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ABSTRACT

The Strontium doped Nickel hydroxide (Sr/Ni(OHz) nanoparticles and the pure NiO
were synthesized by Coprecipitation method using NiCl2.6H20, Sr(NOs)2 for Ni and
Sr sources, respectively. Sodium hydroxide was used as a precipitator agent. Effect
of Sr doping agent on the structural and their properties of nanostructures were
characterized by XRD, SEM, FTIR techniques. Co-precipitation method was the
most efficient and cost-effective way for the synthesis of nanoparticles. The
Sr/Ni(OH)2 was synthesised by a low temperature based method and is used in the
application of photodyedegradation. The photocatalytic degradation of dyes has
been studied all over the world, regardless of the country's scientific standard. The
concentration of dye, the concentration of the oxidising species, the catalyst used,
the strength and the source of photons used for degradation studies are all common
variables to noted. The prepared NiO, Sr/Ni(OH)2 were used as an efficient catalyst
for the photodyedegradation of Fast green (FG) dye. Photocatalytic degradation of
fast green dye followed first-order kinetics and dye degradation gave the best
results. The photodyedegradation efficiency of fast green dye was about 50.64% for
NiO and 95.2% for the prepared Sr/Ni(OH)2 catalyst. The kinetic data obtained on
the decolorization of the fast green dye have been analysed.
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CHAPTER-1

INTRODUCTION
1.1 NANOPARTICLES

These days, we live in an escalated advancement of science known as
nanotechnology. The normal size of particles framing a given colloid is regularly in
the range of 1-1000 nm (1 nm = 10° m). There are numerous meanings of
nanoparticles. One of them says that, at a point when a given material is made out
of particles, whose at any rate one measurement is more modest than 100 nm, then
such material can be called as “nanomaterial". Another definition decides
“‘nanomaterial" as a material which after “miniaturization" to nanoscale uncovers
changed physicochemical properties in contrast with the mass item (naturally
visible) [1].

The nanoparticles display novel physical, chemical and biological properties at
nanoscale contrasted with their specific particles at higher scales. This happens
because of a larger surface area to the volume, increase in reactivity or stability in
a chemical reaction, improved mechanical strength, and so on. These properties of
nanoparticles have prompted their utilization in different applications. The
nanoparticles differ in shapes, sizes and structures. It can vary from 1 nm to 100 nm
in size. The surface can be uniform or unpredictable with surface varieties. Some
nanoparticles are translucent or shapeless with single or multi gem solids either free
or agglomerated. Various synthesis techniques are either being created or improved
to upgrade the properties and lessen the production costs. A few techniques are
adjusted to accomplish measure explicit nanoparticles to increment their physical,
chemical, optical and mechanical properties. A huge advancement in
instrumentation has prompted an improvement in nanoparticle characterization and
application [2].

Based on the application like imaging, diagnosis or treatment various kinds of
nanoparticles have been proposed, some of them are utilized for multiple purposes.
Nanoparticles come under two main categories: organic and inorganic
nanoparticles. The primary group includes micelles, dendrimers, liposomes, hybrid
and minimized polymeric nanoparticles. The second group includes fullerenes,

guantum dots, silica and gold nanopatrticles [3].



1.2 HISTORY AND DEVELOPMENT OF NANOMATERIALS

Nanoparticles and its structures have been utilized by people in the fourth century
AD, by the Roman, which showed quite possibly the most fascinating instances of
nanotechnology in the ancient world. The Lycurgus cup, from the British Museum
collection, addresses quite possibly the most outstanding accomplishments in the
ancient glass industry. It is the most established renowned illustration of dichroic
glass. Dichroic glass portrays two unique kinds of glass, which change colour in
certain lighting conditions. This implies that the cup has two unique colours. The
glass seems green in direct light, and red-purple when light radiates through the
glass. In 1990, the researchers dissected the cup utilizing transmission electron
microscopy (TEM) to clarify the wonder of dichroism. The noticed dichroism (two
colour) is because of the presence of nanoparticles with 50—100 nm in diameter.
X-ray study showed that these nanopatrticles are silver-gold (Ag-Au) compound, with
a proportion of Ag:Au of about 7:3, containing moreover about 10% copper (Cu)
scattered in a glass grid. The Au nanoparticles produce a red colour as an effect of
light absorption (~520 nm). The red-purple colour is because of the absorption by
the larger particles while the green colour is credited to the light scattering by
colloidal dispersions of Ag nanoparticles with a size > 40 nm. The Lycurgus cup is
perceived as one of the most seasoned manufactured nanomaterials. A
comparative impact is seen in late middle age church windows, sparkling a radiant
red and yellow colour because of the combination of Au and Ag nanoparticles into

the glass [4].

1.3. TYPES OF NANOPARTICLES

The types of nanoparticles have been discussed in detail and the diagrammatic
representation is shown below in figure 1.1

1.3.1 ONE DIMENSIONAL NANOPARTICLE:

Atoms are arranged in one dimension in the nano scale range. Examples are

surface coatings and thin films.

1.3.2 TWO-DIMENSIONAL NANOPARTICLES:

Atoms are arranged in two-dimensional nano scale range. Examples are nanotubes,

biopolymers, nanowires.



1.3.3 THREE DIMENSIONAL NANOPARTICLES:
Atoms are arranged in three-dimensional nano scale range. Examples are

fullerenes.

Types of
nanoparticle

One
dimensional
nanoparticle

Three
dimensional
nanoparticle

Two
dimensional
nanoparticle

Figure 1.1 Types of nanoparticles

1.4 CLASSIFICATION OF NANOPARTICLES

Nanoparticles are extensively separated into different classifications relying upon
their morphology, size and its chemical properties. Based on their characteristics
nanoparticles are classified and given beneath.

