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ABSTRACT

The advancement in nanotechnology research has helped in the
development of eco-friendly methods for the synthesis of nanoparticles, which
gives considerable importance to expand their applications. Nanostructured NiO
and Cs doped Ni(OH), have been synthesized via Co-precipitation method. The
Co- precipitation method have resulted in maximum yield. A systematic change
in preparation parameters like calcination temperature, pH value and calcination
time has done in order to study the influence on the effect of crystallite size. XRD
was used to examine the crystalline size. Fourier Transform Infrared
Spectroscopy was used to examine the functional groups involved in the
molecules of synthesised nanoparticles. Scanning Electron Microscope was
used to investigate the particle size and morphology of the synthesised
nanoparticles. The prepared samples are characterized by X-ray diffractometer,
scanning electron microscopy, Fourier transform infrared spectroscopy. The
optical band gap decreases from 3.21 eV [pure NiO] to 2.82 eV [Ni(OH), doped
with 5% Cs]. Further, the results are encouraging as the synthesized
nanoparticles stand a better chance of being used as an active material for
textile dyes because of their high photo degradation activity in photocatalytic
applications. The synthesized NiO and Cs doped Ni(OH), nanoparticles were
used as efficient photocatalyst for the photocatalytic degradation of Methylene
blue (MB) dye. the obtained photo degradation of MB dye was above 86.39 % in

120 min under visible light irradiation.

Keywords: Cs doped Ni(OH)2, NiO, Methylene blue dye, Co-precipitation
technique, X-Ray diffractometer, Scanning electron microscopy, Fourier

transform infrared spectroscopy.
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CHAPTER -1

Chapter-1, starts with a brief introduction of the metal oxide nanostructures and
their various synthetic methods. In addition to this, a short review on the targeted
applications, i.e., photocatalytic applications, of this project was also discussed
in this chapter. Finally, the chapter describes the objective and importance of the

project.



CHAPTER-1

1. INTRODUCTION

1.1 Nanomaterials

Nanotechnology is a versatile field of science like chemistry, physics,
material science, involve for the synthesis of nanoparticles and nanomaterials
and their applications. This area of science is to understand their physical and
chemical properties of nanoparticles. These properties make nanoparticles as an
emerging technology and because of the novel application of nanomaterials, the
nanomaterials had evolved as a frontline research area [1,2]. The fusion of
nanoparticles in modern technology has a unique properties of nanoscale
material possess When compared to bulk material, nanoparticles of the same
material can show enhanced Catalytic, electronic, magnetic properties [3] of
metal nanoparticles are sensitive to their size and shape. The material properties
that make nanoparticles ideal for these applications such as band gap or
emission spectrum, can be tuned by changing particle size and morphology [4].
Based on the dimension, the nanoparticles are classified 3 types as shown in
Figure 1.1 Due to different synthesis of nanoparticles with different method gives
a different class of nanomaterials, and it is classified into three categories based
on their dimensionality: zero dimensional (OD), one dimensional (1D), two

dimensional (2D) and three dimensional (3D).

In zero dimensional nanomaterials are measured within the nanoscale its

dimension is not more than 100 nm. It is called as nanoparticles

In one dimensional nanomaterial is outside the nanoscale this class

includenanotubes, nanorods, nanowires [5-7].

In two dimensional structures are studied extensively for the utilization of
nanodevice application [8-10]. And this class include graphene, nanolayers,

nanocoating

In three dimensional nanomaterials are materials that are not consider to

the nanoscale in any dimension this class can contain bulk powder, bundles of

2



nanowires and nanotubes. 0D,1D,2D are close contact with each other and form

interfaces.
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s

3-Dimensional Assembly (3D)

Figure 1.1 : The Classification of Dimensional Nanoparticles

The synthesis had various approaches of method like Top-down
approaches and Bottom-down approaches in this regard we did a Bottom-down
approaches in that of co precipitation method synthesis of nano particle
synthesis and it is the most conventional method, involving the reduction of
metal salts using some chemical reduction of metal salts. A stabilizing agent also
added to reduce a particle agglomeration like polyvinyl pyrrolidone [PVP],
polyvinyl alcohol [PVA], polyethylene glycol [PEG], the goal of the work is to
synthesis of cesium doped NiO nanoparticles by the chemical co-precipitation

method in the presence sodium hydroxide, it is very simple way and low in cost.

Semiconductor has a significant role in processing in the field of
nanoscience and nanotechnology Usually in conductors current is considered to
flow due to electrons only but here in semiconductor materials it is caused by
both electron as well as hole movements. Semiconductor materials do not
belong only to crystal solids but are of the 3 nature of amorphous and liquids too.

A pure semiconductor is called as intrinsic semiconductor.



The electronic properties and the conductivity of semiconductor can be
changed in a controlled by adding very small quantities of other materials called
dopants. The field is expected to open new ideas for science and technology.
Preparation and applications of the metal oxide nanostructures are belonging to
Semiconducting nanomaterials and nanotechnology. Metal oxide proved to be
very promising for a variety of practical applications. Metal oxides play a very
important role in many areas of chemistry, physics, and materials science [11-
14].

1.2 METAL OXIDES

Metal oxides are widely suitable for photocatalyst applications because of
their suitable band gap and it considered as an heterogenous catalyst and some
group of metals have much attraction towards their outer electronic
configuration. they are applied widely in various reactions, like oxidation
processes, upon light irradiation that are responsible for degradation of dyes.
preparation of these metal oxides through the synthesis can be described as
physical and chemical methods. In general, the synthesis of metal oxide
nanoparticles is done by top-down and bottom-up approaches techniques.
These approaches involved in all the three phases like solid-liquid-gas [1,2,15-
20]. Due to their unique properties these metal oxides such as optical, thermal,
catalytic, photochemical etc. made themselves as a high-level technological
application. Hence the metal oxide nanostructure is broadly studied by

researchers.

