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Abstract

ZnO has been by far the most interesting semiconductor because of its properties. The ZnO
nanostructures were synthesized by a sol-gel method and the samples were annealed in air at
various temperatures capped with polymers PVP (Polyvinyl Pyrrolidone) and PEG
(Polyethylene glycol). Again the ZnO was synthesized using different solvents; ethanol,
methanol or water at various temperatures. Characterizations of the powders were carried out
using different techniques. The structure and the particle size of the samples were obtained
using the XRD (x-ray diffraction). The morphology was determined by the SEM (scanning
electron microscopy) and the chemical composition was analyzed using the EDS (energy x-
ray dispersed spectroscopy). The PL (photoluminescence) data were collected using the He-
Cd (Helium-Cadmium) laser and also using the Cary Eclipse fluorescence spectroscopy at

room temperature. The absorption spectra were analyzed using the UV-Vis spectroscopy.

The PL spectra for the ZnO nanostructures capped and prepared using polymers showed
broad emissions in the visible range. The broad emission in the visible range with maximum
intensity peaks at 449 nm and at 530 nm for the PVP capped ZnO nanoparticles were
observed annealed at 150°C. This was influenced by the addition of various molar masses of
PVP on the Zn(Ac),. The green emission band at 560 nm and a blue emission at 450 nm were
obtained for the PEG encapsulated ZnO nanostructure. The PL of the ZnO nanoparticles
prepared using various solvent was shown, the different shifts from the emission peaks were
observed and the fluctuation of the intensity which was attributed to an increase and a
decrease on the annealing temperatures. The effect of pH values on the ZnO prepared using
different solvents. The PL on these samples exhibited a strong broad blue emission, for all the
ZnO prepared using ethanol, methanol or water as solvents. The intensities differed with the

amount of NaOH which was added onto the Zn(Ac); solution.

The XRD pattern for all the prepared ZnO nanostructures exhibited the peaks corresponding
to that of various planes of ZnO wurtzite structure with the JCPDS (Joint Committee on
Powder Diffraction Standards) file no. (13-1451). The absorption spectra of the PVVP capped
ZnO nanostructures did not show any shifts while the absorption spectra for the PEG
encapsulated ZnO nanostructures showed a shifts with an addition of the molar masses of the
PEG. The UV-Vis spectroscopy for the ZnO prepared with ethanol, methanol or water as
solvents at various temperatures gave the absorption edges and also the blue shifts that



occurred with and increase on the annealing temperatures 300, 400, 500 and 600°C. It was
observed from the UV absorption of the ZnO using different solvents with various pH values
that the band gaps for all the samples were determined to be larger than that of ZnO bulk. The
NaOH solution which was slowly added on the Zn(Ac), solution took control over the surface

of the ZnO surfaces.
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CHAPTER

INTRODUCTION

1.1. Background

The unique and fascinating properties of group II-VI compound semiconductors have
triggered tremendous motivation among the world scientists to study semiconducting
nanoparticles. This is because it gives the opportunity to understand the physical properties in
low dimensions and to explore their vast potential applications e.g. in optoelectronics.
Several oxide nanoparticles are produced with possible future applications, among them zinc
oxide with a formula ZnO is considered to be the best one to be exploited at nano-
dimensions. Being interestingly important for its ultra violet absorbance, wide chemistry,
piezoelectricity and luminescence at high temperatures, ZnO has penetrated into the industry,
and one of critical building blocks in today’s modern society [1]. However, it has entered the
scientific spotlight for its semiconducting properties [2]. This latter in particular based on the
large variations of the band gap and type of defect as a function of particle size and synthesis
conditions respectively. Moreover, small nanoparticles allow the study of relevant surface
properties due to the high surface to bulk ratio. In comparison with the bulk semiconductor,
nanoparticles possess many special properties such as ultrafast optical nonlinear response,
photo electricity switch and piezoelectric properties. Recently, the preparation of some
semiconductor nanoparticles including CdSe, CdS and ZnS has been quite perfect [1-4].
However, there has not been an equivalent success in the synthesis of metal oxides
nanoparticles such as ZnO nanoparticles because of the complexity of hydrolyzation in metal
ion. ZnO nanoparticles do not only have merits of ZnO semiconductor material such as a
large exciton binding energy of 60meV and excellent stability, but also have novel
characteristics of particularity of nanostructure [5]. Zinc oxide is an inorganic compound and
an n-type semiconductor with unique properties and as an n-type semi conductive materials,
it can absorb infrared light and infrared electromagnetic wave with the value of 5 to 16.68 dB
in the range of 2.45 to 18 GHz [6]. Firstly, ZnO has high thermal and chemical stability,
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which plays an important role in material chemistry and nanotechnology and secondly, it is
one of the few oxides that show quantum confinement effects, allowing a fine-tuning of the
band gap in an experimentally accessible size range [7]. The confinement effect is obtained in
ZnO when the particle sizes are equal or less than 0.7 A. It is well known that small particles
have the large surface-to-volume ratio and surface defects [5]. With a wide band gap of 3.2
eV and a large exciton binding energy of 60 meV at room temperature, ZnO, line GaN, will
be important for blue and ultraviolent optical devices and ZnO has several advantages over
GaN in this applications range however, the most important being its longer exciton binding
energy and the ability to grow single crystal substrates [8]. Due to its wide band gap and
binding energy, ZnO has attracted properties for optoelectronics, such as superior UV
emission characteristics and high stability [9]. It is attractive for forming various forms of
nanostructures, such as nanorods, nanowires, and nanobelts. Semiconductor nanomaterials
are receiving much attention owing to their novel optical and electronic properties for
application in the fields of solar cells, microelectronics, catalysis, optical communications
and light emitting diodes [10]. The optoelectronic properties of material are sensitive to its

crystal perfection and surface morphology.

The unique properties of nanomaterials have motivated the researchers to develop many
simpler and inexpensive techniques to produce nanostructures of technologically important
materials. The size range that hold so much interest in nanomaterials is typically from 100 nm
down to the atomic level (approximately 0.2 nm), because it is in this range that materials can
have different or enhanced properties compared with the same materials at a larger size (bulk)
[11]. The nanoscience and technology deal with particles with diameter of 1 to 100 nm, or

about 10 to 106 atoms or molecules per particle. Because of the small particle size, the
materials have very large surface area to volume ratio, bringing out new physical and
chemical properties which are different with their larger scale counterparts [7]. An increase
on the relative surface area and dominance of quantum confinement effects of charge carriers
(electrons and holes) in the restricted volume of nanoparticles are the two main reasons for

this change in behaviour [11].

Various processes have been employed to synthesize the ZnO nanostructures, such as
electrochemical deposition [12], hydrothermal [13], sputter deposition technique [14], and
vapour method [15]. The sol-gel process using zinc acetate [Zn(CH3COO),. 2H,0] has



proven to be a relatively simple method for synthesizing of ZnO nanoparticles with a narrow

size distribution and excellent crystallinity [16].

The sol-gel process is a wet-chemical technique widely used in the fields of materials science
and ceramic engineering [17]. The term sol-gel refers to a process for making glass with
additives and sol-gel glasses are of current interest because of their potential applications
such as electronics and optics [18]. The process involves the generation of colloidal
suspensions (sols) at relatively low temperature, which are subsequently converted into
viscous gels [19]. At the transition, the solution or sol becomes a rigid, porous mass through
destabilization, precipitation, or super saturation. Sols are dispersions of colloidal particles in
a liquid [20] and colloids are solid particles with diameters of 1-100 nm. Sol-gel materials
provide an excellent vehicle for the incorporation of secondary phase including metal ions,
organic molecules or macromolecules. These species may be doped into the gel-matrix as it is
being formed (pre-doping) or incorporated after the glass has been prepared (post-doping)
[18].

The sol-gel process was also used in encapsulation of the two polymers PVP and PEG onto
the ZnO nanostructures. PVP has been shown a much interest in all the conjugated polymers
because of its excellence on the transparency, easy processing situation and the good
environmental stability [21]. It was reported that PVP can effectively prevent the ZnO
nanoparticles from aggregating and the crystallization of the ZnO nanoparticles can be
improved by PVP-modification [22]. Many morphologies of ZnO have been fabricated using
the PEG as a polymer surfactant [23]. Synthesizing of the 1-D ZnO nanorods or nanowires,
Li et al. [24] have prepared ZnO nanowires or nanorods in the presence of PEG with different
molar weight and analyzed the mechanism from the point of ZnO self-growth behaviour and

energy decreased.

1.2 Aim of the study

The objective of this study:

v The difference on the properties of the ZnO nanoparticles using the Sol-gel process,
with different molar masses of the polymers: PVP, and PEG as the capping agents. To


http://en.wikipedia.org/wiki/Materials_science
http://en.wikipedia.org/wiki/Ceramic_engineering

investigate the optical properties and the morphology of the ZnO capped with these

polymers.

v The synthesis and the characterization of the ZnO prepared with different solvents:
methanol, ethanol, and water to investigate the effect of these solvents on the ZnO

nanoparticles.

v' The effect of pH levels on the preparation of the ZnO, and the temperature effect on

the nanoparticles.

1.3 Problem of statement

ZnO semiconductor nanostructures are attractive components for nanometre scale electronic
and photonic device applications because of their unique chemical and physical properties.
ZnO nanostructures have also attracted considerable attention with great potential for
overcoming fundamental limitations due to their ultrahigh surface to volume ratio. For
example, recently, a wide variety of nanodevices including ultraviolet photodetectors,
photovoltaic, sensors, field effect transistors , intramolecular p-n junction diodes, Schottky
diodes and light emitting device arrays have been fabricated utilizing ZnO nanorods
(nanowires). Although a range of interesting properties are associated with ZnO nanorods (or
nanowires), in the context of various intriguing applications, there are also some challenges
remaining. The first challenge faced by the current synthesis methods of ZnO nanostructures
is the ability to control its morphology and self-assembly into complex structures or device
architectures. The second is to grow p-type ZnO nanostructures. The third challenge is to
demonstrate radically new applications for ZnO nanorod-based nanostructures. In my
opinion, ZnO could be one of the most important nanomaterials in future research and

applications.
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1.4 Thesis Layout

In this thesis there are seven chapters.
Chapter 1 is the introduction of the ZnO and theory behind.

> In this chapter, ZnO is being introduced. The characteristics it has and the shapes that

it can be prepared into.

Chapter 2 gives the literature review and the different properties of the ZnO and the method

used during the synthesis.

» The methods used and properties of the ZnO are discussed in this chapter. The
properties included the structure, electrical and optical properties. The method which
was used in this investigation is also discussed in detail.

Chapter 3 investigates the theory behind the techniques which were used in this project.

