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Abstract
Graphene nanosheets has been synthesized by Hummers method and microwave slmthesis method'

Ammonium hydroxide and plant extract are used in comparison to reduce the graphene oxide in

Hummers method. Graphene oxide (GO) and graphene sheets are incorporated with copper oxide

(CuO) nanoparticles for the application of photo-catalysis. Study on photo-catalyic activity of as-

synthesized nanocomposites including the photo-degradation of methylene blue (MB) under UV

light irradiation. To analyze the synthesized graphene nanosheets X-ray diffraction spectroscopy,

scanning electron microscopy, energy dispersive x- ray spectroscopy and Fourier transform infra-

red spectroscopy are used. XRD results of prepared graphene samples revealed that graphene

prepare by ammonia has nearly the same reduction level as that prepared by plant extract. Peak

intensity graphene prepared by ammonia is greater with (002) plane at 20 :25.77o than griphene

propared by plant extract at same angle and with the same plane indicating that graphene prepared

by plant extract is more amorphous than graphene prepared by ammonia. SEM results obtained

from synthesized sample showed that graphene nanosheets has ultra-thin layered, crumpled and

wrinkled morphology. Graphene sheets are more transparent than graphene oxide sheets. FTIR

spectroscopy confirmed the oxidation and reduction processes during synthesis. The as-

synthesized CuO/ graphene nanocomposite exhibits the better photo-catalytic performance for the

degradation of methylene blue than pure CuO nanoparticles.
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CHAPTER 1 INTRODUCTION

Chapter No. L

Introduction

l.l Nanoscience and Nanotechnolory:

In 1959 Richard Feynman gives the concept of a new field, he said that "there is plenty of

room at the bottom" in the conference of the American Physical Society. In 1965 he gets

noble price in physics on his fantastic achievement. In nanoscience, things can handle at very

small scale. With the development of this new field, people start their efforts to fabricate and

characteize the old and new materials at nanoscale which make nanotechnology an

interesting field of study []. Nanotechnology has applications in many fields within physics,

chemistry and biology, to synthesize and control the structures in which their dimensions are

ranging from a few nanometers to less than 100 nanometers.
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CHAPTER 1 INTRODUCTION

In chemistry, nanoscience is related to the colloids, micelles, and polymer molecules, phase-

separated regions in block copolymers, very large molecules, or aggregates of many

molecules. Recently, structures such as buckyubes, silicon nanorods, and compound

semiconductor quantum dots have emerged as fascinating categories of nanostructures. In

physics and elcctrical engineering, this range of sizes has been associated with the quantum

behavior, and the behavior of electrons and photons in nanoscale structures. Biology and

biochemistry also have a great interest in nanostructures as components of the cell. In biology,

from DNA and viruses to sub cellular organelles and gap junctions can be considered as

nanostructures [2].

1,2 Carbon and its allotropes:

Carbon is the most important material of the periodic 1able. Dependrng upon its flexible

bcn<iing, there are many allotropes of carbon, diamond and graphite ere very old material.

Ten to twenty years ago, fullerenes and nanotubes were discovered. More recently the two-

dimensional form graphene was obtained, which is very attractive material due to its excellent

properties [3].

,R.-*--g-f{** J+J{-ieq!i*++J+ -)* *>trr*J+i*#
t -ttu-iJ' Many undiscovered

allotropes for r:xampl*
rp-spz -g,raph'/re

20?)

f :: l!ere r;r: s

19{"':t

Carbon nanotubes

Figure 1.2: Some allotropes of carbon [4]
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Carbon-based nanomaterials have attracted the scientific community because of its important

role in nanoscience field [5]. 
i

Tablel.l: The properties of graphene and other carbon allotropes [6].

Carbon allotropes Graphite Fullerene Carbon nanotube Graphene
(c60)

..,:,' t,'l' -' 
l', 

'Hybridized form sp2 Mainly sp2 Mainly sp2 sp2

crystal system Hexagonal retragonal Icosahedral Hexagonal
Dimension Three Zero One Two
Experimental specific surface -10-20 80-90 -1300 -1500
area(m2 g-r)

Density (g cm-3) 2.091.23 1.72 >1 >l
Thermal conductivity (w m-r 6-t; 1500-2000u, 0.4 3500 4340_5300

5-10.

opricar properties uniaxial 
;ff#:, 

, -dependent 

il#,f"1r.""0,r.",
response

Hardness High High High Highest (single
layer)

Tenacity Flexible Elastic Flexible elastic Flexible elastie
non- elastic

Electronic properties Electrical Insulator Metallic and Semimetal, zero-
conductor semiconducting gap

semiconductor

Electrical conductivity (S cm-t) Anisotropic, l0-r0 Structure-dependent 2000
2-3*19+a,6b

bc-direction

1.2,1 Fullerenes:

The discovery of a new molecular allotrope of carbon buckminsterfullerene was altered the

world of carbon allotropes [7]. Fullerene is a cage-like carbon molecule which is 7 A in
diameter [8]. It is also known as Coo because it contain 60 carbon atoms. Fullerenes are

zero dimensional objects because the carbon atoms are arranged spherically in it. By
introducing pentagons in graphene we can get fullerene structure [9].

\

v



CHAPTER 1 INTRODUCTION

Figure 1.3: Coo or buckminsterfi.rllerene [7]

1.2.2 Carbon nanotubes:

Carbon nanotubes discovered by Iijima in 1991 have attracted attention from scientists due

to its unique physical, chemical, mechanical and thermal properties [10]. CNTs are one

dimensional objects and consist of hexagons. CNTs can be obtained by rolling graphene

sheets into cylindrical form and capped with half shape of fullercne structure.

SIDE

Figure 1.4: Carbon nanotubes [3].

Carbon nanotubes are of two type: (l) Single walled nanotubes (SWNTs) consists of single

graphene sheet rolled to form a cylinder SWNTs consist of trvo regions, side wall of tube

and end cap of tube. (2) Multi walled nanotubes (MWNTs) made up of concentric multiple

WALL

\



CHAPTER 1 INTRODUCTION

graphene sheet rolled to form cylinders having interspacing of 0.34 nm and diameter of 10

to 20 nm U ll.

1.2.3 Graphite:

Graphite is the longest known allotrope of carbon. It is made up of sp2 hybridized carbon

atom layers stackd in an ABAB manner in all three dimensions. Graphite consists of
multiple layers of graphene. Bonding betrreen carbon atoms in a single layer is covalent

bonding and these parallel Iayers bound to each other through weak van der Waal force

due to which this weak force, planes can slide over each other [2]. Distance between

lattice planes is 3.37 A and Distance between two hexagonal lattices in the same plane is

1.42 A. Two covalent bonds make an angle of 120' with each other [8].

(al

Figure 1.5: Graphite lattice (a) top and (b) side view [12]

El*trical and thermal conductiviry of graphite is very high and it depends on its stnrcture.

Electrical resistivity of a single crystal graphite is from 4 to 6x10-s Ohm-cm, just like a

poormetal. Butpolycrystalline graphite has the crystal boundaries so its resistivityis much

higher U3l.

1,2.4 Graphite oxide:

Graphile oxide is derivative of graphite having large quantity of oxygen. It is a compound

of oxygen, carbon and hydrogen. It contains epoxy, hydroxyl, cartoxyl functional groups

%H

\E

c



CHAPTER 1 INTRODUCTION

[4], lt can prepare by oxidation of graphite with any oxidizing agent [5]. Graphite oxide

structure has two different regions, the aromatic region with unoxidizedbenzene rings and

the aliphatic six- membered rings [6].It is made up of multiple layers of graphene oxide

which is strongly hydrophilic. The inter-layer distance between thagraphene oxide sheets

increases reversibly with increasing humidity and it varies from 6 to 12 A ll7).

1.2.5 Graphene oxide:

Graphene oxide (GO) is oxygen-rich graphene in which atomic ratio of C/O is -2. It is a

graphene sheet with its basal plane decorated by oxygen-containing groups [18]. GO can

synthesized by the oxidation of graphite and exfoliation of graphite oxide through

ultrasonication. GO sheets are electrically insulating becausc the oxygenated functional

groups (hydroxyl, carboxyl and epoxy groups) which reduce electron mobility so these

ftlnctional group must remove to restore its conductivity [1 9]. GO is a promising precursor

fbr a Iarge-scale production of graphene [20].

1.2.6 Graphene:

In 2010 Andre K. Geim and Konstantin S. Novoselov both at the University ofMar,chester,

get Nobel Prize in Physics because of their discovery of graphene i-n2004. They produce,

isolate, identify and characterize graphene nanosheets [21].