1.3 SYNTHESIS TECHNIQUES OF METAL OXIDE NANOPARTICLES

synthesis of nanoparticles with a definite structure and size is the most
challenging task in the field of nanoscience and nanotechnology. So there has a
variety approaches to synthesis of nanostructures such as thermal evaporation,
chemical vapor deposition, hydrothermal synthesis etc. these kinds of metal
oxide nanostructure synthesis provide a great interest for the researchers

because of their intense properties and variety of applications. In background,



this synthesis can be broadly classified by two types such as spontaneous, and
template-based category [21]. In spontaneous synthesis, the crystal structure
and their surface properties grow along with a particular direction [21]. In case of
template-based category synthesis, different template used to maintain the
growth of nanostructures [21]. Prepare nanostructure in different approaches like

top-down approaches and bottom-up approaches.

A) TOP-DOWN APPROACHES:

Cutting down a bulk material into nanoparticle. And a starting material of
this approaches in only suitable for a solid state, and this process is a physical
processing method.it has an advantage of chemical purification material is not
required so we get a maximum quantity of nano particle but the yield we get
[10-1000nm].

B) BOTTOM-DOWN APPROACHES:

Build a material form molecule to atom(cluster), and then atom to
nanoparticle. The starting material for this method is suitable for gaseous and
liquid state, this is made up of both physical and chemical methods. And the
method is very cheaper than Top-down approaches.it has an advantage of
getting an ultra-fine nanoparticle but the quantity of product is we get a smaller

amount of nanopatrticles.

To develop the techniques and its growth of nanostructure we did a report
for different approaches in this literature, such as sol-gel technigue, chemical

precipitation method and so on.
1.3.1 SOL-GEL Technique

Sol-gel precipitation approach has evolved for the preparation of
nanoparticles with inorganic materials [22-24]. The synthesis of sol-gel method is
a more familiar approach is shown in Figure 1.2 this method is based on
hydrolysis of a solution of a precursor to obtain a colloidal particle is called as sol

and it is condensed to form a gel then a gel of aggregated sol particles is heated



to get a desired yield. A variety of nanoparticles are synthesized such as TiO,

CuO, etc. this method is used for the fabrication of metal oxides.

Hydrolysis N
with stirring atI Stirring
24 hrs for 2 days gel

Dried and
Precursor sol at washed
120°C
calcination
0 _

nanoparticle xerogel

Figure 1.2 : Synthesis Method of Sol-gel Technique

1.3.2 Co-Precipitation Method

Co-precipitation method is a standard synthesis technique to prepare a
pure metal oxide nanoparticle. Fig 3 shows the process of co-precipitation
method. In co-precipitation, typically a salt precursor is been a nitrate, chloride
and dissolved in aqueous solvents, then a base compound added to form a
precipitation, add hydroxides like sodium hydroxide, ammonium hydroxide etc,
[25]. and to reduce agglomeration add a stabilizing agent like PVP, PVA etc, the
size, morphology of the nanoparticles is controlled [26]. The precipitate we get

was washed several times with water and acetone and dried at 160°C.
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Figure 1.3: Process of Co-precipitation Method

1.3.3 Hydrothermal Synthesis

Hydrothermal method is one of the common methods for the synthesis of
chemical reactions at a sealed autoclave reactor having aqueous solvent or
mineraliser under high pressure (0.3 - 4 MPa) (MPa= megapascal) and high
temperature (130-250°C) [27]. The process involve in autoclave reactor is shown
in Fig 1.4 It is a solution-based reaction approach [28]. Advantages of the
hydrothermal synthesis method include the ability to synthesize crystals of
substances which are unstable near the melting point, and the ability to
synthesize large crystals of high quality. Disadvantages are the high-cost
equipment and the inability to monitor the crystal growth [29]. And it is well
known technique for synthesis of nanostructures. The synthesized products were
investigated in terms of their morphological, structural, and optical properties.
Finally, the prepared nanomaterials were used for sensing, photovoltaic and

photocatalytic properties.
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Figure 1.4 : Process Involve in Hydrothermal Autoclave Reactor

1.4 IMPORTANCE OF METAL OXIDE

Metal oxide have been attracted because of their changes in optical,
electrical, catalytic and magnetic properties include with physical and chemical
stability. metal Oxide nanoparticles can exhibit unique physical and chemical
properties due to their limited size and a high density of corner or edge surface
sites [30]. Metal oxide nanoparticles have a variety of applications such as
catalyst etc. Metal oxide semiconductors are suitable photocatalysts due to their
high photosensitivity, stability, low cost and suitable band gap [31]. The structure
of metal oxides is greatly disturbed, because of the particle size decreases, the
increasing number of surface atoms that generate stress/strain. Thermal
elements are capable of forming a wide range of oxide compounds. These can
adopt a vast number of structural geometries with an electronic structure that
can exhibit insulator, semiconductor, or metallic characteristics. Fig 1.5 shows

some commonly used types and applications of metal oxide nanoparticles [32].
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Figure 1.5 : Types and Applications of Metal Oxide Nanoparticles [32]