» The techniques which were used in this thesis are reported. The attention was mainly
on the inside of the techniques. How they operate in order to have results that were

discovered.
Chapter 4 deals with the synthesis and characterization of the ZnO nanoparticles using PEG.

» The preparation of the ZnO encapsulated with PEG is discussed in this chapter. The
impact that the PEG has on both structure and the optical properties of the ZnO. The
results on this preparation were also observed using various techniques which were

discussed in chapter 3.

Chapter 5 Synthesis and characterization of the ZnO nanoparticles and the PVVP encapsulated

ZnO nanoparticles.

» The influence that the PVP has brought on the morphology of the ZnO nanoparticles,

both encapsulated and not capsulated.
Chapter 6 Comparison of ZnO nanoparticles properties synthesised using various solvents.

» ZnO in this chapter has been prepared with different solvents. The aim here was to
observe the effect that the water, ethanol and methanol has on the ZnO luminescence
properties and structure. These ZnO powders were calcined at different temperatures,

11



therefore the impact on the temperatures was also observed. The lattice parameters
and the crystallite size were calculated using the Braggs equation and the Scherer

equation.

Chapter 7 The control of the pH level during the synthesis and characterization of the ZnO

nanoparticles.

> Different pH levels have been taken on the preparation of the ZnO nanoparticles. In
this chapter the temperature was kept constant with variation on the pH. What was
observed is that this (pH) has brought change on the structure and the particle size of
the ZnO.

Chapter 8 is the conclusion of what has been happening on the project and has been achieved

during the preparation.

» Conclusion and summary of what has been discussed in this report and what will be

the future work.
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CHAPTER

LITERATURE REVIEW

After silicon and germanium, ZnO was one of the first semiconductors to be prepared in a
pure form. It was extensively characterized as early as the 1950°s and 1960°s due to its
promising piezoelectric/acoustoelectric properties [1]. In the past 100 years, it has featured as
subject of thousands of research papers, dating back as early as 1935 [2]. ZnO is an n-type
semiconductor with unique properties such as transparency in the visible and high infrared
reflectibly acoustic characteristics, high electrochemical stability and excellently electronic
properties [3]. Wide band gap semiconductors have gained much attention during last decade
because of their possible uses as optoelectronic devices in the short wavelength and
ultraviolet (UV) portion of the electromagnetic spectrum. Semiconductors such as ZnSe, ZnS,
SiC, GaN, SnO; and ZnO, have shown similar properties with their crystal structures and
band gaps [1]. Table 2.1 shows the comparison of different semiconductors. Recently, it has
been introduced that ZnO as I1-VI semiconductor is promising for various technological
applications, especially for optoelectronic short wavelength light emitting devices due to its
wide and direct band. This attraction can simply be attributed to the large exciton binding
energy of 60 meV of ZnO potentially paving the way for efficient room-temperature exciton-
based emitters, and sharp transitions facilitating very low threshold semiconductor lasers [4].
Since ZnO and GaN have almost identical lattice parameters and the same hexagonal wurtzite
structure, ZnO can satisfactorily be used as lattice matched substrate in GaN based devices or
vice versa. ZnO has excellent radiation hardness among all other semiconductors. This
property supplies the uses of ZnO based devices in space applications and high energy
radiation environments. Band gap energy can be varied from 3.3 eV up to 4.5 eV with
alloying process. Hence it can be used as an active layer in the doubly confined hetero-
structured LEDs and quantum well lasers. These unique nanostructures unambiguously
demonstrate that ZnO is probably the richest family of nanostructures among all materials,
both in structure and properties [5]. The properties of the ZnO depend closely on the
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microstructures of the materials, including crystal size, orientation and morphology, aspect

ratio, and even crystalline density [6].

This is one of the key parameter that ZnO exhibits near-UV emission, transparency,
conductivity, and resistance to high temperature electronic degradation [7] and holds
excellent promise for blue and ultra-violet optical devices. Although in the past GaN and
GaN-based materials have dominated this wavelength range, ZnO enters the arena with
several advantages [2]. The two most crucial of these are:

(a). The larger exciton binding energy, which will allow for room temperature devices
operating with higher efficiency and lower power threshold for lasing by optical pumping.
(b). The ability to grow high quality single crystal substrates with relative cost effectiveness
and ease - something that still eludes GaN that highlights some of the key properties of ZnO,
and provides a comparison with GaN. Other favourable aspects of ZnO include its broad
chemistry leading to many opportunities for wet chemical etching, piezoelectric properties,

radiation hardness and high ferromagnetic Curie temperature for spintronic applications [2].

2.1 Comparison of different semiconductors

ZnO was one of the first semiconductors to be prepared in rather pure form after silicon and
germanium. It was extensively characterized as early as the 1950’s and 1960’s due to its
promising piezoelectric/acoustoelectric properties. Wide band gap semiconductors have
gained much attention during last decade because of their possible uses as optoelectronic
devices in the short wavelength and ultraviolet (UV) portion of the electromagnetic spectrum.
These semiconductors such as ZnSe, ZnS, GaN, and ZnO, have shown similar properties with
their crystal structures and band gaps. As shown in table 2.1, some of the important properties
of these wide band gap semiconductors are summarized. Initially, ZnSe based devices and the
GaN based technologies obtained large improvements such as blue and UV light emitting
diode and injection laser. ZnSe has produced some defect levels under high current drive. No
doubt, GaN are considered to be the best candidate for the optoelectronic devices. However,
ZnO has great advantages for light emitting diodes (LEDs) and laser diodes (LDs) over the
currently used semiconductors. Recently, it has been introduced that ZnO as I[I-VI
semiconductor is promising for various technological applications, especially for

optoelectronic short wavelength light emitting devices due to its wide and direct band gap.
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The most important advantage is the high exciton binding energy (60 meV) giving rise to
efficient exitonic emission at room temperature. Since ZnO and GaN have almost identical
lattice parameters and the same hexagonal wurtzite structure, ZnO can satisfactorily be used
as lattice matched substrate in GaN based devices or vice versa. ZnO has excellent radiation
hardness among all other semiconductors. This property supplies the uses of ZnO based
devices in space applications and high energy radiation environments. Band gap energy can
be varied from 3.3 eV up to 4.5 eV with alloying process. Hence it can be used as an active
layer in the doubly confined hetero-structured LEDs and quantum well lasers. These unique
nanostructures unambiguously demonstrate that ZnO is probably the richest family of

nanostructures among all materials, both in structure and properties [8].

TABLE 2.1: Comparison of different semiconductors [1].

Wide band gap Crystal Lattice parameters | Effective mass Melting Excifon binding
semiconductors | structure (A) (me) GG LY temperature (K) | energy (meV)
a b m, . m & £,
Zn0 Wurtzite 3250 | 5206 0318 | 0.50 337 148 60 8§75 | 372
GaN Wurtzite 3.189 5.185 0.2 0.80 34 1973 21 95 | 515
ZnSe Zinc-Blende 5.667 - 0.15 0.78 27 1790 20 7.1 53
ZnS Wurtzite 3824 | 6.261 0.34 1.76 37 2103 36 96 | 57
6H-S1C Wurtzite 3.08 15.12 042 1.00 3.0 2100 - 9.66 | 652
$10, Temagonal ooy | 3065 | 01 | - 36 52200 3276 065 | -

rutile

17



2.2 Structure

TABLE 2.2 Physical properties of wurzite ZnO [9].

Properties Values
Lattice constant

o 0.34296nm
bo 0.52096nm
Density 5.6 g/cm®
Melting point 2248K
Relative dielectric constant 8.66

Gap energy 3.4 eV, direct
Intrinsic carrier concentration | <10° cm™
Exciton binding energy 60 meV
Electron effective mass 0.24
Electron mobility 200 cm?/V/.s
Hole effective mass 0.59

Hole mobility 5-50 cm*/V.s

Structurally, ZnO has a non-centrosymmetric wurtzite crystal structure with polar surfaces
[7]. The wurtzite structure is most stable at ambient conditions and thus most common. The
crystal can be described as alternating planes composed of tetrahedrally coordinated O® and
Zn** ions, stacked along the c-axis [9]. The hexagonal wurtzite structure (Figure 2.1) has a
point group 6 mm or Cg, (Schoenflies notation), and the space group is P6smc or Cg,. The
lattice constants are a = 3.25 A and ¢ = 5.2 A; their ratio c/a ~ 1.60 is close to the ideal value
for hexagonal cell c/a = 1.633 [10]. The physical properties of ZnO semiconductors are
presented in Table 2.2.
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Figure 2.1: ZnO wurtzite structures [9].

2.3 Electrical and optical properties of ZnO

2.3.1 Electrical Properties

ZnO usually exhibits n-type conductivity. Intrinsic defects such as zinc interstitials (Zn;) or
oxygen vacancies (Vo) have been claimed to be accountable for n-type conductivity [11]. The
contribution of oxygen vacancies to conductivity has been controversial. Theoretical
calculations pointed out those oxygen vacancies are deep donors rather than shallow donors
[12]. As a direct and wide band gap semiconductor with a large exciton binding energy
(60meV), ZnO is representing a lot of attraction for optoelectronic and electronic devices. For
example, a device made by material with a larger band gap may have a high breakdown
voltage, lower noise generation, and can operate at higher temperatures with high power
operation. The performance of electron transport in semiconductor is different at low and
high electric field [1].

When the electrical field is increased, the energy of the electrons from the applied electrical
field is equivalent to the thermal energy of the electron. The electron distribution function
changes significantly from its equilibrium value. These electrons become hot electrons,

whose temperature is higher than the lattice temperature. So there is no energy loss to the
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lattice during a short and critical time. When the electron drift velocity is higher than its

steady-state value, it is possible to make a higher frequency device.

2.3.2 Optical properties

ZnO is a wide band gap semiconductor that displays luminescent properties in the near ultra
violet and the visible regions, and the emission properties of ZnO nanoparticles in the visible
region widely depend on their synthetic method as they are attributable to surface defects
[13]. The high efficiency of luminescence in the UV to visible regions of the spectrum makes
ZnO an attractive material for optoelectronic applications. The near-band gap emission is due
to recombination of free electrons in the conduction band and holes in the valence band. A
broadband emission within the visible region, due to transitions involving defect states, is a
common photoluminescence feature of bulk ZnO [14]. Impurity atoms also contribute to
visible emission; e.g., green luminescence from Cu acceptors in ZnO [15].

The optical properties of a semiconductor are associated with both intrinsic and extrinsic
effects. Intrinsic optical transitions take place between the electrons in the conduction band
and holes in the valence band, including excitonic effects due to the Coulomb interaction.
The main condition for exciton formation is that the group velocity of the electron and hole is
equal. Excitons are classified into free and bound excitons. In high quality samples with low
impurity concentrations, the free exciton can also exhibit excited states, in addition to their
ground-state transitions. Extrinsic properties are related to dopants or defects, which usually
create discrete electronic states in the band gap, and therefore influence both optical-

absorption and emission processes [1].

