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Abstract

In the present work, nanosized pure and (MgxCryZnixy0) doped ZnO
nanoparticles were synthesized, with different doping concentrations for nine
doped samples. A simple and cost-effective sol-gel auto combustion technique was
used, utilizing Zinc Nitrate (Zn (NO3)2.6H20) and Ammonia solution (NH3) as
precursors, in addition to the Citric Acid (CcHg04) as the combustion agent and
Distilled water (DW) as a solvent. Where the concentrations of Mg and Cr were
divided into two groups, the first in which Mg concentration is constant (x =0.05)
and y = (0, 0.05, 0.1, 0.15, 0.2); while the second in which Cr concentration is a
constant equal to (y =0.05) and x = (0, 0.05, 0.1, 0.15, 0.2). The optimized

preparation conditions for forming the gel were pH of 7.0 at 85 °C.

X-ray diffraction analysis (XRD), scanning electron microscopy (SEM), energy
dispersive spectroscopy (EDX), Ultraviolet-visible spectroscopy (UV-Vis) and LCR
meter techniques were used to study structural, optical and electrical properties of
prepared samples. The results obtained from these examinations of the doped

samples were compared and matched with their counterparts of the un-doped ZnO.

The XRD patterns have revealed that the diffraction peaks of pure and (Mg,
Cr) doped ZnO nanoparticles, can be indexed to a hexagonal wurtzite structure.
From the diffraction patterns of all prepared samples, strongest four clear peaks of
zinc oxide were observed, within the angular range of the X-ray diffraction (20° -
80°), attributed to the crystalline planes (101), (100), (002) and (110). The average
crystallite size of (MgxCryZnixy0) was calculated using the Scherrer and
(Williamson - Hall) formulas. The resulting powder was found to have a crystallite
size on the nanoscale, lying between (22-33) nm, and was noted to decrease as
doping rate increased. Several structural parameters were calculated, including

VI



lattice parameters, inter-planner spacing, xrd density, specific surface area, texture
coefficient and the morphology index. The morphological and elemental analysis
was carried out for the sample (M1) with concentrations of (Mgo.05Cro.05Zn0.90).
SEM micrographs have shown the particles have a spherical or semispherical
formation aggregated in the form of clusters. EDX spectra have revealed the
presence of Zn, Mg, Cr and O, which confirmed the formation of the analyzed

sample.

The optical studies were carried out using (MgxCryZn1.xyO) Nanopowder as a
solution, within the wavelength range of (300-900) nm. The obtained results have
revealed that the absorbance spectra decreases with increasing the doping rate for
all samples. As concerning to values of allowed band gap obtained by Tauc's plot, it
was found to decrease from 3.36 eV to 2.61 eV as the doping rate with both Mg and

Crincreased.

The a.c. electrical measurements were studied as a function of the frequency
within the range (50Hz - 3MHz). Frequency dependent dielectric constant and
dielectric loss were studied, and they were observed to decrease with increasing
frequency. This decrease can be explained by the increase in the frequency of the
electric field, which caused a decrease in the contribution of the space charge
polarization, and this phenomenon is common in most of the dielectrics. The
variations of a.c. conductivity dependent frequency and temperature had also been
studied at room temperature, 50, 100 and 150 °C. A Linear increase in conductivity
with increasing frequency and temperature was observed, which confirms the
semiconducting behaviour of the synthesized material. At room temperature, un-
doped ZnO sample has shown a minimum electrical conductivity than rest-doped
samples. Thus, we found that the doping with (Mg, Cr) has enhanced or modified

the electrical conductivity of zinc oxide at room temperature.
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Chapter One Introduction and Historical Review

1.1. Introduction

Nanotechnology exactly denotes any technology performed
on a nano scale, which has implementations in the real world.
Nanotechnology involves the production and application of chemical,
physical and biological systems at scales extending from individual
molecules or atoms to submicron dimensions, as well as the
combination of the resulting nanostructures into larger systems [1]. In
this volume, the material varies in its chemical, physical and biological

properties than in the macroscopic sizes [2].

Nanotechnology is likely to have a profound impact on our
economy and society in the early twenty-first century, incomparable
to that of semiconductor technology, information technology, or
cellular and molecular biology. On the other hand, it contains some

risks that must not be neglected [3].

Nanotechnology attains it's being to the amazing development
within the field of microelectronics. Since the invention of the
integrated circuit in 1958 nearly half a century ago, there has been an
exponential growth in the number of transistors per the microchip and
an associated decrease in the smallest width of the wires in the
electronic circuits. As a result, extremely powerful computers and
efficient communication systems have appeared with a subsequently

ingrained change in our daily lives [4].

The choice of the preparation methods is a basis to improve the
final properties of nanoparticles that are designed for a specific
application, and this choice should be guided by a series of factors,

such as physical and chemical parameters of the compound, the
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nanoscale diameter, structure and morphology, or environmental

considerations, which certainly constitute a criterion indisputable [5].

One of the nanomaterials preparation methods is the solution-
gel or colloidal solution (sol-gel) method of auto-combustion, which is
considered one of the distinctive methods, due to the ease in

preparation, shortness of time and require no high temperatures [6].

1.2. Zinc Oxide Overview

Zinc oxide (ZnO) is an n-type semiconductor, and classified
within the compounds semiconductors group (II - VI) of the periodic
table. It is widely used in technological and industrial applications due
to its direct and wide band- gap about (3.37) eV, as well as, has a
unique properties comparing with features of other competitors, such
as (SiC, In203, Sn02, CdSn04 and GaN) [7, 8], so it was found that:

1. Can be produced at low cost, due to the abundance of its raw
materials

2. Nontoxic.

3. Possesses high chemical stability.

4. Possesses high irritation energy.

5. Characterized by a good thermal, optical and piezoelectric behavior.
6. Possesses high and stabilized irradiation energy, where some
experiments proved that the (Zn0) is very resistant to high radiation

energy, making it suitable for space applications [9].

1.2.1. ZnO-Based applications

Zinc oxide can be utilized in many optoelectronic applications
such as optical sensors, surface audio waves devices, gas sensors
devices, capacitors, transparent conductors, optical sites sensors, laser

diodes, variable resistors, solar cells and blue / violet light emitting
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devices, where it's considered the most important material in light
emitting diodes chemical and biological sensors fields. In addition, it is
widely used in cosmetics, as ointments, powders for the skin and as a
primary compound in sunscreen cosmetics. ZnO has been widely used
as an additive material to common materials, such as rubber, ceramics,

glass and coatings such as glass coating, aircraft and buildings [10, 11].

1.2.2. Physical Characteristics of ZnO
1.2.2.1. Crystal Structure

Zinc oxide crystallizes in three structures; hexagonal-
wurtzite, cubic (zinc blende) and the rarely observed cubic-rock salt.
The wurtzite crystal structure is most common, because it is more
stable at ambient conditions than its other forms, and it has lattice
parameters (a= 3.25 A & C=5.12 A) at the ideal condition. Zinc blende
form can be more stable via growing ZnO on a substrate with a cubic
structure. The rock-salt (NaCl-type) structure is relatively observed

only at high pressures about (10 GPa), as shown in Fig. (1-1) [12, 13].

black balls represent
oxygen and gray balls

"

rapresent zine

Fig. (1-1): Lattice structures of three ZnO structures: (a) Hexagonal
(wurtzite); (b) Cubic zinc-blend and (c¢) Cubic rock salt [14].
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1.2.3. Chemical characteristics of ZnO

Zinc oxide is a white solid compound. Crystalline zinc oxide
when heated in air, its colour change from white to yellow and return
to white at cool. This colour change is due to a small loss of oxygen at
high temperatures [15]. Zinc Oxide is an amphoteric oxide, because it
does not dissolve in water and alcohol, but dissolves in ammonia,

metallic acids, ammonium carbonate and alkaline hydroxides [16].

In addition, these are some physical and chemical properties of

Zn0, as shown in the table (1-1):

Table (1-1): Some physical and chemical characteristics of ZnO [10, 17]

Molecular | Crystal | Density | Melting Solubility Colour

Weight | Structure

(g/mol)

Cubic & soluble Insoluble
81.389  Hexagonal  5.60 1975 0.74 in In water  White
most and

acids alcohol

1.3. Characteristics of materials used for doping ZnO-NPs
1.3.1. Magnesium oxide MgO

Magnesium oxide can be obtained from magnesium silicate and
magnesium carbonate. Magnesium oxide is a white powder with a high
melting point, and it is a semiconductor that has a wide energy gap
(7.8 eV), molecular weight (40.3044 g/mol), density (3.85g/cm?3) and
a melting point about (2852°C). In addition, it has a cubic crystal
structure with lattice parameter (a = 0.4212 nm), as shown in figure

(1-2) [18, 19]. Magnesium oxide is used in the refractories and

||
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insulators as it has a high melting point, as well as it is used as an inner
lining of the metal and glasses furnaces because of its low expansion
and resistance to cracking, it is also used for manufacturing the

reflective layers in optical devices [20].

Mégnesiﬁrh (ii) oxide |

Fig. (1-2): The lattice structure of MgO [21].

1.3.2. Chromium (III) Trioxide Cr203

Chromium oxide has many oxidations conditions. In this study, it
has been studied in the stable status Cr;0s, as it is a transitional
element, and these elements are characterized by their wide
applications [22]. The properties of chromium oxide vary between
alkaline, amphoteric and acidic, depending on the oxidation of
chromium in the oxide, where the acidic properties increase with
increasing oxidation number, and for (Crz03) chromium oxide is
considered as an amphoteric oxide. Chromium oxide is characterized
with green colour and varies between bright green, brown green and

olive green depending on the crystallization state, table (2-1), and it
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has hexagonal closed packed (hcp) crystal structure [23], as shown in

figure (1-3).

Table (1-2): Some physical and chemical characteristics of Cr=03 [23, 24].

molecular | Colour | Density Solubility Melting | Boiling

151.99 green 521 insoluble  soluble 2266 #+ 4000

in H20 in
and common 25
alcohol acids

13.592 A

Fig. (1-3): The Top view (left) unit cell of Cr-03, at the right, the intersection
of the (0001) plane with the bulk unit cell of Cr=0s. The large blue spheres are

oxygen atoms and small purple are chromium atoms [25].
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1.4. Historical Review

In (2010), S. B. Rana, et al., have synthesized undoped and
doped ZnO nanoparticles by direct precipitation method using wet
chemical reaction. The crystallite size and phase purity of as-grown
particles were investigated by X-ray diffraction (XRD) and scanning
electron microscopy (SEM). The XRD results showed that the
synthesized ZnO powders have a pure single-phase wurtzite structure
and the average particle size was about 40 nm. The dopant elements
Cu and Co influenced the particle size of the powders. The EDS analysis
used to study the elemental analysis revealed the presence of Zn and
O pure Zn0, and confirmed that Cu, Co and O are present in doped

samples [26].

In (2010), A. K. Zak et al., have prepared ZnO nanoparticles by
the sol-gel method of auto-combustion from zinc acetate as a
precursor and acetic acid. Prepared samples were sintered at
temperatures of 650°C and 750°C for 1hour. ZnO-NPs were studied by
(XRD) technique. XRD results showed that the produced sample was
crystalline with a hexagonal-wurtzite phase. The unit cell volume was
noted to decrease as calcination temperature increased. They
depended on Williamson-Hall (W-H) analysis and size-strain plot
method to study the individual contributions of lattice strain and
crystallite sizes on the peak broadening of the ZnO-NPs. From the
results, the strain value was observed to decreases but the particle size

increases as calcination temperature increased [27].

In (2011), J. Zhang, et al, have prepared ZnixZrxO
nanoparticles via the sol-gel technique. The results of XRD showed

that all samples have hexagonal wurtzite lattice structure with no any
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other new phase. In addition, the Zr atoms have been successfully
entered into the ZnO lattice instead of forming other lattices. The
lattice parameters monotonously were found to increase with
increasing the (x), they thought it was due to the difference of the ionic
radius of Zr4* (0.84 A) and Zn2* (0.74 A). The SEM images exhibit that
the NPs of scanned samples with different sizes are partly

accumulated together, with about 60 nm diameter [28].

