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ABSTRACT

Abstract

In this research work, GNP-ZnO nanocomposites samples have been synthesized by
ex-situ method. These samples were prepared on different weight percentage GNPs loading
on ZnO nanoparticles The prepared GNP-ZnQ nanocompositeswere characterized by
FESEM,EDX, X-ray Diffraction, Raman Spectroscopy, FTIR, PL and DRS. XRD
measurements have shown that the GNP-ZnO nanocomposites have made and the diffraction
peaks corresponding to GNPs and the wurltzite crystal structure of Zinc Oxide. The
morphology of GNP-ZnO nanocomposites samples were investigated using FESEM and
stoichiometry has becn determined using EDX. The optical properties of GNP-ZnO
nanocomposites have been analyzed with DRS and PL. In DRS the band gap i§ found to be
varying from 3.34 to 2.24eV with GNPs loading. The prepared GNP-ZnO nanocomposites
have shown a powerful PL emission in the UV territory. The powerful emissions of GNP-
ZnO nanocompositeshaveassigned to the radioactive recombination of electron occupying
oxygen vacancies with a photo-excited hole.The bonding in nanocomposites was analyzed by
Fourier Transform Infrared Spectroscopy. From the Raman spectra results, peaks had shifted
towards the lower wave number with increasing GNPs loading on ZnO. The antibacterial
property of GNP-ZnQO nanocomposites have investigatedagainst gram positive and gram
negativebacterialand noted better inhibttion zone than ZnO which is the significance of

introduction of GNPs in GNP-ZnO nanocomposites.




GHAPTER1

INTRODUCTION

1 Chapter No. 1 Introduction

No doubt that material science plays a key role in our lives, basically throughout the
design, composition and fabrication of conceming new materials. Since from the Stone age to till
now, our quality of life have become better over time with the introduction of cumrent new
materials. Materials are important to the science and technology because it is convenient to our
lives for example cell phones, laptoﬁs, computers, touch screen and so on. Therefore the new

materials grow up is the need of our society.

Our important feature for acquiring new material with enhanced properttes is creative
molecular design, preparation and synthesis of new materials. Nano-science emphasis not only
on understanding the relationship between the arrangements of atoms, ions or molecules
comprising a material but also on its overall physical properties & structure. Thus material
science consists in the study of the structure and properties of existing materials, fabrications and
characterization of new or improved materials and the use of characterization techniques to

predict properties and structure of new materials that have not yet been made.

The developments of composites rest on carbon materials have drawn a lot of attention
due 10 new materials with different structure and properties better than their constituents and
previous composites systems with nanostructure materials. The shape, size and chemistry of the
nanostructure materials produce composites that have a lot of potential in applications like
sensors and actuators. Since breakthrough of graphene, graphene based composites also play a
major role in the develepment of nano science and technology. In comparison with carbon
nanotubes (CNTs), graphene has several advantages over CNTs. Graphene becomes unique due
to its low density and high aspect ratio. The graphene shows exceptional physical properties

which resuiis in a most desired applicant for the evolution of graphene based composites.

1.1 Composites

Composites are prepared of two or more constituents materials, The constituent’s
material reveals different physical or chemical properties. Composite materials made out of
constituents having properties totally different from their constituents. Due to the rareness in
features; ceramics, metals and polymers are used in different applications. Further with these

1
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extraordinary features, composites posses some restrictions, which limit their application in
such a situation where multiple features are necessary. The beginning of enginecered materials
has improved the research significance. Presently composite materials contain many features

such as durability, light weight, efficient electrical and thermal conductivity.

1.1.1 Basis of composite materials

There are number of distinct parts in composites which ate separated by the interfacial
boundaries. To make property of the composites superior than their constituents, the
appropriate amount of the constituents is evenly mixed. The large fraction of the composite
material is called matrix whereas the lesser one is called reinforcement or filler. The filler are

used to improve the functional properties of the matrix.

1,1.1.1 Natural composite materials

Organic materials are the basic constituents in the biological systems. These systems
are composed of different materials contribute towards color, shape and smell. Biological
systems can be attributed as natural composite materials. Wood is an example of natural
composite made up of cellular fiber bonded together with lignin.

1.1.1.2 Man made composite materials

The utilization of materials in advance fields has enforced to build up materials with
hybrid properties. Composites with different filler are being continuously dcvclo;)ped to
improve the mechanical, thermal and optical properties. Presently composites are being made
and utilized in several advance applications. Man made composites are further classified on

the basis of matrices
1.1.2 C(lassification of composites on the basis of matrices

1.1.2.1 Composite materials based on metal matrix
Composites materials based on metal matrix consist of metals including (Mg, Al, Fe,
Cu and Co etc) and embedded filler with ceramic phase including (carbides, oxides and
nitrides etc) or metals. Metal based composites have high mechanical properties. Due to
mechanical properties of both constituents high strength and particular modulus have been

2
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obtained. From the last two decades their applications in aerospace and automotive have been

increased [1].

1.1.2.2 Composites materials based on ceramic matrix

Composites materials based on ceramic matrix consist of a ceramic matrix and embedded
filler with other ceramic substance. Ceramics have potential advantages over metals under high
temperature situations such as low density, high strength and greater resistance to thermal
oxidation. Ceramic based composites are still at early age of development as compared to metal

and polymer based matrix [2].

1.1.2.3 Composites materials based on polymer matrix

Composite materials based on polymer matrix consist of a matrix
like thermoset including unsaturated polyester, epoxiés) or thermoplastic and embedded carbon,
glass, steel or Kevlar fibers (dispersed phase). Strength, modulus and stiffness are weak for
polymers but it can be made better by incorporating additives in thermoplastic and thermoset
polymers. These composites have wide range applications due to light weight and high strength
[3, 4].

1.1.2.4 Compesite materials based on graphene and chemically converted graphene

Since graphene is hydrophobic in nature therefore the main limitation of graphene is its
dispersibility. Graphene based composites are very important for many applications. The
composite of distinctive properties of graphene, GO and rGO with those of other materials like

organic or inorganic reagents reveal the new properties and scope of applications 5, 6].
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Classification of composite materials based on matrix based is given below.

Marrices

Graphite/
Carbon
\_/—u\
Thermoxets Graphene-polymer
(epoxy,polvester) composite
m .
- Thermoplastics ) Ceramic Graphene-inorganic
{pokyestrine.nylon} (senaiconduciors) conposite

Cement

Figure 1.1: Flowchart of classification of composite material based on matrix

1.1.2.4.1 Graphene /G0O/rGO - inorganic nanostructures composites

Since graphene discovery, graphene-inorganic nanostructure composites (i.e. metallic
and semiconducting nanoparticles) have been extensively studied due to their tested
performances and potential applications in catalysis, optics and optoelectronics, super capacitors,
fuel cells, batterics, bio/sensing efc. Inorgahic composites refer to metallic nanoparticles such as
noble metals: Pt, Au, Ag, Rh and Pd, and semiconducting nanoparticles like: TiOa, ZnQ, SnO,
MnOy, Co304, Fe;0s, Fe203, NiO, Cuz0, RuOy, CdS and CdSe [7).

1.1.2.4.2 Graphene/GO/rGO - polymer composites

Graphene and chemically treated graphene with outstanding mechanical strengths,
thermal stability, good conductivity and high surface area have been used as filler material for
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polymer composites aiming the advancement of the electrenic, mechanical and thermal
properties of the polymer. The properties of graphene based polymer composites depends on the
class of graphene, polymer as a matrix and the bonding or sandwiched between graphene and

polymer. Graphene based polymer composites are classified into three classes [7]:

e Composites based on graphene filled polymer
e Composites based on layered graphene with polymer films

s Composites based on polymer with functionalized or chemically treated graphene

1.1.2.4.3 Other graphene/GO/rGO - based composites

Other Composites based on graphene can be made by functionalization with organic

crystalline, carbon nanotubes, metal-organic frameworks, fullerenes, biomaterials etc [7].

1.1.3 Classification of graphene-inorganic nanocomposites ;

To classify new class of graphene-inorganic nanocomposites with respect fo second

constituents of the nanocomposites is given in Table 1.1

Table 1-1: Classification of Graphene-inorganic nanocomposites [8] i

Grapbene-inorganic manocomposites Types Second Constitwents r
Graphene-Polviner nanocomposites Polymers
Graphene-norganic nanocomposites Graphene-metal nanocomposites Metal
Oraphene-carbon nanocomposies Carbon building Block |
Ciraphene-metalcompound nanocomposites  [Metal compound
Graphene nonmetal nanocomposites Non-Metal

1.1.4 Classification of nanocomposites based on structure

The classification with respect to the supporting constituent has its own limitation if two
or more constituents were mixed in nanocomposites. Thus in accordance to different structures,

graphene based nanocomposites are categorized into four classes depicted in Figure. 1.2.

