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ABSTRACT

In the present work, the zinc oxide nanoparticles are synthesized by chemical
precipitation method. The first chapter gives a brief outline about nanotechnology. The
second chapter deals with characterization techniques of nanoparticles. The third chapter
contain the introduction about synthesized sample, zinc oxide. The methodology, results
and discussions are in the fourth chapter. Zinc oxide nanoparticles (ZnO-NPs) are one of
the metal oxide nanomaterials and a useful and versatile(flexible) inorganic substance
because of its distinct physical and chemical properties. Strong chemical stability, a
widening radiation absorption spectrum, a strong electrochemical coupling coefficient,
and great photostability are all characteristics of zinc oxide nanoparticles. In our project
we use the chemical precipitation method in order to create zinc oxide nanoparticles. This
report presents a systematic study of ZnO and ZnO-Fe nanoparticles synthesised using
the chemical precipitation method and their characterizations using XRD, UV-Vis

spectroscopy, Photoluminescence and Sem.
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INTRODUCTION

Nanotechnology refers to the study, manipulation, and application of materials and
devices on an extremely small scale, typically ranging from 1 to 100 nanometres.
Nanotechnology and nanoscience are the name given to those branches of research and
engineering that use phenomena occurring at nanoscale dimensions in the creation
nanometre, characterisation, manufacturing and use of components, materials, gadgets,

devices and systems.

In 1974 Tokyo Science University Professor Norio Taniguchi invented the term
nanotechnology to describe precision machining of materials to within atomic-scale
dimensional tolerances. The father of nanotechnology is considered to be American
physicist Richard Feynman. In 1959, he introduced the concept, during his talk, “There’s
Plenty of Room at the Bottom.” Nanoscience and nanotechnology are the study and
application of extremely tiny things and can be used across all the other science fields,
such as chemistry, biology, physics, materials science, and engineering etc. Prof. C.N.R.
Rao is considered as the “Father of Indian Nanotechnology.” Nanoscience is a study of
the fundamental principle of molecules and structures with at least one dimension roughly
between 1 and 100 nanometres. “Nano” refers to a scale of science in the matrix system
which denote one billion of base unit, i.e one nanometre is equal to 10 *-9 m. The particle
in size ranging from one to 100 nm are the building blocks of nanomaterials. Nano
materials are created from blocks of nanoparticles, and thus they can be defined as a set
of substance where at least one dimension is approximately less than 100 nm. Nano
carbons such as fullerenes, carbon nanotubes, and graphene are excellent examples of
nanomaterials. At the nanoscale, a particle’s size can affect characteristics like melting
point, fluorescence, electricity conductivity, flexibility, and chemical reactivity. Gold on
a scale demonstrate the special qualities that at the nanoscale. When particles size is
reduced to nanoscale dimensions, properties such as fluorescence, electrical conductivity,
melting point, chemical reactivity and the magnetic permeability will change. Solubility
is an important property of nanomaterials. These materials have higher surface to volume

ratio than bulk materials.
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1.1. CLASSIFICATIONS OF NANOMATERIAL

1) ZERO -DIMENSIONAL NANOMATERIALS

Materials having all the dimensions within the nanoscale, i.e no dimensions are
larger than 100 nm. zero dimensional materials means confinement is 3D and the degrees

of freedom is zero. Some examples are Fullerene, Dentrimers and Quantum dots.

2) ONE- DIMENSIONAL NANOMATERIALS

Materials having one dimension outside the nanoscale. It confinement is 2D,
degrees of freedom is 1. This material exhibit elongated and needle like shapes. Examples
are carbon nanotubes (single walled and multiwalled) nanohorns, inorganic nanotubes,
nano ribbons, nanowires etc.1-D nanomaterials have thin films or surface coatings and
are used in the circuitry of computer chips and for anti-reflective properties and hard

coatings on eyeglasses. These have been used in electronics, chemistry, and engineering.

3) TWO-DIMENSIONAL NANOMATERIALS

Materials having two dimensions outside the nanoscale. This means confinement is
3D and the degrees of freedom is 2. These materials exhibit flat, plate like shaped. 2D
nanomaterials are considered to be the thinnest nanomaterials. Due to their thickness and
dimensions on nanoscale. These nanoparticles have a multi layered structure with strong
in-plane bonding and weak van der Waals force intermediate layers. Some examples are
metal nanosheets, graphene-based materials, transition metal oxides. The lengthy,
permanent nanostructures of nanomaterials have thick membranes. These are utilized to
create nanopore filters, which are used for filtering and separating small particles.