1.4.1 CARBON BASED NANOPARTICLES

Fullerenes and carbon nanotubes (CNTs) address two significant classes of carbon-
based nanoparticles. Fullerenes contain nanomaterial that is made of globular
empty enclosure like allotropic structures of carbon because of their electrical
conductivity, high strength, structure, electron affinity, and flexibility. These
materials possess pentagonal and hexagonal carbon units, while every carbon is
sp? hybridized. CNTs are tubular, elongated, 1-2 nm in measurement. These can
be anticipated as metallic or semiconducting dependent on their measurement

telicity. These resemble graphite sheets rolling upon themselves. The sheets can



be single, double or numerous walls and in this way, they are named single-walled
(SWNTSs), double walled (DWNTs) or multi-walled carbon nanotubes (MWNTS)
individually, they are synthesized by carbon precursors, by electric arc on metal
nanoparticles. Of late, they are synthesised by Chemical Vapour Deposition (CVD).
Because of their unique physical, chemical and mechanical properties, these
materials are utilized in various applications like filler and as in organic and inorganic

catalyst.

1.4.2 INORGANIC BASED NANOPARTICLES

These nanomaterials incorporate metal furthermore, metal oxide nanopatrticles and
nanostructured materials. These nanomaterials can be combined into metals like
Au or Ag nanopatrticles, metal oxides, for example, TiO2 and ZnO nanoparticles, and

semiconductors like silicon and ceramics.

1.4.3 ORGANIC BASED NANOPARTICLES

These incorporate nanomaterials made for the most part from organic matter,
barring carbon-based or inorganic-based nanomaterials. The use of non-covalent
weak interactions for the self-assembly and designs of atoms assists with changing
the organic nanomaterials into specific structures, for example, dendrimers,

micelles, liposomes and polymer nanopatrticles.

1.4.4 COMPOSITE BASED NANOPARTICLES

Composite nanomaterials are multiphase nanoparticles and nanostructured
materials with one stage on the nanoscale measurement that can either consolidate
nanoparticles with different nanoparticles or nanoparticles joined with bigger or with
bulk materials or more complicated structures, for example, metal organic systems.
These composites might be a mixture of carbon-based, metal-based, or natural
based nanomaterials with any type of metal, polymer, or ceramic based materials.
Nanomaterials are synthesised in various morphologies relying upon the necessary

properties for the required application [5].



1.5 PROPERTIES OF NANOPARTICLES

Various physicochemical properties namely large surface area, chemically reactive,
optically active and mechanically strong makes the nanopatrticles incredibly unique
and makes them suitable for numerous applications. Some of their properties are

mentioned below.

1.5.1 PHYSICAL PROPERTIES:
The physical properties of nanoparticles are dependent on the size, shape,
composition, crystal structure, surface ligand or capping agents and the medium in

which they are dispersed.

1.5.2 OPTICAL PROPERTIES:

Due to the quantum confinement effect, nanomaterials with small particle sizes
exhibit better optical emission as well as nonlinear optical properties. The effect of
size on nanopatrticle optical properties is caused by two distinct phenomena: surface
phenomena and an increase in energy level spacing due to the confinement of

energy states, which is most notable in semiconductors [6].

1.5.3 MAGNETIC PROPERTIES:

After surface cooling, magnetic nanoparticles exhibit extraordinary new phenomena
including strong field irreversibility, high saturation field, superparamagnetism, extra
anisotropy effects, or shifted loops. The magnetic nature of individual nanoparticles

is because of narrow and finite-size effects, as well as surface effects [7].

1.5.4 MECHANICAL PROPERTIES:

Magnetic nanoparticles can be superparamagnetic and responds to external
magnetic fields very fast with almost zero remanence. These properties provide
bases for applications like biomedical imaging and information storage technology.
The mechanical properties of nanoparticles such as hardness and elastic modulus,

interfacial adhesion and friction, movement law, as well as its size-dependent effect

[8].



1.6 SYNTHESIS METHODS
Approaches come under two main categories namely: top-down approach and

bottom-up approach and they differ in their cost, speed and degree of quality. The

approaches have been summarized in the figure 1.2 below.

— Bulk

Top-down
<+

—— Fragments

v
[}] D} Dj—> Nanostructures
A

0%, 0 O
QQ=Q°°° —Clusters

Bottom-up

Figure 1.2 Top-down and bottom-up approaches [9]

1.6.1 TOP-DOWN APPROACH:
In this approach destructive method is employed. Starting from larger molecules
which is disintegrated into smaller ones and afterwards these units are converted

into its respective nanoparticles. Examples are mechanical milling, chemical

etching, laser ablation, sputtering, etc [4].



1.6.1.1 MECHANICAL MILLING:

This is the simplest way of synthesising nanoparticles by using metals and alloys in
powder form. Different types of mills can be employed in this process. Large
quantities of finite particles can be synthesized by using one or two container. The
size of the container completely depends upon the size of the nanoparticle taken.
Hard steel balls are kept along with the powdered nanoparticle. Larger balls are
used to obtain small grain size. High temperature is required for this process ranging
from 100-1100°C and the containers are rotated at a high speed. Materials like Cr,

Co, W, Al-Fe etc are converted to nanoparticles [4].

1.6.1.2 MELT MIXING:

Nanoparticles can be synthesised in glass by this method. Since glass is a
amorphous solid and has symmetrical arrangement of atoms or molecules.
Amorphous solid is formed when a liquid is cooled at a certain temperature. When
they are cooled at a high cooling rate they are called metallic glasses. Elements like
Si, B, P can be useful for the metallic glasses in amorphous state and it is possible
to obtain nanocrystals by controlled heating within the metallic glasses. TiB2

nanoparticles can be synthesised by this method [9].