In (2011), T. V. Kolekar et al., have prepared ZnO nanoparticles
using the simple chemical method. Prepared samples were
characterized using XRD and UV- Visible spectroscopy. XRD patterns
revealed the hexagonal structure of prepared samples. No impurity
peaks were observed, this indicate the high purity of the obtained ZnO.
They calculated the optical band gap from UV-Visible absorption
measurements, found to be 3.2 eV, and estimated the particles size
from XRD pattern. The average crystallite size was calculated from
Scherrer formula and found to be (10 nm) of ZnO-NPs that were

calcined at 673 K [29].

R. Garcia, et al., in (2011), have prepared Indium-doped ZnO
nanopowder by the solution combustion technique, using the metal
nitrates as oxidizer agents and the carbohydrazide as fuel. The
powders prepared by this method were spongy clusters, involving
platelet-shaped nanocrystals with narrow particle size distribution
and wurtzite structure. SEM studies confirmed that the doping with
indium had no significant effect on the morphology of prepared
powder. The Scherrer’s formula was employed to determine the grain

diameter (d) and found to be equal to 30 nm [30].

||
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In (2012), S. P. Ghosh et al., have synthesized ZnO nanoparticles
using the sol-gel method, and they have used zinc acetate dehydrate
and triethnolamine (TEA) as basic materials. The obtained ZnO
powder were calcined at 700°C and 900°C temperatures. They studied
the prepared samples by (XRD), (SEM), and UV- visible spectroscopy.
The results showed that the crystalline nature, particle size, and
optical properties of the processed ZnO nanoparticles were
significantly affected by calcination temperature. The XRD patterns
showed that the ZnO crystal has a hexagonal wurtzite structure. SEM
studies clearly demonstrate the spherical formation of ZnO
nanoparticles, with a particle size of 20 nm. The optical properties
were studied at room temperature by measuring the UV-VIS
absorption. With increasing calcination temperature, the size of the
particles increased and the band gap of the samples remained almost

same i.e. (3.17 eV) [31].

In (2012), by the precipitation method, R. Viswanatha, et al.,
have prepared Mg-doped ZnO nanoparticles with different doping
concentrations. They studied the effect of Mg doping on the
morphology, crystal structure and optical properties of the
synthesized nanoparticles. The surface morphology of prepared
material had studied by (SEM). They analyzed the structure and
phases of Mg-ZnO powder by X-ray diffraction (XRD). XRD confirmed
that the resultant ZnO nanoparticles were pure with a hexagonal
structure. Scherrer equation was used to calculate the crystallite size
and found to be lying between (60-90) nm. They used UV-Vis
spectrophotometer to measure the optical band gap and it was found
to be decrease as Mg content increased, in comparing to undoped ZnO,

which is equal to (3.41 eV) [32].
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In (2012), V. D. Mote et al., have synthesized Cr doped ZnO at
room temperature by co-precipitation technique. They studied the
structural and optical properties of prepared samples by using XRD
and UV-Vis. The XRD results confirmed that the samples have
hexagonal (wurtzite) structure without additional peak, which
suggests that Cr ions go to the regular Zn sites in the ZnO crystal
structure. The lattice constants were calculated using X-ray diffraction
data and it was noticed that the lattice parameters increased as Cr
content decrease. The unit cell volume decreased with increasing Cr
concentration. Scherrer’s formula was used to calculate the average
grain size for pure and Cr doping samples and found to be in the range
of (11 - 17) nm. The band gap of the samples has been evaluated by
the UV-Visible spectrometer. They found that the band gap decreases
as Cr increased; which is may be attributed to the s-d and p

interactions and the smaller average grain size [33].

In (2012), M. A. Hassan has prepared high purity ZnO
nanoparticles at low temperature using the chemical method. The
effect of annealing at high temperatures were studied. He found that
the reaction between zinc acetate solution and sodium hydroxide
solution at 0°C suddenly occurred, and the annealing temperature of
product surfactant powder played a significant role in the
morphological changes. The nanoparticles were characterized by
(XRD), (SEM) and UV-visible. XRD result confirmed the hexagonal
wurtzite ZnO structure. The crystallite size was determined using
Scherrer’s formula and found to be 35nm and 37nm, he found that the
particles size increased and more defects such as oxygen vacancies at
preparation process. SEM measurements showed homogeneities

regarding of particle size distribution. For the UV- Visible studies, the
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band gap was found to be (Eg =3.3 eV). The absorbance spectra were

observed to decrease as wavelength increased [34].

In (2012), T. M. Hammad, et al., have prepared Co-doped ZnO
nanopowder at low temperatures by the simple chemical method,
with an atomic ratio of Co: Zn (0 to 7) %. XRD analysis showed that the
Co-doped ZnO samples have a wurtzite crystal structure and crystal
size of 12-5 nm calculated from the Scherrer’s formula. XRD, SEM and
EDX have proved the spherical super-structure formation of doping of
Co in ZnO and revealed that the Co2* was successfully substituted into
the ZnO host lattice of the Zn2+ site. The optical band gap of ZnO
nanoparticles noticeably increased from 3.32 to 4.12 eV as Co content
levels increased from (0 to 7) %. Thus, they have concluded that the
current doping method is considered to be another efficient technique

to modify the optical properties of ZnO nanomaterial [35].

In (2013), S. Kumar et al., have synthesized MgyZnix0 (0 < x <
5%) using the sol-gel method. XRD, SEM and Uv-Vis, these techniques
were employed to study the properties of prepared samples. XRD
study revealed the existence of polycrystalline hexagonal wurtzite
phase of ZnO for 0-5% of mg doping ZnO. The lattice parameters were
observed to decrease as Mg content increased. Average crystallite Size
was noted to increase from 34 nm for pure ZnO to 41 nm as Mg content
increased. The energy gap of the nanoparticles samples has been
determined by Tauc plots. Results showed that the optical band gap
increases from 3.1 eV to 3.35 eV, this increase might be attributed to
the defects presences. Change in the band gap of the material, there
are essential tails recognized towards lower energy side of the

absorbance spectra. These tails maybe occured due to the scattering
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of a range of particulate sizes or some type of Urbach tail effect due to
inter-grain depletion regions. They deduced that the prepared
nanoparticles would be quite valuable for UV LED’s implementations

[36].

T. M. Hammad et al., in (2013), have prepared Fe doped ZnO
NPs using the sol-gel process. They have studied the structural,
magnetic and optical properties of the prepared samples. The
following techniques XRD, EDX and UV-VIS spectroscopy were
employed to study these properties. The structural results showed the
single phase with hexagonal wurtzite structure of Fe doped ZnO, also
showed that the increase in the (Fe) dopant content led to a reduction
in particle size, where the average particle size was (6, 8 and 3) nm for
undoped ZnO and Fe doped ZnO of (2% and 5%) respectively. It was
found that the Fe2* ions were successfully substituted Zn2+* ions in the
Zn0 host lattice without changing its wurtzite structure. The optical
band gap of synthesized nanoparticles was found to increase from (3.5
eV to 3.71) eV as (Fe) concentration increased up to (5%). They have
concluded that their preparation method has improved the optical

properties of Fe doped ZnO [37].

In (2013), S. F. Shayesteh and A. A. Dizgah have prepared
undoped and Mg-doped ZnO NPs using basic chemical solution
method. They studied the effect of doping with Mg and the heat
treatment on the structural and optical response of synthesized
nanomaterial. They characterized the prepared samples by using
(XRD), (EDX), (SEM) and UV-Vis optical absorption. XRD Results
revealed that the prepared NPs had a hexagonal structure. EDX
technique had indicated the Mg substitution in the ZnO host material.

12
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SEM micrographs have confirmed the spherical form of the as-
prepared ZnO, also it indicated that the average size increased as the
annealing temperatures increased. Due to the incorporation of Mg, the
crystallite sizes were found to decrease, while the optical band gap
increased. From the UV-Vis spectrum, a blue shift was observed,
which was regard as a typical signature of size confinement of ZnO

nanoparticles [38].

In (2014), A. Ghosh et al., have studied the prepared undoped
and Cu-doped zinc oxide nanoparticles using a chemical route.
Structural results confirmed that all prepared samples having
polycrystalline nature. Crystallite size was noted to change as
increasing the doping concentration of Cu. SEM studies were carried
out to identify grain size and texture. UV-Vis measurements exhibit
absorbance peaks in the region (200 - 800) nm; they found that

absorbance did not change much. [39].

C. Jayachandraiah and G. Krishnaiah, in (2015), have studied
the synthesized pure and erbium (1.30, 1.79, 2.83 and 3.53 at. %)-
doped ZnO nanostructures using the wet chemical co-precipitation
method. XRD, EADX, UV-Vis and LCR meter, these devices were used
to study characterization of prepared nanoparticles. The XRD results
confirmed the hexagonal wurtzite structure of all samples. The
particle size was found to decrease from 23 nm to 17 nm with Er
content. The chemical composition was identified using EDAX; it
showed that the product was composed of only Zn, O and Er with no
any other impurities. The energy gap was noted to decrease with
increasing Er content. Dielectric constant, dielectric loss and A.C.

conductivity were observed to decrease as Er content increased [40].

13
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In (2015), N. K. Divya et al.,, have synthesized erbium doped
Zn0 nanoparticles using solid-state reaction route. The XRD data
showed a change in the hexagonal wurtzite structure of ZnO, due to
the incorporation of Er3+ based on crystallite size. (EDS) Spectra
confirmed that were no impurities in the parent ZnO sample. The
calculated crystallite size from Scherrer’s formula was found to
decrease from 57.71 nm to 45.26 nim, as erbium content increased. The
A.C. electrical conductivity of doped samples was found to decrease
with frequency. Dielectric constant and loss was found to decrease

with increasing Er dopant and frequency [41].

S. R. Brinth and M. Ajitha, in (2015), have synthesized ZnO
nanoparticles by an aqueous solution method, sol-gel and
hydrothermal method. Prepared particles have been studied using
following techniques XRD, EDX, SEM and UV-Vis. The XRD studies
showed that the synthesized nanoparticles have wurtzite structure
and the particle size was determined using Scherrer’s equation and
found to vary between 13 nm and 18 nm. SEM investigations revealed
that the surface morphology of ZnO-NPs have spherical in the
hydrothermal process and varies to flower like the arrangement in the
sol-gel and aqueous solution process. EDX studies confirmed the
existence of Zn and O. Absorbance spectrum was observed to decrease
as the wavelength increased. The UV-visible spectrum of the
nanoparticles showed a blue shift compared with that of the bulk

sample [42].

In (2015), A. Sh. AL-Gurabi, et al.,, have prepared zinc oxide
nanoparticles via chemical method, using (Zn (NO3),.6H,0) and

(NaOH) with various concentrations (0.25, 0.5, 0.75, and, 1M) at 70°C.

14
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They studied the effect of temperature on particle size and shape. The
following techniques were employed to study the prepared samples
such as XRD and SEM. X-ray diffraction results showed that the ZnO-
NPs have wurtzite structure, with no impurities in XRD pattern. In
addition, the results showed that the diffraction peaks are intensive
and very sharp. The SEM morphology studies have revealed that the
particle size increase as the NaOH concentration increased. They
observed that the change in concentration of NaOH led to change in pH

value, which led to change in the size and shape of ZnO NPs [43].

In (2015), S. Jurablu et al., have synthesized Zinc oxide (ZnO)
nanoparticles by a sol-gel technique, using the ethanol solution of zinc
sulphate heptahydrate with diethylene glycol surfactant. Structural
and optical investigations were studied using XRD; SEM and UV-Vis.
XRD results revealed that the ZnO nanoparticles possessed a
hexagonal-wurtzite structure. The average crystallite size of ZnO has
achieved about 25 nm computed from Sherrer’s formula. The
morphological studies of the surface of SEM depicted spherical
particles with the formation of clusters. Absorbance peak of UV-Vis

spectra revealed the wide band gap energy of 3.49 eV [44].

