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CADMIUM SULPHIDE DECORATED BY GRAPHITIC CARBON
NITRIDE (g-C3N4) NANOCOMPOSITE FOR HIGH EFFICIENCY
PHOTO CATALYTIC APPLICATION

ABSTRACT

Graphitic carbon nitride (g-CsNa4) has, since 2009, attracted great attention
for its activity as a visible light-active photocatalyst for hydrogen evolution.
Since it was synthesized in 1834, g-C3N4 has been extensively studied
both catalytically and structurally. While its 2D structure seems to have

been solved, its 3D crystal structure has not yet been confirmed.

Graphitic carbon nitride with Cadmium Sulphide (gCsN4-CdS)
nanocomposites were synthesized by the fractional thermal
polymerization method (or) chemical precipitation method using melamine
different ratios of Graphitic carbon nitride with Cadmium Sulphide. The
structural, morphological, and optical properties of nanocomposites were
analysed by X-ray diffraction (XRD), Fourier transform infrared spectra

(FT-IR), Scanning electron microscope (SEM), UV-Vis spectra.

Photocatalytic process is based on the generation of e * hole pair in the

semiconductor on the absorption of light.

The generated electron — hole reacts with O2 from the surroundings of the
agueous solution to give highly reactive O2 specious such as superoxide
+ peroxide radicals these are responsible for the photocatalytic

degradation of the organic contaminants.
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CHAPTER-1

INTRODUCTION

Graphitic carbon nitride (g-CsNa4) has attracted great attention because of
its high activity and efficient visible-light absorption. It contains only the
earth-abundant elements (carbon and nitrogen), high chemical and
thermal stability due to the strong covalent bond between carbon and

nitrogen atoms in the conjugated layer structure.

Graphitic carbon nitride, g-Cs3Na, is a polymeric material consisting of C,
N, and some impurity H, connected via tris-triazine-based patterns.
Compared with the majority of carbon materials, it has electron-rich
properties, basic surface functionalities and H-bonding motifs due to the
presence of N and H atoms. It is thus regarded as a potential candidate

to complement carbon in material applications.

Graphitic carbon nitride with Cadmium Sulphide (gC3N4-CdS)
nanocomposites were synthesized by the fractional thermal
polymerization method (or) chemical precipitation method using melamine

different ratios of Graphitic carbon nitride with Cadmium Sulphide.

Graphitic carbon nitrides were synthesized starting from melamine.
reacts with melamine by condensation at temperatures in the range of
400-600 -C.



Introduction to g-CsN4 is given, the methods used for synthesizing this
material with different textural structures and surface morphologies are
described, and its physicochemical properties are referred. In addition,

four aspects of the applications of g-CsN4 in catalysis are discussed:
(1) as a base metal-free catalyst for NO decomposition,

(2) as a reference material in differentiating oxygen activation sites for

oxidation reactions over supported catalysts,
(3) as a functional material to synthesize nanosized metal particles,
(4) as a metal-free catalyst for photocatalysis.

The reasons for the use of g-CsN4 for such applications are also given,
and we expect that this paper will inspire readers to search for further new

applications for this material in catalysis and in other fields.

KEYWORDS: graphitic carbon nitride, synthesis, physicochemical

properties, applications, metal-free catalyst,
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Fig 1. Graphitic carbon nitride & melamine

1.1 NANO PARTICLES :

These days, we live in an escalated advancement of science known as
nanotechnology. The normal size of particles framing a sample in the
range of 1-1000 nm (1 nm = 10-9 m). There are so meanings of
nanoparticles. One of them says that, whose at any rate one
measurement is more than 100 nm, then such material can be called as

“nanomaterial".

Another definition “nanomaterial® as a material which after
“‘miniaturization” to nanoscale uncovers changed physicochemical
properties in contrast with the mass item (naturally visible).The
nanoparticles displays a 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 its utilization

in different applications.



The nanoparticles differ from shapes, sizes and structure. It can vary from

1 nm to 100nm 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 the instrumentation has prompted an

improvement in nanoparticle characterization and application.

