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PREFACE 

ZnO nanorods have been used in many electrical device applications. The 

electrical properties of ZnO nanorods are very interesting. Recently ZnO 

nanostructures have been studied as conductive filters in polymers with high 

electrical permittivity and they have received increasing attention for their 

potential application in high-storage capacitors. 

In the present work, he TM (Mn& Ni) doped ZnO nanorods are prepared by 

a hydrothermal method using zinc chloride and manganese chloride/nickel 

Chloride as source materials of Zn and Mn/Ni , respectively. The doping of
 

ions has significant influences on the optical and electrical properties of ZnO 

nanorods . By varying the concentarion of ions, we can tune the band gap 

energy of ZnO nanorods.  Photoluminescence spectrum exhibits a yellow-

orange band at 598nm that is induced by Mn
2+ 

ion. Compared with the 

absorption of undoped ZnO nanorods, the absorption edge of Ni-doped ZnO 

nanorods exhibit an obvious blue shift, which shows that the optical band 

gap of the nanorod is broadened after doping Compared with undoped ZnO 

nanorods, the Raman peaks of Mn doped ZnO nanorods exhibit a red shift in 

its wavelength due to the quantum size effect . AC conductivity of Mn-

doped ZnO nanorods increase by increasing the Mn concentration up to 2 

mol%, beyond that limit it is found to decrease. The ac conductivity of ZnO 

nanorods is found to increase with increasing Ni concentration. The 

enhanced ac conductivity of ZnO nanorods with increasing concentration of 

Ni can be explained in accordance to the hopping conduction mechanism.  

The idea of hopping conduction and scattering effect has been used to 

explain the behaviour of ac conductivity in TM-doped ZnO nanorods with 

varying dopant concentration. 
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Chapter 1 is a general introduction to nanocrystalline materials, 

various preparation methods and also deals with the structural, optical and 

electrical properties of ZnO nanorods doped with transitional metals like Mn 

and Ni . 

Chapter 2 deals with synthesis method of Zn (1-x) MnxO, and Zn (1-x) 

NixO. Synthesis of these transition metal(TM) doped ZnO nanostructures 

(Zn (1-x) TMxO) with dopant concentration x = 2mol%, 5mol% and 8mol% 

have been conducted using hydrothermal method. Theory of SEM, 

XRD ,UV-Visible spectro scopy and LCR meter are also discussed.  

Hydrothermal method is the more convenient and economic method for 

large-scale preparation of ZnO nanorods doped with transitional metals. 

SEM and TEM images are used to get the morphological features of as-

prepared ZnO nanorods. XRD studies are carried out to determine the 

average crystallite size and structure of the prepared samples. Electrical 

studies are used to carry out the conduction mechanism. 

Chapter 3 discusses briefly the morphology, structural, optical and 

electrical properties of different semiconductor nanostructures such as Zn (1-

x) MnxO, and Zn (1-x) NixO. TEM images, have been used to obtain the 

morphology. The optical features of TM doped ZnO nanostructures have 

been investigated using UV-visible absorption. The spectral characteristics 

of dopant ions (Mn
2+

, and Ni
2+

) incorporated in the host ZnO lattice have 

been discussed in detail. The behaviour of ac conductivity of TM doped ZnO 

nanorods with varying frequency, and dopant concentrations have also been 

discussed. 
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CHAPTER 1 

INTRODUCTION 

 

1.1:NANOTECHNOLOGY 

Nanotechnology literally means “any technology performed on 

nanoscale”. The word nanotechnology is defined by royal 

society, UK, as the design characterization, production and 

application of structures, devices, and system by controlling 

shape and size at the nanometer scale. A more generalized 

description of nanotechnology was subsequently established 

by the national nanotechnology initiative, which defines 

nanotechnology as the manipulation of matter with at least one 

dimension sized from 1 to 100 nm. This definition reflects the 

fact that quantum mechanical effects are important at this 

quantum-realm scale, and so the definition shifted from a 

particular technological goal to a research category inclusive of 

all types of research and technologies that deal with special 

properties of matter that occur below the given size threshold. 

            The prefix nano is derived from the Greek word “dwarf”. 

One nanometer (nm) is equal to one-billionth of a metre. The 

conceptual underpinning of nanotechnologies was first 

presented in 1959 by the Physicist Richard Feyman. His lecture 
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at the annum meeting of the American physical society was 

based on the theme “There is a plenty of rooms at the bottom”. 

Feyman explored the possibility of manipulating material at 

the scale of individual atoms or molecules. The term 

nanotechnology was first introduced in 1974 by Norio 

Taniguchi, a researcher at the University of Tokyo. He used it 

to refer to the ability to engineer materials precisely at the 

nanometer level. 

                    Nanotechnology as defined by size is naturally very 

broad, including fields of science as surface science, organic 

chemistry, molecular biology, semiconductor physics, micro 

fabrication etc. The associated research and applications are 

equally diverse ranging from extensions conventional device to 

completely new approaches conventional device to completely 

new approaches based upon molecular self-assembly, from 

developing new material with dimensions on the nanoscale to 

direct control of matter on the atomic scale. 

           Nanotechnology may be able to create many new 

materials and devices with vast range of applications, such as 

in medicine, electronics, and biomaterials energy production 

and consumer products. On the other hand nanotechnology 

raises many of the same issues as any new technology, 

including concerns about the toxicity environmental impact on 
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nano material, and their potential effects on global economics 

as well as speculation about various scenarios. 

 

1.2: NANO MATERIALS 

             Nanomaterial can be defined as the materials with at 

least one of its dimensions in the range of 

nanometer .Hundreds of product containing nanomterial  is 

already in use .Examples  are  batteries, coatings ,antibacterial 

clothing etc. 

