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Abstract

Nanoparticles (NPs) have piqued the interest of researchers since their discovery due to
their distinguishable properties and vast variety of uses. Various synthesis methods have
been used to create semiconductor nanoparticles throughout the last few decades. And
have piqued the curiosity of researchers due to their unusual features. In this work, we
attempted to synthesize SnS NPs and SnS-rGO NCs using the hydrothermal technique.
Ethylene glycol is used as a solvent, and thiourea is used as a sulfur source. Different
approaches were used to characterize the synthesized SnS NPs and SnS-rGO NCs. The
optical characteristics of synthesized materials are studied using UV-vis and
photoluminescence (PL) spectroscopy. The FESEM technique is used to investigate
material morphology. The elemental component has been examined using the EDS
technique. The XRD pattern is used to investigate crystallinity and phase orientation. The
synthesized SnS NPs and SnS-rGO NCs are in the orthorhombic phase, according to
XRD analysis, and the crystallite size was determined using the Deby-Sheerer equation.
The FTIR approach was utilized to confirm the presence of various functional groups in
SnS NPs and SnS-rGO NCs synthesized.
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Chapter 1

Introduction

Nanoparticles (NPs) and nanocomposites (NCs) are new types of nanomaterials that have
gained a lot of interest in the past few years. The term nanoparticle refers to a particle
whose at least one of its three dimensions is in the nanoscale (1-100 nm) range. They are

made of a few hundreds of atoms, likely 100-1000 atoms.

If we delve into the history of the nanoparticles, French researchers have discovered that
2000 years ago, Egyptians, Greeks, and Romans used sulfide nanocrystals with a
diameter of 5 nm to dye their hair. Additionally, in the Middle Ages, around 1000 years
ago, mediaeval artists used different sizes of gold nanoparticles on stained glass windows
to produce different colours. On December 25, 1959, Richard Feynman, known as the
father of nanotechnology, gave the lecture "There’s a Plenty of Room at the Bottom: An
Invitation to Enter a New Field of Physics" at the annual American physics society
meeting at Caltech. He laid the groundwork for the concept of nanotechnology by giving
the idea of understanding and manipulating materials and devices at the nanoscale level
[1]. Which sparked interest and curiosity among the fellow scientists, engineers, and
researchers. In 1974, the term "nanotechnology"” came into existence, coined by the
Japanese scientist Norio Taniguchi. In 1981, the scanning tunnelling microscope (STM)
was discovered by IBM researchers [2]. The STM instrument has revolutionised the field
of nanotechnology as it is capable of imaging the surface at the atomic scale. Its ability
to visualise matter at such a fine resolution has greatly contributed to our understanding
of nanoscale phenomena. In 1985, scientists at Rice University in the United States and
the University of Sussex in the United Kingdom identified a new molecule composed of
60 carbon atoms arranged in a unique structure resembling a soccer ball, which they
named C60 [3, 4]. This molecule, usually referred to as "buckyball" due to its
resemblance to the geodesic domes designed, is known as a fullerene. Which is the class
of carbon-based molecules that are composed entirely of carbon atoms in a close-cage
structure. The discovery of C60 opened up a new field of research and sparked immense
interest in the study of fullerene chemistry and its potential. In 1991, a Japanese physicist
and inventor, Sumio lijma, discovered carbon nanotubes (CNTs) with the help of an
electron microscope [5]. The discovery of CNTs led to extensive research efforts to
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understand their properties, synthesis methods, and potential applications. The CNT
exploration has revealed several forms of CNTs, such as multi-walled nanotubes
(MWCNTS) and single-walled nanotubes (SWCNTS5)., each with their own characteristic
properties. In 1999, Robert A. Freitas Jr. wrote the first book on nanomedicine,
"Nanomedicine”. The publication of "Nanomedicine” further inspires research,
innovation, and collaboration in the field, leading to advancements in targeted drug
delivery systems, biosensors, and other nanotechnology-enabled medical technologies.
Which contributes to the growth of a new distinct field of nanobiotechnology. Currently,
nano-related materials (nanoparticles, nanocapsules, nanotubes, nanocomposites, etc.)

are becoming a rapidly growing technology, also referred to as nanotechnology.

