve and particle size is inversely proportional to each other as shown in fig [131].
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Figure 3.2: Schematic diagram of effect of particle size on diffraction curve [135]
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3.2 Scanning electron microscopy:
Scanning electron microscopy (SEM) is most commonly used mapping technique [136]. In typical

SEM, the sample is scanned by a focused beam of accelerated electrons. These electrons are
produced by field emission or thermionic source. These electrons are accelerated with energy
500eV to 50KeV [137]. The interaction of electrons with the surface of samples produced a number
signal as shown in figure 3.3. These signals are

e Secondary electron (SE)

e Backscattered electrons (BSE)

¢ Transmitted electrons

e Reflection High-Energy electron diffraction (RHEED)

e X-Rays

e Auger electrons

e Cathodoluminescence (CL)

e Electron beam induced current (EBIC) [135]

Auger Electron Backscattered

Electron

Characteristic : Secondary
X-ray Electron

-

Specimen Absorption]
R Electron
v

Transmission

lectron

Figure 3.3: Schematic diagram of SEM principle [138, 139]
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SEM has different modes of operation based upon the type of signal. Secondary electron imaging
is most commonly used. Secondary electrons are emitted by the sample under inelastic scattering
of the incident electrons with nucleus or electrons of the atom respectively. The energy of
secondary electrons lies in the range of 0-50 eV. Information about surface chemistry, morphology
and topography can be obtained very easily at a spatial resolution of 1nm. Backscattered electron
(BSE) are highly energetic electron with energy 50 eV to the energy of incident beam [136,
138].The number of BSE varies as a function of atomic number (Z) of the sample material. The
BSE imaging is employed as Z- contrast imaging. These electrons suffer diffraction and come
from inside of material so these are used to study interior bulk crystallographic information. In X-
Ray mapping and the interaction of incident electromagnetic radiation with the specimen atoms
causes the ejection of inner shell electrons. As a result in order to get back to ground state, atoms
either emit characteristic X-Rays by the transition of high shell electrons to vacant inner shells or
by the emission of Auger electron. Both of these give quantitative as well as quantitatively
information about chemical composition of the specimen. This procedure is the basis of energy
dispersive X-Ray (EDX) spectroscopy or X-Ray micro-analyzer [136, 138].

For the current research purpose, SEM provided with EDX setup is employed in secondary
electron imaging mode for morphological, microstructural as well as elemental analysis of

synthesized silica and cobalt ferrite samples.

3.3 Energy dispersive X-Ray spectroscopy:
Energy dispersive X-Ray (EDX) spectroscopy is a fast and fast and non-destructive technique used

for the elemental or compositional analysis of every kind of sample having atomic number 4 (Be)
to 92(U) . This technique gives both qualitative and quantitative analysis of the material. The
working principle of this technique is shown in fig 3.4.

The atoms of the material are exposed to X-Ray of short wavelength as an excitation and ionization
of atoms occur. These incidents X-Ray photons knock out the tightly bound electrons of inner
shells. In order to fill the vacancies, the electrons from outer shells move to inner shell by releasing

energy in the form of photons. This energy is equal to the difference between two shells.
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Figure 3.4: Schematic of EDX spectroscopy principle [140]

The energy emitted by a transition of electrons is smaller than the energy of primary X-Rays. Every
element of the periodic table has its own electronic configuration so the energy of emitted X-Rays
is the characteristic of each atom. The emitted X-Rays can be detected and converted into intensity
versus energy spectrum. The position of peaks in the in the spectrum shows the elements present
in it. The height of the peak gives the amount of the elements present in the sample.

In the current research work EDX spectrometer provided with SEM is used for the compositional

analysis of silica coated cobalt ferrite nanostructure sample.

3.4 Fourier transform infra-red spectroscopy:
The crystal is made up of atoms or ions which are bonded to each other by chemical bonds. These

atoms or ions can be put into vibration regarding one another above absolute temperature. The
frequencies of these vibrations are dependent upon atomic weight and bond strength of the atoms.
These vibrations occur at very high frequencies lying in infra-red part of electromagnetic spectrum.
When material are exposed to electromagnetic radiation, the exchange energy occurs by resonance
process. The absorption of energy occurs only in a discrete manner. As a response to energy