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, quantum dots, silica and gold nanoparticles.



1.2 TYPES OF NANOPARICLES

1.2.1 ONE DIMENSIONAL NANOPARTICLE:

Atoms are arranged in one dimension in nano scale range. one dimension
Is outside the nanoscale. This class includes nanotubes, nanorods, and
nanowires.

coatings and thin films.

1.2.2 TWO-DIMENSIONAL NANOPARTICLES:
Atoms are arranged in two-dimensional nano scale range. Examples are

nanotubes, biopolymers, nanowires.

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

fullerenes.
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Figure 1.2 : Types of nano particles

1.3 CLASSIFICATION OF NANOPARTICLES

Nanoparticles can be classified into different types according to the size,

morphology, physical and chemical properties. Some of them are carbon-



based nanoparticles, ceramic nanoparticles, metal nanoparticles,
semiconductor nanoparticles, polymeric nanoparticles and lipid-based

nanoparticles.

1.3.1 CARBON BASED NANOPARTICLES

Carbon-based nanoparticles are of two main materials:
carbon nanotubes (CNTs) and fullerenes. CNTs are nothing but graphene
sheets rolled into a tube. These materials are mainly used for the

structural reinforcement as they are 100 times stronger than steel.

Fullerenes contain nanomaterial that are made of globular empty
enclosure like allotropic structures of carbon because of their electrical
conductivity, high strength, structure, electron affinity, and flexibility.
These materials posses pentagonal and hexagonal carbon units, while

every carbon is sp2 hybridized.

A unique physical, chemical and mechanical properties, these materials
are utilized in various applications like filler and as in organic and inorganic

catalyst.



Figure 1.3.1: carbon based nanoparticles

1.3.2 APPLICATIONS OF CARBON BASED NANOPARTICLES

Carbon-based nanomaterials are “fullerenes, carbon nanotubes,
graphene and its derivatives, graphene oxide, nanodiamonds, and

carbon-based quantum dots”.

There are several important applications of nanomaterials such as
aviation and space, chemical industry, optics, solar hydrogen, fuel cell,
batteries, sensors, power generation, aeronautic industry,
building/construction industry, automotive engineering, consumer

electronics, thermoelectric devices, pharmaceuticals.

Due to their unique structural dimensions and excellent mechanical,
electrical, thermal, optical and chemical properties, these materials have

attracted interest in diverse areas, including biomedical applications.



In particularly, the intrinsic two-photon fluorescence property of carbon
based-nanomaterials in the long wavelength region (near-infrared Il)

allows deep-tissue optical imaging.

Application Of Carbon Based Nanoparticles :

CHEMICAL INDUSTRY
FUELS CELLS
BATTERIES
SENSORS

SOLAR HYDROGEN
AVIATION AND SPACE

1.3.3 Semiconductor Nanoparticles :

When the size of semiconductor materials is reduced, their physical and
chemical properties change drastically, resulting in properties due to their

large surface area or quantum size effect.

Currently, semiconductor nanomaterials are still in the research stage, but
they are promising for applications in many fields, light-emitting nano
devices, laser technology, waveguide.

Further development of nanotechnology will certainly lead to significant

breakthroughs in the semiconductor industry.

This paper deals with the some of the current initiatives and critical issues
in the improvement of semiconductors based on nanoparticles the
efficiency of low dimensional system increases with decreasing size R of

the semiconductor nanoparticles.



It has been found that the size-dependence of the luminescence
efficiency.

(a) (b)
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Fig.1.3.3 Semiconductor nano particles

The two most common heterojunction types in g-C3N4—metal oxide photocatalysts:
(a) type Il heterojunction, (b) Z-scheme heterojunction (white and dark balls are holes
and electrons, respectively).

1.3.4 Polymeric Nanoparticles

Polymeric nanoparticles (NPs) are particles within the size range from 1

to 1000 nm and can be loaded with active compounds entrapped within



or surface-adsorbed onto the polymeric core. The term “nanoparticle”
stands for both nanocapsules and nanospheres, which are distinguished
by the morphological structure.

discuss the most commonly used methods for the production and
characterization of polymeric NPs, the association efficiency of the active

compound to the polymeric core, and the in vitro release mechanisms.