                The properties of nanomaterials are different   from 

those of bulk materials .The main principle factors cause the 

properties of nanomaterils to differ significantly from other 

materials are 

1. Increased surface to volume ratio 

2. Quantum confinement     

3. High surface energy 

4. Reduced imperfections 

These factors can change or enhance properties such as 

reactivity, strength and electrical characteristics .As a particle 

decreases in size, a greater proportion of atoms are found at 

the surface  compared to those inside .For  example , a particle  

of size 30nm has 5% of its surface, at 10 nm 20% of its atoms  

and at 3 nm 50% of its atoms. Thus nanoparticles have a much 
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greater surface area per unit mass compared with large 

particles. 

                        A certain number of physical properties also alter 

with the change from macroscopic system. Novel mechanical 

properties of nanomaterial are a subject of nanomechanic 

research. When brought into a bulk material, nanoparticle can 

strongly influence the mechanical properties of materials like 

stiffness or elasticity .For example, traditional polymers can be 

reinforced  by  nanoparticle resulting in models. Such nano 

technologically enhanced materials may enable by a weight 

reduction accompanied by an increase in stability and 

improved functionality. Catalytic activities also reveal new 

behavior in the interaction with biomaterials. The non-

materials are classified into 4 categories, 

1. Zero dimensional materials (2) One dimensional 

materials (3) Three dimensional materials. 

 

1.3: QUANTUM CONFINEMENT 

          In nanomaterial, energy levels are not continuous as in 

the bulk but are discrete because of the confinement of 

electronic wave function to the physical dimension of the 

particle. This phenomenon is called Quantum confinement 

effect. It is observed when the size of particle is too small to be 
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comparable to the wave length of electron. To understand the 

effect we break the words like quantum and confinement, the 

word confinement means to confine the motion of randomly 

moving electron to restrict its motion in specific energy levels 

and quantum reflects the atomic realm of particles. So as the 

size of particle decreases till reach a nanoscale, the decrease in 

confining dimension makes the energy levels discrete and this 

increases the band gap and ultimately the band gap energy. 

Since the band gap absorption wavelength of a particle 

decreases with the decrease in size and the proof is the 

emission of blue radiation. 

Specifically the effect describes the phenomenon resulting 

from electrons and electron holes being squeezed into a 

dimension that approaches critical quantum measurement, 

called the exciton Bohr radius. In current application, a 

quantum dot such as a small sphere confines in three 

dimensions, a quantum wire confines in two dimensions, and a 

quantum well confines only in one dimension. These are also 

known as zero, one and two-dimensional potential wells, 

respectively. In these cases they refer to the number of 

dimension in which a confined particle can act as a free carrier. 
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1.4 CLASSIFICATION  OF NANOMATERIALS  

Classification is based on the number of dimensions, which are 

not confined to the nanoscale range (<100nm). 

  

1.4.1: ZERO-DIMENSIONAL (0-D) NANOMATERIALS 

 

Materials wherein all the dimensions are measured within the 

nanoscale (no dimensions, or 0=d are larger than 100nm). The 

most common representation of Zero-dimensional 

nanomaterials is nano particles. 

Nanoparticles can:- 

 Be amorphous or crystalline. 

 Be single crystalline or polycrystalline. 

 Be composed of single and multi-chemical elements. 

 Exhibit various shapes and forms. 

 Exhibit individually or incorporated in a matrix. 

 Be metallic, ceramic or polymetric. 

 

1.4.2:ONE-DIMENSIONAL (1-D) NANOMATERIALS 

            One dimensional nanomaterial is nanowires, nanorods, 

nanotubes etc. Here the electrons are delocalized into one 

direction (z) and confined into two directions (x and y). 
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ONE  

One dimensional nanomaterial can be:- 

  Amorphous or crystalline. 

 Single crystalline or polycrystalline. 

 Chemically pure or impure. 

 Stand alone materials or embedded in within another 

medium. 

 Metallic , ceramic or polymetric. 

 

1.4.3 TWO-DIMENSIONAL NANO MATERIALS 

                                         Two of the dimensions are not confined 

to the nano scale. Electrons are delocalized into x and y 

direction confined only one direction.2-D nano materials 

exhibit plate like shapes. Two dimensional nano materials 

include nano films, nanolayers and nanocoatings. 

Two dimensional nano materials can be 

 Amorphous or crystalline. 

 Made up of various chemical compositions. 

 Deposited on substrate. 

 Used as a single layer or multi layer structures. 

 Deposited on a substrate. 

 Integrated in a surroundings matrix material. 

 Metallic, ceramic or polymeric. 
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1.4.4: THREE-DIMENSIONAL NANO MATERIALS 

 Bulk nano materials are materials that are not confined 

to the nanoscale in any dimension. These materials are 

thus characterized by having three arbitrarily 

dimensions above 100nm. 

 Materials possess nano crystalline structures or 

involve the presence of features at the nano scale. 

 In the terms of the nano crystalline structures, bulk 

nanomaterials can be composed of a multiple 

arrangement of nano size crystals, most typically in 

different orientations. 

 With respect to the presence of features at the 

nanoscale,3-D nano materials can contain dispersion of 

nanoparticles bundles of nanowires and nanotubes as 

well as multi-monolayer. 

 Three dimensional spaces showing the relationship 

among zero dimension, one dimension, two dimension 

and three dimension nano material. 

 

1.5: SYNTHESIS METHODS OF NANOMATERIALS 

Artificially synthesized nanostructure materials have 

structures in zero to three dimensions. There are three key 
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steps in the development of nano science and nanotechnology: 

material preparation, property characterization and device 

fabrication. The purification and size selection techniques 

developed can produce nano crystals with a well-defined 

structure and morphology. 

