Study of Carbon Nanotubes and Defect
Concentration by Raman Spectroscopy

Technique

By
Seidu Muhiye

A project Submitted to
the Department of Physics Addis Ababa University
In Partial Fulfillment of the Requirements for the

Degree of Masters of Science in Physics

August 2017
Addis Ababa, Ethiopia



Addis Ababa University
Department of Physics

STUDY OF CARBON NANOTUBES AND DEFECT
CONCENTRATION BY RAMAN SPECTROSCOPY
TECHNIQUE

By
Seidu Muhiye

Approved by the Examination Committee

Chairman: Dr. Deribe Hirpo
Examiner: Dr. Mebratu G/mariam
Examiner: Dr. Tilahun Tesfaye

Advisor: Dr. Chrnet Ammente




Acknowledgements

Firstly, I thank to Allah the most gracious and the most merciful, who gave me strength
to complete my work. I would like to thank my advisor Dr. Chernet Amente for his
continuous support during my work. He is always very positive, helpful and patient. My
family; especially my wife, Aynadis Muha with our sons and daughters for their continues
support and patience as well. I also thank Addis Abeba University, department of physics
for financial and academic assistances. Lastly, I appreciate staff members of Belay Zeleke
preparatory school, East Gojjam Bichena for their special help during the whole project

work.

September 15, 2017



Table of Contents

Acknowledgements

Table of Contents

List of Tables

List of Figures

Abstract
1 Introduction
2 Carbon and its Allotropes

2.1 Structures of Carbon . . . . . . .. ...
2.1.1 Diamond . . . . . ..
2.1.2 Graphite . . . . ..o
2.1.3 Fullerene . . . . . . ..o
2.1.4 Graphene . . . . . ...
2.1.5 Carbon Nanotubes . . . . . ... .. ... ... ... ... ...,

2.2 Discovery of Carbon Nanotubes . . . . . . . . ... .. ... .. .. ...,

2.3 Properties of Carbon nanotubes . . . . . .. . ..o
2.3.1 Electrical conductivity . . . . . ... ..o oL
2.3.2  Thermal conductivity . . . . . . .. ... oL
2.3.3 Mechanical . . . . . ...
2.3.4 Aspectratio . . . . . ...

Experimental Study of Carbon Nanotubes

3.1 Preparation Techniques . . . . . . . . . . .. .. ...
3.1.1 Arc Discharge Method . . . . . ... ... ... ... .. ......
3.1.2 Laser-ablation Method . . . . . . . . . ... ... ... ... ..
3.1.3  Chemical Vapour Deposition . . . . . . ... ... ... ... ... ..

3.2 Purification of CNTs . . . . . . .. .. .
3.2.1 Chemical Oxidation. . . . . . . . ... ... ... ... .......
3.2.2 Acid Treatment . . . . . . . ...
3.2.3 Annealing and Thermal Treatment . . . . . . . . .. .. ... ...

3.2.4 Micro-filteration . . . . . . . . ...

ii

iii

vi



3.2.5

Ultrasonication . . . . . . . . . . .

3.3 Characterization of CNTs . . . . . . . . . . .

3.3.1
3.3.2
3.3.3
3.3.4
3.3.5

Scanning Electron Microscopy (SEM) . . . . . .. .. ... .. ..
Transmission Electron Microscopy (TEM) . . . ... ... ... ..
Atomic Force Microscopy (AFM) . . . .. ... ... ... ... ..
X-ray Diffraction (XRD) . . . . ... ... oo

Raman Spectroscopy . . . . . . . . ...

4 Applications of CNT's
4.1 Electromagnetic . . . . . . . ..
4.2 Mechanical . . . . ... ..
4.3 Biological . . . . . ..
4.4 Electronically . . . . . . .. L

5 Characterization by Raman Spectroscopy
5.1 History of Raman . . . . . . . . . . ...
5.2 Simple instrumentation of Raman spectroscopy . . . ... ... ... ...
5.3 Radial breathing mode (RBM), D-band, G-band, and G’-band . . . . . . .
5.4 The Experiment . . . . . . . . ...
5.5 Results and discussion . . . . . . .. ...

6 Summery and Conclusion

Bibliography

il

26
26
27
28
29

32
32
32
34
35
36

37

38



List of Figures

1.1

1.2

1.3

1.4

2.1

2.2

2.3

24

3.1

3.2

3.3

3.4

A single layer of graphite form graphene sheet that would form CNTs when
rolled up [6]. . . . . . ..
Trasmission electron microscopys (TEMs) of first observed multiwalled car-
bon nanotubes (MWCNTS) reported by lijima 1991, with various inner and
outer diameters, consisting of two, five and seven numbers of cylindrical
shells which is (a) N=5, (b) N=2, and (¢ )N=7 [5] . .. ... ... ....
Carbon Nanotubes with exactly different layers (a) SWCNT, one layer (b)
DWCNT, two layers and (¢) MWCNT, four layers [7]. . ... ... ....
Graphite (parallel layer of graphenes),changed in to graphene(s) and then
when graphene(s) rolled it forms single walled or multi-walled carbon nan-
otubes [8].. . . . .

Forms or allotropes of Carbon in different structures:- Diamond, Graphite,
Fullerene, Graphene, and Single walled carbon nanotubes (a) armchair b)
zigzag c) chiral) [14]. . . . . . . ..o
Possible vector specified by the pairs of integers(n,m) for general CNTs.
The different types of carbon nanotubes; Zigzag, Armchair, and Chiral(the
remaining), and Metallic and semi-conducting CNTs [3]. . . .. ... ...
The distance between two successive graphene layers of MWCNT is ap-
proximately 0.34nm [3]. . . . . . ... Lo
Simulation showing two possible ways, CNTs can deform or twist when
they are loaded [24]. . . . . . . . . ..

Schematic diagram for arc-discharge method, with its two electrodes (cath-
ode and anode), a place where nanotubes deposit and source connection
[11]. .
Schematic diagram for laser ablation method, with laser beam, inert gas,
graphite target furnace and water cooled copper collector [11].. . . . . ..
Schematic diagram of a CVD setup with furnace, sample holder, substrate
and source holder [11]. . . . . . . ... ... . ..
Schematic representation for AMF, with sample adjustable mirror, laser,

cantilever, and position sensitive photodiod [35]. . . . . .. ... ... ..

13



3.5

4.1

5.1

5.2

Geometry for interference of a wave scattered or reflected from two crys-
tallographic , to derive the Bragg law X-rays (arrows) [39].. . .. ... ..

Winning Tour de France bicycle used carbon nanotube composite to make
some parts of its body [41]. . . . . ...

Operation of Raman spectroscopy the laser collide to the sample and the
light scattered and then converge to wards the Raman spectrometer, finally
we see the graph on the screen [47]. . . . . ... ... L
Raman spectra for CNTs pristine (as prepared) sample, with out further

treatment by heating or acidic(reflexing). . . . . . ... ..o 0L



Abstract

CNTs are very thin materials made from carbon by rolling graphene sheets. Arc-discharge,
laser ablation and chemical vapor deposition are well established techniques to prepare
carbon nanotubes. Mostly purification is carried out by chemical oxidation, acid treat-
ment and micro filtration techniques. Their nature, quality and properties examined by
Scanning Electron Microscopy(SEM), Transmission Electron Microscopy(TEM), Atomic
Force Microscopy (AFM), X-Ray Diffraction(XRD) and Raman Spectroscopy. CNT's have
many technological applications due to their unique physical and chemical properties such
as high conductivity, high strength, low weight and high aspect ratio. Carbon nanotubes
(CNTs) attracts significantly attention of the scientific community because of their re-
markable optical, electronic, thermal, mechanical and chemical characteristics. Raman
spectroscopy is one of the most powerful tool to characterize the degree of disorder in sp?
carbon materials with band ratio ( %), of graphite powder, CNTs, and other allotropes
of carbon. Thus, Raman spectroscopy determine the presence of crystalline, amorphus
carbon and diameter of CNTs. In this project Raman spectra of graphite pristen sample
is studied from available data. The result indicated that the intensity at certain frequency

mode that corresponds to D-band is very large due to large amount of impurity content.