Nanomaterials have shown unique and great properties over bulk materials, which arise
due to their nanoscale dimensions and the influence of quantum and surface effects.
Because of that, they have gained so much attention in recent years. Nowadays,
nanomaterials have applications in various sectors, including electronics and optics,
energy, medicine and healthcare, environmental remediation, aerospace defence,
automotive, etc. The reason why we are highly interested in nanoparticles is because of
their light weight, ability to access small spaces, cost-effectiveness, more energy
efficient, and different properties for very small structures. There are two main
approaches to making nanoparticles. One is a bottom-up approach, which includes
chemical precipitation reactions, sol-gel synthesis, hydrothermal synthesis, etc., and the
other is a top-down approach, which includes techniques like ball milling, lithography,

etc.

1.1 Overview of the thesis

In this thesis, we have arranged our work into chapters and parts. This provides you with
a fundamental overview of nanomaterials, their characteristics, applications, and
synthesis. In Chapter 1, we reviewed the history of nanoparticles, their evolution, and
some of their pros and cons. In Chapter 2, we reviewed the variables that influence bulk
material characteristics at the nanoscale, various synthesis methods, and applications. In
Chapter 3, we covered the approach used to synthesize the SnS NPs and SnS-rGO NCs.
In Chapter 4, we described the many characterization approaches we used to explore the

various characteristics of SnS NPs and SnS-rGO NCs.



Chapter 2

2.1. Factors responsible for enhancing and changing the properties of
materials at nanoscale.

Fig.2.1 show the factors that are responsible for enhancing and changing the properties
of materials when we go to the nanoscale levels. Which further discussed briefly.

Reasons why properties
enhance and change when
we go to the nanoscale.

Surface area to volume ratio Quantum confinemet effect

Fig2.1 Reasons why properties of the materials enhance and change at nano scale.

2.2 Surface area to volume ratio (SA: V)

It’s a measure of the amount of surface area per unit volume of a three-dimensional
material or object. "SA: V" can be obtained by dividing the object's surface area by its

volume.

The “SA: V” is important because it influences the behavior and properties of materials
at the nanoscale, and in the case of nanomaterials, the “SA: V” increases significantly.
Because of that, nanomaterials exhibit unique properties and enhance reactivity as
compared to bulk materials. fig.2.2 shows the properties that enhance or change due to
the surface area to the volume ration.
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fig.2.2 properties enhance or change due to the surface area to the volume ratio.

2.3 Quantum confinement effect (QCE)

The quantum confinement effect (QCE) refers to the phenomena observed in materials
at the nanoscale. These phenomena occur when materials are confined to nanoscale
dimensions, causing the energy level to become discrete (energy values are distinct and
separated rather than continuous and varying smoothly) and quantized (energy values
can only exist at certain levels or energy is restricted to specific values) due to the
confinement of electron motion within a limited space. fig.2.3 shows the properties that

enhance or change due to the QCE.

QCE can manifest in 0D, 1D, and 2D nanostructures. fig.2.4. show illustrative diagram

of quantum confinement in all 0D, 1D. and 2D.

e In zero-dimension nanostructures, such as quantum dots, electronic states are
confined in all three dimensions.

e In one-dimensional nanostructures, such as quantum wire (nanowires or nanotubes),
the electronic states are confined to two dimensions. Means electrons can easily move

in one direction.



e In two-dimensional nanostructures, such as quantum well (thin films or graphene),
the electronic states are confined to one dimension. Means electrons can easily move

in two directions [6].
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Fig 2.3 Properties enhance or change due to quantum confinement effect.
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Fig.2.4. illustrative representation of quantum confinement in 0D, 1D. and 2D.



2.4 Synthesis of nanoparticles

Synthesis of nanoparticles refers to the process of creating particles at the nanoscale,
where at least one of the three dimensions of the particle falls within the nanoscale range
(1-100 nm). There are different methods that can be used to synthesise nanoparticles,
including physical, chemical, and biological methods. There is also a relatively newer
approach known as green synthesis, which offers an alternative to the traditional
synthesis methods. Each method has its own principle and procedure for generating

nanoparticles.