1.3.5 INORGANIC BASED NANOPARTICLES

Inorganic nanoparticles are non-toxic, hydrophilic, biocompatible and
highly stable compared to organic materials. Drug delivery systems
designed for enhanced drug efficacy and reduced adverse effects have

evolved accompanied by the development of novel materials.

These nanomaterials incorporate metal furthermore, metal oxide
nanoparticles and nanostructured materials. These nanomaterials can be
combined into metals like Au or Ag nanoparticles, metal oxides, for
example, Fe304,Ce02,TiO2 and ZnO nanoparticles, and semiconductors

like silicon and ceramics.

Inorganic nanoparticles, such as quantum dots, polystyrene, magnetic,
ceramic and metallic nanoparticles, have a central core composed of
inorganic materials that define their fluorescent, magnetic, electronic and

optical properties.

1.3.6 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 nanoparticles.

) 4
Inorganic NPs Au ‘&: @ “

Gold NPs Qdots Superparamagnetic Paramagnetic
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Figure 1.3.4 : inorganic and organic nanoparticles(NPs)

1.3.7 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.

Nanocomposites are a class of nanomaterials wherein one or more
phases at nano-sized dimension (zero dimension, one dimension, and two

dimensions) are embedded in a ceramic, metal, or polymer material.

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.

1.4 PROPERTIES OF NANOPARTICLES

Various physicochemical properties namely large surface area,
chemically reactive, optically active and mechanically strong makes the
nanoparticles incredibly unique and makes them suitable for numerous

applications. Some of their properties are mentioned below

1.4.1 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.

1.4.2 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 nanoparticle 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.



1.4.3 MAGNETIC PROPERTIES

After surface cooling, magnetic nanoparticles exhibit extraordinary new
phenomena including strong field irreversibility, high saturation field,
super para magnetism, 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.
1.4.4 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.
1.5 SYNTHETIC 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 summerised in below

NANOTECHNOLOGY OF VIETAL OXIDES
. NANO TECHNOILOGY

‘ > BOTTOM-UP APPROACH
| > TOP-DOWN APPROACH

- £

> WET ENGINEERING
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SYNTHETIC STRATEGIES
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Figure 1.5 : BOTTOM-UP and TOP-DOWN approaches

1.5.1 BOTTOM-UP APPROACH

This method is the reverse of top-down approach. These nanoparticles
are formed from simple substances and hence it is called as building up
approach. Examples are hydrothermal, spinning, pyrolysis, sol-gel, CVD,

etc.

1.5.1.1 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.



1.5.1.2 SOL-GEL METHOD

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.

1.5.1.3 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.

1.5.1.4 CHEMICAL PRECIPITATION METHOD

Chemical precipitation is the process of conversion of a solution into solid
by converting the substance into insoluble form or by making the solution

a super saturated one.



Among various strategies in the development of nanoparticles, chemical
precipitation serves as one of the promising methods to develop the
nanocatalysts, since it allows the complete precipitation of the metal.

lons. Also, nanoparticles of higher surface areas are commonly prepared

by using this method.
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Fig. 1.5.1.4 Chemical precipitation method

1.6 APPLICATIONS OF NANOPARTICLES

» Nanoparticles are now being used in the manufacture of scratchproof
eyeglasses, crack- resistant paints, anti-graffiti coatings for walls,
transparent sunscreens, stain-repellent fabrics, self-cleaning windows

and ceramic coatings for solar cells.

» Nanoparticles are widely used in drug delivery system. 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.

» When they're 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.

» 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

1.7 PHOTOCATALYST

Materials that cause photocatalytic reactions when exposed to light is
called as photocatalyst. A chemical reaction caused by photo absorption
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.

1.7.1 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
photocatalyst. Photocatalyst is not involved in accelerating the rate of

chemical reaction.