Chapter 1

Introduction

Carbon is the 4"* most abundant element in the universe by mass and its atomic number
and atomic weight are 6 and 12 respectively. It forms many pure organic compounds with
any other elements, with almost 10 millions pure organic compounds [1]. Carbon atoms
can form various types of allotropes. In some representative carbon structures, diamond,
graphite, fullerene, graphene, and carbon nanotubes are the allotropes of carbon [2].
Carbon nanotubes are tube shaped materials made of carbon called graphene rolled into
cylinders, as shown in figure 1.1 [3]. Its diameter measuring on nanometer scale. A
nanometer is one-billionth of meter or about one-ten-thousandth of the thickness of a
human hair. [4]. Discovery of carbon nanotubes(CNTs) was reported for the first time
by lijima in 1991 [5], these new type of finite carbon structures consists of needle like tube
as shown in the figure 1.2. The tube were produced using an arc discharge evaporation

method [2].

Figure 1.1: A single layer of graphite form graphene sheet that would form CNTs when
rolled up [6].



Figure 1.2: Trasmission electron microscopys (TEMs) of first observed multiwalled carbon
nanotubes (MWCNTS) reported by lijima 1991, with various inner and outer diameters,
consisting of two, five and seven numbers of cylindrical shells which is (a) N=5, (b) N=2,
and (¢ )N=T7 [5]

Depending up on the number of concentrically rolled graphene sheets, carbon nan-
otubes are categorized as single walled carbon nanotubes(SWNTs), double walled carbon
nanotubes (DWCNTSs) and multi walled carbon nanotubes(MWNTSs), see figure 1.3. If
carbon nanotube contain one graphene layer, it is named single wall carbon nanotube and,
if it contains exactly two graphene sheets, it is called double walled carbon nano tubes;
where as if it contains two or more concentric layers, it is called multi wall carbon nan-
otubes. [7]. The structure of graphite consists of graphene layers, it is a source of CNTs
production. So when these graphene sheets rolled it formed CNTs shown in figure 1.4.

According to atomic arrangement of carbon, carbon nanotubes are responsible for
the unique electric, thermal and mechanical properties. The field of nanotechnology and
nanoscience push their investigation forward to produce carbon nanotubes with suitable
parameters for future applications. Moreover new approaches of their synthesis, purifica-
tions and characterizations need to be developed.

There are many techniques used to produce MWNTs or SWNTSs, such as arc-discharge,

laser ablation, electrolysis, hydro thermal and chemical vapor deposit( hot filament, water



Figure 1.3: Carbon Nanotubes with exactly different layers (a) SWCNT, one layer (b)
DWCNT, two layers and (¢) MWCNT, four layers [7].

Figure 1.4: Graphite (parallel layer of graphenes),changed in to graphene(s) and then
when graphene(s) rolled it forms single walled or multi-walled carbon nanotubes [8].

assisted, oxygen assisted, microwave plasma) are currently used [9, 10]. Among these
techniques; arc-discharge, laser ablation and chemical vapor deposition techniques are
mostly used to produce a wide Variety of CNTs.

The synthesized nanotube samples are purified by passing through several techniques
such as oxidation, filtration, acid treatment, ultrasonication, annealing and thermal treat-
ment. These mechanisms have been developed, to separate the amorphous carbons, cata-
lysts and nano particles from the CNTs. During these purification processes a significant
amount of CNTs may be destroyed [11]. To investigate the morphological and structural
characterizations of the CNTs, a number of techniques can be used. Scanning Electron

Microscopy(SEM), Transmission Electron Microscopy(TEM), X-ray diffraction(XRD) and



Raman spectroscopy are the most used. Various techniques have been developed, as suit-
able to obtain structural and quality information on carbon. In particular by Raman
spectroscopy the ratio of intensity of D-band to G-band (%) indicate the defect concen-
trations, which is the degree of disorder [12]. Carbon nanotubes have unique properties
that includes large current carrying capacity, small dimensions, high thermal conductiv-
ity, high electrical conductivity and mechanical strength. Due to these unique properties
CNTs have many applications in the area of nanoelectronics, optics, material science and
mechanics. They are used for making bridge, body armor, solar cells, batteries, filters,
sensors, electrical circuits, transistors, etc. This project is organized as follows, chapter 2
focus on allotropes of carbon, and their experimental investigations (preparations, purifi-
cations and characterizations), discuss in chapter 3. In chapter 4 applications of CNTs.
Detial of characterization of CNTs by Raman spectroscopy is given in chapter 5, and

lastly summery of the project work is briefly written.



Chapter 2

Carbon and its Allotropes

2.1 Structures of Carbon

Carbon is the chemical element with atomic number 6 and has six electrons which occupy
152, 25% and 2p? subatomic orbital. It can make single, double and triple bonds. In carbon
there are three possible hybridization that occur; sp, sp* and sp® [13], and is why carbon
assumes a variety of structural forms. There are several allotropes of carbon known in
nature. The allotropes of carbon differ in structures. As the structures of allotropes vary,
they also have different physical and chemical properties. Diamond, graphite, carbon
fibers, fullerenes and carbon nanotubes are some forms of carbon [14]. But diamond,

graphite and fullerene are the three main naturally occuring allotropes of carbon.

2.1.1 Diamond

Diamond (see figure 2.1) is the first form of carbon through covalent bonding, and it is
one of the 3D allotropic form of carbon. By applying high temperature and pressure it
is reformed from graphite, and it shows a sp® hybridization in its structure. It has a
face centered cubic crystal structure and occurs from tetrahedral bonded carbon atoms,
in which one carbon atom is covalently bonded to four other carbons [3]. Diamond
transforms in to graphite the thermodynamically stable allotropes at lower pressures, and
above 1500°C' temperature under vacuum or inert atmosphere [15]. It has many uses
in industry because of its excellent physical properties, the naturally occurring diamond
typically used for jewelery. Pure diamond is an electrical insulator but it is a thermal

conductor. Due to its hardness, it is used in industrial cutting tools.



Figure 2.1: Forms or allotropes of Carbon in different structures:- Diamond, Graphite,
Fullerene, Graphene, and Single walled carbon nanotubes (a) armchair b) zigzag c) chiral)
[14].

2.1.2 Graphite

Graphite is one of the allotropes of carbon. Three dimensional(3D) graphite is the longest
known form of pure carbon, naturally occurring on the surface of the earth as mineral.
Structurally, graphite is a layered material, with individual graphene layers, in which the
sp? bonded carbon atoms from a planar hexagonal honeycomb arrangement, as in figure
2.1. The bonding of carbon atoms in a graphene layers is weak (Vander Waals bonds)
[11]. In these layers each carbon atom bonds to three coplanar neighbor atoms by strong
covalent bonds [3]. Graphite is soft, light and flexible. It is an electrical conductor. High

temperature break the strong bond in graphite.

2.1.3 Fullerene

Fullerene’Cy’, is another form of carbon as shown in figure 2.1, was discovered in 1985 by

Kroto, et al [16]. The fullerenes are members in the family of carbon allotropes and are



carbon based nano objects in the form of hallow spheres, ellipsoids, or tubes. Spherical and
ellipsoidal fullerenes are called simply ”fullerenes” or ”bulky balls” while tube fullerenes
are called carbon nanotubes or "bucky tubes” [3]. In the fullerene structure carbon atoms
bonded to one another creates both hexagon and pentagon rings. The best example being
Cgo consists of 60 ~ sp? hybridized carbon atoms arranged in 20 hexagonal rings and 12
pentagonal rings to form a spherical structure resembling a soccer ball in nano size.
Because of topological restrictions the other fullerenes can be produced with exactly 12
pentagonal rings and any number of hexagonal rings. The other forms of fullerene families

are Cy which is the smallest possible, Cy, C7 and Cgy and others [17].