Some common techniques used in different methods for synthesising nanoparticles

include:

e Chemical Synthesis: Chemical methods involve chemical reactions and processes to
produce nanoparticles. This can include precipitation, sol-gel, hydrothermal
synthesis, chemical reduction, and other chemical transformations.

e Physical Methods: Physical methods utilize physical processes to create
nanoparticles. Examples include physical vapor deposition (PVD), laser ablation,
sputtering, and ball milling. These methods typically involve the physical
manipulation or fragmentation of bulk materials to obtain nanoparticles.

e Biological Methods: Biological synthesis, also known as bio fabrication, involves
using biological agents such as bacteria, fungi, or plants to produce nanoparticles.
These organisms can either secrete nanoparticles naturally or be engineered to
produce specific nanoparticles through their biological processes.

e Green Synthesis: Green synthesis methods are focused on the environmentally
friendly and sustainable production of nanoparticles. These approaches often utilize
natural extracts, biomolecules, or eco-friendly solvents as reducing agents or
stabilizers. The use of such green synthesis methods helps minimize the

environmental impact and promotes the development of sustainable nanomaterials.

Although there are numerous methods available for nanoparticle synthesis, they can be

broadly categorized into two main approaches, which is shown in fig.2.5.
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Fig.2.5 physical and chemical methods for top-down and bottom-up synthesis.

2.5 Top-down approach

In the top-down approach, nanoparticle production involves minimizing bulk materials
to nanoscale dimensions. There are several physical methods like ball milling, laser
ablation, sputtering, etc., and chemical methods that include chemical etching, selective
dealloying, thermal depositions, etc. that are used in a top-down approach, but the most
common techniques used in a top-down approach involve lithographic patterning
techniques that use short-wavelength optical sources. It is used in the fabrication of
microelectronics and nanodevices to create patterns and structures on a substrate. It
produces nanostructures with high precision and control.

The top-down approach also offers several advantages, like control over the structure,
scalability, established techniques, integration with existing technologies, a wide range



of materials, and high resolution and precision. All these advantages make the top-down
approach a valuable method for synthesising nanomaterials. However, it’s important to
consider the limitations and challenges associated with it. There are several imitations of
the top-down approach that include limitations in achievable sizes and shapes, material
waste, process complexity, surface damage and contamination, difficulty in achieving
uniformity, time consumption, and can be very costly. So, it is often necessary to weigh
the advantages and disadvantages and consider alternative synthesis methods to

overcome limitations or meet specific requirements [11].

2.6 Bottom-up approach

In the bottom-up approach, nanoparticles are synthesized by assembling or growing
smaller components such as atoms, molecules, and ions. These components come
together to form clusters, which then further aggregate or undergo transformations to
eventually form nanoparticles. There are several physical methods, like laser pyrolysis,
and some other chemical methods, like the sol-gel method, hydrothermal or solvothermal
syntheses, chemical vapour deposition (CVD), etc. Among these sol-gel method is most
widely used method because of its simplicity and versatility, and for the large scale

production pyrolysis method is most commonly used bottom approach by the industries.

The bottom-up approaches exhibit significant advantages like precise control,
uniformity, scalability, versatility, potential for complex structures, integration with other
techniques, and reduced energy consumption. These advantages make bottom-up
approaches highly valuable in the field of nanotechnology. Although there are several
limitations of bottom-up approaches like, limitation control over size and shapes, slow
synthesis rates, potential impurities, challenges in upscaling, and may involve the use of
expensive precursors or required specialized equipment, which can lead to higher
production cost. So, considering the advantages and disadvantages of different synthesis
methods is crucial in order to address the limitations and meet specific requirements

effectively.



