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“I am the master of my failure... If I never fail how will I ever learn.”

-Sir C. V. Raman

1.1 Background

Nanomaterials have gained great importance in the field of science and
technology due to their tunable physical, chemical and biological properties with
enhanced performance over their bulk counterpart. Nanomaterials are the
materials with a length scale of 1-100 nm in at least one dimension [1]. They are
categorised on the basis of their size, shape and composition. Nanoscience and
nanotechnology are two terms which are used frequently while describing
properties and application of nanomaterials. Nanoscience deals with the study
of nanoscale matter as regards, their size and structure dependent properties [2].
In contrast, nanotechnology term is used in manipulation and control of matter
in the nanoscale dimension for their various industrial and biomedical
applications [3]. Nanotechnology, to a great extent, involves most of the
branches of science and technology: physics, chemistry, biology, engineering,

computer science and technology.

In modern times, the concept of nanotechnology was first coined by Prof.
Richard Feynman of CalTech in his lecture delivered in 1959, in one of the
sessions of the American Physical Society. In his lecture called “There’s plenty of
room at the bottom”, for the first time, the possibility of creation of
nanostructured materials using atoms as the building particles was introduced
[4]. The term ‘nanotechnology” was introduced before the scientific community
by Japanese scientist Prof. Norio Taniguchi. In his lecture at the International
Conference on industrial production in Tokyo in 1979, he discussed the
processing principles of materials with nanometer dimensions quite accurately
[5]. The ideas regarding the prospects of nanosized materials were put forward
by Feynmann and written in a science fiction by K. Eric. Drexler in his book
“Engines of Creation: The Coming Era of Nanotechnology” published in 1986
[6]. In the second half of 1980s to the early 1990s, numerous discoveries and

inventions were made which led to the foundation of further development of
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nanotechnology [7, 8]. Two of such path breaking inventions were scanning
tunnelling microscopy (1982) and atomic force microscopy in 1986 [8]. These
inventions allowed the scientists to witness individual atoms for the first time.
Since then, the development of nanotechnology started to expand all over the
world, as evidenced from the number of publications, as well as practical
applications (industrial products, designs, concepts etc.) which have increased

quite rapidly.

The properties of nanomaterials, such as, optical, mechanical, magnetic,
electrical etc. are different from their bulk counterpart as a result of quantum
confinement effect [9]. Based on their confinement principles, the nanomaterials
can be classified into zero dimensional (0D), one dimensional (1D), two
dimensional (2D), and three dimensional (3D) materials [10]. Two dimensional
materials are confined in one direction, one dimensional materials are confined
in two directions while zero dimensional materials are confined in all the three
directions. If nature of confinement is n and number of direction is d then, n + d

=3(n,d=0,1,2,3).

With relevance in almost every field of our day to day life, nanotechnology
has made tremendous impact in the areas of communication, computing,
textiles, cosmetics, sports, therapy, automotives, environmental monitoring, fuel

cells and energy devices, water purification, food and beverage industry, etc. [7].

.

3D 2D

Bulk Nanosheets, Nanotubes, Nanodots
u L .
nanofilms nanowires
12
p(E) o< E p(E} oc E p(E) B2 p(E) o< 5(E)
w m m w
a [=% a a

E E E E

Figure 1.1: Schematic representation of the density of states vs energy of 3D, 2D, 1D and
0D nanomaterials.
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1.2 Chalcogenides and transition metal dichalcogenides
Conventional chalcogenides (Metal chalcogenides), are the materials which
contain at least one chalcogen (S, Se, Te, Po) anion bonded to at least one
electropositive element [11]. Nanostructured metal chalcogenides have attracted
the researchers across the globe because of their significant applications in the
field of energy storage including fuel cells, solar cells, light emitting diodes,
sensors, supercapacitors etc. [12-15]. Depending on the number of chalcogen
atoms, metal chalcogenides can be classified as monochalcogenides (CdS, ZnS,
ZnSe, MnSe, PbS etc.)[16, 17], dichalcogenides (MoSez, WS;, TaTe: etc.)[18],
trichalcogeindes (MoSs, NbSes etc.) [19] and tetrachalcogendes (VSs etc.) [20].
Metal chalcogenides are basically semiconductors with a bandgap in the range 1-
3eV.
Dimensionality plays a very important role in the field of material science.
Two dimensional materials are the substances having a thickness of few
nanometers or less. In a two dimensional material, the movement of electrons
inside it is restricted to two directions only. The importance of two dimensional
materials was practically realized soon after the discovery of graphene. The
isolation of graphene from graphite was first done by Geim and Novoselov in