¢ supported nanocomposites
¢ encapsulated nanocomposites

e incorporated nanocomposites
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e multilayered nanocomposites

(¢) @

Figure 1.2: Structure of graphene based nanocomposites a) Supported b} Encapsulated c)
Incorporated d) Multilayered nanocomposites 8]

1.1.5 Applications of grapheme inorganic nanocomposites

Graphene blended with different inorganic nanostructures using different structural units
and fabrication methods constitute new class of materials. The graphene-inorganic
nanocomposites mostly maintain the appropriate propertics of graphene and the inorganic
nanostructures. It also significantly improves the inherent characteristic because of combined
effect of both constituents. The superior function of grapheme-inorganic based nanocomposites

in catalysis, solar cells, energy storage and sensors applications are discussed below in detail.

1.1.5.1 Catalysis

Nanostructures of Carbon (C} posses large surface area, good thermal and electrical
properties, easy modification, high chemical inertness and low price. Therefore it is generally

acting as immobilizing catalyst in reactions. Similar to other SWCNT and MWCNT catalysts,
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the grapheme and inorganic based nanocomposites are also considered to be brisk catalysts in

photochemical, wet chemical and electrochemical reactions [9).

1.1,5.2 Photo catalysis

Photo catalysis can be defined below. When the photons interact with the photo catalyst
having photon energy equal or greater than the material band gap, As a result electron-hole pairs
are created whose further interaction result in the production of hydrogen and hydroxyl ions and
able to undergo secondary reactions. This results in disintegration of organic toxic waste and

degradation of large metal ions.

But in the photo catalysis process, the sudden recombination of photo created electron
hole pair reduces the effectiveness of photo catalyst. Therefore, the electrons-hole pair
recombination can be minimized due to good electrical property of graphene. In this case, it can
be used for electron transfer to improve the photo conversion effectiveness of the photo catalytic

materials [10].

1.1.5.3 Emergy storage and conversion

In the recent years, there is enormous increase in the global demand for energy which has
inspired significant effort for the progress of energy storage. For this purpose, graphene based
material have been used as electrodes in energy storage devices. It may possible only due to
excellent electrical properties, large surface area and good chemical stability. In recent times
graphene inorganic nanocomposites have been used in fuel cells, solar cells, super capacitors and

in energy storage/conversion devices [11, 12].

1.1.5.4 Solar cells

Solar cells change the energy of sun light into electricity through photovoltaic effect.
Since graphene has excellent elecirical and optical properties with respect to high electron
mobility, graphene-inorganic nanccomposites have come out as one of the interesting electrode
materials for solar cell applications. These applications can be dye-sensitized solar and quantum
dot-sensitized solar cells. Nowadays dye-sensitized solar cells have drawn great attention due to

steady light conversion into electricity performance, low cost and easy fabrication [13].
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1.1.5.5 Fuel cells

These are such devices which involve electro-catalyst at the anode while oxygen
reduction (OR) at the cathode to produce desired electricity. For this purpose graphene—inorganic
nanocomposites show outstanding electro-catalyst facilitation, which renders its application in
fuel cells for the next-generation, for ¢xample graphene—Pt nanocomposites in methanol fuel

cells and graphene—Pd nanocomposites in direct carboxylic acid fuel cells [14, 15, 16]

1.1.5.6 Gas detector

(Gas detector is a device that detects the presence of gases, it is also called gas sensor.
CNT based detectors have drawn a lot of attraction for the researcher from the last few years due
to fast detection of different gas molecules. Nowadays due to good properties of graphene as
compared to CNTs [17], some researchers have studied sensitivity for the detection of H; [18],
H,S [19], propanal [20], ethanol [21] and NO; [22] molecules by using graphene-inorganic

nanocomposites as gas sensor materials.




1.2 History of Graphene

Marita culture implement graphite just as a ceramic paint to furnish | pottery in
southeastern Europe and its use can be traced back to the 4th millennium B.C [23]. P.R.wallace
has used the tight binding model to study the band theory of graphite in 1947 and assumed that
conduction happens only in one layer of graphite which is graphene layer [24]. Graphcnc sheet
was first synthesized by Benjamin C. Brodie in 1859 [25] and changed into graphene c;xide
sheet. Further it was modified by Hummers and Offeman in 1957 [26]. Until 2004, Andre Geim
and Konstantin Novoselov reported the first experimental breakthrough of graphene [27] and
both won the 2010 Noble prize in physics for this remarkable discovery. Graphene layer is
shown in Figure 1.3 [28]

Figure 1.3: Single layer of graphene [28]

1.2.1 Carbon Allotropes

Graphene is a single planar sheet of carbon atoms where all the carbon atoms form
covalent bonds and packed tightly into 2D (two dimensional) honeycomb crystal lattice.
Graphene is a fundamental building block for graphite materials of all dimensions as shown in

9
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Figure 1.4 [29]. Graphene is also considered to be the mother of all graphite form materials. It
can be wrapped up into a sphere producing buckyballs (0D), folded into a cylinder create carbon
nanotubes (1D) and arranged in a stack to produce graphite (3D).

Figure 1.4: Graphene building block for all other carbon allotropes. It can be rolled
into (a) 0D buckyballs (b) 1D CNT (c) 3D graphite in stacked form [29)

1.2.2 Graphene hybridization and bonding

Carbon is a group IV element of the periodic table and chemically very active to interact
with other molecules to form different compounds and crystalline materials. Carbon element has
four valence electrons in its outermost shell which have a propensity to interact with each other
to form different types of carbon allotrope. Basically in carbon element, the four valence
electrons are configured in 2s and 2p orbital’s as shown in Figure 1.5 [30].

1¢
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Figure 1.5: The electrons and their relative spin arrangement (a) elementary carbon and
graphene (b) Three sp” hybrid orbital of s and 2p orbital’s of the 2nd orbit
(c) Explanation of the orbital [30]

{b}

When carbon atoms form a crystal then one of the 2s electron gained energy from the
neighboring nuclei and jumped to the 2p, orbital [31, 32]. This type of b(.mding or interaction
occurs in between the 2s and 2p orbital of carbon atoms. This type of interaction of atomic
orbital is called hybridization and the new orbitals are termed as hybrid orbitals. Due to multiple
type of hybridization, carbon shows different allotropes as shown in Table 1.2 [33].

In sp’ hybridization of graphene, each carbon atom is bonded covalently with three other
carbon atoms in the plane and the angle between consecutive bonds is 120°. These three covalent
bonds are termed as g-bonds; which connect carbon atoms into a honeycomb lattice and
responsible for strong mechanical properties of graphene. The 2p; electron builds a bond called
z-bonds which is allocated perpendicular to the plane. The 2p, electrons are loosely connected to
nuclei and thus are easily delocalized, These delocalized electrons are important for electronic

propetties of graphene.
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Table 1-2: Different allotropes and its physical properties [33]

Dimensions oD 1D mn ac 30

Allotropes Cy Bucky Ball Carbon nanotubes |Graphene Graphite Diamond

Color Black Solid jBlack Black Black to Grey Colorless
Density 1.7-19 g/om’ 2g/cm’ 1gfom’ 1.99-2.3g/om’ 3.52g/cm’
Hybridization sp” trigonal planar sp trigonal planar |sp’ planar sheet |sp” trigonal planar_|sp’® tetrahedral
Electronic Properties |Semi-Conductor Maetal/Semi Semi-metat Metal insulator
Crystal Sbructure Truncated icosabedron | Cylindrical Hongycomb Tabular Cubic

1.2.3 Crystal Structure

The 2D honeycomb lattice is not a bravais lattice because two neighboring sites A and
B are in-equivalent. However honeycomb lattice is still a lattice because it consists of a
repeating unit cell and as a result non-bravais lattice can be converted to bravais lattice in a
honeycomb lattice considcling'grouping of points A and B together and the resulting lattice as
shown in Figure 1.6 [34] which is now a bravais lattice with a basis of A-B. Thus each bravais
lattice point shows two crystal lattice points. In solid crystals, the points are position of atoms
and the basis is understand as the number of atoms grouped together at each bravais lattice

point.

12
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(a) '(b}

Figure 1.6: (a) Hexagonal lattice (b) Two atom basis (¢} Graphene 2D honéycomb
lattice consist of two sub lattices A and B [34]

It is quite clear that the graphéne structure consist of two sub lattices, A (green color
point) and B (Red color point), with each Bravais lattice having primitive lattice vectors denoted
as a;, a; given by in Figure 1.7 [35]. -

13




CHAPTER1 —— INTRODUCTION

Figure 1.7: Each unit cell contains one lattice point and two atom basis and each

bravais lattice with two unit vectors 2, and a, [35]

@, and @, vectors in translation form are given below

@ =a[Zx+17] 2.1)
— va .o o1

a; =a[—z-x— ;y] 2.2)
In simplified form we can write as

@ =-(1V3), & = %((+3,-1) (2.3)

Lattice vectors from A sub-lattice atom to the three nearest neighbor B sub-lattice atoms, can be

expressed as;

81 =3(1V3) (24)
8 =3(1,-V3) 2.5)
83 = —a(1,0) (2.6)

Where a = 0.14nm is the adjacent spacing between two carbon atoms.