2.7 Application of nanoparticles

Nanoparticles have several uses in a number of various sectors. Because of their distinct
characteristics and the ability to improve the performance of materials and systems. Some

of the common applications of nanoparticles are:

e Electronics and Optics: Nanoparticles are used in various electronic devices such as
transistors and memory storage devices, as well as in optoelectronic devices like solar
cells and light-emitting diodes (LEDSs) [8].

e Medicine and Healthcare: Nanoparticles have applications in the medical field,
including drug delivery systems, diagnostic imaging, and therapeutics. They can
target specific cells or tissues to improve the effectiveness of treatments [9].

e Environmental Remediation: Nanoparticles have applications in pollution control
and environmental remediation processes, such as water purification and air filtration
[10].

e Energy: Nanoparticles have applications in the field of energy, including energy
storage devices such as batteries and supercapacitors, fuel cells, and catalysts for
energy conversion [11, 12].

e Coatings and Surface Modification: Nanoparticles are used to enhance the
properties of coatings, such as scratch resistance, UV protection, and antimicrobial
properties. They are also used for surface modification to improve the performance
of materials [13].

e Catalysis: Nanoparticles act as catalysts for various chemical reactions, leading to
increased reaction rates and selectivity [14].

e Food and Agriculture: Nanoparticles have applications in the food industry, where
they can be used in packaging to extend shelf life and prevent spoilage. They also
have uses in agriculture, such as delivering nutrients to plants and increasing crop
yield [15, 16].

e Textiles and Fabrics: Nanoparticles can be added to fabrics to enhance their
properties, providing benefits such as water repellency, stain resistance, and
antimicrobial properties.

e Environmental Sensing: Nanoparticles are used in sensors so that they can detect

and monitor environmental pollutants, gases, and contaminants [17, 18].



Chapter 3

3.1 Tin Sulfide (SnS)

Tin sulfide (SnS) is a chemical compound composed of tin (Sn) and sulfur (S) atoms. It
is a binary-group chalcogenide semiconductor. It has various distinguishing
characteristics, including semiconductor nature, direct and indirect bandgap, strong
absorption in the UV-Vis light range, layered crystal structure that gives rise to its
anisotropic properties, good thermal stability, flexibility in design, earth abundance, and
non-toxic. Due to its remarkable characteristic properties, SnS nanoparticles

demonstrated great potential in multiple applications which is shown in fig.3.1.

Energy

Photodetectors harvesting

Optoelectronics

Energy storage
devices

Fig3.1. Applications of SnS nanoparticles.
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3.2 Chemical reagents and method used

Tin (1) Chloride (SnCl2), Deionized (DI) water, thiourea (CH4N2S), ethylene glycol
(C2HEO2), citric acid (CeHgO7), graphene oxide (C140H42020), N, N-DMF
(Dimethylformaide) (C3H7NO) and PVDF (-(C2H2F2)n-) powder.

Method used: Hydrothermal synthesis method used to synthesize the SnS NPs. In this

method prepared solution is keep into Teflon-lined autoclave and pressure above 1 bar

is exerted on it under the high temperature (above 100° C).

3.3 Synthesis of SnS nanoparticles

e Then citric acid was added and stirred for a few minutes.

e Then thiourea was added and stirred for another hour.

First, tin (1) chloride was added to Di and stirred for a few minutes.

e Then the solution was transferred to a Teflon-lined autoclave and put in a

hydrothermal, then placed inside an oven for 24 hours at 180 degrees.

e Then it was centrifuged and washed with DI and ethanol several times.

e Then dry for 24 hours at 80 degrees.

o Finally, SnS nanoparticles were obtained.

+
CH4N:2S

(Stir for
(After Adding, Several
Stin) Hours)

E CsHgO7  Transferred to

Hydrothermal

Heated 24 H.
at 180 °C.

After

—

Several
Washing

SnS NPs

(Final product)

Fig.3.2. Schematic diagram for the preparation of SnS NPs.
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3.4 Synthesis of SnS-rGO nanocomposite

o First, tin (1) chloride was added to EG and stirred for a few minutes.

e Then citric acid and GO were added back-to-back and stirred for a few hours.

e Then thiourea was added, and we continued stirring for 30 minutes.

e Then the solution was transferred to a Teflon-lined autoclave, put in hydrothermal,
and placed in an oven for 24 hours at 180 degrees.

e After the solution cooled down to room temperature, it was centrifuged and washed
with DI ethanol several times.

e Then dry for 24 hours at 80 degrees.

e Finally, SnS-rGO nanocomposite was obtained.

(GO)

After
SnS-rGO

EG(sol.) CH:Nos  Hydrothermal

\__F_/’ CeH8O7  Transferred to

Several

Washing (Final Product)

P (Stir for
Several

(After Adding, Heated 24 H,
Hours)
Stir) at 180 °C.