1.5 TARGETED METAL OXIDE:

1.5.1 NiO Nanoparticles

NiO is an important transition metal oxide with a cubic lattice structure.
Fig 1.6 shows the crystal structure of NiO. The average band gap of NiO is 3.6-4
electron volt [33]. The average particle size of NiO is = 30nm using
polyvinylpyrrolidone is assisted [34]. Nickel oxide (NiO) nanoparticles have been
effectively used as photocatalysts [35]. NiO is a stable p-type semiconductor
metal oxide having tendency to absorb UV radiations due to its wide band gap.
Nickel oxide already has a much attention due to its excellent electrical, optical
and catalytic properties and its excellent durability, high photo sensitivity and
high adsorptive affinity. Among various metal oxide, NiO is also used to eliminate
an organic dyes and contaminants in wastewater. In a research lead by Martha
Ramesh et al. [36], on the degradation of sensitive black 5 (RB-5) and methylene
blue (MB) by NiO NPs, they found that the annealing of nanoparticles at a
temperature is more than 400 °C will increase the degradation rate. And Sabouri
et al. [37], achieved about 80% of methylene blue (MB) dye removal with a
concentration of 7 mg/L at the pH value of 11. The NiO nanoparticles made at a
higher annealing temperature (400 °C) had excellent adsorption and
photocatalytic activity against textile dyes. NiO has been synthesized by several
methods such as hydrothermal method, co-precipitation method, sol-gel method,

thermal decomposition method etc.



Figure 1.6 : Crystal Structure of NiO

1.5.2 Properties of NiO:

TABLE 1: REPRESENTS THE PROPERTIES OF OXIDE NANOPARTICLES
INFLUENCED THE SIZE, SURFACE EFFECTS,
CRYSTAL LATTICE DEFECTS

Chemical Properties :

Chemical Data

Chemical symbol NiO
CAS No. 1313-99-1
Nickel 4
Group
Oxygen 16

Nickel [Ar]3d® 4s?

Electronic configuration o
Oxygen [He] 2s° 2p

10



Chemical Composition

Content (%)

Nickel 78.55

Oxygen 21.40

Physical Properties :

The physical properties of nickel oxide nanoparticles are given in the following -

table.

Properties Metric Imperial
Density 6.67 g/cm 0.240 Ib/in
Molar mass 74.71 g/mol -

Thermal Properties :

The thermal properties of nickel oxide nanoparticles are provided in the table

below.

Properties Metric Imperial

Melting point 1955°C 3551°F

11



1.5.3 Key Applications of NiO:

> Nickel oxide particles are widely used in batteries, like lithium-ion

batteries, Nickel-zinc battery etc.

> Nickel oxide is a significant material for applications in preparation of
nickel cermet for the anode layer of solid oxide fuel cells (Thomas et
al., 2013).

> It is also used as a catalyst and antiferromagnetic layers, and radar

absorbing materials.
> In light weight structural compounds in aerospace.

> In active optical fibres, in cathode materials for alkaline batteries and
materials for gas or temperature sensors such as CO sensor, H

sensor etc (AzoNano,2013).

1.5.4 NI (OH)2 Nanoparticles

While Nickel oxide nanoparticles has certain advantages and applications,
Nickel hydroxide, Ni (OH), is a poor electrical conductivity p-type semiconductor
has many important technological uses. Nickel hydroxide is used for battery,
photocatalysis, and fuel cell applications [38,39]. Depending on the pH and other
species in the solution, either nickel oxide or nickel hydroxide particles can be
formed. Nickel hydroxide usually forms at 150°C —200°C. recently, nickel
hydroxide has found increasing attention because of its applications in alkaline
rechargeable batteries and high energy batteries owing to its high-power density
and specific energy, great charge—discharge cyclic characteristics, and low
toxicity [40]. Nickel hydroxide is known as an active material for cathodes in

nickel-based rechargeable alkaline batteries [41-48].

*Until now a number of metal oxides nanostructures have been
synthesized such as Zinc oxide (ZnO), Copper oxide (CuO), Nickel oxide (NiO)
[49-51] etc. In this project work, we have planned to study in particular NiO and

at low temperature formation of Ni (OH), with Cs ion. Here in this project, we will

12



investigate the synthesis of the above-mentioned metal oxide nanostructures
through co-precipitation method. The metal oxides we study here in this work is
Cs doped NiO. The prepared samples size, morphology, structure was
characterized under X-Ray Diffraction [XRD], Scanning Electron Microscope

[SEM], UV-visible spectroscopy.

1.6 TARGETED APPLICATION OF NI(OH). AND NIO NANOPARTICLES
PRESENTED IN THIS PROJECT

1.6.1 Photocatalyst Application

Catalyst is defined as speeding up the chemical reaction. Similarly,
photocatalyst is nothing but speeding up the chemical reaction in the presence of
UV-light. The photocatalytic process starts with an irradiation of semiconductor
material by absorb a light that produces an electron hole (e/h*) pair. photo-
generated pairs of h+ and e- induces the formation of aggressive species such
as hydroxyl (OH") Significant features of the photocatalyst have: proper band
gap, morphology of the material, more exposed surface area, stability and its
reusability. This photocatalyst activity broadly divide into two types:
homogeneous photocatalysis and heterogeneous photocatalysis. The
photocatalyst is widely practiced in degradation process thus leads a reduction
toxic metal ion into non-toxic state. The photocatalytic activity of semiconducting
metal oxide can be effectively modified by ionizing radiations. the semi
conducting metal oxides on irradiation with appropriate wave length leads to
excitation of an electron from valence band to conducting band yielding an
electron hole pair [52]. Based on photocatalyst Fig 1.7 shows catalyst
nanoparticles. Upon light irradiation, these photogenerated charge carriers
create radical species (*OH", *O;) that are responsible for degradation of dyes.
Photodegradation of dyes is useful for water treatment process to degrade a
pollutant [53]. Commonly used dyes in photocatalytic studies are methylene blue
(MB) Suitable morphology, high surface area, narrow band gap, stability, and low
recombination rate of charge carriers are some of key features that a good
photocatalyst should possess [54]. in this project, we did a report of the

synthesis and characterization of NiO NPs, as a photocatalyst to degrade

13



methylene blue dye (MB) in the presence of visible light. Fig 1.8 shows the
photocatalytic degradation of (MB). The structural, morphological, optical,
adsorption, and photocatalytic properties of NiO and B-Ni (OH)2 NPs with respect

to temperature has been discussed.