2.1.4 Graphene

Graphene as shown in figure 2.1 is a single atomic layer of sp? carbon derived from a
honeycomb lattice . Single layer of graphene is synthesis by preparation technique, it is

the source of CNT get from graphite [15].

2.1.5 Carbon Nanotubes

Carbon nanotubes are tube shaped materials made of carbon or single sheet of graphite
called graphene rolled into cylinders. It’s structure differing in length, thickness and
number of layers. Type of carbon nanotube is determined by the number of the con-
centric graphene layers, and are categorized as single wall carbon nanotubes (SWNTs),
double wall carbon nanotubes (DWNTs) and multi wall carbon nanotubes (MWNTSs), as
indicated in fig. 1.3.

Single Walled Carbon Nanotube

A single-wall carbon nanotube (SWNT) is defined by a graphene sheet rolled in to a
cylindrical shape (as shown in figure 1.1), with a diameter of about 0.4-3nm and length
extending up to several microns [3, 18]. Depending on wrapping to a cylinder way or
based on the direction of chiral vector, there are three different forms of SWNTs such as
armchair, chiral and zigzag (see figure 2.1) [19]. A SWNT’s structure is characterized
by a pair of indices (n, m) that describe the chiral vector and directly have an effect on

electrical properties of nanotubes. In order to determine the armchair, zigzag and other



structures in terms of (n,m), it is necessary to have the following conditions. For armchair
CNTs the chiral indices n and m are equal (n = m), while for zigzag CNTs n = 0 or
m = 0, i.e (0, m) or (n, 0). For other values of indices, CNTs are known as chiral, as
shown in figure 2.2 below [13]. Every carbon atom on the sheet can be expressed as a
function of integer (n, m). Nanotube structure can be mathematically defined in terms

of chiral vector C which is given by:
C = nay + may (2.1.1)

Where a; and ay are the lattice vector of graphene and n and m are chiral indices,
which can determine the tube diameter "d”. The diameter of an ideal nanotube can be

calculated from its, n and m indices as follows:

d= %\/(nQ—l—mn—i-mQ) (2.1.2)

Where a = 0.246nm = 1.42v/3 x 107'%m, and corresponds to the lattice constant in
the graphene sheet [18, 20, 21]. On the other case CNTs can exhibit metallic or semi
conducting proprieties. The structural design has a direct effect on the nanotube electrical
property [1], by satisfying the condition n — m = 3i, where i’ is an integer and when
n-m is a multiple of 3, then the nanotube is described as metallic or highly conducting
nanotubes, and if not, then the nanotube is a semi metallic or semi conductor see figure
2.2. At all time the armchair form metallic, where as other forms can make the nanotube

metallic or semi conductor in nature [18, 21].



Figure 2.2: Possible vector specified by the pairs of integers(n,m) for general CNTs. The
different types of carbon nanotubes; Zigzag, Armchair, and Chiral(the remaining), and
Metallic and semi-conducting CNTs [3].

Multi-Walled Carbon Nanotubes

Multi walled carbon nanotubes (MWNTSs ) consist of multiple rolled layers (concentric
tube ) of graphene. Depending on the number of layers, the inner diameter of MWNT's
diverges from 0.4nm up to a few nanometers and outer diameter varies characteristically
from 2nm up to 20 to 30nm [19], the inter layer distance in multi-walled nanotubes is
close to the distance between graphene layers approximately 0.34nm, see figure 2.3.
Both ends of MWNT usually have closed and the ends are capped by dome shaped
half-fullerene molecules (pentagonal defects). The roll of the half fullerene molecules
(pentagonal ring defect) is to help in closing of the tube at the two ends [13].
There are two models that can be used to describe the structure of multi-walled nanotube.
These are Russian Doll model and Perchmen model. When a carbon nanotube contains
another nanotube in side it and the outer nanotube has greater diameters than the inner

nanotube is called the Russian Doll model. And when a single graphene sheet is wrapped
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Figure 2.3: The distance between two successive graphene layers of MWCNT is approxi-
mately 0.34nm [3].

Table 2.1: Comparision between SWNT and MWNT with respect to their number of
layers, catalyst used, purity, characterizations and twist ability [2]

No SWCNT MWCNT
1 single layer of graphene multiple layer of graphene
2 catalyst is required to synthesis can be produced with out catalyst
3 purity is poor purity is high
4 less accumulation in body more accumulation in body
5 | characterization and evaluation is easy it has very complex structure
6 it can be easily twisted it can not be easily twisted

around itself manifold times, the same as a rolled up scroll of paper, it is called the

Perchment model [1].

2.2 Discovery of Carbon Nanotubes

Historically, the oldest method for carbon nanotube production is the electric arc-discharge.
This technique was used already in the early sixties by R. Bacon for the synthesis of carbon
fibers. In early thanks to the subsequent invention of the transmission electron microscopy
(TEM), the first commercial versions of which were produced by Siemens in 1939. The
first TEM( transmission electron microscopy ) that gives evidence for the tubular nature
of some nano-sized carbon filaments is believed to have appeared in 1952 in the journal of

physical chemistry of Russia. In 1952 also Radushkevich and Lukyanovich published clear
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images of 50nm diameter tubes made of carbon. A paper by obtain, Endo, and Koyama
published in 1976 clearly showed hollow carbon fibres with nanometers scale diameters
using vapor-growth technique [10, 22, 23]. Further more Harry Kroto discovered Cg
molecule in 1985 (Kroto, et al. 1985) [16], while experimenting a laser ablation system
for the vaporization of graphite by laser beams and depositing them on a copper collector
and it was the beginning of a new area in carbon material science [3].

First carbon nanotube was discovered by Iijima, he experimented by an arc-discharge
method in order to observe fullerene by passing large current between two graphite roads,
he vaporized them and condensed them on CU tip. When he looked at the result through
an electron microscopy, he noticed something unexpected, he discovered carbon nanotubes
(Lijima, et.al. 1991) [5], at the negative electrode of an arc discharge. Finally in car-
bon nanotube history, SWCNT should be distinguished from MWCNT. It is perfectly
clear that the formation of SWCNTSs was first reported in the June 17" issue of nature
in 1993 by two papers submitted independently, one by Iijima and Ichihashi and the
other by Bethune et al. [22, 23]. But now a days, different researchers prepare, purify
and characterize many CNTs by different preparation, purification and characterization

methods.

2.3 Properties of Carbon nanotubes

The atomic arrangement of carbon atoms are responsible for the unique electric, thermal
and mechanical properties of CNTs [7]. CNTs can serve multi functional roles because
their strength is at least ten times stronger and their weight is less than half of conventional
copper fibers, their electrical conductivity is much higher than copper, and their thermal
conductivity is high as that of diamond. The most important properties of CNT's discussed

as follows:-

2.3.1 Electrical conductivity

Depending on the chiral indices and unique electric structure of a nanotube, strongly
affects its electrical property for a given (n, m) nanotube If n = m and n—m is a multiple of

3, then the nanotubes are metallic, but if not then the nanotubes are semiconducting [18]..
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The strong bond between carbon atoms also allow carbon nanotubes to with stand higher
electric current than copper [1]. In theory, metallic nanotubes can carry an electrical
current density of 4 x 1097?12, which is more than 1000 times greater than metals such as

copper [19].

2.3.2 Thermal conductivity

The strength of the atomic bonds in carbon nanotubes allows them to withstand high
temperature. Because of this, CNTs have been shown to be very good thermal conductors,
when compared to copper wire, which are commonly used as thermal conductors. The
carbon nanotubes can transmit over 15 times the amount of watt per meter per kelvin
[1]. In addition, measurements show that a SWNT has a thermal conductivity is about
3500Wm~1.k~! at room temperature; compare this to copper, a metal well known for
its good thermal conductivity, which transmits 385Wm~1.k~!, which is almost ten times
greater [19]. The thermal conductivity of CNT is temperature dependent which has

almost linear relationship with it.