the year 2004 [21]. This discovery is regarded as a major breakthrough in the

Graphene TMDC

Figure 1.2: Schematic representation of band gap of graphene and TMDC systems.
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field of material science. Graphene possesses several exciting properties, like
high electron mobility, enhanced electronic and mechanical properties, low
density, high surface area and massless Dirac fermions [22-26]. All these
extraordinary properties, make graphene a suitable candidate for various
applications, such as, transparent electrodes, energy storage devices, solar cells,
wearable devices and catalytic agents [27]. But pristine graphene is considered
as a semimetallic material with zero bandgap and its intrinsic inversion
symmetry strongly suppresses the spin-orbit coupling (SOC). This limits the use
of pristine graphene in switching devices [28]. However performing some
surface engineering, graphene can give rise to opening of bandgap but doing
would reduce carrier mobility drastically. Therefore, the search for appropriate
2D materials began soon after the discovery of grapheme for intended
applications. The 2D transition metal dichalcogenides (TMDCs) are layered
materials, like graphene with the chemical composition MXz, where M stands for
the transition metal elements and X for the chalcogen elements [27]. Excluding
band gap, in almost every aspect, TMDC materials resemble graphene and
referred to as graphene analogous materials. It is to be noted that, groups IV-VII
metals only tend to form layered structures and consequently, TMDCs [29].
TMDCs occur naturally in the earth crust therein, but the synthesis of TMDCs,
sophistication and related scientific publication started only after 1950s [30]. The
first report on synthesis of MoS; is obtained through the reduction of MoSs for
which a high temperature solution based technique was employed [30-32]. The
early work on TMDCs can be found between 1960 and 1980s, which were mainly
focussed on using TMDCs for catalysis and industrial lubricants [33-35]. Thus,
the use of TMDC:s started before the discovery of graphene but the idea of using
few or monolayered TMDCs is realised much later. These materials form layered
structures of the form X-M-X, with the layer of metal atoms sandwiched between
the two layers of chalcogen atoms. The interlayer bonding among the atoms is
simply covalent bond while different layers are attached with one another

through the weak Van der Waal bonding [28].
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== Semiconducting, E;~0.2-2 eV

== Semimetal, Superconducting, Charge density wave

== Semiconducting, E.~1leV, Tellurides are semimetallic

== Small gap semiconductor

== Semiconducting, Tellurides are metallic, PdTe, is superconducting

Figure 1.3: Periodic table showing different groups of TMDC materials.

TMDCs can be found in three common structural polytypes: 2H (hexagonal
symmetry, two layers per repeat unit, trigonal prismatic coordination), 3R
(thombohedral symmetry, three layers per repeat unit, trigonal prismatic
coordination) and 1T (tetragonal symmetry, one layer per repeat unit, octahedral
coordination) [36]. The electronic properties of TMDCs range from insulators
(HfSz), semiconductors (MoSz, WS;), semi metals (WTez) to metals (NbSz, VSey).
Some of the TMDCs like NbSe;, TaS; exhibit superconductivity and charge
density waves at low temperature [27]. The wide range of electronic structures of
2D TMDCs makes them excellent candidate for the electronic and optoelectronic

devices. These materials also find their applications in the field of catalysis due

to the strong correlation between the electronic and catalytic properties [27]
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Figure 1.4: Schematic representation of trigonal and octahedral coordination.