It is the acceleration of a photoreaction in the presence of a catalyst. In
catalysed photolysis, light is absorbed by an adsorbed substrate. In
photogenerated catalysis, the photocatalytic activity (PCA) depends on
the ability of the catalyst to create electron—hole pairs, which generate free
radicals (e.g. hydroxyl radicals: *OH) able to undergo secondary
reactions. Its practical application was made possible by the discovery of

water electrolysis by means of titanium dioxide (TiO2).

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.

* 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.

» Heterogeneous catalysis:

In this type of reaction, the photocatalyst and the reactant exist in different
phase. Example of heterogeneous catalysis are transition metal
chalcogenides which exhibits unique characteristics.

1.7.2 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 the figure given below

Degradation

by-products
Pollutants
Degradation
by-products
hv> Egg Pollutants

Figure 1.7.2 : Mechanism of photocatalysis

1.7.3 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 a
slightly higher reactivity than larger particles or bulk content owing to their

large surface area.



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.

Visible absorption spectroscopy is generally used for the photocatalytic
degradation of dyes.The major role of the photocatalyst is shown in the

figure

Light source
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\\,
oF ¢l,/l Reduction 4\
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OH"
s
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Catalyst
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Figure 1.7.3 : Role of photocatalyst

Photocatalytic degradation has gained popularity as and is used as a tool
for treating dye-contaminated water among a number of treatment
methods. Nanoparticles, 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.
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CHAPTER -3

AIM AND SCOPE OF PRESENT INVESITGATION

This project work is mainly focused on the following objectives:

To synthesis novel gC3N4-CdS nanocomposite by a chemical

precipitation method

Characterization of the nanocomposite using XRD, UV, FT-IR, SEM

Determine morphology and size of the nanocomposites

Photocatalytic degradation of the methyl orange dye using gC3N4-
CdS nanocomposite

Summarize the obtained results



CHAPTER - 4

EXPERIMENTAL AND CHARACTERISATION TEHNIQUES

4.1 EXPERIMENTAL SYNTHESIS OF (gC3N4-CdS)

Graphitic carbon nitride decorated cadmium sulphide have been

synthesized in the chemical precipitation method as we discussed below

4.2 MATERIALS

In the process of synthesizing gC3N4-CdS is Melamine, D.I Water,
Cadmium Acetate, Sodium sulphide chemical materials have been used

in this synthesis.

4.3 SYNTHESIS OF gC3N4-CdS NANOPARTICLE

The synthesis of gC3N4-CdS nanoparticle have been synthesized in the
chemical precipitation method, firstly | took 5g of melamine (white colour)
is heated at 600 degrees in air atmosphere or muffle furnace get yellow

powder is obtained, the yellow powder is name as g-C3N4.

Then g-C3N4 is added to 100ml distilled water along with 0.2M Cadmium

acetate and kept for stirring in a stirrer.

50ml distilled water withIM Sodium Sulphide is added in a separate
beaker.

And these two are Added together and kept for stirring for 2 hours and
precipitate is settled down and the remaining residue is dried in oven and

then it is powdered in mortar finally get sample.
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Figure 4.3 Structures considered representative of a) g-C3N4 triazine based and b) tri-
s-triazine based.

SYNTHESIS :
5g of MELAMINE (white colour)

Heating Melamine in a muffle furnace at 600°C (or) air atmosphere

G-C3N4 (yellow colour) — 3g of yield
G-C3N4 Dissolved in D.l water ( 100 ml ) +
Cadmium acetate 0.2M ( drop by drop added) +

Sodium Sulphide 1M (50 ml D.l water)

2 hours stirrer + wash and dry - collect sample

Finally Carbon-Fe203-ZnO Nanoparticles will be confirmed by characterisation
techniques (UV,FTIR,SEM,XRD).

4.4 CHARACTERISATION TECHNIQUES

Crystal structure, morphology, compositional information, and
photocatalytic application of the synthesized nanoparticles were

characterized using the following instruments.



e X-ray Diffraction (XRD),

e Scanning Electron Microscope (SEM),

e Fourier Transform Infra-red spectroscopy (FTIR),

e UV-Vis spectroscopy.