Graphene is 2D allotrope of carbon which consists of single layer of carbon atom arranged

in a honeycomb lattice [22].It is single layer of graphite in which carbon atoms are bonded

with cach other through covalent bonding. It is thinnest and strongest known material in

the world [23]. Charge carriers in graphene show large intr:insic mobility and have zero

effective mass. At room temperature, charge carriers can cover the distance of micrometers

without scattering. Dirac equation can used to explain the transpcrt of electron which

investigate the relativistic quantum phenomenon in a benchtop experiment. It is zero band

gap semiconductor or semimetal which means that graphene cannot be switched fronr

conCuctive state to the non-conductive state 1241.

Graphene is basic building block of other carbon-based material like fullerene, carbcn

nanotubcs and graphitc due to the fact that it can stretch and bend. Wrapped up form cf
graphene is called fullerene, when several graphene sheets are rolled up along a .uertical
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axis they give carbon nanotubes and by stacking the multiple layers of graphene on the top

of each other, one can obtain the graphite structure [21]. Hence we can say that graphene

is mother of all graphitic materials.

2-D (Grpahene)

\

0-D (fullerenes)
1-D (Nanotubes) 3-D (Grpahite)

Figure 1.6: Graphene is basic building block of other allotropes of carbon [25]

Graphene gets tremendous attention of researchers because of its exceptional propefiies,

such as large surface area (2,630 *'g-') [26], high values of young,s modulus (-1,100

GPa) 1271, fracture strength (125 Gpa) 1271, goodthermal conductivity (-5,000 w m-rK-r)

[28], mobility of charge carriers (200,000 cm2 V-r s-'; 1291, excellent optical transparency

\
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[30] and fascinating tmnsport phanomena ( quantum Hall effect and ambipolar electric

field effect) [31]. Dqending on these remarkable properties gr4phene and its derivatives

have many applications in energy conversion and storage (e.g., fuel cells [32] and

capacitors [33]), sensors [34], electro-catalysis [35], photo-catalysis [36], reinforced

composites, biomedicine and electronic devices [37].

Figure 1.7: Graphene derivatives has many applications in various fields [38].

13 Graphene structure:

1.3.1 Chemical bonding and sp2 hybridization:

Graphene is a monolayer of carbon atoms. Carbon contains 6 electrons, the first 2 electrons

present in the ls olbital which are very close to the atomic nucleus so do not contribute in

chemical bonding and have little effect on the physical properties of graphene. In the

valence shell, hybridization occur between the s and p orbital's which results in spz hybrid

\

^:.
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covalent C-C bonds that make up graphene's honeycomb lattice. Hybridization means that,

the one 2s orbital and two of the three 2p orbitals 'mix' together to produce three hybridized

sp2 orbitals. Each carbon atoms on honeycomb lattice form three strong covalent o

(bonding) and ot (antibonding) bonds with nearest neighbors [39]. In graphene, sigma

bonds are responsible of most of binding energy and elastic properties [40]. The remaining

2p electrons in each carbon atom form n and n * weaker covalent bonds contribute an

important role in electronic properties of graphene sheet. Bonding orbitals are completely

filled on the other hand antibonding orbitals are empty [21].

(a)
IJ

1, sPe sPt sP: 2p

Figure 1.8: (a) Configuration of sp2 bonding (b) Representation of rc and o bonds in real

space [41]

1.3.2 Band Structure:

ln graphene, o bonds that give rise to honeycomb structure are respcnsible fcr ihe

mechanical strength and the perpendicular n bonds contribute to its unusual band structure.

Within brillouin zone, conduction and valence bands are in contact with each other at 6

points (k*, kv) i.e. (0,-4n13./3a;, (2nl3a,-2n/3r/3a;, (2nl3a,2nl3r/3a;, 10,-4nlslla1, 1-

2nl3a,ZnB"l3a), (-2nl3a,-ZnB",ba),where low energy dispersion relations are nearly linear

and have zero effective mass ft2). By solving the Schrodinger equation, energy dispersion

relation of n (bonding) and z* (antibonding) bands can obtained t401.

5
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CHAPTER 1 INTRODUCTION

E(k*, kr) -- xr lr* 4 cos P).o, ffi + a 
[cos e)f Equation l.l

Electrons in these low energy regions are called 'Dirac fermions' that are governed by the

Dirac equation. K and K' points where the bands meet each other are known as Dirac points

t431.

To describe the band structure of graphene, orthogonal nearest-neighbor tight-binding

approximation is followed. Which zxsume that electronic states can be represented by

linear combination of 2p, orbitals.

. Em'gy

+ _...
, [*rgy
I

Cor*u.ri*Ura

v

,r\-" .,-{-"
;'' \i \"**

(b)

Figure 1.9: (a) conduction (lr+) and valence (r) band structme of graphene (orthogonal

nearest-neighbortight-binding approximation) (b) Conical energy spectrum nearDirac points

K and K'(c) Density of state near Fermi level having Fermi energy Er V4|,.

f
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CHAPTER 1 INTRODUCTION

133 Lattice Structure:

The primitive cell of graphene consist of two non-equivalent atom basis, A and B, and

these two sub lattices are translated from each other by a carbon-carbon distance ac-c :
1.424 [45]. Translation vectors ar and a? arc grven by

a, : i{z,rli), d2 :;(2,-€) Equation 1.2

Reciprocal lattice vectors br and tlz are grven by

u, : *(1,r/5), b, : *(1,-JO Equation 1.3

And next nearest neighbors 6r, 62, 6t are given by

6, :i(r,J3), 6, -i(r,-y'3), 63 - -a(1,0) Equation 1.4

ky

oK

M
.K'

bl

L
x

Figure 1.10: (a) Iattice structure of graphore in real space and its brillouin zone. @) The

Dirac cones are present at K and K'points [39].

First Brillouin zone for graphene is also hexagonal lattice. There are many high symmetry

points in Brillouin zone: f point is the center point, the M point is at the midpoint of the

hexagon, and K point is at the corner of the hexagon. First Brillouin zone contains six K
points and six M points [46].

D, 
1
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1.4 Properties of Graphene:

1.4.1 Mechanical Properties:

Graphene is one of the strongest material in the world because of its high breaking strength

which is 200 times greater than steel. Its mechanical strength is 42 N/m and intrinsic

mechanical strain is -25%.In defect-free graphene, Young's modulus is -1 TPa, Poisson's

ratio is -0.149 GPa and fracture strength is -130 GPa $7). Mechanical thickness can

controlled by mechanical stress measurements performed on graphene sheets subjected to

deformations induced by depositing different insulating capping layers [40]. Number of
methods are successfully used to determine the mechanical properties, like numerical

simulations (molecular dynamics), force displacement, force volume and nano-indentation

atomic force microscopy (AFM). More interestingly ab initio, tight binding, molecular

dynamics simulations, and semi empirical models are more successfi-.Imodels to estimate

the Young's modulus and other mechanical properties of graphene [4E]. V/hen graohere is

combine with the other carbon based materials such as carbon nanotubes (CNTs) or

nanodiamonds, the strength, hardness and stiffness of composites increased up to 400%.

Because of the high strength and ability to tune the mechanical properties, graphene has

many potential applications such as fillers or reinforcements in rnedical implants, hydrogels

and scaffolds used in tissue engineering [49].

1.4.2 Electrical Properties:

Electrical properties of graphene depend on spatial distribution of functional groups and

structural defccts [50]. Graphene is electrical conductor due to the presence of strong sp2

C-C bonding. As in sp2 bonding delocalized pi electrons are present which are respcnsible

for graphene's conducting behavior. Another reason of high conductivity is the lo'.v defeci

density of crystal lattice of graphene. Electrical conductivity of dc:eci frec singie layer

graphene at rcom temperature is 104 S/cm. Electrical conducti,it)z cecreases when

chemical modifications are done in graphene because in this process clefects ar: intrcduce

in the rnaterial. When impurities are added to graphene either adsorb cn the surface or trap

between graphene and substrate, the electron mobility of graphene is greatly affected [49].
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1.4.3 Thermal Properties:

As thermal properties of all materials are related with the vibrational energy of atoms.

Atoms in solid materials are constantly vibrating at high frequencies; these vibrations of

adjacent atoms are coupled with each other by virtue of atomic bonding in such a way that

travelling lattice waves are produced. These waves are elastic waves having short

wavelength and higher frequencies which propagate through crystal at the velocity of

sound. These elastic waves are also known as phonons. These phonons contribute in

transport of energy during thermal conductance [51].