  There are two methods for the fabrication of nano 

materials. First is the top – down approach and the second is 

the bottom – up approach. In top – down technique, a bulk 

material is taken and machined to modify it into the desired 

shape and product. For nano material synthesis, the 

microcrystalline structures are broken down to nano 

crystalline structures, but original integrity of the material is 

retained. Examples of top – down technique are lithography, 

etching, ion implantation, ball – milling, chemical reaction 

between two constituents. In bottom – up technique, the small 

molecular building blocks are joined to produce 

nanostructures with defined geometries and specific functions. 

Examples of bottom – up technique are Sol – gel technology, 

electro deposition, physical and chemical vapour deposition, 

epitaxial growth, laser ablation etc. And the probability of 

deposition of foreign and undesired materials is very low. But 

it requires very costly and complicated equipment with leak-

proof accessories, vacuum pumps, gauges etc. Evaporation 
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sputtering, chemical vapour deposition, laser ablation, 

molecular beam epitaxial, plasma arc method etc are the 

examples of vacuum-based deposition process. Solution-based 

deposition process is based on chemical reactions in liquid 

phase. Therefore, these techniques are simple, cost-effective 

and most important method for synthesis of nano structured 

materials. Hydrothermal method, sol-gel method, spray 

pyrolysis are examples. 

a. LITHOGRAPHIC TECHNIQUE   

                              It is a printing method that uses a chemical 

process to create an image. Two types of lithographic 

techniques are used in industry: photo lithography and 

electron beam lithography. Photo lithography process uses 

light to transfer a geometric pattern from a photo mask to a 

light sensitive chemical on the substrate. In electron beam 

lithography, a beam of electrons is used instead of light to 

generate patterns on the surface. The disadvantage of this 

technique is that it is not suitable for the fabrication of 1D and 

0D nanostructures of very small size. 

b. NON-LITHOGRAPHIC TECHNIQUES 

Non-lithographic techniques can be broadly divided into 

two groups: vacuum based deposition process and solution 
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based deposition process. In vacuum based synthesis, 

deposition takes place under high vacuum. This process is very 

clean and the probability of deposition of foreign and 

undesired materials is very low. But it requires very costly and 

complicated equipment with leak-proof accessories, vacuum 

pumps, gauges etc. Evaporation sputtering, chemical vapour 

deposition, laser ablation, molecular beam epitaxy, plasma arc 

method etc are the examples of vacuum-based deposition 

process. Solution-based deposition process is based on 

chemical reactions in liquid phase. Therefore, these techniques 

are simple, cost-effective and most important method for 

synthesis of nano structured materials. Hydrothermal method, 

sol-gel method, spray pyrolysis are examples. 

 

c. SOL-GEL TECHNIQUES 

It is a wet-chemical based self-assembly process for 

nanomaterial formation. This technique can be used to 

produce ceramic materials through the process, gelation, 

precipitation and hydrothermal treatment. The advantage of 

this method is high thermal stability, high mechanical strength 

and low temperature of the method. This technique is used for 

the formation of nanowires, nanorods and nanotubes via 

porous matrix, such as alumina template, porous silicon etc. 
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d. CHEMICAL VAPOUR DEPOSITION (CVD) 

            It is a chemical process used to produce high purity, high 

performance solid materials. This method is often used for the 

fabrication of semiconductor nanostructures in which chemical 

components in vapour phase react to form a solid film at some 

surface. According to the classification of operating pressure 

CVD can be different types: atmospheric pressure CVD, low 

pressure CVD and ultra-high vacuum CVD. 

 

e. ELECTRO DEPOSITION 

It is a liquid-based deposition process where an electric 

current is passed through a polar liquid by applying an electric 

potential between two electrodes. It is an effective method in 

ceramic processing. There are two types of electro deposition 

methods; 

(1) Electrophoretic deposition, in which suspension of 

ceramic particles are used. 

(2) Electrolytic deposition, in which metal salt solutions 

are used. 

Electrolytic deposition method is suitable for the formation of 

thin films and Nanostructured powders and Electrophoretic 

deposition is suitable for the production of thick ceramic films. 
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The method is now widely used for the growth of ZnOnanorods 

and nanotubes.  

f. MOLECULAR BEAM EPITAXY 

Epitaxy is a process of an ordered crystalline growth of 

materials on a crystalline substrate. There are basically three 

process of epitaxial growth; Vapour Phase Epitaxy, Liquid 

Phase Epitaxy and Molecular Beam Epitaxy. MBE is a technique 

for the epitaxial growth of materials by means of the chemical 

interaction of one of the several molecular or atomic beams of 

different intensities and compositions that occurs on the 

surface of a heated single crystalline substrate. ZnOnanorods 

and nanowires can be successfully synthesized using a 

specially designed vapour phase epitaxy system. 

 

g. CHEMICAL BATH DEPOSITION (CBD) 

CBD involves the controlled precipitation from solution of a 

compound on a suitable substrate. This method is very efficient 

for the synthesis of 1D, 2D and 3D semiconductor 

nanostructures. E.g. CdS, ZnS, CdSe etc. 
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h. ION BEAM DEPOSITION 

                                      IBD is a process of depositing materials to a 

substrate through the application of an ion beam. Several one 

dimensional semiconductor nanostructures are synthesized by 

this method. 

 

i. HYDROTHERMAL METHOD  

  The hydrothermal method is very versatile for the 

synthesis of nanophase materials especially for the 

controllable synthesis of one dimensional nanostructure. 