UV light

OH’ 0,

Conduction band ¢

Valence band h*

Catalyst Nanoparticle

Figure 1.7 : Photocatalytic Application of Nanoparticles

Calcination

NiO-NPs

\J

| ‘ \\\\

Figure 1.8 : Decolourization of Methylene Blue (MB)
Dye Under Visible Light Irradiation
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Lefu Mei, and Zhaohui Li have confirmed that nano-TiO2 has strong catalytic
activity, but it is easy to agglomerate, low levels of photocatalytic activity or even
total loss. Diatomite impregnated with TiO2 provided an assisted anatase
catalyst for MB photodegradation. MB can be totally degraded in 20 minutes at a
concentration of 15 ppm. The results indicate that TiO2/diatomite photocatalysis

is a promising method for removing colour from wastewater.

Zuo, Ranfang, Gaoxiang Du, Weiwei Zhang, Lianhua Liu, Yanming Liu,
Lefu Mei, and Zhaohui Li. "Photocatalytic degradation of methylene blue using
TiO2 impregnated diatomite." Advances in Materials Science and
Engineering 2014 (2014).

Samuel, Joshua J., and F. K. Yam have confirmed that the use of dye
sensitizers on TiO2 was studied for use of a photocatalytic dye degradation
process, which was tested using methylene blue in this case. When degraded
with extracted chlorophyll, the concentration of methylene blue decreased to
40% of its initial concentration, according to the analysis. When completely
optimised, the potential usage of dye sensitization as a cost-effective
photocatalysis is the key for the effective waste vegetation and can also be

useful to an ecofriendly approach of organic pollution reduction.

Samuel, Joshua J., and F. K. Yam. "Photocatalytic degradation of
methylene blue under visible light by dye sensitized titania." Materials Research
Express 7, no. 1 (2020): 015051.
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CHAPTER -3

AIM AND SCOPE

> Nickel based metal oxides are attracted much attention due to its

applications in catalysis and dye degradation.

» Polyvinylpyrrolidone will be used as surfactant to reduce particles size
> Influences of Cesium salt on the size, morphology and structural

constitution will be studied.

» Low temperature based hexagonal structure of Cs (5%) ion doped
Ni(OH), nanoparticles will synthesized using the chemical precipitation

method.

> Investigation on photocatalytic performances of Cs doped Ni(OH),
nanoparticles will be synthesized.
» Effect of the photocatalytic activity Methylene Blue dye will be performed

using undoped and Cs doped NiO nanoparticles will be investigated.

» Studies on size, morphology and structure will be characterize using X-
Ray Diffraction [XRD], Scanning Electron Microscope [SEM], Fourier
Transform Infrared Spectroscopy [FTIR].
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CHAPTER- 4

EXPERIMENTAL DETAILS

Chapter 4 deals with the details of the synthesis and characterization
techniques used for the prepared metal oxide nanomaterials targeted in this
project. Techniques used in this project, i.e., co-precipitation method have been
used for the synthesis of various undoped and doped nanomaterials explored in
this project. The synthesized nanomaterials were examined by variety of
techniques in terms of the morphological, structural, optical, compositional and
electrical properties. Moreover, the prepared nanomaterials were used for
various applications such as photo dye degradation and photocatalytic
applications. In a word, this chapter provides all the detailed procedures for the
synthesis, characterizations and applications of targeted nanomaterials in this

project.
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CHAPTER -4

4.1 INTRODUCTION

The metal oxide nanomaterials in this project are NiO, Cs-doped Ni (OH)s,.
The metal oxide nanomaterials were prepared by specific technique, i.e., simple
and facile low-temperature co-precipitation process. The synthesized NiO and at
low temperature B-Ni(OH), nanostructures were extensively characterized in
terms of their morphological, structural, optical, compositional and electrical
properties. To examine the structural properties, the prepared nanomaterials
were characterized by XRD pattern. The elemental and chemical compositions
of prepared nanomaterials were investigated by FTIR spectroscopy. The optical
properties were examined by UV-visible spectroscopy at room-temperature.

Finally, the synthesized nanomaterials were used for photocatalytic applications.
4.2 MATERIALS

All chemicals used in this project were analytical grade and used without
any further purification. Nickel (II') chloride Hexahydrate (NiCl,.6H,0) (MERCK),
Molecular weight of NiCl,.6H,0 is 237.69 g/mol, caesium chloride (Cscl), (Sigma
Aldrich) molecular weight of Cscl is 168.36 g/mol, Sodium Hydroxide (NaOH),
(SRL) Molecular weight of NaOH is 40 g/mol, Polyvinyl pyrrolidone (PVP), (SRL)
Molecular weight of PVP is 2.50 g/mol, Ethanol, Acetone (SRL), and All samples

were prepared by using De-ionised water.
4.3 EXPERIMENTAL PROCEDURE

Pure NiO, and Cs doped Ni (OH), were synthesized by co-precipitation

method.
4.3.1 Synthesis of NiO

NiO nanoparticles were synthesized by co-precipitation of Ni (OH). by

modification of the method. Nickel (II) chloride hexahydrate (0.5M) in D.l water

were used as precursors or solvents, and to reduce agglomeration add 1g of

polyvinyl pyrrolidone (PVP). The pH was adjusted by sodium hydroxide by
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adding drop by drop. The reaction was stirred for 2 hours at room temperature.
The resultant product was washed thoroughly with deionized water for removal
of reaction residues followed by washing with acetone. Finally, deep green
nanoparticles were formed, and dried in vacuum. The Nickel hydroxide
nanoparticles were converted to NiO via calcination of the prepared sample at
450°C.

