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Abstract

The purpose of this thesis is to study the growth mechanism and optimize the parameters
of this method for Optoelectronic devices and to investigate the structure, optical and
electrical properties of Mn doped ZnO semiconductor nanostructures in detail by means of
X-ray diffraction (XRD) and Ultra violet-visible absorbance spectrophotometer (UV-Vis).
Furthermore, a possible synthesis mechanism for undoped and Mn doped ZnO
semiconductor nanostructures in solution was proposed and the effect of Mn doping in
different concentrations on the morphology, optical and electrical properties of ZnO
nanostructures were systematical studied. The effect of Mn doping on optical quality of
Zn0 nanostructures was also carefully examined. These nanostructures were successfully
synthesized by sol-gel method using the chemicals such as zinc acetate hexa-hydrate,
manganese (II) chloride hexa hydrate, ammonia solution, citric acid, poly ethyl glycol and
distilled water without further purification. The X-ray powder diffraction (XRD) of the
samples was characterized by using SHIMADZU XRD 7000 X-ray diffract meter using the
principle of Bragg Brentano Geometry, with Cu-K, radiation. XRD confirmed that all the
synthesized undoped ZnO and Mn doped ZnO nanostructures were crystalline in the
wurtzite structure; and the average sizes of the samples were investigated, which conform
nanostructures’ formation. Additional peaks were also observed for Mn doped ZnO
nanostructures in this study. UV-Vis absorption spectra were recorded by using a UV-Vis
spectrophotometer in the photon wavelength range between 300 and 800 nm. From the
optical study, the absorbance in UV regions was increased with the increasing Mn doping
concentration. For Mn doped Zn nanostructures, the spectra of U-V show a blue shift in
energy band. It was found that the doping of Mn?*ions have a significant influence on the
optical properties of ZnO nanostructures.Analyzing the results of various types of
characterizations, it has been assessed that Mn doped ZnO nanostructures were

successfully synthesized.



Chapter 1

Introduction

The present world is surmounting on the basis of science and technology which include
electronics that are mostly dominated by suited electronic equipments. These are creating
the need for materials possessing flexible properties. After searching for the history of a
material with flexible properties, semiconductor is come out as a common material of this
type. Then after the products of semiconductor industry were spreading over the world
and deeply penetrating into every activity of human life. As a result, the semiconductor
industry has been kept growing tremendously throughout the world. The starting point of
semiconductor industry was traced back to the invention of the first semiconductor point
contact transistor by Bardeen and Brattain at Bell Lab in 1974 [1] which was further
modified by William Shockley [2].

This transistor was manufactured from germanium, which prevents the surface from
electrical leakage due to its lower melting point and poor oxides. These properties have
imposed major limitations to the application of germanium for device fabrication. As a
result, silicon (Si) has been come to use to fabricate discrete devices and integrated circuits
for computing, data storage and communication during the development of the information
age. It also possesses better fabrication technology and application to integrate circuits for
different purposes than germanium. Because of these reasons, it dominates the commercial
market at this time [3]. It is a narrow band gap and an indirect band gap semiconductor.
Materials with indirect band gaps generate phonons (or heat) during optical emission.
Thus, silicon based materials are unsuitable for optoelectronic device, where a direct band
gap is needed for efficient optical emission. In addition, its smaller band gap limits its use in
applications requiring higher operating temperatures. These limitations have led to the
invention of a second generation of semiconductors, namely the III-V compound
semiconductors [4].

As time goes on, the rapidly growing world needs speeding up technology. This need is

fulfilled by III-V compounds which are more suitable than silicon for high speed-devices



and optoelectronic applications. Among these materials, gallium arsenide (GaAs) is a direct
band gap semiconductor possessing higher carrier mobility and higher effective carrier
velocity which makes it suite for optoelectronic applications. But this does not complete
the requirement of the future world, which needs high temperature electronic devices.
Therefore, the world now needs materials that possess unique properties such as larger
band gap, higher electronic mobility and higher breakdown field strength. As the
development of information technology is going on, the requirement of high power, high
temperature electronics and ultraviolet (UV)/ blue light emitter applications became more
and more, which is beyond the limitation of silicon or gallium arsenide (GaAs). Because
these properties are absent in gallium arsenide. Therefore, wide band gap semiconductors
such as SiC, ZnO and GaN that belong to the third-generation semiconductor come forth
and turn the researcher focus in the field of semiconductors [5]. Wide band gap
semiconductors have gained much attention during the last decade because of their
possible uses as optoelectronic devices in the short wavelength and ultraviolet (UV)
portion of the electromagnetic spectrum.

Over the last two decades, science and technology have been extremely improved in
presenting the true secrets of the nature in molecular or atomic level [6, 7]. In 1959,
Richard Feynman gave lecturer titled “There is plenty of room at the bottom”, suggesting
the possibility of manipulating things at atomic level which was the basis for the
importance and starting of nanomaterials [8]. Systematically, conducting experiments on
nanomaterials were seen started from the time of well-known Faraday's experiments in
1857 [9]. These all together were generally considered as the forecasting of
nanotechnology. However, the real burst of nanotechnology did not come until the early
1990s. Device miniaturizations in semiconductor industry as well as the increasing
availability of methods of synthesis and tools of characterization and manipulation for
nanomaterials were significant factors for the development of nanotechnology [10-
12].These characterization tools include sophisticated instruments such as scanning
electron microscopy, transmission electron microscopy and electron microscopy, which

make researcher approach the nano world [13]. These all together gave birth to a new



branch of science and technology called Nanoscience and Nanotechnology. As a result,
nanotechnology was emerging as one of the important disciplines in which physics, biology
and chemistry really overlap with one another and has been recognized as a revolutionary

of science and technology.

1.1 Background of the study

Nanotechnology is a technology that primarily deals with the synthesis, characterization,
exploration and exploitation of nanostructure materials with structural features in
between their atoms and their bulk materials [12]. In other words, it is a technology of
design and application of nanoscale materials with their fundamentally unique properties
and functions. The applications of nanotechnology have got attraction in the areas such as
medical, biomedical, healthcare, life sciences, agricultures, safety of food, security,
consumer goods, energy production, energy conversion, energy storage, infrastructures,
building, construction, aerospace and etc. [14-17]. It also provides higher efficiency of
devices, new approaches to diagnosis and treatment of diseases; effective environmental
monitoring and alternative ways for substantial energy development for a better world
[18]. Moreover, its applications also provide very fast response, low-cost, long-life and
easy to use by unskilled users. This brings revolution in the life style and safety of human
kind. Therefore, it is possible to say that nanotechnology is applied almost in every aspect
of our present world.

Nanomaterials are materials that are characterized by at least one dimension in the
nanometer (Inm to 100nm) scale. These materials possess the structures known as
nanostructures which constitute a bridge between molecules and infinite bulk systems.
Structures and sizes have definite effects on the properties of nanoparticles [19]. As a
result, the properties of nanomaterials are significantly different from those of a single
atom (molecule) and those of bulk matter with the same composition. In line with this, they
have also more mechanical strength, thermal stability, catalytic activities, magnetic
properties, optical properties, etc. than that of the bulk one [20]. The uniqueness of the
structural characteristics, energetic, response, dynamics and chemistry of nanostructures

constitutes the basis of nanotechnology. A suitable control of the properties and response



of nanostructures can lead to the development of new devices and technologies [12].
Moreover, when the size of materials is in the nanoscale regime, the large surface area to
volume ratio exhibited by them improves their high surface reactivity with the surrounding
environment. This property makes nanomaterials suitable candidates for many
optoelectronic applications. Therefore, nanomaterials have opened up possibilities for new
innovative functional devices and technologies [21, 22].