Conceptually, hydrothermal route can be defined as the use of 

water as reaction medium in a sealed 

  Most of the hydrothermal experiments are 

conducted below the super critical temperature of water, that 

is, 374  . The reaction can be carried out in water or in any 

other solvent. When water is used as a solvent, the process is 

called ‘hydrothermal process’ and when any solvent such as 

organic solvents, water etc are used, the process is termed 

‘solvothermal process’. The main advantages of hydrothermal 

method are : 

a) Kinetics of reaction is greatly increased with a 

small increase in temperature.  

b) New metastable products can be formed. 
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c) Generally single crystals are obtained. 

d) Highly purity can be obtained from impure 

feed stocks. 

e) No precipitants are needed in many cases and 

thus the process is cost effective. 

f) Pollution is minimized because of the closed system 

conditions and reagents can be recycled. 

g) Hydroxylated clays and zeolite molecular 

sieves cannot be synthesized by any other method.  

  One of the main drawbacks is slow kinetics at any given 

temperature. In order to increase the kinetics of crystallization, 

one can introduce microwave or electric or ultrasonic fields in 

the hydro thermal system. 

 

1.6: HYDROTHERMAL METHOD 

                                 The hydrothermal method is a very versatile 

for the synthesis of nanophase material  especially for the 

controllable synthesis of one dimensional nanostructure. 

Conceptually, hydrothermal route can be defined as the use of 

water as a reaction medium in a sealed reaction container 

usually in Teflon lined stainless autoclave when the 

temperature is raised above  100  .The synthesis reactions  
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can be carried out in a temperature range of  100   to 1000   

or  more in a pressure range of one atmosphere  to several 

thousand atmosphere. Autogeneous pressure which is self-

developed  and not externally applied is generated under these 

conditions. The pressure within the scaled reaction container 

not only increases dramatically with temperature but also will 

depend on their experimental factor . 

                        Most of the hydrothermal experiments are 

conducted below the super critical temperature of water ,that 

is,374     The reaction can be carried out in water or in any 

other solvent .When  water is used as a solvent ,the process is 

known as ‘hydrothermal process’ and when any solvent such 

as organic solvent ,water etc  are used,the process is termed 

‘solvothermalprocess’.The main advantages of  hydrothermal 

methods are  : 

1. Kinetics of reaction is greatly increased with a small increase 

in temperature. 

2. New metastable products can be formed. 

3. Generally single crystals are obtained. 

4. High purity can be obtained from impure feed stock. 

5. No precipitants are needed in many cases and thus the 

process is cost effective. 



 23 

6. Pollution is minimized because of the closed  system 

condition and reagents can be recycled. 

7. Hydroxylated clays nd zeolite molecular sieves cannot be 

synthesized by any other method. 

1.7 ZnO NANOSTRUCTURES 

Nanostructures of ZnO can be synthesized into a variety of 

morphologies including nanowires, nanorods, tetrapods, 

nanobelts, nanoflowers, nanoparticles etc. Nanostructures can 

be obtained with most above-mentioned techniques, at 

certain conditions, and also with the vapor-liquid-solid 

method. Rod like nanostructures of ZnO can be produced via 

aqueous methods, which are attractive for the following 

reasons: They are low cost, less hazardous and thus capable of 

easy scaling up; the growth occurs at a relatively low 

temperature, compatible with flexible organic substrates; 

there is no need for the use of metal catalysts, and thus it can 

be integrated with well-developed silicon technologies. In 

addition, there are a variety of parameters that can be tuned 

to effectively control the morphology and properties of the 

final product. Wet chemical methods have been demonstrated 

as a very powerful and versatile technique for growing one-

dimensional ZnO nanostructures. The synthesis is typically 

carried out at temperatures of about 90 °C, in an equimolar 

http://en.wikipedia.org/wiki/Vapor-liquid-solid_method
http://en.wikipedia.org/wiki/Vapor-liquid-solid_method
http://en.wikipedia.org/wiki/Nanorod
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aqueous solution of zinc nitrate and hexamine, the latter 

providing the basic environment. Certain additives, such as 

polyethylene glycol or polyethylenimine, can improve the 

aspect ratio of the ZnO nanowires. Doping of the ZnO 

nanowires has been achieved by adding other metal nitrates 

to the growth solution. The morphology of the resulting 

nanostructures can be tuned by changing the parameters 

relating to the precursor composition (such as the zinc 

concentration and pH) or to the thermal treatment (such as 

the temperature and heating rate). Aligned ZnO nanowires on 

pre-seeded silicon, glass and gallium nitride substrates have 

been grown in aqueous solutions using aqueous zinc salts 

such as Zinc nitrate and Zinc acetate in basic environments 

 Why ZnO? 

 ZnO is used as a pre-cursor to other zinc compounds. In 

material science ZnO is added to cement, plastics, glass, 

rubber, oinments, adhesive foods, batteries etc. ZnO is used 

in rubber manufacturing and widely used for concrete 

manufacturing. In medical industry, ZnO is used in products 

such as baby powder, barrier creams to treat diaper rashes 

calamine creams, anti - dandruff shampoos etc. Also used as 

a food additive and as pigment in paints and used for 

corrosion prevention in nuclear reactors. It is the most 

http://en.wikipedia.org/wiki/Hexamine
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Glass
http://en.wikipedia.org/wiki/Gallium_nitride
http://en.wikipedia.org/wiki/Zinc_nitrate
http://en.wikipedia.org/wiki/Zinc_acetate
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promising candidate in the field of random lasers to produce 

an electronically pumped uv-laser source. The major 

application is, it is used as nanorod sensors. 
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                       CHAPTER 2 

SYNTHESIS AND CHARACTERIZATION METHODS OF 

NANOMATERIALS 

 