absorption, the molecule gets shifted to the excited state of their vibrations. Molecules possess two
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types of vibrations which are stretching and bending. The absorption of energy can be expressed
in the form of radiation spectra which is plotted between wave number and absorption or
transmittance intensity. Due to the combination of vibrational and rotational motion, the energy
bands are observed instead of discrete energy lines.
FTIR is an advanced analytical type of technique which is accurate, speedy and non-destructive.
The interaction of sample and infrared radiation occurs in the form of absorption, reflectance or
transmission of Irradiation [141]. Since every bond has its own characteristics set of vibration
frequencies in IR region. The recorded spectra of molecular absorption or transmission give the
fingerprint of each component of material [141]. FTIR spectroscopy is not only used to detect
organic but also the inorganic unknown material of any form such as liquid, solid and gasses.
Moreover, this technique can also use to find the quality of the sample by giving a quantitative
analysis of every component present in the sample [142].
Consider “I,”and“I” be the intensity of incident radiation and the light beam after it has interacted
with the sample material, respectively. The fundamental objective of FTIR technique is to find
intensity ratio I/I, versus frequency plot. The IR spectrum can be obtained in any of transmittance,
reflectance and absorbance modes.
In case of reflectance,

Ro= (Vo) 3.10
Where “Ro” is the reflectance of the sample at the frequency © and [; is the intensity of reflected
light. In the case of transmittance, the ratio is equated as Tw with I: being replaced with I; (intensity
of transmitted light).
In the case of absorbance,

Ao=-log To 3.11
Where Ao is the part of light absorbed in the sample above expression is known as Beer -Lambert
Law.
3.5 Absorption spectroscopy by UV spectrophotometer:
Visible or ultra-violet light is immersed by molecules such that beam is reduced as well as absorbed
quickly. Hence, absorbance is found to the proportional to amount of reduction.
Radiation is absorbed for that specific value of frequency for which the difference in energies

among two quantum mechanical states of molecules matches with each other. According to Beer’s
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law, absorbance increase with an increase with an increase in path length and amount of species
that absorb light.

Mathematically,

A=ebc 3.12

Here A stands for absorbance, b denotes path length, c is the intensity of absorbing molecules and
e is proportionality constant, known as absorptivity. Visible light has an extensive range of
wavelengths, molecules react to these wavelengths quite inversely. A molecule can have many
structural groups in itself and these structural groups stimulate different absorption bands in the
spectra [143].

Whenever a beam of light is absorbed by a molecule, electrons in the outermost shell of the atoms
are excited to higher energy states. Whether the light is visible or ultraviolet, electrons absorb
energy and move from ground to excited states. Atoms move in the molecules with respect to each
other atoms, they do not remain stationary. Their movement may be in the form of vibration or
rotation. Discrete energy states are induced due to such vibration or rotation, these energy states

lie above each other [144].

I

. E Y
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electronic levels electronic level

Figure 3.5: Discrete energy levels corresponding to radiations and vibrations [145]
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There are three types of electron shells in which valence electrons reside:
1. Orbital with single bond called ¢ bonding orbital.

2. Orbital in double or triple bonding state i.e. as tbonding orbital.

3. Orbital having lone pair of electrons i.e. not —bonding orbital.

Figure 3.6: electron transition in ultraviolet/visible spectroscopy

In a typical spectrophotometer, a square shaped sample holder carries a sample from which an
electromagnetic radiation passes. This sample holder is typically 1cm wide sample is subjected to
electromagnetic radiation for 30 seconds. These electromagnetic waves belong to the whole
ultraviolet range of the spectrum. A reference cell which contains a solvent is simultaneously
subject to the radiation of the same intensity and frequency. Radiation that is transmitted from

both, the sample and the reference cell are detected by the photocell.
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Then spectrometer makes a comparison between intensities of radiations passing through both
objects. The absorption spectrum is finally compiled by the computerized system. Modern

spectrometers can simultaneously monitor the radiation chart. [144]

rotafing disc

Figure 3.7: Working of UV/Visible Spectrophotometer
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Chapter No.4

Results and Discussion

Structural investigation:

4.1 X-ray diffraction studies:
4.1.1 XRD analysis of Cobalt ferrite Nano particles prepared from greener

route:
The X-Ray powder diffraction (XRD) Pattern below also endorsed the growth of cobalt ferrite. The
peak in the diffractogram was same as the predictable samples peaks for cobalt ferrite which known in
the JCPDS database and related literature [146]. The XRD pattern clearly shows that the prepared
sample of cobalt ferrite nanoparticle was absolutely of the cubic spinel structure. A close inspection of
XRD patterns discloses that the diffraction peaks are sharp, which is the indication of Nano
crystallinity.
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Figure 4.1:XRD pattern of cobalt ferrite [146]
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4.1.2 XRD analysis of Mesoporous silica nanoparticles prepared from greener
route:

The X-Ray powder diffraction (XRD) Configuration below sanctioned the formation of
mesoporous silica. The XRD results shows the nature of silica is amorphous and a characteristic

wide halo peak at 20=20° [147, 148]
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Figure 4.2: XRD pattern of mesoporous silica from greener route
In figure 4.3 shows the XRD result of mesoporous silica nanoparticle from the hydrothermal route.
This shows that it has a wide-angle X-ray diffraction pattern of the mesoporous silica nanoparticle
which has a characteristic peak of amorphous mesoporous silica at 26=23.3%. Yang et al [149]
synthesized silica nanoparticles indicated a characteristic peak at 26=23°. Zhang et al. [150] also
noted one widened XRD peak for amorphous silica centered at a 20 value that is close to our
measurement. Chen et al [151] approved that x-ray diffraction result of mesoporous silica were
amorphous silicon dioxide having 20 fluctuating from 15° to 30°. Sausa et al [152] noticed that the
x-ray diffraction results of mesoporous silica Nanoparticles and concluded that there is no
reflection at higher angles for mesoporous silica nanoparticles. This indicates that mesoporous

silica nanoparticles are not crystalline at the atomic level.
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Figure 4.3: XRD pattern of mesoporous silica nanoparticles through hydrothermal method
By comparing the results of mesoporous silica nanoparticles prepared greener route (figure 4.2)
and from the hydrothermal method (figure 4.3) is almost identical. The results reveal that the plant
which has chemical reducing agent can also be synthesized amorphous silica Nanoparticles.
4.1.3 XRD analysis of Cobalt Ferrite coated on mesoporous silica:
The XRD pattern for cobalt ferrite coated Silica nanoparticles is shown in Figure 4.4. The
prominent peaks existent in this figure is those of cobalt ferrite as talk about above. The wide peak
at low angles may specify the occurrence of the amorphous Silica. By comparing the result with
the JCPDS database for silica and cobalt ferrite shows that the peak at angle 26=35° and 20 =~ 37°
have a touch of cobalt ferrite. Both of these peaks are vastly concealed by the cobalt ferrite peaks.

The result got by Hu et al. [153] and David et al. [146] are close to our measurement.

intensity (a.u)

T T
40 50

Angle (Degree)

Figure 4.4: XRD pattern of cobalt ferrite coated on mesoporous silica nanoparticles
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4.2 Morphological investigation:

4.2.1 Scanning Electron Microscopy (SEM):
4.2.1.1 SEM analysis of Cobalt ferrite Nano particles prepared from greener

route:
The SEM images of pure CoFe2Osis shown in figure 4.5. This shows that it has agglomeration

between the particles, which are relates to the magnetization of ferrites.
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Figure 4.5: SEM images of Cobalt ferrite Nano particles at different resolutions
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4.2.1.2 SEM analysis of Mesoporous silica nanoparticles:

Figure 4.6 shows the SEM images of the green synthesized silica nanoparticles. The figures display
that the morphology of synthesized nanoparticles of mesoporous silica is spherical. These
nanoparticles are 200 nm in size. The SEM images showed that the spherical nanoparticles formed
are randomly distributed and agglomerated. Chitra and Annadurai [147] also synthesized spherical
randomly distributed agglomerated silica nanoparticles having a size range of 151 — 165 nm by
treating with chemical method [154]. The images are revealing that we can use a non-toxic green
chemistry procedure for the formation of mesoporous silica nanoparticles deprived of any
chemical as a reducing agent. The eco — friendly Neem plant extract represented as the same way
a chemical reducing agent represents. In this experimental procedure, we used the phytochemicals
that are present in Neem plant extract it powerfully reduced the silica precursor into relevant

nanoparticles.