In (2016), M. S. Hamza et al., have prepared ZnO nanoparticles
using the Hydrothermal technique. They used zinc nitrate
hexahydrate [Zn (NO3)2:6H20] as a precursor. XRD and SEM have been
employed to study the morphology and structure of ZnO
nanostructure. The obtained results showed that the prepared ZnO
nanostructures had a hexagonal wurtzite structure. SEM images of
nanorods and nanospheres with pH found to increase as the ammonia

concentration decreased [45].
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In (2016), Y. Cherifi et al., have synthesized Fe doped ZnO NPs
using a sol-gel technique. SEM and XRD results confirmed that all
samples had fine-scale and single-phase hexagonal wurtzite structure.
The Scherrer’s formula was used to calculate average crystallite size
and found to decrease from 20.12 nm to 17.8 nm as the Fe content
increased. The band gap energy was found to decrease from 3.11 eV to
2.53 eV as Fe doping content increased. Dielectric constant and
dielectric loss were found to decrease as increasing the frequency of
applied A.C. electric field; they imputed this behaviour to the existence
of the space charge in the nanostructure, such as vacancies, dangling
bonds, and the microspores due to the grain boundaries of their large
surface grain. The A.C. conductivity was noted to increase with
increasing the frequency. This increase has been explained by the
increased number of the charge carriers that were derived from either
the replacement of Zn by Fe ions or the incorporation of Fe ions in the

interstitial sites of ZnO lattice [46].

T. IQBAL, et al, in (2016), using the sol-gel auto-combustion
method have synthesized undoped and Mn-doped ZnO nanoparticles
with various doping concentrations. The structural, morphological
and dielectric were studied using XRD, SEM, and precession
impedance analyzer. The XRD results confirmed the hexagonal
wurtzite structure of prepared samples. The average crystallite size
was found to be in the range of (100 nm), also noted to decrease as Mn
increasing due to a decrease in the agglomeration process. Dielectric
constant and dielectric loss were observed to decrease as Mn content
increased. The variation of A.C. conductivity at room temperature
found to increase exponentially as the applied A.C. frequency

increased [47].
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1.5. Aim of the Work

This work aims to:

e Preparation of zinc oxide nanoparticles doped with
chromium and magnesium (MgxCryZnixy0) with various

percentages by the sol-gel auto-combustion method.

e Study of the structural, optical and electrical properties of

the prepared samples.

1.6. Methodology

¢ Prepare pure and doped ZnO Nanopowder utilizing sol-gel
combustion method and studying the doping effect on the final
properties being studied.

¢ Splitting of the prepared Nanopowders into three amounts, the
first, in the form of a tiny powder for structural properties (X-
ray test). The second, in the form of a suspension solution
consisting of distilled water and nanopowders of prepared
materials, which is specially intended for the optical properties
(UV-Vis spectrometer). The third is in the form of compacted
pellets by using a hydraulic press, and this is specific for the
morphological (SEM), elemental (EDX) and electrical
characteristics (LCR meter).

¢ (alcining synthesized Nanopowder at 600 °C and sintering the
compacted pellets at 1100 °C using a high-temperature furnace.

¢ Measure and compare the resulting average crystallite size by

two methods, Debye-Scherrer and the Williamson-Hall.
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¢ Analyze the obtained findings to summarize the final

conclusions.

1.7. Outline of the Thesis

The thesis is organized according to the following scheme. The
current chapter (Chapter One) provides a brief introduction to the
research topic and a statement of the motivations and objectives of the
research and provides a survey of the literature on powder
preparation and studying of ZnO. Chapter Two provides a theoretical
framework for the research area. The details of the experimental
procedure performed in this work are presented in Chapter Three;
this chapter includes powder preparation, compaction process and
sintering of Zinc oxide nanopowder. The results and discussion are
presented in Chapter Four. Chapter Five contains the conclusions of
preparation and study of un-doped and (Mg, Cr) doped ZnO

Nanopowder; as well as recommendations for future works.
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2.1. Introduction

This chapter includes the theoretical concepts of the research
subject, in terms of scientific explanations, laws and mathematical
relations that have been adopted for interpreting the obtained

findings of the present study.

2.2. Nanoscience Concept

Nanoscience primarily is defined by the unit of length, the
nanometer scale (1nm = 10-?m) at which lies the ultimate control over
the form and function of matter. This smallest scale is a combination
of different types and numbers of atoms that are used to manufacture
a new form of the matter, this smallest scale at which we have the
freedom to practice our inventions. While the nanoscience
concentrates on the fundamental sides of nanoscale which are
formation, characterization, and assembly. The conclusive goal of
nanotechnology is to develop devices and materials that will outweigh
present technologies, also make new ones with completely new

functions [48, 49].

2.3. Nanomaterials: Definitions and Advantages

Nanomaterials can be described as the materials that have
structural component clusters in form of molecules or crystallites,
which have dimensions in the range (1 to 100) nm, and figure (2-1)
shows visual objects of the nanoscale. Typically, these clusters of the
atoms consist of hundreds to thousands in the nanometer scale (nm),
which generally called Nano clusters. These small aggregations of
atoms are generally known by several names, such as nanocrystals,
nanoparticles and quantum dots. The nanostructured materials have

led to new scientific fundamental phenomena and many applications
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in short, medium and long range. In addition, examples of these
applications include (nanoelectronic devices, electron field emitters of
ultra-thin TV screens, quantum wires, nanoprobes, high-resolution
tips for atomic force and scanning microscopes, sensors, gas storage,

nano-devices and the parts of the nano-machines) [50,51].

Strand of Ant
hair

Virus
Bacterium

Red blood
cells

0.1nm inm 10 nm 100 nm 1lum 10 pm 0.1 mm 1mm

Nanoscale

Fig. (2-1): Examples of size and scale of the nanotechnology [57].

2.3.1. Classification of Nanomaterials

Minimizing the spatial dimension or restriction of the particles
within a given structure and a particular crystalline direction,
generally, results changes in physical properties of the system in that
direction. One classification of nanomaterials is that based on the
number of dimensions, where the nanomaterials that are in one
dimension system, e.g. thin films or laminate structures, while in two
dimensions, e.g. nanorods and nanotubes or what are called
(filamentary structures), and for three dimensions nanomaterials, e.g.
structures composed typically of consolidated crystallites. Either

material of zero dimension system, e.g. nanoparticles and nanopores.
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Figure (2-2) shows classification of nanomaterials depending on the

number of dimensions [53, 54].
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Fig. (2-2): The Schematic classification of nanomaterials: (a) 3-D system,

(b) 2-D, (c) 1-D and (d) zero —D system [53].

2.3.2. Synthesis Techniques of the Nanomaterials (Top-down Vs.
Bottom-up)

In general, there are two methods for manufacturing
nanomaterials. one of them is Top-down method, which is represented
by reduction the bulk materials into nanoparticles, by using
mechanical, chemical or physical processes, this method usually
includes thermal, mechanical-energy and high energy lasers.
Examples of these denominations are annealing, atomization, and
laser ablation [55]. The other one is Bottom-up method, which
imposes for beginning from atoms or molecules joined together by
using special processes to generate materials with nano-dimensions
[56].The bottom-up method generally includes chemical reactions
such as the sol-gel method, precipitation method, flame or plasma
spraying synthesis, chemical vapour deposition CVD and molecular or

atomic condensation [57].
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Moreover, figure (2-3) demonstrates methods of manufacturing

nanomaterials of both types Top-down and Bottom-up approaches.

Physical methods:
*Photolithog raphy
*Laser-beam processing

Mechanical techniques
(grinding and polishing)

‘Top-dawn Strategy

1 rm 4 e A0 rem 400 nem 4 g 10 = A0 4 mm

Bottom-up

Vet chemical methods:
Organic sy nthesis
Self assembly

sColloidal aggregation

Fig. (2-3): Top-down and Bottom-up methods [58].

2.5. Sol-Gel Auto Combustion Technique

The sol-gel approach is along well defined an industrial method,
for producing the colloidal nanoparticles from the liquid phase. The
name of “sol-gel” can be explained by the transition from the liquid
phase (solution or colloidal solution) into the solid phase (di- or
multiphase gel) [59]. The part ‘sol’ is defined as a stable dispersion of
the colloidal particles in a solvent, where the colloidal is defined as a
suspension of the dispersed solid particles (-1-1000 nm) that does not
comprise as sedimentation or agglomeration. Whereas the part ‘gel’ it
is a continuous solid three-dimensional porous network surrounding
the continuous liquid phase, in other words, it is a gelatinous

compound [60].

In the recent years, it has been amended for fabricating coatings
and advanced nanomaterials. The sol-gel method is a chemical
method, which is based on the condensation or hydrolysis reactions

[61]. Basic stages of this method are displayed in figure (2-4).
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The raw materials used in the preparation of (sol) are usually
inorganic mineral salts or mineral organic compounds. The sol-gel
process undergoes a series of decompositions and polymerization
reactions to form a colloidal suspension, and with further processing,
we can make the materials with different forms. In addition, thin films
with variety properties also can be obtained by this method. The sol-
gel process represents a wet chemical mode, also it was known as the
process of deposition of the chemical solution to produce solids of
small particles. It is an inexpensive and low-temperature technique,

allows controlling the chemical composition of the product [62, 63].

Sol-gel auto combustion technique is based on the redox
reaction between the oxidant and the fuel in the precursor solution.
The precursor solution involves the nitrates of the metal cation, a fuel
and or a chelating agent in an aqueous medium, where the nitrates act
as the oxidant and provide an environment for combustion of the fuel.
With dehydrating the precursor solution, a complex net is formed, or
the chelating agent leads to the formation a viscous gel at the final
stage of dehydration. With further heating, this viscous gel swells with

the decomposition of the present nitrates and finally burns out [64].

Some factors must be taken into consideration during the sol-gel
auto combustion process, which is addition of ammonia solution in
form of droplets until pH is modified to reach degree 7.0, and the
system should be acidic to maintain a clear solution, as well as to
prevent undesirable aggregates before the gel forming and before the

actual combustion starts [65].

The combustion process is an oxidation-reduction reaction [66],

where the redox mixture of the oxidant (nitrates) and the reductant
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(carboxyl groups) collapse with exothermically reaction, with

evaporating a large amount of gases, such as CO2, H20 and N2 [67].

Zn0 nanoparticles can be prepared by several methods, such as
hydrothermal, co-precipitation and a sol-gel method, among these
techniques, the sol-gel method is appropriate for synthesizing ZnO
nanoparticles due to its versatility, simplicity, and low cost. Comparing
with other methods, sol-gel technique exhibits advantages in the
production of nanoparticles such as relatively low temperatures and

short reaction time [68].
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(in aq, form)

Fig. (2-4): A scheme demonstrates basic steps of the sol-gel process [69].

In fact, sol-gel auto combustion technique used for synthesizing
of nanocrystalline oxide materials is an integrated approach for both
bottom-up and top-down processes, as the desired oxide products

nucleate and grow from the combustion residue [70].

2.5.1. Advantages and Drawbacks of Sol-Gel Process

The sol-gel method is a perfect technique for synthesizing the
nanoparticles with high purity. This technique has advantages of the
product material, such as good stoichiometric control, pure and

homogeneous product, due to mixing in the molecular scale. In
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addition, the production has tiny particles with a narrow size
distribution; also, this method permits to reduce the firing
temperatures due to its high surface areas with small particle sizes
[71, 72]. On the other hand, there are some disadvantages of this
method, such as, the high price of raw compounds and solvents [73],
moreover; it can be considered as a multistage process, therefore,
takes time [74], and when this method used to prepare ceramics
products, the resulting material would contain many pores with

relatively low density [75].

2.6. General Principles of Semiconductor Materials
Materials in nature are classified in terms of their electrical
conductivity at room temperature into [76]:
e (Conductors with high electrical conductivity lying between
(103-108) (Q.cm)1.
e [nsulators with very low conductivity ranging between (10-18-
10-8) (Q2.cm)-1L.
e Semiconductors with conductivity to the limits of (10-8-103)
(2.cm)-1, that's mean this conductivity lies in between conductor

and the insulator material.