So the thermal conductivity of graphene can be described in terms of phonons known as

diffusive conduction at high tempcrature and ballistic conduction at sufficiently low

tempcrature. Phonon also contribute in specific heat of graphene [48]. Graphene exhibit

exccllent thermal properties because of its unique structure, strong sp2 C-C bonding, low

mass of carbon atoms and low defect density of crystal lattice. The thermal conductivity of

defect-free single layer graphene is -4500 to 5200W/mK which is silnificantly greater than

that of graphene oxide (^,2000WmK), multiwall carbon nanotubes (-3000!V/mK) and

single wall carbon nanotubes (-3500 WmK) [49]. Graphene has unique thermal properties

including very high in-plane thermal conductivity and relatively low out-of-plane thermal

conductivity. Thermal conductivity also depends on sample length because in sub-micron

samples, in-plane thermal conductance G of graphene can reach a significant fraction of

the theoretical ballistic limit 152]. Due to such high value of thermal conductivity, graphene

play an important role in nanoelectronic devices [53].

L.4.4 OpticalProperties:

Optical properties of any material depend on the nature of band gap. Graphene is zero band

gap material because of sp2 bonding [5a]. As in sp2 bonding delocalized electrons are

present which are responsible for good conduction properties and this behavior attrbute to

the low band gap energy values nearly about 0.5ev

Graphene gets lot of attention due to its excellent optical properties. Single layer of
graphene transmit 97.7% of light incident on its sulface so it is practically transparent

material. It absorbs only 2.3o/o of incident light and this number can oiitained by z c,, where
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s is the fine structure constant [40]. Absorption of light increases with increase in the

number of layers of graphene

From infrared through the visible region, Dirac fermions has high-frequency conductivity

equals to ne2l2h. For normal incident light optical transmittance is given by T : (1

+llZna)-z and reflectance is R: ll4n2u2T lwhere u:2nezlhc= lll37, e is the electron

charge, c the speed of light, and h Planck's constant); the opacity is (1 - T) = n a = 2.3Yo

[48].

When light is absorbed by the graphene surface, electron-hole pairs are generated

depending on carrier's density. These electron-hole pairs recombine in very short interval

of time. But by applying external or internal field they can be separated to generate

photocurrent. This ability of controlling recombination rate, makes graphene an important

material in bio-imaging applications. It is also important in Magnetic Resonance Imaging

(MRI) because of its High light transmittance, photoluminescence and high charge

mobility [49].

1.4.5 Magnetic Properties:

Well known approach to modify the electronic structures, catalytic activity, and magnetic

behaviors of nanoscale carbon surfaces is the adsorption or doping of foreign atoms. To

understand these modifications in electronic and magnetic properties due to adsorption, it
is necessary to study the interaction between ad atoms and the carbcn nanosurface. This

approach is also useful in fabrication of microelectronic devices and turning their transport

properties [55].

Magnetic response can be induced in bulk graphene by introducing different tlpes of point

defects including vacancies and chemisorbed atoms [56]. The icleal sp2 lattice structure is

intemrpted by point defect and new states are induced which are magnetic states. Magnetic

properties in graphene can be induced by vacancies, substituting atoms, absorbed atoms,

edge structures and edge states, finite size of graphene, electron-electron interaction,

substrates, and strain [40].

b,
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In a weak magnetic field, the susceptibility of graphene can be calculated according to

quasi-continuous Landau levels (LLs). The orbital angular momentum of electrons in a

perpendicular magnetic field is obtained according to the electronic wave functions. It is

found that the corresponding orbital magnetic moment is paramagnetic for negative LLs

and diamagnetic for positive LLs. As a result, the susceptibility of carrier-undoped

graphene is either diamagnetic or paramagnetic and magnetization decreases rapidly with

increasing electrons or holes doping. This susceptibility is interesting and attempts have

becn done to find its origin [57]. Besides the transport and many other properties, magnetic

properties of graphene are also very important in future applications [58].

I.5 Copper oxide (CuO):

Copper oxide also called cupric oxide is more attractive semiconductor material because of
its unique chemical and physical properties including high electron communication features,

high solar absorbency, high specific surface area, narrow band gap and hlgh solar absorbency.

In copper oxide, each copper atom is connected with the four neighbor oxygen atoms in an

approximately square planar configuration [59]. Some properties of the cupric oxide are

summarize in table 1.2.

Table 1.2: Properties of cupric oxide [59].

Properg Vatue

Structural:
a) stabte crystal stnrcture
b) lattice constant

a) monoclinic
b) a = 4.68 A. b = 3.42 A, c = 5.13 A

Elecirical:
a) rwersibl.e capadq,
b) hole mobilitt,

a) 630 n:-{ h g-1

b) 0.1-10 cml,. V s

Optical:
a) band gap
b) refractile index

a) l 2 e\r. direct
b) 1.4
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It is nontoxic, low cost material and present in abundance. Because of its unique electrical,

optical and magnetic properties, it has been extensively used in photocatalysis, solar energy

conversion, gas sensors, active electrode materials in lithium-ion battery, and as field emitter

[60]. Cupric oxide based nanostructures and macrostructures such as nanorods, nanosheets,

and nanodentrites and also honeycomb-like, urchin-like and dumbbell-like structures has

received considerable attention because of their versatile properties and diverse applications.

As industrial dyestuff is an organic compound which causes the discoloration of water and

dangerous for aquatic life so removal of this color is important task for ensuring a safe and

clean environment. During last ten years, advanced oxidation processes was used to degrade

these dyes but these processes operate at high costs. To solve this problem, cupric oxide is

one of the important material used as the environmental catalyst. Catalytic reaction depends

on the structure of the material the exposed crystal planes. So stmcture and shape cont:olled

synthesis of cupric oxide structure is important for desired catalytic applications [61].

1.6 Graphene in Photo-catalysis:

As environmental and energy problems are the biggest challenges for this century, so photo-

catalyic nanomaterials get more and more attentions because of their applications in these

f-ields. In basic photo-catalysis reaction, electron in valance band is excited to the conduction

band by using source of light. This excitcd electron leaves behind a hole in valance band. This

photo generated electron-hole pair on the surface of catalyst causes the redox reaction in the

adsorbed molecules. As a result contaminating molecules are removed or reduced to less

contaminating components before the annihilation of exciton [62].

Nanostructured senticonductor materials are important for photo-catalysis technology, but

there are several problems associated with these materials such as fast electron-hole

recombination rate and the mismatch between band gap energy and solar radiation spectrum,

which limit their applications. To solve these problems, graphene can be used as supporting

material with thesc scmiconductor nanomaterials to improve the photo-catalytic activity [63].

Graphene has high surface area(2630 m'g -'), excellent mechanical strength and aromatic-
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rich structure. Due to these distinctive properties, graphene has extensive role as a catalyst or

catalytic support for fuels and photo degradation of organics [64].

1.7 Copper oxide/Graphene in Photo-catalysis:

As cupric oxide (CuO) is the p-type direct band gap semiconductor having the bandwidth of

1.2 to 1.5eV [65]. Which possesses attractive photo-catalytic propefiies [66]. It has good

applications in photo-catalysis, solar energy cell, hydrogen production, and anode material

for lithium ion battery. But practical conversion efficiency of solar battery based on CuO is

very small because of fast photo-generated electron-hole recombination and photo corrosion.

To solve these problems, CuO is integrated on carbonaceous materials to irnprove the

performance of photo-catalysts. So the combination of graphene and CuO plays an important

role in photo-catalysis applications [63].

There are many reasons for the enhanced catalytic activity of the graphene/CuO

nanocomposite. First, graphene can adsorb more dye molecules on the catalyst surfaces so

that the catalyst and dye molecules can contact better. Second, in the composites material

graphene can act as an electron acceptor allowing for the photo-excited electrons of
semiconductor to be quickly transferred from the conduction band of semiconductor to

graphene which is due to its two-dimensional n- conjugation structure. This property

decreases the recombination rate of the photogenerated electron hole-pairs, which results in

an enhanced photocatalytic activity of the composites [63].

Aims and O-njectives of the Work

The aims of the present project are:

To synthesize graphene nanosheets by using three different methods.

To incorporate graphene oxide and all prepared samples of graphene with CuO and to

measure the photo-catalytic activity of all synthesized nanocomposites by photo-

degradation of MB.

I

I

t7



v

CHAPTER 1 INTRODUCTION

. To characteize the structure and morphology of synthesized graphene nanosheets by

different characteization techniques such as X-Ray Diffraction (XRD), Scanning

Electron Microscopy (SEM), Energy Dispersive Spectroscopy (EDS), and Fourier

Transform lnfrared Spectroscopy (FTIR).

q
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Chapter No. 2

Literature Review

Wang, Z-g, et al,l57) determined the green synthesis of reduced graphene oxide (RGO) and its

electrical properties. Graphene oxide (GO) was synthesized by modified Hummer's method.

Reduction of graphcne oxide was done by two different methods, ethanol-thermal reaction and

hydrothermal reaction. Products were characterizedby XRD, TEM and XPS. Results study reveals

that ethanol is more effective reducing agent for reduction of GO than the supercritical water under

solvothermal condition. Which causes that RGO reduced by ethanol has lower oxygen contents

but higher electrical conductivity than RGO synthesized by hydrothermal reaction.