4.4.1 X-RAY DIFFRACTION (XRD)

XRD is one the characterisation 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 is employed for the

identification of both single and multiphase nanoparticles.

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
shape of the unit cell of the crystal. Consequently, properties of a material
are dependent on their structure of about 90% 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.

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.

BRAGG’S LAW

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 0 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,
NA=2d sin 0

where,

n is the diffraction order,

d is the distance between the diffracting planes and

0 is the Bragg’s angle.

Incident X-rays Diffracted X-rays

2d sin©

Constructive interference when
nA=2d sin©
Bragg' s Law

Figure 4.4.1: schematic representation of Bragg’s law



4.4.2 SCANNING ELECTRON MICROSCOPE (SEM)

High resolution scanning electron microscope (SEM) is a 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.

The demand for SEM in laboratories to characterise nanoparticulate
materials is increasing because of the application of nanoparticles in the

commercial products.
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Figure 4.4.2 : Schematic representation of SEM

4.4.3 FOURIER-TRANSFORM INFRARED SPECTROSCOPY

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.



it is used to determine the functional groups. The chemical structure of the
nanoparticles' surface and the surface reactive sites responsible for

surface reactivity can be determined under particular conditions.

The structure and bands of the synthesised nanoparticles, FTIR may be
used to test a variety of components, including bulk or thin films, liquids,
solids, pastes, powders, fibres, 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.

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

computer-searchable databases are available.
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Figure 4.4.3 : Schematic representation of FTIR



4.4.4 UV-VISIBLE SPECTROSCOPY

UV-Vis spectroscopy is an analytical technique that measures the amount
of discrete wavelengths of UV or visible light that are absorbed by or
transmitted through a sample in comparison to a reference or blank

sample.

Absorption spectroscopy is complementary to fluorescence spectroscopy,
in that fluorescence deals with transitions of electrons from the excited
state to the ground state, while absorption measures transitions from the

ground state to the excited state.

Molecules containing bonding and non-bonding electrons (n-electrons)
can absorb energy in the form of ultraviolet or visible light to excite these

electrons to higher anti-bonding molecular orbitals.

The more easily excited the electrons (i.e. lower energy gap between the
HOMO and the LUMO), the longer the wavelength of light it can absorb.
There are four possible types of transitions (7—1*, n—11*, 0—0™, and n—c™),

and they can be ordered as follows :0—-¢* > n—0* > T—11* > n—11*

UV/Vis spectroscopy is routinely used in analytical chemistry for the
quantitative determination of different analytes or sample, such as
transition metal ions, highly conjugated organic compounds, and
biological macromolecules. Spectroscopic analysis is commonly carried
out in solutions but solids and gases may also be studied.



All diluted inorganic solutions are uv active Solutions of transition metal
lons can be coloured (i.e., absorb visible light) because d electrons within

the metal atoms can be excited from one electronic state to another.

The colour of metal ion solutions is strongly affected by the presence of
other species, such as certain anions or ligands. For instance, the colour
of a dilute solution of copper sulfate is a very light blue; adding ammonia
intensifies the colour and changes the wavelength of maximum absorption

(Amax).

While charge transfer complexes also give rise to colours, the colours are

often too intense to be used for quantitative measurement.

The Beer—Lambert law states that the absorbance of a solution is directly
proportional to the concentration of the absorbing species in the solution

and the path length.

Thus, for a fixed path length, UV/Vis spectroscopy can be used to
determine the concentration of the absorber in a solution. It is necessary
to know how quickly the absorbance changes with concentration. This can
be taken from references (tables of molar extinction coefficients), or more

accurately, determined from a calibration curve.

A UV/Vis spectrophotometer may be used as a detector for HPLC. The
presence of an analyte gives a response assumed to be proportional to
the concentration. For accurate results, the instrument's response to the
analyte in the unknown should be compared with the response to a

standard; this is very similar to the use of calibration curves. The response



(e.g., peak height) for a particular concentration is known as the response
factor.

The wavelengths of absorption peaks can be correlated with the types of
bonds in a given molecule and are valuable in determining the functional
groups within a molecule.