But there are some challenges that face by any researcher while dealing with
nanomaterials. These are means to achieve monodispersity, controlling of size and shape,
reproducibility, scale up and building complex nanostructures. These challenges can be
solved by controlling the variation of PH value, temperature, concentration of reagents,
concentration of catalyzer and phase transition (sol-gel method). These are the prime
requisites for obtaining quality nanomaterials if they are properly controlled.

In recent years, nanomaterials-based optoelectronics have attracted much attention
from both scientific research communities and industrial applications points-of-view. The
most important factors for the development of optoelectronic based devices are the
fabrication processes which are on economic oriented approach, use of inexpensive
materials by economical synthesis methods and require low power consumption, ease of
fabrication, high accuracy, fast response time, high compatibility, portable and easy to use
by unskilled users.

In the response to above requirements, metal oxide semiconductor nanomaterials have
attracted high interest due to their promising applications in diversity of technological
areas such as optoelectronic industries, sensing areas, etc. In the fields of nanotechnology
based optoelectronics, sensing etc., metal oxides nanostructures stand out as being among
the most versatile nanomaterials because of their excellent physical and chemical
properties [23, 24]. Among metal oxide nanomaterials, ZnO nanostructures are the most
promising metal oxides due to their attractive physical and chemical properties as well as
their low-cost, simplicity, environmental friendliness and easy to grow. ZnO nanostructure
is highly attractive from research communities in the applications of modern

optoelectronic technologies due to its relatively large surface area to volume ratio, thermal



stability, larger band gap of 3.37 eV at room temperature, high exciton binding energy of 60
meV as compared to 28 meV for GaN, which makes exciton in ZnO stable up to 350 K, high
transparency, its high ionicity and biocompatibility [23-31]. Its higher band gap ensures a
higher breakdown voltage, ability to sustain large electric field, lower electric noise and
higher temperature and higher power operation and because of its high exciton binding
energy, optically pumped lasing at and above room temperature has been confirmed. It is
also an important multifunctional material that appropriates for many different
applications in transparent electronics, solar cell, smart windows, bio-detection,
piezoelectric devices [32-35].

The properties of ZnO nanostructure can further be tuned by using different ways for
improving their applications in optoelectronic and electronic devices. One way is doping
method, which intentionally introduces impurities into an extremely pure intrinsic
semiconductor for the purpose of modulating its electrical properties. It is a widely-used
method to improve the electrical and optical properties of this material. Doping of Mn into
ZnO offers an interesting way to alter various properties, for example, the band gap of the
host material can be tuned from 3.37 eV to 3.70 eV [36]. The doping of manganese was
chosen due to its ionic radius (0.66A) comparable with ionic radius (0.64) of Zn2* and ease
to synthesis without changing the ZnO crystalline structure over a wide range of dopant
concentration. Moreover, it is known that manganese incorporated into ZnO lattice to form
an impurity energy level and facilitate mobility of charge carriers [37]. Additionally, it also
alters the emission properties by providing an efficient channel for the recombination of
electron and hole via the dopant Mn d levels. Thus, dopant influences the properties of ZnO
nanostructures such as the band gap, optical property and electrical conductivity [38].
Therefore, it is clear that ZnO and its ternary alloys have potential to compete with III-V
Nitrides for optoelectronic applications. Besides, the possibilities of band gap tuning by
forming Znx.1MnxO alloys from zinc oxide nanostructures have also attracted some
attention. A systematic study on the influence of manganese ion doping degree on the
structure, electrical and optical properties of ZnO nanostructures has been reported in this

work.



However, synthesis route is also very important to get different types of nanostructures

with different properties. Moreover, the effect of Mn ions on the size and the properties of
Zn0O can also be analyzed by changing the concentration of Mn ions in these nano
structures. Growth conditions and synthesis method for undoped ZnO and Mn doped ZnO
nanostructures have already been reported by other researchers [39] were further
optimized and studied in detail.
Undoped ZnO nanostructures can be prepared on large scale by low cost, simple solution-
based methods such as chemical precipitate [18], sol-gel synthesis [4, 40]and hydrothermal
reaction [41]. The sol gel method has several advantages over other growth processes such
as use of simple equipment, low cost, catalyst-free growth, large area uniform production,
environmental friendliness and less hazardous. This method has also been successfully
employed to synthesize Mn doped ZnO nanostructures. The properties of these materials
such as structural, optical, electrical, shape and size can be controlled via the sol-gel
method by adjusting the reaction temperature, time and concentration of precursors [31].
The present study is focused on the sol-gel synthesis of Zn1xMnxO (x=0.00, 0.02, 0.04 and
0.06) nanostructures. Zni1.xMnxO nanostructures synthesized through sol-gel method were
characterized using X-ray diffraction (XRD) and UV-visible spectrophotometer. Therefore,
the properties of Mn doped ZnO nanostructures depend on their synthesis route, size,
shape, electrical and optical properties along with their corresponding electrical and
optical applications in optoelectronics were studied in this work.

In this regard, the optimization methods for Mn doped ZnO nanostructures has paved
the way in creating new opportunities for the development of nanostructures based
devices like optoelectronic devices. Thus, tailoring the synthesis and characterization of Mn
doped ZnO semiconductor nanostructures for optoelectronic devices is the high interest of
this study. The synthesized Mn doped ZnO nanostructures with controllable shape, size and
structure provides excellent prospects for designing nanotechnology based devices. Thus,
the study of synthesis and characterization of Mn doped ZnO nanostructures is also

another important work of this study.



Great progress has been made in synthesis methods and device applications of ZnO
nanostructures [1, 42-44], however, there are still significant challenges that have to
overcome so as to produce efficient ZnO optoelectronic devices. These include
understanding the residual n-type conductivity in unintentionally doped ZnO and
controlling native defects, visible emissions and possible compensation processes. Apart
from the difficulty in achieving n-type conductivity from all types of undoped ZnO and Mn
doped ZnO materials (bulk and nanostructures); the reproducible growth of
nanostructures is another issue which has attracted considerable attention. It is widely
recognized that the structure of undoped ZnO and Mn doped ZnO nanostructures is highly
sensitive to the growth of environment such as temperature, precursors and their
concentrations, the II/VI ratio or PH value, etc. This sensitivity makes it very difficult to
control the growth process for the reproducible formation of a desired structure over large
areas. However, in order to fully realize undoped ZnO and Mn doped ZnO based
optoelectronic devices, optimized growth method and materials processing techniques
have developed in this study. Therefore, the present work is motivated by the above and
aimed at obtaining optimized growth conditions for undoped ZnO and Mn doped ZnO
nanostructures synthesis by sol gel method and the investigation of optoelectronic

properties for nanostructures.

1.2 The objective of the study

The general objective of this research is to optimize the sol gel synthesis and
characterization of undoped Zn0O and Mn doped ZnO semiconductor nanostructures as well
as their uses in optical electronic devices.