2.3.3 Mechanical

Each carbon atoms in a single sheet of graphite is connected to strong chemical bond
to three neighboring atoms. Thus CNTs can exhibit the strongest elastic modulus and
hence are expected to be an ultimate high strength fiber [7]. Theoretically, CNTs are
the strongest and stiffest material yet known. This strength results from the covalent
sp? bonds formed between the individual carbon atoms [13]. SWNTs may really have a
tensile strength of hundreds of times stronger than steel. A multi-walled carbon nanotube
was tested to have a tensile strength of 63 Gpa, i.e. it is equivalent to a force of 62,980N
on a cable with cross section of 1 sq.mm. [19]. CNTs are not only strong, but they are
also elastic. You can press on the tip of nanotube and cause it to bend or twist without
damaging, the nanotube will return to its original shape when the force is removed, see
figure 2.4 [13]). Nanotube elasticity have limit and under very strong forces, it is possible

to permanently deformed.
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Figure 2.4: Simulation showing two possible ways, CNTs can deform or twist when they
are loaded [24].

2.3.4 Aspect ratio

It is one of the exciting property. CNTs have high aspect ratio (length to diameter
ratio) about 1000, so they can be considered as nearly one-dimensional structure. Also
it indicates that a lower CNT load is required compared to other conductive additive to
achieve similar electrical conductivity. The high aspect ratio of CNTs possesses unique

electrical conductivity [7, 19].



Chapter 3

Experimental Study of Carbon
Nanotubes

3.1 Preparation Techniques

There are many preparation techniques used to produce MWNTs or SWNTs experimen-
tally. But now a days arc-discharge, laser ablation and chemical vapor deposition tech-
niques are well established to produce different kind of CNTs. [11]. High temperature
preparation techniques such as arc discharge or laser ablation were first used to produce
CNTs but now days these methods have been replaced by low temperature chemical vapor

deposition (CVD) techniques (< 800°C') [10].

3.1.1 Arc Discharge Method

In 1991, lijima [5], reported the preparation of a new type of finite carbon structures con-
sisting of needle-like tube. The tubes were produced using an arc-discharge evaporation
method similar to that used for fullerene synthesis. Also, the MWNTs were first discov-
ered in the soot of the arc-discharge method by Iijima. The method has been used long
before that in the production of carbon fibers and fullerenes [2]. Electric arc discharge
method has been employed to produce CNTs. There are different approaches, an example
of an electric arc reactor is shown in figure 3.1. The CNTs produced by this method
were grown on the negative end of graphite electrode under inert atmosphere of helium

or argon with a very high temperature needed in order to evaporate the pure graphite.
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A certain potential is applied across two electrodes, which is a few millimeters in diame-
ter, septated by a certain distance in inert atmosphere. A high current discharge (100A)
passes through the opposite graphite anode and cathode, where plasma is generated, and
some of the carbon atoms evaporated on the cathode and some of it on the reaction vessel
[19]. In similar way direct current is passed through the chamber (arcing process), and
the chamber is pressurized and heated to approximately 4,000 K. In the course of this
procedure and arcing, about half of the evaporated carbon solidifies on the cathode (neg-
ative electrode) tip, whereas the anode (positive electrode) is consumed. The remaining
carbon (a hard gray shell) deposited and condenses into ”chamber soot” nearby the walls
of the chamber and ’cathode soot’ on the cathode. The inner core, cathode soot and
chamber soot, which are dark and soft, yield either single-walled or multi walled carbon
nanotubes and nested polyhedral graphene particles [13].

The physical and chemical factors influencing the arc discharge process are the carbon
vapour concentration, the carbon vapour dispersion in inert gas, the temperature in the
reactor, and the composition of catalyst. These factors affect the growth of nanotubes,

the inner and outer diameter, and the type of nanotubes [25].

)

Figure 3.1: Schematic diagram for arc-discharge method, with its two electrodes (cathode
and anode), a place where nanotubes deposit and source connection [11].
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3.1.2 Laser-ablation Method

Both arc discharge and laser ablation methods use the condensation of carbon atoms
generated from the vaporization of graphite targets. Here, the graphite target is placed in
a quartz tube surrounded by a furnace ( at 1200°C') see schematic diagram fig. 3.2 [26].
The target is vaporized in a high temperature inert gas like argon(Ar) and formed CNTs.
The CNTs are transported by the inert gas to the trap, where they are collected. Then
CNTs can be found in the soot at cold end [11].

In other way, the pulse laser-ablation method for the production of single-walled carbon
nanotubes was developed by Guo et al. [27]. Typically a laser shot is directed to a
carbon target and vaporizes a small amount of material in side of an oven heated up to
1200°C. During ablation, a uniform and smooth face for ablation is ensured by laser beam
scanning across the target surface under computer control system. The soot produced by
the laser vaporization is usually swept by the flowing of working gas ( Ar, Ny, etc.). From
the high temperature zone, and deposited on to a water-cooled collector positioned out

side the furnace [25]. °

graphite
target

water cooled
collector

laser beam b

1200 C furnace

Figure 3.2: Schematic diagram for laser ablation method, with laser beam, inert gas,
graphite target furnace and water cooled copper collector [11].

In recent years, the arc discharge and laser vaporization methods are used to obtain
high quality CNTs in small quantity. However both methods suffer from the following

three draw backs. Disadvantage of arc-discharge and laser ablation techniques are [28]

1. both are need large amount energy to produce arc or laser ablation processes.



17

2. both methods require carbon/graphite as target which has to be evaporated to get
nanotube. It is difficult to get such large graphite to be used as target in industrial

processes which limits its exploitation as large scale process.

3. both processes grow nanotubes with highly mixed unwanted form of carbon or

catalysts. Thus, CNTs produced by these processes require more purification.

The studies realized until showed that the quality and the quantity of produced material

can be controlled to some extent by changing [3]:
e the type of metal catalysts and their ratio.
e the kind of the ambient gas and its pressure.
e the temperature of the reaction furnace.

e the laser parameters.

3.1.3 Chemical Vapour Deposition

The chemical vapor deposition is another method for producing CNTs which produces
the best quality nanotubes, in which a hydrocarbon vapor is thermally decomposed in
the presence of a metal catalyst. In this method, carbon source is placed in gas phase in
reaction chamber as shown in fig. 3.3. The synthesis is achieved by breaking the gaseous
carbon molecules, such as methane, carbon monoxide and any acetylene, in the reactive
atomic carbon in a high temperature furnace and some times helped by plasma to enhance
the generation of atomic carbon. This carbon will get diffused to wards substrate, which
is coated with catalyst and nanotubes grow over this metal catalyst [12]. The CyH,
chemical vapor deposition was carried out in a quartz tube equipped with a temperature
and gas flow control. The Ar gas was passed for 30 minutes over 0.5 gr of Ni-Ce-Zr mixed
oxides catalyst in quartz boat at 550°C. Ar/CyHs (4:1 v/v) mixture was then passed
to the system at a flow rate of 120ml/min for 2 h. Passing Ar gas was then continued
through the reaction chamber until the temperature of the furnace dropped to 200°C. The
prepared CNTs was then modified by emerging into 20% H N O3 solution and keeping for

several hours followed by washing with distilled water and drying in a vacuum oven at
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120°C. About 1 g of CNTs was obtained [29].

Figure 3.3: Schematic diagram of a CVD setup with furnace, sample holder, substrate
and source holder [11].