4.3.2 Synthesis of Ni (OH)

Cs doped Ni (OH), nanoparticles were synthesized by co-precipitation
method. Nickel (I) chloride hexahydrate (0.5M) in D.| water were used as
precursors or solvents, add 5% of caesium chloride and to reduce agglomeration
add 1g of polyvinyl pyrrolidone (PVP). The pH was adjusted by sodium
hydroxide by adding drop by drop. The reaction was stirred for 2 hours at room
temperature. The resultant product was washed thoroughly with Deionized water
for removal of reaction residues followed by washing with acetone. Finally, deep

green nanoparticles were formed, and dried at 120°C.

4.4 CHARACTERIZATION OF PREPARED METAL OXIDE
NANOMATERIALS

The prepared metal oxide nanomaterials presented in this project were
characterized in detail in terms of their morphological, structural, compositional
and optical properties. The structural properties were examined by XRD in the
range of 10-80°.Images with sufficient quality of nanoparticle size was
characterized by scanning electron microscope (SEM). The elemental and
chemical compositions were examined by using FTIR spectroscopy. The optical
properties were examined by using UV-visible spectroscopy at room-

temperature.
4.4.1 X-Ray Diffraction

X-Ray diffraction is a non-destructive technique used to determine the
crystal structure of the material. A crystal lattice is a regular three-dimensional

distribution of atoms in space are arranged to form a parallel plane separated by
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one another by a distance (d), The XRD pattern obtained from the sample
depends on the shape and size of basic unit cell of the crystal [55-59]. To
determine the structural nature of a material after its synthesis is very essential.
XRD are the major technique to determine the crystal structure of a material
because the properties of a material are very much dependent on its structure.
The standard database (JCPDS database) for XRD pattern is used for phase
identification for a large variety of crystalline phases in the solid specimens. X-
Ray Diffraction (XRD) has an advantage of simultaneous characterize both the
precursor and end products with a detailed nanoparticle behaviour [60]. XRD is
used for assessment of phase purity and crystallinity of inorganic materials.[61].

X-ray diffraction is based on Bragg's law
(nA = 2dsinB)

where d is the perpendicular distance between pairs of adjacent
planes, 6 is the angle of incidence or Bragg angle, A is the wavelength of the
beam, and n denotes an integer number, known as the order of the reflection
and is the path difference, in terms of wavelength, between waves scattered by
adjacent planes of atoms [62]. A monochromatic beam of X-rays is allowed to
incident on a sample, and the reflected X-rays are detected by a detector [63].
Fig 4.1 shows the working principle of XRD. The XRD patterns of the

synthesized materials were evaluated with Debye-Scherrer equation
D=KA/B cos(8)
Where D is the average crystalline size, A is the wave length of the
incident light (Cu-Ka) (1.54054), B is the Full Width Half Maximum (FWHM) of

the peak, K is the particle shape coefficient (0.9 for spheres), 0 is the diffraction

angle.
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Figure 4.1 : Working Principle of XRD

4.4.2 Scanning Electron Microscope

Scanning electron microscope is a type of electron microscope, which
produce images of a samples by scanning the surface of a focused beam of a
high-energy electron to generate a variety of signals at the surface of solid
specimens. Scanning electron microscope (SEM) is one of the most widely used
instrumental methods for the examination and analysis of micro and nanoparticle
imaging characterization of solid objects. Fig 4.2 shows the process of SEM.
One of the reasons that SEM is preferred for particle size analysis is due to its
resolution of 10 nm, that is, 100 A. This instrument may also be used in
conjunction with other related techniques of energy-dispersive X-ray
microanalysis (EDX, EDS, EDAX), for the determination of the composition or
orientation of individual crystals or features [64]. EDX (Energy dispersive X- Ray

analysis) may also include specific information on elemental composition.
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Figure 4.2 : The Process of Scanning Electron Microscope
4.4.3 Fourier Transform Infrared Spectroscopy

FTIR the term refers as Fourier transform infrared spectroscopy; it is a
vibrational spectroscopic technique. Based upon the wavenumber, infrared light
can be categorized as far infrared (4 ~ 400 cm ™), mid infrared (400 ~ 4,000cm -
1 and near infrared (4,000 ~ 14,000 cm ™) are shown in Fig.4.3. The structure
and the components of a prepared samples are verified by spectroscopic
techniques. if IR radiation is passed through a sample. Some of the infrared
radiation is absorbed by the sample and some of it is passed through
(transmitted). The resulting spectrum represents the molecular absorption and
transmission, and giving a picture of the molecular energy levels, is shown in Fig
4.4. It is used to identify unknown materials, and to determine the quality or
consistency of a sample and the amount of components in a mixture. FTIR
analysis provides information about the chemical bonding or molecular structure
of materials, whether organic or inorganic. FTIR will measure samples with a
diameter of up to 11mm and weigh the bulk or the top 1 mm of the sample [65].
The goal of any absorption spectroscopy (FTIR, UV-Visible spectroscopy, etc.) is

to measure how much a sample absorbs light at each wavelength. In order to
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obtain infrared spectra, a Fourier Transform Infrared (FTIR) spectrometer first
generates an interferogram of a sample signal with an interferometer, which
simultaneously analyses all infrared frequencies. The incoming infrared beam is
split into two optical beams by a beam splitter in an interferometer. A flat mirror,
which is fixed in place, reflects one beam. A flat mirror reflects another beam just
moves a short distance (typically a few milli meters) away from the beam splitter.
the two beams reflect from their respective mirrors. When they are meet together
at the beam splitter, they are recombined. The same frequencies of energy are
adsorbed by the sample when the interferogram signal is transmitted through the
sample surface due to the excited vibration of function groups in molecules. The
infrared signal generated by interacting with the sample is unique to the sample.
When the beam reaches the detector, it is measured by the detector. It is difficult
to interpret the observed interferogram directly. It must be "decoded” using a
mathematical method known as Fourier Transformation. The computer will
evaluate the Fourier transformation and display an infrared spectrum that plots

adsorbance (or transmittance) against wavenumber.