The specific objectives of this study are to:

¢ Synthesize undoped ZnO and Mn doped ZnO nanostructures by sol-gel method and
optimize the parameters of this method.
e Characterize the crystalline structure and particle size of the synthesized undoped ZnO

and Mn doped ZnO nanostructures using X- ray diffraction (XRD).



e Characterize the optical properties of the synthesized undoped ZnO and Mn doped ZnO
nanostructures using Ultraviolet-visible (UV-Vis) spectrophotometer.
e Identify the use of undoped ZnO and Mn doped ZnO nanostructures in optoelectronic

devices.

1.3 The organization of the study

The research consists of five chapters: Chapter 1 deals with Introduction, Background,
Objective and Organization of the study. Chapter 2 provides Literature review of the paper,
chapter 3 presents the synthesis methods of undoped ZnO and Mn doped ZnO
nanostructures along with their characterization techniques, chapter 4 presents the results

and discussions and chapter 5 is giving research summary and recommendation.



Chapter 2

Literature Reviews

2.1 Classification and synthesis of nanomaterials

Over decades, the ability to tune the structure of semiconductors with near atomic scale
has led to further idealization of semiconductor structures: quantum wells, wires, and dots.
According to their basic dimensions (X, Y and Z) in space, nanostructures of nanomaterials
can be classified into zero-dimension (0-D), one-dimension (1-D), two-dimension (2-D) and
three-dimension (3-D). While 0-D nanostructures refer to quantum dots or nanoparticles,
1-D nanostructures refer to nanowires, nano rods, nanofibers, nano belts, and nanotubes,
2-D nanomaterials represent for nano sheets, nano walls and nano plates and 3-D
nanomaterials are nano flowers and other complex structures such as nanotetrapods [45-
50]. Since quantum effects dominate the properties of the nanomaterials, the density of
states (it describes the relationship between states and energy in the band diagram of the
materials) of nanomaterials is quite different from that of the bulk materials. The electronic
densities of states versus energy in the band diagram for 0-D, 1-D, 2-D and bulk materials are

shown in Figure 2.1.

Density of states
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Figure 1: Densities of states in bulk semiconductor and in quantum well (2-D), in quantum wire (1-D), and in

quantum dot (0-D) nanomaterials [45, 50].



From the Figure 1 above, one can conclude that the continuous states of bulk materials
change to a series of discrete states of nanomaterials.

The syntheses of nanoscale materials are generally grouped into mainly two approaches,
namely bottom-up and top-down approaches. The top-down technique is a method that
tears down larger building blocks into finer pieces till their constitution up to nanoscale
level. In other word; it begins with a pattern generated on a larger scale and then reduces
to nanoscale. By nature, it is not cheap and quick to manufacture as well as it is also a slow
and not suitable for large scale production. The bottom up method is a method that builds
nanomaterials from atomic or molecular precursors. It also starts with atoms or molecules
and builds up to nanostructures. It is cheap, fast and suitable to manufacture large scale
production. Thus, nanostructures can be synthesized either by bottom-up or top-down
approaches. In this research, we have used bottom-up technique to synthesis
nanostructures, particularly undoped and Mn doped ZnO nanostructures. This technique is
used due to its cheapness, fastness and suitability. The schematic diagram for the two

approaches was summarized in Figure 2 below.

.
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@ b ) a :,1 o H ¢ 0 .,. .'
Bulk " @ ” 0-D H b 5 4 i = ,: ”"
@ @ . Atomi
Top-down approach Nanostructures Bottom-up approach
I mm 100 pm 10 pm | pm 100 nm 10 nm I nm 0.1 nm

Figure 2: Top-down and bottom-up approaches [50].
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2.2 Band structure in nanomaterials

Nanomaterial semiconductors have been widely studied for last several years due to their
size dependent physical and chemical properties [51] below critical size characteristics of
the materials. Sizes dependent shift in the optical spectrum, luminescence and non-linear
optical effects are some attractive properties shown by these nanomaterials. All these
variations are seen because of the so called size quantization effects which arise due to the
increasing in quantum confinement of the electrons and holes with diminishing size of the
crystallites and the subsequent changes in the electronic structures. The structures of these
materials give rise to the modifications of their physical properties, particularly to the shift
in optical absorption and emission which results in widening in energy gaps as shown in

Figure 3 below.

Energy

LLWIC pRiT 3

nmeS—— . = | 2

Atom - Manostructures Bulk materials

Figure 3: Energy level diagrams comparing of bulk and cluster nanoparticles of semiconductors [51].
Transformation of zone structure of a solid under reduction of its size from macro- to
nano-scale down to a single atom shows the increase of the band gap AE, and the blue
shift iw = AE, for nanoparticles and nanostructures. Here W is a work function, HOMO
is the highest occupied molecular orbital; LUMO is the lowest unoccupied molecular
orbital. Due to the finite size of the nanocrystal, the continuous energy bands of the bulk
crystal convert into a series of discrete states resulting in widening of the effective band
gap. This is normally observed through optical absorption studies in which the lowest

allowed absorption shifts to the higher energies as the particle size decreases as in
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Figure 3 above. The increase in the energy separation between valence band and
conduction band is the consequence of quantum confinement effect. In materials,
substantial variations of fundamental, electrical and optical properties are observed
when the diameter of the nanostructures is comparable or smaller than the diameter of
the bulk exciton such that the energy level spacing exceeds the thermal energy kgT
[52].

For a given temperature this occurs at a very large size in semiconductors as compared to
metals or molecular crystal, the nearest neighbor interactions are weak and the bands in
solid are very narrow and as a consequence not much size variation in optical and electrical
properties are observed in the nanocrystal regime. However, in the case of metals, the edge
of the band develops first and the center develops last upon decreasing size. Further, the
Fermi level lies in center of the band and the relevant energy gap is still very small and at
temperatures above a few Kelvin, the electrical and optical properties more closely
resemble those of continuum, even in relatively small sizes. In semiconductors, the Fermi
level lies in between the two bands which are covalence band and conduction band, so that

the edges of the bands dominate the optical and electrical behavior.

2.3 Background of optoelectronic devices

Optoelectronics is the study and application of electronic devices that interact with light.
Over the past decades, substantial improvements in the properties of ZnO have been made.
Some improvements include the adjustability of its photoluminescence emission band from
blue to yellow [53], the increased quantum yield of up to 85% [54]and the stability of its
nanoparticles in aqueous solution for biological labeling [55]. These improvements are
coupled with the fact that ZnO offers an affordable non-toxic alternative, other
photoluminescence semiconductor, have paved the ways for its applications in
optoelectronics. Different ZnO nanostructures have been created from hexagonal patterned
nano rods [56] to nano propellers [57]. However, one dimension ZnO nanostructures such
as nanowires, nano rods and nano ribbons are the most commonly used when dealing with

the optoelectronics [58].
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Popular applications in optoelectronics include light emitting diodes (LEDs), laser diodes,
photo detectors and photo voltaic cells. Optoelectronic devices are electrical-to-optical or
optical-to- electrical transducers, or instruments that use such devices in their operation. In
other words, optoelectronic devices are devices that convert electrical energy into optical
radiation, or vice versa, and those which detect optical signals through electronic
processes. They are also essentially electronic in nature and involve light. These devices
provide the optical sources and detectors that allow broad band telecommunications and
data transmission over optical ranges. In recent years, considerable progress has been
made in the fabrication of optoelectronic devices working at different frequency ranges in
the visible spectrum from green/blue to the UV regions/spectra using direct wide band gap
semiconductors. Direct band gap semiconductors are used in various domains such as
plastics, ceramics, glass, cement, rubber, lubricants, paints, ointments, adhesive, sealant,

concrete manufacturing, pigments, foods, batteries, ferrites and fire retardants [59].