Yuan, W,et al, [68] determined the grecn synthesis of graphene nanosheets byusing glucose for

reduction of exfoliated grapaite oxide. Hummer's method was adopted for the fabrication of

graphite oxide and exfoliation was done. Hydrogen storage properties of as-synthesized rnaterial

was studied. Structural and morphology of resultant material was cha-racterized by XRD, SEM,

FTIR, TEM, AFM and Raman spectroscopy. XRD and FTIR results confirm the reduction of

graphene oxide and Raman spectroscopy tell us about the changes occur structure during

reduction. Morphology was given by SEM and TEM results which revealed that graphene has

transparent sheets like morphology. AFM indicated that graphene sheets have thickness

approximately-l.3nm and samples contain mostly single-layer graphene and multi-layered

graphene at somewhere. BET measurements give the specific area-1205.8m2g-l and Nz

adsorption-desorption isotherms exhibit type-I curve and give hysteresis loop which could be

attributed to the porous structure of the graphene sheets i.e. presence of pores between parallel

layers of the graphene. Hydrogen adsorption property was observed by the magnetic suspension

balance gravimctric analyzer. Hydrogen storage capacity has direct relatior with the H2 pressure

and reversely related to temperature. Graphene has hydrogen storage capacities-7.2 wt. % at328K

and 2.7 wL o/o at 298 K under 25 bar. Thus graphene sheets showed the outstanding properties for

the application of hydrogen storage.

Wu, T, et al, 169l described the new chemical route to synthesized reduced graphene o;lide by

using Copper nanoparticles. Cu nanoparticles were used as reducing agent for reduction of

graphcne oxide. Reduction of GO was confirmed by XRD, UV-Visible speclioscopy, TEM. XPS,

TGA and Raman spectroscopy. Cu powder was also used to reduce GO under the same conditions
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but Cu nanoparticles has high reduction ability. Reduction of GO results in the oxidation of Cu

nanoparticles and CuzO supported on reduced GO was formed. The final product CuzO/RGO has

high catalytic ability. Catalytic activity of CuzO/RGO was tested by studying the catalytic

degradation of dye pollutant methylene blue (MB).

Wang, K, el ol, [70] developed a green, appropriate and economical approach to produce graphene

field emitters. Hummer's method was followed for the preparation of graphene oxide. GO was

rcduced by using hydrazine (HR-GS) and another method was the reduction in microwave

synthesis system (MW-GS) and then different samples were prepared for field emission test. XRD

results of GO contain a wide peak at 10" was due to the damage of lattice of graphite. This peak

was nearly removed after reduction by hydrazine and microwave. Which clearly shows that

multilavered graphite structure transformed in to single layer or several layers graphene. In DRS,

absorption peak of the HR-GS dispersion shifted from231nm to 265nm,-on the other hand the

absorption peak of MW-GS shifted to 260nm. I-V characteristics of both graphene samples shows

that MW-GS has much higher value of field emission current than that of HR-GS at the same

voltage and HR-GS has smooth I-V curve than MW-GS. It shows that in MV/-GS emission current

become more stable. Results of XRD, TEM and UV-visible DRS proved that graphene produced

by both methods has same reduction level but field emission results reveal that microwave

synthesis is more suitable to synthesize graphene films for field emitters.

Sim, H, S, el al, [22] described repeated supercritical carbon dioxide (scCOz) process to prepare

graphene nanosheets (GNs). Thickness of graphene sheets further decreases by repeating scCOz

proccss. So there is a possibility to prepare thickness-controlled GNs by controlling numbers of
scCOz process. GNs were characterized by SEM and AFM. SEM results show that particle size of
graphite was 5-10 pm and its layers was densely stackecl to each other. After scCOz the lateral size

of GNs was about 0.3-0.5 pm and it was transparent sheets unlikc graphite, which shows that

thickness of GNs decreases by scCOz. These thinner GNs show higher conductivity than

chemically reduced Go because there is no oxidation and reduction process.

Orofeo, Cn et al, [71] synthesized the large area, homogenous, single layer graphene on cobalt

(Co) and nickel (Itri). Large area, single layer graphene was obtained after sputtered a'norphous

carhon deposited on Co/sapphire or Niisapphire substrate and then vacuun annealing. A.rea of
obtained graphene was l00mm2 which depends on the substrate and vacuunr chamber size.

Resultant graphene product was characterized by XRD, TEM, AFM and Raman spectrosccpy.

l
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Graphene films were grown at different cooling rates, there was no noticeable difference in

homogeneity of films produced fbr all cooling rates. So homogeneity of graphene was independent

of cooling rate. The transport properties of graphene were investigated by making field effect

transistors based on graphene and by measuring the resistant of sheets using the van der Pauw

method. The mobility of carriers in graphene was - l050cm2 / (V.s) and Dirac point were shifted

to the-+48V exhibiting p-type behavior. Which is due to the adsorption of oxygen and water

molecules or unintentional doping of graphene that stop the n-type conduction.

Lia, X, et al, 172) described a method to grow graphene on metal substrate by chemical vapor

deposition. Graphene was grown on Cu foil and then transferred to the SizO/Si substrate by wet

clrcmical etching of Cu. Final transferred graphene films were characterized by SEM, TEI\4, UV-

VIS and Raman spectroscopy, and four-point probe electrical measurements. TEM was performed

to find no of layers and crystalline quality of graphene. No of layers \,vere determined by counting

no of fringes at edge of samples. Result shows that film has graphite like hexagonal structure and

film consists of 2 to3 no of layers. Crystal quality was also determined by Raman spectroscopy.

Results described that graphene transferred film has low defects determined by the absence of "D"

band at 1350 cm-l in the Raman spectrum. Graphene films grown on Cu substrate show high

transmittance and low resistance, these unique properties make them important in optoelectronic

applications. This method can be used for the large scale production of graphene thus compatible

with the sizes required in semiconductor industry.

Krasnenko, Y, et al, [73] theoretically studied the modification in structural ant electronic

properties of graphene by the adsorption of benzene molecules. Bcfore this, literature on the

adsorption of bcnzene on graphene indicate that benzene molecules were bonded to graphene

through weak van der Waals forces and distance between graphene sheet and benzene molecule is

3.40 A . In this study, it was found that depending on the separation of graphene sheet and

benzene, two opposite situation can be realized. (1) Benzene and graphcne sheet bonded v,,ith each

other through strong covalent bonds when distance between graphene layer and benzene was -1.60

A. Due to this shotl distance, carbon atoms of benzene move towards glaphene and hydrogen

atoms move in diffcrent directions rvhich break the benzene planar structure. Aromatic rings of

both materials move torvards each other. There was remarkable change in geometric configuration

and electronic properties, zero band gap graphene was transformed in to semiconductor material

with band gap of 0.8V. In addition to this slight negative charge appear on the carbon atoms
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because of the rc-distribution of electron density. (2) One week van der Waals interaction may

present between graphene and benzene at larger distance - 3.34. In this sjtuation both graphene

and benzene maintain their planar structure and band gap disappear which results in the enhanced

metallic behavior.

Zhao, J, et al, [74] produced the porous graphene films by electrospraying on SizO coated Si

substrate and studied its optical and magnetic properties. Prepared graphene films were

characterized by FESEM, TEM, SAED, AFM and UV-Vis spectroscopy. XPS, infrared

spectroscopy and Raman spectroscopy for further confirmation of porous graphene films

formation. TEM and SAED results demonstrate the formation of few-layer graphene. AFM result

gives the thickness of graphene and shows that graphene consists of apnroximately 3layers.

Morphology of porous graphene can revealed by FESEM. It explain that porous graphene has large

surface arca and promising electrical properties showing potential applications in gas serlscr,

lithium battery and catalyst. In addition porous graphene exhibit good adhesion to the substrate

which leads to the fabrication of high-performance electronic and magnetic devices based on

graphene. Reflection spectrum indicates that light absorption plays dominant roles at375 and 635

nm. Two interesting features were, the logarithmic increase of the resistanbe and negative MR at

Iow temperature. These characteristics were induced by the weak local ization effect for 2D

electronic system.