Due to high anisotropy and unique crystal structure, the material properties of
TMDCs can be tuned significantly by means of different methods including
reduction of dimensions and intercalation etc. For instance, MoS; is an indirect
bandgap semiconductor in the bulk form. But it becomes a direct bandgap (1.9
eV) semiconductor when reduced to monolayer form [37]. Because of weak
interlayer Van der Waal bonding of TMDCs one layer can slide over the other
and this feature would make them a perfect candidate for solid lubrication [38].
The use of TMDC materials covers many technologically important fields, such
as, electronics and optoelectronics, catalysis, energy storage devices, solid
lubrication, gas sensors etc.[28].

Among different members of TMDCs, MoS; and WS, have shown excellent
properties and have potential applications in various fields such as, solid-state
lubricants, heterogeneous catalysis, separation membranes and energy storage
devices. Both MoS; and WS; have an analogous structure and similar physical
and chemical properties. However, WS, has not been studied extensively as
compared to MoS,. Whereas, the natural abundance of W is similar to that of
Mo, but the industrial consumption of Mo is currently higher which may offer
threat to mineral resources [39]. Therefore, to encourage a balance view, W
based layered systems can also be recommended for future industrial
applications. Moreover, W has several advantages over Mo, such as, less price,

low toxicity, high stability etc. [39].

Tungsten disulphide (WS) is a semiconducting TMDC material where the

W atoms are sandwiched between two layers of S atoms with strong in-plane
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bonding. Different layers are attached to one another via weak van der Waal
interactions. Depending on the arrangements of S atoms, WS; layers show two
distinct symmetries, viz. 1T phase (octahedral On) and 2H phase (trigonal
prismatic Dsn) which result in distinctly different properties. The 2H phase is
found to be more stable than the 1T phase. The WS; has drawn attention owing
to its tremendous application in the field of hydrogen storage, microelectrode
material, solid lubrication, photocatalysis etc [40-42]. Likewise, all other TMDCs,
WS, also undergoes a transformation from indirect to direct band gap type on
decreasing the number of layers. This transition from indirect to direct bandgap
and an increase in bandgap energy are quite evident as a consequence of
respective  changes in  photoconductivity, absorption spectra and
photoluminescence response. Being an important member of TMDC family, WS,
could absorb light over a wide range of electromagnetic spectrum: visible,
infrared, ultraviolet and near infrared, allowing it for self-excitation under light

irradiation [43].
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Figure 1.5: Schematic representation of the arrangements of atoms in WS,.
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Visible light responsive photocatalyst based on nanostructured WS, have found
a broader range of applications, while comparing with the traditional
photocatalyst, such as, wide band gap TiO2, ZnO and SnO;, which are active
only under UV light illumination [43].

Apart from having a wide range of optical and optoelectronic properties, WS,
also show high mechanical strength. In particular, WS, nanotubes and inorganic
fullerene (IF) type WSz nanoparticles have demonstrated specific mechanical
properties, associated with their unique structure [44]. WS; can also serve as an
excellent solid lubricant, in the form of additives to lubrication fluids, greases

and for self lubricating coatings [45].

WS2 can be found in different morphologies: nanowires, nanotubes,
nanoflowers, nanoribbons, nanosheets and inorganic fullerene type (IF) WS;
nanoparticles. Among these, WS, nanosheets and IF-WS; nanoparticles (Fig. 1.6)
are considered to be very important owing to their potential applications in the

tield of catalysis, microelectrode design and solid lubrication [46, 47].