2.4 Fundamental properties of ZnO

Among inorganic materials, metal oxides such as ZnO play a fundamental role in
developing new devices as they present a considerable variety of structures,
stoichiometeries, chemical and physical properties that can be tailored to make use of a
variety of suitable synthesis techniques. Zinc oxide has become one of the most attractive
materials in research due to its wide application in fields ranging from optoelectronics [60],
photo-catalysis [61-64] and optics [65, 66] to biology [67] together with its exceptional
properties of good stability, biocompatibility and non-toxicity. It is also one of the most
important and versatile functional properties due to its wide spectrum of outstanding
properties; moreover, its properties can easily be tailored by adding appropriate dopant
[1]. ZnO has a direct wide band gap of 3.44 eV at low temperatures and 3.37 eV at room
temperature, which enables it to have some applications in optoelectronics like light-
emitting diodes, laser diodes and photo detectors. ZnO has relatively large exciton binding
energy of 60 meV, which makes it again promising material for exciton effects based optical
devices and due to the lack of a center of symmetry in wurtzite structure combined with a

large electromechanical coupling, ZnO possesses large piezoelectric and pyroelectric
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properties also make ZnO generally use for sensors, transducers and actuators. In addition,
ZnO is a biocompatible and bio safe which attracts it for chemical sensor and biosensors
applications [26, 68-71]. Moreover, transition metals (TM) doped with ZnO can change its
properties. This is due to the fact that TM-doped ZnO have intrinsic donor defects which
contributes to carrier and optical property, which makes TM-doped ZnO useful for
optoelectronic applications [68, 70-77]. Furthermore, ZnO possesses different
nanostructures such as nano tubes, nanowires, nano rods, nano belts, nanotetrapods,
nanoribbons, nano rings, nanocombs which made ZnO nanostructures to possibly be grown
on cheap and flexible substrates as well as without substrates. Hence, ZnO nanostructures
are attractive and promising material for some future nanotechnology applications [78-80].
However, most of these advantages are definitely utilized due to the fundamental
properties of ZnO nanomaterials. Therefore, the basic properties of ZnO and TM-doped ZnO

nanostructures, particularly Mn doped ZnO nanostructures were introduced in this study.

2.4.1 Crystal structure and chemical binding

ZnO0 is an n type semiconductor whose ionicity resides in between being covalent and ionic
semiconductor. The crystal structures of ZnO are wurtzite (B4), zinc blended (B3), and rock
salt (B1). However, under ambient conditions, the thermodynamically stable phase is the
wurtzite [42, 70]. ZnO crystallizes usually in the hexagonal wurtzite type structure shown
in Figure 4. In this phase, the ZnO has a polar hexagonal axis called the c-axis that is parallel
to the z-axis. The primitive translation vectors a and b with equal length lay in the x-y plane
which makes an angle of 120° and the primitive translation vector c is parallel to the z-axis
[81]. At room temperature, the wurtzite structure has a hexagonal unit cell with lattice
parameters a = b = 0.3249 nm and ¢ =0.5206 nm and the ratio c/a value is around
1.603, which is slightly different from the ideal value c/a = 1.633 for hexagonal structure.
The point group is 6 mm or C6v and the space group is P63mc in Hermann-Mauguin
notation and in Schoen flies’ notation [42, 81, 82]. Every atom of one kind (group Il atom) is
surrounded by four atoms of the other kind (group VI), or vice versa, which means that one
zinc ion (cation) is surrounded tetrahedrally by four oxygen ions (anions) and vice versa.

Its structure is arranged by alternating planes of tetrahedrally coordinated O%- and Zn2?*
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ions stacking along the c-axis, which makes the entire structure to lack central symmetry.
The surfaces can be terminated either with cations or anions, which leads ZnO possesses

positively or negatively charged on the surfaces [83].

4 i 'Zn
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Figure 4: The hexagonal wurtzite of ZnO crystal structure [70, 42, 81, 82]
2.4.2 Basic physical parameter for Wurtzite ZnO

As mention earlier, nanotechnology applications are partly relying on the fundamental
properties of the nanomaterials. Therefore, understanding the fundamental physical
properties of ZnO is important to the rational design of functional devices. It should be
noted that as the dimension of the semiconductor materials shrink down to nanometer
scale, some of their physical properties undergo changes due to quantum size effects.
However, some of these parameters of ZnO are not well demonstrated, for example, hole’s
mobility and effective mass are still under debate. Table 1 shows some of the basic physical
parameters for wurtzite ZnO [84-87].However, investigation of the properties of individual

ZnO nanostructures is essential for developing their nanoscale devices.

Table 1: Some basic physical parameters for wurtzite ZnO [18]

Physical parameters

Lattice parameters at 300 K ao 0.32495m
Co 0.52069m
co/ap | 1.603 1.603 (ideal hexagonal structure 1.633)
Density 5.606 g/cm?3
Stable phase at 300 K Wurtzite
Melting point 2248 K
Linear expansion coefficient (/°C) 20:6.5x10
c0:3.9x10°

Static dielectric constant 8.656
Refractive index 2.008, 2.029
Energy gap (T=300 K) 3.37 eV (direct band gap)
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<106 cm-3 (max n-type doping>1020 cm3

Intrinsic carrier concentration electrons; max p-type doping<1017 cm-3
holes)

Exciton binding energy 60 meV

Ionicity 62%

Electron effective mass 0.24mg

Electron mobility (T = 300 K) 200 cm?/Vs

Hole effective mass 0.59m,

Hole mobility (T = 300 K) 5-50 cm?/V.s

(m, is the mass of free electron)
2.4.3 Band structure of Wurtzite ZnO

The band structure is a very important property of a semiconductor, because many
important properties and parameters are derived from it, e.g. band gap and effective
masses of electrons and holes. For this reason, understanding of the band structure of ZnO
is crucial to explain the electrical properties, optical properties and many other
phenomena. The band structure provides the electronic one-particle (i.e. electron or hole)
states. ZnO is a direct band gap semiconductor which crystallizes in the wurtzite symmetry
because the uppermost valence band (VB) and the lowest conduction band (CB) are at the
same position in the Brillion zone, namely at k=0 which means the change in momentum is
zero, i.e. at the I'-point [82, 88]. The lowest CB is formed from the empty 4s states of Zn2* or
the anti-binding sp? hybrid states and the VB originates from the occupied 2p orbital of 0%
or the binding sp3 orbital. Under the crystal field and spin orbit interaction, the valence
band is split into three sub VB of symmetries, which are labeled in all wurtzite type
semiconductors from high to low energies as A, B, and C bands. In most cases, the ordering
of the bands is Al'g, B I'7, C I'7. However, for ZnO there is a long debate whether the ordering
as usual or A I'7, B I'g, C I'7. Therefore, the ordering A I'7, B I'g, C I'7 have been selected [82,
88, 89] as shown Figure 5 below and A I'7, B I'9 and C I'7correspond to heavy holes, light
holes and split-off holes respectively. This implies that A and C possess 'y symmetry and B
has T'9 symmetry. The relation between the energy band gap (E;) and temperature (T)
dependence up to 300 K is given by:

(5.05 x 10~4)T?

