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ABSTRACT 

The nanowires possess unique electrical, electronic, thermoelectrical, optical, magnetic 

and chemical properties, which are different from that of their parent counterpart. The 

physical properties of nanowires are influenced by the morphology of the nanowires, 

diameter dependent band gap, carrier density of states etc. In this paper, we report the 

effect of gamma ray photons on the electrical resistance of 100, 200 and 800 nm Cu 

nanowires prepared by the technique of electrodeposition using track-etched membranes. 

These wires are highly Conductive and cheapest in cost. Copper nanowires can be used in 

flexible displays, solar cells, as a sensor and have applications in electronic devices as 

interconnects. The characterisation of Copper nanowires was done by X-Ray diffraction 

and I-V analysis. The crystalline size was obtained by Debye Scherer formula and average 

crystalline size of pristine Cu is 38 nm and after gamma irradiation is 37 nm with Fee 

structure. There is no major change was found in XRD pattern after irradiation. The 

electrical resistance is measured from I-V characteristics. The electrical resistance was 

found to be different for different diameters and electrical resistance decrease with 

increase in diameter. The electrical resistance of gamma irradiated Cu nanowires was 

found increase as compare with pristine Cu nanowires. Grain boundary scattering is of 

significance for the increase in (resistance) nature of the I-V characteristics (IVC) after 

gamma irradiation, which is of a linear pattern following Ohm's law. 



CHAPTER 1 

INTRODUCTION 

1.1. NANOSCIENCE AND NANOTECHNOLOGY 

Nanoscience and nanotechnology refer to the understanding and control of matter at 

the atomic, molecular or macromolecular levels, at the length scale of approximately 

1 to 100 nanometers, where unique phenomena enable novel applications[l]. 

Nanotechnology is a term used to cover the design, construction and utilization of 

ftinctional structure with at least one characteristic dimension measured in 

nanometres. Nanotechnology is one of the fastest growing new areas in science and 

engineering. The subject arises from the convergence of electronics, physics, 

chemistry, biology and material sciences to create new functional systems of 

nanoscale dimensions. The ability to fabricate structures with nanometric precision is 

of fundamental importance to any exploitation of nanotechnology. 

1.2. EMERGENCE OF NANOTECHNOLOGY 

The "first" scientific study of nanoparticles took place in 1831, when Michael 

Faraday investigated the red ruby colloids of gold and made public that the colour was 

due to the small size of metal particles. For over 2000 years gold and silver have been 

used in glassware usually as nanoparticles, where they have been frequently used as 

colourants for church windows (Erhardt, 2003). It was only in 1959 that Nobel 

laureate physicist Richard Feynman thought of using atoms and molecules for 

fabricating devices, though it was only later in 1974 that the term nanotechnology was 

derived. Norio Taniguchi, a researcher at the University of Tokyo, used the term 

nanotechnology while engineering the materials precisely at the nanometre level. [2] 

At MIT in 1977, as an outgrowth of studies of naturally-occurring molecular 

machines, Eric Drexler developed the essentials of the current concept of 

nanotechnology. These ideas were first presented in a scientific journal in 1981 and in 

first book on nanotechnology entitled "Engines of creation: The coming era of 

Nanotechnology" in 1986. He thought the first course on the subject at Stanford 

University in 1988. 



1.3 NANOMATERIALS 

Nanomaterials are a new step in the evolution of understanding and utilization of 

materials. Material science started with the realization that chemical composition is 

the main factor in determining what a material is. Nanomaterials are not simply 

another step in miniaturization, but a different area entirely the nanoworld lies 

midway between atomic and bulk scale (fig. 1.1). At the nonmaterial level, some 

material properties are affected by the laws of atomic physics, rather than behaving as 

traditional bulk materials, because in this range weak quantum confinement effects 

dominate.[3] 

Fig. 1.1 Nanomaterials 

1.3.1 CLASSIFICATION OF NANOMATERIALS 

Most current nanomaterials could be organized into four types:[4] 

1. CARBON BASED MATERIALS 

These nanomaterials are composed mostly of carbon, most commonly taking the form 

of a hollow spheres, ellipsoids, or tubes. Spherical and ellipsoidal carbon 

nanomaterials are referred to as fuUerenes, while cylindrical ones are called 

nanotubes. 

2. METAL BASED MATERIALS 
Theses nanomaterials include quantum dots, nanogolds, nanosilver and metal oxides, 

such as vanadium oxide, titanium oxide zinc oxide etc. A quantum dot is a closely 

packed semiconductor crystal comprised of hundreds or thousands of atoms, and 



whose size is of the order of few nanometres to a few hundred nanometres. Changing 

the size of quantum dots changes their optical properties. 

3. DENDRIMERS 

These nanomaterials are nanosized polymers built from branched units. The surface of 

a dendrimer has numerous chain ends, which can be tailored to perform specific 

chemical function. This property could also be useful for catalysis. 

4. COMPOSITES 

Composites combines nanoparticles or with other nanoparticles or with larger, bulk-

type materials. Nanoparticles such as nanosized clays, already being added to 

products ranging from auto parts to packaging materials, to enhance mechanical, 

thermal, and flame retardant properties.. 

1.4 NANOSTRUCTURE MATERIALS 

Nanostructured Materials are a new class of materials which provide one of the 

greatest potentials for improving performance and extended capabilities of products in 

a number of industrial sectors, including the aerospace, tooling, automotive, 

recording, cosmetics, electric motor, duplication, and refrigeration industries. 

Encompassed by this class of materials are multilayers, nanocrystalline materials and 

nanocomposites [5]. Their uniqueness is due partially to the very large percentage of 

atoms at interfaces and partially to quantum confinement effects. It was discovered 

that the fabrication and after fabrication steps could influence those properties. Also 

small additives proved to be able to modify these properties. Finally with the arrival 

of nanotechnology, it was discovered that the ability to create small particles could 

expand the capability to create and modify materials. 

1.4.1. CLASSIFICATION OF NANOSTRUCTURED MATERIALS: 

hi the past two decades, hundreds of novel NSMs have been obtained; therefore, the 

need in their classification is ripened. NSMs as a subject of nanotechnology are low 

dimensional materials comprising of building units of a submicron or nanoscale size 

at least in one direction and exhibiting size effects. The first classification idea of 



NSMs was given by Gleiter in 1995 and further was explained by Skorokhod in 2000. 

However, Gleiter and Skorokhod scheme was not fiiUy considered because of OD, ID, 

2D, and 3D structures such as fiillerenes, nanotubes, and nanoflowers were not taken 

into account. Therefore, Pokropivny and Skorokhod reported a modified classification 

scheme for NSMs, in which OD, ID, 2D and 3D NSMs are included. Herein we 

classified the NSMs based on the scheme of Pokropivny et al. Scheme.[6] 

(a). OD NANOSTRUCTURED MATERIALS (NSMS) 

A major feature that discriminates various t)'pes of nanostructures is their 

dimensionality. The word "nano" stems from the Greek word "nanos", which 

means dwarf. This word "nano" has been assigned to indicate the number 10"̂ , i.e., 

one billionth of any unit. In the past 10 years, significant progress has been made in 

the field of OD NSMs. A rich variety of physical and chemical methods have been 

developed for fabricating OD NMSs with well-controlled dimensions. Recently, OD 

NSMs such as uniform particles arrays (quantum dots), heterogeneous particles 

arrays, core-shell quantum dots, onions, hollow spheres and nanolenses have been 

synthesized by several research groups. Fig. 1.2 shows the images of OD NSMs. 

Moreover, OD NSMs, such as quantum dots has been extensively studied in light 

emitting diodes (LEDs), solar cells, single-electron transistors, and lasers. 