(a)
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Figure 1.6: Schematic diagram of (a) bulk WS, material exfoliated to nanosheets, (b) IF-
type WS, nanoparticles.
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1.3 Photocatalytic activity of nanomaterials/TMDC

Photocatalysis is a process in which the rate of a chemical reaction is enhanced
by a substance (called, catalyst) in presence of light. This process is effectively
used to degrade harmful chemicals and industrial wastes which are hazardous
to surrounding environment and the ecosystem at large [48]. The water waste
released from the industries as byproducts contains harmful dyes and extremely
hazardous chemicals, which cause threat to the aquatic life, animals and also
human beings [48, 49]. So, it is very important to degrade those harmful
pollutants into harmless entities which could provide safeguard to the
environment we live in. Several methods have been used for the decomposition
of the pollutants like chemical oxidation, activated carbon adsorption, biological
treatment, etc [50-52]. But they are not as effective as the photocatalysis method.
The photocatalytic activity of a material is its ability to degrade a pollutant. The
nanomaterials, like TiOz, CdS, WOs3, SnS and ZnO are extensively used as nano-
photocatalysts [53-57]. The photodegradation process is found to depend on
several parameters, like amount of the photocatalyst, temperature of the reaction
medium, pH of the solution, irradiation time, optical band gap and surface area
of the photocatalyst [58].

It is found that, TMDC could absorb light over a wide range of electromagnetic
spectrum: visible, infrared, ultraviolet and near infrared, allowing it for self-
excitation under light irradiation [46]. The visible light responsive photocatalyst
based on nanostructured TMDC have found a broader range of applications,
comparing with the traditional photocatalyst, such as, TiO2 and ZnO with a
wide band gap, which are active only under UV light [43]. The two dimensional
(2D) TMDC nanosheets posses a higher surface area and hence, a higher surface-
to-volume ratio, which help increasing active sites and eventually become
responsible for promotion of interfacial charge transfer of photo-induced

electron-hole (e-h) pairs [59, 61].
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1.4 Mechanical and tribological properties

Now it is established that, owing to quantum size effects and enhanced surface
reactivity, nanomaterials warrant much improved physical properties as
compared to their bulk counterparts. In the past, as per as physical properties
are concerned most of the studies were focussed on either optical or electronic
properties. However, excessive discussion on mechanical aspects is limited in
existing literature. It has been reported that, nanomaterials exhibit enhanced
mechanical properties, as compared to their bulk counterpart and this
enhancement was attributed to the structural perfection of the materials [62].
Not surprisingly, nanomaterials of different morphologies, such as
nanoparticles, nanotubes, nanowire etc. show substantially improved
mechanical properties. Several factors/parameters have direct influence on the
mechanical properties, such as surface structure, porosity, synthesis methods,
etc. [63]. The 2D materials are known to have good mechanical properties,
inspite of their ultrathin structure [64]. This has drawn ample interest among
material scientists and researchers. Among 2D TMDC materials, WS, was
studied quite extensively. WS; nanotubes and inorganic fullerene (IF) type WS
nanoparticles have demonstrated specific mechanical properties, associated with
their unique structures [44]. For example, IF-WS; nanoparticles are shown to
withstand shockwaves of up to 25 GPa and WS nanotubes up to 21 GPa, thus
implying superiority features over multi-wall CNTs [65]. During the shockwave
treatment, no significant structural degradation, or phase change was observed.
These materials comprise of the strongest cage molecules known today and thus
making them suitable candidate for shielding in cars, and perhaps, can be used
as additive to strengthen construction of materials [66]. It was also found that,
adding a small amount of WS; nanopowder to a polymeric matrix can
substantially improve the linear and nonlinear mechanical properties of the
matrix [67, 68]. These properties include tensile strength, toughness, modulus of
elasticity, elongation, hardness etc. One of the methods to predict such
mechanical properties is the stress-strain relationship. The schematic fig. of a

typical stress strain curve is shown in Fig.1.7.
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Figure 1.7: Schematic representation of stress-strain curve, showing elastic and plastic
regions.

Friction is the resistance offered when two surfaces in contact move relative to
each other. Friction results in the loss of a large quantity of mechanical energy.
On the other hand, wear leads to the failure of machinery parts of a system. It is
known that, one third of the energy is consumed by friction and about 80% of
the failure of machine parts is caused by wear [38]. From the beginning of
human civilization, efforts are being made to reduce the friction and wear.