SEM MAG" 25 0 kx WD" 7.16 mm 1 . MIRA3 TESCA*

SEMHV: 5.0kV Det* mBeamn 2 ym
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SEM MAG: 25.0 kx WD: 7.1 mm . MIRA3 TESCAP
SEM HV: 5.0 kV Det: InBeam

Figure 4.6: SEM image of mesoporous silica through Greener Route at different resolutions
Figure 4.7 shows the SEM result of mesoporous silica nanoparticles prepared by the hydrothermal
method. The SEM images show the morphology of nanoparticles is Nanospheres with diameter of
4.5 pm. The average particle diameter is around 87 nm that is suitable for the drug delivery

applications. Yan-Tao Shi at .el [155] also synthesized mesoporous silica Nanospheres.
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Figure 4.7: SEM image of mesoporous silica through hydrothermal Route at different resolutions
4.2.1.3 SEM analysis of Cobalt Ferrite coated on mesoporous silica:
The SEM images of Cobalt ferrite coated on mesoporous silica nanoparticles are shown in
Figure 4.8 and 4.9 particularly show narrow grain size distribution and present mainly
sphericity. It can be obviously seen that a cobalt ferrite is enwrapped on the silica surface
forming a core-shell structure of Nanocomposites. Figure 4.8 shows the cobalt ferrite coated

on mesoporous silica that is synthesized through greener route.

Figure 4.8: SEM images of coblat ferrite coated on mesoporous silica (Greener route) at different
resolution
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Figure 4.9 shows that cobalt ferrite is coated on mesoporous silica nanosphere, which is synthesized by

hydrothermal method with average diameter 8.3 pm.It is clearly seen that due to coating of cobalt ferrite

the particle size is increased.

Figure 4.9: SEM images of cobalt ferrite coated on mesoporous silica (hydrothermal route) at different

resolutions
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4.3 Chemical investigation:
4.3.1 Energy Dispersive X-Ray analysis (EDX):
4.3.1.1 EDX analysis of Cobalt ferrite Nano particles prepared from greener

route:

The EDX spectrum of cobalt ferrite is shown in figure 4.10. This spectrum shows the peaks of

cobalt, iron and oxygen. This confirms the formation of cobalt ferrite.
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Figure 4.10: EDX spectra of cobalt ferrite

The quantity of cobalt, iron and oxygen in our sample is shown in Table 4.1

Elements Weight % Atomic %
OK 38.89 69.04
Fe K 56.37 28.67
CoK 4.74 2.29
Total 100.00

4.3.1.2 EDX analysis of Mesoporous silica nanoparticles prepared from

greener route:
Figure 4.11 indicates the EDX spectrum of silica nanoparticles that are synthesized through
greener route. The EDX results sanction the occurrence of element silica. The EDX spectrum also
shows the existence of oxygen. The green synthesized silica nanoparticles display optical
absorption band peak at 1.8 keV. Chitra and Annadurai [147] also described the silica peak at 1.8

keV and occurrence of carbon and oxygen in the EDX spectrum {154]. There is not much
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difference in results for particles synthesized with greener route and through hydrothermal

method.

g 10 12
Energy (KeV)

Figure 4.11: EDX spectra of mesoporous silica from greener route
The Chemical composition analysis of silica prepared from greener route. The quantity of silicon

and oxygen in our sample is shown in Table 4.2.

Elements Weight % Atomic %
OK 36.37 67.04
Si K 63.37 23.67
Total 100.00

4.3.1.3 EDX analysis of Mesoporous silica nanoparticles prepared from

Hydrothermal Method:

The EDX spectrum of silica that is prepared from hydrothermal route is shown in figure 4.12. This

spectrum shows the peaks of silicon and oxygen. This confirms the formation of silica.
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Figure 4.12: EDX spectra of mesoporous silica through hydrothermal method
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The chemical composition analysis of silica through hydrothermal method is shown in table 4.3. The

quantity of silicon and oxygen in our sample are:

Elements Weight % Atomic %
0K 57.02 69.96
SiK 42.98 30.04

Total 100.00

4.3.1.4 EDX analysis of Cobalt Ferrite coated on mesoporous silica:

The EDX spectrum of silica is shown in figure 4.13. This spectrum shows the peaks of silicon,

oxygen and iron. This shows the elemental composition of cobalt ferrite.
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Figure 4.13: EDX spectra of cobalt ferrite coated on mesporous silica

The chemical composition analysis of cobalt ferrite coated on mesporous silica is shown in table 4.4

The quantity of silicon, oxygen and iron in our sample are:

Elements Weight % Atomic %
OK 62.13 72.24
Fe K 217 0.75
SiK 34.13 23.54

Total 100.00
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4.4 Optical studies:
4.4.1 UV-Visible absorption spectroscopy:
4.4.1.1 UV-Visible analysis of Cobalt ferrite Nano particles prepared from

greener route:
The spectrum of UV-Visible spectroscopy of cobalt ferrite is shown in figure 4.14.1t shows