2.4 Sol-gel Process

The sol-gel process (see figure 2.2), as the name implies, involves the evolution of inorganic
networks through the formation of a colloidal suspension (sol) and gelation of the sol to form
a network in a continuous liquid phase (gel) [16]. The sol-gel is one of the most suitable ways
for producing glasses and glass nanoparticles. As an alternative to melted glass, a sol-gel
derived glass is a good medium for studying crystallization and phase separation [17]. The
relatively mild reaction conditions, purity, homogeneity and simplicity of the sol-gel method

make it an excellent tool for producing substances with precisely tailored properties [18]. The
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sol-gel technique is one of the fastest growing fields of contemporary chemistry. The main
advantage of this process stems from the fact that it offers an alternative approach to
conventional production of glasses, glass-like materials and ceramics of various properties
and applications [19].

The production of glasses by the sol-gel method permits preparation of glasses at far lower
temperatures than is possible by using conventional melting. It also makes possible synthesis
of compositions that are difficult to obtain by conventional means because of problems
associated with volatilization, high melting temperatures, or crystallization. In addition, the
sol-gel approach is a high-purity process that leads to excellent homogeneity. Finally, the sol-
gel approach is adaptable to producing films and fibers as well as bulk pieces [20]. The sol-
gel process can be characterized by a series of distinct steps which are gelation, drying and
densification [21].

Sol-Gel Process
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Figure 2.2: Schematic representation of the sol-gel process [25].

Materials obtained by the sol-gel-process, in which covalent organic groups can be integrated
into an inorganic network, are referred to as inorganic-organic composites. These are
obtained by hydrolysis and condensation reactions, for example, based on modified silicon
alkoxides. The alkoxide used most often to synthesize SiO is tetraethylorthosilicate (TEOS),
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which is the product of the reaction of SiCl, and ethanol [22]. Precursors may be dissolved in
organic or aqueous solvents and catalysts are often added to accelerate hydrolysis and
condensation reactions. A silica gel may be formed by the network growth from an array of
discrete colloidal particles or by formation of an interconnected 3-D network by the
simultaneous hydrolysis and polycondensation of an organometallic precursor [23]. A liquid
alkoxide precursor such as Si(OR)4, where R may be CHj3, C;Hs, or C3Hy is hydrolyzed by

mixing with water to form hydrated silica and alcohol as shown below.

Hydrolysis

OCH, OH

CH,O — Si —OCH, + 4(H,0) —HO—Si—OH + 4(CH,0OH)
OCH, OH

By definition, condensation liberates a small molecule, such as water or alcohol. This type of
reaction can continue to build larger and larger silicon-containing molecules by the process of
polymerization [24]. A condensation can occur between a silanol and an ethoxy group to
form a bridging oxygen or siloxane group Si-O-Si [25].

Condensation

OH OH OH OH

HO—Sli— HO + HO-Si-OH —HO- Sli— O- Sii ~OH + H,0
|

OH OH OH OH

The H,0 (in condensation) and alcohol (in hydrolysis) expelled from the reaction remains in

the pores of the network as shown in the following equation:
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Polycondensation

CIJH CI)H
HO—Si—O—Si—OH + 6Si(OH),—
OH OH
OH OH
OH— éi—OH OH—ISI—OH
A
HO—?]—O—ISI—O— Sli— CI)—SI—OH + 6(H,0)
OH Cl) Cl) OH
OH-— ISi—OH OH—SII—OH
OH OH

Figure 2.3: Synthesis reaction for the formation of each Si-O-Si

The phase establishes a 3D network that invades the whole volume of the container and as the
reaction progresses, each side of the tetrahedral formed around silica becomes connected
through oxygen to another silicon atom and forms a three dimensional network. This network
is best described as possessing an order as described for an amorphous glass [26]. Thus a gel
is obtained and for these two syntheses the liquid used as a solvent to perform the different
chemical reaction remains within the pores of the solid network and once the sol reactions are
complete, temperature dependent gelation, aging and drying processes take over. To increase
the density of the material and remove the by-products, we must follow the sol-gel synthesis

process by a high annealing schedule.

2.4.1 Gelation and Aging

As the hydrolysis and condensation polymerization reactions continue, viscosity increases

until the solution ceases to flow. The time required for gelation to occur is an important
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characteristic that is sensitive to the chemistry of the solution and the nature of the polymeric

species. This sol-to-gel transition is nature is irreversible.

2.4.2 Drying

The drying phase involves the removal of the liquid phase; the gel transforms from an alcogel
to a xerogel. Low temperature evaporation is frequently employed, and there is considerable
weight loss and shrinkage. The drying stage is critical part of the so-gel process. As
evaporation occurs, drying stresses arise that can cause catastrophic cracking of bulk
materials. This effect is caused by evaporation of solvent molecules from the network of
pores of the drying gels [19, 27].

2.4.3 Densification

This is the final step of the sol-gel process. At this point the gel-to-glass conversion occurs
and the gel achieves the properties of the glass. As the temperature increases, several
processes occur, including elimination of residual water and organic substances, relaxation of

the gel structure, and ultimately, densification.
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CHAPTER

EXPERIMENTAL RESEARCH TECHNIQUES

3.1 Introduction

This chapter gives a description of the techniques that were used in the characterization of the
ZnO nanostructures. These techniques includes the scanning electron microscopy (SEM),
photoluminescence (PL), x-ray diffraction (XRD), UV-Vis spectroscopy, energy dispersive
spectroscopy (EDS) and Fourier transform infrared spectroscopy (FTIR). SEM was used to
obtain the morphology of the ZnO powders. PL and XRD were used to determine the
crystalline size and shape of the compound formed and from the intensity peaks the particle
size can be obtained. The UV-Vis was used to obtain the optical properties of the powders.

EDS was used to monitor the elemental composition on the surfaces of ZnO powders.
3.2 Scanning electron microscopy (SEM)

The scanning electron microscope is designed for studying the surfaces of conducting and
semi-conducting materials directly [1]. SEM is a type of electron microscope that images the
sample surface by scanning it with a high energy beam of electrons in a raster scan pattern.
SEM process begins with the electrons emitted from the electron gun. The electron beam that
typically has an energy ranging from a few keV to 100 keV and is attracted to the anode,
condensed and focused by a condenser lens and the objective lens into a beam with a very
fine spot size. A beam of electrons is produced at the top of the microscope by an electron
gun. The electron beam follows a vertical path through the microscope, which is held within
a vacuum. The beam travels through electromagnetic fields and lenses, which focus the beam
down toward the sample. Once the beam hits the sample, electrons and X-rays are ejected
from the sample. Detectors collect these X-rays, backscattered electrons, and secondary
electrons and convert them into a signal that is sent to a screen similar to a television screen.

This produces the final image.
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A simplified layout of a SEM is shown in Figure 3.1, consisting of an electron gun, magnetic
lens used to form the beam and limit the amount of current in the beam, and detectors.
Electrons are produced via a thermionic emission from an electron gun and focused down to
a spot on the specimen by a system of ion optics (i.e. electromagnetic coils). A set of scan
coils are used to scan the spot over the surface of the sample and reflected electrons are

collected, amplified and converted into a video signal.

The SEM is also responsible for obtaining the sample’s surface topography, composition and
other properties. This technique can give magnification to x300 000. The scanning electron
microscope has many advantages over traditional microscopes. The SEM has a large depth of
field, which allows more of a specimen to be in focus at one time. The SEM also has much
higher resolution; closely spaced specimens can be magnified at much higher levels [2]. The
SEM model which was used was a SHIMADZU SSX-550 SUPERSCAN SEM, seen in
Figure 3.2.

Ele;ctrﬁn gun
/
¥
Lens— w5 o Aperture
NS
Scan generator
Scan coils—=F&] e L I
Lens—+5] 3] CRT display/
e Camera
Sample | ] |
Electron Amplifier
collector —IZ"* High vacuum pump

Figure 3.1: Schematic presentation of a Scanning Electron Microscopy [3].
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Figure 3.2: SHIMADZU SSX-550 SUPERSCAN SEM with EDS.

3.3 Energy dispersive spectroscopy (EDS)

Energy dispersive X-ray spectroscopy is a relatively simple yet powerful technique used to
identify the elemental composition of as little as a cubic micron of material. The equipment is
attached to the SEM to allow for elemental information to be gathered about the specimen
under investigation. EDS makes use of the X-ray spectrum emitted by a solid sample
bombarded with a focused beam of electrons to obtain a localized chemical analysis. By
scanning the beam in a television-like raster and displaying the intensity of a selected X-ray
line, element distribution images can be produced. Also, images produced by electrons
collected from the sample reveal surface topography or mean atomic number differences
according to the mode selected. The scanning electron microscope (SEM), which is closely
related to the electron probe is designed primarily for producing electron images, but can also
be used for element mapping, and even point analysis, if an X-ray spectrometer is added.
There is thus a considerable overlap in the functions of these instruments.
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As a type of spectroscopy, it relies on the investigation of a sample through interactions
between electromagnetic radiation and matter, analyzing X-rays emitted by the matter in
response to being hit with charged particles. Its characterization capabilities are due in large
part to the fundamental principle that each element has a unique atomic structure allowing x-
rays that are characteristic of an element’s atomic structure to be identified uniquely from
each other. To stimulate the emission of characteristic X-rays from a specimen, a high energy
beam of charged particles such as electrons or a beam of X-rays, is focused into the sample
being studied.

There are four primary components of the EDS setup, the beam source, the x-ray detector, the
pulse processor and analyzer. However, EDS systems are most commonly found on Scanning
Electron Microscopes (SEM-EDS) and EDS used in this study is shown in Figure 3.2. A
detector is used to convert X-ray energy into voltage signals, this information is sent to a
pulse processor, which measures the signals and passes them onto analyzer for data display

and analysis.

3.4 Photoluminescence Spectroscopy (PL) (He-Cd Laser)

Photoluminescence is a process in which a substance absorbs photons (electromagnetic
radiation) and then re-radiates photons. Quantum mechanically this can be described as an
excitation to a higher energy state and then a return to a lower energy state accompanied by
the emission of a photon [4]. The Helium-Cadmium (He-Cd) laser is one of a class of gas
lasers using helium in conjunction with a metal which vaporizes at a relatively low
temperature. A typical construction for the He-Cd laser is in the form of a tube, terminated by
two Brewster’s angle windows, with the two laser mirrors mounted separated from the tube.
The tube filled with helium, also has a reservoir containing the Cd and a heater to vaporize
the metal [5]. The reservoir is raised to a high enough temperature (~250 °C) to produce the
desired vapour of Cd atoms in the tube. He-Cd laser can give output powers of 50-100 mW
and it can produce a high quality beam at 442 nm (violet-blue) or 325 nm (UV) depending on
the optics [5].