In recent years, semiconductor nanoparticles have much
noticeable attention due to their perceptive mechanical, optical and
electrical properties, compared with their equivalents in the bulk scale
[77]. Among them, zinc oxide (ZnO) nanostructure, basically an n-type
semiconductor, is a gorgeous multifunctional material, as it has wide
applications in the area of sensors, varistors, solar cells, gas sensors,

displays and UV light-emitting devices [78].
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2.6.1. Characteristics of Semiconductors

Most important semiconductors characteristics can be

summarized as follows [79, 80]:

Semiconductors have a resistance of a negative thermal
coefficient that is the dependence of their electrical conductivity
on the temperature is contrary to metals, as a resistance of semi-
conductor decreases with increasing temperature.

For a pure semiconductor, the electrical conductivity increases
exponentially with temperature.

The conductivity for an impure semiconductor depends strongly
on the impurity concentration.

Semiconductors have two types of charge carriers, electrons and
holes, unlike conductive materials.

The impurities play a major part in reducing the electrical
resistance of the semiconductor.

It's conductivity is affected by the magnetic field.
Semiconductor materials are a light-sensitive, whereas the
semiconductor resistance changes when exposed to an effective

wavelength light.
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2.6.2. Conventional (in-organic) Semiconductors
Semiconductor materials can be classified into two major

categories as follow:

A. Intrinsic Semiconductors

If a semiconductor is pure and free of impurities then it is called
intrinsic. A conventional inorganic semiconductor material, like silicon
(Si) consists of covalently bound atoms forming a crystalline lattice
structure. At absolute zero, the valence band is completely filled with
electrons, as shown in fig. (2-5), whilst the conduction band is empty,
and when the semiconductor temperature increases, electrons will be
thermally excited and a certain number of electrons in the valence
band relocate to the conduction band left behind a number of holes.
The electrons that reach the conduction band, will partially fill this
band, and be ready for electrical conduction when an electric field is
applied, either holes which are formed in the valence band, are directly
filled by moving neighbourhoods electrons in an opposite direction to
the direction of the field. At room temperature, and for an intrinsic
semiconductor, the Fermi energy lies in the middle of the band gap

(Eg). For an intrinsic semiconductor [81, 82]:
n=p=n; v (2-1)

Where:

n’: electron density,

p: the hole density,

nj: is called intrinsic carrier density.
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Fig. (2-5): Energy bands of an intrinsic semiconductor: Ec is the lower edge
of the conduction band; Efis the Fermi energy level; Ev is the upper edge of

the valence band, and Eg is the band gap [83].

B. Extrinsic Semiconductors

Practically, all traditional semiconductors are extrinsic; that is,
the impurities determined the electrical behaviour, that which,
present in even slight concentrations, introduce excess of electrons or

holes. For example, when the concentration of impurities of one atom

atom

is about (1012) which is sufficient to make silicon an extrinsic at

cm3 ’

room temperature [84].

Extrinsic semiconductors are classified into two types,
depending on the type of impurities that are doped with. For instance,
by adding pentavalent impurities, by a process known as doping, into
silicon crystal, which has a valence of more than four, can obtain a
semiconductor with electrons concentration is much larger than the
concentration of holes. This kind of semiconductors is called as an n-
type semiconductor. Nevertheless, if we add trivalent impurities into

Silicon, such as boron (B), which have a valence less than four, then the



Chapter Two Theoretical Background

concentration of holes is much greater than that of electrons. This type

is called as p-type semiconductor [85, 86].

Semiconductors resulting from the doping process, are
distinguished from their pure counterparts, by the fact that their
conduction results from the participation of only one type of charge
carriers (abundance or majority) for transmitting the generated
current. Moreover, the charge carriers in the n-type semiconductor are
the electrons. Whereas, in a p-type semiconductor, the charge carriers

are the holes [87].
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Fig. (2-6): Schematic illustration the energy bands in an extrinsic

semiconductor for both p-type and n-type [383].

The energy difference between the conduction band and the
valence band is called as the band gap. The properties of the material
can change, depending on the amount of the band gap; in the case of
metal, insulator and semiconductor. Figure (2-7) shows in the band

gap in materials [88].
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%

Electron energy

metal semiconductor insulator

Fig. (2-7): The band gap in materials [88].

2.6.3. Doping of Semiconductors

Doping of semiconductors is central to present day for
electronic and optoelectronic gadgets. Doping empowers control of
both the optical and the electrical properties of semiconductors keys
to device usefulness. The properties of the doped semiconductors
emphatically rely on upon the electronic levels presented by the
dopants. Upon increasing the dopant concentration, the discrete
impurity levels in the band gap of the host semiconductor evolve into
an impurity band that can overlap with the conduction/valence band
in n-/p-type semiconductors, respectively, resulting in band gap

narrowing (BGN) [89].

Doping of intrinsic inorganic semiconductors induces localized
energy levels close to the conduction (n-type) or valence (p-type) band
edge of semiconductor, fig. (2-8) extrinsic semiconductors. By this
technique, the energy for the introduction of an electron or hole is
tremendously lowered and the compound becomes more suitable for

the common devices [90].
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Fig. (2-8): Impurity levels in extrinsic semiconductors (a) donors, or n-type
and (b) acceptors, or p-type [51].

There are several methods for doping semiconductors,

depending on the mechanism in which it is carried out, which are as

follow [91]:

e Mixture Doping

e (o-evaporation Doping

e Thermal Diffusion Doping
e Jon Implantation Doping

e Laser Doping

In our study, the mixture doping method had been used, which
is performed by mixing the material to be doped with the dopant
material, with specific weight ratios in the case of the convergence of
their melting temperatures, in order to melt and incorporate them

together to complete the doping process [92].

w
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2.7. Structural Properties

X-ray diffraction is the most widely used technique to study the
crystalline structure of solids and the least vague method for the
accurate determination of the positions of atoms in all kinds of matter,
as it is non-destructive technique, that provides a detailed information

about the materials being examined.

2.7.1. X-ray Diffraction (XRD)

X-rays are electromagnetic radiation having exactly the same
nature of light, but with very much shorter wavelength, approximately
lying in the range (0.5 - 2.5) A. This wavelength of x-rays is analogous
to the inter-atomic spacing in solids. X-ray diffraction provided
information of characterization of crystalline materials such as phases,
crystal structure, preferable crystal orientation and other structural
parameters such as crystallite size, lattice parameters, strain, and
crystal defects. To determine the crystal structure of a specific
material, it requires calculating the crystallite size, lattice constants

and x-ray density [93].

The English scientist Bragg has assumed an easy model of the
crystalline structure, that can detect the direction of X-ray diffraction
from the crystal after it falls on. This model states that the different

levels of crystalline atoms can reflect x-rays [94].

In addition, Bragg's law [95]:

niA = Zdhkl sin @ . (2-2]
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Where, A: The wavelength of the X-ray source, dy;: refers to the
atomic space, 0 : Bragg’s angle (angle of the incidence or reflection),

and n : is the diffraction order, which is an integer equalto 1, 2, 3 ....etc.

The basic condition for the occurrence of Bragg's reflection is
when (A £ 2dnu). Through equation (2-2), we notice the existence of
two variables (4, 8), where their values can be controlled to determine
the value of (dnu), thus identifying the crystal structure of the material
being studied, as well as its crystalline defects. The only way to
diagnose the material in terms of its structure is shown in Fig. (2-9),
since the sample is fixed and the angle of the source and the detector

is changed, as long as the used x-ray is with single wavelength [96].

d d S i N e Crystallattice planes

" — @ @ " " —

Fig. (2-9): The Principle of X-ray diffraction [97].

2.7.2. Indexing of XRD Patterns

The indexing is the process of determining of unit cell
dimensions, (hkl) indices of each reflection and crystal symmetry. It is
an essential step in the structure determination. Compared with single
crystal data, whereas the problem can be easily solved, from the three-

dimensional location of the nodes in the reciprocal lattice [98].

w
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The mathematical method: in which we calculate the values of
(20), from the values of (0O) resulting from X-ray diffraction pattern.
Then (sin26) is calculated, and then all (sin26) values are divided by
the lowest value of (sin260), then the division resultant for all values is
multiplied by the number (2) and then by (3), and more until we get
integer numbers. These integers represent the summation of squares

of Miller indices (h2+K2+12) [99].

In general, programs especially intended for this purpose carry
out the indexing of the diffraction patterns process; this is known as
the auto-indexing. In order to get the lattice dimensions with more
precisely, a refinement process should be carried out, using one of the
available methods, including refinement based on the (Rietveld

software analyzes) [100, 101].

2.7.3. Structural Parameters Calculation

The structural parameters of a material powder are considered
an important issue for interpreting many physical properties of the
material. The most important structural parameters that can be

obtained from the XRD patterns are:

A. Lattice Constants

In the case of Hexagonal system, which is typical of ZnO, fig. (1-
1a), where a, b, ¢, since, (a=b), Therefore, the lattice constants (a) and
(c) can be calculated using the XRD pattern by the following formula
of the hexagonal system [102]:

— =
A'hki 3

+ = e (2-3)

1 4 (h?% + hk +k? 12
CZ

a2

w
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Where, d i : The d-spacing, (a, ¢): The lattice constants, and (hkl):

are Miller indices [9].

B. X-ray Density (p)

The density of the material can be calculated from X-ray

diffraction data using the following relationship [6]:

V N,

P x-ray = v (2-4)

Where:

P x-ray: the density (g/cm3), Z: number of molecules per unit cell which

is (2) for hexagonal structure, Mwt : molecular mass (g/mol), V: the
unit cell volume (cm?3) which is (V = ? a?. c¢) for hexagonal and Na is

Avogadro number (1/mol).

C. Crystallite Size (D)

The crystallite size can be calculated by two methods as follows:

First: - by using the Scherrer’s formula, which given as [103]:

kA
- [ cos 6

e (2-5)

Where: (D) Is the crystallite size, 4 : is the wavelength of used x-ray
(1.504 A), B: represents (FWHM) the full width at half maximum in

radians, 6 : is Bragg's angle and k : a constant with value

approximately equal to (0.89) [104].

Second: - by using an equation of (Williamson - Hall), as taking into

consideration the micro-strain of the grains, as follows [105]:

w
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B *cosO = [%] +4e*sin6 v (2-6)

Where, sin 0 : is the effect of the strain. Nevertheless, through the
above equation (2-6) of (W-H), and to calculate the average crystallite
size (D), a graph is drawn with (4¢sin 8) along the x-axis and

(Bhii cos 0) along the y-axis, for the prepared ZnO nanoparticles [106].

D. Specific Surface Area (SS.A)

The Specific surface area is a property of materials. It has a
particular importance in case of reactions on surfaces, adsorption, and
heterogeneous catalysis. The Specific area (SS.A) can be obtained from

Sauter’s formula [107]:

6103
Dp*p

SSA = e (2-7)

Where: SS.A is the specific surface area, D,, is the particle size and p is

the density of the synthesized material.

E. Texture Coefficient (T )

The texture coefficient (Tc) represents the texture of a specific
plane; deviation of a plane from unity reveals that this is the preferred
direction of growth. The T¢ (hkl) values should be greater than one, for

the preferential orientation [108].

The quantitative information about the discriminatory crystal
orientation can be obtained from the texture coefficient (T,) relation,

as follows [109]:

I(hkl)/I, (hkl)
2 [(hkl)/Io (hKI)

T.(hkl) = e (2-8)

Se

w
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Where, T, (hkl) : represents the texture coefficient, I(hkl) : is the

measured intensity of XRD, (n): is the number of peaks considered for
diffraction, and I, (hkl): represents the standard intensity of the plane
which is taken from (JCPDS) data. The numerator of the equation,
which includes the multiplying of the number of considered peaks by
the relative intensities, this magnitude is divided by the sum of the

relative intensities of the same peaks [110].

F. Morphology Index (M.I)
Sharper XRD peaks are typically indicative of high nano

crystalline nature and larger crystallite materials. The morphology
index (M.I) is calculated from FWHM of XRD data. The (M.I) has direct

relationship with crystallite size and specific surface area [111].
(M.I) is obtained by using the equation [112]:

FWHM
M[: h [T (2-9)
FWHMp + FWHMy,

Where, (M.I): is the morphology index, (FWHM,): is the highest
FWHM value that obtained from peaks and (FWHM,): is a particular

peak’s FWHM for which M.I. is to be calculated.