3.2 Purification of CNT's

Whatever the CNT production method is applied CNTs are always produced with a
number of impurities. Its type and amount depend on the type of techniques used. Most
of the above mentioned production techniques produce powders which contain only a
small fraction of CNTs and also other carbonaceous particles such as nano crystalline
graphite, amorphous carbon, fullerenes, and different metals (typically Fe, Co, Mo, or Ni
) are introduced as catalysts during synthesis [10]. The carbon nanotubes are having
less purity; the average purity is about 5 — 10%, so purification is needed before we use
CNTs for actual applications [30]. To increase the quality of CNTs it needs to remove
these impurities, the method is known as purification. There are several approaches
of purification techniques from these; oxidation, acid treatment, annealing and thermal
treatment, ultrasonication, and micro-filtration are well known. During CNT purification
process mostly uses a combination of two or more purification techniques to get a more

pured CNTs.
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3.2.1 Chemical Oxidation

The chemical oxidative purification is based on the idea of selective oxidation etching,
where in carbonaceous impurities are oxidized at a fast rate than CNTs. The most
common used chemical purification method involves oxidation of as-synthesized CNT's in
both gas phase and liquid phase condition [31]. Oxidation is a way to remove CNTs
impurities. In this way CNTs and impurities are oxidized. During oxidation time CNT's
and impurities are damaged but the CNT is less damages than impurities. The efficiency
and yield of the procedure are depending on a lot of factors, such as metal content,

oxidation time, environment, oxidizing agent and temperature [11].

Gas-phase Oxidation

Gas phase oxidation is oxidation due to oxidant gases, it is the most successful technique
for purification of nanotubes [7]. Air oxidation is useful in reducing the amount of
amorphous carbon and metal catalyst particles (Ni, Y). Optimal oxidation condition is
found to be at 673K for 40min [27]. In gas phase oxidative purification, CNTs are
purified by oxidizing carbonaceous impurities at a temperature ranging from 225°C' to
760°C' under an oxidizing atmosphere. The most commonly used oxidants for gas phase

oxidation include air, a mixture of Cly, H,O and HCI, a mixture of Ar, Oy and H,O [31].

Liquid Phase Oxidation

Oxidation due to oxidant liquid is liquid phase oxidation. Metal particles can not be di-
rectly removed, so further acid treatment is needed. In order to over come this limitation,
liquid phase purification that always simultaneously removes both amorphous carbon and
metal catalyst was developed. The commonly used oxidants for liquid phase oxidation
to produce high purity CNTs in a high yield, include HNO3, H,Os and KMnO, or a
mixture of HyOy and HCIL, or a mixture of H3SO, and HNOs, or K MnO, [31].

3.2.2 Acid Treatment

Refluxing the sample in strong acid is effective in reducing the amount of metal particles
and amorphous carbon. Some of the acids that are used in this treatment are hydrochloric

acid (HCI), nitric acid (HNO,) and sulphuric acid (H250,) [11]. Cherent Amente and
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Keya Dharamvir applied this method hence CNTs are collected in the form of soot were
purified by refluxing in a strong oxidant 8M nitric acid for the removal of catalyst metal
for 24 hours. Subsequently, filteration with a 0.25um filter membrane with the aid of a
pump and thoroughly washing with distilled water until the PH value reaches neutral.
Finally, the samples were dried in an oven at 100°C' followed by open air oxidizing for 15

minutes at 400°C' in a furnace for the removal of impurities [32].

3.2.3 Annealing and Thermal Treatment

High temperature has effect on the productions and paralyzes the graphitic carbon and
the sort fullerenes. When high temperature is used, the metal will be melted and can also
be removed [11]. Reproducible high-yield purification process of CNTs was developed by
combining two step process of thermal annealing in air and acid treatment. This process
involves the thermal annealing in air with the powders rotated at a temperature of 470°C'
for 50 minutes, which burns out the carbonaceous particles and acid treatment with HCI1

for 24houres, which etches away the catalytic metals [9].

3.2.4 Micro-filteration

Micro-filtration is based on particle size or seperation of CNTs and a small amount of
carbon nano particles are trapped in a filter. However the other nano particles (cata-
lyst metal, fullerenes, and others impurities ) are passing through the filter [11]. The
advantage of this method is the nano capsules and amorphous carbon are removed simul-

taneously and nanotubes are not chemically modified [9].

3.2.5 Ultrasonication

This technique is based on the septation of particles due to ultrasonic vibrations and also
mixes of different nano particles will be more dispersed by this method. When an acid is
used, the purity of the CNTs depends on the sonication time. During the tubes vibration
to the acid for a short time, only the metal is solvated, but in a more extended period,

the CNTs are also chemically cut [11].
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3.3 Characterization of CNT's

To understand properties of CNT's, it can quite necessary to characterize their structure at
an atomic levels by different instrumentation tools. Some of the characterization analysis,

used in the nanotechnology science are:-

e Scanning electron microscopy (SEM)

e Atomic force microscopy (AFM)

e Transmission electron microscopy (TEM)

e Raman spectroscopy

e Thermogravimetric analysis(TGA)

e X-ray diffraction (XRD)

e Optical microscopy

e Optical laser microscopy

e Energy Dispersion x-ray (EDX)

e X-ray photo emission spectroscopy (XPS)
These tools are used for answer the following characterization questions:-

e What type of CNTs are being formed: single-walled or multi-walled?

What is the length, width and aspect ratio (length:width) of the CNTs?

Are there any contamination or metallic catalysts such as iron or nickel?

Are the CNTs coated with a chemical?

What is the quantities or qualities of CN'Ts being formed? etc.

Even if there are different methods to characterization CNTs, we focus on the following

five but more on Raman spectroscopy.
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3.3.1 Scanning Electron Microscopy (SEM)

Scanning electron microscope (SEM) is one of the most widely used techniques in char-
acterization of nano materials and nano structurs. The scanning electron microscopy is
a microscope that uses electrons rather than light to form an image. The SEM produces
images of high resolution, which means that closely spaced features can be examined at
a high magnification [34]. Morphology and size of CNTs can be determined by scanning
electron microscopy(SEM) with 12 and 15A accelerating voltage [35]. By sending an elec-
tron to a specimen surface, several signals can be detected. When the primary electrons
are sent; electrons appear to scattered back in high energy and primary electrons can be
diffracted with large angles. Secondary electrons are generated when they back scattered
electrons emerge from the surface. These secondary electrons have energies between 0 and
20eV and can be attracted to a positively charged detector with high efficiency. There is
a large angular detector below the final lens, facing to wards the sample and a proportion

of the scattered electron signal can be collected with this detector [3].

3.3.2 Transmission Electron Microscopy (TEM)

The TEM operates on the same basic principles as the light microscope but uses electron
instead of light. Due to its much lower wave length, it is possible to get a resolution about
thousand times higher than a light microscope of interfaces and defects with high position
accuracy [34]. There are a series of magnetic lenses in TEM after electron gun to provide
a uniform illumination of the spacimen over the area of interest. The sample is mounted
on a stage to provide suitable movement. The primary image is formed by the objective
lens. This objective lens determines the final resolution. The final image is projected
on to a viewing screen through two or more projection lenses, and can be recorded. The
internal micro structure and crystal structure of samples which are thin enough to transmit
electrons can be analyzed with Transmission Electron Microscopy(TEM) [3]. TEM uses a
high energy electron beam (up to 300KV) to image CNTs based on electron transmission.
The length and dispersion state of CNTs can be assessed by TEM at low magnification.
At high magnification, TEM can be used to count the number of walls, used to measure

outer and inner radius in MWCNTSs [19].
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3.3.3 Atomic Force Microscopy (AFM)

Atomic Force Microscopy (AFM) is device that measures the surface topography of a
sample on a nanometer/micrometer scale and turn those measurements in to an image.
Atomic force microscopy is a type of scanning probe microscopy, where the probe can
be used, physically contact with the substrate to obtain topographical information as
well as material properties [36]. The basic principle behind the AFM is based on the
interaction between a probe(a sharp tip attached to a cantilever) and the atomic surface
of the sample. The force on the tip can be attractive or repulsive and cause the tip to
deflect due to a charge in these forces, this deflection is detected by the reflection of a

laser beam reflect on the back surface of the cantilever as shown in fig. 3.4 [10].

Figure 3.4: Schematic representation for AMF, with sample adjustable mirror, laser,
cantilever, and position sensitive photodiod [35].