The reciprocal lattice vectors ;, b, represented by the condition 4; - b; = 2rd;;, will be as

14
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by = 2(1.33), b, = Z{(1,3) 2.7
Where ;=0 if i# j and ;=1 if i=]

1.2.4 Brillouian zone

First Brillouian zone of the reciprocal lattice is defined in typical manner, as the region
enclosed by the planes bisecting the vectors to the nearest reciprocal laﬁce points which results
in an FBZ of the same form as the original hexagons of the honeycomb lattice, but rotated by
90°. The six points at the corners of the FBZ can be categorized into two groups of three which
are equivalent, so we should consider only two in-equivalent corners K and K’, as shown in the

Figure 1.8 [29]. These are called Dirac points and their positions in k-space can be denoted as;

27 1

21, %)k =2(1,-F) 2.8)

K=3a

Figure 1.8: First Brillouian zone of graphene reciprocal lattice [36]

1.2.5 Graphite and Bi-layer graphene

Three dimensional graphite structures are formed when several graphene sheets are
layered on top of each other. It results in hexagonal structure with four atoms per unit cell and
the dimensions are ¢ = 6.71A%nd a = 2.45 A®. The two-dimensional hexagonal lattices are
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stacked, either in an ABAB pattern or an ABCABC pattern. The ABAB stacking of graphene
forms Bernal AB-stacking while ABCABC pattern form rhombohedral structure. In Bernal AB-
stacking the A sub-lattice of one graphene layer is linear on top of B sub-lattice of the other
graphene layer. The ABAB patiern is also called Bi-layer graphene and shown in Figure 1.9 [37].

Figure 1.9: (a) A schematic diagram of Bernal AB stacking (b) A graphene bi-layer [37]

1.2.6 Properties and application of graphene

Due to remarkable properties of graphene, it becomes a rising star for the researchers and
its applications are significant in different arcas of life. Graphene make a superior candidate for
the semiconductor devices due to its high electron mobilities along the plane i.e. 15,000 em”
Vst am-bipolar field effect [38,39). Apart from the tremendous high charge carrier mobiliteé,
graphene is also a good candidate for photovoltaic devices [40-41], since it absorbs only 2% of
light and independent of wavelength across the visible spectrum [42]. Conducting films for
display, touch screen and solar cell have been made from graphene [43-46]. Due to large planar
surface and low electrical noises of graphene field effect transistor make use in optoelectronics
and sensor applications [47-50]. The high mechanical properties and flexibilities of graphene are
highly helpful in electrochemical devices [51]. In electronics, a cutoff frequency of 100GHz for a
graphene field effect transistor of 240nm gate length has been achieved which is higher than
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silicon transistor of the same gate length [52]. There is a vast potential and speedy advancement
in research due to novel properties of graphene and graphene composites and will soon
beginning to influence industry [53].

1.2.7 Synthesis methods of graphene

Synthesis methods of graphene consist of twoe main classes: the top down and bottom up

approach and are summarized in the scheme bellow

( Graphene Synthesis Mevhod O

Mochanical . H . :
e Chemical Chemical .
Fxfoliation exfuliation synihesis Pyrelysis

methods

al AFMitips Graphene oxide Plasma

N

Figure 1.10: The schematic representation of the different approaches for graphene synthesis [54]

1.2.8 Graphene nanoplatelets

Graphene nanoplatelets are neither graphene nor graphite but it is the intermediate stage
between graphene and graphite. It has different synonym names in literature like nano graphene
platelets (NGP), graphite nanoplatelets {GNPs), multilayer NGP, graphene flakes and nano-
scaled graphene poWdcr ctc. Its surface area 1s twice than CNT [55]. Graphene nanoplatelets are
composed of about one to hundreds of atomic layers thickness in “platelet” morphology. It can
be synthesized with low cost and obtain with high purity and performance. GNP has high aspect
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ratio of thickness to width with excellent electrical, thenmal conductivity and mechanical
properties. Tt has been divided into different grades with respect to SSA and named Grade H.
Grade M and Grade C. The following synthesis methods are used for GNP.

e Mechanical exfoliation of graphite
o Oxidation of graphite oxide

¢ Direct intercalation and exfoliation

1.2.9 Why use GNPs

Since graphene preparation is difficult, complex and economically costly whereas
graphene nanoplatelets (GNPs) are more easily to obtain and having same properties as graphene
and also can be used in the same applications. Physical Properties of GNP is shown in Table 1.3
[56]. '

Table 1-3: Physical properties of GNPs (56}

Parameters ' Values
Appearance Black Powder
Diameter 20-50um
Thickness <100nm
Carbon content : >99 Switdo
True density ~2.25g/cm’
Thermal conductvity ~3000W/mK.
Tensile strength ~1000Gpa
Young's Modulus ~1060Gpa

1.2.10 Applications

GNP is considered to be ideal for applications due to excellent properties just as
strengthening composites materials, forceful as barriers, ultra capacitor electrodes, anode
materials for lithium-ion batteries, substrate for active matenals and super capacitors etc. It has

not found any serious drawbacks at current time. The GNP image is shown in Figure 1.11 [56].
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Figure 1.11: Image of Graphene nanoplatelets [56]
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1.3 Zinc Oxide (Zn0)

ZnQ crystal structure occurs in three shapes; hexagonal wurtzite, cubic rock salt and
cubic zinc blende. The hexagonal wurtzite structure is most common and stable at ambient
conditions, The zinc blende cubic structure can be sustained by growing ZnQ on substrate. The

rock-salt structure can be observed at high pressure approximately 10GPa.

ZnO crystal is an inorganic compound also known as zincite and hardly exists in nature.
It appears white in color and almost unsolvable in water. Maximum zinc oxide used
commercially and is created un-naturally. ZnO is a transparent direct band gap with 3.37ev of the
[I-VI semiconductor group. It has some favorable propertics like broad band gap, good

transparency, high room temperature and luminescence etc.

Table 1-4:Basic physical parameter for ZnO [57]

Parameters Values
Stable Phase at 300 K [Wantzite
5-606g!cm3
[Meking point 2248K° 1975¢°
{Band gap 3.34eV
Excitation Binding Encrpy|60meV
Young Modulas 106.5GPa,115.9GPa
Refractive Index 2.008,2.029
Thermal Conductivity 0.6, 1-1.2
Lattice Parameters
a 3.2496A
le 5.2096A
c/a 1.602

1.3.1 Zn0 structure

ZnO has most stable wurtzite crystal structure which has hexagonal close-packed (HCP)
lattice type. This structure belongs to P63mc space group [58]. It is distinguished by two
interconnected sub lattices of Zn®* and O°* In this case cach cation is surrounded nearby four

anions at the edges of tetrahedron symmetry with a sp’ covalent bonding and vice versa. From
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Various shapes of ZnQ lattices, the wurtzite has been reported to be the most thermodynamically
stable phase [59). Tetrahedral uniformity is found to have significantly role for the polanity of
ZnO. It appears along c-axis of the hexagonal. The polar symmetry of ZnQ is strongly dependent
on the spontaneous polarization and piezoelectricity [60]. This structure has number of
alternating planes which are formed tetrahedrally coordinated 0> and Zn®" ions. This stacking of
planes is along the c-axis as depicted in Figure.1.12 [62]. There are positively charged (0001}-Zn
and negatively charged (0001)-O polar planes. This oppositely charged ions packing along c-axis
leads to spontaneous polarization divergence in surface energy and normal dipole moment [61].
These polar planes are more safe and stable than non polar planes. ZnO is naturally n-type
semiconductor material due to existence of point defects in structure. These point defects are
mostly created in ZnO due excess of zinc interstitial and vacancy defects in ZnO matrix. These
surplus and excess zinc atoms in ZnQ acts as donor interstitials which lead to n-type
conductivity, In ionic structure, the excess Zn occurs as Zn+ interstitials that are movable and
they have trend to hold unique interstitial sites with Miller index (*4, %, 0.875) as shown in
Figure.1.13 [62].

HY, T8, 112 113, 243, 0A78

Figure 1.12: Unit cell of ZnO with cations and anions positions [62]
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Figure 1.13Zing interstitial sites in the ZnO wultzite lattice [62]

1.3.2 Applications

» The ZnO is potential for heat-protecting windows, light emitting diodes and liquid
crystal displays

L%

Zn0 is used in thin film transistors, ceramics plastic and circuit’s amplifiers.