2.8. Optical Properties

For many reasons, studying the optical properties of the
materials is an interesting. Firstly, using the materials for optical
applications such as optical fibres, reflective coating and interference
filters, requires an accurate diagnoses of their optical properties.
Secondly, the optical properties of all materials may be regarded to
their electronic band structure, electrical properties and the atomic

structure [113, 114].

w
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2.8.1. The Fundamental Absorption Edge

The absorption edge can be described as the rapid increase in
the absorption, when the absorbed radiation energy is approximately
equal to the energy gap; thus, the fundamental absorption edge
represents the smallest difference in energy between the upper point

of the valence band to the lower point of the conduction band [115].

2.8.2. Absorption Coefficient («)

The absorption coefficient of the materials considered as a very
strong function of the band gap energy and the photon energy. It can
be described as the attenuation in the flux of radiation energy or the
intensity per unit of area in the direction of the wave in the medium
and depends on the incident photon energy, semiconductor properties
and the type of the electronic transitions that occur between the
energy bands. The absorption processes considered as the main cause
for the attenuation in incident photon energy [116, 117]. Whereas,
absorption coefficient is related to the absorbance by the following

equation [118]:
a = 2.303 (2) e (2-10)

Where: o is absorption coefficient, A: the absorbance and d : the

thickness of the sample.

For the analysis of solutions, there is what has called length of
the path (L), according to (Beer’s-Lambert) law, which states that the
molar absorbance is fixed and that absorption is proportional to the
concentration of a material dissolved in a specific solvent being
measured at a given wavelength. Accordingly, for the solution, the

absorption coefficient is called molar absorptivity, which is also

w
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known as the extinction coefficient, which is related to the absorbance

by the following relationship [119]:
A=§¢CL v (2-11)

Where:
&: is the molar absorbance (extinction coefficient) (M.cm)-1, C : the
molar concentration, L : Length of the light path in centimetres 1(cm)

the thickness of the quartz tube.

The following relation relates the absorption coefficient () and

the extinction coefficient, as follow [120]:

al
§ = - e (2-12)

Where A : represents the wavelength of the incident radiation.

2.8.3. Electronic Transitions

The study of optical properties is one of the most important
studies for determining the electronic transitions, which occur within
the solid material; through this study, we can identify the energy gap
(Eg) of the solid material that helps to use the material in many

electronic applications [121].

Electronic transitions occur between the valence and
conduction bands, as a result of the absorption of radiation, which split

these transitions into direct and indirect [117].

Nevertheless, the following empirical equation described these

transitions [122]:

w
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ahv = B(hv — E,)" v (2-13)

Where, (@) : represents the absorption coefficient, (hv) : is the
incident photon energy, (B) : a constant amount does not change with
the photon energy, and directly related to the properties of the
material and the transition probability. (Ej): is the value of the optical
energy gap and the exponent (r): is a constant depending on the
material and the type of the optical transition whether it is direct or

indirect [123].

A. Direct Transitions

Occurs when both of the bottom of the conduction band and the
top of valence band are at the same point in k-space and have the same
wave vector value (Ak =0), and this is called (Allowed direct
Transition), (r=1/2), as in Figure (2-10). In the case of transitions from
adjacent sites to the highest point in the valence band to adjacent
locations near the lowest point in the conduction band, with constant
value of the wave vector (Ak = 0), before and after the transition, this

transition is called (Forbidden direct Transition), (r=2/3) [124].

B. Indirect Transitions

For indirect electronic transitions, the bottom of the conduction
band and the top of valence band are at different regions of (k-space).
This type of transition requires absorption or emission of phonons to
conserve the momentum resulting from the change of the wave vector
of the electron (Ak#0). The exponent (r) in equation (2-14), may take
as (r=2) for allowed indirect transition, and (r=3) for the forbidden
indirect transition. Fig. (2-10) shows direct and in-direct transition

[125].
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For indirect transitions, the absorption coefficient can be

obtained by the following equation [126]:
ahv = B(hv — E; + E,)" v (2-14)

Where, E, : Phonon energy associated with emission or absorption

(eV), (+) : phonon emission, (-) : Phonon absorption.

Energy

‘;"{’ﬁf{%&?j’ ]

Wave Vector

Fig. (2-10): Electronic transitions: (a) allowed direct, (b) Forbidden direct,
(c¢) allowed indirect and forbidden indirect [127].

2.8.4. Optical Parameters
A. Transmittance (T)

[s the ratio between the intensity of the transmitted light (I;) and
the intensity of the incident light (I,), and symbolized by the symbol
(T), it is given by the following relation [128]:

It

Io

T= e (2-15)
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Moreover, the transmittance depends on several factors

including thickness of the material, temperature and doping process.

B. Absorbance (A)

The absorbance (A) or the optical density can be defined as the
inverse logarithm of the transmittance (T), and it can be expressed as
follows [129]:

1 I,
A=log T =log e log n . (2-16)
C. Reflectance (R)
Depending on the spectrums of transmittance (T) and the

absorbance, (A), from relation (2-17) the reflectance (R) was

calculated in accordance to the energy conservation law [130]:
R=1-T-A . (2-17)

D. Optical Band Gap (Eg)

The energy gap is defined as the lowest energy required for
raising the electrons from the top of the valence band to the bottom of
the conduction band, or the energy space between the valence and
conduction bands. It has been called prohibited or forbidden, because
it’s a place almost devoid of levels, where the electrons do not settle
in, for pure semiconductor, but for doped semiconductor, the
electrons are present for a very short time. This gap determines the
type of solid material [131, 132]. Itis one of the most important optical
constants that are based on the physics of semiconductors, to
manufacture many electronic devices such as solar cells, reagents,
optical diodes and others. The selection of the semiconductor

materials for manufacturing, based on the forbidden energy gap,
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which must be approximate to the energy of the photons within the
visible UV and IR of the electromagnetic spectrum, in order to identify
the amount of transmitted, absorbed or reflected photons affecting on
the material under analysis [133].

The value of allowed band gap can be obtained from Tauc's plot,
by extrapolation the straight part of resulting curve at the point (athv)?2
= 0, which is between values of (hv) (eV) along the x-axis and (ahv)?
(cm eV) 2 along the y-axis, where the intersection represents the

optical energy gap of the material [134, 135].
From Tauc’s relation [136]:

_ B(hw-E})"

— e (2-18)

Where, Eg : Tauc’s energy gap.

2.9. Electrical Properties

e Electrical Properties of ZnO

As a direct wide band gap semiconductor with a large exciton
binding energy of (60 meV), ZnO is representing a great attraction for
electronic and optoelectronic devices. For instance, a device that is
made by a material with a larger band gap, may have a lower noise
generation, high breakdown voltage, and can run at higher
temperatures with high power operation. In semiconductors, the
performance of electron transport is different at high and low electric
field. When the electrical field is increased, the energy of the electrons
of the applied electrical field is equivalent to the thermal energy of the

electron [137, 138].
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2.9.1. Dielectric Properties

¢ Dielectric in Terms of Polarization and Electric Field

The dielectric material consists of positive and negative charges.
Ordinarily, the centre of negative charges is often applicable to the
centre of the positive charges of these molecules. In the presence of
an external electric field, positive and negative charges in dielectrics
are displaced from their equilibrium positions to form local electric
dipoles and the dielectric is said to be polarized. These molecules of
the dielectric material are characterized with this, called as non-polar
molecules. However, there are molecules of other dielectric materials,
where the centre of the negative charge is permanently separated
from the centre of the positive charge; these molecules have a
permanent dipole moment and are called polar molecules, which have
permanent momentums, but the directions of these momentums are
random. Nevertheless, if placed under effecting of an alternating
external electric field, it rotates these dipoles toward the applied

electric field [139, 140].

When dielectric material is exposed to an electric field, the
positive charges will be removed in the direction of the field and the
negative charges will be moved in the opposite direction leading to
form a distance (d) between these two different charges (q), as a
result, an electric dipole moment (u) is created. Accordingly, the
electric polarization can be defined as the resultant of the electric

dipole moment per unit volume, and is expressed by the following [6]:

p=I1u e (2-19)
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Where, I: number of dipoles per unit volume and (u) is the electric

dipole moment which is given as [6]:

‘u = qd s [2-20]

2.9.1.1. Dielectric Constant (g’ ) and Dielectric Loss (')
The dielectric parameter as a function of the frequency is

described by the complex permittivity [141]:
) =¢&"(w)-€&" (w) e (2-21)

Here are the real part (€') and imaginary part (£"), which
represent the components of the energy storage and loss, respectively,
in each cycle of the electric field, and (w) is the angular frequency (w

= 2xf ), f is applied frequency.

The dielectric constant (permittivity) is defined as the ratio of
the permittivity of an electrical capacitor with two-pole insulation (&)

to the permittivity in the case of air presences (€,)rather than

insulator between the poles. Moreover, the dielectric constant is used

to classify the types of dielectrics [140].

Where:

g =— e (2-22)

Where, ¢, : the permittivity of vacuum equal to = 8.854 x 10 -14,

measured by (F/cm),
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In addition, the ratio between the capacities (C) with existence
of the dielectric material to its capacity in the vacuum (C,) gives us
the dielectric constant, which can be expressed utilizing the following
relationship [137]:

, C
g = — o (2-23)

The dielectric constant E(w), consists of real permittivity or
relative dielectric constant which is generally called dielectric
constant of the test material. Dielectric constant of the test
material (&) is calculated from the measurement of capacitance

value, which can be obtained using the following equation [142]:

txC txC
! = p = 2 p I (2-24]
Ax g (d)
TC E * 80
Where,

(t): is thickness of the pellet, C,, : equivalent parallel capacitance which

obtained from the data of measurement, g, : the permittivity of
vacuum equal to = 8.854 x 10 -14 (F/cm), A: area of the electrode and

d: Diameter of guard electrodes.

Whereas, the imaginary permittivity or dielectric loss(g’), is

obtained from the value of dissipation factor (D). Where [143]:

tané =D we (2-25)
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In addition, dissipation factor (D) is relative and equals to:

el
D= ’ v (2-26)
The above equation can be written as:

g'=px¢g' e (2-27)

The energy losses are determined by (¢''). In the engineering

applications of dielectrics in capacitors, smaller €'’ is always preferred

for a given (&'). The relative magnitude of €”" with respect to &’ is

defined as (tan &), which called as the loss factor or dissipation factor

(D).

The losses in dielectric materials are usually occurred due to the
consumption current. The orientation of the molecules along the
direction of an applied electric field in the polar dielectrics requires a
part of the electric energy to overcome the forces of internal friction.
Another part of the electric energy is specified for rotating of the
dipolar molecules and other kinds of molecular transfer from one

position to another, which also involve energy losses [144].

2.9.2. A.C conductivity (o, ) and Resistivity (p,.)

Electrical conductivity gives a significant information of
conduction mechanism of the dielectric materials. The electric
conductivity of doped dielectric materials depends on various
parameters, like doping mechanism, preparation methods,

temperature and sintering conditions and time [145].
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The alternating conductivity of dielectric is a scale of the heat
generated by the rotation of the dipoles in their positions and depends

on the frequency value and given as follow [139, 146]:

O,c=2nf €, € tané e (2-28)
At low frequencies, two components consist [139]:

O =0qc* Odc v (2-29)

Where, g, . : Electrical conductivity of alternative current is measured
by (Q2.cm)-1, (04.c) conductivity of direct current and does not change
with frequency, (f) is the measuring frequency of the applied ac
electric field (Hz) and (tan 0) is the dissipation factor which describes
the difference in phase between current and voltage with respect to

the applied ac electric field [146].

One of the most important features of semiconductor that it has
a negative thermal coefficient, this leads to increase electrical
conductivity of the semiconductor with increasing temperature due to
the collapse of the bonds and the transfer of electrons from the valence
band to the conduction band, these features have made semiconductor

very useful in many electronic applications [147].