1
T +900 (1)

E,(T) = E4(0) —
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Figure5: The valence band (VB) and conduction band (CB) of ZnO nanostructures [82, 88, 89].

2.4.4 Electrical properties of ZnO
Undoped ZnO semiconductor often shows n-type conductivity due to its native defects such
as oxygen vacancies and zinc interstitials [87]. As mention earlier, ZnO semiconductor
material is a direct wide band gap material with a relatively large exciton binding energy,
which is attractive for many electronic and optoelectronic applications. Because of wide
band gap, materials may have high breakdown voltages, lower noise generation, ability to
sustain large electric fields, and they can operate at high temperature with high power. The
electron transport in ZnO is different at sufficiently low and high electric fields [42, 70].
When low electric field is applied, the energy gained by the electrons from the field is small
as compared to the thermal energy of electrons. Hence, the energy distribution of electrons
in the ZnO is unaffected by applying low electric field. Therefore, the electron mobility
remains constant because the scattering rate indicates that the electron mobility remains
independent of applied low electric fields, and Ohm’s law is obeyed [42, 70]. When the
electrical field is increased to a point that the energy of electrons from the applied electrical
field is no longer negligible compared to the thermal energy of the electron, then the
electron distribution function changes significantly from its equilibrium value and these
electrons become hot electrons with higher temperature than the lattice temperature.
Therefore, there is no energy dissipated to the lattice during a short and critical time and
when the drift velocity of an electron is higher than its steady-state value, a higher

frequency device is possible to fabricate [42, 70].
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2.4.5 Piezoelectric properties of ZnO
The mechanical properties of materials involve various concepts, including piezoelectric
constants. The physical quantity called strain is described as the deformation of solids
under the effect of external forces and the physical quantity called stress is described as the
internal mechanical force that resists deformation and tends to return the solid to its initial
state [42]. Piezoelectric properties are due to the polarization at atomic level. The
mechanical strain can affect the charge carrier transport in materials. For a homogeneous
material, three mechanisms may alter its transport characteristics, including the geometric
change, the piezoresistive effect (changes the material resistivity), and the piezotronics
effect [90]. In case of wurtzite ZnO nanostructures, the origin of the piezoelectricity is
described as follows: consider an atom with a negative charge that is surrounded
tetrahedrally by positive charges, in which the oxygen atoms and zinc atoms are
tetrahedrally bonded. When an external force is exerted on the crystal along the direction
of the tetrahedron, the center of the positive charge and the negative charge can be
displaced due to lattice distortion. This distortion can cause the center of positive charge
and negative charge to displace from each other, which induces local dipole moments. If the
whole crystals have the same orientation, the crystals will possess macroscopic dipole
moments, while it is experiencing the external force or external pressure [79, 86, 87]. The
ZnO nanostructure comprises alternating layers of Zn*2 and 0-2 atoms stacking along the c-
axis with a lack of center of symmetry in ZnO, leading ZnO to possess a strong
piezoelectricity property providing a relatively large electromechanical coupling. This
offers significant potential for applications in nano-electromechanical systems, sensor

development and electromechanically coupled sensors and transducers [85, 86, 88].

2.4.6 Optical properties of ZnO
The simplest experiment for determining the size dependence of semiconductor
nanoparticles is to understand the absorption spectrum of a material as a function of
incident photons’ wavelength. These photons are absorbed when their energy is equal to or
greater than the energy gap of the semiconductor under consideration. Since the optical

properties of a semiconductor are related to its intrinsic and extrinsic factors, their
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intrinsic optical properties are also related to the relation between electrons in the
conduction band (CB) and holes in the valence band (VB), including exciton effects due to
the Coulomb interaction. Extrinsic properties are related to dopants or defects introduced
in the semiconductor, which generate discrete electronic states between CB and VB [70].
This implies that the optical properties of semiconductor related dopants or defects
introduced to them. From this point of view, we conclude that the optical absorption
spectra show the size quantization effect and the estimation of the band gap. Optical
transitions in ZnO have been investigated by various experimental techniques such as

optical absorption, transmission, reflection, photoluminescence, cathodoluminescence, etc.

2.5 Characterization methods

Different characterization techniques were used to gain deep understanding of the
morphological characteristics, crystalline, optical property and particle size of the
synthesized ZnO and Mn doped ZnO nanoparticles. The most common techniques used in
this study were X-ray diffraction (XRD), Scanning and Ultraviolet visible absorbance
spectroscopy (UV-Vis). These techniques can be categorized as structural and optical
characterizations where structural characterization includes X-ray diffraction (XRD),
Scanning electron microscopy (SEM) and Transmission microscopy (TEM) as well as
optical characterization includes ultraviolet visible absorbance spectroscopy (UV-Vis) and
Photoluminescence (PL) spectroscopy. In line with this, the crystal structure and particle
size were determined using XRD and the optical effect was analyzed from the spectra data
using UV-Vis spectroscopy. The characterizations of Undoped and Mn doped ZnO

nanostructures using these instruments are presented as follows.

2.5.1 X-ray diffraction (XRD)

X-rays are electromagnetic radiations of wavelength 1A (10-1°m) which occur between
ultraviolet and gamma rays in the portion of the electromagnetic spectrum. The discovery
of X-rays in 1895 enabled scientists to probe crystalline structure at atomic level [5]. X-ray
diffraction (XRD) is a rapid, a non-destructive and a powerful technique used to study the

phase of a crystalline material, information on unit cell lattice parameters, crystal structure,
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crystal orientation and crystallite size [91]. XRD is widely used to characterize unknown
crystalline materials. The working principle of the XRD technique is relied on constructive
interference of X-rays and a crystalline sample [91]. In a crystal, the atoms distribute
regularly in space, which comes into being crystal lattices. These lattices form a series of
parallel planes with spacing distance d. The x-rays are generated by a cathode ray tube (X-
ray produced by the impact of accelerated electrons with heavy metal such as Cu), filtered
(filtered and collimated by nickel filters) to produce monochromatic X-ray radiation which
is directed toward the sample. When X-ray light with wavelength A is projected onto a
crystal lattice at an angle 6, the interaction of the incident X-rays with the sample provides

constructive interference if the conditions satisfy Bragg's law [92]:

nd = 2dpy; Sin 6, (2)
where n is an integer 1, 2, 3, ... (usually n =1 for consideration of first order), A is
wavelength in angstroms (1.5418 A for Cu-Kq), dpy; is spacing between the planes called
inter planar lattice constant, 0 is the angle between the incident light and the lattice planes,
the 26 is angle between the incident and scattered beams, the angle 20 of maximum
intensity is called the Bragg angle. All diffraction directions of the lattice will be generated
by scanning through a range of 20 angles on the sample. Figure 6 illustrates the reflection
of X-rays from two planes of atoms in a crystal solid. From these XRD patterns, the lattice
parameter of the samples can be estimated by equations 3-4. The direction of plane normal
[hkl] is perpendicular to a plane of atoms and the diffraction vector S is the vector bisects
the angle between the incident and diffracted beam [93]. The lattice constants ‘a’ and ‘¢’
and the spacing dp,; for the wurtzite structure of ZnO can be calculated using the relations

written below [92-95]:

1 2 A
= -_ = 3
4 j;sin 0 and ¢ sin 6 (3)
The lattice parameterdy,y,is then given by:
ac 3
dhkl= 7 3(al)?’ (4)
c?(h? + hk + k?) + =~
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Figure 6: Typically, Bragg Brentano geometry [92-95]

When the size of individual crystals is less than 0.1um, the term particle size is used. The
average crystalline (grain) size of a given sample was calculated using Sherrer formula

[96]. The average grain size of a crystalline is calculated from the Sherrer formula as:

092
~ BcosB’

(5)

where £ is the full width at half maximum of the peak and D is the average grain size of the
crystalline. The full width £ is usually measured in radians at half of the maximum
intensity. It can also be taken as half of the difference between the extreme angle at which

the intensity is zero [97, 98].