3.3.4 X-ray Diffraction (XRD)

In x-ray diffraction(XRD) system, electrons emitted from the filament(cathode) are ac-
celerated to target(anode) and x-ray characteristic of atoms in the irradiated area are
emitted. This technique is used to obtain some information on the inter layer spacing
[11]. X-ray diffraction was exploited in 1913 [37], by English physicists Ser W.H. Bragg
and his son Ser W.L. Bragg. On 1915, W.L. Bragg was awarded the Nobel prize in physics
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[38]. Braggs’ law refers to a simple equation [39], this equation explains why the facts
of crystals appear to reflect (diffract) X-ray beams at a certain angle of incidence . This
observation is an example of X-ray wave interference known as X-ray diffraction(XRD).
Braggs’ law easily be derived by considering the conditions necessary to make the phases

of the beams coincide when the incident angle= reflected angle (fig. 3.5).

Figure 3.5: Geometry for interference of a wave scattered or reflected from two crystallo-
graphic , to derive the Bragg law X-rays (arrows) [39].

nA = BC+ CD
since BC' = CD , We have n\ = 2BC
also Sinf) = BTC, then this distance BC becomes BC' = dSin#

The distance in path length for the top and bottom rays is equal to one wave length A

A = 2dSind (3.3.1)
for n number of orders
nA = 2dSinf (3.3.2)
nA
~ 2sind (3:33)

where d=lattice inter planar spacing of the crystal or the distance between two successive
identical plans of atoms in the crystal, 6= X-ray incidence angle (Bragg’s angle) and A=

wave length of the X-ray.
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3.3.5 Raman Spectroscopy

Raman spectroscopy is one of the most power full tools for characterization of CNTs.
Raman spectroscopy has been extensively used as a nondestructive technique to charac-
terize the complex microstructure of carbon-based materials; it is indeed very sensitive
to structural disorder. All allotropic forms of carbon are active in Raman spectroscopy.
The position, width and relative intensity of bands are modified according to the car-
bon forms. And also it gives qualitative and quantitative information on its diameter,
electronic structure, purity, crystalline, and distinguishes metallic and semiconducting

material [11]. About Raman spectroscopy we discuss more detail in chapter five.



Chapter 4

Applications of CNT's

Carbon nanotubes have unique properties that include large current carrying capacity,
high thermal conductivity and high mechanical strength [7]. And also high aspect ratio,
high tensile strength, low mass density, high heat conductivity, a large surface area,
and a versatile electronic behavior, including high electron conductivity and metallic
and semi conducting properties. These extra ordinary properties of CNTs have verity
of applications in the area of nano electrons, optics, material science, mechanical and

biological fields. The applications of CNTs in different fields are listed below.

4.1 Electromagnetic

1. Bucky paper

Buck paper are thin nanotube sheets which are 250 times stronger and 10 times
lighter than steel. Due to these reasons, they can be used as heat sink for chip-
board, backlight for LCD screens or Light Faraday cage to protect electrical devices
(aeroplanes) [7].

2. Solar cell

CNTs are excellent materials for sun light absorption and to generate solar cells. In
addition CNTs can transfer electrons or holes effectively. The most common cells
in use commercially are silicon based solar cell [40].

3. Electromagnetic antenna

Due to its durability light weight and conductive properties, CNTs can act as an
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antenna for radio and other electromagnetic devices [7]. It is quite different from
thin copper antenna of the same size and shape [38].
4. magnets

A strong magnetic field can be generated using multi-walled CNTs coated with

magnetite [7].

4.2 Mechanical

1. Body armor

Carbon nanotube is an ideal candidate material for bullate proof vests due to its
unique combination of exceptionally high elastic modulus and high yield strain, due
to these CNT fibers are being used as combat jackets. The jackets used to monitor

the condition of the wearer and to provide protection from bullets [7].

2. Equipments

Due to their strong and lighter properties, CNTs are used to make sport equipments
like golf balls, tennis rackets, bicycle parts, as indicated in figure 4.1 and base ball
bats. And also used to make spacecraft and aircraft body parts [7].

Figure 4.1: Winning Tour de France bicycle used carbon nanotube composite to make
some parts of its body [41].
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3. Fire protection

Thin layers of Bucky paper can potentially protect the object from fire. The dense,
compact layers of CNT or carbon fibers in the form of Bucky paper can efficiently

reflect the heat [7].

4. As catalyst

Nanohorns offer large surface area and hence, the catalyst at molecular level can be
incorporated into nanotubes in large amount and simultaneously can be released in
required rate at particular time. Hence, reduction in the frequency and amount of

catalyst addition can be achieved by using CNTs [30]

4.3 Biological

1. Air pollution filter

CNTs are one of the best materials for air filters because they possess high ad-
sorption capacity and large specific area. The conductance of CNT's changes when
polluted gas comes in its contact. This helps in detecting and filtering the pol-
luted air. CNTs membranes can successfully filter carbon dioxide from power plant

emission [7].

2. Water filter

The most important applications of CNT is to be used as a water purifier because
now days there is a lot of contaminated water. We can make this contaminated
water useful [42]. CNT membranes can aid in filtration. It can reduce distillation
costs by 70%. These tubes are so thin that small particles (like water molecules)

can pass through them, while blocking larger particles (such as the chloride ions in

salt) [7].

3. Filter biological contaminates

CNT adsorption capacities in the removal of diverse range of biological contami-
nates including bacteria, viruses natural organic matter (NOM) and cyan bacterial

toxins from water systems. The superior adsorption capacities of CNTs compared
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to other adsorbents is mainly attributed to their fibrous shape with high aspect ra-
tio, provision of large external surface area that can be easily accessed by biological

contaminants and presence of wall developed meso pores [42].

4. Lubricants

CNTs can be used as lubricants in tablet manufacturing due to nano size and sliding

nature of graphite layers bound with van der waals forces [23].

4.4 Electronically

1. Electrical Circuits

CNTs are attractive materials in fundamental science and technology. They have
demonstrated unique electrical properties for building electronic devices such as
CNT field-effect transistors(CNTFETS) and CNT diodes. CNTs can be used to
form a p-n junction diode by chemical doping and polymer coating. These types of
diodes can be used to form a computer chip. CNT diodes can potentially dissipated

heat out of the computer chips due to their unique thermal transmission properties

[7].

2. Inter Connects

CNTs have emerged as one of the most potential inter connect material solutions in
current nanoscale regime. Chip manufacturers require metallic compounds to serve
as a basis for interconnects between transistors on chips. With high conductivity
and small dimensions, carbon nanotubes are an alternative interconnect option to
copper. CNTs like copper there is no need to embed the interconnects in to trenches

on the circuit board, which could make for a simpler manufacturing process [1].

3. Transistors

Transistors form the basis for modern integrated circuits functioning as digital.
Single walled carbon nanotubes to act as transistors. Nanotube based switch a
molecule can be positioned inside a carbon tube to affect the electronic current

following across it [1]. Because of low electron scattering and the suitable band
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gap, the SWCNTs are also well suited for field effect transistor (FET) architectures
and high dielectrics. Experimental results show the current density 2.41mA/m at

0.5v for SWCNT FETSs, which is greater than those from silicon device [43].

Batteries

Most portable electronic device use rechargeable lithium-ion batteries. These bat-
teries release charge when lithium ions move between two electrodes. Electrodes
made of carbon nanotubes can be ten times thinner and lighter than amorphous
carbon electrodes, their conductivity is more than one thousand times greater and
supply electricity over a long period of time [1, 44]. One of which is graphite
and the other is metal oxide. Researchers at the university of North Carolina have
demonstrated that by replacing the graphite with SWCNT they can double storage
capacity. MWCNTs are widely used in lithium ion batteries for notebook computers
and mobile phones, making a major commercial success [41]. CNTs have been com-
bined with indium-gallium zinc oxide (In-Ga-Zno) to build a more efficient hybrid
computer chip which is more transparent, flexible, and more energy saving(efficient)

than the typical silicon chips [43].

. Electron emitters

CNTs are emit electrons easily. In electron emission CN'Ts have become very pop-
ular candidate for electron emitter. Electrons are given energy to over come the

potential barriers at the metal surface [45].