Moreover, Specific resistance can also be written as an inverse

of the a.c conductivity [147]:
Pac =— o (2-30)

The length of the sample associated with resistivity according to

the following relation [148]:
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RA'
o (2-31)

Where, (p): the electrical resistivity or specific resistance (2.cm), (R) :
the Ohmic resistance (£2), (A") : represents a cross-sectional area of the

sample (cm?2) and (/) : the length of the sample (cm).

||
O



Chapter-Three

Experimental work



Chapter Three Experimental Work

3.1. Introduction

This chapter includes raw materials and devices that were used in
the preparation process, and it includes the method of preparation and
the forms of prepared samples, and there are tables of chemical
quantities that have been utilized to prepare the nanomaterial samples,

as well as, a general description of devices that were used.

3.2. Starting materials
According to the research project required for the synthesis of un-
doped and (Mg, Cr) doped ZnO using sol-gel auto combustion technique,

the following chemicals have been selected, as shown in the table (3-1).

Table. (3-1): Raw materials

. Country
Materials Chemical Purity % Product &
Formula Company
Spain
Citricacid  c.H4.0,H,0 210 99 % Panreca
Zinc nitrate India
Zn (NO3)2.6H20 297.39 99 % HIMEDIA
Magnesium Germany
nitrate Mg (NO3)2.6H:0  226.305 99 % Riedel
Chromium Germany
nitrate Cr (NO3)3.9H.0  399.996 99 % Merck
Ammonia India
solution NH; 17 99 % Loba
Chemie
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3.3. Tools and Equipment

Some devices were used in the preparation of zinc oxide, which are

i. Sensitive electronic balance

It is one of the essential devices used in the laboratory to measure
masses of the raw materials used in the preparation process, and it has a
digital counter gives the result directly and has a high ability to determine
the masses accurately with four digits, which have been used to reduce

measurements errors. The used device brand is (KERN), as is shown in

Figure (3-1).

==

Fig. (3-1): The electronic balance

ii. Magnetic Stirrer

It is a device used for mixing the chemical solutions. It essentially
consists of a rotor magnet by magnet or another magnetic field
unconnected with it, and it is often provided with thermal plates or other

means for heating the mixture. Usually, one of the two permanent
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magnets is connected to an electric motor, while the other magnetic bar
is immersed in the liquid mixture. When the lower magnet rotates, the
immersed magnetic bar is affected by that rotation and trying to spin in
the same direction of the magnet orbit without any mechanical contact.
This type of mixers is very important in the chemical laboratories and
places that require a complete isolation between the mechanical parts in
order to avoid friction, corrosion and leak of liquid through the rotation

axes. The used device brand is (FALC), as shown in figure (3-2).

T A

Fig. (3-2): The Magnetic Stirrer

iii. High-Temperature Furnace

It is an electrical device with a thermal insulator controlled by a
temperature thermostat, and it is used for drying, heating, sintering and
calcining processes, the used device brand is (Schneider) Korean Origin,

as shown in fig. (3-3).
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Fig. (3-3): The Laboratory Furnace

iv. pH Indicator Paper

It used to measure the degree of acidity or basicity for a particular
liquid. This is done by immersing a piece of paper in the solution, the
resulting colour is compared to the paper catalogue, this process is
repeated until reaching degree (7), which is considered to be neutral, as

shown in fig. (3-4).

i
PDF Rague
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N

Fig. (3-4): pH Indicator Paper
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3.4. Preparation of Un-Doped Zinc Oxide Nanoparticles

Pure zinc oxide has been prepared by the sol-gel method, the

procedures and steps of preparation ZnO, can be clarified as follows:

First :- Mass calculation
Masses have been calculated using the molecular formula of the
constituent elements of the compound, As follows:

1. Hexahydrate zinc nitrate Zn (NO3)2.6Hz20
65.39+ 2(14+3*16) + 6(2*1+16) =297.39 ¢
2. Citric acid CeHs07.H20

(6%12) + (8*1) + (7*16) + (2*1+16) =210 g

Second:- Molarity calculation
Molarity is the number of the dissolved moles in a litre of solution,
and measure with units of mol/Liter, according to the following

relationship:

n

M=~ e (3-1)

Where: V: volume, measured by units of liter, n: the number of moles
and it is the ratio between the solute mass to the molecular weight of the

solvent, measured by units of mol, and:

n=——- o (3-2)

wr (3-3)
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Third :- Preparation Method
To prepare ZnO nanoparticles by colloidal solution (sol-gel)

method of auto-combustion, the following steps have been implemented:

1- (40g) of zinc nitrate (Zn (NOs3)2.6H20) were dissolved in (30 ml) of
distilled water with a molar concentration of (1M ), which is calculated

from equation (3-3).

2- (14.12g) of citric acid (CsHsO7.H20) were dissolved in (30 ml) of
distilled water with a molar concentration of (0.5 M ), which is calculated

from equation (3-3).

3- The two solutions were mixed in a heat-resistant beaker by a magnetic
stirrer for (40 min) at room temperature, to ensure the full homogeneity

of the solution.

4- Acidic function pH has been modified by (pH) indicator paper until
reaching approximately to the degree (7) by adding ammonia solution

drop by drop.

5- Then, the temperature was gradually raised and stabilized at 859C.
After a duration of time, gases began to evaporate, after this the
interaction left for a period with continuation stirring until the viscous

gel form consists.

6- 50 minutes later, the gel began ignition to form a dry gel, then the heat
source has been turned off and the material left to be cooled, and then
collected. After that milled well by a mortar of ceramic to ensure powder
homogeneous and to get rid of the conglomerates that have taken place

during the preparation process.

Ul
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7- The resulting powder is put in a vessel of porcelain characterized with
high temperature resistant, and entered into the oven for calcining at
(600 °C) for two hours, thus the preparation process of zinc oxide
nanoparticles ZnO ends, which is a white powder as shown in figure (3-

5).

PDF Reducer Demo

Fig. (3-5): The prepared ZnO nanoparticles

The interaction equation for the sample (P1) can be written as
follows [67]:
Zn (NO3)2.6H20 + CsHgO7H20 + NH3 — ==eeeeepp 700 + 1.5 N2 + 6CO; +
5.5H; + 7Hz0

l1-gases evaporating| | 2-gel forming| | 3- combustion | | 4-dry gel

Fig. (3-6): Steps of preparation samples of the group (P)

5]



Chapter Three Experimental Work

The following fig. (3-7) shows steps of the preparation method:

Metals nitrate + distilled water + Citric acid + distilled water

N/

Aqueous solution

(NH3) pH=7 - l

Mixing for (40 min)

l

85 °C Temperature with mixing
continuation

l

Combustion + xerogel

l

Calcining at 600° C for (2h)

l

Zinc oxide nanopowder ZnO

Fig. (3-7): Steps of the colloidal solution of auto Combustion method

The entire experimental procedure of sol-gel combustion technique
can be achieved in most of the literature studies, which are included in

this study.
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3.5. Preparation the Compound (MgxZnix0) By Sol-Gel Method with X
Value Equal to (x = 0.05)

The compound (Mgo.05Zne.9s50) have been prepared by sol-gel
method, in addition, the effect of magnesium ion Mg2* on the zinc oxide

was studied. The preparation steps are as follows:

First :- Mass calculation

The molecular weight of the reactants materials in the interaction
had been calculated as previously mentioned, in addition to the
magnesium nitrate:

Hexahydrate magnesium nitrate Mg (NO3)2.6H20

24305+ 2(14+3*16) + 6(2*1+16) = 226305 g

Second:- Calculation the reactants compounds ratios

The quantities of reactants materials in the interaction can be
calculated from the structural formula and molecular weight of the
constituent elements of the compound (MgxZni-x0). Molecular ratios
formula has been used, that depends on the total mass, the weights
summation of the salts involved in the reaction and the value of (x= 0.05),

according to the following equation:

(0.95] Zn (N03)2.6H20 + (0.05] Mg (N03)2.6H20 + CsHs07.H20 + NH3

P Mg o.052Zn 0950 + 1.5N2 + 6C0Oz + 5.5Hz + 7Hz0

Ul
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When the number of moles n =1, the weight will be equal to the
molecular weight, by using the method of molecular weight ratio to
calculate the mass of reactants materials to prepare doped zinc oxide by

magnesium and chromium.

To prepare (40 g) of the compound (MgxZn1.x0) at the value of (x =

0.05), according to the following relationships:

Quantity to be prepare
Molecular Weight of metal Nitrate = total mass

~ |The total molecular weights of all compound salts

(1-x) * Molecular weight of zinc nitrate = (1-0.05)* 297.39 = 282.5205 g
x * Molecular weight of magnesium nitrate =0.05* 226.305 =11.3152 g

Total molecular weight =293.835 g

1- Quantity of zinc nitrate Zn (NO3)2.6H20

(1= 0.05) = (297.39) * 40
293.835

= 384597 g

2- Quantity of magnesium nitrate Mg (NO3)2.6H20

(0.05) * 226.305 x 40
293.835

= 1.5403 g

Ul
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Third :- Preparation Method
By using the same previous method of preparation and by adding
magnesium nitrate Mg (NO3)2.6H:0, the compound (Mgo.05Zno.950) was

obtained, and the table (3-2) shows the quantities of used materials.

Table. (3-2): The amounts of materials used to prepare the compound
(M go.05Zno.95O)

Mass of | Mass of Total Volume | Mass of | Volume
Zn Mg mass of of
nitrate | nitrate | nitrate | distilled distilled

(9) (g) (9) water water
(mL) (mL)

P2 005 384597 15403 40 30 14.1222 30

At the end of preparation steps, the nanoparticles powder of the

compound (Mgo.05Zno.950) was obtained, as shown in figure (3-8).

Fig. (3-8): The powder of the compound (Mgo.05210.950)
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3.6. Preparation the Compound (CrxZni1xO) by Sol-Gel Method with X Value
Equal to (X = 0.05)

The compound (Croe.05Zne.950) has been prepared by the same
previous method that was used to prepare the compound (Mgo.05Zn0.950),
fig. (3-9), and the table (3-3) shows the quantities of the materials that

are used in the preparation process, according to the following equation:

(0.95) Zn (NO3)2.6H20 + (0.05) Cr(NO3)39H20 + CsHs07H20 + NH3 ==p-
Cro.os57Zn 0.950 + 1.525N; + 6C0Oz + 5.2Hz2 + 7.3Hz0

Table. (3-3): Amounts of materials used to prepare the compound
( Cro.05ZTlo.95O)

Mass of | Massof | Total | Volume | Mass of | Volume
Zn Cr mass of Citric of

nitrate | nitrate nitrate | distilled Acid distilled

(9) (9) (9) water (g9) water
mL mL

P3 0.05 37335 2.6444 40 30 14.1222 30

Fig. (3-9): The powder aspect of the compound (Cro.05Z1n0.950)
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3.7. Preparation the Compound (MgxCryZnixy0) By Sol-Gel Method for
Values of (x+y) According To (0< x+y < 0.25)

Seven samples of doped zinc oxide with Mg and Cr have been
prepared by the sol-gel method with various values of (x+y), these values

have been classified into two groups, as shown in table (4-3).