Asbestos fibre is an example of 2D nanoparticles.
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4) THREE-DIMENSIONAL NANOMATERIALS

Three-dimensional nanomaterials, that are not confined to the nanoscale in any
dimensions. Above 100 nm these materials have three arbitrary dimensions. The bulk
(3D) nanomaterials are made from multiple arrangement of nanosized crystals in different

examples are nanoprisms and nanoflower.

5) HARD NANOPARTICLES

These nanoparticles give polymers access to their characteristics. The addition of
clay nanoparticles to polymer matrix strengthens and increases reinforcement in the
polymers. In order to make fashionable and useful apparel, hard nanoparticles have also

been incorporated into textile fibers.

6) SEMI SOLID OR SOFT NANOPARTICLES

A bunch of the semi-solid and soft nanoparticles that have been created liposomes
are of particular significance. Different forms of liposome nanoparticles are employed
clinically such as delivery methods for anticancer medications, antibiotics, antifungal

agents, and vaccines.

1.2. SIGNIFICANCE OF NANOMATERIAL

The basic properties of the nanometals are friction. Nanomaterials shows uniqueness
property for several reasons. One which is their smaller size. Nanomaterials are ten
thousand times smaller than the width of a human hair. Nanoparticle’s surface area to
volume ratio is very high. Distinct property of a nanomaterials is attributed to quantum

effects, larger surface area, and self- assembly. The properties of material become
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strongly dependent on the surface of the material which makes the uniqueness at
nanoscale. The Nanoscale gold describes the unique properties of that take place at the
nanoscale, depending on the size of the particle, it has appeared red or purple. Compared
to bulk materials, nanoscale materials have a higher surface area to volume ratio. When

the surface area per volume increases, materials can become more reactive.

A) QUANTUM CONFINEMENT EFFECT

Quantum confinement are the spatial confinement of electron hole pairs in one or more

dimensions within a material.
Quantum wells — 1 D confinement
Quantum wires -2D confinement
Quantum dots -3D confinement

When the diameter of a particle approaches the De- Broglie wavelength of electrons in
the conduction band the electron hole pairs spatially confined. Hence the energy
difference between bands is increased with particle size decreasing. Then the size of the
particle is too small to be comparable to the De - Broglie wavelength of the electron we
can observe quantum confinement effect. Quantum confinement effect is observed only
at dimensions below 2nm (metals do not have a band gap, so quantum size effects less
prevalent). Quantum confinement is more noticeable in semiconductors because they

have an energy gap in their electronic band structure.

1) Thermodynamic properties

Particle size is proportional to the melting point. They depend on the surface to
volume ratio of the materials. That is size decrease surface to volume ratio
increases melting point decreases. High bonding energy indicates high melting

that means high stability.
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2)

3)

4)

Electronic properties

The optical properties of nanostructures are determined by the electronic structure
of the materials. The electronic structure of the nanomaterials is very much
dependent on the surface atom, the size and shape of nanoparticle. The properties
like conductivity or resistivity are come under the category of electrical properties.
In the case of carbon nanotubes conductivity changes with change in area of cross
section. But, multiwalled carbon nanotube’s conductivity is different than that of

single nanotube of same dimensions.

Optical properties

The optical measurements are helping to understand the bad gap of the materials.
Band gap of the material which is inversely proportional to size of the particle.
Nano wires and nanorods are optically active. The optical properties are related to
electrical and electronic properties. The quantum confinement increases the
energy required for absorption if the crystalline size of the nano crystalline
material becomes comparable or smaller than the De Broglie Wavelength of the
charge carriers created by the absorbed light. They give the absorption or
photoluminescent spectra and their characterization is done using microscopic
technique. The spectra obtained is shift towards the shorter wavelength region
(blue).

Magnetic properties

Magnetization is observed to be decreasing with decreasing particle size. When
the particle size reduced the surface contribution will increase. Because of the
aberrations in interatomic spacing in the interfacial area, nanostructured materials
exhibit a drop in saturation magnetization and ferromagnetic temperature,
magnetic characteristic of nanomaterials are affected by grain size. Because of the
their some properties such as low coercivity, strong electrical receptivity, good
thermal stability. Nanocrystalline iron base alloys are employed for soft magnetic

applications.
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5) Mechanical properties

1.3.