The Woodward-Fieser rules, for instance, are a set of empirical
observations used to predict Amax, the wavelength of the most intense
UV/Vis absorption, for conjugated organic compounds such as dienes and
ketones. The spectrum alone is not, however, a specific test for any given
sample.

The method is most often used in a quantitative way to determine
concentrations of an absorbing species in solution, using the Beer—
Lambert law:

where A = absorbance

| = intensity of the incident is the transmitted intensity

L = the path length

c= concentration of absorbing species

€ = molar absorptivity coefficient.
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CHAPTER -5
RESULTS AND DISCUSSION

Crystal structure, morphology, structural composition and functional
group analysis of the given nanocomposite have been confirmed by

characteristic techniques like XRD,SEM,UV-Vis spectroscopy, FTIR.

5.1 X-RAY DIFFRACTION (XRD)

Graphitic carbon nitride decorated of cadmium sulphide were elaborated

with different ratios to form a homogeneous nanocomposite.

X-ray diffraction (XRD) was used for detecting the crystalline phases

represented in below figure.
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/! sNno | PLANE | 2THETA(DEGREE) |
1 gC3N4(100) 14
gC3N4(002) 27
gC3N4(201) 47
2 gC3N4-CdS(001) 22
gC3N4-CdS(220) 40
gC3N4-CdS(320) 54

Figure 5.1 : XRD of GC3N4 & GC3N4-CdS

The first set magnetite gC3N4 phase with diffraction peaks at 14, 27, 47
corresponding to Miller indices (100), (002), , (201), and , respectively and
for gC3N4-CdS is well indexed to hexagonal wurtzite structure with the
planes (001), (220), and (320) corresponding to 20 = 22, 40 and 54 .

These peaks are attributed to the cubic spinal structured magnetite. No
significant peaks corresponding to impurities were detected in the XRD
pattern. After mixing, gC3N4 peaks of are detected. In the nanocomposite,

some intensities of the peaks changed due to peak interference.

5.2 SCANNING ELECTRON MICROSCOPE (SEM)

Scanning electron microscope is especially used for size and shape
characterization, because the required sample preparation and image
analysis is relatively quick and simple. The scanning Electron Microscopy
(SEM) images allowed a detailed study on the morphological structure of

the nanopatrticles.

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.

The morphological variations in the synthesised sample nanoparticles
were detected and analysed. Nickel oxide analysed by SEM is shown in
figure. Carbon-Fe304-ZnO nanoparticles thus synthesised at low
temperature was analysed and the images are displayed in the below

figure.

gC3N4 composites show the cubic and spherical morphology with
average diameter 14.1mm for gC3N4-CdS, respectively as the

nanocomposites structure.
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Figure 5.2 (A-B) Different magnifications of SEM images of the gC3N4

nanocomposite.
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Figure 5.3 (A-B) Different magnifications of SEM images of the gC3N4-CdS
nanocomposite

5.3 FOURIER-TRANSFORM INFRARED SPECTROSCOPY

This technique is used to determine the functional groups present in the

given nanocomposite.

==
a3
[ ]
—
[ar]
=
=
oD
|
< I METAL OXIDE
l—
20 T O-H
1 I c=0
0 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

VWwavenumber/cm™’'



Transmittance/%

TCH

[ =<

g-CsN,,-CdS

Wi

I MIETAL OXIDE

U

[e=o

T
3500

T T T
3000 2500 2000

VWwWavenumber/crm~

T T T
1500 1000 500
9

Figure 5.4 : FTIR OF gC3N4 & gC3N4-CdS NANOCOMPOSITE

S.NO FUNCTIONAL GROUP | WAVE NUMBER
(CM-1)
1 O-H 3450
2 C=C 2370
3 C=0 1680,
1350
4 METAL OXIDE 800

The above table shows that the various functional groups present at

different wavenumbers, in this O-H group observed at 3450 cm-1 then

C=C group was observed at 2370 cm-1 then after this C=0 group

was observed at 1680 cm-1 and 1350 cm-1 and finally metal oxide peak

was observed at 800 cm-1.