Traditionally, the use of oil is quite convenient to reduce the friction and wear

[38].
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Figure 1.8: Schematic representation of Stribeck curve.
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However, oil doesn’t play an effective role at high temperature and pressure
conditions. With the development of surface engineering technology, different
liquid and solid lubrication techniques have been employed in order to reduce
the frictional behavior of the mechanical parts [38]. However solid lubrication
always finds an upper hand in comparison to the liquid lubrication technique.
There are many reports of addition of nanoparticles as solid lubricants to
improve the tribological properties of pure oil and grease [38, 69]. Nanoparticles
that have been employed as solid lubricants are mostly graphite, graphene, and
MoS; and CNTs [38].

Friction behavior can be analyzed with the Stribeck curve, which describes the
friction coefficient as a function of the combined variables of the rotation speed,
normal force, and the viscosity of the lubricant. Briefly, the Stribeck curve
presents the relationship between the friction coefficients and lubrication
conditions, as shown in Fig. 1.8. Regions I, II and III in the Stribeck curve
correspond to hydrodynamic lubrication, boundary lubrication, and mixed
lubrication, respectively [70]. The hydrodynamic lubrication regime is mainly
influenced by the properties of the lubricant film, whereas the boundary
lubrication regime is influenced by material properties and surface interactions
between the contacting surfaces. The mixed lubrication regime becomes
complicated due to the existence of combined effects between the boundary
lubrication and hydrodynamic lubrication. Generally the minimum friction

coefficient appears in the mixed lubrication regime [70].

1.5 Effect of ion irradiation on nanomaterials

When a solid is irradiated with energetic electron or ion particles, it leads to the
creation of atomic defects in the targets and modifies the properties of the solid
at large [71]. Defect modified properties are not only important from
fundamental studies point of view but also from the application point of views.

Reports have shown that ion, electron and high energy photon irradiation can be

12
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Figure 1.9: Schematic representation of different processes occur during ion matter
interaction.

employed to tune mechanical, optical, electronic and magnetic properties of the

nanostructured materials [72-76].

When an energetic particle, viz.,, an electron or ion interacts with a solid, it
collides with the electrons and nuclei of the target and transfer the projectile
energy to the target atoms (Fig. 1.9). The incident ion during its passage through
the target, continuously lose its energy by elastic and inelastic collisions with
atoms in the target materials. The net energy loss over a depth x, dE/dx basically
has two components as follows [77]:
dE/dx = (dE/dx) ctectronic + (AE/X) nuclear (1.1)
S=5.+ Sy

The electronic energy loss, S. arises due to the inelastic collision of the incident
ions with the electronic subsystem in the target. The electronic energy loss
dominates at higher energy (typically > 100 keV/amu) of the incident ions. On
the other hand, the nuclear energy loss, S, appears as a consequence of the
ballistic collisions between the ion and the nuclei of the target, so that the kinetic
energy of the colliding ion is partly transferred to the target atom as a whole.
The nuclear energy loss is found to dominate at low energy (typically, <10
keV/amu) of the incident ions. Energetic ions play a very important role in the

development of nanostructures. Ions of different energy regimes have different

13
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roles in the modification of the nanomaterials [78]. Low energy ions (<1 keV)
have been used for the growth of nanoparticle thin films via implantation and
also in the development of nanoripples and defects. A few 100 keV ions are used
to implant the desired nanoparticles in a given matrix. On the other hand,
energetic heavy ions are being used for the growth of nanostructures, phase
transformation and structural modifications [78]. The modifications observed in
the materials as a result of energetic ion interaction can be explained on the basis
of two basic models thermal spike model and Coulomb explosion model [78]. In
thermal spike model, ion tracks are formed as a result of the transfer of energy to
the lattice through electron-phonon coupling leading to the increase of local
temperature [78]. The formation of ion tracks in metallic nanoparticles (eg. Au
nanoparticles) as a result of irradiation with high energetic ions can be explained
using this model [77]. Whereas, in Coulomb explosion model, the material
modification takes place by ionization of the atoms along the path of the ions

and subsequent action of coulomb repulsive force [78].