Fig.1.2 OD Nanomaterials (Nanoparticle arrays) 

(b). ID NANOSTRUCTURED MATERIALS (NSMS) 

In the last decade, ID NSMs have stimulated an increasing interest due to their 

importance in research and developments and have a wide range of potential 

applications. It is generally accepted that ID NSMs are ideal systems for exploring a 

large number of novel phenomena at the nanoscale and investigating the size and 



dimensionality dependence of flinctional properties. They are also expected to play an 

important role as both interconnects and the key units in fabricating electronic, 

optoelectronic, and EEDs with nanoscale dimensions. The field of ID NSMs such as 

nanotubes has attained a significant attention after the pioneering work by lijima. ID 

NSMs have a profound impact in nanoelectronics, nanodevices and systems, 

nanocomposite materials, alternative energy resources and national security. In 

Figl.3, we show the ID NSMs, such as nanowires and nanoribbons. 

Figl.3 ID Nanomaterials (Nanoribbons) 

(c). 2D NANOSTRUCTURED MATERIALS (NSMS) 

2D nanostructures have two dimensions outside of the nanometric size range. Li 

recent years, a synthesis 2D NSMs have become a focal area in materials research, 

owing to their many low dimensional characteristics different from the bulk 

properties. In the quest of 2D NSMs, considerable research attention has been focused 

over the past few years on the development of 2D NSMs. With certain geometries 2D 

NSMs exhibit unique shape-dependent characteristics and subsequent utilization as 

building blocks for the key components of nanodevices. In addition, a 2D NSMs are 

particularly interesting not only for basic understanding of the mechanism of 

nanostructure growth, but also for investigation and developing novel applications in 

sensors, photocatalysts, nanocontainers, nanoreactors, and templates for 2D structures 

of other materials. In Figl.4 the 2D NSM, nanoplates are shown. 



Fig. 1.4 2D Nanomaterial (Nanoplates) 

(d). 3D NANOSTRUCTURED MATERIALS (NSMS) 

Owing to the large specific surface area and other superior properties over their bulk 

counterparts arising from quantum size effect, 3D NSMs (fig 1.5) have attracted 

considerable research interest and many 3D NSMs have been synthesized in the past 

10 years. It is well known that the behaviours of NSMs strongly depend on the sizes, 

shapes, dimensionality and morphologies, which are thus the key factors to their 

ultimate performance and applications. Therefore it is of great interest to synthesize 

3D NSMs with a controlled structure and morphology. In addition, 3D nanostructures 

are-an important material due to its wide range of applications in the area of catalysis, 

magnetic material and electrode material for batteries. Moreover, the 3D NSMs have 

recently attracted intensive research interests because the nanostructures have higher 

surface area and supply enough absorption sites for all involved molecules in a small 

space. On the other hand, such materials with porosity in three dimensions could lead 

to a better transport of the molecules.fig 1.5 shows a 3D NMS. 

Fig.1.5 3D Nanostructure material (Nanopillers) 



1.5 NANOFABRICATION 

Nanofabrication involves various lithographies to write extremely small structures. 

Nanotechnology involves the precise manipulation and control of atoms and 

molecules to create novel structures with unique properties. This influential 

technology requires detailed understanding of physical processes, across a range of 

disciplines, at the scale of one billionth of a metre. The goal is to produce new 

materials, devices and systems tailored to meet the needs of a growing range of 

commercial, scientific, and engineering applications - opening new markets and 

giving dramatic benefits in product performance. Global activity in nanotechnology is 

growing rapidly, which, driven by strong interest and investment from the commercial 

and public worlds, is expected to play a strong and critical role in the future. 

As devices become smaller and faster, properties change due to size and limits 

are foimd. For example, the capacitance and carrier mobility of silicone limits it 

speed. Materials and devices at the atomic or molecular scale are fabricated using two 

approaches. 

1. Bottom-up 

2. Top-down 

In top down technique take a bulk material and modify it into desired product. This 

often but not always involves wastage of some material. Bottom-up techniques build 

something from more basic materials. The miniaturization of components for the 

construction of useful devices and machines has been and still is pursued by the top-

down approach. Fig 1.6 shows the schematic representation of bottom up and Top 

down approaches of fabrication nanofabrication techniques. 
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Fig.1.6: Schematic representation of the 'bottom-up' and 'top-down' approaches 
of nano materials. 

1.6 INTERACTION OF RADIATION WITH MATTERS: 

Radiation is energy in the form of waves or streams of particles. There are many kinds 

of radiation all around us. When people hear the word radiation, they often think of 

atomic energy, nuclear power and radioactivity, but radiation has many other forms. 

Sound and visible light are familiar forms of radiation; other types include ultraviolet 

radiation (that produces a suntan), infrared radiation (a form of heat energy), and 

radio and television signals. 



Fig.1.7 Photoelectric absorption 

When a beam of radiation of any kind penetrates matter some of the radiation may be 

absorbed completely, some may be scattered and some may pass straight through 

without any interaction at all. The processes of absorption and scattering can be 

described and explained in terms of interactions between particles. Particles in the 

beam of radiation strike particles in the material and are either stopped or scattered. 

The process is shown in fig. 1.7. 

Types of radiation are direct ionizing radiation and indirect ionizing radiation (fig 

1.8). The flows of charged particles, such as alpha particles, beta particles, electrons, 

are phenomena of direct ionizing radiation, because though coulomb interaction with 

matter it directly causes ionization and excitation of atoms. Indirect ionizing radiation 

(neutrons, y-quantums) is radiation of particles or photons, which have no charge and 

during interaction with matter can transfer energy to charged particles, nuclei and 

atom electrons due to electromagnetic or nuclear interaction. 

u « 
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Fig.1.8 Interaction of ionizing atom with matter 
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1.6.1. ALPHA PARTICLES 

Because alpha particles are comparatively heavy and have a charge, they react 

strongly with matter, producing large numbers of ions per unit length of their path. As 

a result, they are not very penetrating. For example, 5 MeV alpha particles will only 

travel about 3.6 cm in air and will not penetrate an ordinary piece of paper. For the 

other materials the average travel distance with respect to air is approximately 

inversely proportional to the respective densities of each material. 5 MeV alpha 

particles will only travel about 4 ^m in mammal tissue. 

Alpha particles can interact with either nuclei or orbital electrons in any 

absorbing medium such as air, water, tissue or metal. An alpha passing in the vicinity 

of nucleus may be deflected with no change in energy (Rutherford scattering), 

deflected with small change in energy or absorbed by nucleus, causing nuclear 

transformation (this process is negligible for alphas). 

1.6.2 BETA PARTICLES 

Beta particles can interact with electrons as well as nuclei in the medium through 

which they are travelling. Beta particles passing near nucleus will be deflected by the 

coulomb forces and losses of the beta particles kinetic energy may or may not 

(Rutherford scattering) occur. 

The interactions of beta particles with orbital electrons are most important. 

Coulomb repulsion between beta particles and electrons frequently results in 

ionization. In the ionization process, the beta particles lose an amount of energy equal 

to the kinetic energy of the electron plus the energy used to free it from the atom. A 

beta particle may produce 50 to 150 ion pairs per centimetre of air before its kinetic 

energy is completely dissipated. The characteristic X-rays are emitted, when the 

vacant internal electron orbits are refilled with other electrons. Beta particles also 

cause excitation of external orbital electrons, which in turn leads to the emission of 

ultraviolet photons 

1.6.3 X-RAY AND GAMMA RAY 

The interaction of photons (y-quantums) with matter involves several distinct 

processes. The relative importance and efficiency of each process is strongly 

11 



dependent upon the energy of the photons and upon the density and atomic number of 

the absorbing medium. We shall first consider the general case of photon attenuation 

and then discuss some of the important processes separately. 

1. RAYLEIGH SCATTERING 

When a photon interacts with atom, it may or may not impart some energy to it. The 

photon may be deflected with no energy transfer. This process is called Rayleigh 

scattering and is most probable for very low-energy photons. 

2. COMPTON EFFECT 

The Compton Effect (fig 1.9) is usually the predominant type of interaction for 

medium energy photons (0.3 to 3 MeV). In this process the photon interacts with an 

atomic electron sufficiently to eject it from orbit, the photon retains a portion of its 

original energy and continues moving in a new direction. Thus, the Compton effect 

has an absorption component and scattering component. The amount of energy lost by 

the photon can be related to the angle at which the scattered photon travels relative to 

the original direction of travel. 

Atom 

Scattered 
photoa 

Incideat Weddybomd «. 
photon ^1^^°" ^*. 