5.4 UV-Visible SPECTROSCOPY

Ultraviolet-visible (UV-Vis) spectroscopy is a widely used technique in
many areas of science ranging from bacterial culturing, drug identification
and nucleic acid purity checks and quantitation, to quality control in the

beverage industry and chemical research.

It is a quantitative technique used to measure how much a chemical
substance absorbs light. This is done by measuring the intensity of light
that passes through a sample with respect to the intensity of light through

a reference sample or blank.

This spectroscopy technique is also used to determine the absorption of

the given polymer under neutral condition.

Intensity/ a.u.

200 300 400 500 600 700 800
Wavelength / nm

Figure 5.5 : UV-VISIBLE SPECTRA OF gC3N4-CdS



From the graph, we come to know that the gC3N4 absorption peak was
obtained at 488 nm and gC3N4-CdS absorption peak was obtained at 416

nm

5.4.1 BAND GAP

The band gap (EG) is the gap in energy between the bound state and the
free state, between the valence band and conduction band. Therefore, the
band gap is the minimum change in energy required to excite the electron
so that it can participate in conduction. Schematic of the energy bands for

electrons in a solid.

As the electronegativity difference Ax increases, so does the energy
difference between bonding and antibonding orbitals. The band gap is a
very important property of a semiconductor because it determines its

colour and conductivity.
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Figure 5.5.1 : BAND GAP OF NANOCOMPOSITE



The above figure shows the band gap of nanocomposite band gap and
this nanocomposite shows the band gap at 2.72 ev. This means our

compound shows that the good conductivity and good electron absorber.

1. Photocatalytic activity test

Methyl orange (MO) was chosen as the model organic pollutants to test
the photocatalytic dye degradation analysis for the catalyst. Typically, a
catalysts (20 mg) was added into the 50 ml of agqueous 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 initial and final concentration of dye molecules.
After 15t 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 MO 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.
Result and discussion
2. Photocatalytic activity

The photocatalytic degradation efficiency of as prepared catalysts
of g-CsNis, and g-CsN4CdS nanocomposites were resolute by the
deprivation of MO dye under irradiation of Sun light. When irradiating the
MO dye solution, the concentration of the dye was noticeably reduced,

and it was confirmed by the significant colour variation.

For g-CsN4 catalyst, the catalyst influences the organic molecule to
achieve the efficiency of about 69.3% within 120 minutes. The
photocatalyst expriemnt was further extended to nanocomposite sample.
The degradation reaction of g-CsN4/CdS sample was performed by the
same process. The rate of electron-hole pair recombination was delayed
by doping the metal sulphide nanoparticle into the g-CsNas strucuture
results increased the degradation efficiency. Compared to g-CszNa
catalyst, g-C3N4/CdS catalysts reached high effiiciency of degradation of
87.7%, respectively.



—
QU
u,) —

-
N
L

Absorbance (a.

(c)

C/Co

-
(=]

-
(-2}

-
-
L

» fe=] o
1 1 1

'

o
>

o
)

0.0

| 9-CN

—a—MO 20ppm
Dark 30 min

~d— 30 min

~y— 60 min

~&~90 min

—4— 120 min

34

—
O
S

-

[=~]

-
(-]

1.44

-
N
L

=N
o
1

o
o

1

Absorbance (a.u.)
o
(=]
1

e
'S

| g-CN,-cds

~a—MO 20ppm
Dark 30 min

~&— 30 min

~p— 60 min

~#—90 min

—g— 120 min

) L L)
3(')0 3;30 4(')0 450 5(')0 550 600 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)
1.2 2.5
: (d)*°Te :
i quation y = a + b*x
Dark : Sun light J \Weight No Weighting
- Residual 0.01211 0.072
190 * 2.0 Sumofs 05 i
. : Pearson' 0.99276 0.985
Adj.R-S 0.98077 0.961
0.8 4 i Value Standard
B Intercep 0.056 0.04922
4 ; 1.54 Slope  0.009 6.69838
= Intercep -0.00 0.12004
0.6+ ; S 1°¢ Slope  0.016 0.00163
[ l ©1.0-
0.4 - ! £
| '
h |
0.2+ | ; 0.54
; | —#— MO (without Catalyst)
| ’ m g-CN
: —o—g-C\N, 3 4
0.0+ I +g-C3N‘/CdS 0.0 4 &} g-CsN“/CdS
— .
0