2.5.2 Ultraviolet Visible Absorption Spectroscopy (UV-Vis)
The electronic band structure of semiconductors and metals is determined by their optical
properties. The optical absorption is resulted from the interaction of the material and light.
When the frequency of light is in resonance with energy difference between states where
the transition allowed or partly allowed by selection rules a photon is absorbed by the
material. This results in a decrease of transmission or an increase in absorbance of light
passing through the sample. By measuring the transmission or absorbance of sample as a
function of the frequency of light, one can obtain a spectrum characteristic of the material
[99]. UV-Vis absorption spectroscopy is the measurement of the attenuation of a beam of
light after it passes through a sample or after reflection from a sample surface. Absorption

measurement can be done at a single wavelength or over an extended spectra range.
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Visible and ultraviolet lights are energetic enough to promote outer electrons to higher
energy levels and UV-Vis spectroscopy is used to find the absorbance, energy band gaps
and intensity over wave length of molecules or inorganic complexes in solution. The UV-Vis
spectra have broad features that are of limited use for sample identification but are very
useful for quantitative measurements. The concentration sample solution can be
determined by measuring the absorbance at some wavelength. The Beer-Lambert law
states that the absorbance of a solution is directly proportional to the concentration of the
solution [100]. This relation can be expressed as:

I =I,e™ and A = ech,

(6)

where A is the measured absorbance, I, is the intensity of incident light at a given
wavelength and I is the transmitted intensity. Hence, UV-Vis can also be used to determine
the concentration of samples in solution. The optical absorption coefficient is determined
based on the band gap energy (E,). The band gap energy of the sample is obtained by using

the absorption edge relation [101]:
hc

Eg() =~ (7)
where h is planck’s constantand ¢ is the speed of light. The fundamental absorption
method refers to band to band transition using Mott and Davis relation [102] of the
equation below. For photon energies just above fundamental edge, the absorption
coefficient follows the standard relation:

ahv = A(hv — Eg)n, (8)
where A is a constant related to the extent of the band tailing, « is absorption coefficient, hv
is photon energy, E; is energy band gap which is the energy gap between the valence band
and the conduction band and n = 1/2 for allowed direct transition, n = 2 for allowed

indirect transition.
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Chapter 3
Materials and Methodology

3.1 Synthesis of nanostructures

The synthesis method has been employed a modified version used by S. Sambassive for
[103]. All chemicals for the synthesis of undoped ZnO and Mn doped nanostructures were
used as received without further purification. For the synthesis of ZnixMnxO, sol-gel
method was used. The dopant concentration ‘x’ ranges from 0.00 to 0.06, where x=0.02,

0.04 and 0.06 represents 2%, 4% and 6%atw of Mn doped samples respectively.

3.2 Experimental site

The synthesis of undoped ZnO and Mn doped ZnO nanostructures were conducted at
Adama Science and Technology University, ASTU Chemistry Post Graduate Laboratory. The
characterizations of the synthesized undoped ZnO and Mn doped ZnO nanostructures were
made by using X-ray diffraction (XRD) and Ultraviolet (UV)-Visible absorbance
spectrophotometer and also done at Adama Science and Technology University, ASTU

Chemistry Post Graduate Laboratory and Material Engineering Laboratory.

3.3 Apparatus used

The apparatus used in the experiment were Glass beakers, Volumetric flasks, Magnetic
stirrer with hot plate, Magnetic pellets, Thermometer, Electronic balance, Universal Drying
Oven, Spatula, Tong, Sample holder, Marker point, Clean and white paper, Muffle furnace

and small mortar pestle.

3.4 Chemical used

The chemicals used in this work were purchased from Avi-Chem Industries and used
without further purification. While distilled water was used as solvent, zinc acetate hydrate
(Zn(CH5C00),.2H,0, 99%), and manganese (II) chloride hydrate (MnCl,.4H,0, 99%) were

used as zinc and manganese precursor sources respectively. Citric acid (C¢HgO,. H,0) was
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used as passivating agents to attain PH value about 1.5; poly ethylene glycol was used
capping agents to stop particles agglomeration; and ammonia solution was put in the result

drop by drop until PH value is about 8.

3.5 Methods of sample preparation

The glass beakers were first cleaned and rinsed with distilled water and dried in dry oven.
All the chemicals, passivating agent, capping agent and solvent were weighted with the
help of electronic balance and mixed them accordingly to the concentrations of manganese.
To achieve the required compositions of Zn1.xMnxO (x= 0.02, 0.04 and 0.06), appropriate
amount (8g) of zinc acetate (Zn(CH3C00),.2H,0) and manganese (II) chloride (MnCl,.4H,0)
was dissolved in 75 ml of distilled water at 70% along with 6 ml of poly ethylene glycol and
keeping the zinc acetate constant in all reactions. A citric acid was added to this solution
drop by drop to attain PH value about 1.5. The resulted solution was continually stirred for
10 minutes until a sol is formed. Then ammonia solution (28%) was added to the above
result drop by drop until PH value is about 8. The formed hydrolysis product was
continuously stirred for 3 h and then kept at room temperature to form a gel. Finally, the
resulted gel was dried in the dry oven for 12 -18 h and then calcined at 400°C for 2 h in air
in muffle furnace to attain nice morphological distribution of the active bend and the

calcined samples were then grinded to prepare for characterizations.

Citric acid was used to study the effects of surface passivation on the morphological,
crystalline and optical properties. In the case where citric acid was used more fine powders
were resulted. It also enhances the crystallization processes at lower temperatures but
does not influence the particle size. It also acts as chelating and structural directing agents

[102, 104].
3.6 Characterization method for nanostructures

Various techniques can be used for undoped and doped ZnO nanostructures

characterization. The most common techniques used in this work were X-Ray Diffraction
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(XRD) and Ultraviolet visible spectrophotometer (UV-Vis).Experimental procedures in Sol
Gel Method are summarized as follows:
Zn(CH3C00),.2H,0 (8 g) and MnCl,.4H,0 (The Mn content in the samples is 0.02,
0.04 and 0.06) were dissolved together in 75 ml of distilled water at 70°C

Citric acid was added drop by drop to the above solution until PH= 1.5 along with
6 ml of poly ethylene glycol at this temperature.