1.6.1.3 LASER ABLATION:

Laser Ablation synthesis is most commonly used method for the synthesis of
nanoparticle using various solvents. Metal is submerged in a liquid and is irradiated
by a laser beam which condenses a plasma plume and that produces a
nanoparticle. It is an alternative solution for the chemical reduction of metal
nanoparticles. This method gives a stable synthesis of nanoparticles using organic

solvents [2].

1.6.2 BOTTOM-UP APPROACH:
This method is the reverse of top-down approach. These nanopatrticles are formed
from simple substances and hence it is called as building up approach. Examples

are spinning, pyrolysis, sol-gel, CVD, etc [4].



1.6.2.1 PHYSICAL VAPOR DEPOSITION:

The particle size is determined by the rate of evaporation and the pressure of the
gases in the chamber. Gases such as H2, O2, NH3, and N2 are used, and the
material interacts with them, forming nitrides, hydrides, and oxide particles. The gas
pressure in the deposition chamber defines the size and form of the evaporated
substance. Both the processes were carried out in a vacuum chamber to produce a
high-purity nanomaterial [9].

1.6.2.2 SOL-GEL METHOQOD:

Two materials are involved in this method they are sol and gel. It is a low
temperature process and consumes less energy. Synthesis of nanoparticles like
nanotubes, nanorods can be obtained by this method. Sol-gel synthesis involves

hydrolysis, condensation, gelation and drying process by various routes [9].

1.6.2.3 CHEMICAL VAPOUR DEPOSITION (CVD):

The deposition of a thin film of gaseous reactants onto a substrate is Chemical
Vapour Deposition. At ambient temperature gas molecules are combined and the
deposition is carried out in a reaction chamber. Chemical reaction occurs when a
heated substrate comes in contact with the combined gas. A thin film of product on
the substrate surface is produced and that is recovered and used. The influencing
factor in CVD is the substrate temperature. CVD produces nanoparticles that are
strong, uniform and hard. CVD requires special equipment and the gaseous by-

products are toxic.

1.7 APPLICATIONS OF NANOPARTICLES

e Nanoparticles are widely used in drug delivery systems. Certain drugs are
not metabolised in the first pass. To resolve this, nanoparticles can be
modified, and they also allow for regulated, long-term drug release from the

matrix.

e When they've adhered to short DNA segments, they can also be used to

detect genetic sequences. Nanotechnology allows damaged tissue to be



repaired or replicated. The use of nanotechnology can revolutionise organ

transplantation or artificial implantation [10].

e The need for new antimicrobial agents has risen. Because of their inbuilt
antimicrobial properties, nanoparticles (NPs) are now being considered as

an effective nanotechnology for regulating harmful micro-organisms [11].

1.8 METAL OXIDES

Metal oxides plays a vital role in numerous zones like chemistry, physics, and
materials science. Metal oxides exhibits semiconductor, metallic or insulator
properties and can adopt a number of structural geometries and it also possess an
electronic structure [12]. Metal oxide nanoparticles have been used in different fields
due to its excellent functional properties. When metal oxides are coupled with other
structures, they enhance the unique properties of the materials [13]. The main

applications of metal oxide nanopatrticles are shown in figure 1.3.

Environmental

remediation

Photovoltaic
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Solar cells

Applications
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production devices
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Figure 1.3 Applications of metal oxide nanoparticles



1.9 TRANSITION METAL OXIDES
1.9.1 NICKEL OXIDE NANOPARTICLE:

Nickel oxide nanopatrticle (NiO) is an important transition metal oxide nanoparticle
that posses a cubic lattice structure and that is shown in figure 1.4 given below. It
has attracted attention due to its possible applications in a wide range of fields,
including catalysis, battery cathodes, gas sensors, and magnetic materials. It is
most commonly used in dye sensitised photocathodes. NiO is predicted to have a

number of advantages over micrometre-sized NiO particles [14].

Due to its defect structure, non-stoichiometric nickel oxide is a strong P-type
semiconductor, a possible gas sensor for Hz, and highly active in the degradation of

phenol and phenolic derivatives [15].

Figure 1.4 Cubic structure of NiO

1.10 NICKEL HYDROXIDE NANOPARTICLE

The nickel hydroxide nanoparticles exist in the form of white spherical metal
particles with a high surface area. Their specific surface area is about 130-150 m?/g.

They are also obtained in high purity, carbon coated and in dispersed forms. Nickel

10



hydroxide nanoparticles exist in two phases a-Ni(OH)2 and (-Ni(OH)2.

a-Ni(OH):2 exist as cubic structure and 3-Ni(OH)2 exist as hexagonal.

1.11 PHOTOCATALYST

Materials that cause photocatalytic reactions when exposed to light is called as
photocatalyst. A chemical reaction caused by photoabsorption of a solid substance,
or "photocatalyst,” which stays unchanged throughout the reaction is a general
description of photocatalysis. As a result, a “photocatalyst” must act catalytically,

that is, without modification, when exposed to light [16].

1.12 PHOTOCATALYSIS

Photocatalysis is a combination of the Greek words photo (light) and catalysis (to
break apart or decompose). In general, photocatalysis is used to describe a
mechanism in which light is used in the excitation of a photocatalyst. Photocatalyst
IS not involved in accelerating the rate of the chemical reaction. In other words,
photocatalysis is a photoinduced reaction that is stimulated in the presence of a
catalyst. Photocatalysis is broadly classified into two categories: homogeneous and

heterogeneous [17].

e Homogeneous catalysis:
When both the photocatalyst and the reactant are in
the same phase then the reaction is called as homogeneous catalysis. Most
common examples of homogeneous catalysis are dyes, coordination

compounds, natural pigments and so on.

e Heterogeneous catalysis:
In this type of reaction, the photocatalyst and the
reactant exist in different phases. Example of heterogeneous catalysis are

transition metal chalcogenides which exhibits unique characteristics.