It has applications in nanodevices like nano reactors, nanogenerators etc. The
mechanical property investigated are ductility, strain hardening, yield stress,
brittleness, strength, rigidity. Different material exhibited different mechanical
properties. Nano materials have excellent mechanical properties due to the surface
to volume ratio and quantum effects. When ordinary materials mixed with
nanoparticles, the grains become somewhat more refined. This results in the
formation of either an intragranular or intergranular structure, which strengthens
the grain boundary. The processing parameters, which include temperature
technique, treatment time, and dosage of nanoparticles, are the major indicators
of how the production process affect the mechanical properties of materials. The
microstructure of nanomaterials reflects the effects of grain size on their
mechanical characteristics. Nanoparticles have a strong surface activity and a
notecible size effect. They contribute to the material’s improved mechanical
characteristics, decreased porosity, increased relative density and small size of the

nanoparticles.

e SURFACE TO VOLUME RATIO

The characteristics of nanoparticles are significantly influenced by their surface
area to volume ratio. When comparing the same volume of the materials to
nanoparticles, the latter have a relatively larger surface area. Consider a sphere of
radius r, for instance: The sphere will have a surface area of 4pir2. The sphere has
a volume ratio will therefore be 4pir2/{4/3(pir3)}.

APPLICATIONS OF NANOTECNOLOGY

Nanotechnology alters the molecular structure of materials to craft smart objects.

Nanotechnology and its microscopic universe offer wide variety of possibilities for

contemporary science and industry. Nanoparticle, for example benefit from their much
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higher surface area to volume ratio. Their optical properties, such as fluorescence, change
as a function of particle diameter. Numerous industrial areas can benefit from the
application of nanotechnology and nanomaterials. Typically, they can be found in places
like:

1) Electronics Devices

When it comes to creating stronger, lighter, more conductive quantum nanowires
and smaller, faster, and more efficient microchips and devices, carbon nanotubes are
almost certain to take the place of silicon. Because of its characteristics, graphene is

ideal for use in the creation of flexible touch panels.

2) Energy

Solar panels that convert twice as much sunshine into power are technically
achievable. Additionally, nanotechnology reduces costs, creates lighter and stronger wind
turbines, increases fuel economy, and can save energy since some nanocomponents are

thermally insulated.

3) Medicine

Certain nanomaterials characteristics makes them perfect for enhancing cancer or
neurodegenerative disease early detection and treatment. They have the ability to
specially target cancer cells without harming healthy cells. Additionally, certain
nanoparticles have been added to pharmaceutical goods like sunscreen. The use of
silver nanoparticles for use in medical devices is a hot topic. Nano silver kills a broad
range of harmful microbes and has been shown to be effective against the Methicillin
-resistant Staphylococcus aureus superbug and the HIV virus. Nanomedicine is not
limited to simple single element nanoparticles such as silver. More complicated
nanoparticles can perform certain task such as homing in on cancer cells to destroy

them or drug delivery that can send drugs directly into cells.
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4) Food

In this area of study, nanocomposites to improve food production by enhancing
mechanical and thermal resistance and reducing oxygen transfer in packaged goods, or
nano biosensors to identify the presence of pathogen in food. Silver has long been
known as an effective antimicrobial agent and in its nanoform can now be easily
impregnated invisibly into almost any product to aid in the destruction of bacteria and
vires. This has important application in the food industry in terms of manufacturing,

preserving, and storage.

5) Cosmetics

The fascinating group of nanoparticles known as fullerenes Ceo, they form which
resemble small footballs of carbon atoms are being used in cosmetics in the form of
face creams to remove other unwanted particles such as free radicles which are
believed to cause damage to the body and skin. Sun creams are now available with
titanium dioxide nanoparticles. The micro- sized particles are used as sunblock but
are white in colour and are not used in sun creams that need to be invisible when
applied. Then the Titanium oxide nanoparticles provide identical UV protection
properties to the bulk material, but when particle size is reduced,the cosmetically

unattractive whitening disappears.

6) Textile

Textile industry is making increasing use of nanomaterials to make them
functional and smart. For example, nano silver is playing a lead role because of its
antimicrobial properties. The Clothes can also be treated with nano film make them
stain, water and static resistant. These films which are only a few atoms thick, could

be in contact with skin over prolonged periods.