2.1. Synthesis of Mn doped ZnO nanorods 

           The Mn-doped ZnOnanorods of composition, Zn1-xMnxO 

(dopant concentration, x = 0.02, 0.05, 0.08) were prepared by 

hydrothermal method. All starting materials were analytical 

grade and were used without further purification. Zinc chloride 

and manganese chloride were used as Zn and Mn sources, 

respectively. The reaction solution was prepared by adding 

appropriate quantity of ammonia into zinc chloride and 

manganese chloride solution with keeping molarity 0.1M and 

by adjusting the pH value to 10. The as-prepared solution was 

poured into a bottle with autoclavable screw caps. Cleaned 

copper strips were immersed into the reaction solution as 

substrate. The bottle was heated at 1000C using an oven and 

taken out after 2 h. The samples were thoroughly washed with 

deionised water and dried in air for further characterisation. 
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2.2. Synthesis of Ni doped ZnO nanorods 

 

 The Ni-doped ZnO nanorods of composition, Zn 1-xNi xO (x 

= 0.02, 0.05, 0.08) were prepared by hydrothermal method. 

All starting materials were analytical grade and were used 

without further purification. Zinc chloride and nickel 

chloride were used as Zn and Ni sources, respectively. The 

reaction solution was prepared by adding appropriate 

quantity of ammonia into zinc chloride and nickel chloride 

solution with keeping molarity 0.1M and by adjusting the pH 

value to 10. The as-prepared solution was poured into a 

bottle with autoclavable screw caps. Cleaned copper strips 

were immersed into the reaction solution as substrate. The 

bottle was heated at 1000C using an oven and taken out after 

2 h. The samples were thoroughly washed with deionised 

water and dried in air for further characterisation. 

2.3 MORPHOLOGICAL CHRACTERIZATION 

2.3.1 Scanning electron microscopy 

A scanning electron microscope (SEM) is a type of electron 

microscope that produces images of a sample by scanning it 

with a focused beam of electrons. The electrons interact with 

atoms in the sample, producing various signals that can be 

detected and that contain information about the samples 
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surface topography and composition. The electron beam is 

generally scanned in a raster scan pattern and the beams 

position is combined with the detected signal to produce an 

image. SEM can achieve resolution better than 1 nanometer. 

Specimens can be observed in high vaccum, in low vacuum and 

in wet conditions. 

 

2.3.2 X- RAY DIFFRACTION (XRD) 

X ray diffraction (XRD) based on wide angle elastic scattering 

of X rays has been the most important technique for 

determining the structure of materials characterized by long 

range order. X ray powder diffraction is most widely used for 

the identification of unknown crystalline materials. 

X ray powder diffraction is a rapid analytical technique 

primarily used for phase identification of a crystalline material 

and can provide information on unit cell dimensions. The 

analyzed material is finely ground, homogenized and average 

bilk composition is determined. X-ray diffractometers consist 

of three basic elements: An x-ray tube, a sample holder and an 

x-ray detector .x-rays are generated in a cathode ray tube by 

heating a filament to produce electrons, accelerating the 

electrons toward a target by applying a voltage and 

bombarding the target material with electrons. When electrons 
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have sufficient energy to dislodge inner shell electrons of the 

target material, characterized x-ray spectra are produced. 

 

 

 

XRD techniques are widely used for the particle size 

determination and the structure determination of 

nanostructured materials. From the peaks of XRD the particle 

size can be determined using the Scherrers formula  

                         L=Kλ/βcos θ 

where  θ is the Braggs angle , β is the full width at half 

maximum of the diffraction peaks on the  2θ scale in radians ,λ 

https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjalI7Xn6HUAhWKtI8KHY6LDe4QjRwIBw&url=https://www.slideshare.net/shivadheeraj/x-ray-diffraction&psig=AFQjCNEo0WA61dAUQM7lWFhjHqz7J3GkRQ&ust=1496564584172757
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is the wavelength of xrays, K is a  constant approximately equal 

to 0.9. 

 

2.3.3 ULTRAVIOLET VISIBLE SPECTROSCOPY 

Ultraviolet visible spectroscopy refers to absorption 

spectroscopy or reflectance spectroscopy in the ultraviolet 

visible spectral regions. This means it uses light in the visible 

and adjacent ranges. The absorption or reflectance in the 

visible range directly affects the perceived color of the 

chemicals involved .in this region of electromagnetic spectrum 

molecules undergo electronic transitions. This technique is 

complementary to fluorescent spectroscopy, in that 

fluorescence deals with the transitions from excited state to 

the ground state, while absorption measures transition from 

the ground state to the excited state. 

Molecules containing pi electrons or non bonding electrons can 

absorb energy in the form of ultraviolet or visible light to excite 

these electrons to higher antibonding molecular orbital. The 

more easily excited the electrons the larger the wavelength of 

light it can absorb. 
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                                           Schematic of a SEM 

The most common mode of detection is by secondary 

electrons emitted by atoms excited by the electron beam. The 

number of secondary electrons is a function of the angle 

between the surface and the beam. On a flat surface, the plume 

of secondary electrons is mostly contained by the sample, but 

on a tilted surface. The plume is partially exposed and more 

electrons are emitted. By scanning the sample and detecting 

the secondary electrons, an image displaying he tilt of the 

surface is created. 

In a typical SEM an electron beam is thermionically 

emitted from an electron gun fitted with a tungsten filament 
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cathode. Tungsten is normally used in thermionic electron gun 

because it has the highest vapour pressure of all metals, 

thereby allowing it to be heated for electron emission, and 

because of its low cost. Other types of electron emitters include 

lanthanum hexaboride (LaB6 ) cathodes which can be used in a 

standard tungsten if the vacuum system is upgraded ,which 

may be of the cold cathode type using tungsten single crystal 

emitters or thermally assisted Schottky type using emitters of 

Zirconium oxide. 