. Supper capacitor

Carbon nanotubes have been used in super capacitors producing a power density
of 30kw/kg (compared to 4kw/kg for commercially available device). Such super
capacitors could dramatically reduce the time it takes to recharge devices such as
laptops and cell phones [1]. They have been recognized as potential electrode
materials for energy storage device like Super capacitors for storing huge amount
of energy. The most significant advantage of Super capacitors are alternative to

traditional batteries due to their miniature size, high power density, long life cycle,
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high energy density, high efficiency, fast charging and discharging, wide operating
temperature, Safe and Light weight [44].

. Sensors

CNTs based sensors can detect temperature, air pressure, chemical gases (such as
carbon mono oxide, ammonia ), molecular pressure, strain, etc. The operation of
a CNT based sensor is primarily dependent on the generation of current/voltage.
The electric current is generated by the flow of free charged carries induced in any
material. This charge is typically modulated by the adsorption of a target on the
CNT surface [7]. In addition, the glucose sensing application, where regular self-
tests of glucose by diabetic patients are required to measure and control their sugar

levels [30].



Chapter 5

Characterization by Raman
Spectroscopy

5.1 History of Raman

The inelastic scattering of light is called the Raman effect in 1928 [15], commonly at-
tributed to sir C.V. Raman (1888-1970) an Indian scientist who was award the Nobel
prize in physics in 1930, for his work on the scattering of light and for the discovery of the
effect named after him. For sp? nanocarbons, Raman spectroscopy can give information
about crystalline size, clustering of the sp2 phase within a given sample, the presence of
sp® hybridization and chemical impurities, its mass density, optical energy gap, elastic
constants, doping, defects and other crystal disorder, edge structure, strain, the num-
ber of graphene layers, nanotube diameter, nanotube chirality and nanotube metallic vs.
semiconductor behavior. Another important area where much work has been done is on
disordered, amorphous and diamond-like carbons, as well as graphite and graphene edges

[46].

5.2 Simple instrumentation of Raman spectroscopy

Raman spectroscopy is a form of molecular spectroscopy that involves the scattering
of electromagnetic radiation by atoms or molecules. Thus, light as composed of parti-
cles(photons) are directed to wards a sample and collide. Instrumentation for modern
Raman spectroscopy consists of three components: A laser source, a sample illumination
system and a suitable spectrometer. The sources used in modern Raman spectrometry are

nearly always lasers because their high intensity is necessary to produce Raman scattering
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of sufficient intensity to be measured with a reasonable signal-to-noise ratio. In addition,
when a beam of light passes through a transparent sample of a chemical compound, a
small part of the light emerges in different directions. Most of these scattered light is
of unchanged wavelength. However a small part has wavelengths different from the in-
cident light, and its presence is a result of Raman effect [3]. In Raman spectroscopy,
vibrational modes are identified by measuring the energy of scattering photons generated

from a sample exposed to laser light(figure 5.1). The pattern of the Raman spectrum is

Figure 5.1: Operation of Raman spectroscopy the laser collide to the sample and the light
scattered and then converge to wards the Raman spectrometer, finally we see the graph
on the screen [47].

characteristic for every molecular spaces and the intensity is proportional to the number
of scattering molecules in the path of the light. Resonance peaks are also observed in the
spectrum which symbolize the presence of a particular specie type and the four dominant

feature are radial breathing mode, D-band, G-band or G'- band [12].
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5.3 Radial breathing mode (RBM), D-band, G-band,
and G’-band

The characteristic spectrum of SWCNTs includes three main zone. At low (100-250cm ™),
intermediate(300-1300cm ™), and high(1500-1600cm™") frequencies [12]. On the other
hand, for SWCNTSs the four primary features ; the radial breathing mode at 160-300cm ™!,
the D band at 1250-1450cm ™!, the G band at 1500-1605cm ™! and the G’ band at 2500-
2700cm =" appear in these intervals. Each feature relates to the different vibration modes

associated with the structure of CNTs [3].

e Radial breathing mode (RBM):- The RBM bands are unique to SWCNTs and
as their name suggests, corresponds to expansion and contraction of the tube. The
frequency of these bands can be correlated to the diameter of SWCNTs [12]. The
diameter of nanotubes, the presence of disorder in sp?>-hybridized carbon systems as
well as the effect of nanotube-nanotube interactions on the vibrational modes has
been assesses using Raman spectroscopy [48]. From the low frequency range if we

1

take two peaks apper at 156 and 185 ¢m™". These peaks can be assigned to the

RBMs corresponding to the thinnest inner tube of MWNTs . Using the formula.

(em™'nm)

d(nm) = 223.9 (5.3.1)

wr(em=1)
where d is diameter of the tube and w, is the frequency of RBMs. We can deter-
mine inner most diameter of MWCNTSs. Then the two RBMs at 156 and 185¢m ™!

corresponds to inner most diameter of 1.44 and 1.21 nm respectively [49].

e D-band or defect mode:- The D band originates from defects, which is a large
structure assign of residual-ill organized graphite [12]. The greater the relative

intensity, the more defects the CNTs possess [50].

e G-band:- The G band frequency related to tangential vibration of the carbon
atoms, which is used to determine the diameter of nanotubes, but the information
provided is less accurate than the RBM feature, and it gives information about the

metallic character of the SWCNTs in resonance with laser light. G-band Raman
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feature consists of two main components, one peak at 1590cm ™! (G7), it is indepen-
dent of the nanotube diameter. And another peak at ~1570cm ™! (G~) which could
distinguished SWCNT's, metallic or semiconducting and also measure the diameter,

when the G~ frequency decreases the diameter also decreases [50].

e (G'-band:- The G’ band is the second strongest after the G mode and the second
over tone of the defect induced D band. Determine the number of graphene layers.
In general the D Raman feature and G’ Raman feature of all sp? carbon materials

are posses similar properties [50].

Measuring disorder with band ratio

The quality of a sample has often been evaluated using the §—2 band intensities. The
intensity ratio is used to characterize the degree of formation of carbon materials. A
small % ratio, in the range of 0.1-0.2, indicates that the defect level in the atomic carbon
structure is low, and it means that corresponds to higher degree of CNTs, formation,
reasonable crystalline quality observed but the larger in §—2 ratio can be as indicator for
structural defects of CNTs [12]. The ratio of % graphite powder before arc- discharge
contains large amount of defect concentration to that of graphite powder as prepared
(CNT) [51]. Similar intensities of these bands has greater intensity band ratio this indicate
a very high structural defects in the CNTs. The ratio between D and G band and the

RBM and its relation to the diameter distribution are very important factors allowing one

to distinguish between three types of nanotubes with a single analysis [52].

5.4 The Experiment

For this project we used a sample of carbon nanotubes prepared by the arc discharge
method in which a d.c of 50-200A driven by 40V created a high temperature discharge
between the two electrodes that are mounted with graphite rods. Crystal purity and con-
centration was tested by the Raman spectroscopy technique recording at room temper-
ature using RENISHAW-Raman equipment operating with argon laser of one excitation

and 514nm.
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5.5 Results and discussion

The graphite powder pristen sample was annealed at 400°C for 30 minutes. The recorded
data of the Raman spectra is plotted as in figure ( 5.2), where the first D band is found
to be at about 1355¢m ™! and the second, G band at about 1578cm~!. The ratio of the
intensity of D peak to the G peak is 0.85. This result shows that there is a great defect
concentration, indicating the presence of large amount of impurity in the as prepared sam-
ple, corresponding to the lower degree of CN'T’s formation. The other peak representing
2705cm ™! the second order graphene or G’ peak. The graph also shows that there are D’
bands peaks including the presence of randomly distributed impurities on surface. The

remaining peaks demonstrate the presence of noise due to luck of experimental safety.
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Figure 5.2: Raman spectra for CNTs pristine (as prepared) sample, with out further
treatment by heating or acidic(reflexing).