| |
I |
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Figure 4.3 : Wave Number Classification of FT-IR Spectroscopy
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Figure 4.4 : The Working Principle of FTIR

4.4.4 UV-Visible Spectroscopy

This technique is based on the light absorption in the UV-visible spectral
regions, in which molecules and chemical compounds undergo electronic
transitions, and hence to determine the electronic bonding in a molecule [66]. It
is known as absorption spectroscopy. UV- Visible spectroscopy cover a wave
length of ranging up to 200-800nm. UV-visible spectroscopy is produced when
incident radiation interacts with the electron cloud in a chromophore, resulting in
an electronic transition involving the promotion of one or more outer shell or
bonding electrons from a ground state to a higher energy state. In a standard
UV-Vis spectrometer, the beam of light is split into two parts by a partial mirror;
one half of the beam (the sample beam) is directed through a transparent cell
containing a solution of the compound being analysed, and one half (the
reference beam) is directed through an identical cell that does not contain the
compound but contains the same solvent wherein the compound is dissolved.
The solvents are must to be taken care of to be transparent for the interested
light. The difference of light intensities scanned over a range of wavelength are
taken and compared. The intensity profile over a range of wavelengths is

observed. In complex molecules the energy levels are more closely spaced and
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photons of near ultraviolet and visible light can affect the transition. These
substances, therefore, will absorb light in some areas of the near ultraviolet and
visible regions [67]. UV-Vis. spectroscopy was used to examine the optical
properties of prepared metal oxide nanomaterials. Fig 4.5 shows the working
principles of UV-Visible spectroscopy. metal nanoparticle light absorption is
produced by the coherent oscillation of their conduction band electrons, induced

by the interaction of the electromagnetic of the incident light.
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Figure 4.5: Working Principle of UV-Visible Spectroscopy
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CHAPTER -5

RESULTS AND DISCUSSION

Chapter 5 describes the main results and discussion of the project. This
chapter is divided into several sections and each section describes the
synthesis, detailed characterizations and particular application of metal oxide

nanomaterial.

Section 5.1 describes X-Ray diffraction of the NiO and Cs doped Ni(OH),
crystalline structure, characterization and applications of nanoparticle grown via
facile and simple co-precipitation method using commonly used laboratory

chemicals.

Section 5.2 demonstrates the SEM images and their characterization
based on Cs doped Ni(OH), and NiO.

Section 5.3. demonstrates the characterization of (FTIR) in this chapter.

Finally, Section 5.4 exemplifies the photodegradation activity of NiO and
Cs doped Ni(OH)..
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CHAPTER-5
RESULTS AND DISCUSSION

In this project, we done a characterization analysis of NiO and Cs doped
Ni(OH). nanoparticles using co-precipitation method and observing a structure,
morphology, crystal size of our prepared samples using X-Ray diffraction,
Scanning Electron Microscope [SEM], Fourier Transform Infrared spectroscopy
[FTIR], UV-Visible spectroscopy. And we plot the points and calculate the crystal
and patrticle size of our sample. Fig 5.1 clearly seen as green in colour then we
identify, it is known as formation of Ni(OH), and Fig 5.2 clearly seen as black in

colour, then we identify, it is the formation of NiO

Figure 5.1 : Photocopy of Prepared Cs Doped Ni(OH)2

Figure 5.2 : Photocopy of Prepared NiO
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5.1 X-RAY DIFFRACTION

The structural properties of nanoparticles can be revealed using XRD, it is
a unique technique. It gives more details on the phase, chemical composition,
unit cell symmetry, crystallinity, lattice constant, and nanoparticle properties. This
technique can be used to identify both single and multiphase nanoparticles [68-
69].

Only when the X-rays interact with the crystal will you get a diffraction
pattern. The diffraction patterns include information such as the unit cell's
symmetry, stress, strain, crystallite size, and growth orientation etc. This
standard data will be identified by (JCPDS database) XRD will provide you more
detail about the crystallite size. The Debye Scherrer equation can be used to
measure the average crystallite size based on the peak broadening of the

diffraction peaks:

D = KA/B cos6

crystalline parameters of the prepared NiO nanoparticle sample through a Cu Ka
source wavelength of A =1.5405A°, K= 0.9, = full width half maximum.
Diffraction pattern was noted at a number of differing angles of diffraction (26)
between 10° and 90°.

Figure 5.3 NiO shows the Co-Precipitation method, XRD patterns of NiO
hollow spheres, with five major diffraction peaks, 111, 200, 220, 311, and 222,
corresponding to the standard cubic NiO structure (JCPDS card 04-0835). There
was no impurity-phase peak detected, showing that the products are pure NiO in

its pure phase.