Table. (3-4): Concentrations of (x) and (y) of the Compound
(MgxCryZni-x-yO)

Samples Compound
Codes (x) o) (MgxCryZnix,0)

(Mgo.05Cro.05Zn0.90)
M1

(Mg0.05Cro.1Zno.850)
M2 0.05 0.10

(Mgo.05Cro.15Zn0.80)
M3 0.05 0.15

(Mgo.05Cro.2Zno.750)
M4 0.05 0.20

(Mg0.1Cro.05Zno.850)
C1 0.10 0.05

(Mgo.15Cro.05Zn0.80)
c2 0.15 0.05

(Mgo.2Cro.05Zno.750)
C3 0.20 0.05

N



Chapter Three Experimental Work

Molar concentrations of these compounds have been calculated by

using the special formula, and the following steps was implemented:

First :- Mass calculation

In addition to zinc nitrate and magnesium nitrate and for the same
molecular weights, chromium nitrate was added to prepare of the
samples of the compound (MgxCryZni.xy0) doped with both Mg and Cr,

and as follows:

1. Aqueous chromium nitrate Cr(NO3)39H20
51.996+3(14+3*16)+9(2*1+16) =399.996 g
2. Citric acid CeHs07.H20

(6%12) + (8*1) + (7*16) + (2*1+16) =210 g

To prepare (40g) of the compound (MgxCryZnixy0), the special
formula was used to calculate the masses, while the percentage of citric
acid; was constant in every interaction, according to the following

equation of sample (M1) with x = 0.05 and y = 0.05:

0.9 Zn (NO3)2.6H:0 + 0.05 Mg (NO3)2.6H:0 + 0.05 Cr(NO3)39H:0 +
CeHgO7H20 + NHz = = Mg0.05Cr0.05Z10.90 + 1.525N; + 6C02 +
5.35H; + 7.3H;0

w
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In addition, the following table (3-5) shows the amounts of the
materials used to prepare the compound (MgxCryZni«y0) with various
values of x and y, as follows:

Table (3-5): The amounts of materials used to prepare samples of the
compound (MgxCryZnix-yO)

Mass of | Mass || Mass of | Total | Volume | Mass of | Volume

Cr mass of Citric of
nitrate i nitrate | nitrate | distilled Acid distilled
water water
©) )] ©) @)
(mL) (mL)
M1 35.8102 1.5139 2.6755 40 30 14.1222 30
M2 33.2501 1.4883 5.2614 40 30 14.1222 30
M3 30.7751 1.4636 7.7612 40 30 14.1222 30
M, 28.3807 1.4397 10.1794 40 30 14.1222 30
Cl 34.2276 3.0642 2.7080 40 30 14.1222 30
C2 32.6625 4.6532 2.7410 40 30 14.1222 30
C3 30.9455 6.2796 2.7748 40 30 14.1222 30

These samples have been prepared by the same previous method
in preparation the samples (P1, P2, and P3). In addition, the figures (3-
10a), (3-10b) and figures (3-11a), (3-11b) represent the preparation
steps and aspects of the samples of the compound (MgxCryZnixy0)

respectively.
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|1-gases evaporating\ \ 2- gel forming | \ 3- combustion | \ 4-dry geII

Fig. (3-10a): The preparation steps of samples of the group (M)

|1-gases evapomting\ ] 2- gel forming \ | 3- combustion \ ] 4-dry gel‘

Fig. (3-10b): The preparation steps of samples of the group (C)

Fig. (3-11a): The Samples (M1, M2, M3 and M4) and (3-11b) samples (C1, C2
and C3)
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3.8. Powder Compaction

The obtained powders were pressed in form of pellets, and these
pellets are especially intended for electrical properties. The process of
moulding is carried out by a hydraulic press with force pressing up to (15
ton), by using the dry pressing method. For each sample, (2.5 g) amount
has been prepared, and pressed with (5 ton) of pressure by a hydraulic
press in form of pellets with a diameter (1.5 cm), while remaining under
pressure for (2 min) by using homemade molds of stainless steel material

corrosion resistant. Figure (3-12) shows the components of used mould.

A

1 = 3
II .]c -

3

Fig. (3-12): The mold used for forming samples in form of pellets

3.9. Sintering Process

It is described as the thermal treatment that carried out as soon as
the pressing process finished, by placing the pellets in the electric furnace
atatemperature (1100 °C) for (3 h), then, samples were left in the furnace
to be cooled gradually until reaching room temperature. The purpose of
the sintering process is to convert the model from brittle to strong and

coherent. The selection of this temperature degree, for being an

(o))
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appropriate degree, in order to be zinc oxide ZnO as a binder phase for
other materials, as it has the lowest melting point comparable with
magnesium oxide MgO and chromium oxide (III) Cr203 which are

considered as high melting points materials.

3.10. Structural and Morphological Measurements
3.10.1. X-ray Diffraction Measurements

The type of device used in X-ray diffraction is (Shimadzu XRD -
6000), which exists in the central service laboratory in the College of
Education for Pure Sciences (Ibn Al-Haitham), with the following
specifications of wavelength = 0.15405 nm for copper target Cu - Kay,
scanning step (5° / min), the current = 30 mA and voltage (40 kV ). Figure
(3-13) shows the used device.

The device has diagnosed the X-ray diffraction pattern within the
angular range (20 = 20°- 80°) and indicated the nature of the crystalline
structures of prepared powders. This test gives information within a
specific table showing the diffraction angle, the inter-planner spacing, full
width at half maximum (FWHM) of the peak and the relative intensities
of each peak. (PCPDFWIN) program has been used for comparing the
resulting diffraction patterens and crystalline structures in addition to
(Full prof) program that was used for refining the crystalline diffraction
data and identifying the lattice constants. Through this measurement, it

became possible to do many structural calculations in our study.

(o))
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Fig. (3-13): The (Shimadzu XRD — 6000) device

3.10.2. Scanning Electron Microscope (SEM) Measurements

SEM technique is one of the most widely used techniques in the
characterization of Nanomaterials. SEM is an important instrument to get
information about morphology, topography, composition and
microstructural information of materials. It is suitable for studies that
interact with external air and affected by temperature. The electronic
microscope has a magnification ability higher than the optical
microscope, where the resulting image has a high resolution, which is
white & black colours.

The surface of the sample to be examined is scanned with an
electron beam, the reflected or back-scattered beam of the electrons is
collected, then displayed at the same scanning rate on the cathode ray
tube (comparable to the T.V screen). The resulting image on the screen,
which may be photographed, represents the surface feature of the

sample. The surface of the specimen that may or may not is polished and

H
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drilled, but it must be electrically conductive; a very thin metallic surface
coating, that must be applied for nonconductive materials [149].

For imaging samples in the nano scale, and because of the
magnification capacity of (SEM) device is limited, so that SEM images
have been processed by (Image - j) software program, which works on
the automatic selection to identify the diameter of the particle from
atoms area [150]. In our current study, a microscope of the type (Inspect

S 50) was used, as shown in figure (3-14).

Fig. (3-14): SEM device

3.10.3. Energy Dispersive X-ray Spectroscopy (EDX)

It is an analytical technique used to recognize the chemical
elements that exist in the sample. The principle of this technique that is
the produced x-ray by the mutual influence of charged particles such as a
band of electrons within the sample material, and then the structure can
be identified by the emitted photons. In other words, since each element
has a distinctive atomic structure, so that they possess a set of

characteristic peaks in the X-ray spectrum [151].
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Moreover, to obtain x-ray, when accelerated electrons fall on atoms
of the target material, these electrons capture one of the atoms electrons
from the internal orbits of the target and causing ionization state, or an
electron may rise to a higher energy orbit and that will cause excitation
state, in both cases the atom tries to reach stability. When an electron
moves from a higher energy orbit to a lower energy orbit, the relocated
electron emitting photon with energy equal to the energy difference
between the atomic orbits, and this difference in the energy is a
distinctive characteristic of each chemical element. There are a number
of allowed transitions between the atomic orbits symbolized as (K_q, K_g,
and L_q) [152]. The components of a modern digital EDX system are
shown in fig. (3-15).

Electronic

|
2 cboipaerBeneigal |[|][][[h
|

Sample

Electron
column

Fig. (3-15): The components of a modern digital EDX system. Where, (MCA) is

multichannel analyzer [153].
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3.11. Optical Measurements
3.11.1. UV- visible spectroscopy

Includes measurement of the absorbance for wavelength ranging
between (300 - 900) nm, through a double beam by using (UV-Visible
1800) Spectrophotometer (Shimadzu), as shown in figure (3-16). Due to
the lack of a device that can measure the absorption of the powder, so
that, a solution containing the powder with molar concentration (0.01M)
was prepared, where the solution is placed in tubes of quartz with a
diameter of (10 mm), shown figure (3-17). Then the tubes are placed in
the ultrasonic device to homogenize and spread well. At the end, the
tubes were put in the UV- visible device to measure the Absorption. The

molarity was calculated by modifying equation (3-3), as follows:

M=—"t_ . (33)

Mwt*T550
Where:
M: molar concentration (mol/L),
W;: Weight (g),
M,,:: Molecular weight (g/mol),

V: Volume of distilled water in (mL).

To compute the quantities of samples prepared to measure the
absorbance, a suspension solution consisting of distilled water and
powders of prepared materials has been prepared, where the volume of
distilled water was (10 ml) with (0.01M) of molar concentration, as

shown in the table (3-6).
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Table. (3-6): Amounts of powder added to distilled water

Molecular Weight

(9/mol)

Mass (g)

P1
P2

P3
M1

M2
M3

M4
C1

c2
c3

81.39
79.33575

84.9201
82.8658

86.3959
89.9261

93.4561
80.8116

78.7573
76.7031

0.008139
0.007933

0.00849
0.008286

0.008639
0.00899

0.009345
0.00808

0.007875
0.00767

Fig. (3-16): UV- visible spectrometer
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y € AW

M1 M2 M3 M4 C1 C2 C3 P1 P2 P3

Fig. (3-17): Samples prepared for UV-visible test

3.12. Electrical Properties Measurement

After compacted the prepared nanopowders in form of pellets, as
shown in figure (3-18). These pellets were connected with connectors of
(LCR meter) device used to measure electrical properties. LCR meters are
used to measure the inductance, capacitance, and resistance of
components. The type of the device is Gwinstek, LRC-8105G (20 Hz-5
MHz) (GPIB, RS-232, Taiwan) as shown in figure (3-19). The device is
connected to an electronic screen of a computer, which shows the results
directly on the screen. This device can measure the capacitance Cp, and
the tangent of loss angle (tan 6) as a function of frequency within the
range (50 Hz-3MHz). In addition, the a.c. conductivity was measured at
different temperatures, to identify the effect of the temperature variation

on the a.c. conductivity.
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[M1-M2-M3- M4- C1- C2 - C3- P1 - P2 - P3

Fig. (3-18): Samples prepared for electrical tests

| e R T

Fig. (3-19): LCR meter device
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Chapter Four Results and Discussion

4.1. Introduction

This chapter includes an overview of the results of measurements
that were carried out, and the study of the structural, optical and
electrical characteristics of pure and doped zinc oxide nanoparticles, as
well as discussion of those results obtained from measurements of (XRD),
(EDX), (SEM), (UV-visible), and (LCR-meter) devices, and comparing
these results with the results of published studies and previous

researches.

4.2. Structural Studies

The structural characteristics of pure and doped ZnO, have been
studied for diagnosis their nature and types using X-ray diffraction of
type (Shimadzu XRD- 6000), where it was found to have a hexagonal

structure.

The crystal structure and of prepared pure ZnO and different
composition of (Mg, Cr) doped ZnO nanoparticles calcined at (600 °C)
were characterized using X-ray diffraction. Figure (4-1), shows a typical
XRD patterns of pure ZnO and MgxCryZnixyO nano-particles. The XRD
patterns revealed that the diffraction peaks of undoped and (Mg, Cr)
doped ZnO nanoparticles, can be indexed to hexagonal (wurtzite)
structure. From the diffraction patterns of all prepared samples,
strongest four clear peaks of zinc oxide were observed, within the
angular range of the X-ray diffraction (20° - 80°), ascribed to the
crystalline surfaces (101), (100), (002) and (110), and the preferred
orientation was at the surface (101), which is in good agreement with the

standard (JCPDS) file for ZnO, (JCPDS36-1451,a = 0.3279 nm, c = 0.5204
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nm), with space group of P63mc. It is suggested that the wurtzite
structure is the same, with all different doping concentrations. A slightly
shifted was observed in the peaks in the diffraction pattern of doped
samples, as compared to un-doped ZnO. The nanoparticles exhibited
changes in relative intensities and crystallite size with changing the
doping concentrations. The intensity of ZnO peaks, especially at the clear
peak (101), increases with increasing magnesium amount and decreases
with increasing chromium amount, Fig. (4-1), this indicates that phase
segregation has occurred, and such structural degradation in the ZnO

lattice may be attributed to the introduction of a foreign impurity [154].