Maximum absorbance peak is at 260 nm and have Band gap 3.3 eV.
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Figure 4.14: UV-Visible analysis of Cobalt ferrite Nano particles prepared from greener route
4.4.1.2 UV-Visible analysis of Mesoporous silica nanoparticles:

The spectrum of UV-Visible spectroscopy of mesoporous silica prepare from greener route is

shown in figure 4.13. It shows Maximum absorbance peak is at 260 nm and have Band gap 4.1

eV.
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Figure 4.15: UV-Visible analysis of Mesoporous silica nanoparticles prepared from greener route
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The spectrum of UV-Visible spectroscopy of mesoporous silica nanoparticles prepared from

hydrothermal method is shown in figure 4.16. It shows Maximum absorbance peak is at 270 nm

and have Band gap 3.4 eV.
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Figure 4.16: UV-Visible spectrum of Mesoporous silica nanoparticles prepared from Hydrothermal
Method

4.4.1.3 UV-Visible analysis of Cobalt Ferrite coated on mesoporous silica:

The spectrum of UV-Visible spectroscopy of cobalt ferrite coated on mesoporous silica

nanoparticles is shown in figure 4.15. It shows Maximum absorbance peak is at 250 nm and have

Band gap 4.1 eV.
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Figure 4.17: UV-Visible analysis of Cobalt Ferrite coated on mesoporous silica
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4.5 Drug loaded pattren:

4.5.1 Fouier transform infra-red spectroscopy(FTIR):

4.5.1.1 FTIR analysis of Cobalt ferrite Nano particles prepared from greener
route:

The FTIR spectra were noted on FTIR spectrophotometer using the KBr pellet method. FTIR
spectra of cobalt ferrite is represented in figure 4.18(a). From the FTIR spectra it is seen that there
are absorbance peaks at lower frequency at about 700 to 510 cm’ .it can be attributed to the
stretching vibration of the Metal-oxygen (M-O) in tetrahedral and octahedral sites respectively.
This can be endorsed to the high degree of crystalline feature of cobalt ferrite nanostructures. The
small bands 1620 and 1390 cm™ are assigned to the asymmetric symmetric stretching of COO
groups.
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Figure 4.17: FTIR spectra of cobalt ferrite nanoparticles (a) cobalt ferrite nanoparticles (b) cobalt

ferrite nanoparticles loaded with Ketoprofen

In figure 4.17 (b) there is drug loaded peaks of cobalt ferrite nanostructures. In this spectra of
Ketoprofen loaded cobalt ferrite shows weak peak at 2983-2970 cm™ due to the occurrence of an

Aromatic C-H stretch carboxylic acid O-H stretch where as at 1450- 1560 cm™ due to the existence
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of C=0 stretch, at 1590 cm™ Aromatic C=C stretch, at 1437 cm™ due to incidence of CH-CH 3
deformation, at 2892 cm™! due to the presence of C-H stretch plus O-H deformation, and at 860-

640 cm™ due to existence of C-H out of plane deformation for substituted aromatic.

4.5.1.2 FTIR analysis of Mesoporous silica nanoparticles:

The FTIR spectra of mesoporous silica Nano spheres prepared by chemical route is represented
in figure 4.18. in figure 4.18 (a) the absorbance band at 800 cm-1is due to Si-O bond .the
strongest IR absorption band is at 1550 cm-1 shows the presence of Si-O-Si bonding whereas

absorption band at 990 cm™ and 1100 cm™ also shows Si-O-Si bonding. The absorption band at
1750 cm™! is due to presence of OH group.
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Figure 4.18: FTIR spectra of mesoporous silica nanoparticles (hydrothermal route) (a) mesoporous

silica nanoparticles (b) mesoporous silica nanoparticles loaded with Ketoprofen

In figure 4.18 (b) IR peaks of silica loaded with Ketoprofen is shown. In this spectra of Ketoprofen
loaded mesoporous silica (chemical) shows peak of C=0 stretch at 1350- 1560 cm’!, Aromatic
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C=C stretch at 1690 cm™', and a peak at 860 cm™ due to existence of C-H out of plane deformation
for substituted aromatic.