1 - L] v d L
30 60 90 120
Time (min)

U M J M \J v U M lJ
20 40 60 80 100
Time (min)

O -

(a-b) represents the UV-visible spectra for the MO with occurrence of

catalysts g-C3N4, and g-C3N4CdS nanocomposites were irradiated by sun

light for 120 minutes. (c) C/Co versus time interval plot of MO dye (d) —In

(C/Co) versus time interval plot of MO dye

The significant improvement of the degradation efficiency is due to the

doping effect of highly porous and adsorptive 2D nanomatearial of g-

C3N4/CdS lattice sites, it reuce recombination of excited charcge carriers

(electron-hole pair). Fig.1 ¢ 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 MO dye solution. The g-

" 120



CsN4/CdS 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

oxygen species (ROS).

Addition investigation of pseudo-first order kinetics studies shown in
Figure.1d the degradation rates were 0.0207 min* and 0.0367 min for g-
CsN4, and g-CsN4/CdS nanocomposites against MO dye, respectively.
From the studies rate constant value and R? values are listed in the
Table.1.

The mechanism of MO dye degradation for the g-C3sN4CdS catalyst

is described as follows,

(i) Formation of electron hole pair
g-C3sNgCdS + 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
Oz +e” —> Oz~ (6)
(iv) Photo degradation of methyl orange dye
Dye + OH: + Oz7=— Degradation products
(7)

Basically, a heterogeneous photocatalytic dye degradation reaction
is composed of two consecutive steps, i) Dye molecules interact with the
catalyst (adsorption occurs on the surface) ii) Photodegradation of the dye
begins. So, the photocatalytic system is majorly depending on adsorption
and photodegradation capability of the catalyst. Subsequently, as the
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Degradation Efficiency / %

highest

degradation efficiency

achieved

for the

g-C3N4CdS

nanocomposites amongst all catalyst, it was only select for the scavenger

study for further understanding the degradation mechanism. In general,

the photo active catalyst produce the reactive oxygen species (h*, OH®,
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Figure. 2 (a) Scavengers study (b) reusability test graph of photocatalytic activity (c)
Schematic diagram illustrating the mechanism of charge separation and photocatalytic
activity of photocatalyst under the sunlight irradiation

Table 1 photocatalytic activity result of g-CsNs and g-CsNsCdS

nanoparticles.

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

Methylene blue (20 ppm)

1 g-CaNy/ I 69.3 0.0207 0.99
2 g-CsN/CdS I 87.7 0.0367 0.98

Additionally, a very essential study is stability and reusability of
photocatalysts g-CsN4CdS nanocomposites). For reusability test, the
results reveal the stability of the catalyst and there is no significant loss in
degradation efficiency even after five cycles of the photocatalytic process
shown in Fig. 2(b). After 5 cycles, the efficiency of catalyst is decreased
due to the loss of sample while washing process. The Fig.2(c) showed
schematic diagram illustrating the mechanism of charge separation,
generation of reactive oxygen species (ROS) and photocatalytic activity

of photocatalyst under the sunlight irradiation [2].



SUMMARY AND CONCLUSION :

Melamine is used as a cheap single-source of the synthesis of graphitic

carbon nitride (gC3N4) by simple thermal condensation of melamine.

This is a method of low-cost and effective alternative which can help to

produce (gC3N3) on large scale.

The SEM microscopy demonstrated the synthesized nanoparticles were
In nanoscale region with asymmetric surface morphology structure.
Organic functional groups presence on the surface of the nanoparticles

were identified using FT-IR spectroscopy.

The investigated photocatalytic result demonstrated that gC3N4-CdS
nanocomposite showed excellent dye degradation of METHYL ORANGE
which is due to its effective charge carriers creation and followed by the

free radical formation during the light irradiation.
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