Chapter 6

Summery and Conclusion

A better synthesis methods for higher yield, higher purity and low defects of produced
CNTs are main points of research which are pushed forward by the successful fields of
nanotechnology and nanoscience. Carbon nanotubes are clearly basic and interesting
allotropes of carbon materials exhibiting a variety of novel properties. Production, Pu-
rification, and characterization are the key issue of CNTs. In this project, the different
synthesis methods of CN'T's have been reviewed. The CNTs are prepared by three main
methods, arc discharge, laser vaporization and chemical vapor deposition methods. Many
investigations in to the properties of CNTs and their potential applications require pure
CNTs that contain no impurities. A number of purification methods have been developed
to purify the synthesized CNTs for their unique applications. SEM, TEM, AFM, XRD
and Raman spectroscopy are some of techniques used for characterization.

Raman spectroscopy is one of the most power full tool for characterization of CNTs. We
have used a data from Raman spectroscopy to plot a graph as in figure 5.2 to analyzes.
Accordingly to different peaks are observed indicating defects and graphite intensities,

and hence the pristine sample contain large amounts of impurity.



Bibliography

1]
2]
[3]

[4]

[12]

[13]

http://www.pa.msu.edu/cmp/csc/nttimeline.html.
V. N. Popov,Jou. Mat. Sci. and Eng. Rev. 43, 61(2004).
http://library.iyte.edu.tr /tezler /master /fizik /T000186.pdf)

S. Abdalla, F.Al-Marzouki, Ahmed A.Al-Ghamdi and A. Abdel-Daiem, J.
Nanoscal. Res. Lett. 10, 358(2015).

S. lijima, Nature 354, 56(1991).

A. Agel, Kholoud M. M, A. El-Nour, R. A.A. Ammar, A. Al-Warthan, J. Chem.
5, 1(2012).

B.K. Kaushik and Majumder, (2015), Carbon Nanotube Based VLSI Inter Con-

nects: Analysis and Design, Springer.
www.nanotechnology.de/ntforum/download /16-Buechner-Leibniz-IFW
https://www.researchgate.net /publication /7520206

J. Prasek, J. Drbohlavova, J. Chomoucka, J. Hubalek, O. Jasek, V. Adam and R.
Kizek, J. Mat. Chem. 21, 15872( 2011).

https://www.intechopen.com/...carbon-nanotubes.../fabrication-purification-and-

characte..
M. S. Dresselhaus, A.Jorio, A.G.Souza Filho, R.Saito, Phys. Rep. 409, 47(2005).

A. Eatemadi,H. Daraee, H. Karimkhanloo, M. Kouhi, N. Zarghami, A. Akbarzadeh,
M. Abasi, Y. Hanifehpour and S. Woo Joo, Res. lett. 9, 1(2014).



[14]
[15]

[16]

[17]
[18]
[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

28]
[29]

[30]

39

http://www.formatex.org/microscopy3/pdf/pp634-642
E. H. Falcao, and F. Wudi, J.Chem. Tech. Bio. 82, 24(2007).

H. W. Kortz, J. R. Heath, S.C. O. Brien, R.F. Crul and R.E. Smalley, Nature 318,
162(1985).

B. C. Yadav, R. Kumar, J. Na. Tech. and Appl. 21, 15(2008).
P. prabhakar, R. Bandaru, J. Sci. Tech. 7, 1(2007).
N. Salfuddin, A.Z. Raziah, and A.R. Junizah, J. Chem. 2013, 18(2013).

F. Hennrich, R. Krupke, S. Lebedkin, K. Arnold, R. Fischer, D. E. Resasco, and
M. M.Kappes,J. chem. 21, 10567(2005).

C. Thomsen, H. Telg, J. Maultzsch, and S. Reich, phys.stat. 240, 1802(2005).
M. Monthiouxs, Rev. Car. 44, 1621( 2006)

R. Hirlekar, Manohar Yamagar, Harshal Garse, Mohit Vij, Vilasrao Kadam, J.
Phar. and Cli. Res. 2, 974(2009).

J. Bernholc,1D. Brenner,2 M. Buongiorno Nardelli,1 V. Meunier,1 and C. Roland,
Rev. Mater. Res. 32, 347(2002).

A. Szabo, C. Perri, A. Csato, Giordano, D. Vuono and Janos B. Nagy, J. Mate. 3,
3092(2010).

H. Dal, Res. Chem. 35(12), 1035(2002).

Geo, T. Nikolaev, A. G. Tomanek, D. Colbert, D.T., Smalley, R. E. J. phys. chem.
99, 10694(1995).

M. Musadique, A. Refiques, J. Igbal, J.Ehe. and Ads. Sci. 1, 29(2011).
F. Farzaneh, N. Faal Hamedani, and V. Daadmehr, J. sci. 19, 119(2008).

K. Varshney, J.Inte. Engi. Res.and Gen. Sci. 2, 2091(2014)



[31]
[32]

33]

[34]
[35]
[36]
[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]

[47]

40

P. Mahalingam, B. Parasuram,T. Maiyalagan and S. Sundaram, Rev. 1(2012).
C. Amente, K. Dharamvir, Sci. Res. 3(3), 122(2015).

R. E. Medjo,(2003), Characterization of Carbon Nanotubes, Unvirasity of Douala,

Camaroon.

http://diposit.ub.edu/dspace/bitstream/2445/11142/1/

R. Kumar Sharma, B.Tlwarl, J. S. Tomar, J. Adva. Res. 2, 913(916).
https://web.wpi.edu/Pubs/ETD/Available/etd-042612-131725/... /EAnderson
A. Liljas, Act. Crys. 69, 10(2013).

www.springer.com/cda/content /document /cda.../9783642297601-c

M.C.Garcia-Gutierrez, A Nogales, J. J. Hernandez, D. R. Rueda, T. A. Ezquerra,
Rev. Opt. Pura. Apl. 40, 195(2007).

H. A. Allturaif, Z.A. Alothman, J. G. Shapter, and S. M. Wabaldur, Rev. mole.
19, 17329(2014).

F. Michael Loe Volder, Sameh H. Takufick, Ray H. Baugihman, A. John Hert,
Rev.Sci. 339, 534(2013).

S. Kumar Yadav, Neeraj Yadav ,Rev. [ji. 1, 2349(2014).

V. K. K Uppadhyayules, S. Deng, M. C. Mitchell, G. B. Smith, J. Scie. Tot.
Envi.408, 1(2009).

R. Saito, M. Hofmann, G. Dresselhaus, A. Jorio M. S. Dresselhaus, Adv. in Phys.
60(3), 413(2011).

D. A. C. Brownson, D. K. Kampouris, C. E. Banks, J. POw. Sour. 196 ,4873(2011).
Z. Husain Khan, M. Husain, J. Eng. Mat. Scie. 12, 529(2005).

http://www.foxnews.com/images /268784 /1-61-zawahri-ayman.jpg



41

[48] L. Bokobza and J.Zhang, Lett. eXP. Pol. 6, 601(2012).
[49] Y. Ando, X. Zhao, S. Inoue, S. lijima, J. Crys. 237, 1926(2002).

[50] G. Yun, L. Ling Yun, T. Ping Heng, L. Lu qi and Z. Zhong, Rev. Phys. Chem. 55,
3978(2010).

[51] C. Amente and K. Dharamvir, J. Nan. Sci. and Eng. 5, 17(2015).

[52] S. Costa, E. Borowiak-Palen, M. Kuszyrska, A. Bachmatiuk, R. J. Kalenczuk, Rev.
26(2), 433(2008).



DECLARATION

I hereby declare that this MSc dissertation is my work and has not been
presented for a degree in any other universities, and that all sources of
material used for the dissertation have been duly acknowledged.

Name: Seidu Muhiye

Signature:

This MSc dissertation has been submitted to for examination with my
approval as university advisor.

Name: Dr. Chernet Amente
Signature:

Place and date of submission:

Department of Physics
Addis Ababa University
September 15, 2017