Wang, Y, et al, [75] described an electrochemical method of selective detection of dopamine based

on graphene modified electrode. Graphene was chemically synthes ized,by l{ummers method then

graphene-modified electrode were fabricated for dopamine detection. Synthesized graphene was

chatacterized by XRD and TEM. Results of XRD and TEM indicate the successful slmthesis of
graphene sheets. Dopamine is a neurotransmitter play an important role in the function of the

central neryous, renal and hormonal systems. As ascorbic acid is always present r,vith dopamine in

organisms and have shares similar oxidation potential in electrochemical Ceiection. To solve this

problem, graphene based electrode were synthesized for selective detection of dopa.mine by
completely eliminating the ascorbic acid. Very strong z-ir stacking interaciion between dopamine

and graphene surface may speed up the electron transfer on the other hand it rveaken the oxidation
of ascorbic acid on the graphene based electrode. By comparison with the multi-walied carbon

nanotubes-modified electrode it was confirmed that, graphene shows the good performance and

better for the electrode materials. These unique electrochemical responses of graphene were due
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to the two dimensional planar geometric structure and special electronic properties of graphene.

This response to dopamine indicates that graphene can exhibit potential performances for other

biological molecules proteins, nucleic acids, and enzymes.

Wang, Y-X, et al,176) studied the electrochemical properties of reduce graphene oxide for the

sodium ion storage. As sodium is abundant and low cost material so sodium ion battery is most

favorable for sustainable energy storage. Graphene oxide was prepared by conventional modified

Hummers method and then graphene nanosheets were obtained from prepared graphene oxide by

giving heat treatment for 10 h in nitrogen atmosphere. Then electrochemical properties were

examined in an electrolyte consisting of 1 M NaClO4 in propylene carbonate. Fabricated reduced

graphene oxide was characterized by XRD, TEM, FESEM, XPS, AFM and Raman spectroscopy

and electrochemical properties were tested by performing Cyclic voltammetry. XRD results

indicate the successful reduction of graphene oxide to graphene. Experimental results show that

graphene possess disordered layered structured with the large amount of free space betrveen these

layers which facilitates the sodium ion storage. Prepared anodes based on reduced graphene oxide

shows excellent sodium ion storage at room temperature with excellent capacity and long-term

cycling stability at high current densities.

Anand, K, et al, [77] introduced an in situ method to prepare the nanocomposite of graphene/zinc

oxide by reducing zinc acetate and graphene oxide during refluxing and this composite was used

for hydrogen sensing purpose. Morphology and structure of synthesized material was studied by

XRD, FESEM, EDX and FTIR. These results indicate the successful reduction of graphene oxide

and synthesis of graphenelzinc oxide composite. For sensing purpose, a thick film of powdered

nanocomposite was fabricated on alumina substrate. Sensing results exhibit that 1 .2 wt%o

graphenelZnO composite show the maximum hydrogen sensing response among all other

concentration at operable temperature of 150 "C. Composite rvith other than L2wto/o concentration

and pure ZnO exhibit less sensing response towards hydrogen gas. Addition of graphene in ZnO

resulted in the decreasc in operable temperature and increase in sensing response. Results also

rcvealed that conductivity of pure ZnO and composite increases with increase in temperature

which confirms the semiconductor nature of these materials. Conductivity of composite also

increases with the concentration of graphene because of high conductivity of graphene and

intcraction between p-type graphene and n-type zinc oxide.
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Li, F, et al, 178) fabricated the multilayer films of graphene/Ag/Al-doped zinc oxide (AZO) for

flexible organic light emitting diodes (FOLED). Graphene was synthesized by chemical vapor

deposition on cupper sheet then transferred to the transparent polyethylene terephthalate (PET)

substrate and after this Ag and AZO were also deposited on it to obtained multilayer films.

Synthcsized films were used as anode in FOLED with 11nm thick Ag layer and 50nm thick AZO

layer. Optical and electrical properties prepared films were studied which revealed that multilayer

films can maintain high conductivity and transmittance without obvious degradation during

bending cycle test and also has good light-emitting stability. Thus graphene/AglAZO has

promising applications in flexible optoelectronics field.

Cao, J, et al,l79l prepared the asymmetric supercapacitor based on MnOz and graphene electrodes.

MnOz nanoparticles were synthesized by reduction of KMnO+ and graphene by reducing graphene

oxide. Structure and morphology of materials was observed by XRD and SEM, while XPS gives

the confirmation of reduction of the materials. In supercapacitor MnOz worked as positive

elcctrode and graphene as negative electrode. This type of asymmetric supercapacitor can work at

very high reversible cell voltagc of 2V. The asymmetric cell has energy density of 25.2Wh kg-1

at power density of 100Wkg-1. On the other hand, symmetric supercapacitor based on

MnOz/MnOz shows the energy density of 4.9Wh kg-1 and based on graphene /graphene shows the

energy density of 3.6Wh kg-1. Thus asymmetric supercapacitor has much higher energy density

than synrmetric supercapacitor and asymmetric system also has 96%o capacitance retention after

500 cycles, Results reveal that asymmetric supercapacitors are more efficient for practical

applications.

Cheng, K, et al, [80] created the pores in graphene nanosheets by treating gtaphene oxide with

acid. Created pores were investigated by FE-TEM and AFM. Then reduced porous graphene oxide

(rPGO) supported Pt (Pt/rPGO) catalyst was prepared and H2 heaL treatment was conducted to

improve the stability of the catalyst. Electrochemical impedance spectroscopy (EIS) analysis

revealed that the porous GNS supported Pt catalyst is more efficient to reduce the mass diffusion

resistance and also enhanced the oxygen rcduction reaction activity. In addition to this improved

the electrochemical surface area compared with the raw graphene nanosheet supported Pt catalyst

can be obtained by creating pores in graphene nanosheets. Thus porous graphene based catalyst

has enhanced elcctrochemical activities in proton exchange membrane fuel cells and has potential

applications in other fields.
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Qian, Y, et al,l81l prepared the Cuprous Oxide (CuzO) nanoparticles/Graphene hybrid with better

electro-catalytic sensing towards glucose. Graphene oxide was prepared by conventional

Hummers method. Then simple and effective approach was adopted for the in situ decoration of

CuzO nanoparticles on graphcne nanosheets. Sodium citrate was used as reducing agent and

stabilizer for the first time. Microstructure and morphology was studied by XRD, AFM, EDX,

TEM, and clectrochemical technique. Results indicate that crystal CuzO nanoparticles has

excellent dispersion with the uniform size distribution which was obtained via using sodium

citrate. In addition to this prepared Cuprous Oxide (CuzO) nanoparticles/Graphene hybrid shows

the better electrochemical responses towards glucose than individual chemically reduced graphene

oxide or CuzO in alkaline media. Thus Cuprous Oxide (CuzO) nanoparticles/Graphene hybrid has

potential applications as an advanced electrode material in electrochemical sensing and other

electro-catalytic applications.

Abulizi, A, et al, [82] described the one-step fabrication of CuzO/reduced graphene oxide hybrid

through simple sonochemical route without any surfactants or templates. Graphene oxide was

prepared by conventional Hummers method then CuzO/reduced graphene hybrid was fabricated

through simple sonochemical route. The morphology and structurc of the composite was

investigated by SEM, TEM, XRD, FTIR, XPS and Raman spectroscopy. Results revealed that the

CuzO spheres were wcll distributed on graphene surface with an average size of 200 nm. In

composite, morphology and composition can be controlled by simply controlling the molar ratio

of reactants under ultrasonic irradiation. Prepared composites were used as photo-catalyst for

degradation of methyl orange in photo-catalyst reaction. The as-prepared CizOtreduced graphene

oxide hybrid shows excellent stability and photo-catalytic response in the photo-degradation of

methyl orange in the presence of UV-light as compared to the pure CuzO. So it has good

applications for water treatment, sensors, and energy storage. The enhanced photo-catalylic

degradation efficiency was due to reduced graphene oxide because reduced graphene oxide not

only acts as a charge acceptor to support the separation and transfer ofcarriers generated by light

but also stabilize the CuzO spheres and adsorb methyl orange molecules in the aqueous solution.

Thus, the combination of the 3D structure with the nanospheres having large surface areas and the

highly dispcrsed can be a promising material for future nanotechnology.

Yanga, Y, J et al,l83) synthesized Copper sulfide/reduced graphene oxide nanocomposites used

as the hydrogen peroxide (HzOz) and hydrazine sensor. Graphene oxide was prepared by modified
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Hummers method and Copper sulfide /reduced graphene oxide nanocomposites were slmthesized

by hydrothermal nrethod. Morphological and structural properties were chatacterized XRD, SEM,

TEM and electro-catalytic performances were studied by cyclic voltammetry and amperometry'

The results showed tliat aggregations in graphene nanosheets were reduced after its modifications

with copper sulfate. Electrochemical characterization indicated that composites give excellent

electro-catalytic performances towards the detection of both hydrogen per oxide and hydrazine'

The sensor exhibited good reproducibility, selectivity, fast response, good stability and high

sensitivity in the case of both analytes.