Fig.3.3. Schematic diagram for the preparation of SnS/rGO nanocomposite.

3.5 Synthesis of PVDF Thin Films

e First, PVDF powder was added to the DMF solution and stirred for an hour.
e After stirring is complete, keep the solution still for a few minutes.

e Then the solution was drop-cast using a micropipette on glass plates.

e Thendry for 1 hour at 90 degrees.

e After drying, thin film is removed by sprinkling DI water.

12



Drop cast Solution

Glass Substrate

PVDF Thin Films

Fig.3.4. Schematic diagram for the preparation of PVDF Thin Film.

3.6 Synthesis of PVDF/SnS-rGO Thin Films

First, PVDF powder was added to the DMF solution and stirred for a few minutes.
e Then SnS-rGO was added and continued stirring for an hour.

e After stirring is complete, keep the solution still for a few minutes.

e Then the solution was drop-cast using a micropipette on glass plates.

e Then dry for 1 hour at 90 degrees.

e After dying, thin film is removed by sprinkling DI water.

Drop cast Solution

+ Stir I . Dry |

Glass Substrate

5nS-rGO

PVDF/SnS-rGO
Thin Films

Fig.3.5. Schematic diagram for the preparation of PVDF/ SnS-rGO Thin Film.
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3.7 Characterization

The powder X-ray diffraction (XRD) pattern was obtained using CuKa radiation (lambda
= 0.154 nm) in the 2-theta range of 20 to 80 degrees on a Bruker D-8 advanced X-ray
diffractometer. The optical characteristics have been investigated using UV-visible (UV-
vis) and photoluminescence (PL) spectroscopy. The absorption spectra of SnS NPs and
SnS-rGO NCS were obtained using the UV-3101PC UV-VIS-NIR spectrophotometer
from 200 to 800 nm. A photoluminescence spectrometer (Perkin Elmer, LS 55) with a
Xenon lamp as the source and an excitation wavelength of 234 nm was used to measure
the PL spectra. ZEISS Gemini field emission scanning electron microscopy (FE-SEM)
is used to investigate surface morphology. FTIR spectra in the 400-4000 cm
wavenumber range were obtained using the Perkin EImer Spectrum Il Fourier transform

infrared (FTIR) instrument.

14



Chapter 4

Results and discussion

4.1 XRD analysis

The XRD diffraction patterns of SnS NPs and SnS-rGO NCs synthesized by the
hydrothermal method thiourea as a sulphur source and ethylene glycol as a solvent are
shown in Fig. 4.1. The XRD pattern of SnS NPs shows two significant peaks at 26: 26.02°
and 31.9°% corresponding to planes (120) and (040), respectively, and a few
comparatively less intense peaks at 27.9° and 51.2°, corresponding to planes (021) and
(151), respectively. All the observed peaks for SnS NPs resemble SnS orthorhombic
belonging to space group Pbnm (JCPDS 39-0354). The SnS-rGO XRD pattern exhibits
several characteristic SnS peaks at 26: 26.6°, 31.9° and 51.4° which correspond to
planes (120), (040), and (151) respectively, and correlate to SnS orthorhombic belonging
to space group Pbnm (JCPDS 39-0354). A shift in peak from 27.90 to 28.30 was observed
in the SnS-rGO XRD pattern, this might be caused by the existence of rGO. The shifted
peak from 27.9° to 28.3° corresponds to the hkl plane (111) [19]. Bragg's relation is used
to calculate the interplanar spacing (d) of SnS NPs and SnS-rGO NC which is shown in
Table 4.1. Bragg's relation:
nAd = 2d sin(0)

Where, n representing the diffraction order, 4 is the wavelength of the X-ray beam used
in X-ray diffractometer, 6 is the angle between the incident beam and the diffracting

plane, and d is the interplanar spacing [20].

The average crystallite size for the SnS NPs and SnS-rGO NC is calculated by the Debby
Scherrer formula and WH plot, which are shown in Table 4.2. Microstrain calculated

using the WH plot is shown in Table 4.2.