11



1.13 MECHANISM OF PHOTOCATALYSIS

When the photocatalyst is irradiated with light of a specific wavelength, a electron is
excited to the conduction band (CB), leaving a positive hole in the valence band
(VB). The hole in the VB can be utilized for oxidizing some compounds whereas the
electron in the CB is used to reduce any substrate. This is shown in figure 1.5 given
below. [17]

Reduction

\ hv (light)
A+e = A"

~

Conduction band (=)

|

& :
2 * +  Energy gap
0 A -

; D

¢ |

Valence band (+) Oxidati
xidation
D+h"—=D*

Figure 1.5 Mechanism of photocatalysis

1.14 PHOTODYEDEGRADATION

The presence of organic dyes in industrial wastewaters from the garment, clothing,
and paper industry contaminates the environment massively. These dye-polluted
effluents contain carcinogenic, non-biodegradable, and coloured pigments that can
damage humans [18-20]. Dyes are easily visible in water even at extremely low
concentrations (below 1 ppm). Dyes are easily detectable in water and have a

substantial adverse effect on aquatic environment [19-21].

As a result, it is important to remove coloured organic dyes from waste streams.

Adsorption [24] and coagulation [25] are typical strategies for removing organic dyes

12



from industrial wastewater. However, since dyes are only changed from a liquid to
a solid form, these procedures result in secondary pollution. Hence, further

treatments are needed to address the issue of secondary contamination [26-27].

Photocatalysis has been recognized as a successful alternative treatment for water

purification in recent years [28].

1.15 APPLICATIONS OF PHOTOCATALYST

Photocatalytic technique has been proven to be one of the most “green” and
successful environmental remediation techniques. Some semi-conducting
materials, such as 'photocatalysts,’ cause or accelerate chemical reactions when
exposed to light, resulting in the decomposition of organic molecules, for example,
Nanosized catalyst particles have slightly higher reactivity than larger particles or
bulk content owing to their large surface area. Charge separation happens when a
photocatalyst is exposed to light with an energy greater than the photocatalyst's
band gap energy. The photocatalyst then initiates an oxidation-reduction reaction
using the electrons and holes produced by charge separation [29]. Visible
absorption spectroscopy is generally used for the photocatalytic degradation of dyes

[30]. The major role of the photocatalyst is shown in figure 1.6.

Light source

hv/photon

\

ol g Reduction 4-\

Mineralization
OH’

«

| Oxidation —

o

i — Dye solution

Catalyst
(Metal sulphide/ Biopolymer)

Figure 1.6 Role of photocatalyst [20]
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Photocatalytic degradation has gained popularity and is used as a tool for treating
dye-contaminated water among a number of treatment methods [31]. Nanopatrticles,
nanowires, 2D compounds, planar films, 3D porous films, and complex hierarchical
nanostructures are just some of the structures and morphologies found in
photocatalysts. A variety of implementations have been developed to get the most

out of these photocatalysts [32].

1.16 FAST GREEN DYE

Fast green is also called as food green. The molecular formula of fast green is
Cs7H34N2010S3Naz, and its molar mass is 808.85 g/mol. The structure of fast green
dye is given below in figure 1.7. In histology and cytology, fast green dye is
commonly used. It has been shown to cause tumours in laboratory animals and to
cause mutations in both experimental animals and humans. It also has the potential
to irritate the pupils, scalp, digestive tract, and respiratory tract in its undiluted form
[33].

O

O=w

HO

N
J

HsC

O=§=O
ONa

Figure 1.7 Structure of fast green dye
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CHAPTER-2

LITERATURE SURVEY

Rishi Prasad, Pravin S Walke and Shekhar D Bhame have synthesised Strontium
doped Zinc oxide nanoparticle using co-precipitation and hydrothermal method and
studied the optical properties of the synthesised sample using characterization
techniques like UV, SEM, FT-IR [34].

Teoh, Lay Gaik, and Kun-Dar Li. have used sol-gel method for the synthesis of NiO
nanoparticles in the paper entitled “Synthesis and characterization of NiO
nanoparticles by sol-gel method."The inorganic precursor was Ni(NO3)2.6H20 and
the surfactant was Poly(alkylene oxide) copolymer. The structure of NiO
nanoparticles was studied. The microstructure and basic surface area of the

samples were analyzed using TGA, XRD, and SEM [35].

Waghmare, Suraj S., Prashant B. Patil, Shiva K. Baruva, Madhuri S. Rajput,
Ramesh J. Deokate, and Sarfraj H. Mujawar reported the synthesis of nickel
hydroxide as an electrode material for supercapacitors using the hydrothermal
method. Hexamethylenetetramine as a directing agent and nickel nitrate as a nickel
source. The reaction was carried out for 18 hours at 160°C. The structural,
morphological, and electrochemical properties of the samples were investigated
[36].

Banerjee, Arghya Narayan, Sang Woo Joo, and Bong-Ki Min adopted sol-gel
method for the synthesis of Ga doped anatase TiO2 nanoparticles and the
photocatalytic oxidation of the dye was carried outunder UV irradiation.
Photocatalytic activity of the nanoparticles came out with nearly 90% degradation

efficiency within 3 hours of UV irradiation [37].