1.6 Motivation

After an extensive literature survey on layered materials, with emphasis upon
tungsten disulphide (WSz) nanosystems, we realized its importance in terms of
its existing properties, characteristics and future scope. Despite the fact that,
several groups are actively engaged with focused objectives, there is scope for
improvement and a lot more to explore. Know that, different morphologies of
WS; have both advantages as well as limitations prior to their recommendation
in real life applications. In this backdrop, herein, we have concentrated on the
synthesis principles and basic characterization of WS, nanosystems, while
focussing upon photocatalytic efficiency, Photoluminescence response and
mechanical and tribological features of the system. Special emphasis is made on

the low energy ion irradiation aspects of the systems under study.
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1.7 Thesis objective and structure
In this work, we have concentrated on TMDC system, specifically tungsten
disulphide (WSy) system. We have synthesized WS, nanosystem with different
morphologies, viz. fullerene (IF) type WSz, WSz nanosheets and carbon dot (C-
dot) WSz nanohybrid system. Apart from studying their optical property, we
have also investigated the photocatalytic efficiency of these synthesized system
using harmful target dyes.

In this thesis, we have presented data, facts, and phenomena concerning
WS; system which is distributed in seven chapters, followed by appendices and
addenda. The Chapter I deals with the background, literature survey, motivation

behind the work, highlighting the thesis objectives towards the end.

In Chapter II, we have discussed the synthesis routes and techniques that are
employed in the preparation of WS;, with different morphologies. A two-step
hydrothermal method has been employed for processing of IF-WS;
nanoparticles. And, for the production of WS, powder, a single-step
hydrothermal process is attempted and then, exfoliated into its nanosheets with
the help of repeated ultrasonication. The structural, morphological, optical and
vibrational characteristics of the as-prepared systems are studied. The formation
of hexagonal WS; is confirmed from the XRD analyses. TEM micrographs
confirm the morphologies of IF type WS, nanoparticles and nanosheets. The
EDX micrographs gave evidence of the presence of the elements W and S in the
prepared samples. A blue shift of the Raman modes Ez;! and Az in the WS,
sheets compared to WS, powder has given adequate clue of exfoliation. Again,
the BET analysis shows the increase in specific surface area in the exfoliated
nanosheets than the WS, powder. As for the synthesis of WS;/C-dot hybrid
system, we have used orange as the natural source of carbon, and decorated
over the WS; nanosheets with the help of progressive hydrothermal route, which

could be affirmed from the TEM micrographs.
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Chapter 1II deals with the Raman and photoluminescence studies of
WS,/ C-dot nanohybrid system. The nanohybrid system was found to exhibit
excellent fluorescence property, highly tunable with the excitation wavelength.
The PL response of the WS,/ C-dot hybrid system displayed a rise, because of
the presence of the fluorophore like C-dots. This phenomenon has been
attributed to models related to surface traps and electronegativity of
heteroatoms. The Raman spectrum of the WS;/C-dots hybrid nanosystem
offered a marginal shifting of El; and Aig; towards lower frequency side along
with the evolution of two additional peaks, assigned to the D and G bands of the
graphitic system. This shifting of the Raman modes is ascribed to the strong
interaction between the C-dots and WS; nanosheets, which can strengthen both

in-plane and out-of-plane effective restoring forces acting on them.

In Chapter IV, we have discussed the photocatalytic efficiency of our
synthesised systems. Considering IF-type WS, nanoparticles and WS
nanosheets as nano-photcatalysts, we have chosen malachite green (MG) as the
target dye and evaluated their photocatalytic activity under both UV and visible
light illumination. For WS,/C-dot hybrid system, we have chosen MG and
methyl orange (MO) as the target dye, and evaluated the photocatalytic
efficiency under visible light illumination. It was found that among IF-type WS;
nanoparticles and nanosheets, the nanosheets showed a better photocatalytic
response under both UV and visible light. Under visible light, photocatalytic
efficiency is seen to be better than that under UV light in both the cases. The
enhanced photocatalytic efficiency in case of WS, nanosheets is because of the
higher surface area of the sheets than that of the IF-nanoparticles. Thus, the
nanosheets provide more active sites for the photocatalytic reaction to occur. In
case of WS,/ C-dot nanohybrid system, the degradation of MG dye is observed
to be more than the MO dye. It is because the absorbance peak (~617 nm) of MG
dye falls in the red part of the visible spectrum. On comparing the three systems,
we can say that WS,/ C-dot nanohybrid system offers maximal degradation of