Figurel12 shows the XRD patterns of NiO hollow spheres by
hydrothermal method, five main diliraction peaks, namely (111), (200), (220),
(311) and (222), matched with the stand- ard cubic NiO structure (JCPDS card
04-0835). No impu-rity-phase peak was found, demonstrating the products

are pure phase NiO. Because there are two dillerent shapes, we put them in
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the same XRD picture together Figure(12 shows the XRD patterns of NiO
hollow spheres by hydrothermal method, five main dilraction peaks, namely
(111), (200), (220), (311) and (222), matched with the stand-ard cubic NiO
structure (JCPDS card 04-0835). No impu-rity-phase peak was found,
demonstrating the products are pure phase NiO. Because there are two
dilJerent shapes, we put them in the same XRD picture together Figure(12
shows the XRD patterns of NiO hollow spheres by hydrothermal method, five
main dillraction peaks, namely (111), (200), (220), (311) and (222), matched
with the stand-ard cubic NiO structure (JCPDS card 04-0835). No impu-rity-
phase peak was found, demonstrating the products are pure phase NiO.
Because there are two dilJerent shapes, we put them in the same XRD picture
together.

Figurel12 shows the XRD patterns of NiO hollow spheres by
hydrothermal method, five main dilraction peaks, namely (111), (200), (220),
(311) and (222), matched with the stand-ard cubic NiO structure (JCPDS card
04-0835). No impu-rity-phase peak was found, demonstrating the products
are pure phase NiO. Because there are two dilJerent shapes, we put them in

the same XRD picture together.

Figure 5.3 Cs-doped Ni (OH), spheres which exhibits several well-defined
diffraction reflections at 19.12°, 31.78°, 38.61°, 45.461° 51.87°, 59.25° and
75.18°. The XRD patterns of the sample treated under various experimental
conditions gives high purity and crystallinity. According to (JCPDS card No 14-
0117), all of the peaks in Figure 5.3 shows as Cs doped B-Ni(OH), can be
indexed as hexagonal phase. The XRD of bare Ni substrate, which showed two
peaks at 45° and 75°. The diffraction peaks for the plane are (001), (100), (101),
(102), and (110).
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Figure 5.3 : XRD of NiO and Cs Doped Ni (OH),

The average crystallinity size of the NiO nanoparticle is 14.3 nm was

calculated using XRD

5.2 SCANNING ELECTRON MICROSCOPY

The high-resolution scanning electron microscope (SEM) is ideal for
determining nanoparticle size and shape. Because the necessary sample
preparation and image acquisition are relatively fast and simple, Despite the fact
that the SEM image is a two-dimensional (2D) representation of the three-
dimensional (3D) objects from a precise viewing angle, The SEM image does
contain some 3D information that can be used to recreate the shape of a basic
structure with sub-nm precision using model-based measurement [70]. The

morphological variations in the sample that were synthesized are observed and
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analysed. Figure 5.4(a) displays a SEM analysis of nickel oxide. The images of
Cs doped nickel hydroxide nanoparticles thus synthesized at low temperatures

were analysed. In Figure 5.4(b)

Figure 5.4 : (a) Scanning Electron Microscopy (SEM) Image of Pure
NiO Nanoparticles and (b) SEM Image of Cs Doped Ni (OH):
Nanoparticles. The SEM Images were Measured for Powder Samples for
the Both Samples (NiO and Cs doped Ni (OH),). The Powder Samples were
Pasted on the Carbon Tape for Measuring the SEM Images

Since nickel oxide is agglomerated, it has a higher surface energy than
caesium doped nickel hydroxide [71]. caesium doped nickel hydroxide has finite
structures as compared to pure nickel oxide. Results shows that the synthesised
NiO nanoparticles are smooth, spherical in shape, and some are agglomerated
due to their high surface area to volume ratio and lower cohesive energy than
pure NiO nanoparticles compared to bulk materials. Caesium doped nickel
hydroxide SEM images are spherical. Because of its high dispersion, caesium
doped nickel hydroxide has a limited size relative to pure nickel oxide [72], Nickel
oxide can be de-agglomerated by calcination at a higher temperature of around
160°C [73]. The size of caesium doped nickel hydroxide, according to SEM

photos, may be less than 10nm.
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5.3 FOURIER TRANSFORM INFRARED SPECTROSCOPY

The absorbance of infrared light at different wavelengths in a sample is
measured using FTIR study to analyse the material's molecular composition and

structure.

The O-H bond is represented by a peak on the FT-IR spectrum about
3422 cm™. The hydroxyl groups are obtained, due to the absorption at 1630cm-
1. The presence of carbonates is confirmed by the absorption bonds at 1440 cm’
! and 1126 cm™, while the bond at 2900 cm™ corresponds to the CH2 stretching
mode [74].
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Figure 5.5: (A) NiO, (B) Ni (OH),
The absorption bonds at 460 and 580 cm-1 are associated to the Ni-O

vibration bond, as shown in fig.5.5 (A)

The FT-IR spectra of Cs doped Ni(OH), are shown in Figure 3.3 (B)

reveals chemical information and major functional groups in the Ni(OH),.The
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sharp peak at 3642 cm™ is assigned to the stretching vibrational mode (OH) of
nonhydrogen bonded hydroxyl groups in the Nickel hydroxide, while the broad
band at 3445 cm-1 to the stretching mode of hydrogen bonded hydroxyl groups
in the same layered structure. The peak at 516 cm-1 is attributed to the in-plane

deformation vibration of water (OH) [75].
54 PHOTOCATALYTIC ACTIVITY TEST

Methylene blue (MB) 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-Visible spectrophotometer. The degradation

efficiency is calculated by the formula,

Degradation efficiency (%) = C-Co/C x100 (2)

Where C and Cy are initial and final concentration of dye molecules. After 15
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 catalyst by degradation the dye solution.