The electron beam which typically has an energy ranging 

from 0.2 KeV to 40 KeV, is focused by one or two condenser 

lenses to a spot about 0.4 nm to 5 nm in diameter. The beam 

[passes through pairs of scanning coils or pairs of deflector 

plates in the electron column, typically in the final lens, which 

deflect the beam in the x and y axis so that it scans s in a raster 

fashion over a rectangular area of the sample surface. 

When the primary electron beam interacts with the 

sample the electron losses energy by repeated random 

scattering and absorption within a tear drop shaped volume of 

the specimen known a s the interaction volume, which extends 

from less than 100 nm to approximately 5µm into the surface. 

The size of the interaction volume depends on the electrons 

energy, the atomic number of the specimen and the specimen’s 



 33 

density. The energy exchange between the electron beam and 

the sample results in the reflection of high energy electrons by 

elastic scattering emission of secondary electrons by inelastic 

scattering and the emission of electromagnetic radiation which 

can be detected by specialized detectors. The beam current 

absorbed by the specimen can also be detected and used to 

create images of the distribution of specimen current. 

Electronic amplifiers of various types are used to amplify the 

signals, which are displayed as variations in brightness in a 

computer monitor. Each pixel of computer video memory is 

synchronized with the position of the beam on he specimen in 

the microscope, and the resulting image is therefore a 

distribution map of the intensity of the signal being emitted 

from he scanned area of the specimen. In older microscope 

image may be captured by photography from a high resolution 

cathode ray tube(CRO),but in modern machines image is saved 

to a computer data storage. 
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CHAPTER 3 

RESULTS AND DISCUSSIONS 

 

3.1 Mn doped ZnO nanorods 

 

3.1.1 Morphology and Structure 

 

Fig 3.6:  SEM image of ZnO nanoparticle 

 

 Figures 3.1, 3.2, 3.3 shows the XRD pattern of Mn doped 

ZnO nanorods with concentration 2, 5 and 8 mol%, 

respectively. The obtained XRD patterns are in good agreement 

with the hexagonal wrutzite structure of ZnO (JCPDS Code No. 

36-1451). No secondary phases have been observed indicating 

that there are no additional crystalline structures present in 

these samples. The absence of the diffraction peaks of 
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manganese or manganese oxide in the XRD pattern implies 

that Mn has been incorporated within the ZnO nanorods by 

means of substitution for Zn. The obtained diffraction peaks 

appeared very strong and sharp which demonstrate the as-

prepared Mn-doped ZnO nanorods are well crystalline. 
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Fig3.1 XRD pattern of ZnOnanorod with Mn concentration 2 mol%  
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Fig3.2 XRD pattern of ZnOnanorod with Mn concentration 5 mol% 
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Fig3.3 XRD pattern of ZnOnanorod with Mn concentration 8 mol% 
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Table 3.1Peak position (2) of Mn-doped ZnOnanorods with 

dopant concentration 2 mol%, 5 mol% and 8 mol%  

ZnOnanorod (h k l)      2 

     (0) 

d values 

       (Å) 

Lattice 

parameters 

           (Å) 

 

 

2 mol% 

(100) 

(002) 

(101) 

(102) 

31.583 

34.226 

36.047 

47.303 

2.83054 

2.61775 

2.48961 

1.92012 

 

a = 3.2684 

 c = 5.2355

  

 

 

5 mol% 

(100) 

(002) 

(101) 

(102) 

31.552 

34.217 

36.038 

47.207 

2.83281 

2.61952 

2.49009 

1.92158 

 

 a = 3.2710 

 c = 5.2390 

 

8 mol% 

(100) 

(002) 

(101) 

(102) 

31.538 

34.186 

36.020 

47.201 

2.83449 

2.62074 

2.49142 

1.92991 

 

a = 3.2730 

 c = 5.2415 

    

from (100) and (002) planes. The lattice constants increase 

with increasing Mn concentration. The average crystallite size 

of Mn-doped ZnO nanorods with concentration 2, 5 and 8 
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mol %, calculated from Scherrer’s formula is 19.74±0.002, 

21.77±0.001 and 25.15±0.001nm, respectively.  

 

 Optical band gap 

 Figure 3.4 shows the absorption spectrum of Mn-doped 

ZnO nanorods. Absorption edges of Table3.1 shows the peak 

positions as having shifted to lower 2  values with increasing 

concentration of Mn. This indicates the substitution of Mn ions 

at Zn sites, as the ionic radius of Mn2+ (0.66Å) is slightly larger 

than that of Zn2+ (0.60Å) . Thus, the Mn incorporation has lead 

to an expansion of the ZnO lattice and doping has caused 

significant change in lattice constant. The lattice constants are 

calculated ZnO nanorods with Mn concentration 2, 5 and 8 

mol% are observed at 371, 373 and 375 nm, respectively and 

all the absorption edges red shifted compared to the undoped 

ZnO nanorods (366nm). The band gap energy, Eg, is calculated 

from the reflectance spectra using the Tauc relation which is 

represented in figure 3.5 . The intercept of the linear portion of 

the curve gives the corresponding bandgap energy. The band 

gap obtained to be 3.43 eV for undoped ZnO nanorods and it 

starts decreasing for 2, 5 and 8 mol% of Mn-doped ZnO 

nanorods as 3.17±0.002, 3.15±0.001 and 3.13±0.003 eV, 

respectively.  When the transition metal Mn ions are 
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substituted for the cations of the host semiconductor ZnO, the 

electronic structure of the substituted Mn impurities in ZnO is 

influenced by two competing factors. First is the strong 3d-host 

hybridization and the second is the strong Coulombic 

interaction between 3d-3d electrons which is responsible for 

the multiplet structures observed in d-d optical absorption 

spectra. The hybridization between the 3d orbital of Mn and 

valence band of ZnO give rise to the magnetic interaction 

between the localized 3d spin and the carriers in the ZnO 

valence band. For wide band gap semiconductors like ZnO, the 

conduction band consist of cation s-orbitals, whereas the 

valence band consist of anion p-orbitals. The decrease in band 

gap energy Eg for increasing Mn content is attributed to the s–d 

and p–d interactions giving rise to band gap bowing and it has 

been theoretically explained using the second-order 

perturbation theory and first-principles study of carrier-spin 

exchange interaction. 
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Fig. 3.4 Absorption Spectrum of Mn-doped ZnO nanorods with 

different Mn concentration 
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Fig. 3.5 Band gap energy of ZnOnanorods with 2, 5 and 8 mol% Mn 

doping concentration Zn (1-x) Nix O 
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3.2 Ni doped ZnO nanorods 