21



7) Agriculture

By using nanotechnology in agriculture, food output can be increased while
maintaining or improving its safety, quality, and nutritional content. Utilizing
fertilizers, insecticides, herbicides and plant growth factors/regulators efficiently are
crucial methods for enhancing agricultural yields. Using nanocarriers allows for the
controlled release of plant growth regulators, herbicides, and insecticides. In order to
carry out pesticides in a controlled manner, improved release systems such as silica
and polymeric nanoparticles have also been created. These species can be carefully
delivered and released gradually by using Nanoscale carriers. These methods, which
increase agriculture yields without harming the soil or water, are refered to as
“precision farming”. The most significant benefit is that using nanoencapsulation can

reduce the herbicide dosage.

8) Environment

Some of its environmentally-friendly applications include heavy metal
nanofiltration systems, ion-based air purification, and waste water treatment using
nanobubbles. There are nano catalysts available to increase the efficiency and reduce

the pollution of chemical reaction.

9) Tissue engineering

Tissue engineering is the study of the growth of new tissues and organs, starting from
a base of cells and scaffolds. Because of their ability to generate crucial physical and
chemical properties their improve their performance and make them useful for a variety
of applications, nanoparticles are distinguished by their nanoscale dimension. These
materials are highly useful in many TE applications because of their surface conjugation
and conducting properties for gold nanoparticles, their antimicrobial properties for silver
and other metallic nanoparticles and metal oxides, their surface conjugation and
conducting properties of gold nanoparticles and the antimicrobial properties of silver and
other metallic nanoparticles and metal oxides, the and metal oxides, their fluorescence

properties for quantum dots, and their special electromechanical properties for carbon
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nanotubes. More over injured connective tissues has been replaced in TE using graphene
based nanoparticles. Bio composite scaffolds containing nano silver could control
infection caused by bacteria. The scaffolds’ incorporated silver nanoparticles served as
an adhesive layer to prevent infection, sepsis, and implant malfunction. Advanced tissue

engineering technique may lead to life extension.

1.4. SYNTHESISE OF NANOPARTICLES

» There are two different approaches of material fabrications, one is the top-down
approach and other is the bottom-up approach. In top-down technique, break-
down of the bulk material into nanoscale structures. The methods utilized to create
micron sized particles are extended by Synthesis techniques. These methods
which are simpler by nature rely on either the division or removal of bulk material
or the downsizing of bulk production procedures in order to create the desired
structure with appropriate attributes. The primary issues with the hierarchical
method is that the imperfections of the surface structures. Also introduces internal
stress, surface defects, and contaminants. Some examples are ball milling, electro-
spinning, lithography, sputtering, laser ablation. However, bottom-up strategy is
an alternative approach that might result in less waste and be more cost effective.
It describes the process of building a material up from the bottom up, either
molecule by molecule, cluster by cluster, or atom by atom. The methods are either
the early stages of development or are just stating to be applied in the commercial
manufacturing of nano powders. Some examples are chemical vapor deposition,

chemical vapour condensation, sol-gel, precipitation etc.
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1.4.1. Top -down approaches

1) High energy ball milling

It is the simplest way of making nanoparticles of metal and alloy in the form of powder.
The Mill is a device used for grainting (shapes can be planetary, rod, vibratory). The
number of containers depends up on the quantity of resultant materials. Harden steel or
tugsten carbide balls are put in a container along with the host powder or flakes and
rotated at high speed. Container filled with inert gas. The ratio of balls and material is
2:1. The container is closed with tight lid and it should not be more than half filled. Large
balls produce smaller grains but larger defects. The presence of impurities from and air
in the container will affect the final product. Heat generates during the collision also lead
to increase in reaction rate with impurities. To reduce this cryocooling can be used. In
planetary ball milling the rotation is about some central axis. By controlling the speed of
rotation and duration of milling is possible to ground the material to fine powder.

Examples are cobalt, chromium etc.
2) Lithography

Using a greasy material, the image portions are worked on to flat stone or metal plate in
the lithography printing process. In order to make the non- image parts ink-repellent, and
the ink to stick to them. Alois Senefelder1796. Examples are Electron beam lithography
and Photolithography. In Photolithography, it is used in microfabrication to pattern parts
on a thin film or the bulk of a substrate (also called a wafer). It uses light to relocate a
geometric pattern from a photomask also called an optical mask, to a photosensitive that

is, light-sensitive, chemical photoresist on the substrate.