Rong, X, et al, [84] prepared the TiOz/graphene nanocomposites as a photo-catalyst under the

visible light illumination. Graphene oxide was synthesized from natural graphite by Hummers

method and TiOz/graphene hybrids were prepared by hydrothermal method. Structure,

morphology and chemical composition was explained by XRD, SEM, TEM, FTIR, EDi, XPS,

SEAD and Raman spectroscopy. XPS results revealed that TiOz interacts...with graphene.

TiOz/graphene nanocomposites were used for degradation of methylene blue (MB) in the presence

of visible light. As-prepared composites withZ}%graphene oxide contents exhibited the excellent

photo-catalylic response by giving the 98.8% degradation of MB in 100 min. High photo-catalytic

performance was obtained by increasing the amount of graphene. The reason is that, band gap

reduces with the increase in graphene contents. For which graphene slow dor,vn the recombination

rate ofelectron and hole, enhanced the charge transfer rate ofelectrons, and also in

adsorption of MB m'olecules through n-n interactions. Thus TiOz/graphene photo-catalyst is a

promising material for treatment of industrial effluents waste water that contains MB.

Zhou,X, et al, [85] first time prepared the reduced graphene oxide (RGo)/ccpper phthalocyanine

(CuPc) hybrid material and studied its sensing properties towards NH3. Firstly gtaphene oxide was

prepared by modified Hummers method and RGO/CuPo hybrid rvas synthesizecl by using

hydrazine as reducing agent in the presence of CuPc. Synthesized hybrid. material was

characteized FTIR, TEM,. SEM, XPS, Raman and UV-vis spectroscopy. In results, red shifted

UV-vis peaks, binding energy shift in XPS, and G band shift in Raman spectroscopy determined

the zr-n stacking interactions between reduced graphene oxide and copper phthalocyanine and also

electron transfer interaction from copper phthalocyanine to the reduced graphene oxide. As-

prepared hybrid based sensor showed much higher sensitivity towards NH: and recovery time was

10 times faster than the sensor based on reduced graphene oxide alone. During the sensing process,

,s
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copper phthalocyanine was acts as favorable active sites for NH: adsorption and after adsorption

charge quickly transfer from NH: to CuPc. Sensor also exhibit good selectivity so important for

selective detection of NH: at room temperature. Thus reduced graphene oxide/copper

phthalocyanine hybrid is promising material for gas sensing and optical gas sensing application

with the advantages of lorv cost, low power and portable properties.

Li, Q, et al,136) determined a microwave-assisted synthesis of silver (Ag)/reduced graphene oxide

(RGO) nanocomposite and studied its photo-catalytic properties in presence of visible light.

Graphene oxide was prepared by Hummers method, then nanocomposite was synthesized under

micro-wave irradiation and using ethanol for reduction of graphene oxide. Synthesized hybrid

material rvas characterized by SEM, TEM, XRD, FTIR, and XPS. SEM and TEM results indicated

that silver nanoparticles attached to the reduced graphene oxide sheets haspverage size of5 to 10

nm. XRD showed that Ag nanoparticles has face-centered cubic structure and also confirmed the

strong interaction of Ag nanoparticles with reduced graphene oxide. FTIR and XPS res,:lts

determined the reduction of graphene oxide into reduced graphene oxide in hybrid material. The

photo-catalytic performance was checked by the decomposition of Rhodamine B (RhB) under

visible light. Results indicated that as-prepared Ag/RGO hybrid exhibits the enhanced photo-

catalytic degradation of RhB than that of pure Ag nanoparticles. Thus Ag/RGO based

nanocomposite is potential application for environmental purification.

\
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ts

Chapter No. 3

Synthesis Method

3.1 Equipment:

Following equipment are used in synthesis

. Drying oven

. Heating plate

o Sonication bath

o Magnetic stirrer

o Centrifuge machine

. Microwave synthesis system

o Photo-catalytic Reactorassembly

3.2 Chemicals Used in Synthesis:

Table 3.1: Chemicals used in the synthesis.

\
Chennicals Formulas Grades

Natural graphite C A.R

Sodium Nitrate NaNor A.R

Sulfuric Acid HzSOr A.R

Potassium Permanganate KMnOr A.R

Hydrogen Peroxide HzOz A.R

Hydrochloric Acid HCI A.R

Ammonium Hydroxide NHnOH A.R

Copper Oxide CUO A.R

Deionized Water HzO A.R

Toluene CzHs A.R
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CHAPTER 3 METHODOLOGY

3.3 Synthesis of Graphene Sheets by Oxidation and Reduction Method:

3.3.1 Preparation of Graphite Oxide:

Firstly, Graphite oxide (GtO) is synthesizedby making some modifications in conventional

Hummers method [86]. 23ml of sulfuric acid (HzSO+) is placed into beaker in an ice bath

to set the operational temperature at 0oC. 1.5g of natural graphite is added and stirred for

5min to achieve the dispersion of graphite powder in sulfuric acid. Then 0.59 of sodium

nitrate $traNo:) is placed into the dispersion and give the stirring of 3Omin to homogenize

it. Solution is removed from ice bath and 3g of potassium permanganate (KMnO+) is slowly

added with very slow stirring. Solution was allowed to react at35"C for another th. At this

stage solution become pasty with brown color. Then 40nil of deionized water is gradually

added to the mixture and stirred for 30min. Another addition of 100m1of water is done for

further dilution and kept solution at 70"C for th. Reaction is terminated with addition of

deionized water and 3Oml of hydrogen per oxide (HzOz) to reduce the residual I(MnOq and

MnOz to soluble MnSO+. Due to this treatment solution become bubbly and its color

changed to brilliant yellow which indicating that graphite is oxidized in to graphite oxide.

Graphite oxide particles are separated from the solution and washed ',vith the 5% HCI

solution to remove metal ions. At the end washed with the deionized water to remo've

unwanted HCl. Final product is dried at 60oC to obtain the graphite oxide powder (GtO).

3.3.2 Exfoliation of Graphite Oxide:

Exfoliation of graphite oxide (GtO) is done to convert the graphite oxide in graphene oxide

(GO). For exfoliation, re-dispersed the graphite oxide powder into deionized water to

obtain yellow-brown dispersion and then this solution is ultra-sonicated for 2h. Graphene

oxide (GO) powder is obtained after centrifugation and drying at 60oC.

I

I
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3.3.3 Reduction of Graphene Oxide:

Graphene sheets are prepared by reduction of graphene oxide (GO) in following two

different ways.

3.3.3.1 Preparation of Graphene Sheets by Using Ammonia as Reducing Agent (GA):

25ml of ammonia is mixed into the 25ml of deionized water in beaker and stir together for

30min at 25"C to get homogenized ammonia solution. 1g of synthesized graphene oxide

(GO) is added into ammonia water while stirring. Then directly placed this solution into

the microrvave synthesis system for 90min by setting the microwave oven at low power.

Reduced graphene sheets are settled at the bottom ofthe beaker and can easily be separated

after cooled down the solution at room temperature. Final graphene sheets are obtained

after washing with deionized water and drying at 60oC. This graphene product is labeled

as GA.

3.3,3.2 Preparation of Graphene Sheets by Using Plant Extract as Reducing Agent (GP):

1g of as prepared graphene oxide is suspended into 90m1 of deionized water to obtain

brown dispersion and stir until homogenize. Then 1Oml of plant extract is gradually added

into the solution while stirring. Dispersion is directly placed into the microwave synthesis

system for l20min by setting microwave oven at low power. Graphene product is settled

at the bottom of the solution and can easily be separated after cooled down the solution at

room temperature. Final graphene sheets are obtained after washing three times with

deionized water and product is dried at 60oC. This graphene product is labeled as GP.

I

I
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3.4 Microwave Assisted Synthesis of Graphene Sheets (GM):

Graphene sheets are synthesized by making some modifications in method reported in

literature [87]. Firstly, ammonia (50%) and deionized water (50%) are mixed and stirred

together at25oC for 30min to get homogenous aqueous ammonia. 29 of expandable graphite

is added in ammonia water and dispersion is homogenized by giving the stining of 24h at

25"C. Set the microwave oven at low power and put this solution direclly into the microwave

synthesis system for 90min. Graphene sheets are achieved in the form of suspension in

aqueous phase above the solid residual ofexpended graphite. Graphene sheets are extracted

from the suspension by a toluene-ammonia system. For extraction, 50oh toluene and 50o/o

ammonia are mixed together to obtain l00ml toluene-ammonia solution. Susoension of
graphene sheets is then added to the toluene-ammonia solution. Transfer this solutici to the

separating funnel, two layers are formed and graphene sheets are dissolved in the lo.ver layer.

Graphene is separated easily from lower layer. Finally, it is dried at 60"C and labeled as GM.

3.5 Modifications with Cupric Oxide (CuO) nanoparticles:

Firstly, 1 Oml of ethanol is added into the I Oml of deionized water while stirring in the beaker.