H^itron 
Before After 

Fig 1.9 Compton scattering by a weakly bound electron 

The scattered photon will interact again, but since its energy has decreased, it 

becomes more probable that it will enter into a photoelectric or Rayleigh interaction. 

, The free electron produced by the Compton process may be quite energetic and 

12 



behave like a beta particle of similar energy, producing secondary ionization and 

excitation before coming to rest. 

3. PHOTOELECTRIC ABSORPTION 

The most probable fate of a photon having energy slightly higher than the binding 

energy of atomic electrons is photoelectric absorption. In this process, the photon 

transfers all of its energy to the electron and its own existence terminates. The 

electron will escape its orbit with a kinetic energy equal to the difference between the 

photon energy and its own binding energy. Photoelectric absorption is most important 

for photons below 0.1 MeV if the absorbing medium is water or biological tissue. 

However, in high Z (atomic mass number) materials such as lead, this process is 

relatively important for photons up to about 1 MeV. 

As with ionization produced by any process, secondary radiation are initiated, in 

this case, by the photoelectron which may have sufficient energy to produce 

additional ionization and excitation of orbital electrons. Also, filling of the electron 

vacancy left by the photoelectron results in characteristic X-rays. 

4. PAIR PRODUCTION 

Photons with energy greater than 1.024 MeV, under the influence of the 

electromagnetic field of a nucleus, may be converted into electron and positron. At 

least 1.024 MeV of photons energy are required for pair production, because the 

energy equivalent of the rest mass of the electron and positron is 0.51 MeV each. Pair 

production is not very probable, however, until the photon energy exceeds about 5 

MeV. The available kinetic energy to be shared by the electron and the positron is the 

photon energy minus 1.02 MeV, or that energy needed to create the pair. The 

probability of pair production increases with Z of the absorber and with the photon 

energy. Fig 1.10 shows the pair production. 

Fig. 1.10 Pair production 
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5. NEUTRONS 

The neutrons interact with atoms due to electromagnetic and nuclear forces. The neutrons 

affect living matter by the process of moderation. A high-energy neutron encountering 

biological material is apt to collide with a proton with sufficient force to dislodge the 

proton from the molecule, which held it. The proton (normally called the "recoil proton") 

may then have sufficient energy to travel some distance in the tissue causing secondary 

damage through ionization and excitation of molecules along its path. 

1.7 NANOWIRES 

Nanowires are especially attractive for nanoscience studies as well as for 

nanotechnology applications. Nanowires, compared to other low dimensional 

systems, have two quantum confined directions while still leaving one unconfmed 

direction for electrical conduction. This allows them to be used in applications which 

require electrical conduction, rather than turmelling transport. Because of their unique 

density of electronic states, nanowires in the limit of small diameters are expected to 

exhibit significantly different optical, electrical, and magnetic properties from their 

bulk 3-D crystalline counterparts. Increased surface area, very high density of 

electronic states and joint density of states, enhanced exciton binding energy, 

diameter-dependent bandgap, and increased surface scattering for electrons and 

phonons are just some of the ways in which nanowires differ fi-om their corresponding 

bulk materials. [7] Yet the sizes of nanowires are typically large enough (> 1 nm in 

the quantum confined direction) to have local crystal structures closely related to their 

parent materials, thereby allowing theoretical predictions about their properties to be 

made on the basis of an extensive literature relevant to their bulk properties. Not only 

do nanowires exhibit many properties that are similar to, and others that are distinctly 

different from those of their bulk counterparts, nanowires have the advantage fi^om an 

applications standpoint in that some of the materials parameters critical for certain 

properties can be independently controlled in nanowires but not in their bulk 

counterparts. Certain properties can also be enhanced nonlinearly in small diameter 

nanowires by exploiting the singular aspects of the 1-D electronic density of states. 

Furthermore, nanowires have been shown to provide a promising iramework for 

applying the "bottom-up" approach for the design of nanostructures for nanoscience 
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investigations and for potential nanotechnology applications. Driven by: these new 

research and development opportunities, the smaller and smaller length scales now 

being used in the semiconductor, opto-electronics, and magnetics industries, and the 

dramatic development of the biotechnology industry where the action is also at the 

nanoscale, the nanowire research field has developed with exceptional speed in the 

last few years. A review of the current status of nanowire research is therefore of 

significant broad interest at the present time. This review aims to focus on nanowire 

properties that differ from those of their parent crystalline bulk materials, with an eye 

toward possible applications that might emerge from the unique properties of 

nanowires and from fixture discoveries in these field .Many methods have been 

developed for the fabrication of nanowires. Among these methods, template synthesis 

is considered as quite usefiil, because it can be used for the preparation of different 

types of nanostructures. Because of the potential applications in the microelectronics 

industry and, in particular, for interconnection in electronic circuits. This template 

method is quite efficient in achieving controlled growth of nanowires: the physical 

shape, magnitude and orientation of the produced structures are precisely defined by 

the template. It allows the synthesis of simple and complex multisegmented 

nanowires and coaxial nanowires structures. The interesting properties of nanowires 

hold lot of promises for applications in the fields of electronics, optics, magnetic 

medium, thermo electronic, sensor devices etc. [21] 

1.8 REVIEW OF LITRATURE 

hi 2005 Bansal et al. found one of the important attributes Of nanowires is their 

potentially high mechanical strength. Nanoindentation is the most realistic tools at 

the present time to determine the mechanical properties of nanowires. The load 

displacement behaviour during nanoindentation of electrodeposited single crystal 

and 500 nm diameter polycrystalline copper nanowires was performed and the 

results are reported in this paper. The behaviour has also been compared with that of 

bulk nanocrystalline and annealed copper. [24] 

T.L. Wade at el .2005 present an overview of template synthesis as it applies to our 

nanomaterial research. This bottom-up approach is motivated by our desire to find an 

alternative to the big, top-down approaches to nanoscience, such as clean-rooms and 

X-ray lithography. Using universally available templates and materials, and very 

modest synthesis techniques, we have created a variety of interesting and useftil 
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structures. Starting with homogeneous ferromagnetic nanowires, we were able to 

study and manipulate spin-dependent transport.[25] 

Wei Lu et al. in 2006 introduce a general scheme based on a metal-cluster catalyzed 

vapour-liquid-solid growth mechanism for the synthesis of a broad range of NWs 

and nanowire heterostructures with precisely controlled chemical composition and 

physical dimension. Such controlled growth in turn results in controlled electrical 

and optical properties. Subsequently, he discuss novel properties associated with 

these one-dimensional (ID) structures such as discrete ID sub bands formation and 

Coulomb blockade effects as well as ballistic transport and many-body phenomena. 

Room-temperature high-performance electrical and optical devices will then be 

discussed at the single- or few-nanowire level. He will explore methods to assemble 

and integrate NWs into large-scale functional circuits and real-world applications, 

examples including high-performance DC/RF circuits and flexible electronics. 

Prospects of a fundamentally different 'bottom-up' paradigm, in which functionalities 

are coded during growth and circuits are formed via self-assembly, will also be 

briefly discussed. [26] 

Rosalinda Inguanta et al. in 2008 describe a novel method for the fabrication of a 

regular and uniform array of Cu nanowires into anodic alumina membranes. It is 

based on galvanic contact between the metal sputtered film covering the bottom of 

template and a less noble metal. The growth rate was estimated as function of the 

immersion time. Nanowires with aspect ratio from 12 to 286 were obtained by 

adjusting the deposition time. Copper nanowires were found to be polycrystalline 

with an average crystalline size of about 40 nm. This procedure can be applied for 

the preparation of a wide range of metallic nanostructures and it can be easily scaled 

up for industrial processing. [27] 

Y Zhou et al. 2008 have studied the electronic properties and the band structure of 

copper nanowires for various diameters using first principles density methods and a 

super cell approach. The resistance of Copper nanowires were computed on the basis 

of the Landaures Formalism and compared with those obtained from an empirical 

approach. The fundamental resistance of small Cu nanowires are found to be larger 

than predicted by Ohm' law . In parallel he has computed the fundamental resistance 

for bundles of single wall carbon nanotubes and compare with that of a single Cu 

wire of similar diameter. [28] 
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Hurang Hu et a/ 2010 presents a critical review of the current work of experiment, 

theory of micro-nanomechanics, and numerical analysis on characterizing 

mechanical properties of nanocomposites. First, the classifications of nanomaterials 

are presented. Then nanoindentation testing and the corresponding finite element 

modeling are discussed, followed by analytical modeling stiffness of 

nanocomposites. These micromechanics models predict stiffness of nanocomposites 

with both aligned and randomly oriented fibers. The emphasis is on numerical 

modeling includes molecular dynamics modelling and finite element modeling. 