In a PL system the sample is excited with a monochromatized lamp or a higher laser beam,
which is followed by the excitation during electron transition to higher energy levels and

emission of photons during transition to the ground state [6].
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The PL data was again collected using the Cary Eclipse Spectrophotometer (Figure 3.3 (b)).
The Cary Eclipse Spectrophotometer uses a Xenon flash lamp (60-75 W) for superior
sensitivity, high signal-to-noise, and fast kinetics. It measures the emission of light from
samples in four modes. Using Xenon lamp technology, it captures a data point every 12.5 ms

and scans at 24,000 nm/min without peak shifts. The Cary Eclipse is the only

spectrophotometer with room light immunity.

Figure 3.3 (a): He-Cd (325 nm) laser used for photoluminescence.

31



Figure 3.3 (b): The Cary Eclipse Fluorescence Spectrophotometer at the University of

the Free State, Physics department.

3.5 X-ray diffraction (XRD)

XRD is the science of determining the arrangement of atoms within a crystal from the
manner in which a beam of X-rays is scattered from the electrons within the crystal. A crystal
is a solid in which a particular arrangement of atoms (its unit cell) is repeated indefinitely
along three principal directions known as the basis (or lattice) vectors. X-ray Diffraction is a
powerful non-destructive technique used to investigate structural properties of crystalline
materials [6]. Each crystalline solid has a unique XRD pattern to identify its crystal structure.
When X-ray light with a wavelength A is incident on a crystal, a diffraction peak occurs if the

Bragg condition is satisfied:

nA = 2dsin@

where n is an integer 1, 2, 3..... (usually equal 1), d is the lattice spacing of the crystal and 6
is the angle of incidence. The Cu K, emission (. = 1.5418 A) from a copper target is the most

common X-ray source for the diffraction measurement. Varying the angle 0, the
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polycrystalline materials d-spacing are satisfied by the Bragg’s Law conditions [6]. A powder
XRD pattern is also used to determine the average size of the nanoparticles. The particle size

can be calculated by using the Scherrer formula:

092
~ PBajzcosb

where A is the wavelength of the X-ray, and B is width (in radians) of the peak at 26 and D is
the diameter of the crystallites. Figure 3.4 (a) shows the simple schematic diagram of a path
followed by x-ray from the tube to the detector. The measurements in this work were
performed using the D8 Bruker Advanced AXS GmbH X-ray diffractometer at the University
of the Free State as shown in figure 3.4(b).

—e ® ® ® °

Figure 3.4 (a): Schematic diagram of diffractometer system.
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Figure 3.4 (b): D8 Bruker Advanced AXS GmbH X-ray diffractometer.

3.6 Fourier Transform Infra Red (FTIR)

FT-IR stands for Fourier Transform Infra Red, the preferred method of infrared spectroscopy.
In infrared spectroscopy, IR radiation is passed through a sample. Some of the infrared
radiation is absorbed by the sample and some of it is passed through (transmitted). The
resulting spectrum represents the molecular absorption and transmission, creating a molecular
fingerprint of the sample. Like a fingerprint no two unique molecular structures produce the
same infrared spectrum. This makes infrared spectroscopy useful for several types of

analysis.

The process of how the FTIR works:

<+ The Source: Infrared energy is emitted from a glowing black-body source. This beam
passes through an aperture which controls the amount of energy presented to the sample

(and, ultimately, to the detector).
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+ The Interferometer: The beam enters the interferometer where the “spectral encoding”
takes place. The resulting interferogram signal then exits the interferometer.

4+ The Laser: The Laser beam also passes through the interferometer. It is used for
wavelength calibration, mirror position control and data collection triggering of the
spectrometer

+ The Sample: The beam enters the sample compartment where it is transmitted through
or reflected off of the surface of the sample, depending on the type of analysis being
accomplished. This is where specific frequencies of energy, which are uniquely characteristic
of the sample, are absorbed.

4+ The Detector: The beam finally passes to the detector for final measurement. The
detectors used are specially designed to measure the special interferogram signal.

4+ The Computer: The measured signal is digitized and sent to the computer where the
Fourier transformation takes place. The final infrared spectrum is then presented to the user

for interpretation and any further manipulation [8].

Spectrometer
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Figure 3.5(a): Schematic diagram of an FTIR [8].
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Figure 3.5(b): Bruker TENSOR 27 Series FT-IR Spectrometer.

3.7 UV-Visible Spectrophotometer

An instrument used in the ultraviolet-visible spectroscopy is called UV/Vis
spectrophotometer [9]. Fundamentally, the spectrophotometer (single beam) consists of the
following elements: (1) a light source (usually a deuterium lamp for the UV spectral range
and a tungsten lamp for the VIS and IR spectral ranges). Normally they are focused on the
entrance to (2) a monochromator, which is used to select a single frequency wavelength from
all those provided by the lamp source and scan over a desired frequency range, (3) a sample
holder, followed by (4) a light detector (usually a photomultiplier for the UV-VIS range and a
SPb cell for the IR range) to measure the intensity of each monochromatic beam after
crossing the sample. Lastly, a computer registers the absorption spectrum [6].
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Figure 3.6: Perkin Elmer Lamb 950 UV-VIS Spectrometer at the University of the
Free Physics department.
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CHAPTER

Synthesis and characterization of ZnO nanoparticles using Polyethylene
Glycol (PEG)

4.1 Introduction

ZnO is an important material for room temperature UV lasers and short-wavelength
optoelectronic devices [1]. Recently ZnO has attracted increasing interest due to its relatively
high efficiency as a low-voltage phosphor [2]. ZnO is an oxide semiconductor known to have
a wide band gap of about 3.2 eV for bulk materials and a large exciton binding energy of 60
meV, which enables efficient excitonic emission at room temperature [3]. ZnO is a
compound that is reactive as an acid and as a base. It is almost insoluble in water and alcohol
but it is soluble in acids. The optoelectronic properties of the material are sensitive to its
crystal perfection and surface morphology. The photon emission efficiency decreases rapidly
with the increase of non-radiative recombination centres. The crystalline quality of ZnO films
is determined not only by the growth processes, but also by the dopants, impurities,
surfactants and the surface modifiers such as polymer matrices used. Different methods such
as hydrothermal [4] and solvothermal [5] methods have been used when preparing ZnO
nanoparticles but in this investigation the sol-gel method was used and preferred for its
advantages of being quick, inexpensive, reliable and simple. In general, the PL spectrum of
ZnO consists of two bands, near band edge (NBE) excitonic UV emission and defect related
deep level emission (DLE) around the green-yellow band extending from 2.9 eV to 1.65 eV,
and this band almost covers the whole visible range of the electromagnetic (EM) spectrum
[6]. The two carrier recombination routes compete with each other during the luminescence
process. The improvement of NBE by post-growth annealing has been reported. However,
the annealing conditions were different for the different researchers, and ranges from ambient
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gas species, annealing temperature and annealing time [7-12]. It is also known that the
location of the band-edge emission depends on the energy gap of the ZnO semiconductor [6].
In this study the effect of encapsulating ZnO nanoparticles with PEG on structural,
morphological and optical properties were investigated. It is known that surface modification
of nanoparticles by grafting polymers onto it is an effective way of improve its dispersability
in a polymer matrix as well, and hence ameliorate the polymer matrix, thus enhancing the

properties of the resulting composites [13].

4.2 Experimental procedure

PEG encapsulated ZnO nanoparticles were prepared with Zinc acetate dehydrate
[Zn(CH3COOH),.2H,0] as a precursor in this experiment. This was done using the sol-gel
method, 5.508g of Zn(CH3;COOH),.2H,0 and various masses of PEG (0.5, 0.75, 1.0, 1.5, 2.0,
and 2.5 g) were dissolved in 300 ml of ethanol with a ratio of 10:1 (Zn:PEG). This solution
was magnetically stirred for 24 hrs at a temperature of 80°C until a clear solution was
obtained. The resulting solution was left until a gel from this solution was obtained. The gel
was then cleaned three to four times using methanol. After washing, it was calcined in the
furnace in air at the temperature of 150°C for 2 hrs. These powders have been characterized
under different techniques such as X-ray diffraction (XRD), Photoluminescence (PL),
Scanning electron microscopy (SEM) and Energy dispersive spectroscopy (EDS). The
influence of different molar masses of the PEG during the synthesis on the ZnO emission

peaks was monitored.

4.3 Results and Discussion

4.3.1 Morphology and structure

A representative SEM image of ZnO and 1.0g PEG encapsulated ZnO are presented in Figure
4.1. The presence of agglomerated ZnO particles or some bigger particles for ZnO in Figure
4.1(a) could be attributed to the aggregating or overlapping of smaller particles. However,
smaller monodispersed particles (see Figure 4.1(b)) are clearly visible for the PEG
encapsulated ZnO particles. Therefore it is concluded that the presence of PEG has a
significant influence on the structure and morphology of the ZnO. Figure 4.2 present typical
XRD patterns of (a) ZnO and (b) PEG encapsulated ZnO nanostructures grown using sol-gel

process, respectively. They both exhibit sharp diffraction peaks characteristic of the ZnO
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wurtzite hexagonal phase (wurtzite-type, space group P63mc, JCPDS card file No. 36-1451),
which implies that pure ZnO was formed. No characteristic diffraction peaks from other
phases or impurities were detected. It was observed that by encapsulating the ZnO with PEG,
an enhancement of the (002) peak relative intensity occurs, indicating a preferential growth
orientation along the c-axis (Figure 4.2(b)). The broadness of the diffraction peaks measured
with the XRD spectra indicated that nanoparticles were obtained for both ZnO and the PEG
encapsulated ZnO particles. The findings agree with the SEM micrographs of the samples
showing that PEG encapsulated ZnO nanostructures are smaller in size. The chunks of

material as seen on the pure ZnO SEM image must therefore be agglomerated nanoparticles.