Wahab, A., M. Imran, M. lkram, M. Naz, M. Ageel, A. Rafiq, H. Majeed, and S. Ali
confirmed that Co-precipitation was used to synthesis cobalt and manganese doped
iron oxide nanoparticles. Mn and Co were added to Fe304 nanoparticles, which
were then annealed. The cubic structure of Co and Mn-doped Fe304 was well
matched to the JCPDS results. These results revealed that Co-doped magnetite
exhibits superior properties than undoped magnetite, making it a promising
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candidate for use as a nanocatalyst to replace existing waste water treatment

techniques [38].

Rahimi, Rahmatollah, Mohammad Bozorgpour, and Mahboubeh Rabbani
synthesized Fe doped NiO nanoparticles using a ball-mill method at room
temperature. Under visible light irradiation, the photocatalytic degradation of the
organic dye in water was investigated using prepared sample. Results shows that
this semiconductor is a strong photocatalyst when exposed to visible light [39].

Rivera-Chaverra, Maria J., Elisabeth Restrepo-Parra, Carlos D. Acosta-Medina,
Alexandre Mello, and Rogelio Ospina adopted laser ablation method was to
synthesis the iron oxide nanoparticles by adjusting the laser's strength. DLS and
STEM techniques were used to determine the morphology. This analysis revealed
that there is an intense competition between the laser energy and the temperature,
not only in terms of particle size but also in terms of standard deviation [40].
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3.1

3.2

CHAPTER-3

AIM AND SCOPE OF THE PRESENT INVESTIGATION

AIM OF THE PRESENT WORK

To synthesis Nickel oxide and a low temperature based Strontium doped
Nickel hydroxide nanopatrticle using Co-precipitation method.

To characterize the synthesised compounds using X-ray Diffraction (XRD),
Scanning Electron Microscope (SEM) and Fourier Transform Infra-red
Spectroscopy (FT-IR).

To study the crystallite structure and size using XRD.

To study the surface morphology of the synthesised nanopatrticle using SEM.
and to identify the functional groups on the nanoparticles using FT-IR.

To employ the synthesised nanoparticle in the application of
photodyedegradation of fast green textile dye and to measure and compare
their degradation efficiency in fast green dye.

SCOPE OF THE PRESENT WORK

Nickel oxide and Strontium doped Nickel hydroxide nanoparticle were
synthesised and detailed spectroscopic studies of the synthesised
nanoparticles were carried out.

Photocatalytic test were performed using the synthesised nanoparticles and
measured their degradation efficiency in fast green textile dye.

From the Spectroscopic studies and photocatalytic test, its evident that the
synthesised Strontium doped Nickel hydroxide nanoparticle is a potential
candidate for the photocatalytic dye degradation of fast green textile dye.
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CHAPTER -4

EXPERIMENTAL AND CHARACTERIZATION TECHNIQUES

Pure Nickel oxide and Strontium doped nickel hydroxide nanoparticles, preparation

by Co-precipitation method and their material properties have been discussed.

4.1 MATERIALS

All the chemicals used in this experiment were of analytical grade and used without
any further purification. Nickel (II) chloride hexahydrate (NiCl2.6H20) were
purchased from Merck, Sodium hydroxide pellets (NaOH) was purchased from SRL,
Strontium nitrate (Sr(NOs)z2) was purchased from SRL, Polyvinyl Pyrrolidone (PVP)
was purchased from SRL, Ethanol and Acetone were purchased from SRL. All of

these solutions were prepared using deionized water.

4.2 EXPERIMENTAL METHODS
4.2.1 SYNTHESIS OF NIO:

Nickel oxide nanoparticles were synthesised by Co-precipitation method by the
thermal decomposition of Nickel hydroxide (Ni(OH)z). About 0.5M of Nickel (Il)
chloride hexahydrate is taken in a 250ml beaker to which 50ml of deionized water
is added. To that mixture 1g of PVP is added, the reason for adding PVP is to reduce

the particle size and to prevent agglomeration.

The reaction mixture is stirred in a magnetic stirrer for almost 2 hours at room
temperature. The product thus obtained is washed thoroughly with deionized water,
to remove all the residues which is followed by washing with acetone. Finally, the
sample is dried in air oven at 160°C and then calcinated to 450°C in muffle furnace.
When calcinated, the colour of the sample changes from green to black. The

resultant thus obtained is the Nickel oxide nanopatrticle.
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water or acetone at 160 °C at 450 °C
Figure 4.1 Schematic diagram of NiO synthesis
4.2.2 SYNTHESIS OF STRONTIUM DOPED NICKEL HYDROXIDE

NANOPARTICLE (Sr/Ni(OH)z2 )

250ml beaker is taken with 50ml of deionized water and to that 0.5M of Nickel (I1)
chloride hexahydrate and 1g of polyvinyl pyrrolidone are added. To that mixture, 5%
of strontium nitrate is added and stirred for 30 minutes in a magnetic stirrer. The
temperature was maintained for about 80°C. Then 2M of sodium hydroxide pellets
were weighed using a digital balance and was dissolved in 50ml| deionized water
and it is added drop by drop slowly into the mixture.

As the solution is continuously stirred, the colour of the solution changes from dark
green colour to light green. Stirring is continued for almost 2 hours. Then a green
coloured precipitate appears at the bottom of the beaker. The precipitate is then
washed thoroughly with deionized water and acetone a number of times. Then the
precipitate was dried at 160°C in hot air oven. The finally obtained sample is the
Strontium doped Nickel hydroxide nanoparticle (Sr/(Ni(OH)2) [32].
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Figure 4.2 Synthesis of Sr/Ni(OH)2

4.3 CHARACTERIZATION TECHNIQUES

Crystal structure, morphology, compositional information, organic functional groups
on the surface and photocatalytic application of the synthesized nanoparticles were
characterized using the following instruments. These include X-ray Diffraction
(XRD), Scanning Electron Microscope (SEM), Fourier Transform Infra-red
spectroscopy (FTIR). These highlighted techniques are presented in this project
work. Brief information about the above techniques has been discussed in the

following section [41].
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Figure 4.3 Characterization of nanoparticles

4.3.1 X-RAY DIFFRACTION (XRD):

XRD is one such unique technique that reveals the structural properties of
nanoparticles. It provides information on the phase, chemical composition,
symmetry of unit cells, crystallinity, lattice constant and properties of the
nanoparticles. This technique can be used to identify single-phase and multiphase
nanoparticles [2-3].