» ZnO is also used in UV light emitters, transparent electronics, chemical sensors and

piezoelectric devices.
» ZnQ is biocompatible material and used in antibacterial and cosmetic lotions

These outstanding physical properties act as the basis for motivation in our research for
fabrication of ZnO based graphene nanocomposites to further improve physical characteristic of
ZnQ.
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2 Chapter No.2 Analytical Techniques

Characterizations are being used to analyze and examine the properties of nanostructured
materials. Therefore it is necessary to understand the working principles and instrumental detail
of the characterization techniques, for example Field Emission Scanning Electron Microscopy
(FESEM), X-Ray Diffraction (XRD), Raman spectroscopy, Energy Dispersive Spectroscopy
(EDS), Fourier Transform Infrared Spectroscopy (FT-IR) and Photoluminescence (PL).

2.1 X-ray Diffraction (XRD)

2.1.1 Introduction

Among different characterization techniques, XRD is the most useful technique for
examine the structure of material. It is a non destructive tool and is used to get information about
different crystalline materials of the examined sample by diffraction pattern. XRD can analyze
samples both in powder as well as in solid forms. XRD pattern is based on regular arrangement

of atoms or in materials. XRD set up is shown in Figure 2.1[63]

Figure 2.1: Diagram of XRD set-up [63]

23



CHAPTER 2 ANALYTICAL METHODS

Diffraction occurs only when waves interact with arranged structure of material at
comparative scale. In XRD, if the atomic distance of the crystal plane is comparable to the
wavelength of x-rays then diffraction will occur as a result of interference of diffracted x-ray
from the crystalline planes. Since XRD is based on x-rays, therefore it is necessary to understand

the nature of x-rays.

2.1.2X-rays

X-rays are form of electromagnetic radiation with high energy penetrating rays. This was
~ discovery of German physicist Roentgen in 1895. These radiations have wide application in the
field .of material science, engineering and medical. Only in material science it has 2 lot of
utilization for material analyses such as XRD, X-ray Fluorescence (XRF) and x-ray
photoelectron spectroscopy (XPS). For diffraction applications, only short range wavelengths of
x-rays close to 0.1A” are used. The x-rays are able to penetrate into the matter and display data
relevant to the structure of the matter.

X-radiation are generated in an x-ray tube when a beam of electron produced by heating
filament and accelerated towards an immobile or rotating rigid target across a high potential. X-
rays have two types continuous x-rays and characteristic x-rays. In continuous x-rays, the
electrically charged particles of sufficient energy are decelerated which results in x-rays release
called Bremsstrahlung radiations. In characteristic x-rays the electrons are released from the
innermost orbit of target atoms by the ionization process, then an electron from the outermost
orbit jump into inner orbit and fill the vacancy at which it was created, the x-ray emitted is called
characteristic x-ray and it is the property of the target material. The targets in x-ray tubes are
commonly Cu or Mo. As we know that photon is a particle of electromagnetic radiation and the
relation between photon energy and frequency is given by equation

E = hf | 2.1)

Sincec = fiand f =

TN

Therefore
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E=— (2.2)

Where h is Planck's constant, A wavelength of the X-ray and ¢ the speed of light.

2.1.3Bragg’s Law

In 1912 W. L. Bragg physicist first proposed a law about diffraction known as Bragg's
Law. The Bragg’s Law is a basic in the determination of crystal structure and important step in
the field of x-ray crystallography.

When the sample is exposed to x-rays beam, then each atom of the plane act as a source
of a coherent scattered wave. The scattered waves from one plane atoms will interfere with the
waves from other surrounding plane atoms and will result in a constructive or destructive
interference depending upon the path difference of diffracted x-rays. This interference is shown
in Figure 2.2 [64].

Figure 2.2: X.ray diffraction from a crystal plane [64]

The condition for diffraction of the incident radiation is given in equation below
Zd(th)Sin 8 =ni 2.3)

25
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Where dp, is the distance between atomic planes, X is the wavelength of the x-ray, 8 is
the angle of incidence and n is the order of reflection. The Bragg Law is a result of periodicity of

the space lattice.

2.2 Field Emission Electron Microscopy (FESEM)

2.2.1 FESEM working

In FESEM, electrons are emitted from field electron emitter which act as electron gun
source and accelerated in a high vacuum column tube. The primary electrons are deflected and
_ focused by electronic lens to produce narrow beam that interact with sample. As a result of
| interaction, secondary electrons are released from the sample. These secondary electrons have
close relation to the surface structure of the sample and collected in a detector to produce an
electronic signal. This signal is amplified and processed further to be seen on compufer screen.
The diagram of FESEM is shown in Figure 2.3 [55].

2.2.2 Vacuum

FESEM composed of two vacuum pumps which develop vacuum in a column tube up to
107 torr to permit primary electron movement along the tube without scattering and are allowed
to target sample,

2.2.3 Field Emission Source

Actually Field emission source is an electron gun which is operated at kilovolis negative
potential with respect to adjacent electrode. The source are either made of tungsten or coated
with zirconium oxide called schottky type. The electrons are expel when the field emission
source are heated and producing a clear image, less electrostatic distortions and spatial resolution

< 2nm. Due to this emitter source, FESEM and others scanning microscopes are differentiated.

2.2.4 Anode

FESEM composed of two anodes for the electrostatic focusing. The potential difference
exists between the first anode and the field emission tip which is acquired to keep in control of
the current emitted from the field emission tip. This potential difference is called extraction
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voltage. The voltage called accelerating voltage between cathode and second anode can be used
to increase velocity and enhances the electrons beam energy in to the column. This accelerating
voltage combines with diameter of beam having capacity to separate the two type of sample

which is strictly close with each other.

Figure 2.3: Graphical representation of Field Emission Electron Microscopy (FESEM}) [65]

2.2.5 Electromagnetic Lenses

Electromagnetic lenses make FESEM highest resolution instrument. To resolve feature
on the sample surface, the beam diameter should be smaller than feature. Therefore to condense

electron beam, the electromagnetic lens are used for image processing,

2.2,6 Depth of Field

In microscopy, Depth of the field is an important factor and characterizes the potential to
concentrate the large change in the sample topography. Long working distance in column and
small aperture generate the image appearance in a focus over large change in Z-axis. A particular

current specified to objective lenses, the sample moves upright until it becomes focus.
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2.2.7 Electron beam and sample interaction

The electron beam interacts elastically and in-elastically with specimen and allowing
various forms of signals. In elastic interaction, electron beam kinetic energy is not altered and the
eleciron path is affected only, While in inelastic interaction, the electron gives some energy to
the atoms of the sample and as a result the electron with loss in energy changes in small
trajectory divergence. The signal created by this way named secondary electron (SE), X-Rays
and Auger electrons. Each of these signals gives the information about topography, surface
characteristic, crystallography, and composition of the sample.

2.2.8 Applications

»FESEM produces clear, less electro-statically distorted images and 4 to 6 times better than
conventional SEM.

>Smaller area of the sample can be investigated at electron accelerating voltage than EDS.

# It uses ultra high magnification

2.3 Energy-Dispersive Spectroscopy (EDS)

EDS is used to study the elemental composition and their reiative proportion in atomic
percent of the nanostructure samples. This method includes the interaction between specimen
and high energy electrons (> 200 keV) which penetrate through materials and knock out electron
from inner shelf of the atom and creates vacancies. In order to fill this vacancy, electron wiil
Jump from outer shell into lower shell of the atom and will emit characteristic x-rays which will
be detected by the detectors. This technique is related to basic principle that each element has
unique atomic structure and permit x-rays of its own family which are distinguished from other
elements. In other words EDS based on Moseley law for elemental analysis. According to
Moseley taw “the energy of characteristic radiation with in a series of lines varies with atomic
number”. Generally the EDS set up is attached with SEM system.