Figure 4.1(a): SEM image of the pure ZnO without any encapsulated PEG at x 1000
magnification (b) SEM image of the ZnO synthesized with 1.5g PEG at x 1600
magnification.
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The particle size of the agglomerated particles were calculated by using the full width at half
maximum (FWHM) value of the of the (002) diffraction peak for the 1.0g PEG encapsulated

ZnO and ZnO samples, using the Debye-Scherrer formula;

092
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Where ) is the wavelength (1.5406 A), D is the diameter of the crystallites, By, is the full-
width at a half-maximum (FWHM) and 0 is the diffraction angle. The capsulated particle
sizes of ZnO and PEG encapsulated ZnO were found to be 43 nm and 28 nm respectively.
The wurtzite lattice parameters a and ¢ calculated from XRD spectra are (a = 3.25A, ¢ =
5.20A), (a = 3.24A, ¢ = 5.19A) for ZnO and the PEG encapsulated ZnO nanoparticles
samples. These parameters were calculated using the planes (102), (110), (103) and (200)
[14]. The volume of the unit cell for the ZnO and PEG encapsulated ZnO nanoparticles are
54.9A%and 54.5A°.

4.3.2 Optical properties

The optical absorption of the ZnO in this case is observed with the UV-Visible near infrared
spectrometer. The prepared nanopowders were first dispersed in ethanol and then the UV-
VIS optical absorption characteristics of the ZnO nanoparticles were measured. The
measured absorption characteristics of the ZnO prepared with different molar masses of the
polymer PEG are shown in Figure 4.3. The synthesis of the ZnO nanoparticles is clearly
evident from Figure 4.3. A big jump which is observed on the absorbance intensity is due to
the impact that the encapsulation of PEG has brought on the particles. Each sample brings
about change on the absorbance intensity. It is observed that absorption of ZnO is very sharp,
which indicates the monodispersed nature of the nanoparticle distribution [7-9]. The
absorption edge for single crystal ZnO is very sharp and is determined by the nature of the
electronic transition between the valence band and conduction band. The absorption edge for
a suspension of nanoparticles is much broader and is determined by the distribution of
particle size [11]. At the absorption edge, only the largest particles contribute to the
absorbance. In the smaller wavelength range particles with smaller sizes contribute more and
at the region of maximum absorbance, all particles contribute to the absorbance. Thus the
average particle size present in a nanocolloid can be determined from the inflection point in

the absorption vs. wavelength spectrum [11]. From this figure it is seen that the band edge
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appearing between 360 nm and 380 nm shows a blue shift with an increase in some of the
molar masses of PEG. This might be due to that the PEG has taken over the surface of the

ZnO nanoparticles.

Photoluminescence (PL) of PEG encapsulated ZnO nanoparticles studied in comparison with
ZnO nanopowder using a 325 nm He-Cd (26mW) laser with excitation frequency 325nm at
room temperature are shown in Figure 4.4(a). Two prominent emissions peaks one green at
around 560 nm and another blue at around 450 nm without near band-edge (NBE) ultraviolet
(UV) peak were observed. It is generally accepted that the surface states play a crucial role in
the PL spectra of nanomaterials [15]. The green peak of ZnO is due to radiative
recombination of a photo-generated hole with an electron attributed to an oxygen vacancy
[15]. The amount of oxygen in the surface is expected to drastically change the green-band
peak. The presence of PEG on the surface has a controlling effect on the concentration of
surface oxygen vacancies. Different concentrations of PEG have brought an impact on the
intensity of both the blue and the green peaks, the blue peaks shows a high intensity meaning
smaller particles were obtained (see Figure 4.4(b)). Except for a clear shift in the peak
position from the ZnO nanoparticles to the ZnO particles encapsulated in the PEG, there is no
definite trend in peak intensity as function of PEG molar mass measured. At this point it is
therefore difficult to pinpoint an exact mechanism due to the lack of detailed information
about surface band bending and related surface species of ZnO [16, 17 and 18]. Important
however is that it is evident from the results that the UV peak emission is suppressed. The
amount of the PEG masses applied seems to have significant effects on the enhancement of
both the blue and green emissions without a proportional relation. The PEG masses of 0.5,
0.75 and 2.0 g significantly enhanced the blue emission while PEG masses of 1, 1.5 and 2.5 g
produces emission of approximately equivalent intensity. It is therefore clear that the PEG
played a role in the suppressing and enhancement of maximum intensity as well as in the
peak shape of the obtained emission spectra. Further studies are needed to clearly understand

the total effect of the different PEG concentrations.
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Figure 4.3: UV-Visible absorbance spectra of the ZnO synthesized with
different molar masses of PEG.
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4.4 Conclusion

In this work, we successfully synthesized monodispersed ZnO nanoparticles with average
size of 20 nm by a chemical method by PEG as capping agent and alcohol as solvent. The
nanostructures of the prepared ZnO nanoparticles have been confirmed using UV-VIS
absorption, XRD, and SEM micrograph analysis. The PL emissions from the ZnO
nanoparticles dispersed in ethanol have been measured under 325 nm UV light excitations.
The maximum PL emission has been observed covering the 400-700 nm visible region of the
electromagnetic spectrum, when a 325 nm wavelength is used for excitation. The strong blue
and green luminescence observed, demonstrates the good quality of the prepared ZnO
nanoparticles. As suggested and confirmed by others [19, 20] that such low energy emissions
are assigned to the surface states. The density of surface states in the nanocrystals would
increase with a decrease in the size of crystallites of the prepared nanocrystals, due to the
increased surface-to-volume ratio having smaller crystallites. This would reduce the

probability of excitonic emission via non-radiative surface recombination [19, 20].
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CHAPTER

Synthesis and characterization of the ZnO nanoparticles and the polyvinyl
pyrrolidone (PVP) encapsulated ZnO nanoparticles

5.1 Introduction

As a semiconductor material, zinc oxide spans a wide range of applications from solar cells
and chemical sensors to electrical, acoustic and luminescent devices [1]. ZnO is also a
versatile direct-band gap semiconductor with a wide band gap of 3.37 eV, and its large
exciton binding energy (60 meV) makes the exciton state stable even at room temperature.
Furthermore, it is an environmentally friendly material and shows a broad luminescence
emission spectrum in the blue-yellow region [2]. ZnO appears to be a major candidate for
room temperature optoelectronic applications such as efficient short-wavelength ultraviolet
light-emitting diodes and laser diodes [3]. Various processes have been employed to
synthesize the ZnO nanostructures, such as electrochemical deposition [4], hydrothermal [5],
sputter deposition technique [6], and vapour method [7]. From all these methods, we have
chosen to use the sol-gel method because of its reliability, inexpensiveness and most of all
simplicity. The crystalline quality of ZnO films is determined not only by the growth
processes, but also by the do-pants, impurities, surfactants and the surface modifiers such as
polymer matrices used. The nanoparticles which are produced by this route show good
optical properties, but this can be achieved only by good control of the size and the
morphology of the particles [8]. Several workers have used capping agents such as poly vinyl
pyridine (PVP), poly ethylene glycol (PEG) etc to stop particle agglomeration and obtained
nanoparticles of size less than 5 nm and these polymers produce spherical nanoparticles in
shape because of the property of surface tension [9]. PVP is utilized to make ZnO nanorods
from a zinc acetate precursor at a low temperature, since the PVP can easily be removed by

burning the solid products [10]. In this investigation we concentrating on the encapsulated
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ZnO nanoparticles and the effect that PVP have on the optical properties and the morphology

and structure of the ZnO powders.

5.2 Experimental

The solutions of ZnO were prepared by dissolving 5.508 g of Zinc Acetate in 300 mL of
ethanol with different masses of PVP. This was repeated six times with the following
different molar masses; 0.5, 0.75, 1.0, 1.5, 2.0 and 2.5g. The mixtures were magnetically
stirred for about 24 hours at a temperature of 80°C; this was to let the mixture mix
thoroughly. The mixtures where let on the stirrer until the gel-like of the zinc acetate and
PVP was obtained. It was then washed using methanol to remove the impurities. Then the gel
was calcined in a furnace at 150 °C for 2 hours. The X-ray diffraction (XRD) patterns were
recorded to characterize the phase and crystal structure of the nanoparticles using a D8
Bruker Advanced AXS GmbH X-ray diffractometer (XRD), room temperature
photoluminescence (PL) of the samples was measured, using a He—Cd laser (325 nm) as
excitation sources, the morphology of the nanoparticles was observed by a Shimadzu
Superscan SSX-550 system scanning electron microscope (SEM) operated at 20 kV equipped
with energy dispersive X-ray spectroscopy (EDS). Optical absorption was performed on a
Perkin Elmer Lamb 950 UV-visible spectrophotometer (UV).

5.3 Results and Discussion

5.3.1 Structure

In this part, we studied the role of P\VP molar masses in controlling the size and shape of the
PVP encapsulated ZnO nanoparticles. Figure 5.1(a) represents the SEM image of the PVP
encapsulated ZnO nanoparticles. The figure shows the chunk of particles which probably
consist out of agglomerated smaller particles in the PVP matrix; the agglomeration is due to
the aggregating or overlapping of smaller particles. However, small agglomerates on some of
the large particles are clearly visible at high magnifications. Therefore it is concluded that the
chosen PVP/Zn?* molar ratio range has influence on the morphology of the ZnO samples.
Figure 5.1(b) is the EDS for the encapsulated ZnO nanoparticles. It gives out the elements
that exist in the sample. All expected elements (Zn, O) were detected and the adventitious
carbon is also to be seen. Figure 5.2 (a) and (b) are the powder x-ray diffraction pattern
(XRD) of the ZnO nanoparticles and the 0.5 g PVP encapsulated ZnO nanoparticles. The

50



ZnO nanoparticles pattern showed the standard diffraction pattern of wurtzite hexagonal
ZnO. Figure 5.2(b) shows that the XRD peak positions shifted as well as the peaks have
broadened. This confirms that the PVP has an effect on the structure of the ZnO
nanoparticles. The crystallite size was calculated from the peaks width using the Debye-

Scherer formula

092
~ PBajzcosb

Where A is the x-ray wavelength (1.5406A), 0 is the Bragg diffraction angle, D is the
diameter of the crystallites, and B is the peak width at half maximum (FWHM). The particle
sizes of the encapsulated PVP ZnO and ZnO nanoparticles were calculated were found to be
13 nm and 42 nm. The XRD peaks in Figure 5.2(a) gave lattice parameters a=3.25 A and ¢ =
5.20 A and that of Figure 5.2(b) are a = 3.25 A and ¢ = 4.88 A.
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Figure 5.1: (a) SEM image of the ZnO (b) EDS spectra for the ZnO nanoparticles
capsulated in PVP which confirms the presence of the different elements.
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Figure 5.2: XRD patterns of (a) ZnO nanoparticles and (b) PVP encapsulated ZnO

nanoparticles.