XRD is considered as one of the oldest non-destructive methods for the analysis of
nanoparticles. The XRD pattern is influenced by the size and also the shape of the
unit cell of the crystal. Consequently, the properties of a material are dependent on
their structure. Of about 90% of solid materials are crystalline in nature and each
crystalline has a significant X-ray diffraction pattern which can be used as fingerprint

to detect the material [2].
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Diffraction pattern is obtained only when the X-rays are interacted with the crystal.
Information like symmetry of the unit cell, stress, strain, size of crystallite and growth
orientation etc. are obtained from the diffraction patterns [2].
When a material is irradiated with a monochromatic light of wavelength around the
inter atomic distance of the material, light gets dispersed by the atoms and interfere
to give rise to diffracted light with a higher intensity. Intensity of the scattered light is
directly proportional to the arrangement of atoms in the material. If wavelength of
light is A and the incident angle is 6 and the constructive interference is obtained at
an angle 26 from the incident beam of light if Bragg’s equation is satisfied [42].
Bragg’s equation is given by,

nA =2d sin 6
where, n is diffraction order, d is the distance between the diffracting planes and 6

is Bragg’s angle.

Incident X-rays Diffracted X-rays

0

.

s
.
.
o'.
.
.
0.'

N

2d sin®

Constructive interference when
nA=2d sinB
Bragg's Law

Figure 4.4 Schematic representation of Bragg's Law

Generally, in XRD Cu- Ka is the incident light for which the A = 1.5405 nm. Distance
between the diffracting planes is calculated according to Bragg’s equation and
indexed by comparing it with the d spacing of the material from the Joint Committee
on Powder Diffraction Standards (JCPDS) data.
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4.3.2 SCANNING ELECTRON MICROSCOPE (SEM):

High resolution scanning electron microscope (SEM) is very useful for the
characterization of size and shape of the nanoparticle. The sample preparation and
acquisition of images are relatively easy and convenient. Since the SEM image is a
two-dimensional (2D) representation of three-dimensional (3D) structures from a
certain viewing angle, it does provide a certain amount of 3D detail that can be used
to recreate the shape of a basic structure with sub-nm precision using model-based
measurement. Secondary electrons (SEs) and/or backscatter electrons (BSE)
produced when the sample is bombarded by the primary electron (PE) beam provide
the signal that causes a SEM image to be created. A SEM's overall accelerating
voltage is usually 30 kV. The SE has a limited escape depth in the region of a few
nm owing to their low energy below 50 eV, while the BSE has a slightly higher

escape depth in the range of a few nm [43].

The demand for SEM in laboratories to characterise nanoparticulate materials is
increasing because of the application of nanoparticles in the commercial products
[44].

Electron beam from the source
Incoming primary electrons

Auger electrons

Secondary electrons o

’
% LY / Backscattered electrons
-rays \\\ ll, "
N\ J , Cathodoluminescence
4

Sample

Figure 4.5 Working of SEM
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4.3.3. FOURIER-TRANSFORM INFRARED SPECTROSCOPY (FTIR):

Fourier transform infrared (FTIR) spectroscopy is a very efficient non-destructive
characterization technique for surface characterization of nanoparticles' surfaces,
providing a specific setup is connected to the spectrometer. The chemical structure
of the nanoparticles' surface and the surface reactive sites responsible for surface

reactivity can be determined under particular conditions [45].

The structure and bands of the synthesised nanoparticles, as well as the stretch of
bonds, were revealed by FTIR. FTIR may be used to test a variety of components,
including bulk or thin films, liquids, solids, pastes, powders, fibers, and other
materials. FTIR analysis may be used for quantitative (amount) analysis as well as
qualitative (identification) analysis of materials where appropriate criteria are used.
FTIR can test samples up to 11 mm in diameter and weigh in bulk or the top 1 mm
of the sample [46].

The difficulty in FTIR characterization is mainly because of high degree of
overlapping of the IR absorption bands which makes it difficult for the attribution of
certain functional groups, despite the fact that up to date computer-searchable

databases are available.
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Interferogram

Figure 4.6 Working of FT-IR
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CHAPTER-5

RESULTS AND DISCUSSION

Crystal structure, morphology, compositional information, organic functional groups
on the surface and photocatalytic application of the synthesized nanoparticles were
characterized using the following instruments. These include X-ray Diffraction
(XRD), Scanning Electron Microscope (SEM), Fourier Transform Infra-red
spectroscopy (FTIR). These highlighted techniques are presented in this project
work. Given below figure 5 (a) is the photocopy of NiO which is black in colour and
figure (b) is a green coloured sample that shows the presence of Ni(OH)2. A brief
information about the above techniques has been discussed in the following section.

Figure 5.1 (a) NiO Sample (b) Sr/Ni(OH)2 sample

5.1 X-RAY DIFFRACTION (XRD)

When a material is irradiated with a monochromatic light of wavelength around the
inter atomic distance of the material, light gets dispersed by the atoms and interfere
to give rise to diffracted light with a higher intensity. The arrangement of atoms in
the material is related to the intensity of the scattered light. If wavelength of light is
A and the incident angle is 6 and the constructive interference is obtained at an angle
20 from the incident beam of light if Bragg’s equation is satisfied.