3.2.1. Morphology and Structure 
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Fig3.8 XRD pattern of ZnOnanorod with Ni concentration 2mol% 
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Fig 3.9 XRD pattern of ZnO nanorod with Ni concentration 5mol% 
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Fig3.10 XRD pattern of ZnO nanorods with Ni concentration 8mol% 
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 The XRD spectra of the Ni-doped ZnO nanorods are 

shown in figure. All the diffraction peaks can be indexed to ZnO 

wurtzite structure. There are no peaks corresponding to Ni or 

its oxides, indicating that the Ni ions are successfully occupied 

in the ZnO lattice. All diffraction peaks are highly intense and 

demonstrate the preferential orientation along  direction 

which is same as in the case of undoped ZnO nanorods. When 

ZnO is doped with Ni2+ the peak is moved towards higher angle 

side and lattice constants are slightly decreased in comparison 

to undoped ZnO. The observed decrease in lattice constant is 

therefore attributed to the small ionic radius of Ni2+ (0.55Å) 

which can be compared to Zn2+ (0.60Å). The average crystallite 

size of Ni doped ZnO nanorods with concentration 2, 5 and 8 

mol%, calculated from Scherrer’s formula is 28.20±0.003, 

21.67±0.002 and 17.14±0.001 nm, respectively. The average 

crystallite size of Ni-doped ZnO nanorods is found to be less 

than that of the undoped nanorods and the crystallite size 

decreases with increasing Ni concentration. The reduction of 

grain size may be due to the development of stress or strain in 

the ZnO lattice with the incorporation of Ni atoms. Table 3.2 

shows the lattice parameters of Ni-doped ZnO nanorods with 2, 

5 and 8 mol%.  



 44 

Table3.2Peak position (2) of Ni-doped ZnOnanorods with dopant 

concentration at 2mol%, 5mol% and 8mol% 

ZnOnanorod (h k l)      2 

      (0) 

d values 

    (Å) 

Lattice 

parameters 

           (Å) 

 

 

2 mol% 

(100) 

(002) 

(101) 

(102) 

31.759 

34.473 

36.375 

47.649 

2.79871 

2.58876 

2.45999 

1.90899 

 

a = 3.2276 

 c = 5.1775

  

 

 

5 mol% 

(100) 

(002) 

(101) 

(102) 

31.773 

34.499 

36.455 

47.714 

2.79468 

2.58601 

2.45762 

1.90728 

 

 a = 3.2229 

 c = 5.1720 

 

8 mol% 

(100) 

(002) 

(101) 

(102) 

31.778 

34.521 

36.458 

47.783 

2.79384 

2.58587 

2.45112 

1.90465 

 

a = 3.2220 

 c = 5.1717 

       

Optical band gap. 

 The UV-Visible absorption spectrum of Ni-doped 

ZnOnanorods is shown in figure 3.11. 360, 358 and 354 nm are 

the absorption edges of Ni-doped ZnO nanorods with Ni 

concentration 2, 5 and 8 mol%, respectively. 
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Fig 3.11 Absorption Spectrum of Ni-doped ZnO nanorods with 

various Ni concentrations  
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Fig. 3.11 Band gap energy of Ni-doped ZnO nanorods with 2, 5 and 8 

mol% 
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Compared with the absorption of undoped ZnO nanorods, the 

absorption edge of Ni-doped ZnO nanorods exhibit an obvious 

blue shift, which shows that the optical band gap of the 

nanorod is broadened after doping. Band gap energies of Ni-

doped ZnO nanorods at various dopant concentrations are 

calculated using Tauc relation and are shown in figure 8.25. 

 The calculated band gap for Ni-doped ZnO nanorods with 

dopant concentration 2, 5 and 8 mol% are 3.484±0.001, 

3.502±0.003 and 3.539±0.001 eV, respectively. According to 

Venkataprasad Bhat et.al. nickel (Ni2+) doped ZnO shows a 

progressive decrease in the band gap with dopant 

concentration. However, the observed blue shift in the 

absorption edge (increase in the band gap energy) can be 

attributed to the quantum confinement effect in the Ni-doped 

nanorods due to their small crystallite size. 

3.3Electrical properties of TM (Mn and Ni) doped 

ZnO nanorods 

 

 The conductivity of ZnO is primarily associated with 

intrinsic electron producers, Vo (oxygen vacancies) and Zni 

(cation interstitials) both act as positive charge centers. The 

formation energy of zinc interstials is at least as high as that of 
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oxygen vacancies, but it act as shallow donors because the 

2+/0 transition level is near or above the conduction band 

minimum. Therefore Zn interstitial (Zni) can be considered as 

the origin of conductivity in undoped ZnO. In ZnO nanorods, 

hopping conduction is the predominant conduction mechanism 

and it is associated with electron jumping from occupied 

donors to empty ones. The surface defects present in the ZnO 

nanorods have satisfied the condition of hopping conduction. 