EDX specirum gives broad range information of the elemental composition of the
materials. The EDX spectrum peaks correspond to energy level and show information with
respect to the element for which the peak x-ray has been noted. The intensity of peak of certain
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elements in a spectrum corresponds to the elemental concentration of that element in the

- material.
kicked-cut
dectron @ -

g;\:‘ external

~ stimulation l
™ .
~ .
Ny

\F Figure 2.4: Schematic diagram of working principles of EDS [66]

2.4 Fourier Transform Infra-red Spectroscopy (FTIR) ,-

It is mostly used for molecular analysis of the sample and is 2 non-destructive technigue.
The main feature of FTIR is to characterize solid and liquid samples. This spectroscopy involves
the interaction between a material and electromagnetic radiation called infrared and this
interaction is the main theme of FTIR spectroscopy. Since the energy of a molecule is equal to
the sum of vibrational, rotational, translational and electronic energy levels. Therefore the
infrared waves primarily linkage with the molecular vibration. When the IR waves interact with
a molecule then it is excite to an upper state by absorbing Infra Red radiation provided its energy
matched with the vibrational energy level of the molecule. IR spectroscopy gives fingerprint data
on the chemical composition of the material and useful for several types of analyses. FTIR uses
Fourier Transform function for digitizes the interferogram and display spectrum therefore it is
called FTIR.
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FTIR instrument attain wide spectra from NIR to FIR spectra therefore for spectroscopic
purpose it 1s split up into three IR regions; near IR region (400-10 em™), mid IR region (400-
4000 cm™), far IR region (4000-14000 cm™). Here we use mid IR region frequency and divide
further into two parts as shown in Figufe. Bands are the finger print of each molecule and are
found in the region of (1300-400 cm™); these bands are used only to compare spectra of one
compound to another. While the band (4000-1300 ¢m™) indicates what type of functional group
is attached in this region.

functional group region fingerprint region ]
- . . —t —
4000 cm! - 1300 ey 1300 emy'! - 400 coot

Figure 2.5: Band of functional group and finger print

The most familiar interferometer used in FTIR is a Michelson interferometer. It comprises
of two perpendicularly plane mirrors and a beam splitter. In plane mirrors one is fixed and the
other is movable while the function of beam splitter is to divide beam into two paths as shown in
Figure 2.6 [67]

Figure 2.6; Diagram of FTIR set up {67]
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2.4.1 Procedure

» KBr tablets are mixed with sample in ratio of 2:98 in order to expose hidden and
unhidden parameters in the sample and then press for FTIR characterization.

» KBr tablets are used to acquire the background of FTIR spectrum at hundred scans of
FTIR spectrometer.

2.5 Photoluminescence Spectroscopy (PL)

Luminescence means the emission of light from material but ensuring not by heat. Thus
Photoluminescence can be defined as when high energetic photon strike with material, the
electron excited from ground state to upper state of an atom, ultimately excited electron relax

and comes back to ground state with emitting light called Photoluminescence.

Photoluminescence measurements are non destructive and used generally for the
calculation of band gap, impurity levels and recombination mechanism. In the present work we
have used the He-Cd source with excitation wavelength 325nm to determine the emission spectra

of the samples. A graphical representation of PL setup is shown in Figure 2.7 [68].

Figure 2.7: A graphical representation of PL set up [68]
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In PL technique, the light is incident on the sample to excite atoms and as a result the released
luminescence is converge with the help of a lens and passes across an optical spectrometer onto a
photon detector. The spectral distribution and time dependence of the emission are related to
electronic transition probabilities within the sample and provide useful information about

structure, impurities, chemical composition, energy transfer and kinetic process.

2.6 Raman Spectroscopy

It was discovered by C.V. Raman in 1928 and admitted as a non-destructive technique for
chemical analyses. Raman spectroscopy based on inelastic scattering of atoms or molecules by
laser when laser light interacts with phonons of the sample. As a result the energy of laser

photons being shift up or down and gives information regarding the phonon medes in the sample

The Raman effect occurs within three modes, Rayleigh scattering, stoke Raman
scattering and anti stoke Raman scattering as shown in Figure 2.8 [69]. When incident light
interacts with a molecule, a phonon in a ground vibrational state is excited to virtual state. It
relaxes and then comes back to the same state which means that there is no change in frequency.
This is called Rayleigh scattering or elastic scattering. In stoke scattering, phonon initiate with
ground state and jump to virtual state. It relaxes to energy state that is higher to its ground state.
For anti-stoke scattering, a phonon begins with vibration state that is higher than ground state. It
is excited to virtual state then relaxes back to ground vibrational state. Of these two stokes
scattering, stoke scattering is used for Raman measurement because most electrons are in ground

vibrational state at room temperature.

32




CHAPTER 2 ANALYTICAL METHODS

t Virtual
Energy Setes
Stokes
L0 3 (
Excitation Ant-Stokes
Energ_vn
Seattering :
Fibrationa®
2 Energy
| |
Absarhance o

Figure 2.8: Energy level diagram of Raman scattering [69]

Raman spectroscopy is highly sensitive even to smallest difference in geometry, bonding and
structure with in the molecule. This sensitivity is helpful to examine different allotropes of carbon where
atoms are dissimilar in position and nature of bonding to one another. One of the most important i

applications about Raman measurements is that it requires no sample preparation.

Raman spectrum of graphene reveals an easy structure distinguishes by three Raman bands
named G, D and 2D bands. They contain key facts regarding thickness and defects of graphene
layer attained by evaluating the band shape, band’s peak position, and Ip/Ig ratio. The graphical
representation set up of Raman spectroscopy is shown in Figure 2.9 [69).
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Figure 2.9 Graphical representation of Raman Spectroscopy set-up [69]

2.7 Diffusion Reflectance Spectroscop'y (DRS)

Diffusion reflection spectroscopy is perfect tool for powder in the range of NIR and mid
IR range. DRS give precise and exact value while PL gives estimated values of the optical band
gap of nanostracture materials. It saves time instead of mixing powder with non-absorbing
material. The sharp spectral lines of atoms or ions have been observed in DRS due to transition
between guantum levels. These spectral lines are features of particular atoms or ions and used for
fingerprint purpose. Therefore on behalf of DRS other calculations like photon energy and band
gap can be determined accurately. In solids, there are large number of atoms or molecules
therefore the atomic levels split up into continuous band between conduction and valence band,
As a result make their optical spectra broad. The gap between conduction and valence band is
assigned as band-gap.
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Diffuse
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Figure 2.10: The Process of DRS irradiated by light [70]

The Figure shows a process when happening during irradiation of incident beam on a
sample. The incident light is scattered, reflected and transmitted through the sample. The diffuse
scattered and back reflected light is collected by the accessory and targeted to the detector. The

fraction of beam which is scattered in sample is said to be diffusion reflection. The specular

reflections sometimes execute changes in band gap. For this purpose we dilute sample with non-

absorbing matrix like KBr to minimize these effects.

In DRS, the relation between diffusion reflectance of the sample (Ra), scattering (S) and
absorption coefficient (K) are related by Schuster-kubelka- Munk (SKM) function and is given

k _ (1-Ra)?

s 2Ra @4)

by
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Where Ra is the diffusion reflectivity, k is the absorption coefficient and s the scattering

co-cfficient from a layer of sample
The relation (« hv) = A(hv — Es,)2 is applicable only when a is replaced by-:i

Where A is constant , v is the frequency of light, Eg is the band gap and n have values 2,

3/2 ., 2 and 3 depending upon the type of inter band transition that is corresponding to direct |
allowed, direct forbidden, indirect allowed and indirect forbidden transitions. The absorption |
wavelengths are measured by converting reflection wavelength using SKM function. The direct
band gap and indirect band gap can be measured by drawing Tauc plot between F(R) and photon

energy with their respective n=1/2 and n=2.

Figure 2.11: Diffusion Reflectance spectroscopy set-up [71]
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3 Chapter No.3 Synthesis Techniques

This chapter is based on the discussion related to the constituent’s materials and about
synthesis technique employed during GNP-ZnO nanocomposites preparation and synthesis of
ZnO nanostructures,

3.1 Synthesis of graphene-inorganic nanocomposites

The synthesis of graphene-inorganic nanocomposites can be divided into two
fundamental groups.
» In situ synthesis method

» Ex situ synthesis method

3.1.1 Insitu synthesis method

This method concerns the development of nanostructure in the existence of pure graphene
or chemically ﬁ-eafecl graphene sheets and then nanostructure grow straightway into
nanomaterials just as nanorods, nanoparticles, nanofilms and nanowires on the GNP sheets

surface, which come under the category of in situ techniques.

3.1.1.1 Advantages

The major advantage of in-situ method is to avoid protecting surfactant or extra linker
molecules which may involve a deadly laboratory practice, and also affect the purpose of

nanocomposites.

One more advantage is that different physical and chemical fabrication methods can be
used, like direct decomposition of precursors in solutions, deposition methods, solvothermal or

hydrothermal methods, sol—gel processing, gas-phase deposition, and so on.

3.1.2 Exsitu synthesis method
This method includes the earlier fabrication of nanomaterials with own desired size and

morphology. then customized and then linked to the pure graphene or functionalized graphene

sheets, this is termed as ex situ techniques.
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3.1.2.1 Advantages

In comparisori with in situ method, the superior scattering about, size, and the control of
the second ingredient in feeding amount on graphene can be performed using self-assembled

techniques.

3.1.2.2 Covalent interactions

In this interaction, GO and RGO except from pristine Graphene contain large amount of

oxygen include function groups, is to be used for inorganic nanostructures.,

3.1.2.3 Non-covalent intei'actions

On the other hand, inorganic nanostructures ¢an be firmly attached to graphene sheet by
means of hydrogen bonding, Vander Waals forces, electrostatic interaction or p-p stacking. In
" non-covalent interaction, electrostatic interactions and p-p stacking have been generally used in

the fabrication of graphene—inorganic nanocomposites.