Three different approaches are discussed in finite element modeling, i.e. multiscale 

representative volume element (RVE) modeling, unit cell modeling, and object-

oriented modeling. Finally, the mechanism of nanocomposite mechanical property 

enhancement and the ways to improve stiffness and fi-acture toughness for 

nanocomposites are discussed. [29] 

In 2011 Yao et al. utilised electromechanical deposition with assistance of porous 

alumina as a fabrication template is developed to directly grow the metallic 

nanowires on different substrate. To emphasise the nanowire application in boiling 

enhancement, Cu nanowires has been successfiiUy fabricated on Si, Au And Cu 

substrate with improved thermal properties and mechanical reliability. Several 

process parameters to control the Cu nanowire growth have been discussed. [30] 
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CHAPTER 2 

SYNTHESIS 

There are two key methods for the synthesis of nanowires, viz; dry processes and wet 

processes. The dry processes includes the methods such as chemical vapour 

deposition (CVD), physical vapour deposition (PVD), pulse laser deposition (PLD), 

metal organic chemical vapour deposition (MOCVD), and molecular beam epitaxy 

(MBE) [8-13]. The wet processes comprise sol gel, hydrothermal, chemical bath 

deposition (CBD) and electrodeposition method. Among all these methods, 

electrodeposition method has several advantages such as low cost, envirormiental 

friendly, high growth rate at relatively low temperatures and easy control of shape and 

size [14]. This template method is quite efficient in achieving controlled growth of 

nanowires. Schematic diagram of template synthesis, as employed in this work for 

creating nano/micro structure in polycarbonate membrane, is illustrated in fig 2.1. In 

the first step, the polymeric template membrane is created by heavy ion irradiation. 

Latent ion track is formed by chemical etching. A conducting layer is then applied on 

one side of membrane which provides a stable substrate for the growth of structure 

also serve as a cathode during the electrochemical filling of pores. The deposition 

process can be stopped during the growth of structure in the pores forming 

nanowires: the physical shape, magnitude and orientation of the produced structures 

are precisely defined by the template. It allows the synthesis of simple and complex 

multisegmented nanowires and coaxial nanowires structures. The electrodeposition 

depends on the small but valuable factors, such as, surface characteristics of template, 

electrode substrate, pH value, mechanical agitation, temperature, etc. The 

morphology of the fabricated material depends on the pores morphology and 

dimensions. 
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Fig.2.1 Schematic diagram of Template synthesis 

2.1 TEMPLATES 

Several methods for preparing nanomaterials have been developed, ranging from 

milling techniques to chemical and lithographic methods. Their main weakness is, 

however, attributed to the poor control of final morphology of the produced 

nanostructures although some specific properties (for example, the enhanced 

electronic conductivities) are exhibited only with enhanced molecular and 

supermolecular order [15]. A method termed "template synthesis" entails the 

preparation of a variety of micro- and nanomaterials of a desired morphology and, 

therefore, provides a route for enhancing nanostructure order. In the broadest sense, a 

template may be defined as a central structure within which a network forms in such a 

way that removal of the template creates a filled cavity with morphological and stereo 

chemical features related to those of the template. Various porous "templates" are 

employed and the nanostructures are synthesized within the pores. If the templates 

that are used have cylindrical pores of vmiform diameter, monodisperse nanocylinders 

of the desired material are obtained within the voids of the template material. 
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Depending on the operating parameters, these nanocylinders may be soHd (a nanorod) 

or hollow (a nanotubule). The nanostructures can remain inside the pores of the 

templates or they can be freed and collected as an ensemble of free nanoparticles. 

Alternatively, they can protrude from the surface like the bristles of a brush.. For the 

pore or chaimel size, morphology, size distribution and density of pores template 

synthesis most require certain requirements: 

• Template material must be compatible with processing condition. 

• Deposit materials or solution must wet the internal pores wall 

• For the synthesis of nanowires or nanorodes, the deposition should start 

from the bottom or one end of the template channels and proceed from one 

side to another. 

Various templates of nanosized channel have been explored for the template growth 

of nanostructured materials. The most commonly used and commercially available 

templates are anodized alumina membranes, ion track-etched mica glass 

polymembrane. The role of the template is two fold. First, it allows the reproduction 

of the structure with the best possible reproducibility and plays the role of a skeleton 

in order to organize the different ftinctions of a device, the active components and the 

different interfaces. Second, it is used to link the structure to the macroscopic word, 

i.e. the contacts. In the scheme of template synthesis it is possible to identify three 

different steps: (1) the creation of the building blocks, (2) the assembly of the 

building blocks into a fiinctional architecture within the template, and (3) the 

fabrication and control of the contact to the macroscopic world. The first and second 

steps coincide for metallic nanowires or semiconductors and are made by 

electrodeposition. A widely used approach to template synthesis is based on use of 

various templates, which includes positive or negative template. Fabrication of 

nanowires is depends upon templates used. There are a number of templates available 

in market [21]. 

• Positive template 

• Negative template 

Surface step template • 
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2.1.1 POSITIVE TEMPLATE METHODS-

The positive template method uses wire like nanostructure, such as DNA and carbon 

nanotubes as template and nanowires are fond on the outer surface of the templates. 

Unlike negative templates, the diameters of the nanowires are not restricted by 

template size and can be controlled by adjusting the amount of materials depositing 

on the templates. By removing the templates after deposition, wire like and tube like 

structure can be formed. 

(A) CARBON NANOTUBE TEMPLATE: 

Carbon nanostructures, nanotubes and nanofibers, the smallest organized form of 

carbon, have received an increasing scientific interest, from a fundamental point of 

view as well as for their physical properties, and for several of their potential 

applications ranging from living matter structure manipulation to nanometre-sized 

computer circuits and, all this since their discovery at the beginning of the last decade 

by lijima as a by-product in the arc-discharge Synthesis.[16] The inner diameter of 

the multi-walled carbon nanotubes (MWNTs) can vary from few nanometres to 

several dozens depending on the nature of the synthesis method, i.e. arc discharge, 

laser ablation or chemical vapour deposition. Both the single-walled carbon 

nanotubes (SWNTs) and the MWNTs exhibit an extremely high aspect ratio (length-

to diameter ratio) ranging from 30 to more than many thousands [17]. A method was 

demonstrated to fabricate the Au nanowires by using carbon nanotubes as positive 

templates. The first step is to self assemble Au nanocrystals carbon nanotubes. After 

thermal treatment, the nanocrystal assemblies are transformed into continuous 

polycrystalline Au nanowires over many micro ampere Carbon nanotubes are also 

been used as templates to fabricate Mo-Ge superconducting nanowires. Metal 

nanoparticles are generated by highly selective electroless deposition on single wall 

carbon nanotubes. This is different from the traditional electroless deposition because 

no reducing agent or catalyst is required. 

(B) DNA TEIMPLATE: 
DNA is another excellent choice as a template to fabricate nanowires because its 

diameter is 2nm and its length and sequence can be precisely controlled, Ritcher et 

al.2000reported a two step electroless process deposition process to fabricate Pd 

nanowires sing DNA as a templates. The first step is to treat DNA in a Pd acetate 
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solution. The second step is add reducing agent, dimethylamineborane, which 

reduces Pd ions into Pd along the DNA chains. If the reducing time is short it leads to 

individual isolated Pd cluster with a diameter of 3-5 mm. 