5.3.2 Optical properties

The photoluminescence spectra of the seven different concentrations of PVP samples, which
were recorded with the excitation wavelength set at 325 nm, as shown in Figure 5.3. The two
emission peaks, one a blue emission peak around 448 nm and another green emission peak
around 532 nm, were observed for all samples except for the sample with no PVP. The
sample without PVP shows only one violet emission peak around 403 nm. Comparing the
maximum intensity and peak shape of the six samples with the one without PVP, it is
observed that PVP has a clear effect on the ZnO nanoparticles. The relative intensities of
these two emission band vary drastically with the molar ratio of Zn:PVP. The addition of the

PVP has brought an increase in the intensity with various molar masses.
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Figure 5.3: (a) PL emission spectra of the ZnO with different masses of PVP (b) PL
emission intensity versus various masses of the PVP encapsulated ZnO nanoparticles.

Figure 5.3(b) shows the intensity versus the concentration or different masses of PVP which
shows that the 0.75g of PVP has the highest intensity followed by the 2.0 g of PVP. The
figure shows an increase on the intensity with an increase on the molar masses of PVP (0-
0.75 g). A decrease on the intensity was observed for the molar mass 1.0 g and increased
again as the molar masses increased. The absorption spectra of the PVP encapsulated ZnO
nanoparticles with different masses of PVP are shown in Figure 5.4. The absorption peaks of
PVP encapsulated ZnO are obtained at the wavelength of 272 nm and the other one at around
358 nm. The absorption peak at around 358 nm is a blue shift relative to the bulk exciton
absorption (375 nm) [11], the shift might be due to the strong confinement effect [12]. There
is a fluctuation of absorption peaks in addition of molar masses of PVVP. The absorption peak

at around 272 nm corresponds to the electron-hole conjunctions.
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Figure 5.4: UV-visible absorbance various spectra of the PVP encapsulated ZnO

nanoparticles.
5.4 Conclusion
In this investigation, the synthesis of PVP encapsulated ZnO nanoparticles with different
molar mass of PVP was reported. This was done with the sol-gel method. The

characterization was done using XRD, SEM, PL, and UV-VIS absorption. The PL covered
the wavelength range of 350-750nm.
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CHAPTER

Effects of the temperature on the ZnO properties by using various solvents

6.1 Introduction

Nanostructured ZnO semiconductor has drawn enormous attention due to its unique
properties in optics, photonics and electronics [1]. Synthesizing the ZnO quantum particles
using precipitation from alcohols results in stable colloids of nanometer-sized particles [2-4].
The powders were prepared using the sol-gel method. The influence of the solvent provides a
means to achieve control over the ZnO nanoparticle size and size distribution, which is
essential for tailoring optical, electrical, chemical, and magnetic properties of nanoparticles
for specific applications [5]. The solvents also provides a means of temperature control,
either to increase the energy of the colliding particles so that they will react more quickly, or
to absorb heat that is generated during and exothermic reaction. The effect of solvents
(organic) are reported by Zhang et al. [6] and Kwon et al. [7], concluded that solvents not
only controls the morphology, but it also plays a vital role on the optoelectronic and electrical
properties of nanosized ZnO. Water is a dipolar, amphiproitc solvent with a high dielectric
constant and, as a consequence, most salts are readily dissolved where most alcohols are
dipolar, amphiprotic solvents with a dielectric constant and viscosity that is dependent on the
chain length [5]. The zinc cation is soluble in water and growth is controlled by the diffusion
of Zn?* ions in the ethanol-rich layer [8]. In this report nanostructure ZnO particles were
prepared by adding NaOH into the solution of Zn(CH3COO); in ethanol, methanol and water.
The aim of this work was to compare and contrast the dependence of material properties of

ZnO nanostructures on the different solvents.

6.2 Experimental

ZnO nanoparticles were prepared by dissolving 4.3898 g of zinc acetate [Zn
(CH3C00),.2H,0] in 100 ml of methanol, water or ethanol (0.2 M) using vigorous stirring
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until the homogeneous solution was obtained. Then 3.2 g of NaOH was dissolved in 130 ml
of ethanol (0.8 M), methanol or water in an ultrasonic bath and was also cooled in ice water.
This solution was slowly added to the transparent Zn-solution using vigorous stirring at
ambient temperature for 1 hour before filtering. The unwanted CH3COO™ and Na" ions were
removed by washing the precipitate repeatedly with deionised water. After filtering, the
precipitate was then dried at 60°C for an hour and then annealed in air at 600 °C, 500 °C, 400
°C and 300 °C for 1 hour.

6.3 Results and discussion

6.3.1 Structural and morphology

Represented in the Figures 6.1 are the SEM images of the ZnO prepared using ethanol,
methanol, or water as solvents. ZnO prepared with ethanol shows the ZnO nanostructures in a
form of clustered nanorods which were calcined at a temperature of 300 °C whereas at a
temperature of 600 °C the monodispersed ZnO particles. From these two SEM images, it is
clearly seen that the morphology of the materials was affected by the temperature, which
concludes that the temperature has an impact on the morphology of the ZnO.

SEM images of ZnO prepared using methanol presents the agglomerated ZnO nanoparticles
resulting from overlapping of small particles when calcined at 300 °C and 600 °C. The
annealing temperature seems to have an impact on the particle growth and the surface.
Comparing the 300 °C with the 600 °C, the surface roughness has changed and the growth of
the agglomerated nanoparticles have grown. Methanol has a high saturation vapour pressure
and it was utilised as a reaction media so the combination of the nucleus is not intense due to
lower boiling point of the solvent which results in spherical particles of ZnO prepared using

methanol.

Figures 6.1(e) and (f) also gives the ZnO clustered nanorods prepared using water. The sizes
of the ZnO nanorods prepared using ethanol and those prepared using water are not the same.
In water, the reaction disperses more homogeneously than in organic solvents and the growth
of the crystal nucleus is subjected to less confinement in boiling droplet of solvent. This
reveals the impact that the solvents have on the morphology of the ZnO nanorods. The

temperature also played an important role on the surface of the ZnO.
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X-ray diffraction was used to investigate the structure of ZnO powders. The x-ray diffraction
patterns for the ZnO particles prepared using different solvents; ethanol, methanol or water
annealed at various temperatures are shown in Figures 6.2 - 6.4. Three pronounced ZnO
peaks, (100), (002), and (101) appear at 20 = 36.68 °, 34.44 °, and 36.32 ° respectively on
these figures. The figures are indexed as hexagonal wurtzite structure ZnO (JCPDS 36-1451).

The XRD pattern of the ZnO ethanol prepared presented peaks that are not on the standard
spectrum. These peaks might be due to the impurities during the synthesis; this is shown at a

temperature of 500 °C.

ZnO prepared using water revealed that the (102) peak intensity varies with an increase in the
annealing temperature. The strong and narrow diffraction peaks at high annealing

temperature indicate that the material has improved crystallinity and larger particle size.

The (002) plane in Figure 6.3 at a temperature of 400 °C has a higher intensity as compared
to the JCPDS for the ZnO. There is an increase on the intensity with an increase on the
annealing temperature for the ZnO prepared with methanol. The influence of the calcination
temperature in diffractograms of x-ray diffraction of the samples can be observed in the
variations of intensity and full-width to medium-height (FWHM) of the diffraction peaks of
ZnO0.
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Figure 6.1: SEM images of ZnO nanoparticles prepared using ethanol (a), (b),

methanol (c), (d) or water (e), (f) annealed at different temperature 300 °C and 600 °C.
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Figure 6.2: XRD pattern of ZnO prepared with ethanol at different annealing
temperature (a) 300 °C (b) 400 °C (c) 500 °C and (d) 600 °C.
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Figure 6.3: XRD pattern of ZnO prepared with methanol at different temperature

(a) 300 °C (b) 400 °C (c) 500 °C and (d) 600 °C.
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Figure 6.4: XRD spectra of ZnO prepared with water at different temperature (a)
300 °C (b) 400 °C (c) 500 °C and (d) 600 °C.

The crystallite size of all the spectra were calculated using the Debye Scherer formula

091
B B1/2c0s0

Where all the symbols have their own meanings that is; D is the diameter of the crystallites, A
is the x-ray wavelength (1.5406 A), B is the peak width at half maximum (FWHM) and 6 is
the Bragg diffraction angle. The results revealed that the crystallinity degree fluctuated with

the calcination temperature. This was observed with the ZnO prepared using ethanol.
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Table 1: The calculated lattice parameters and the grain size of the ZnO nanostructure

prepared using (a) ethanol, (b) methanol and (c) water at various annealing

temperatures.

(a)
Temperature (*C) Grain size (nm) a(A) c(A)
300 58 3.2374 5.1886
400 68 3.2607 5.2116
500 80 3.2452 5.1987
600 62 3.2611 5.2209

(b)
Temperature (°C) (Grain size (nm) a(A) c(A)
300 24 3.2525 5.2083
400 20 3.2642 5.1769
500 32 3.2520 5.2015
600 48 3.2489 5.2001

(c)
Temperature (°C) (Grain size (nm) a(A) c(A)
300 38 3.2476 5.1968
400 38 3.2479 5.1971
500 44 3.2483 5.1992
600 46 3.2471 5.1986

All the samples presented crystallite size less than and equal to 80 nm. The particle calculated
sizes are in the range 20-80 nm. The values tabulated in Table 1 are close to those of lattice
constants a = 3.249 A and ¢ = 5.20661 A in the standard data. It was observed from the
tabulated table that the grain sizes of the ZnO prepared using water increases with an increase

in the annealing temperature the same occurred for the ZnO prepared using methanol.
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6.3.2 Optical properties

Presented below are the PL emission spectra for the ZnO nanoparticles prepared using
various solvents with excitation wavelength of 230 nm. The spectra of ZnO prepared using
ethanol shows a weak UV emission band at ~366 nm, strong blue emissions around 424 - 430
nm. There is a blue shift in the peaks position depending on the calcination temperatures (400
and 500 °C). A strong intensity was observed at an annealing temperature of 600 °C which
proves that the temperature has an impact on the preparation of the ZnO. The strong intensity
might be due to the various solvents involved in the preparation of the ZnO. This means that
the solvents have taken control over the surfaces of the ZnO. It is commonly known that a
green-yellow emission is observed in PL spectra due to recombination of photo generated
holes with singly ionized charge state of specific defect [9]; however the absence of green-
yellow and orange-red emissions in the sample indicates the potential to produce a low

concentration of oxygen defects and high optical quality of crystalline ZnO.

The weak green emission of the ZnO prepared using water corresponds to the singly ionized
oxygen vacancy in ZnO, and this emission results from the recombination of a photo-
generated hole with the singly ionized charge state of the specific defect [10]. Although
annealed at various temperatures (300, 500, 600 °C) the spectra of the ZnO prepared using
water consist of three emission peaks: a strong emission peak at ~423 nm, a blue-green
emission band at ~486 nm, a weak green emission peak at 535 nm. The spectrum of ZnO
annealed at 400 °C shows a strong emission peak at ~381 nm. The weak blue-green
emissions might be due to surface defects in the ZnO powder as in the case of ZnO nanowires
reported by Wang and Gao [11]. An increase on the annealing temperature brings the oxygen

and zinc atoms to move from interstitial to lattice sites.
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Figure 6.6: PL emission spectra of ZnO prepared with methanol annealed at

different temperatures.
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Figure 6.7: PL emission spectra of ZnO prepared with ethanol annealed at different

temperatures.