3.2 Constituent's Materials

Graphene nanoplatelets {GNPs) of thickness 5-20nm and length with 2pm have been
used. These were purchased from Xiamen Knano Graphene Technology Company limited,
China. GNPs have more than 99.5% carbon purity. ZnCl;, NaOH and acetic acid have been used
for synthesis of ZnO nostructures. Ethanol and distilled water has been used as a solvent.

3.3 Preparation of ZnO nanostructures

There are different approaches for the fabrication of ZnO nanostructures like sol-gel
method, hydrothermal/solvothermal method, co-precipitation method ete, But here we have used
co-precipitation method for ZnO NPs due to its simplicity and rapid preparation.

The zinc oxide nanopatticles were fabricated by co-precipitation approach using sodium
hydroxide (NaOH) and zinc chloride (ZaCly) just as precursor. Zinc chloride of weight 1.36 g
was added to 100 mi of distilled water. Then the zinc chloride solution was kept under steady
stirring using temperature based magnetic stirrer with a temperature of 80 °C in order to

completely dissolve the zinc chloride and increase the speed of solubility. Similarly sodium
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hydroxide of weight 4g was also added to 100ml of distilled water and kept under constant
stirring using magnetic stirrer. Now NaOH solution was added to zinc¢ chloride solution with
drop by drop action using pipit until the solution attained pH 10. During this process 2ml of
acetic acid was also added to zinc chloride solution in order to change zin¢ c¢hloride into zing
cations. With drop by drop action of NaOH, the color of solution becomes milky which show
that precipitations were made in the solution. The solution was granted to dispose and the
resilient was carefully abandoned. The resting solution was centrifuged at 10, 000 X RPM for
few minutes. The obtained nanoparticles were washed 4 to 5 times by distilled water to clear
away byproducts and the excessive starch bound with the nanoparticles. Then the nanoparticles
were dried at approximately 80°C temperature for overnight. During drying, zinc hydroxide was

converted into zinc oxide completely.

The chemical reaction for Zinc hydroxide is given below
ZnCly + NaOH Zn (OH), + 2Nall (3.1}
After drying Zn (OH); is converted into ZnO and explained by the equation below.

Zn (OH), PH,0 + In0 (32)
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ZnC12 + Distilled water NaOH + Distitled water
(1M) {(IM)
Stirring Stirming
Homogeneous solution of Homogeneous solution of
zinc chlonde Addod sodiusn hydroxide
drop wise
Y y Dropwise
Contmuous stirring and A pwi acid
heatingapp 80Cfor25 |- alzu&ml..
minuies u
L

Y

The milky solution is washed 6 times with distilied water

|

The residue Zinc hydroxide were dried in oven at 30 C
overnight

l

The rest dry powder is ZnO Nanoparticles

Figure 3.1: Flow chart for Preparation of ZnO nanoparticles

3.4 Dispersibilty of graphene nano platelets {GNPs)

Graphene nanoplatelets are very thin with relatively large diameters. Like other
nanoparticles, Graphene nanoplatelets also raise some issues due to its small size and flat shapes.
Due to its flat shape GNPs are very sensitive to weak forces like Vander Waals forces and tends
to re-aggregate in dry state. GNPs are dispersive in organic or non-aqueous solvents but mostly
non-dispersive in .organié solvents. GNPs are hydrophobic in nature and not disperse in agueous
solvents without surfactants or dispersion aids
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3.5 Uniform dispersion of graphene nano platelets (GNPs)

Pristine graphene nano platelets (GNPs) show poor dispersibilty in aqueous medium and
form large aggregates with size up to several millimeters, Due to its hydrophobic nature,.GNPs
faces some limitation in their promising application in the field of compeosites.. For the excellent
performance of inorganic GNP composites, a uniform dispersion of GNPs and their strong

adhesion with inorganic ZnO NPs are high imperative.

There are several ways for the proper and effective dispersion of GNPs into composites.
Use of shear force via sonic waves 1s easiest method to de-agglomerate GNPs. Secondly

dispersion aids can be used for good dispersibility especially in polymers.

3.5.1 Ultrasoni;ation

It is important to note that GNPs dispersion depends on the size of nanoplatelets, the
medium and the energy used for dispersion and the time allowed. The uses of surfactants

improve the stability of suspension of particles.

GNPs can be dispersed in aqueous solution using several ways; the simplest method to
de-agglomerate the GNPs is the use of sonic waves. This process is called ultra-sonication. The
ease of this process gives rapid result in the form of GNPs dispersion; however, this causes the
adverse effects on morphology of GNPs. The ultrasonication process for the longer period with
high intensity can reduce the length of GNPs.

The optimized use of sonication process is acceptable for GNPs. The other effective
procedures employed to enhance the dispersibilty of GNPs are the attachment of chemical
groups on the surface of GNPs called functionalization. |

3.6 Development of nanocomposites

Uniform dispersibility of GNPs into nanocomposites play very important role for the
fabrication of GNPs-ZnO nanocomposites. In order to achieve this goal, the ex-situ method was
used to fabricate the GNP-ZnO nanocomposites.
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3.7 Fabrication Process of GNPs-ZnO nanocomposites

The fabrication of GNP-ZnO composites has been followed by ex-situ method and the
following step by step procedure has been adopted for its fabrication,

i.In the start, 50 mg GNPs have been used to disperse in 250 ml ethanol under the sonication
process for one hour and covered beaker with alnminum sheet.
ii. After one hour, 500mg ZnO NPs have been added and sonicated further for one hour.
iii. In last step, the contents were transferred to a clean beaker and heated in a furnace at 200°C for 2
hours. The final powder is designated as 10 wt % GNP-ZnO -
we have prepared different samples with varying weight percent of GNPs with respect to
ZnQ0 fixed weight percent. The process was repeated with varying mass of graphene
nanoplatelets, viz. 75 mg, 100mg, 125mg and 150 ﬁlg and the final products were designated as
15 wt % GNP-ZnO, 20 wt % GNP-ZnO , 25 wt % GNP-ZnO and 30 wt % GNP-ZnO
respectively. Graphical representation and flow chart for the formation of 10 wt % GNP-ZnO
nanocomposites have shown in Figure 3.2(a) and (b) [72].

a _ .
(@ N / () | 50mg GNP+ 250 mL. ethanol
/\ ' 1 hour sonication
Graphonc namoplatelet Add 250mg ZnO nanoparricles
1 hour sonication
200 powier
oty e r
mamcmm f—\-——‘L' The sotution were kept in Oven
; for 200 C
“The obtained sample named
200 decoraied ....(;N-p 10 wt % GNP-ZnO nanccompesites |

Figure 3.2: (a) Graphical representation of the formation of Graphene Nanoplatelets decorated with ZnO
nanoparticles (b} Flow chart for 10 wt % GNP-ZnO nanocomposites [72}
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1.1 Preparation of Agar diffusion assay for Antibacterial Test

Agar disc method was employed to study the antibacterial property with our prepared
nanostructures. The bacterial suspensions (35mg/ml) were prepared and then it was inoculated
onto the whole surface of agar plate with a sterile cotton-tipped swab. The disks with 5 mm in
diameter impregnated with the prepared samples and were placed on the surface of agar plate
using a sterile pair of forceps. These agar plates were growth at 37°C for 24 hrs and zone of
inhibitions were calculated in millimeters (mm) with the help of a ruler or scale as shown in
Figure 3.3 {73].

Growth

Antimicrobial
disk

Zone of
inhibition
(no growth)

Use a ruter Mth 2 handle
if calipers are unavaiiable

Figure 3.3: Agar plate with disk surrounded by zone of inhibition [73]
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4 Chapter No.4 Results & Discussions

The prepared Graphene Nanoplatelet-ZnO nanocomposites were characterized by SEM,
X-ray Diffraction, EDX, Raman Spectroscopy, FTIR and PL.