(C) POLYMER TEMPLATE: 

Polymer chains are another templates used for the fabrication of nanowires. Many 

nanowires fabrication technique are used polymer as a template base. Since these 

polymers are thinner than DNA, so by these polymer templates, it is possible to 

fabricate thinner nanowires 

2.1.2 NEGATIVE TEMPLATE METHOD: 

Negative template methods are prefabricated technique for the fabrication of 

nanopores in a solid material as template. By depositing metals into the nanopores, 

nanowires with a diameter predetermined by diameter of the nanopores are fabricated 

There are several ways to fillthe nanopores with the nanopores with the metals or 

other materials to form nanowires, but electrochemical method is is general and 

versatile method. There are two negative template methods: 

• Ion track-etched membranes 

• Anodized aluminium 

(a) ION TRACK-ETCHED MEMBRANES: 

A membrane is a thin, porous film (polymeric, metal, paper, etc.) through which a 

fluid (liquid, gas) is filtered in order to carry out a separation. Types of filtration are 

subdivided according to the size of the particles or technology used. Track-etching 

technology is based on the irradiation of polymer materials with energetic heavy ions 

leading to the formation of linear damaged tracks across the irradiated polymeric layer 

or film. These tracks are then revealed into pores using a well-chosen wet chemical 

etching. [18] 

The morphological study of such structures produced through electrochemical 

methods and of replicas of etched tracks in nuclear track filters (NTFs) used as 

templates, has a two-fold purpose. 
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One, it provides the finest and critical details of the geometry and dimensions of 

micro structural constituent elements and the second, as a by-product it enables the 

study of various aspects of interaction of a nuclear particle with the given material 

leading to formation of tracks in NTF Track-etching technology is used 

to manufacture porous polymer membranes with randomly distributed cylindrical 

pores which are also characterised by a smooth flat surface and a sharp cut-off [19]. 

Track etching technology is shown in fig 2.2.Track membrane is made of polymeric 

films with the solidity 12-23 micron by means of bombarding it with high-energy ions 

that pierce the film all the way through. Destruction material channels (tracks) are 

created at the spaces of separate ions. This material is different from the unpierced 

one with its physical and chemical properties. Strongly equal through holes of 

cylindrical shape form in position of the tracks when etching the film processed with 

ions in the alkaline solution. Diameter of these holes may vary in the range from 2 to 

3 nm depending on the conditions of etching. A particle accelerator is used for the 

mass-production of track membranes. The main difference between the track 

membranes and other types of membranes is the high selectivity of the first ones (all 

single pores have the same exact diameter with maximum 5% diffractions). That is 

why depending on the functional purpose (filtration of mechanical admixtures, 

bacterial or virus substances, etc.) the corresponding rating of the track membrane can 

be chosen, which would be optimal for the certain process of microfiltration. hi this 

process pores are randomly distributed in the mica film but with a rather uniform 

diameter along their entire length. The diameter of the pores can be controlled by 

etching time. The ion track method has been applied to create nanopores in plastic 

membranes such as polycarbonate and polyester. 
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Fig.2.2 Ion track-etched procedure 

(b) Anodic porous alumina: 

Anodic porous alumina is another commonly used negative template. The nanopores 

are in the template. The nanopores in the template are formed by anodizing 

aluminium films in an acidic electrolyte. The individual nanopores in the alumina can 

be ordered into a close-packed honeycomb structure. The diameter of each pore and 

the separation between two adjacent pores can be controlled by changing the 

anodizing conditions. The fabrication method of anodic porous alumina can be traced 

back to the work done in the 1950' s which involves a one step anodization process 

[20]. 
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2.1.3 SURFACE STEP EDGE TEMPLATE: 

Atomic-scale step edge on a crystal surface can be used as template to grow 

nanowires. The method takes the advantage of the fact that deposition of many 

materials on a surface often start a preferentially at defect sites such a surface step 

edges. For the reason, the method is sometimes called "step edge decoration". [23] 

Metal nanowires could be oriented by selectively electrodepositing conductive metal 

oxide at the step edge of HOPG, followed by reduction of metal nanowires. The 

nanowires can be removed from the HOPG surface. This strategy is known as 

electrochemical step edge decoration. It involves the electrodiposition of metal oxide 

nanowires at graphite step edge as a precursor and the subsequent reduction of the 

"precursor "in hydrogen leads to metal nanowires. 
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Fig.2.3 Surface step edge template 
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2.2 TEMPLATE SYNTHETIC TECHNIQUE 

Template -based growth is a versatile method of synthesis of metallic and 

semiconductor nanowires. In template-assisted synthesis of nanostructures the 

chemical stability and mechanical properties of the template, as wellas the diameter, 

uniformity and density of the pores are important characteristics ton consider by using 

a sitable chemical pathway nearly any material can be synthesized within the 

nanoporos membranes. Here structure is produced through the use, of replication in 

which desired material can be deposited within the pores of the template membrane 

either by electrochemical or by electrodeposition. 

2.2.1 ELECTROLESS DEPOSITION 

Electroless plating is the formation of a metallic coating on a metallic or nonmetallic 

surface by means of a chemical reaction between metal ions and a reducing agent in 

an aqueous solution. Also called autocatatalytic plating, the process is useful for 

improving the properties of metallic substrates and providing conductivity to 

noimietalic ones. Although it is more costly than more commonly used electrolytic 

plating, electroless deposits are able to provide functional properties not obtained in 

any other maimer, such as wear and corrosion resistance as well as uniformity of 

deposition. A broad range of industry utilizes electroless technology including 

automotive parts, computer hard drives and electronic circuit boards and components. 

Electroless method is actually a chemical deposition process and involves the use of a 

chemical agent to coat a material on to the template surface. The significant difference 

between electrodeposition and electroless deposition is that in electrodeposition the 

deposition begins at the bottom electrode and the deposition starts from thebottom and 

the deposited materials must be conductive. The electrless deposition process does not 

require the deposited materials to be electrically conductive and the depositionstats 

from the pore wall and proceeds inwardly. Therefore, in general electrodeposition 

results in the formation of "solid" nanowires of conductive materials, whereas the 

electroless deposition often grows nanowires or nanotubes 
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2.2.2 SOL-GEL DEPOSITION: 

The sol-gel process (fig.2.4) is a method for producing solid materials from small 

molecules. The method is used for the fabrication of metal oxides, especially the 

oxides of silicon and titanium. The process involves conversion of monomers into a 

colloidal solution (sol) that acts as the precursor for an integrated network (or gel) of 

either discrete particles or network polymers. A sol is a dispersion of the solid 

particles (~ 0.1-1 |j,m) in a liquid where only the Brownian motions suspend the 

particles. A gel is a state where both liquid and solid are dispersed in each other, 

which presents a solid network containing liquid components. The sol-gel coating 

process usually consists of 4 steps: 

• The desired colloidal particles once dispersed in a liquid to form a sol. 

• The deposition of sol solution produces the coatings on the substrates by spraying, 

dipping or spinning. 

• The particles in sol are polymerized through the removal of the stabilizing 

components and produce a gel in a state of a continuous network. 

• The final heat treatments pyrolyze the remaining organic or inorganic components 

and form an amorphous or crystalline coating. 
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In solgel chemistry, molecular precursors are converted to nanometer-sized particles, 

to form a colloidal suspension, or sol. Adding epoxide to the sol produces a gel 

network. The gel can be processed by various drying methods (shown by the arrows) 

to develop materials with distinct properties. We have recently conducted various sol-

gel synthesis within pores of the alumina membranes to create oth tubes and fibres. 

2.2.3 CHEMICAL VAPOUR DEPOSITION: 

Chemical vapour deposition or CVD is a generic name for a group of processes that 

involve depositing a solid material from a gaseous phase and is similar in some 

respects to physical vapour deposition (PVD).PVD differs in that the precursors are 

solid, with the material to be deposited being vaporised from a solid target and 

deposited onto the substrate. Precursor gases (often diluted in carrier gases) are 

delivered into the reaction chamber at approximately ambient temperatures. As they 

pass over or come into contact with a heated substrate, they react or decompose 

forming a solid phase which and are deposited onto the substrate. The substrate 

temperature is critical and can influence what reactions will take place. CVD coatings 

are typically: 

• Fine grained 

• Impervious 

• High purity 

• Harder than similar materials produced using conventional ceramic fabrication 
processes rates, usually of the order of a few hundred microns per hour. 