Stirred for 10 minutes and then a sol is formed

NH3.H20 (28%) is added drop wise to the above sol under magnetic stirring until

=

The hydrolysis product is stirred for 3 h and then kept at room temperature to

form a gel
This gel was dried at 120°C for 12-18 h in dry oven
The dried samples were Calcined at 400°C for 2 h in air

Mn doped ZnO nanostructures were synthesized

Figure 7: Steps involved in Sol Gel method to synthesize Mn doped ZnO nanostructures.

The uses and work principles of these techniques are stated as follows.

3.6.1 X-ray diffraction (XRD)
The X-ray diffraction (XRD) pattern for undoped and Mn doped ZnO nanoparticles was
obtained using SHIMADZU XRD-7000 system with X-ray diffract meter by generating Cu-Kq
radiation (1=1.5418A) at Adama Science and Technology University, Material Engineering

Laboratory. It is used to determine the crystalline phase of the synthesized nanostructures.
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We have used small amount of sample in powder form for characterization under this
technique. An X-ray generator was operating at a voltage of 40kV and applied a current of
30mA at room temperature. Intensities were measured at room temperature in steps of
0.02, over the range of 109<26 < 809, the diffractometer is connected to a computer for
data collection and characterization displays. The peaks of the X- ray diffraction pattern can

be compared with the standard available data for the confirmation of the structure.

3.6.2 Ultraviolet-Visible spectrophotometer (UV-Vis)
Absorbance spectra were recorded with UV-Vis (T80 +UV/Vis spectrometer PG
instruments Ltd) spectrophotometer, using a quartz cuvette of 1 cm path length. Two
samples, with one sample contains small amount of undoped ZnO and Mn doped ZnO nano
powders each were mixed with methanol and the other contains only methanol, were
prepared by keeping their proportional in volumetric flask and was shaking well using
mixer for this purpose. The solution in a volumetric flask contained only methanol was
poured into quartz cuvette of width 1 cm. It was then put in Ultraviolet visible
spectrophotometer to block the effect of this solution on the synthesized undoped ZnO and
Mn doped zinc oxide powder soluble in the former sample. Then after the former sample
solution was poured into quartz cuvette of 1 cm width and put this cuvette in Ultraviolet
visible spectrophotometer to measure the absorbance over the wavelength range of 300-

800nm. All spectra were recorded after proper diluting the solution.
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Chapter 4

Results and Discussion

Undoped ZnO and Mn doped ZnO nanostructures were synthesized by sol gel method at
1200c for 12-18 h and calcined at 4009C for Zhours in air in furnace by keeping the
concentration of Zn(CH;C00),.2H,0 as constant in all reactions while the concentration of
Mn was varied from 0.02 to 0.06. Reaction mixture attained different colors with different
dopant at different stages. In the case where ammonia solution was added to the result
solution, it was changed to white then went through a brownish transparent phase. The
synthesized undoped ZnO and Mn doped ZnO nanostructures were characterized using X-
ray diffraction (XRD) and Ultraviolet-visible absorbance spectrophotometer (UV-Vis). The
characterizations of the synthesized samples from XRD and U-Vis spectrophotometer are

presented as follows.

4.1 Structural study from x-ray diffraction (XRD)
Figure 8 shows, the powder XRD patterns of Zn;_yMn,O(x =0.00, 0.02, 0.04 and 0.06)

nanostructures synthesized by sol gel technique with subsequent calcinations at 400°C for
2hours. For undoped and Mn doped (x = 0.02, 0.04 and 0.06) ZnO nanostructures, the
patterns show nine different diffraction peaks at scattering angles (26) of 31.76, 34.39,
36.23, 47.53, 56.59, 62.84, 66.42, 67.97 and 69.02 degrees corresponding to the reflection
from (100), (002), (101), (102), (110), (103), (200), (112) and (201) crystal planes,
respectively. All these diffraction peaks can be indexed as hexagonal wurtzite structure of
Zn0 nanostructures [105]. From this, one can see that XRD patterns indicate the formation
of hexagonal wurtzite phase of ZnO for the synthesized nanostructures.

In addition to this, we also found that additional diffraction peaks of other impurity phases
(compounds) were observed within the limit of the instrumental sensitivity for the doped
samples. These additional peaks are appeared probably due to the presence of Mn,0;
(JCPDS No 024-1133). This indicates that the synthesized nanostructures are the mixture

of ZnO and Mn,03. The number of the additional peaks is decreasing as the concentration
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of Mn doping increases (Figure 8). Peak positions also show measurable change while the
relative intensity of the peak increases from 41 to 92 with increasing Mn content from 0.02
to 0.06. These all together suggest that the ZnO lattice changes due to the incorporation of
Mn ions into it.

The diffraction peaks of Mn doped ZnO nanostructures are narrowed and shortened as
compared to undoped ZnO nanostructure. The average crystallite size of undoped ZnO was
calculated to be 18 nm (Table 2). As Mn content increases, the XRD peaks appear to be
sharper with decreasing full width at half the maximum (FWHM) intensity. This entire
exhibits that the products are well crystallized. The sharp diffraction peaks of Mn doped
ZnO nanostructures also suggest that calcinations at 400°C for 2 h is sufficient to crystallite
Mn doped ZnO and show a preferential orientation behavior along (101) lattice plane. The
full width at half maximum (FWHM) intensity of the (101) diffraction peak decreases from
0.3367 - 0.29379 with the increasing concentration of Mn?* from 0.02 to 0.06. Therefore,
the variation in peaks’ width for (101) directions with doping concentration give a clear

indication of the change of the average crystallite size of the samples.

[101]

[100]

[110] [200]
[102] [103] [112]

[003]

]
=
G ZnO
£
w
=
[
=
=
. Zn Mn o
0.98 0.02
Zn Mn o
. 0.96 0.04
7WJLMWJ/\«J\JW Mmoo
Zn Mn o
0.94 0.06
T T T T T T T T T T T
10 20 30 40 50 60 70 80

20 (Degree)

Figure 8: XRD patterns for Zn1xMny0 (x= 0.00, 0.02, 0.04 and 0.06) semiconductor nanostructures.

The average crystallite sizes of the Mn doped ZnO nanostructures were found to be in
the range 18-37 nm, which are calculated from equation 5 using the most intense peak

(101) plane. The results are summarized in Table 2. With the increasing of Mn
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concentration, the average size increases from 32 to 37 nm. This shows, crystallite size
increases with increasing concentration of Mn doping, but, with decreasing FWMH
intensity. This indicates that, the Mn doped ZnO nanostructures prepared by sol gel method
have high crystallite and high purity. The observed inter planer spacing of ZnO can be
indexed to hexagonal wurtzite with a value about 0.1149nm (d;,,). After the addition of
doping Mn ions into ZnO lattice, the inter-planar spacing is changed [106].

The inter-planar spacing is 0.1199, 0.1127 and 0.1122nm for the concentration 0.02,
0.04 and 0.06 of Mn doped nanostructures respectively as shown in table 2. These values
are calculated using equation 2. It reveals that the Mn ions are successfully incorporated
into ZnO lattices side of Zn ions. This substitution is accounted due to the fact that ionic
radius of Mn ions (0.664) is comparable with or greater than that of Zn ions (0.604). The
lattice parameter constants ‘a’ and ‘c’ are decreasing as Mn concentrations increase (Table
2), which are calculated using equation 3. This decrease is accounted for the fact that ionic
radius of Mn ions (0.66A) is also comparable with or greater than that of Zn ions (0.604).
Such a change in lattice parameter constants shows the incorporation of Mn into ZnO

lattice.