Bragg’s equation is given by,
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nA=2dsin®

where, n is the diffraction order, d is the distance between the diffracting planes and
8 is the Bragg’s angle.

Generally, in XRD Cu- Ka is the incident light for which the A = 1.5405 nm. Distance
between the diffracting planes is calculated according to Bragg’s equation and
indexed by comparing it with the d spacing of the material from the Joint Committee
on Powder Diffraction Standards (JCPDS) data.

NiO spheres exhibits several well-defined diffraction reflections at 19.01°, 31.72°,
38.63°, 45.458°, 51.97°, 59.21° and 75.18°. The XRD of bare Ni substrate, which
shows peaks at 45°, 55° and 75°. The diffraction peaks for NiO are shown in planes
of (111), (200), (220), (311) and (222) are shown in Figure 4.1. All these diffraction
peaks can be perfectly indexed to the cubic (FCC) crystalline structure of NiO, and
also their relative intensity of the characteristic peaks, which is in accordance with
the standard spectrum (JCPDS, No. 04-0835).

The XRD pattern reveals that the samples are single phase, with no other diffraction
peaks other than the characteristic peaks of the cubic lattice of NiO. This result
indicates that the physical phases of NiO nanopatrticles are pure, and were prepared
and discussed in detail [47].

Strontium doped nickel hydroxide shows peaks at (001), (100), (101), (110), (111),
(200) planes.
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Figure 5.2 XRD peak for NiO and Sr/Ni(OH):

The crystallite size of the Strontium doped nickel hydroxide nanoparticle is found

out using Debye-Scherrer’s formula,

D =kA/B cos ©
Where k is the empirical constant which is equal to 0.9, A is the wavelength of X-ray
radiation (1.5405 A for Cu-Ka), B is the full width at half maximum of the diffraction
peak and 6 is the peak position [17].
The crystallite sizes of Sr/Ni(OH)2 samples is found to be 8.7 nm which was

calculated from the measured values from the data.
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5.2 SCANNING ELECTRON MICROSCOPE (SEM)

High-resolution scanning electron microscope (SEM) is excellent for nanoparticle
size and shape characterization, because the required sample preparation and
image analysis is relatively quick and simple.[48] The scanning Electron Microscopy
(SEM) images allowed a detailed study on the morphological structure of the
nanoparticles [49].

The scanning electron microscope operates in the same manner as an optical
microscope, but instead of detecting photon, it detects electrons scattered from the
sample. The wavelength of electrons can be made shorter than that of photons
because electrons can be accelerated by an electric potential. As a result, the SEM

will magnify pictures up to 200.000 times [50].

The morphological variations in the synthesised sample nanoparticles were
detected and analysed. Nickel oxide analysed by SEM is shown in figure 5.3 (a). Sr
doped nickel hydroxide nanoparticles thus synthesised at low temperature was

analysed and the images are displayed in Figure 5.3 (b).

Figure 5.3 (a) Scanning electron microscopy (SEM) image of pure NiO
nanoparticles and (b) SEM image of Sr doped Ni(OH)2 nanoparticles. The SEM
images were measured for both the powder samples (NiO and Sr doped
Ni(OH)2. The powder samples were pasted on the carbon tape for measuring

the SEM images
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Nickel oxide shows high surface energy than the strontium doped nickel hydroxide

because it is agglomerated [51].

Compared to pure nickel oxide, strontium doped nickel hydroxide shows finite
structures. Results show that the synthesised NiO nanoparticles are smooth,
spherical in shape and some are agglomerated as they have high surface area to
volume ratio and has less cohesive energy compared to the bulk materials. SEM
photographs of strontium doped nickel hydroxide are spherical. Strontium doped
nickel hydroxide shows small size compared to the pure nickel oxide due to its high

dispersion [52].

When calcinated to higher temperature of about 160°C nickel oxide can be de-
agglomerated [53]. The size according to the SEM images of strontium doped nickel
hydroxide maybe below 10nm.

5.3 FOURIER TRANSFORM INFRA-RED SPECTROSCOPY:

The FTIR analysis of nickel oxide and strontium doped nickel hydroxide is shown in
the figure 5.4 below. The formation of the nanoparticles can be observed from its
colour change. The vibrational peak at 3488 cm-1 is due to the O-H stretch and the

peak around 578 cm-1 is described as the Ni-O stretching vibration.

The broad absorption band in the region 500-600 cm-1 is the Ni-O stretching
vibration. The size of the samples used in this study is less than the bulk forms of
NiO. The broad spectrum at 3450 cm-1 is due to the O-H stretching vibrations and
a weak band at 1645 cm-1 is the H-O-H bending vibrations [54].

The broad band at 3440 cm-1 is the stretching vibration of water molecules present
in the nickel hydroxide nanoparticle. The figure 5.4 (B) shows the peaks of FT-IR of

strontium doped nickel hydroxide.
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5.4 PHOTOCATALYTIC ACTIVITY TEST

Fast green (FG) was chosen as the model organic pollutants to test the
photocatalytic dye degradation analysis for the catalyst. Typically, a catalyst (20 mg)
was added into the 50 ml of aqueous dye solution (20 mg L) then, the dye solution
was kept in dark room to attain the adsorption and desorption equilibrium of dyes
on surface of catalyst. Then, the dye solution was irradiated on sunlight for overall
time period of 120 minutes. 2 ml of solution was taken at appropriate interval of time.
The collected solution was centrifuged and filtered using a 0.2 um syringe filter. The
degradation efficiency is determined by the degradation of organic dyes on UV-Vis

spectrophotometer. The degradation efficiency is calculated by the formula,

Degradation efficiency (%) = C-Co/C x100 (1)

Where C and Co are the initial and final concentrations of dye molecules. After 1%t
completed the photocatalytic reaction, the catalyst was collected by centrifuge and
washed with water and dried at 70°C. The regenerated catalyst was used to

evaluate the stability and reusability of the catalyst by degradation the dye solution.