There are two template based chemical vapour deposition (CVD) synthesis. The first 

involves the CVD of carbon within the pores of alumina membrane. In placing an 

alumina membrane in high temperature furnace (700*̂ c) and passing a gas such as 

ethane or propane through the membrane. Thermal decomposition of gas occurs 

throughout the pores resulting in deposition of carbon films along the length of CVD 

coatings are usually only a few microns thick and are generally deposited at fairly 

slow the pore wall. 
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2.2.4 ELECTRODEPOSITION PROCESS 

Electroplating is often also called "electrodeposition", a short version of "electrolytic 

deposition", and the two terms are used interchangeably. As a matter of fact, 

"electroplating" can be considered to occur by the process of electrodeposition. It's a 

process using electrical current to reduce cations of a desired material fi'om a solution 

and coat that material as a thin film onto a conductive substrate surface. Figure 2.5 

shows a simple electroplating system for the deposition of copper fi-om copper 

sulphate solution. 
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Fig 2.5 Principle of electroplating 

(a) ELECTROCHEMISTRY FUNDAMENTALS 

When a direct electric current passes through an electrolyte, chemical reactions take 

place at the contacts between the circuit and the solution. This process is called 

electrolysis. Electrolysis takes place in an electrolytic cell. Electroplating is one 

specific type of electrolysis. Besides electroplating, electrolysis has also been widely 

used for preparation of halogens and notably chlorine, and refining of metals, such as 

copper and zinc. Understanding the electrochemical principles of electrodeposition is 

29 



essential to the development of electroplating technologies. Some basic concepts are 

presented below. 

(b) OXIDATION/REDUCTION 

In a wider sense, all electron-transfer reactions are considered oxidation equal to 

reduction. The substance gaining electrons (oxidizing agent, or oxidant) oxidizes the 

substance that is losing electrons (reducing agent, or reductant). In the process, the 

oxidizing agent is itself reduced by the reducing agent. Consequently, the reduction 

process is sometimes called electronation, and the oxidation process is called "de-

electronation." Because a cathode is attached to the negative pole of the electric 

source, it supplies electrons to the electrolyte. On the contrary, an anode is cormected 

to the positive pole of the electric source; therefore, it accepts electrons from the 

electrolyte. Various reactions take place at the electrodes during electrolysis. In 

general, reduction takes place at the cathode, and oxidation takes place at the anode. 

(c) ANODE AND CATHODE REACTIONS 

Electrodeposition or electrochemical deposition (of metals or alloys) involves the 

reduction of metal- ions from electrolytes. At the cathode, electrons are supplied to 

cations, which migrate to the anode. In its simplest form, the reaction in aqueous 

medium at the cathode follows the equation: 

M"^ + ne ' • M 

With a corresponding anode reaction. At the anode, electrons are supplied to the 

anion the anode. The anode material can be either a sacrificial anode or an 

inert anode. For the sacrificial anode, the anode reaction is: 

M • M"^ + ne" 

In this case, the electrode reaction is electro dissolution that continuously supplies the 
metal ions. 
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(d) ADVANTAGE OF ELECTRODEPOSITION PROCESS: 

Electrodeposition is capable of producing high-quality materials for electronic device 

applications. Electrodeposition is a low- cost and large-area semiconductor growth 

technique for applications in macro electronic devices such as solar panels and large-

area display devices. 

2.3 SYNTHESIS PROCESS: 

The electrochemical deposition technique is a promising technique for fabricating 

nanowires. Generally, electrochemistry has been used to grow thin films on 

conducting surfaces. Since electrochemical grow1:h is usually controllable in the 

direction normal to the substrate surface, this method can be readily extended to 

fabricate ID or OD nanostructures, if the deposition is confined within the pores of an 

appropriate template. In the electrochemical methods, a thin conducting metal film is 

first coated on one side of the porous membrane to serve as the cathode for 

electroplating. The length of the deposited nanowires can be controlled by varying the 

duration of the electroplating process. This method has been used to synthesize a wide 

variety of nanowires. In the electrochemical deposition process, the chosen template 

has to be chemically stable in the electrolyte during the electrolysis process. Cracks 

and defects in the templates are detrimental to the nanowire growth, since the 

deposition processes primarily occur in the more accessible cracks, leaving most of 

the nanopores unfilled. Particle track-etched mica films or polymer membranes are 

typical templates used in the simple dc electrolysis. To use anodic aluminium oxide 

films in the dc electrochemical deposition, the insulating barrier layer which separates 

the pores from the bottom aluminium substrate has to be removed, and a metal film is 

then evaporated onto the back of the template membrane. Copper (Cu) nanowires 

were synthesized by using template based electrodeposition method as shown in Fig 

2.6. It was carried out in a electro-chemical cell as shown in Fig.2.7. The 

commercially available self-adhesive copper tape was used as a substrate. 
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Fig 2.6 Schematic diagram of electro deposition of Cu nanowires 

The copper tape was fixed on the metallic base of the self-made electro-chemical cell 

and it acts as cathode. Copper (Cu) electrode acts as anode. 
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Fig.2.7 Electrocliemical Cell used for electrodeposition of Cu nanowires 
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It is fixed gently on the copper substrate through a rubber ring fitted on the top 

portion of the cell, hi this way, an area of approximately Icm^ on the copper substrate 

is allowed for exposure with the electrolyte through nanoporous membrane. The 

system is tightly closed to ensure that no air bubble exits between membrane and 

substrate. The length of the nanowires is 10 |xm and it is depends on the thickness of a 

membrane used. The electrolytic solution of about 50 ml was used for nanowires 

synthesis. The electrolytic solution contains 1 M of CuS04.5H20, was prepared in 

distilled water at room temperature. The pH value of the electrolytic solution was 

observed in between 2 and 3. The electrolyte was poiyed in the cell and a voltage of 

0.4V was applied to the electrode through a variable dc power supply. 
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CHAPTERS 

CHARACTERIZATION TECHNIQUE 

3.1 X-RAY DIFFRACTION 

X-ray diffraction (XRD) is one of the most important non-destructive tools to analyse 

all kinds of matter -ranging from fluids, to powders and crystals. From research to 

production and engineering, XRD is an indispensible method for structural materials 

characterization and quality control which makes use of the Debye-Scherrer method. 

This technique uses X-ray (or neutron) diffraction on powder or microcrystalline 

samples, where ideally every possible crystalline orientation is represented equally. 

When x-rays were discovered in 1895 by Wilhelm Conrad Rontgen (the first Nobel 

laureate in Physics 1901), their exact nature was not known. The question posed at the 

time was "are x-rays particles or are they waves like visible light?" Showing that x-

rays could diffract would prove that x-rays have a wave-like nature. If x-rays were 

waves, then their wavelengths had already been estimated to be roughly 10 cm. 

Diffraction effects are observed only when the repeat distances in a material are of the 

order of magnitude of the wavelength of the radiation. At that time it was strongly 

believed that crystals were made up of many repeating blocks and that each repeating 

block contained a constant number of the same type of atoms. From some simple 

calculations using density, atomic numbers, and Avogadro's number, researchers of 

the time were able to show that simple crystals should have repeating units of the size 

needed for their proof of the wave-like nature of x-rays. 

X-ray diffraction (XRD) is an analytical technique looking at X-ray scattering 

from crystalline materials. Each material produces a unique X-ray "fingerprint" of X-

ray intensity versus scattering angle that is characteristic of it's crystalline atomic 

structure. Qualitative analysis is possible by comparing the XRD pattern of an 

unknown material to a library of known patterns. About 95% of all solid materials can 

be described as crystalline. When X-rays interact with a crystalline substance (phase), 

one gets a diffraction pattern. The X-ray diffraction pattern of a pure substance is, 

therefore, like a fingerprint of the substance. The powder diffraction method is thus 

ideally suited for characterization and identification of polycrystalline phases. Today 

about 50,000 inorganic and 25,000 organic single components, crystalline phases, and 
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diffraction patterns have been collected and stored on magnetic or optical media as 

standards. The main use of powder diffraction is to identify components in a sample 

by a search/match procedure. Furthermore, the areas under the peak are related to the 

amount of each phase present in the sample. 