4.1 X-ray Diffraction Analysis:

In the XRD pattern of pure GNP as shown in Figure 4.1, there are three broad bands at
angles (26) 26.5°,42.4°,43.9°, 54.6° and 77.4° corresponding to (002), (100).(101),(004) and (110)
planes of graphite respectively which were in good agreement with hexagonal structure of

_carbon JCPDS Card No.75- 1621. While the planes (100) and (101) regarding to 42.4°, 43.9%.are
mixed with each other showing little hump in GNPs pattern. It may be due to little bit strain
between two angles which are not differentiated. The average crystallite size of GNPs as
determined by Debay Scherer formula is about 26.5 nmm
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Figure 4.1: XRD pattern of pristine GNPs
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The XRD diagram of ZnO nanoparticles is displayed in Figure 4.2 and it reveals that all
the diffraction peaks of ZnO nanoparticles are consistent to hexagonal wurtzite structure of ZnQ
which are in good agreement with the JCPDS Card 36-1451. There are eight main diffraction
peaks located at angles (20) of 32.12°, 34.77°, 36.54°, 47.94°, 56.85%, 63.09°, 68.21° and 69.37°
corresponding to (100), (002), (101), (102), (110), (103), (200) and (201) crystal facet
correspondingly. The average crystallite size of the ZnO nanoparticles as calculated using
Scherer formula was ~30.6 nm. It is clear from calculation that the ZnO nanoparticles has a

hexagonal phase with lattice constants a = 3.2492 A, ¢ = 5.20661A.
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Figure 4.2: XRD pattern of pristine ZnO sample

It is clearly obvious from Figure 4.3 that the XRD patterns of GNP-ZnO nanocomposites
reveal the formation of hexagonal wurtzite crystal structure. It is observed that as the loading of
GNP is increased, the intensity of the peaks corresponding to ZnO phase in the composite also
increases as compared to pure ZnQ, which shows not only that samples have been made but
also confirm the erystatlinity of the GNP-ZnO composites has been improved as well. The plane
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(002) which appeared at angle 26.5° corresponds to GNP and very weak in the XRD pattern of
GNP-ZnO composités as compared to pure GNP. This indicates that ZnO nanoparticles are
anchored well on the graphene nanoplatelets surface. The absence of others GNP peak in GNP-
ZnO composites was due to the higher concentration of the ZnO precursor and suppressed in the
GNP-ZnQ composites and therefore, the GNPs surface may be well covered by ZnO. The
absence of other peaks except ZnO and GNP revealed the quality of the prepared samples.

The weak diffraction peak for GNP in the 10 wt % GNP-ZnO composite reflects the fine
GNPs dispersion across ZnQ nanoparticles and also due to low amount of GNP loading in the
composite. Moreover, it has been observed that with increase in weight percent loading of GNPs
on ZnO, the intensity of diffraction peak for GNP at angle 26.5" is also increasing but at 30 wt %
GNP-ZnO composite, the intensity decreases which may be due to ZnO nanoparticles are well
dispersed on GNPs: The loading of GNPs on to the ZnQO nanoparticies does not change peak
positions corresponding to GNPs and ZnO, representing no main change in the crystal structures
of these constituents. The lattice constants “a” and “c” were calculated for (100) (002) and (101)

planes of ZnO in composites using the following equation
a = (A/sqrt(3),sin0) and ¢ =2A/sind 4.1

The lattice constants “a” and “c” are found to be same as for pure ZnQ NPs which means
that on loading of GNPs, there is no change in the crystal structure of ZnO.
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Figure 4.3; XRD patterns of pure GNP, pure ZnQO NPs, 10wt% GNP-ZnO, 15wt% GNP-
ZnO, 20wt% GNP-ZnO, 25wt% GNP-ZnO, 30wit% GNP-ZnO nanocomposites

4.2 Morphology of GNP-ZnO nanocompeosites

Morphology plays an essential role in nano science since it shows different physical and
chemical properties of composites. Therefore it is necessary to understand morphology of GNPs
and GNP-ZnO nanocomposites. The morphological characterizations have been performed using
FESEM from Figure 4.4 (b), (¢) and (d), it can be observed that the FESEM images of GNP-ZnO
nanocomposites at different weight percent loading of GNP shows nearly same morphological
features. As discussed in introduction of this thesis that GNPs act as a sheet or platelet for
decorating different size of ZnO nanoparticles and the platelet acts as a bridge between different
ZnO nanoparticles. As can be seen in GNP-ZnO composites that ZnO nanoparticles are strictly
stick to the surface and edges of GNPs. In Figure 4.4(b), the sample with 10% weight loading of
GNPs on ZnO nanoparticles, the ZnO nanoparticles wh_ich are agglomerated have spherical

shapes and their average size is in ranges from 100 to 150 nm. These nanoparticles are
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agglomerated with each other to make big nanoparticles. It is also clear from FESEM images that
no individual ZnO nanoparticles can be seen separately. It must be clear that the size of ZnO
nanoparticles in FESEM may be due to agglomeration of ZnO nanoparticles and depend on the
preparation of ZnQ. It is also observed a minute part of a GNP in composites where majority
area of GNP is covered by ZnO nanoparticles as shown in Fig 4.4 (c) and (d). In Figure 4.4(2)
i.c. in morphology of pure GNPs, GNPs aggregate with an average size of few microns, well
distributed and adjacent to each other, implying the formation of a continuous network and also
in GNP-ZnO composites on which ZnQO nanoparticles are anchored on GNPs surface and it
edges.

48




CHAPTER 4

49

RESULTS & DISCUSSIONS




CHAPTER 4

RESULTS & DISCUSSIONS

4.3 EDX of GNPs and GNP-ZnO nanocomposites

The quantitative analyses of pure GNPs and composites were investigated to EDX
analysis in order to validate the chemical compositions of the composites, The EDX spectra of
pure GNP and different weight percent GNP-ZnO composites have shown in Figure. 4.5 (a), (b),
(c) and (d). It is very obvious from Figure. 4.5(a) that only carbon element strong peak was
found in the spectrum as our GNPs composed of 100% pure carbon and there was fio impurity
found in the GNPs sample. Similarly the composite samples synthesized by ex-situ method are
free from elemental impurities and these consists of Zn, O, and C. Figure 4.5(b), (¢) and (d)
clearly show that atomic percentage of carbon increases alternately which validate different
weight percent of loading GNP on ZnQ in composite. It also reveals that Zn iﬁtensity is greater
in FESEM iméges which shows greater amount of ZnQ. In Figure 4.5 (d) some extra peaks arc
found in spectra which were of elements Chlorine (Cl) and Aluminum (Al). Aluminum may be
due to holder where samples have been kept fdr characterization of FESEM because no such
impurities found in the same sample in characterization of XRD and Raman while Chlorine

impurities may be developed during synthesis of this sample,
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Figure 4.5: EDX spectra of (a) GNP (b) 10 wt % GNP-ZnO (c¢) 20 wt % GNP-Zn0 (d) 30 w1 %
GNP-ZnO nanocomposites
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4.4 Vibrational study of GNPs-ZnO nanocomposites

Raman spectroscopy is most sensitive tool to differentiate carbon based nanostructures
[74].The Raman spectroscopy for GNPs and GNP-ZnO nanocomposites measured at room
temperature. Figure 4.6 reveals the crystallization of hexagonal ZnO in different weight percent
of GNP composites are in good accomplishment with XRD results. The Raman spectrum of
GNPs have revealed three broad peaks at 1366 cm™ and 1594 cm™ and 2735 cm™ corresponding
to D, G and 2D band . The D band corresponding to the breathing mode of k-points phonons of
Ajg symmetry and G bands assigned to the E;; mode phonon of sp’ carbon atoms, respectively
[75). Figure 4.6 also show the Raman spectra of different weight percent composites,
respectively. The Raman spectra of GNP-ZnO composites displayed the modes of ZnO. The
ZnQ nanoparticles in the composite shows the standard Raman mode and they are observed at
438cm™ (E; (high)), [76] defect peak (D-band), and high intense G band and 2D band. As the
loading of GNPs with different weight percent is increased in GNP-ZnQ samples, the intensity of
E; (high) mode decreased as well. The GNPs incorporation suppressing the most ZnQ vibration
mode peaks. The D-band and G-band have shown blue shift by 8 em” in GNP-ZnO composites
depicting that most of the graphene sheets are under strain, due to the interactions with the ZnO
particles white the Ip/Ig ratio (defect ratio) increases from GZ-10% to GZ-30% . Hence, the
formation of GNP-ZnO nano-composites confirmed by the micro-Raman analysis aﬁd results are
corresponding well with XRD results.
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Figure 4.6: Raman spectra of (2) GNPs (b) 10 wt % GNP-ZnO (c) 20 wt % GNP-ZnO
(d) 30 wt % GNP-ZnO nanocomposites '

4.5 FTIR Analyses of GNP-ZnO nanocomposites

The FTIR spectra of GNP-ZnO nano-composites have been carried out at room
temperature. The Figure 4.7 displays infra red spectra ranging in 450-4000cm™" which cover the
ranges of both ZnO and carbon structure (GNPs). The peaks in GNP-ZnO nanocomposites at
3417 em™' indicate the existence of OH groups, and are payable to the existence of moisture in
the samples. The peak at 1642 cm™ can be designated to in plane C=C band and confirms the
oscillations of un-oxidized GNPs domains [77]. The functional groups containing oxygen link to
GNP-ZnO composites are reported by the bands at 1410 cm™' and 1045 cm'™’, which resemble to
C- OH stretching and C- O stretching vibrations [78]. In GNP-ZnO composite the. peak at 465
cm”! is the feature peak of the Zn-O stretching vibration of ZnQ. {79-80). These in formations
certify that the GNP-ZnO nanocomposites have been well prepared.