CuO nanoparticles (0.01g) are then dispersed in above solution and kept at stirring for 20min.

0.1g of as-prepared graphene oxide (GO) is added and stirred for 20min to obtain well

dispersed and homogeneous solution. At the end, particles are separated from the solution

when settled.at the bottom. Final graphene oxide/copper oxide (GO/Cu3) nancccmposite is

obtained after drying at 60oC.

Other prepared samples GA, GP and GM are incorporated with CuO by performing same

synthesis steps.

3.6 Photo-catalytic experiments:

Photo-catalytic activity of as prepared samples is analyzed under UV light exposure by using

methylene blue (MB) as a target. Aqucous solution of MB is prepared with the conccntration

of 0.01g/L in a beaker. Temperature of the photo-cataly,tic reactor is kept in control by an

external cooling jacket with recycled water.
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3.6.1 Photo-catalytic Activity of Graphene Oxide (GO):

0.059 of as prepared graphene oxide is dispersed in 50ml of aqueous solution of MB.

Catalytic reaction is started by exposure of UV light in photo-catalytic reactor. Suspension

is continuously stirred to reach the adsorption-desorption equilibration. After every lh,

some amount of suspension is collected and centrifuged to monitor the degradation of MB.

3.6.2 Photo-catalytic Activity of Graphene (GA):

As prepared graphene sample GA (0.05mg) is dispersed in aqueous solution of MB (50m1).

Catallic reaction is started with the irradiation of UV light in photo-catalytic reactor.

Suspension is continuously stirred to attain the adsorption-desorptic.n equilibrium. After

every lh, some amount of suspension is removed from the reactlr and cer:trif.rged to

messrlre the degradation of MB.

3.6.3 Photo-catalytic Activity of copper oxide (CuO):

Copper oxide (CuO) (0.05mg) is clispersed in aqueous solution of NIB.(50rnl). To start the

cataly'tic reaction, solution is exposed to UV light in photo-catalfic reactor. Suspensicn is

continuously stined to reach the adsorption-desorption equilibration. After everv ih, some

amount of suspension is collected and centrifuged to analyze the degradation of MB.

3.6.4 Photo-catalytic Activity of GO/CuO nanocomposite:

0.05g of as prepared GO/CuO nanocomposite is dissolved in the 50ml of aqueous solution

of MB. Catalyic reaction is started by exposure of UV light in photo-catalytic reactor.

Suspension is continuously stirred to achieve the adsorption-desorption equilibrium. After

evcry lh, some amount of suspension is withdrawn and centrifu.ged to remove solid

material from the solution for further analysis of MB degradation. 
-

3.6.5 Photo-catalytic Activity of GA/CuO nanocornposite:

As synthesized GAICuO (0.05mg) nanocornpcsite is dispersed in aqt:eous solutlc;r. oriI'lB

(50m1). Catall4ic reaction is started by irradiation of UV light in photo-catalytic reac'.or.

Continuous stiriing is given to the suspension to reach the aosorptlcn-ciesrrcttcn

equilibration. After every lh, some amount of suspension is ccllect.:d and centrifuged'io

remove sclid material from the solution to further analyze the degradation of MB.

I

I
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Chapter No.4

Results and Discussion

4.1 X- Ray Diffraction Spectroscopy:
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Figure 4.1: XRD spectrum of natural graphite.
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Figure 4.2: XRD pattern of (a) GO, (b) Gp and (e) GA
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Figure 4.3: XRD pattern of GM.

X-Ray Diffraction characterization technique used for the strucir.tral anallrsis cf. the

samples. Figure 4.1 is the XRD pattern of natural graphite, graphite has sharp and strong

diffraction peak at 20 : 26.25o having d-spacing distance of 0.34plt corrssoonds to the

(002) reflection of graphite. This intense peak represents the highly ordered crystal

structure of graphite. Figure 4.2 shows the XRD pattenr of (a) GO, (b) GP and (c) GA. (a)

revealed that after chemical oxidaticn and exfoliation (002) peak shifted tovrards the iower

angle 20: 10.89" with an increase in d-spacing value from 0.34r.r:r to 0.88nm. This

{00u}
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increase in d-spacing distance is attributed to the interca.lation of oxygeil functional g.(cups

in to the graphite layered structure. This intercalated oxygen expands the graphene oxide

lattice and thus weaken the interlayer van der Waals interaction between the layers

compared with that of graphite. Fu, C, et al, l88l XRD results confirmed that, after

oxidation diffraction peak (002) of graphite at20 :26.58 shifted to the smaller angle 20

: ll./.2" rvith an increased d-spacing value of 0.774nm. After reduction treatment of

graphene oxide figure 4.2 (b, c), graphene nanosheets exhibits the diffiaction peak at20:

25.81" along (002) orientation, corresponding to the d-spacing distance of 0.35nm. This d-

spacing value is slightly greater than that of well-ordered natural grap.hite, which might be

due to the presence of small amount of residual oxygen-containing functional gro'.tps lr
other structural defects. Yan J, et al, 189) synthesized graphene nanosheets ex-hitits a

cliffraction peak (002) at 20 : 24.8" representing an interlayer spacing of 0.-r5 nrr:. By

comparing the intensities of graphene samples figure 4.2 (b) and figr;:: 4.2 (c),irrlr:ns:ty cf

GA is greater with (002) plane at 20 :25.81o than GP at same a:rgie anC ,witn the same

plane indicating that graphene prepared by plant extract is more amorphous than gra-:hene

piepared by ammonia. Figure 4.3 presents the XRD pattern of GM. Resuits revealed that,

a strong and intense peak appeared at 20 : 26.02o along (002) orientation with the d-

spacing val.ue of 0.34nm. These results approximately match with the XRD pattem of

graphite (figure 4.1). As graphite is the starting material and final rnaterial also give the

results just like graphite hence this method is not successful for the simthesis of graphene

nanosheets.
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4J Scanning Electron Microscopy:

Microstructure and morphology of as-synthesized samples were investigated by scanning

electron microscopy.

Fignre 4.4 {a): SEM images of GO at different resolutions.

I

I
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\

Figure 4.4 @): SEM images of GA different resolutions.
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Ilgure 4.4 (c): SEM images of GP at different resolutions.

40



CHAPTER No.4 RESULTS AND DISCUSSION

:

Figure 4.4 (d): SEM images of GM at different resolutions.

\
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Figure 4.4- (a,b,cd) shows the SEM micrograph of graphene oxid: and graphene nanosheets

prepared by different methods. Figure a.a @) shows the morphology of GC which revealed that

after oxidation and ultrasonication graphene oxide sheets become transparen'i. Sheets have

agglomerated fluffy appearance and decomposition of the oxygen functional groups leads to a

disordered stacking of sheets, Figure 4.4 (b,c,d) SEM micrograph of GA, GP and GM respectively.

High resolution images of both figure 4.4 (b) and (c ) revealed that graphene nanosheets have ultra

thin layered, crumpled and wrinkled morphology which is the reason of sheet folding. Wrinkled

geometry is the result of n-x interaction within sheets of graphene which minimizes the surface

energy and induces mechanical integrity. Graphene sheets are more transparent than graphene

oxide sheets which suggests the successful reduction of graphenc oxide in to graphene nanoshests.

Figure 4.4 (d) is SEM micrograph of GM. It shows that panicles are in the platelet-like crysialine

type of structure, which is the morphology of graphite material. As er-pe;lded g:iarhtte is tho

starting material in this method hencc this method did not give thc successfil i-ynthesis cf gaphene

sheets and it is also explained in XRD results. So graphene sheets can be af,ectively synlhesized

fronr graphitc oxide through exfoliation and reduction. Naebe, M, et al, [90] prepared gralherre

sheets from thermal reduction of graphene oxide and functionalization, the res,rlis.rrere transparent

and wrinkled nanosheets in both cases. Hence ftinctionalization prccess did no1 carrse the

restacking and agglomeration of graphene sheets. Loryuenyon g,Y , et al,19!l ilrepare the graphene

through exfoliation and reduction. SEM results present that, graphite is in the crystalline form of

carbon, after oxidation and exfoliation sheets become smaller and transparent. Then after

reduction, graphene sheets exhibit wrinkled structure.
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tf

4.3 Energy Dispersive Spectroscopy:

c

2{8810fi1{ffr{s
k3v

Figure 4.5 (a): Energy dispersive specffoscopy spectrum of GO.

Table a.l (a) Chemical compositional analysis of GO.

:L.

\,
N,

Element WeightTo AtetnicYo

CK 74.47 79.53

OK 25.53 2C.47

Total r00.00 ic0.c0
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..\
a

,!d

Figure 4.5 (b): Energy dispersive spectroscopy spectrum of GA.