3) Sputtering

When high energy particles hitting a target sample, such as a silicon wafer, solar panel or
optical device the process is known as Sputtering, occurs causing atoms to be expelled

from the target or source material and deposit on the substrate. Some characteristics are
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the more pure and precise thin film deposition on the atomic level and Sputter yield can
be controlled, Materials with high melting points can be easily sputtered also it shows
better adhesion to substrate. A target source material that will be deposited onto the
substrate and cause the plasma to glow is given a negative charge before the substrate is
put in an inert gas-filled vacuum chamber. When free electrons from negatively charged
target materials collide with the outer electronic shell of argon gas atoms in a plasma
environment, their similar charges drive the electrons away. The inert gas atoms
transform into positively charged ions due to the collisions' momentum, which attracts
the negatively charged target material at a very high speed and "sputters off" atomic-size
particles from the target source material. These minuscule particles pass through the

sputter coater's vacuum deposition chamber and acquire.

1.4.2. Bottom -up approach

1) Chemical vapor deposition

It is a hybrid method using chemical in vapor phase to obtain coatings of variety
of organic or inorganic materials. It is relatively simple economical easy
processing and possible for depositing different types of materials. These are the
Metallo-organic CVD, Atomic layer epitaxy, Vapor layer epitaxy, Plasma
enhanced CVD. Technique to produce high- purity, high performance solid
materials, usually p thick with slow deposition rate. Apparatus includes, Gas
delivery system Reactor chamber Substrate loading mechanism Energy source
Vacuum system Exhaust system and exhaust treatment system Process control
equipment. One or more Volatile precursors are introduced to substrate like
Halides, Hydrides and metal alkyls. The intended deposits are created on the
substrate surface by the precursors reaction and/or breakdowns. The substrates are
heated by resistive heating, radiant heating, radio frequency heating, lasers and
UV-vis light. Volatile by-products if produced are eliminated by the reaction

chamber’s gas flow.
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2) Sol — gel method

In this chemical procedure, a ""sol" (a colloidal solution) is formed that then gradually
evolves towards the formation of a gel-like system containing both a liquid phase and
solid phase. It might be necessary to remove a sizable amount of fluid at first in order to
identify the gel-like characteristics. Numerous methods can be used to accomplish this.
The simplest approach is to let sedimentation happen naturally and then drain the liquid
that remains. Phase separation can also occur more quikely with centrifugation.
Modifications made during this processing phase will undoubtedly have a significant
impact on the finished component’s microstructure characteristics. The precursor sol can
be used in three different ways: it can be cast into suitable container with the desired
shape (e.qg., to obtain monolithic ceramics, glasses, fibers, membranes, aerogels), or it can
be deposited on a substrate to form film amount of fluid may need to be removed initially
for the gel-like properties to be recognized. This can be achieved in any number of ways.
The easiest method is to allow time for sedimentation to occur, and then pour off the
remaining liquid. Centrifugation can also be used to accelerate the process of phase
separation. The microstructure of the final component will clearly be strongly influenced
by changes imposed during this phase of processing. The forerunner sol can be either
deposited on a substrate to form a film (e.g., by dip-coating or spin coating). It can also
be used to synthesize powders e.g., microspheres, nanospheres). Among the benefits are
that densification may be accomplished at a considerably lower temperature, making it
an inexpensive low-temperature process that permits precise control over the chemical
composition of the final product. It is possible to add tiny amounts of dopants, including
organic dyes and rare-earth elements, to the "sol" and have them evenly distributed

throughout the finished product.

3) Molecular beam epitaxy

Epitaxy method for thin-film deposition of single crystals. It is widely used in the
manufacture of semiconductor devices. Epitaxy = Process of growing a crystal of a

particular orientation on top of another crystal, where the orientation is determined by the
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underlying crystal. Requires high vacuum/ ultrahigh vacuum. Slow deposition rate (<
1000 nm per hr).

Solid source Molecular beam epitaxy

In ultra-pure form elements like arsenic and gallium and, in ultra-pure form, are
heated in separate evaporators until they slowly sublime. After that, the gas
condensed on the wafer, where they it might interact with other molecules.
Gallium and arsenic combine to generate single crystal gallium arsenide. The
gaseous components contacting the surface could be desorbed if evaporation
sources are utilized. The rate at which material impinges on the substrate can be
controlled by adjusting the source’s temperature, and the rate at which hopping or
desorption occurs c