The first order kinetic reaction value were used to determine the correct

degradation rate of FG as follows;

— In(C/Co) = kt )

Where, k = rate of reaction constant and t is time. The Photocatalytic dye
degradation activity were performed during the well sun shining between 11:00 AM
to 2:00 PM in clear sky. The average solar light intensity was measured about 1.00
x 10° lux. Likewise, the effect of some other important operational parameters such
as pH of dye solution and catalyst dosage study were performed. In the pH test, dye
solution pH was adjusted by the addition of 0.1 M hydrochloric acid solution and

0.1M of sodium hydroxide solution.
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5.5 PHOTOCATALYTIC ACTIVITY

The photocatalytic degradation efficiency of as prepared catalysts of NiO, and
Sr/Ni(OH)2 nanopatrticles were resolute by the deprivation of FG dye under
irradiation of Sun light. When irradiating the FG dye solution, the concentration of

the dye was noticeably reduced and it was confirmed by the significant color

variation.
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Figure 5.5 (a-b) represents the UV-visible spectra for the FG with occurrence
of catalysts NiO, and Sr/ Ni(OH)2 were irradiated by sun light for 120 minutes.
(c) C/Co versus time interval plot of FG dye (d) —In (C/Co) versus time interval

plot of FG dye
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For NiO catalyst, the catalyst influences the organic molecule to achieve the
efficiency of about 50.64% within 120 mins. The photocatalyst experiment was
further extended to doped samples. The degradation reaction of Sr/ Ni(OH)2
samples were performed by the same process. The rate of electron-hole pair
recombination was delayed by doping the metal ions into the NiO structure results
increased the degradation efficiency. Compared to NiO catalyst, Sr/Ni(OH)2
catalysts reached high efficiency of degradation of 95.2%, respectively [55].

The significant improvement of the degradation efficiency is due to the doping
effect of Sr ion at the Ni?* lattice sites, it reduce recombination of excited charge

carriers (electron-hole pair).

Figure.5.5 ¢ depicts the changes in initial and final concentration of dye in the
presence and absence of photocatalyst against the light irradiation with respect to
time (t) for the FG dye solution. The Sr/Ni(OH)2 catalyst shows highest degradation
ability due to the fact that sub energy-level act as traps for recombination. Based on
the sub energy level of the conduction band helps to produce a large number of
reactive oxygen species (ROS). In addition the investigation of pseudo-first order
kinetics studies shown in Figure.5.5 d the degradation rates were 0.0112 min't and
0.0375 mint for NiO, and Sr/ Ni(OH)2 nanoparticles against FG dye, respectively.
From the studies rate constant value and R? values are listed in Table.1. The Figure
5.5 shows schematic diagram illustrating the mechanism of charge separation,
generation of reactive oxygen species (ROS) and photocatalytic activity of
photocatalyst under sunlight irradiation [56].

The mechanism of FG dye degradation for the Sr/Ni(OH)2 catalyst is
described as follows,

(i) Formation of electron hole pair

Sr/Ni(OH)2+ hv —_— h* (VB) + e~ (CB) (3)

(i) Formation of hydroxyl radicals
OH-+ h* ——> OH- (4)
H20 + h* » OH: +H* (5)

(iif) Formation of superoxide radicals
O2+e” — O2~ (6)

(iv) Photo degradation of crystal violet and rhodamine B dye
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Figure. 5.6 Schematic diagram illustrating the mechanism of charge
separation and photocatalytic activity of photocatalyst under the sunlight

irradiation

Table 1 Photocatalytic activity result of NiO, and Sr/ Ni(OH)2) nanopatrticles.

S.No Catalyst Band gap Degradation K (min?) R?
(eV) efficiency (%) (120
minutes)

Fast green (20 ppm)

1 NiO 3.21 50.64 0.012 0.920
2 Sr/Ni(OH)2 2.82 95.2 0.054 0.820
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SUMMARY AND CONCLUSION

Nickel based metal oxides have attracted much attention due to its
applications in catalysis, dye degradation, battery cathodes,
antiferromagnetic layers, p-type transparent conducting films, and
electrochromic films.

Polyvinylpyrrolidone was used as surfactant to reduce particle size.

Herein, high temperature based cubic phase of NiO nanoparticles were
synthesized. At first, the Ni(OH)2 was synthesized by chemical precipitation
method and then the wet sample was calcinated at 450°C for 4 hours at air
atmosphere.

Low temperature based hexagonal structure of Sr (5%) ion doped Ni(OH)2
nanoparticles were synthesized using the chemical precipitation method.
Crystallite structure and size were confirmed by XRD. The size of the
crystallite was calculated using Debye Scherrer formula, the size was found
to be 14.3 nm and 8.7 nm for NiO and Sr doped Ni(OH)2 nanoparticles,
respectively.

The SEM microscopy demonstrated the synthesized nanoparticles were in
the nanoscale region with a spherical shape.

Organic functional groups present on the surface of the nanoparticles were
identified using FT-IR spectroscopy.

The investigated photocatalytic result demonstrated that Sr doped Ni(OH):
showed excellent dye degradation of Fast green (FG) than the pure NiO
nanoparticles due to its effective charge carriers creation and followed by the
free radical formation during the light irradiation.

Thus, the prepared cost effective and low temperature based Sr doped Nickel
hydroxide nanoparticle Sr/Ni(OH)2 could be the suitable candidate for water

purification, through the photocatalysis process.
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