Debby Scherrer formula is

D kA
" BcosH

15



Where D is particle size, K is constant with value 0.94, A (0.154 nm) is the wavelength

used is X-ray diffractometer, S is the full width half maxima (FWHM), and theta () is

the Braggs diffraction angle in radian.

Intensity (a.u)

Fig

(040)

—~
o
N
i
~

(111)

(120)
(021)
(040)

(151)

SnS
— SnS-rGO

30

20 (degree)

60

.4.1. XRD diffraction patterns of SnS NPs and SnS-rGO NCs.

Sample 20 (degree) hkl planes d spacing (nm)

26.02 (120) 0.34

27.9 0.31

SnS 319 (021) 0.8
' (040) '

51.2 (151) 0.17

s &

SnS-rGO 310 (021) 028
' (040) '

514 (151) 0.17

Table 4.2 calculated crystallite size using Scherrer equation and WH plot and strain.
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o . o Micro Strain
Average Crystallite size using crystallite size from
Sample ) form WH
Scherrer equation WH Plot olot
SnS 2.26 nm 2.26 nm 0.00222
SnS-rGO 2.74 nm 9.42 nm 0.03097

Table 4.1 hkl and d spacing value for SnS NPs and SnS-rGO NCs.

4.2 UV-vis analysis

The optical absorption spectra of SnS NPs and SnS-rGO NCs in the wavelength range of
200nm to 800nm were analyzed using the UV-3101PC UV-VIS-NIR spectrophotometer,
as shown in Fig. 4.2. In the case of SnS NPs, the absorption spectra of SnS NPs
demonstrate four absorption peaks. The first three peaks were identified in the UV region
at 220, 330, and 390 nm, whereas the fourth occurs in the UV-vis region as a broad band
from 550 to 800 nm. In case of SnS-rGO NCs four absorption peaks are observed. First
three peaks lie in the UV region at 22a0, 264, and 340 nm. While the fourth one is
observed as abroad band from 390 to 800 nm [28]. So, we can say SnS, SnS-rGO are
capable of absorbing light of shorter or longer wavelengths. In the case of SnS-rGO NCs,
four absorption peaks have been detected. The initially identified three peaks, at 220,
264, and 340 nm, were in the ultraviolet region.
The fourth one has been observed as a broad band from 390 to 800 nm [21].
After observing the absorption spectra of SnS NPs and SnS-rGO NCs, we can conclude
that SnS NPs and SnS-rGO NCs are capable of absorbing light with shorter or longer
wavelengths. Further, we have drawn the Tauc plot to calculate the direct and indirect
band gap for SnS NPs and SnS-rGO NCs. which is shown in Fig. 4.3. and Table 4.3.

tauc’s equation:
(ahv)" = B(hv — Eg)
where f is constant, o is the absorption constant, h is the plank constant, v is the photon’s

frequency, Eqis the energy bandgap, and r depends on the electronic transition. The value
of ris 1/2 and 2 for indirect and direct transition respectively [22].

17




intensity (a.u)

4 264 nm

390: 800 nm

—

- 390 nm
550: 800 nm
—
—_— SnS
— SNS-rGO
T T T T T T T T T T T
200 300 400 500 600 700 800

wavelength (nm)

Fig 4.2 UV-vis Spectra of SnS NPs and SnS-rGO NCs.
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Fig. 4.3 (a,b) Direct and indirect bandgap of SnS NPs

18




Direct bandgap

Indirect bandgap

C
g g
z t
-ku =
= P | Bandgap
Bndgap Energy =1.30 eV
Energy = 1.44 eV
1 2 3 4 1 2 3 4
Energy (eV) Energy (eV)
Fig. 4.3. (c, d) Direct and indirect bandgap of SnS-rGO NCs.
Sample Direct bandgap (eV) Indirect bandgap (eV)
SnS 1.68 1.52
SnS-rGO 1.44 1.30

Table 4.3 direct and indirect bandgap values of SnS NPs and SnS-rGO NCs.