3.3.1Mn-doped ZnO nanorods 

 Variation of ac conductivity of Mn-doped ZnO nanorods 

with various Mn concentration and frequency is shown in 

figure 3.12.  It shows that the ac conductivity of Mn-doped ZnO 

nanorods increase by increasing the Mn concentration up to 2 

mol%, beyond that limit it is found to decrease. Hopping 

conductivity is governed by the hopping probability between 

the impurity sites or the defect sites. The main shallow donors 

in the ZnOnanorods are zinc interstitials and oxygen vacancies. 

The Mn incorporation induces more surface defects into the 

ZnOnanorods. This increases the defect density and the ac 

conductivity of Mn-doped ZnO nanorods. However, an increase 

in the concentration of Mn beyond certain limit depresses the 

concentration of shallow donors in the nanorod. The lattice of 

ZnO nanorods is slightly distorted by the incorporation of Mn 
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and this lattice distortion increases by increasing the 

concentration of Mn, which can be attributed to the scattering 

effect. Therefore the higher concentration of Mn reduces the 

carrier concentration and increases the defect scattering effect. 

Hence the ac conductivity of Mn-doped ZnO nanorods is 

decreased beyond 2 mol% of Mn. This observation is 

confirmed by the PL data of Mn-doped ZnO nanorods.  
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Fig3.12 Variation of ac conductivity of Mn-doped ZnO nanorods with 

dopant concentration and frequency 

 

3.3.2 Ni-doped ZnO nanorods 

 Figure 3.13 shows the variation of ac conductivity of Ni-

doped ZnO nanorods with various Ni concentration and 

frequency. The ac conductivity of ZnO nanorods is found to 
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increase with increasing Ni concentration. The enhanced ac 

conductivity of ZnOnanorods with increasing concentration of 

Ni can be explained in accordance to the hopping conduction 

mechanism. The hopping probability increases with increasing 

dopant concentration which induces more surface defects in 

the ZnOnanorods. 
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Fig 3.13 Variation of ac conductivity of Ni-doped ZnOnanorods with 

dopant concentration and frequency 

 

 The presence of oxygen vacancies/zinc interstitials increases 

with Ni doping that is confirmed by PL data of Ni-doped ZnO 

nanorods. Thus the increased surface defect density by Ni-

doping increases the hopping conduction. Hence the ac 
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conductivity of Ni-doped ZnO nanorods increases with 

increasing Ni concentration. According to Jr H.He et.al.  doping 

of cations of higher valence state (such as Ga, In and Ni) than 

Znin to ZnO, leads to an increase in the electrical conductivity.  

The experimental results are in good agreement with this 

literature. However the ac conductivity of Ni-doped ZnO 

nanorods at 8 mol% of Ni is found to be decrease which may be 

due to the scattering effect. Scattering effect is considerably 

small up to 5 mol% of Ni due to their good crystalline quality. 

Photoluminescence and Raman spectrum of Ni-doped ZnO 

nanorods agrees with this observation. 
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CHAPTER 4 

SUMMARY AND CONCLUSIONS 

 

 The TM (Mn, and Ni) doped ZnO nanorods have been 

successfully synthesised by hydrothermal method. The 

morphology TM-doped ZnO nanorods have been analysed 

using SEM. The crystalline structure and average grain size 

have been determined by XRD. The optical band gap energy of 

TM-doped nanorods with varying dopant concentration has 

been calculated using Tauc relation. The electrical properties 

of TM-doped ZnO nanorods have been investigated. The idea of 

hopping conduction and scattering effect has been used to 

explain the behaviour of ac conductivity in TM-doped ZnO 

nanorods with varying dopant concentration. 
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. 

Abstarct 

Mn doped ZnO nanorods are prepared by a hydrothermal method using zinc chloride and 

manganese chloride as source materials of Zn and Mn , respectively. The doping of Mn
2+ 

 

ions has significant influences on the optical and electrical properties of ZnO nanorods 

[1]. By varying the concentarion of Mn
2+  

ions, we can tune the band gap energy of ZnO 

nanorods.  Photoluminescence spectrum exhibits a yellow-orange band at 598nm that is 

induced by Mn
2+ 

ions. Compared with undoped ZnO nanorods, the Raman peaks of Mn 

doped ZnO nanorods exhibit a red shift in its wavelength due to the quantum size effect 

[2].  High ac conductivity compared to undoped ZnO nanorods. As the Mn concentration 

exceeds to 2 mol%, the ac conductivity decreases due to defect scattering. 
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Abstract 

   Transition metal (TM) doped ZnO have attracted much interest recently due to their 

excellent optical, electrical, piezoelectric, field emission and non-toxic properties [2]. They 

are also an important candidate in the field of spintronics with ferromagnetism at room 

temperature . 

The Mn-doped ZnO nanorods of composition, Zn1-xMn xO (dopant concentration, x = 0.02, 

0.05, 0.08) were prepared by hydrothermal method. The morphology of the Mn-doped 

ZnO nanorods with 8 mol% is first analysed using TEM. Detailed TEM analysis reveals 

that the as-doped ZnO nanorods have diameter in the range of 31-33 nm. The obtained 

XRD patterns are in good agreement with the hexagonal wrutzite structure of ZnO. ZnO 

nanorods doped with Mn ions such that the dopant concentrations as 2, 5 and 8 mol% 

respectively. The Mn incorporation lead to an expansion of the ZnO lattice and doping has 

caused significant change in lattice constants. High ac conductivity compared to undoped 

ZnO nanorods. As the Mn concentration exceeds to 2 mol%, the ac conductivity decreases 

due to defect scattering. 

Keywords: Mn doped ZnO nanorods, TEM, XRD, Electrical properties 
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