Solid matter can be described as: 

Amorphous: The atoms are arranged in a random way similar to the disorder we find 

in a liquid. 

Glasses are amorphous materials. 

Crystalline: The atoms are arranged in a regular pattern, and there is as smallest 

volume element that by repetition in three dimensions describes the crystal. For 

example we can describe a brick wall by the shape and orientation of a single brick. 

This smallest volume element is called a unit cell. The dimensions of the unit cell are 

described by three axes: a, b, c and the angles between them alpha, beta, and gamma. 

When an x-ray beam hits an atom, the electrons aroimd the atom start to oscillate with 

the same frequency as the incoming beam. In almost all directions we will have 

destructive interference, that is, the combining waves are out of phase and there is no 

resultant energy leaving the solid sample. However the atoms in a crystal are arranged 

in a regular pattern, and in a very few directions we will have constructive 

interference (shown in fig 3.1). The waves will be in phase and there will be well 

defined x-ray beams leaving the sample at various directions. Hence, a diffracted 

beam may be described as a beam composed of a large number of scattered rays 

mutually reinforcing one another. This model is complex to handle mathematically, 

and in day to day work we talk about x-ray reflections fi"om a series of parallel planes 

inside the crystal. The orientation and interplanar spacing of these planes are defined 

by the three integers h, k, 1 called indices. 

X-ray diffraction peaks are produced by constructive interference of monochromatic 

beam scattered fi-om each set of lattice planes at specific angles. X-ray sources have 

wavelengths CuKa = 1.5405A" CuKa beam is used as incident X-ray source. 

The relationship describing the angle at which a beam of X-rays of a particular 

wavelength diffracts from a crystalline surface was discovered by Sir William H. 

Bragg and Sir W. Lawrence Bragg and is known as Bragg's Law. 

2dsm.6 = nX 
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X = wavelength of the x-ray 

0 = scattering angle 

n = integer representing the order of the diffraction peak, 

d = inter-plane distance of (i.e atoms, ions, molecules) 

Average crystalline size was determined from the broadening of XRD peaks using the 
Sherrer formula 

D= '-'^ 
Pcosd 

Where: 

D= is the mean size of the ordered (crystalline) domains, which may be smaller or 

equal to the grain size; 

K= is a dimensionless shape factor, with a value close to unity. The shape factor has 

a typical value of about 0.9, but varies with the actual shape of the crystallite; 

A= is the X-ray wavelength; 

P= is the line broadening at half the maximum intensity (FWHM), after subtracting 

the instrumental line broadening, in radians. This quantity is also sometimes denoted 

as A(20); 

9= is the Bragg angle. 
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Fig.3.1 Schematic diagram of XRD 

In XRD patterns were recorded on Rigaku C/max diffractometer using graphite 

filtered CuKa radiation (X= 

min' from20 = 20"to 140*̂  

filtered CuKa radiation (^=1.54056A*') at 30 Kv and 15 Ma with a scanning rate of 5̂  

In order to diffract, it is necessary that X-rays reflected from the different points on 

these planes must reach the detector n phase. When the diffracting planes are large 

contains the thousands of parallel planes, this condition is satisfied very accurately 

and the diffraction maxima are sharpe. However in the case of small crystalline there 

are less number of plans so that the condition is somewhat relaxed. Therefore for 

small crystallites' have few numbers of planes in phase, diffraction conditions by 

these planes is no longer valid for producing Sharpe diffraction minima. In general 

reduction in crystalline size affects the broadening of the peaks. If the path difference 

between the rays scattered from the first two planes only slightly by an integral 

multiple of wavelength then the planes scattering a ray exactly out of phase with the 

ray from the first plane lie deep within the crystal. Broadening of peak depends upon 

the crystalline size. The widths of the peaks in a particular pattern provide an 

indication of the average crystallite size. Large crystallites give rise to sharp peaks, 

while the peak width increases as crystallite size reduces. Peak broadening also occurs 

as a result of variations in d-spacing caused by micro-sfrain. However, the 

relationship between broadening and diffraction angle 2-theta is different from that of 

crystallite size effects, making it possible to differentiate between the two phenomena. 
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3.2 I-V CHARACTERIZATIONS: 

This characterization is used for the measurement of conductivity of the material. For 

the measurement of conductivity of nanowires, two probe systems via Keithley 2400 

series source meter are used for obtaining I-V characteristics of Cu nanowires and 

gamma irradiated Cu nanowires shown in fig-3.2. The Keithley 2400 source meter is 

a 20W instrument that allows sourcing and measuring voltage from ±5 )xV(sourcing) 

and ±1̂ 1 V (measuring) to ± 200V DC and current from ±1 pA to ±1A. Source meter 

are good in providing precision voltage and current sourcing as well as measuring 

capabilities. Sourcemeter is a 6 digit digital multimeter as well as stable DC power 

source. The power source characteristics include low noise, precision and read back. 

The multimeter capabilities include high repeatability and low noise. 

mm m^'mm mM 

Fig.3.2 Keithley 2400 series source meter 

The result is a compact, single- channel, DC parametric tester. In operation these 

instruments can act as a voltage source, a current source, volt meter, current meter, 

and ohmmeter. Source meter is used to get the current by applying voltage. A linear 

graph is obtained between applied voltage and current. This graph is used in 

calculating resistance of nanowires. The resistance of material is given by 

R = 
dl 
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Display Unit 

Polycarbonate 

menbrane 

Cu Substrate 

Fig 3.3 Block diagram to measure I-V characteristics of nanowires 

As shown in fig 3.3. Block diagram, measure I-V characteristics of Cu nanowires a 

two probe source meter is used. The electrode tip is connected to source meter and 

A.C. supply is connected to it. Further source meter is connected to display unit, 

which displays the output result, hi I-V measurement Cu substrate and fine steel tip 

connected with, standing nanowires works as electrodes. 
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CHAPTER: 4 

RESULT AND DISCUSSION 

Result and discussion is an important chapter, it includes electrical, structural, and 

optical investigation of nanowires by different techniques. 

4.1 X-RAY DIFFRACTION TECHNIQUE 

The X-ray diffraction pattern of a pure substance is, therefore, like a fingerprint of the 

substance. The powder diffraction method is thus ideally suited for characterization 

and identification of polycrystalline phase. The XRD pattern of Cu nanowires of 

different diameter lOOnm, 200nm, 800nm is shown in fig.4.2. Peaks are different of 

different nanowires. The change in intensities of different nanowires of different 

diameter due to change in orientation of planes but no change in 29 position of peaks. 

The XRD pattern of nanowires was observed by Rigaku/max-2500 between 20° to 

140°. From the dig it seems that there are two types of diffraction peaks, one is of Cu 

nanowires and others are C substrate. The XRD patterns are matched with JCPDS 

cards of ICDD (International Centre For Diffraction Data) of card no.01-1242 

The crystalline size can be calculated by Debye shearer formula, 

o.9;i 
D = 

y^cos6> 

Where 

D = Crystalline size 

A, = Wavelength (CuKa = 0.154 nm) 

P = Full width Half maxima 

9 = Braggs Angle 
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Fig 4.1 XRD pattern of pristine Cu nanowire 
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Fig- 4.2 XRD pattern of irradiated Cu nanowire 

The XRD pattemof Cu nanowires are shown in fig- 4.2. The diameter of nano wires is 

200 nm. The diameter of the Cu naowires varries with respect to varriation in 

deposition time. When the deposition time increases the amount of deposiion material 

increases, so the diameter is depends upon the amount of deposition material.lt is 

observed from the fig 4.2 four diffraction peaks corresponding to (111), (220), (311), 