91% in 60 min under visible light illumination using MG as the target dye. Using
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the same conditions, the degradation values are found to be 86% and 71% for the
nanosheets and IF- type WS; nanoparticles. The difference in the degradation
values of the above for the bare WS, nanosheets and the nanohybrid catalysts
arises because of the presence of the C-dots in the hybrid material. The C-dots
play an important role in enhancing the photoactivity of the 2D WS,, which can
be explained by the physisorption process of the dye onto the WS flakes.

Chapter V highlights the structural, thermogravimetric, mechanical and
rheological properties of IF-type nano-WS;/PVA composite systems. Apart from
these properties, wettability features have been studied for the nano-composite
system. As for the preparation of PVA films, 3 g of polyvinyl alcohol (PVA) (low
molecular weight, ~11,000 Loba Chemie) is dissolved in 100 mL DI water at a
temperature of 80°C, for 4 h. After cooling down to room temperature, as-
synthesized WS, nano powder is added to the PVA solution under vigorous
stirring (~350 rpm), followed by ultrasonication (frequency~50 kHz) for about 1
h, in steps. The blended solution was then spread onto a set of borosilicate glass
substrates kept at a temperature of 60°C and in order to help complete
evaporation of water, they were left undisturbed for ~12 h. The complete process
yielded thick solid films, with homogeneously dispersed IF-type WS
nanoparticles. The polyhedral, fullerene like nanostructures of WS, are quite
evident from TEM imaging. For nanocomposite films, elongation and
consequently, Young’s modulus of elasticity generally offers an increasing trend
with a maximum value for 6 wt% nano-WS; loading. Breaking stress also gives
an enhanced value from 2.7 to 9.7 MPa without and with 6 wt% loading of nano-
WS,. Moreover, tribological studies have revealed a significantly lowered COF
with inclusion of nano-WS;. Thermally and mechanically stable nanocomposite
tilms also presented excellent hydrophobic response by displaying high CA but
reduced CAH. Surface energies of the composite films have been calculated by
considering contributions from polar and dispersive parts separately for two
reference liquids and the net surface energy varies in the range of 24.7 to 37.5

mJ/m2.,
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Chapter VI discusses formation and splitting of stacks of WS, nanosheets into
a few layers under 80 keV Xe* ion irradiation at normal incidence. The micro-
morphological, visible emission response, Raman active vibronic modes and
wettability features are analysed and discussed, on a comparative basis.
Multilayer WS; nanosheets have been synthesized using a facile hydrothermal
method followed by ultrasonication. In order to perform irradiation experiment,
the as- prepared WS, product was allowed to impregnate on a teflon pellet.
Maintaining a constant beam current of ~2 pA, the fluence was varied as, 1x 10
(F1), 5x 1013 (F2), 1x 1076 (F3) and 5x 1016 (F4) ions/cm?. The electronic energy loss
(Se) and nuclear energy loss (S») of the prepared systems were calculated using
the SRIM 2008® software. The AFM images of the irradiated samples exhibit
surface topology with numerous hillocks and ripple like structures after
incorporation of Xe*, while destroying the smoothness of the film surface. The
Raman study affirms the exfoliation of the nano-systems as a result of
irradiation. The Stoke’s shift is significantly enhanced as evidenced from the
increase in electron-phonon coupling parameter, (Sp > 1). A clear hydrophilic to
hydrophobic transition, as a result of improved surface roughness, caused by

normal ion irradiation has also been witnessed.

Chapter VII summarises the important conclusions drawn from the study.

The future scope, applications of our present study is briefly described here.
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