Table 2: Composition, angles of diffraction, FWHM, lattice parameter constants, average crystallite size, inter-
planar spacing and relative intensity of Zn,.1Mn,O (x=0.00, 0.02, 0.04 and 0.06) nanostructures for (101) peak
of diffraction.

Composition Diffraction Angle FWHM Lattice constants Grain Lattice Relative
(x) (Degree) (nm) size (D) parameter intensity
(d) (1/10)
20 0 Degree Radian a=>b c nm nm
0.00 36.2293 18.1147 0.5682 0.009912 0.1326 0.2298 18.87 0.1149 100
0.02 36.2032 18.1016 0.3367 0.005874 0.1308 0.2267 32.48 0.1133 41
0.04 36.1946 18.0973 0.3144 0.005485 0.1302 0.2255 33.02 0.1127 47
0.06 36.1862 18.0931 0.2937 0.005123 0.1296 0.2245 37.09 0.1122 92

(FWHM is Full Width at Half Maximum intensity)

The calculated lattice parameter constants were also in agreement with the values
reported by G. Murugadoss et al. [106]. Therefore, we have analyzed that the Mn doping
affects the lattice parameters and average crystallite sizes of the doped ZnO

nanostructures. This is due to structural disorders. Some nanoparticles were aggregated
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due to the large specific surface area and high surface energy. The aggregation was

occurred during the process of drying.

4.2 Optical properties from UV-Vis spectrophotometer.
UV-Vis absorption spectrum of Znx.iMnO (x = 0.00, 0.02, 0.04 and 0.06)

nanostructures was recorded using a UV-Vis spectrophotometer in the photon wavelength
between 300 and 800 nm. The optical absorption spectra of Znx.1MnxO nanostructures for
these samples were shown in figure 9. This figure depicts that; the absorption edge shifts to
higher energy/shorter wavelengths with increasing the doping concentration. This
indicates a blue shift in band gap with respect to bulk ZnO (3.37 eV at 300K). Similar blue
shift in band gap has been reported in the case of undoped ZnO due to the size affect by
other writers [106]. This blue shift in band gap is due to the fact that the size of a
semiconductor becomes comparable to the Bohr radius of the exciton leading to variations
in the properties of the materials quantum confinement [107]. All these spectra show a

significant blue shift in the absorption wavelength.

Absorbance, A (a. u.)

300 400 500 600 700 800
Wavelength, A (nm)

Figure 9: UV-Visible spectra of Zni:xMn,0 (x = 0.00, 0.02, 0.04 and 0.06) nanostructures.
The change in the band gap has been explained on the basis of a variation of the lattice
parameters due to the effect of doping. It has been observed that the energy band gap

increases with a decrease in the lattice parameters. This explanation is consistent with our
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results that the lattice parameter constants of our nanostructures decrease with increasing
Mn doping concentrations.

It can be seen from the above spectra that band gap of material increases appreciably
with respect to that of undoped ZnO nanostructures having a band gap of 3.37 eV [108].
The band gap was greatly altered and at different dopant concentrations, x =0.00, 0.02,
0.04 and 0.06. Table 3 below shows the band gap for the un-doped and Mn-doped samples.
The values were varied between 3.54 and 3.98 eV as listed in the table. These values were
calculated from the UV-Visible spectra using the formula in equation 8. The obtained
results were in good agreement with the one that was reported in reference [109] by Shah,
S.M et al. In addition to the increase in band gap energy, an increase in absorbance was also
observed with increasing Mn concentrations (Figure 9).

Table 3: Composition, maximum wavelength and optical band of Zn,.1Mn,O (x=0.00, 0.02, 0.04 and 0.06)
nanostructures.

Composition (x) 0.00  0.02 : 0.04  0.06
Maximum wavelength | 351 @ 344 @ 338 | 312

Parameters (nm)
Energy band gap 354  3.61 3.68 @ 398

(eV)
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Chapter 5

Conclusion and Recommendation

In this work, the synthesis of Zny.1MnxO (x =0.00, 0.02, 0.04 and 0.06) nanostructures
using a cost effective, simple and environment friendly method the so called sol-gel method
was studied. The obtained results were summarized in this chapter, followed by
suggestions for recommendation. Synthesis of Znx.1Mnx0 nanostructures has been achieved
using zinc acetate, manganese (II) chloride, polyethylene glycol and ammonia solution by
sol-gel method. In this synthesis route, the chemicals were dissolved by using magnetic
stirrer with hot plate and grinding processing has also been mainly carried out as a scalable
physical technique to directly break bulk materials to form fine particles. The synthesized
undoped ZnO and Mn doped ZnO nanostructures were characterized using XRD and UV-Vis
spectrophotometer.

XRD results showed that the obtained undoped ZnO and Mn doped ZnO nanostructures
were composed of hexagonal wurtzite phase with very good crystallite and the average
crystallite size was found to be 18 nm for undoped ZnO nanostructures. For Mn doped ZnO
nanostructures, the average crystallite sizes were found to be varied between 32 and
37nm. This shows that the crystallite size is increasing as Mn doping concentrations
increase. Additional peaks were observed for Mn doped ZnO nanostructures. This indicates
the presence of Mn,0; and the synthesized nanostructures are the mixture of ZnO
and Mn, 0.

The lattice parameter constants decrease with increasing the concentration of Mn
doping. This indicates Mn ions are incorporated into the ZnO lattice. From this, we
concluded that the Mn doping affects the lattice parameter constants and average
crystallite sizes of the doped ZnO nanostructures. This is due to structural disorders. From
all these points of view, we concluded that undoped and Mn doped ZnO nanostructures
prepared by sol-gel method have high crystallite and high purity. Due to the large specific
surface area and high surface energy, some nanoparticles were aggregated. The

aggregation occurred probably during the process of drying.
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Optical absorption investigations were carried out to study the optical quality of Zni-
xMnxO nanostructures. The optical absorbance spectra of undoped ZnO and Mn doped ZnO
nanostructures were obtained using UV-Vis spectrophotometer. Absorption peak of the
spectrophotometer appears at 351 nm for undoped ZnO, which is significantly blue shifted
from bulk (370 nm). This is probably due to the size effect. Absorption spectrum peaks for
Zn1xMnx0 (x = 0.02, 0.04 and 0.06) nanostructures are located in the Ultra-violet region at
343, 338 and 312 nm, respectively, which are strongly blue shifted compared to undoped
Zn0 nanostructures. It may be ascribed to the increase of the particle size by incorporation
of Mn?*ions into the Zn matrix. In addition, blue shift absorption of all un-doped and doped
samples reveals the increase in the band gap energy. It was found from optical study that
the absorbance in UV region was increased with the increase of Mn concentration. For Mn
doped ZnO nanostructures, the optical band varies between 3.61 and 3.98 eV. It was also
found that the doping of Mn?* ions have a significant influence on the optical properties of
Zno nanostructures.

Finally, we summarized that, Mn doping plays a key role in tuning the structural and
optical properties of ZnO which in turn improve the applications of ZnO in Optoelectronic
devices. This thesis may be used as a base and reference for students who want to study
transition metals doped ZnO nanostructures for sensor applications, spintronics and other

purposes.
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