(331) planes of Cu and ramaining peaks corresponds to the planes of Cu substrate 

(shown in fig-4.3). 
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Fig.4.4 Single peak diagram (a) pristine nanowire (b) gamma irradiated 

nanowire 

From fig4.4 (a) it shows that the FWHM of peak (111) is 0.21778 . Ihe crystalline 

size of Cu nanowire is 38 nm. From fig4.4 (b) it shows that the FWHM of peak (111) 

is 0.22931. The crystalline size of Cu nanowire is 37 nm. 
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The slight change was fond in the intensity of the peak of pristine nanoparticle and 

irradiated nanoparticle of the same diameter (200nm) but no change was beserved in 

the "2 Theta" position of the pe 

4.1.1 GAMMA IRRADIATION OF Cu NANOWIRES AT DIFFERENT DOSES 
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Fig.4.5 XRD pattern of Cu nanowires of different diameter (100 nm, 200nm, 

SOOnm) at different doses 

(a) 150 kGy (b) 200 kGy (c) 100 kGy 

45 



In fig 4.5 the XRD pattern shows the pattern of Cu nanowires of different diameter 

with irradiation and pristine nanowires. Co-60 sources are used for the purpose of 

irradiation. The slight change is found in the intensity of the peaks of nanowires with 

the change in diameter and irradiation doses. The variation in intensity of nanowires 

shows the change in orientation of the planes but no change was observed in 20 

position of the peaks. . As "2 theta" position in a XRD pattern is the outcome of the 

shape and size of unit cell, this means that no changes are there in the shape and size 

of unit cell after irradiation. Gamma irradiation of Cu nanowires was carried out at 

Inter University Accelerator Centre Delhi. The irradiation was carried out by using 

Gamma Chamber 1200, Board of Radiation and isotope Technology (BRIT). In 

gamma chamber 60Co was used as source material. The dose given to Cu nanowires 

was 100,150,200, kGy. 

4.2.1-V CHARACTERISTICS OF Cu NANOWIRES: 

I-V characteristics of pristine and y -photon irradiated Cu nanowires are obtained 

using a 2-probe system via Keithley 2400 series source meter. During measurement, 

the Cu substrate acts as one electrode while another fine tipped steel(standing within 

template on Cu substrate) electrode is used on standing nanowires embedded within 

the template. I-V characteristics for pristine and irradiated Cu nanowires at different 

dose have been drawn using source-meter. The slope of the graphs is an indication of 

average resistance of Cu nanowires at different fluences. For the pristine case, I-V 

characteristics are a straight line, but their slope is found to be little less than that for 

its bulk counterpart. The resistance of the nanowire is given by 

dV 
R = 

dl 
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Fig- 4.7 I-V characteristic of pristine Cu nanowires and Gamma irradiated Cu 

nanowires (lOOnm Diameter) 
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\ ^ Resistance 

Dose (kGy) \ . 

Pristine 

lOOkGy(Irradiation) 

150kGy(Irradiation) 

200kGy(Irradiation) 

Resistance 

(Q) 

(100 nm Dia) 

216.33 

246.89 

267.09 

303.92 

Resistance 

(Q) 

(200 nm Dia) 

203.82 

235.76 

248.96 

266.15 

Resistance 

(Q) 

(800 nm Dia) 

178.92 

195.98 

227.28 

265.01 

Table- Resistance of Cu nanowires (different diameter) at different dose 

From the table it shows that resistance decreases with increase in diameter and 

increases with increase in irradiation dose. 

We can say that effect of irradiation is that the scattering of electrons from grain 

boundaries increases with increase in radiation dose due to which resistance increases 

and hence conductivity may decrease. 
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CHAPTER-5 

CONCLUSIONS AND FUTURE SCOPES 

5.1 CONCLUSIONS: 

Cu nanowires of 100,200,800 nm were fabricated and their resistance was compared. 

After Gamma irradiation electrical resistance of these nanowires increased as 

compared with pristine Cu nanowires this may be due to increased boundary 

scattering. Variation is found in intensity of peaks in XRD pattern of Cu nanowires 

after gamma irradiation. No change was found in shape and crystalline size of 

nanowires after gamma irradiation. 

5.2 FUTURE SCOPES: 

INTERCONNECTS: 

Several physical reasons predict that the conductivity of nanowires will be much less 

than that of the corresponding bulk material. First, there is scattering from the wire 

boundaries, whose effect will be very significant whenever the wire width is below 

the free electron mean free path of the bulk material. The role of the inter connect in 

an integrated circuit is to enable effective passing of clock and other signals in 

addition to provide.ing power to various parts of circuit on a chip. Copper which is 

presently used as the interconnect material, faces two types problems . One related to 

its inability to carry high ciurent density and other being its increased electric 

resistivity due to surface scattering of electrons and problem de to grain boundaries. It 

should be noted down that electronic transport through copper wires at nanoscales 

requires a full quantum mechanical description and the present understanding of the 

increase in the resistance of copper wire with decrease in dimension is based on 

empirical approach. 

SOLAR CELL: 

As much as we would like it, solar energy still isn't competitive with fossil fuels, 

mostly because one of the main materials used in their production is the incredibly 

expensive metal indium. But that might change in the near fixture as Duke University 

researchers have found a way to replace indium with copper nanowires. And the 
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nanowires will decrease the cost of touch screens to boo. The new copper nanowires, 

presented in Advanced Materials share all the useful properties of ITO and CIGS, like 

transparency and conductivity, but eliminate their drawbacks. So who needs more 

efficient solar cells when you can get cheaper ones? Well in fact for solar energy to 

beat fossil fuels we probably will need them, but at least this development has the 

potential to put solar energy and fossil fuels on par in cost, the water-based production 

process resulted in the copper nanowires clumping, which reduced their transparency 

and prevented the copper from oxidizing, which decreases their conductivity. The 

researchers have now solved the clumping problem and say that copper nanowires 

could be appearing in cheaper touch screens, solar cells and flexible electronics in the 

next few years. 

DISPLAY DEVICE: 

The copper nanowires could serve as interconnects in electronic device fabrication 

and as electron emitters in a television-like, very thin flat-panel display known as a 

field-emission display. Using films made of copper nanowires could cut the cost of 

touch screens, LEDs and solar cells, while allowing the development of foldable 

electronics and improved solar cells, according to new research. Duke University 

chemists have developed a technique to organize copper atoms in water to form long, 

thin, non-clumped nanowires. The nanowires are then transformed into transparent, 

conductive films and coated onto glass or plastic.They say their copper nanowire 

films have the same properties as those currently used in electronic devices and solar 

cells, but are less expensive to manufacture. The films currently used to connect 

pixels in electronic screens are made of indium tin oxide, or ITO. It's highly 

transparent, which means it transmits information well. But the ITO film must be 

deposited firom a vapor in a process that is a thousand times slower than newspaper 

printing, and, once the ITO is in the device, it cracks easily. 

GAS SENSORS 

Copper nano-wires could have great potential as sensory materials due to their 

intrinsic high chemical activity and unique open inter-connected network. However, 

the main drawback for copper nano-wires also lies in the relative weak environmental 

stability originating fi-om the high reactivity of the bulk copper. Copper nanowires are 

very susceptible to oxidation in air with a rapid transformation of its surface lattice 
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from single crystal Cu to CU2O. Therefore, in order to achieve stable application 

properties on the copper nano-wires, it's necessary to protect them from the 

surrounding environment, especially from air and aqueous droplets, to avoid 

irreversible oxidation degradation of the lattice structure. Polypyrrole coating seems 

to be a promising route to accomplish this task, based on its high protecting 

performance, good stability, and ease of implementation. The gas sensing involves 

the interaction of analyte gas with oxygen available in material which results in 

change in charge carrier concentration. 

GMR SENSING APPLICATION. 

Giant magneto resistance (GMR)-based micro fluidic biosensors are used in 

applications involving the detection, analysis, enumeration and characterization of 

magnetic nano-particles attached to biological mediums such as antibodies and DNA. 

Here we introduce a novel multilayered CoNiCu/Cu nanowire GMR-based micro 

fluidic biosensor. The current perpendicular to the plane of multilayers (CPP)-

nanowires GMR was used as the core sensing material in the biosensor which 

responds to magnetic fields depending on the concentration and the flow velocity of 

bio-nano-magnetic fluids. 
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