53




CHAPTER 4 RESULTS & DISCUSSIONS

20 wi% GNP-ZnO
s 25 Wi% GNP-ZnO
30 wi% GNP-ZnO
3
£ 5
3
8
R=! L
E _M
E L o
478
) TY? | 3447
594
1 a 1 L 1 " 1 N 1 i i |

M 1 i
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm™)

Figure 4.7: FTIR spectra of (a) 20 wt % GNP-ZnO (b} 25 wt% GNP-ZnO (¢} 30 wi % GNP-

ZnQ nanocomposites

4.6 Optical properties of GNPs and GZ nanocomposites

The UV-visible absorption spectra of ZnO and GNP-ZnO composites have shown in
Figure 4.8. The keen and sharp absorption peak at wavelength 370 nm indicates the presence of
pure ZnO NPs corresponding o band gap of 3.35eV [81] as compared to the reported values of
band gap energy of bulk ZnO (Eg = 3.37 ¢V). It is also observed that GNPs show featureless
spectra while the GNP-ZnO composites show absorption spectra in the visible light region. This
absorption spectra increase with loading of GNP that is. red-shiftiness of absorption edge occurs
as compared to pure ZnQ absorption spectra. The maximum absorption of visible light is
reported for all GNP-ZnO composites with respect to increase in loading of GNP on ZnO but
minimum absorption spectra at wavelength 374 nm is observed for 10 wt %GNP-ZnO composite

which is due to low amount of GNP loading. Therefore it is clear that increase in absorption
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spectra may be due to involvement of carbon structure in ZnQ. This increase in absorption
spectra of GNP-ZnO composites towards red-shift may be due to increase of surface electric
charges of the oxides and may be due to variation of electron-hole pair creation during
irradiation process [82]. It reveals that with the introduction of carbon on ZnO increases the
absorption of visible light which is valuable for photo catalytic. The DRS spectra of the ZnO and
GNP-ZnO composites displayed strong UV emission band having emission values at ~ 370 nm
(3.35 eV), ~ 425 nmn (2.91eV), ~452nm (2.74eV), 538 nm (2.3eV ), 553nm (2.24eV) and
597nm(2.07eV) for ZnO, 10wt % GNP-ZnO, 15wt % GNP-ZnQ , 20wt % GNP-ZnO , 25wt %
GNP-ZnQ and 30wt % GNP-ZnO respectively. The band gap was calculated using equation

E =2 4.2)
Where

h=plank’s constt, c=velocity of light and A=wavelength of light.

Pure Zn0D
10 wt % GNP-ZnQ
15 wt % GNP-ZnQ
20wt % GNP-ZnO
25wt % GNP-Zn0O
30wt % GMNP-ZnQ
pure GNP

Absorbance (a.u)
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Wavelenngth (nm)

Figure 4.8: DRS spectra of (a) Pure ZnO (b) 10wt% GNP-ZnO (c) 15wt%GNP-ZnO
(d) 20wt%GNP-ZnO (¢) 25wt%GNP-ZnO (f) 30wt%GNP-ZnO(g) Pure GNP
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4.7 Photoluminescence (PL) of GNPs and GNP-ZnO nanocomposites

The PL emission spectra of ZnO and GNP-ZnO composite have been measured at room
temperature in the range of 350 - 700nm as shown in Figure 4.9. The excitation source with
325nm of He-Cd (helium-Cadmium) lamp was used for PL spectrum of the GNP-ZnO samples.
- In the PL spectrum of pure ZnO NPs, one blue emission peak with 410nm observed which
appear due to recombination of free excitons [83] As compared to pure ZnO NPs, the same
phenomena also observed in the GNP-ZnO composites. In the PL spectra of GNP-ZnO
composites, the spectra observed blue shifted in comparison with ZnO and the enhancement
increases with the increase of GNPs in composites. Like CNT-ZnO composite, the quenching
affects also observed in the PL spectra of GNP-ZnO composites. As it is admitted that like
inorganic nanomaterials, ZnQ 1s also good electron donor and graphene is a good electron
acceptor. Therefore the PL quenching effect can be described as the electron transfer from
conduction band of ZnO to graphene reduces the recombination of electron hole pair and assists
to increase charge carrier separation [84, 85]. Thus with the introduction of GNPs into ZnQO
based composites, the PL intensity decreases. In Figure 4.9 the PL spectrum of ZnO is highest
which shows high recombination of electrons and holes. Similarly on different weight percent
loading of GNP indicates the lower recombination rate of electrons holes pair under light
irradiation as a result emission intensity is decreased. Therefore GNP-ZnO composites increase

the photo catalytic potential and. show better photo catalytic action than bare ZnO [86].
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Figure 4.9: PL spectra of (a) Pure ZnO (b} 10wt%GNP-ZnO (¢) 20wt%GNP-ZnO
(d) 30wt>sGNP-ZnO nanocomposites

4.8 Biocompatibility of GNP-ZnO nanocomposites

It can be seen that both ZnO-NPs and GNP-ZnQO nanocomposite samples found to exhibit
significant inhibitory effect against E. coli and MRSA bacteria. The diameter zone of inhibition
{ZOT) for studied samples were measured and drawn in bar graph in Figure 4.10. The obtained
results reveal that the GNP-ZnO nanocomposites show larger inhibition zone against E.coli as
compared to pure ZnO-NPs. The existence of zone of inhibition suggests that the GNP-ZnO
composites have killed more effectively the bacteria than ZnO by direct contact through
distuption of bacterial membrane function. It showed that the antibacterial activities of GNP-
ZnO composites samples are more effective against E. coli bacteria. This may be from the

thinner thickness of the peptidoglycan layer of Gram-negative E. coli bacteria [87].
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In case of MRSA, the antibacterial activities of pure ZnO nanoparticles are stronger as
compared te GNP-ZnQO composites. The cytotoxicity of pure ZnQO nanoparticies and composites
are linked with several factors such as particle shape and size, release of Zn'” ions and ROS
generation [88]. In GNP-ZnQ compeosites, it is noted that 10 and 15 wt % GNP-ZnO composites -
have shown decrease in antibacterial activity. In contrast, 20 and 25 wt % GNP-ZnO have shown
increase in antibacterial activity as compared to pure ZnO NPs. This result can be explained as
follow that a large number of ZnO NPs existed in the small wt % of GNPs and can be attributed
to efficient separation of photo-generated electron—hole pairs. Since GNPs could be used as an
efficient electron acceptor and ﬁ‘ansporter [89], suggesting decrease in the antibacterial activity
due to decrease in defects of composites. A further loading of GNPs have found to be ineffective
in suppressing exciton recombinafion which could lead to a shield of the active sites of GNPs
and also because of the large distance between GNPs and ZnO NPs [90]. Thus ZnO NPs produce
more ROS by photo generated electron hole pair on the surface of nanostructure and cause more

toxicity in order to death the micro-organism.

These results suggest that the GNP-ZnO composites have a good antibacterial activity against
gram negative and gram positive micro-organisms. This anti bacterial activity may be either
physical interaction of graphene with the bacteria or oxidative stress of the cell membrane that

damage the components of the ¢cell membrane analogous to action of carbon nanotubes.
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CONCLUSION

5 Conclusions:

The GNP-ZnO nanocomposites prepared by ex-situ method. The different weight percent

of GNPs loading on ZnO NPs investigated using Raman, XRD, SEM, FTIR, DRS, PL and EDX.

As a result the following conclusions have achieved.

>

X-ray diffraction pattern of GNP-ZnQO nanocomposites revealed that wurtzite structure of
Zn0O and GNP have anchored well. The peaks intensity of ZnO in composites has found
to be increase as compared to pure ZnO which also revealed the confirmation of GNP-
ZnO nanocomposites.

FESEM micrographs of GNP-ZnO nanocomposites have shown that ZnO NPs are well
uniformity distributed on GNPs surface and ZnO nanoparticles have agglomerated.

EDX confirmed the existence of Carbon, Zinc and Oxygen elements. The substantial
peaks of Zn created in the spectrum as the weight ratio of this element was very high as
compared to carbon. -

The Raman active modes of ZnO nanoparticlcS 438 cm™ (E» high), confirmed the

wurtzite structure and also verified D, G and 2D bands of GNPs in GNP-ZnO

nanocomposites.

The DRS spectra of the ZnO and GNP-ZnO composites have displayed strong UV
emission band having emission values at ~ 370 nm (3.35 eV), ~ 374 nm (3.31eV) ~ 538
nm (2.3eV ) and 597nm(2.07eV)respectively.

The photoluminescence spectra showed that the PL intensity has decreased with the
GNPs loading on ZnO as compared to pure ZnO and blue shifted has observed in
composites spectrum.

FTIR results have displayed that ZnO nanoparticles and GNP are attached with each
other by functional groups.

The antibacterial property of GNP-ZnO composites shows that GNP-ZnO composites
have killed bacteria more effectively than ZnO due to addition of GNPs which reveals
that GNP-ZnO composites are more effective against gram negative than gram positive
bacteria. '
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