The FTIR spectra of mesoporous silica Nano spheres prepared by greener route is represented in
figure 4.19. in figure 4.19 (a) the absorbance band at 750 cm’ is due to Si-O bond .The IR
absorption band is at 1470 cm™ shows the presence of Si-O-Si bonding whereas absorption band
at 1050 cm™' also shows Si-O-Si bonding. The absorption band at 1750 and 2300 cm™' is due to
presence of OH group.
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Figure 4.19: FTIR spectra of mesoporous silica nanoparticles (greener route) (a) mesoporous silica

nanoparticles (b) mesoporous silica nanoparticles loaded with Ketoprofen

In figure 4.19 (b) IR peaks of mesoporous silica (greener route) loaded with Ketoprofen is shown.
In this spectra of Ketoprofen loaded mesoporous silica (chemical) shows peak of C=O stretch at
1450- 1530 cm™!, Aromatic C=C stretch at 1730 cm™, at 1420 cm™ due to incidence of CH-CH 3
deformation and a peak at 860-650 cm™ due to existence of C-H out of plane deformation for

substituted aromatic.

4.5.1.3 FTIR analysis of Cobalt Ferrite coated on mesoporous silica:
The FTIR spectra were noted on FTIR spectrophotometer using the KBr pellet method. FTIR

spectra of cobalt ferrite coated on mesoporous silica is represented in figure 4.20 (a). From the
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FTIR spectra it is seen that there are absorbance peaks at about 700 to 510 cm™.is of cobalt
ferrite. The silica peaks can be seen at 800, 1100, 1750 and 2300 cm™.

CoFe 0 ,@SiO,
—CoFe 0 @SiO_loaded
with ketoprofen

Lt

ad

s b
”VVUL !
.

.
!

Y

I

©
o
=
S
=
&
w
8
[

Iy 4 m

T v T v T
2500 2000 1500

Wavenumber(cm ')

Figure 4.20: FTIR spectra of Cobalt Ferrite coated on mesoporous silica nanoparticles (a) Cobalt
Ferrite coated on mesoporous silica nanoparticles (b) Cobalt Ferrite coated on mesoporous silica

nanoparticles loaded with Ketoprofen

In figure 4.20 (b) IR peaks of cobalt ferrite coated on mesoporous silica loaded with Ketoprofen
is shown. The peak of C=0 stretch at 1450- 1530 cm™', Aromatic C=C stretch at 1730 cm™, at
1420 cm™! due to incidence of CH-CH 3 deformation and a peak at 860-720 cm™ due to existence

of C-H out of plane deformation for substituted aromatic.
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4.6 Drug release pattren:

Figure 4.21 shows the drug Ketoprofen releasing pattern from cobalt ferrite, mesporous silica and
their composites. The release was checked in PBS buffer with pH value 7.4 at 37°.the pH value of
7.4 mimic the physiological pH of blood.
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Figure 4.21: Drug ketoprofen releasing pattren
The drug release pattern shows a continues release till 60 min with a maximum of 20% absorbed

drug released from the cobalt ferrite coated on mesoporous silica nanoparticles that is prepared by
greener route and 11.5% maximum release from cobalt coated on mesoporous silica particles that
is prepared from hydrothermal route in 60 min. At time 60 min the maximum release of absorbed
drugis 10.5 % from cobalt ferrite, 7.5% from mesoporous silica that is prepared from greener route
and 7% from mesoporous silica prepared from hydrothermal route. These results shows that green
synthesized silica nanoparticles and its nanocomposite potentially work as vehicle for drug

delivery applications with benefit of biocompatibility and non —toxic protective surface.
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Conclusions

The different route has been adopted for the synthesis of pure-silica, cobalt ferrite, and their
Nanocomposites. Then the samples were compared by using different characterization tools like
XRD, SEM, EDX, FTIR and UV-Visible spectroscopy. Due to the coating of cobalt ferrite, it
increases the magnetic nature of silica. XRD shows that mesoporous silica is amorphous substance.
SEM results indicate the formation of mesoporous silica Nanospheres. By comparing SEM results
of hydrothermal route and greener route it is found that through greener route we obtained
Nanospheres whereas from the hydrothermal route we got microspheres. EDX analysis confirms
the formation of silica and cobalt ferrite. It was found that both results are comparable but green
synthesis provides us an eco-friendly way for the synthesis of nanomaterials. The use of plant
extract for the synthesis of nanomaterials is also economical. FTIR spectra show the successful
loading of Ketoprofen on silica and cobalt ferrite and their nanocomposites. From the drug release
pattern, we concluded that nanocomposite that is prepared from greener route gives good results
as compared to nanocomposite that is prepared from the hydrothermal method. It is determined
that it shows good results in drug delivery applications. Magnetic Nanoparticles may soon play a

significant role in meeting the healthcare needs of tomorrow.
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