Optical absorption spectra for ZnO prepared using ethanol, methanol or water as solvents are
presented in Figures 6.8, 6.9 and 6.10. The UV absorption spectra of the ZnO prepared using
ethanol showed the absorption peak centred at 375 nm (~3.30 eV) at an annealing
temperature of 300 °C and it is known that the bulk ZnO has an absorption band edge at 375
nm in the UV-visible spectrum [12]. But other spectra of the ZnO prepared using ethanol
have no peaks at annealing temperatures around 400, 500, and 600 °C, which is attributed to
that the ethanol has taken control over the surfaces of the ZnO. The direct band gap of ZnO
nanoparticles was determined by plotting (ahv)? as a function of energy, and extrapolating the
linear portion of the curve to absorption gives the direct band gap between 4.2 — 4.7 eV. It
was observed that the band gap of the ZnO prepared using ethanol, increases with

temperature.
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Figure 6.8: (a) Absorption spectra of ZnO nanoparticles prepared with ethanol
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energy, Eq annealed at various temperatures.
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There are three absorption peaks in the ZnO prepared using methanol that is at ~283 nm, 230
nm. The samples for the annealing temperatures of 300, 500, 600 °C shows and absorption
peaks at ~260 nm. ZnO prepared using water exhibits absorption ZnO nanorods, which gives
out a blue-shift in the band-edges with an increase in the annealing temperature. The
absorption spectra of the products synthesized with water show that the absorption peak
gradually shifts from 371, 373, and 375 nm with the increase of the temperature from 300 to
600 °C. The absorption for the ZnO prepared using water decreases with an increase in the
annealing temperature. The transmittance of ZnO nanoparticles in the visible region increases

with annealing temperature.

The ZnO prepared using methanol shows an increase on the band gap as shown on the insert
in Figure 6.9 (a). This increase is due to the increase on the annealing temperature (300, 400,
500 °C). It was observed that at an annealing temperature of 600 °C there was a drop on the
band gap. The band gap of the ZnO prepared using water gave the band gap of about 4.59,
4.95 and 5.02 eV at temperatures 300, 400, 500, 600 °C, respectively.
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Figure 6.10: (a) Absorption spectra of ZnO nanoparticles prepared with water
annealed at different temperatures (b) Plots of (a¢hv)? versus photon energy at different

temperatures.

6.4 Conclusion

In this report, ZnO nanostructures with various shapes and sizes were prepared by sol-gel
process. SEM observation revealed nanorods and nanoparticles of ZnO depending on the
annealing temperatures of the precursors. XRD showed the impact that temperature has on
the structure of the ZnO and for all the solvents the XRD spectra were indexed as that of the
hexagonal wurtzite structure. The photoluminescence spectra varied with different
temperatures with respect to the solvents used to prepare the ZnO nanoparticles. The UV-vis
absorption exhibited various absorption peaks for various solvent when annealed at different
temperatures. The plot of (ahv)? versus photon energy of the ZnO was drawn and the band
gap was able to be determined. The band gap of the ZnO increased with an increase in the

annealing temperatures.
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CHAPTER

Influence of pH value on the material properties of the ZnO nanostructures
using various solvents at constant temperature

7.1 Introduction

Zinc oxide ZnO is a wide direct band-gap 3.37 eV semiconductor with a broad range of
applications including light-emitting devices [1], varistors [2], solar cells [3], and gas sensors
[4]. Preparation of nanosized ZnO has been carried out by different methods such as micro-In
this work the sol-gel process were used to prepare the ZnO nanoparticles using various
solvents. This method was chosen because of its advantages that are its inexpensive, reliable,
repeatable and simple. It is known that the nanoparticles are highly sensitive to surface
environments such as water, moisture, humidity, pH and solvents [5]. The pH affects the
hydrolysis and condensation behaviour of the solution during gel formation and therefore
influences the morphology of the ZnO. In this paper, we report the role of pH value on the
structural and optical properties of ZnO nanoparticles. NaOH was used to vary the pH values
from 10 to 13.54. The morphology and structure of the grown samples can be controlled by
adjusting parameters such as the temperature, the concentration of the solution, the
stoichiometry of the reagents and pH [6]. The optical properties usually depend on the shape
and size of ZnO crystal. The pH of the solution is one of the important factors that influence
the ZnO properties when synthesizing ZnO by the sol-gel route. The pH has an impact on the
condensation and hydrolysis behaviour of the solution during the formation of the gel and
then influences the morphology of the ZnO [7]. In this section, we investigate the
morphology, crystal structure, and band gap and emission characteristics of ZnO
nanostructures synthesized by the aqueous chemical growth technique using different

solvents. The effect of the pH on the properties of the ZnO was also investigated.
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7.2 Experimental procedure

4.3898 g of Zn(Ac), was first dissolved in 100 mL ethanol with continuous stirring until
homogeneous solution was obtained. 3.2 g of NaOH was dissolved in different volumes of
ethanol, methanol or water and added slowly into the zinc acetate solution. When mixing the
NaOH solution prepared with methanol into the zinc acetate solution, the white precipitates
forms and immediately fades away. Continuous addition of NaOH solution leads to a
permanent milky solution with precipitates. The mixture was then vigorously stirred at an
ambient temperature for an hour before filtering, rinsing with distilled water, drying at 60°C

and then calcining at 600°C in air for 1 hour.

After stirring the mixture prepared with methanol for 1 hour, the precipitate faded away. The
samples were then left for about 2 days to form two layers, then discarded the top layer and
then washed it with distilled water. Then they were then left in a fume cupboard for another

2days to dry up and then calcined at 600°C.

7.3 Results and discussion

7.3.1 Structure and morphology

The morphology and size of the dried ZnO nanoparticles were examined by SEM
observations. Figure 7.1 represents SEM images of ZnO prepared with various solvents
annealed at a constant temperature. An agglomeration of particles was observed in most of
the cases which may be due to the prolong reaction time [8]. SEM images for the ZnO
prepared using ethanol and methanol shows the agglomerated spherical ZnO nanoparticles of
different sizes that are closely packed together. The agglomeration of these particles may be
due to overlapping of smaller particles and might also be due to the alkaline pHs of solutions
during the synthesis process.

At a pH value of 10.06, the shape of ZnO nanostructures is different as compared to the pH
value of 13.54, which indicates that pH value is important parameter to the morphology of
ZnO. ZnO prepared using methanol at pH 13.54 shows the granular structure with
nanoparticles on top of them.
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The SEM images for the ZnO prepared using water also presented the agglomerated particles
at a pH 10.06 and at a pH 13.54 showed the ZnO particles clustered together. At a pH of
13.54, the Na™ has taken control over the surface of the ZnO.

Figure 7.1: SEM images of the ZnO prepared using (a) and (b) ethanol, (c) and (d)
methanol and (e) and (f) water at pH values of 10.06 and 13.54.
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Table 1: The calculated and measured lattice parameters for the ZnO prepared with
ethanol.

Lattice parameters

pH Grain size (nm) a(d) c(d)
10.06 72 3.235 5.2024
11.08 68 3.237 5.1964
12.81 56 3.364 5.1821
13.34 38 3.252 5.1982
13.54 34 3.323 5.1894
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Figure 7.2: XRD spectra for the ethanol prepared ZnO at various pH values.

The XRD patterns of all samples of ZnO powder obtained at different pH value are shown in
Figure 7.2 — 7.4. The powders showed three major peaks corresponding to (100), (002), and
(101) planes which are indexed as JCPDS card no. 36-1451 for ZnO hexagonal wurtzite
structure materials, which indicate that the samples are polycrystalline. Other peaks were

shown that also corresponded to the standard card number. The sharpness of the peaks shows
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the crystallinity of the samples. XRD spectra for ZnO prepared with both ethanol and

methanol show small peaks that are not on the JCPDS.

It has been revealed from the ZnO prepared using water that the peak intensity at pH 13.54 is
shown to be the lowest this is due to an increase on the addition of NaOH. As the pH
increases, the intensity of the reflections peaks decreases as seen from Figure 7.4. The highest
intensity peak appears at pH 10.06 because enough amount of OH" is available to ZnO. It is
observed that the full width at maximum of the diffraction peaks of the ZnO products varies
in the large range indicating the crystal sizes of the ZnO products are rather different from
each other. From Table 3, the lattice parameters calculated for the ZnO synthesized with

water, which did not show much of a difference as compared to the ZnO hexagonal wurtzite

structure.
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Figure 7.3: XRD spectra for the methanol prepared ZnO at various pH levels.
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Table 2: The lattice parameters for the ZnO prepared with methanol at various pH
values.

Lattice parameters

rH Grain size (nm) a(d) c(A)
10.06 34 3258 5219
11.08 64 3.290 5.192
12.61 76 3.249 5.158
13.34 20 3255 5514
13.54 60 3.323 5.230

The ZnO prepared using methanol has also given the hexagonal wurtzite structure but with
extra peaks at angle around 30.15 °C and at a range 36 - 47°C. These small peaks are due to
the impurities. There is a decrease on the (102) peak intensity with an increase on the pH that
is the addition of the NaOH solution. From the Figures, the difference on the full width at
half maximum of the diffraction peaks were observed, indicating that the crystal sizes of the
ZnO powders synthesized in methanol are rather different from each other. The reason for
this might be various level of the pH in each sample. This can also be seen from the lattice
parameters calculated for the ZnO synthesized with methanol (Table 2). The value of lattice
parameters a and ¢ were almost close to that of ZnO hexagonal wurtzite structure for the pH
10.06 and 11.08, while the same cannot be said for the pH 12.61 and 13.34.
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Figure 7.4: XRD spectra for the water prepared ZnO at various pH levels.

Table 3: The lattice parameters for the ZnO prepared using water with various pH
values.

Lattice parameters

pH Grain size (nm) a(d) c(A)
10.06 54 3229 49446
11.08 72 3246 3.2016
13.07 54 3.249 3.2019
1334 48 3246 5.1979
13.54 44 3.129 5.2492

094
B1/2¢056’

Determination of crystallite size was determined by using the Scherer equation, D =

where D is the diameter of the crystallites, A is the wavelength of Cu K, line (1.54 A), and B
is full width at half maximum (FWHM), 0 is the Bragg diffraction angle. Lattice parameters
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were obtained for all the samples as shown on the tables 1, 2 and 3. From table 1, the grain

size decreases with an increase on the pH value.