4.3 Photoluminescence (PL) analysis

The FP-8300 spectrofluorometer was used to measure the PL intensity of SnS NPs and

SnS-rGO NCs in the wavelength range of 200 to 800 nm, with an excitation wavelength
of 242 nm. The PL spectra of SnS NPs and SnS-rGO NCs are shown in Fig. 4.4. The

PL spectra of SnS NPs and SnS-rGO NCs show identical emission peaks, as can be

observed in Fig. 4.4. The first prominent emission peak was spotted at 390 nm in the

near UV-vis region, while the other two less intense emission peaks were observed at
467 and 481 nm in the UV-vis region.
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Fig. 4.4 PL spectra of SnS NPs and SnS-rGO NCs.

4.4 Fourier transform infrared (FTIR) analysis

The Perkin Elmer Spectrum Il Fourier transform infrared (FTIR) spectrometer was used
to obtain SnS NPs and SnS-rGO NCs FTIR spectra in the range of 400-4000 cm-1
wavenumber. Fig. 4.5 (a, b) shows the FTIR spectra of SnS NPs and SnS-rGO NCs. In
the case of SnS NPs, a significant vibrational peak at 540 cm-! is observed, indicating
the presence of an Sn-S bond [23]. Some other minor peaks have been seen at 1337 and
1625 cm™, which could be attributed to S-OH and H,O modes. Sn-S features can be
attributed to the peak between 1000 and 1200 cm™ [24]. In the case of SnS-rGO NCs,
one strong and one minor peak appear at 540 cm™, and 620 cm™ is attributable to the Sn-
S bond. Other peaks at 877 cm™, 1040 cm™?, 1184 cm?, 1425  cm™, 1693 cm™, and
2890-3000 cm™* can be ascribed to C-H bending, S=0 stretching, C-O stretching, O-H
bending, Sn-OH, H.O mode, and the OH stretching vibration.
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Fig. 4.5. (a) FTIR spectra of SnS NPs, (b) FTIR spectra of SnS-rGO NCs.

4.5 FE-SEM and EDX analysis

The ZEISS Gemini field emission scanning electron microscopy (FE-SEM) is used to
analyse the shape and structure of SnS NPs and SNS-rGO NCs. The EDX pattern reveals
the elemental composition of the SnS NPs and SnS-rGO NCs. Figures (4.6) and (4.7)
show FE-SEM and EDX images of SnS NPs and SnS-rGO NCs, respectively. In the case
of SnS NPs (fig. 4.6), agglomerated small-size spherical particle formation is observed
at various resolutions. The presence of Sn and S elements is verified by the EDX pattern
of SnS NPs, with atomic percentages of 53.81% and 46.13%, respectively. In the case of
SnS NCs (fig. 4.7), transfomation in morphology and the formation of rGO petals are
observed, which might be attributable to rGO doping in SnS. From Fig. 4.7, aggregated
SnS NPs can be observed on the surface of rGO petals. The EDX pattern of SnS-rGO
NCs verifies the presence of Sn, S, O, and C elements with atomic percentages of
15.95%, 23.10%, 12.48%, and 48.47%, respectively.
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Fig. 4.6 FESEM and EDX images of SnS NPs.
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Chapter 5

5.1Conclusion

This thesis explores the fascinating world of nanomaterials, which have been used since
ancient times for various purposes. We trace the evolution of nanomaterials and how they
gave rise to new fields of study and applications. We also examine the questions that
drive the research and innovation in nanomaterials: What are their properties and
application. How can we create them. And after thoroughly investigating and assessing
various methods of synthesis. we used the hydrothermal technique to effectively
synthesize SnS NPs and SnS-rGO NCs. The crystallite size of the particle was calculated
using the Deby-Sherer equation., and Bragg's relation was utilized to determine the
interplanar d-spacing. Tauc's approach is used for calculating the direct and indirect
bandgaps. The synthesized SnS NPs and SnS-rGO NCs exhibit UV and UV-vis
absorption and emission peaks, making them viable candidates for solar cell, energy
harvesting and optoelectronic characteristics. The FE-SEM analysis indicates that SnS
NPs are effectively connected to the rGO surface in the SnS-rGO NCs, which may lead
to improved catalytic and other capabilities. Furthermore, the synthesized SnS NPs and
SnS-rGO NCs also have potential in various applications, such as energy storage devices
and gas sensing. So, in the future, we would like to explore these materials for energy

harvesting application.
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