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

degradation rate of MB as follows;
- In(CICy) = kt 2

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
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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.
Photocatalytic activity :

The photocatalytic degradation efficiency of as prepared catalysts of NiO,
and Cs/ Ni(OH), nanoparticles were resolute by the deprivation of MB dye under
irradiation of Sun light. When irradiating the MB dye solution, the concentration
of the dye was noticeably reduced and it was confirmed by the significant colour
variation. For NiO catalyst, the catalyst influences the organic molecule to
achieve the efficiency of about 46.32% within 120 mins. The photocatalyst
experiment was further extended to doped samples. The degradation reaction of
Cs/ Ni(OH), samples were performed by the same process. The rate of electron-
hole pair recombination was delayed by doping the metal ions into the NiO
strucuture results increased the degradation efficiency. Compared to NiO
catalyst, Cs/Ni(OH)- catalysts reached high effiiciency of degradation of 86.39%,
respectively [76].
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Figure 5.6.1 : (a-b) Represents the UV-visible Spectra for the MB with
Occurrence of Catalysts NiO, and Cs/ Ni(OH),) were Irradiated
by Sun Light for 120 minutes. (c) C/Co Versus Time Interval Plot of
MB dye (d) —In (C/Co) Versus Time Interval Plot of MB dye

The significant improvement of the degradation efficiency is due to the
doping effect of Cs ion at the Ni** lattice sites, it reuce recombination of excited
charcge carriers (electron-hole pair). Figure 5.6.1 (c) 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 MB dye
solution. The Cs/Ni(OH), catalyst shows highest degradation ability due the fact
that sub energy-level act as traps for recombination. Based on the sub energy

level of the conduction band helps to produce the large number of reactive
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oxygen species (ROS). Addition investigation of pseudo-first order kinetics
studies shown in Figure.5.6.1 (d) the degradation rates were 0.0112 min™ and
0.0375 min® for NiO, and Cs/ Ni(OH), nanoparticles against MB dye,
respectively. From the studies rate constant value and R? values are listed in the
Table.2 The Figure.5.6.2 showed schematic diagram illustrating the mechanism
of charge separation, generation of reactive oxygen species (ROS) and

photocatalytic activity of photocatalyst under the sunlight irradiation [77].

The mechanism of MB dye degradation for the Cs/Ni(OH), catalyst is
described as follows,

(i) Formation of electron hole pair
Cs/Ni(OH)+ hv — h* (VB) + e (CB) (3)
(i) Formation of hydroxyl radicals
OH +h" —> OH-: 4)
H,O + h* — 5 OH-+H' (5)
(iif) Formation of superoxide radicals
O, +e — 0Oy~ (6)
(iv) Photo degradation of crystal violet and rhodamine B dye

Dye + OH- + O, —  Degradation products (7
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Figure 5.6.2 : Schematic Diagrams lllustrating the Mechanism of
Charge Separation and Photocatalytic Activity of
Photocatalyst Under the Sunlight Irradiation

TABLE 2 : PHOTOCATALYTIC ACTIVITY RESULT OF NIO
AND CS/ NI(OH)2 NANOPARTICLES

S.No Catalyst Band gap Degradation K (min™) R’
(eV) efficiency (%) (120
minutes)
Methylene blue (20 ppm)
1 NiO 3.21 46.32 0.0112 0.9772
2 Cs/Ni(OH), 2.82 86.39 0.0375 0.9810
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CHAPTER -6

CONCLUSION

In recent years, numerous intensive research efforts in the field of
nanotechnology have shown great potentials. There have been significant
improvements for the synthesis of desired inorganic nanomaterials and their
several potential applications are presented by the scientists and reported in the
literature. The development of nanomaterials helps us to move towards a bright
and comfortable future. These materials offer more precise methods of
addressing the several unsolved problems and needs of the mankind. There are
endless possibilities for improved devices, structures and materials if

understanding can be developed for assembly at small structures.

Nanotechnology has reached to the level of leading science with
fundamental and research prospects in all basic cognitive sciences. An important
feature of the nanotechnology is to bridge the gap between the atomic and

molecular scale of fundamental sciences

The overall conclusions of our work as presented in the previous chapter

is presented here systematically as,

A brief introduction of metal oxide nanostructures, their various synthetic
methods and the properties of targeted metal oxides, i.e. undoped and doped
Ni(OH), have been presented in chapter 1. In addition to this, the utilization of
prepared metal oxide nanomaterials for photocatalytic applications are also
demonstrated in this chapter. Finally, the chapter 1 describes the objective and

importance of this project.

The prepared metal oxide nanomaterials were mainly synthesized by co-
precipitation processes and characterized in detail in terms of their
morphological, structural, compositional, optical and electrical properties.
Further, the prepared metal oxide nanomaterials were used for the various highly
efficient photo dye degradation and photocatalytic applications. These all details

are mentioned in chapter 2.

The main results and discussion are demonstrated and discussed in chapter 3.
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6.1

CHAPTER -6

SUMMARY AND CONCLUSION

Nickel based metal oxides are 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 particles size
Herein, high temperature based cubic phase of NiO nanoparticles were
synthesized. At first, the Ni(OH), was synthesized chemical precipitation
method and then the wet sample was calcinated at 500°C for 4 hours at
air atmosphere.

Low temperature based hexagonal structure of Cs (5%) ion doped
Ni(OH). 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 that 14.3 nm and 8.1 nm for NiO and Cs doped Ni(OH)
nanoparticles, respectively.

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

Organic functional groups presence on the surface of the nanoparticles

were identified using FT-IR spectroscopy.
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°n

The investigated photocatalytic result demonstrated that Cs doped
Ni(OH). showed as excellent dye degradation of Methylene blue (MB)
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 Cs doped
Ni(OH), could be the suitable candidate for water purification, through the

photocatalysis process.
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