7.3.2 Optical properties

Figure 7.5 shows the PL spectra of all the full ZnO nanostructure samples prepared using
ethanol as a solvent. All samples of PL measurements were done at room temperature. It was
observed that all ZnO samples show a strong broad blue emission at 428 nm and a weak
shoulder in the UV region. The pH of the precursor solution was varied from 12.81 to 13.07
by addition of the NaOH solution. The increase in pH with addition of NaOH clearly
indicates an increase of alkaline nature of the prepared solutions. These blue emissions were
found to be extremely broad and thus broadness may be due to phonon assisted transition [9].
The emission varied intensity with variation of the pH of each sample while peak position
never changed. Figure 7.5 represent the ZnO prepared using ethanol, from this figure the
different emissions of various pH values can be seen which was brought by the addition of
the NaOH solution. The intensity also decreased with an increase on the pH that is an
increase in the addition of the NaOH solution. The lowest intensity was observed for the pH

13.54 while the highest intensity occurred for pH 11.08 when ethanol was used as a solvent.
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Figure 7.5: PL spectra for the ZnO powders prepared with ethanol at various pH
values.
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Figure 7.6: PL spectra for the ZnO powders prepared with methanol at various
pH levels.

The pH spectra of ZnO prepared using methanol as a solvent is shown in Figure 7.6. A blue
emission peak exists for the ZnO prepared using methanol at around 427 nm and a very broad
green-yellow peak around 632 nm. The precursor with pH of 10.06 exhibited the stronger
luminescence intensity which might be due to the amount of NaOH solution added into the
Zn(Ac), solution. The pH was observed to significantly affect the peak intensity of blue

emission without any effect on peak position.
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Figure 7.7: PL spectra for the ZnO powders prepared with water at various pH
levels.

The ZnO sample prepared using water as a solvent showed three emission bands, a weak
ultraviolet emission band at 388 nm, strong blue emission peak at 423 nm, a weak blue-green
emission band at 488 nm and a weak green emission band at 533 nm. Green emission in ZnO
[10, 11] is commonly observed although other colours have yellow, blue [12] are also
reported. The UV emission from the ZnO is generally behaved to be due to exciton emission
while emission in the visible range is due to extrinsic or intrinsic defects. The green band
emission originates from the transition between the singly ionized oxygen vacancies in ZnO
of photogenerated hole [13]. In comparison with other solvents the preparation of ZnO using

water as solvent appears to have dependent on the variation pH of the solution.

Below are the UV absorption spectra of the ZnO prepared using ethanol, methanol or water
controlling the pH values. The optical absorption coefficients o of the direct band gap

semiconductor ZnO can be derived using the following equation
(ahv)? = (hv — E,)
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Where, hv is photon energy, and E, is the band gap [14].

All the ZnO samples prepared using various solvents exhibits Eyp values larger than that of
bulk band gap. This blue shift of the band gap of approximately 1.5 eV (in some cases) can
be attributed to quantum confinement caused by nanosized particles clearly. Therefore the
present results indicate that the band gap of ZnO nanostructures can be engineered by varying

of pH of the precursor solution.

It was observed from the ZnO prepared using ethanol the two absorption peaks. The first
absorption band is at ~219 nm and the second one at ~282 nm. At a pH value of 10.06, there
is a peak at ~379 nm and this absorption band seems to be suppressed with an increase on the
pH values. The suppression clearly means that the Na" has taken the whole surface of the
Zn0. The absorption of ZnO prepared using ethanol decreases with an increase on the pH
values. This is observed for the pH values between 10 and 13.34. The band gap of the ZnO
prepared using ethanol increased with an increase on the pH values between 10 and 12.81.
When the pH value of solution is equal to 13.34 and 13.54, the band gap starts to decrease.
The plotting of photon energy as a function of pH value is inserted in Figure 7.8 (a).

5.1} ethanol . pH10.06 eth
_— .
50} " = pH11.08 eth
ol pH12.81 eth
' pH13.34 eth

481 pH13.54 eth
a7t
46t

—

: 4.5 F

l{'ﬂ. a4t 4

e’

. 43— > t v
w 10 11 12 13 14
< =
p——
i | i 1 i 1 i
200 300 400 500 600

Wavelength (nm)

81



(b)

(aho)

4.5

Figure 7.8: (a) UV spectra for the ZnO powders prepared using ethanol at various
pH levels (b) Plotting of (ahv)® vs. photon energy.

The UV absorption spectra of the ZnO prepared using methanol show a band edge around
248 nm and a weak peak at around 282 nm for the pH values from 10.06 to 13.34. The pH
value 13.54 exhibits two absorption bands at ~260 and 280 nm. It is observed from the band
gap spectra that when the pH value is 13.54, the band gap decreases but the same cannot be
said for the pH values between 10.06 and 13.34. At this pH range, an increase on the band

gap is observed.
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Figure 7.9: (a) UV spectra for the ZnO powders prepared using methanol at various pH
levels (b). plot of (ahv)’ against the photon energy.
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Figure 7.10: (a) UV spectra for the ZnO powders prepared using water at various
pH levels (b) plot of (¢hv)? against the photon energy.
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The ZnO prepared using water showed the UV absorption with band position at a range 376 —
381 nm. The absorption fluctuates with an increase on the pH values. This also applies on the
absorption at around 281 nm for all the samples. An increase on the direct band gap on the
ZnO prepared using water was observed with and increase on the pH values. But between pH

values 13.34 and 13.54 the band gap increased drastically.

7.4 Conclusion

In summary, the SEM images showed the impact of pH values on the preparation of the ZnO
using ethanol, methanol and water. Various ZnO nanostructures were observed with different
pH values at an annealing temperature of 600 °C. PL emission spectra were also taken and
have showed the optical properties of ZnO when prepared with various solvents. It was
observed that all ZnO samples showed a strong broad blue emission at 428 nm and a weak
shoulder in the UV region. From the XRD pattern we were able to determine the grain sizes
and the lattice parameters. The samples gave the three major peaks of which were the same as
of the JCPDS 36-1451 and 79-0207. The UV-vis absorption was observed at different pH
level together with the direct band gap. The effects of pH value were observed on the ZnO

prepared using various solvents.
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CHAPTER

SUMMARY AND CONCLUSION

8.1 Thesis summary

In this report the ZnO nanoparticles was synthesized and characterized by using the sol-gel
process. The ZnO nanoparticles using PEG were synthesised with an annealing temperature
of 150 °C with ethanol as a solvent. Once again the ZnO nanoparticles and the ZnO were
synthesized encapsulated with a polymer PVP. The comparison of ZnO nanoparticles
properties was synthesised at different temperatures by using various solvents. The last part
of this report was the influence of pH value on the material properties of the ZnO

nanostructures using various solvents at constant temperature.

All these samples were characterized using different techniques. The morphology of the
nanoparticles was observed by a Shimadzu Superscan SSX-550 system scanning electron
microscope (SEM) operated at 20 kV equipped with energy dispersive X-ray spectroscopy
(EDS). Optical absorption was performed on a Perkin Elmer Lamb 950 UV-visible
spectrophotometer (UV). The X-ray diffraction (XRD) patterns were recorded to characterize
the phase and crystal structure of the nanoparticles using a D8 Bruker Advanced AXS GmbH
X-ray diffractometer (XRD), room temperature photoluminescence (PL) of the samples was

measured, using a He—Cd laser (325 nm) as excitation sources.

In the preparation of the ZnO nanoparticles encapsulated with PVP, the PL characterization
showed a broad emission at around 449 nm and at around 530 nm. This was due to the
various molar masses of PVP which was added on the ZnO. The XRD for the ZnO
nanoparticles gave the pattern that corresponded to the ZnO wurtzite. The SEM image
exhibited the agglomeration of particles which was influenced by the overlapping of small
particles. There was a slight shift on the UV absorption spectra which were brought by the

addition of the molar masses of the PVP.
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The surface morphology and the photoluminescence (PL) properties of ZnO depended highly
on the synthesis process and PEG encapsulation. The absorption edges of these ZnO
nanoparticles were shifted by additions of the PEG polymer. The PL emissions from the ZnO
nanoparticles dispersed in water have been measured under 325 nm UV light excitations. The
photoluminescence (PL) characterization of the ZnO nanostructures exhibited a broad
emission in the visible range with maximum peak at 450 and/or 560 nm. The X-ray
diffraction (XRD) spectra for ZnO nanoparticles showed that all the peaks corresponding to
the various planes of wurtzite ZnO indicated the formation of a single phase.

The photoluminescence spectra varied with different temperatures with respect to the
solvents used to prepare the ZnO nanoparticles. The UV-vis absorption exhibited various
absorption peaks for various solvents when annealed at different temperatures. The ZnO
prepared using water gave the nanorods, while ZnO prepared using ethanol showed the
clustered nanorods at a temperature of 300 °C and monodispersed particles when annealed at
a temperature 600 °C. The SEM image of the ZnO prepared using methanol showed the
agglomerated ZnO nanoparticles both at temperatures 300 and 600 °C. Agglomeration effect
was very prominent in aqueous media as compared to organic solvents because organic

solvents have better dispersing ability [7].

The characterization of the ZnO nanoparticles prepared by varying the pH values of the
different solvents. The PL showed strong broad blue emission. The SEM images for the ZnO
prepared using ethanol and methanol gave agglomerated spherical ZnO particles which are
closely packed together. SEM images of the ZnO prepared using water presented the
agglomerated particles at pH 10.06 and a decrease on the particle growth at the pH value of
13.54. The XRD pattern for all ZnO nanostructures prepared using ethanol; methanol or
water exhibited the major peaks which has characteristics as of those of the ZnO wurtzite
structure. The XRD pattern ZnO prepared using ethanol showed a decrease on the intensity
peak with an increase on the pH value. The same has occurred with the XRD patterns of the
ZnO prepared using methanol and water. It was observed from the UV absorption of the ZnO
using different solvents that the band gaps for all the samples were determined to be larger

than that of ZnO bulk.
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8.2 Future Work

Different nanostructures of ZnO such as nanoparticles and nanorods have been investigated
in this report. ZnO can form a number of morphological structures, including particles, rods
(wires) and can be investigated. Preparation of ZnO using a CBD method can be looked at.
The investigation might also include the ways on how to control the agglomeration of the
ZnO particles, effects of the method used to prepare these particles. The preparation of ZnO
annealed at lower temperatures can also be looked into. The synthesis and the
characterization of the ZnO doped with different transition metals could be investigated and
the impact of these metals on the properties of the ZnO. This can be done using a sol-gel spin

coating method.
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