Table 4.1 (b) Chemical compositional analysis of GA.

$

c

o

16 186g'10 l2 1{
}3v

2

Element Weight% Atomic%

CK 90.64 94.89

OK 9.36 5.1l

Tbtal r00.00 l'00.00
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v

\

Flgure 4.5 (c): Energy dispersive spectroscopy spectrum cf GP.

Table a.l (c) Chemical compositional analysis of GP.

$

Element Weight% Atomic%

CK 91.27 94.71

OK 8.73 5.29

Total 100.00 100.00
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U c

2{S8r0Irr{t$|ff
kcT

Figure 4.5 (d): Energy dispersive spectroscopy spectrum of GM.

Table 4.1 (d) Chemical compositional analysis of GM.

s\
\

\F

Element Weight% AtomicYo

CK 100.00 100.00

Total 100.00 100.00
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Backscattered electrons in SEM display gives the compositional contrast that results from different

atomic number elements and their distribution. Energy Dispersive spectroscopy is used to find

what those particular elements are and their relative proportions such as weight% and atomic%. In

figure 4.5 presents the EDS results of (a) GO, (b) GA, (c) GP and (d) GM. In figure a.5 (a) EDX

analysis confirms the presence of both carbon and oxygen. The EDS spectrum in figure 4.5 (b, c,)

confirms the presence of carbon and very small composition of oxygen which is a negligible

amount. This compositional analysis explains the reduction of graphene oxide in to graphene

nanosheets. In figure 4.5 (d) the EDS spectrum confirms that this prepared sample contains only

carbon composition. As explained in XRD and SEM, this method did not give successful synthesis

of graphene sheets and starting material graphite has only carbon's composition.

4.4 Fourier Transform Infrared Spectroscopy:

2000 2500 3ffi0

\Yavenumber/ cm-l

Figure 4.6. FTIR spectra of (a) GO, (b) GP, (c) GA
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Figure 4.6 shows the Fourier-Transform lnfrared spectroscopy of as prepared samples (a)

GO, (b) GP, (c) GA. In Figure 4.6 (a) results of GO indicated that, a broad peak at 3460 cm-

I attributed to O-H stretching vibrations of absorbed water molecules and structural OH

groups. The peak at 1742 cm-r presents the C:O carbonyl (or carboxyl) stretching. The C-O

epoxide group stretching is presented by a peak at 1274 cm-1. The spectra show another peak

at 1645 cm-r which is attributed to C:C stretching vibrations from unoxidized graphitic

domains. The high intensity of the main peaks in GO shows the presence of a large amount

of oxygen functional groups, which confirms the oxidation of graphite. Shahriary, L, et al,

[92] observed a broad peak between 3000 -3700 cm-r attributed to the stretching vibration of

O-H groups of adsorbed water molecules on graphene oxide. Peak appear at 1630 cm-l

presents the stretching vibration of C:C. The absorption peak at 1385 cm-lccresponds to

the stretching vibration of C:O of carboxylic acid. These oxygen-containing grouils confirms

that the graphite has been oxidized. After the GO is reduced, figure 4.6 (b, c) represents that

the peaks of these functional groups such as O-H, C:O and C-O become significantly weaker

than that of GO. Which indicated that most of the bonds related to oxide groups, such as, O-

H, C:O and C-O, decreased dramatically. Thus FTIR spectroscopy confirms the reduction

process of graphene oxide. But C:C stretching is still present after reduction at 1645cm-1.

Justin, R,etal, [93] investigatedthatpeakintensitiesof C-Obondsat 1050-1060cm-l,the

C:O bonds at 1700-1750 cm-r and the O-H bonds at 3400 cm-r become smaller after

reduction.

4.5 Photo-catalytic Activity:

Photo-catalytic activities of as-prepared graphene, Graphene oxide, Gra.phene/CuO, GC/CuO

and pure CuO are studied by the decomposition of MB used as a model target crganic

pollutant under UV light irradiation.
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lYhen synthesized graphane saarple used as a catabrct, it is observed that after 120 min of
rcaction time 99-9/o of dyes ae &gradod- This r€sult can be seen in the following

photographic image.

Figure 4.7: Methylene blue solution under the photo.catalytic effect of graphene with UV

light after (a) 0, (b) 60 and (c) 120 min

\i
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When MB is degraded under the effect of graphene oxide, 90% of initial concentration is

decouposed fiom the solution after 120 min This rcsult can be observed in the following

photographic image.

Figure 4.t: Methylene blue solution under the photocatalytic effect of graphene oxide

with UV light after (a) 0, (b) 60 and (c) 120 min
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When as-prepared graphene/CuO nanocomposite used as a catalyst, it is revealed that after

120 min of reaction time 96.8% of dyes ue degraded- This result is shovm in the following

photographic image.

ffgure 4.9: Methylene blue solution under the photocatalytic effect of GraphendCuO

withUV light after (a) 0, (b) 60 and (c) 120 min
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When methylene blue solution under the photo-catalytic effect of GO/CuO nanocomposite is

evahute4 it is revealed tlat76.9/o of initial concentration is degraded after 120 min This

result can be observed in the following photographic image.

i,o

Fari

Figure 4.10: Methylene blue solution under the photo-catalyic effect of GO/CuO with UV

light after (a) 0, (b) 60 and (c) 120 min
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When blue solution is observed rmder the photo-catalytic effect of pure CUO with

the LIV light irradiation, it is revealed tlrat 49.9/o of dyes is deco'nposed from the solution

after 120 min of illumination. This result can be seen in the following photographic image.

Itslrc 4.11: Methylene blue solution rmder the photo-catalytic effect of C\rO with tIV

light after (a) 0, (b) 60 and (c) 120 min
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Figure 4.12: Relative concentration (C/Co) of MB versus time under UV-light inadiation

with Graphene, Graphene/CuO, GO, GO/CuO and CuO as photo-catalysts.

In figure 4.8 Photo-catalytic activity of Graphene, GO, Graphene/CuO, GO/CuO and pure

CuO are investigated in comparison by the degradation of MB under UV light at room

temperature. Results indicated that99.9% of dyes are removed from the solution after 120

min of inadiation in the presence of graphene catalyst. When graphene oxide is used as a

catalyst it degrade 90oh of initial MB concentration. In comparison, pure CuO nanoparticle

decomposed only 49.9% of MB under same testing conditions. GO/CuO and graphene/CuO

nanocomposite exhibits a remarkable photo-catalytic degradation efficiency of MB compared

with the pure CuO nanoparticles. Under UV light illumination for 120 min, 76.90/o of the

initial MB dyes are decomposed by using the GO/CuO nanocomposites and 96.8% of initial
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MB are degraded by graphene/CuO nanocomposite, Above observation indicated that the

introduction of graphene plays an active part in the catallic degradation process of dyes.

Two most important factors which determine the efficiency of the photo-catalytic reaction

are, efficient adsorption of dye molecules on the photo-catalysts and effective separation of

photo-generated electron/hole pairs. When light is irradiated, valence electrons of CuO are

excited to the conduction band. These photo-generated electrons are transferred to the

graphene and act as electron trap. Trapped electrons on graphene can react with the dissolved

oxygen to form reactive oxygen species. Hence rate of electron-hole recombination decreases.

[82]. Photo-generated electrons on CuO surface can also be trapped directly by the dissolved

oxygen to form reactive oxygen species and these reactive oxygen species react with water to

create hydroxyl radicals. MB is then degraded by these hydroxyl goups. Moreover, holes on

the valence band of CuO react with absorbed water or hydroxyl groups to form surface

hydroxyl radicals which can also decompose the dye. Besides this, holes can also oxidize the

dye molecules directly [63].

I:'
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t

Conclusions

. Graphene nanosheets are successfully synthesized by Hummers method in comparison

with microwave synthesis method.

o X-ray diffraction results confirmed that graphene oxide is successfully reduced to graphene

nanosheets, because oxidation peak shifted from 20 : ll.42o to the higher angle 20 :
25.77o with decrease in de-spacing value.

o Scanning electron microscopy revealed that graphene oxide sheets are less transparent and

stacked together. After reduction graphene nanosheets become more transparent and

exhibits wrinkled morphology.

o Fourier transform infrared spectroscopy confirmed the successful oxidation of graphite in

to graphene oxide and also reduction process ofgraphene oxide because bonds related to

oxide groups decreases after reduction.

o Graphene oxide/ copper oxide and graphene/ copper oxide nanocomposites are

successfully synthesized for photo-catalytic applications. Nanocomposites exhibit more

photo-catalytic response than pure CuO.

o Present project could pave the way towards the enhanced photo-catalytic activity of metal

oxides by incorporating them with graphene nanosheets. These nanocomposites have t

potential applications in water treatment, sensors, and energy storage.
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