12000 ¢ P1
F —~
~ 9 . =~ —P2
S g S S S 8 g
o9, 2 o — S 4 P3
L N \F_! ~ \H— 3
10000 - M1
. L J\ .J\A . -

8000 [
6000

4000 F

X-ray intensity (a.u)

2000 F

20 (deg)

Fig. (4-1a): The XRD patterens of the prepared samples (P1, P2, P3 and M1),
where the patterens of samples P1 and M1 were used for comparing with other

samples.
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Fig. (4-1b): The XRD patterens of the prepared samples (P1, M1, M2, M3 and
My).
- _ —P1
= s I | s o= oy
14000 % a - g a % '-'E'* —I(\:/lll
12000 M A A A c2
S 10000 | c3
|
_ém 8000 f
7]
§ 6000 M AL AL AN
= [
% 4000 F ! A
- ! D W Y VR
> 5000 l
0 T T A L] L A T 'A' 'A‘AAI 1
20 30 40 50 60 70 80
20 (deg)

Fig. (4-1c): The XRD patterens of the prepared samples (P1, M1, C1, C2 and
C3).
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4.2.1. Crystal Structure: Indexing and Refinement

The above-mentioned diffraction patterns were automatically
indexed to obtain the Miller indices and the lattice constants for each
sample by using the following program (FULLPROF; 2015 ver. 3.00). As
well as, the refinement of the crystal structure was done using (win
PLOTR) program, annexed to the (FULLPROF) program. Nevertheless,
the results of lattice constants, unit cell volume and crystalline system

are listed in table (4-1).

The qualitative analysis of the phase of prepared samples was done
using Reitveld method. The density of all the samples using x-ray data
was calculated according to the relation (2-4), the results of the

calculated x-ray density for each sample are presented in table (4-1).

From the table (4-1), we note a small variation in the lattice
constants, occurs as the concentrations doping increases. Where, the
lattice constants decrease as Cr concentration increased, such a
decreasing of lattice parameters is clear, as the ionic radii of (Cr) ion is
smaller than Zn [155]. Nevertheless, with increasing Mg concentration
the lattice constants stay almost same because both Mg and Zn have very
similar ionic radii (0.57 A) and (0.60 A), this can be interpreted that the
Mg ions are successfully substituted in Zn ions [38]. With regard to
density calculated from the XRD data, it is matched well with the reported
data for the undoped ZnO; for doped samples, an obvious increasing was
observed as the doping concentration increased with both (Mg, Cr)

dopants. The unit cell volume was also noted to decrease with increasing

~
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the dopants contents; this indicates that (Cr, Mg) ions go to Zn site in ZnO
lattice structure [156].

Table (4-1): The crystalline system, lattice constants, density and the unit cell

volume of the prepared samples

Sample | Space | crystalline | lattice constants | Unit Cell
code | group system (4) Vol. (A)3
P1

P63mc Hexagonal 3.247 5.201 47.488 5.693
P2 P63mc Hexagonal 3.248 5.197 47.481 5.692
P3 P63mc Hexagonal 3.246 5.201 47.459 5.694
M1 P63mc Hexagonal 3.244 5.193 47.327 5.706
M2 P63mc Hexagonal 3.247 5.197 47.451 5.695
M3 P63mc Hexagonal 3.246 5.194 47.395 5.699
M4 P63mc Hexagonal 3.247 5.198 47.460 5.697
C1 P63mc Hexagonal 3.247 5.196 47.442 5.698
c2 P63mc Hexagonal 3.247 5.192 47.406 5.695
Cc3 P63mc Hexagonal 3.248 5.191 47.426 5.7

4.2.2. Calculation of Crystallite Size Using Scherrer’s Formula
The crystallite size was calculated by compensating the values
obtained from the X-ray diffraction results in the Scherrer’s equation (2-

5) based on values of (FWHM), and the (d) spacing was calculated using

~
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the equation (2-3). Table (4-2) demonstrates the results of crystallite size

calculations and inter-planner spacing of prepared samples.

The table (4-2): Bragg's diffraction sites, (FWHM), d spacing and the

calculated crystallite size according to Scherrer’s equation

Sample (hkI) 20 (deg) | FWHM dni (4)

code

(deg)
101 36.3291 0.2466 2.47091 33.543
100 31.8459 0.2601 2.80778 31.425
P1 002 34.5013 0.2494 2.59752 32.998
110 56.6685 0.2461 1.62300 36.281
101 36.3470 0.2594 2.46974 31.889
P2 100 31.8592 0.2547 2.80664 32.091
002 34.5509 0.2503 2.59390 32.884
110 56.6594 0.2572 1.62324 34.713
101 36.2577 0.3919 2.47562 21.105
P3 100 31.7867 0.3651 2.81288 22.383
002 34.4315 0.3947 2.60262 20.846
110 56.6087 0.3958 1.62457 22.552
101 36.2290 0.3410 247751 24.251
M1 100 31.7420 0.3253 2.81674 25.118
002 34.4287 0.3446 2.60283 23.877
110 56.5602 0.3011 1.62585 29.638
101 36.3171 0.2972 2.47170 27.831
M2 100 31.8286 0.2846 2.80927 28.717
002 34.5123 0.2873 2.59671 28.646
110 56.6322 0.3078 1.62396 29.003
101 36.2882 0.3831 2.47360 21.589
M3 100 31.8145 0.3437 2.81048 23.778
002 34.4817 0.3533 2.59895 23.295
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110 56.6371 0.3718 1.62383 24.011
101 36.2106 0.3604 2.47873 22.943
M4 100 31.7350 0.3233 2.81734 25.273
002 34.4163 0.3358 2.60374 24.5025
110 56.5629 0.3007 1.62578 29.678
101 36.2314 0.3964 2.47735 20.861
C1 100 31.7512 0.3703 2.81594 22.066
002 34.4350 0.4008 2.60237 20.529
110 56.5577 0.3895 1.62592 22911
101 36.2032 0.4971 2.47922 16.634
c2 100 31.7157 0.4663 2.81901 17.522
002 34.4367 0.4967 2.60224 16.566
110 56.5123 0.4978 1.62712 17.923
101 36.2088 0.4382 2.47885 18.870
C3 100 31.7225 0.4099 2.81842 19.933
002 34.4470 0.4455 2.60149 18.471
110 56.5200 0.4351 1.62691 20.506

The values of crystallite size were found to be decreased as Mg
concentration increased, but the decrease is greater by increasing the
concentration of Cr, table (4-2). This could be attributed to the ionic radii
of Zn, Mg and Cr ions. This is mainly because of the nucleation and
subsequent growth rate with increasing Cr and Mg due to the difference
of ionic radii of Zn, Mg and Cr ions [33]. Moreover, this behaviour can be
explained by the incorporation of the dopant atom inhibits the growth of
Zn0 nanostructures [157]. Respective values of crystallite size (D) are
represented in table (4-2). The relatively high value of crystallite size

confirms the well crystalline nature of the material.
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4.2.3. Calculation of Crystallite Size Using Williamson-Hall Equation

To calculate the average crystallite size and the value of

microstrain, the Williamson-Hall equation (2-6) was used, by comparing

the (W-H) equation with the equation of the straight line of the plot which

is drawn with the values of (B cos ) along the y-axis and values of

(sinB) along the x-axis. The value of the crystallite size (D) can be

extracted by the intersection of the y-axis, which represents the

magnitude (%). The plots are shown in figure (4-2) and details are

presented in table (4-3).

Table (4-3): The calculated crystallite size and internal strain using the

Williamson-Hall equation

P1
P2
P3
M1
M2
M3
M4
C1
c2
C3

30.469
29.807
21.764
23.239
27.425
26.367
22.852
20.465
17.139
20.774

-2.75
-3
1
-3
-15
6
-3.5
-2.25
0.75
4.75

From the table, there is a difference between the crystallite size

calculated by the Scherrer’s equation and the crystallite size calculated
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by the Williamson -Hall equation, as the Williamson-Hall calculated
crystallite size is smaller than the crystallite size in Scherrer, except for
the sample (P3). As it is known, that the change in the distance between
the atomic surfaces means that, the space of the crystalline inter-planner
is not equal at each point of crystal, and this leads to the expansion or
compression. The compression means that the lattice is stressful, but the
strain is a measure of the amount of material deformation because of the
stress, as it increases with increasing of stress and reduce its deficiency
and causes a deviation in the lattice constant from its original value. The
effect of an internal strain of the grains is due to the width of peaks to
crystallite size and internal strain at the same time. Anyway, the internal
strain was supposed to be regular along all crystallographic directions,
therefore considering an isotropic nature of a crystal, where the
substance characteristics are independent along of the direction, which
they are measured [158]. On the other hand, note that the small
crystallite size increases the internal strain. The negative signal indicates

the compression of the lattice, which led to the small surface area.
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Figure. (4-2): The calculation of the average crystallite size and internal

strain from the Williamson-Hall equation for the prepared samples

4.2.4. Calculation of the Specific Surface Area (SS.A)

The surface area of the particles was calculated for all pure and
doped prepared samples, according to the relation (2-7), and the
obtained results listed in table (4-4).

It was noted that the surface area (SS.A) of prepared nanoparticles
increases with decreasing crystallite size calculated from both equations
Williamson-Hall and Scherrer. Un-doped ZnO and 5% Mg-doped ZnO
prepared samples exhibited lower (SSA) than other doped samples, the
values of (SS.A) are presented in table (4-4). The increasing values of a
specific area as the doping concentrations increased may be due to the
preventing of crystal growth by the dopants ions and reside between the

grains during the heat treatment process [159].
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Table (4-4): The calculated values of specific surface area of prepared samples

33.507 31.454 30.469 34.589
P2 33.152 31.796 29.807 35.364
P3 21.472 49.073 21.764 48.416
M1 25.267 41.615 23.239 45.247
M2 28.702 36.705 27.42 38.419
M3 22.461 46.871 26.367 39.927
M4 25.202 41.788 22.852 46.086
C1 21.525 48.919 20.464 51.454
c2 16.962 62.111 17.139 61.471
c3 18.917 55.644 20.774 50.669

4.2.5. Calculation of the Morphology Index (M.I)

The morphology index of the crystalline surfaces of all samples was
calculated according to the relation (2-9), and the results shown in the
table (4-5) indicate the approximate values of the morphology index, and
note that the surfaces that have the lowest value of the full width at half

maximum have a large value Morphology index.
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The table (4-5): The values of morphology index of prepared samples
Sample | FWHM MI |FWHM | MI |FWHM | M.I

(101) | Deg. | (100) | Deg. | (002)

P1 0.246  0.558 0.26 0.545 0.249 0.555 0.246 0.559
P2 0.259 0536 0.254 0.541 0.251 0.545 0.257 0.538
P3 0.395 0534 0365 0.555 0395 0.533 0.395 0.532
M1 0.341 0.603 0.325 0.615 0.345 0.601 0.301 0.633
M2 0.297 0589 0.285 0.599 0.287 0.597 0.307 0.581
M3 0.383 0.659 0.344 0.683 0.353 0.677 0.372 0.666
M4 0.360 0.678 0.323 0.702 0.336 0.694 0301 0.717
1 0.396 0.544 0.370 0.561 0.401 0.541 0.390 0.549
c2 0.497 0590 0466 0.605 0497 0.591 0.498 0.590

c3 0.438 0556 0.409 0.572 0446 0.552 0435 0.557

Experimental pure and doped ZnO nanopowders (M.I) is ranging
between (0.5) to (0.72), and the details are presented in table (4-5). The
convergence of (M.I) values for all samples have a clear indication of the
good distribution of the crystallite sizes of each sample, where this factor
is related to the degree of variation of the particles in the size of each
sample. It also takes into consideration the width of each peak with the
widest peak to identify how much difference between the crystallite sizes
that caused different reflections from each surface of the crystalline

surfaces [119].
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4.2.6. Calculation of the Texture Coefficient (Tc)

The values of the Texture coefficient for each level and for all
samples were calculated based on the equation (2-8), and obtained
results shown in the table (4-6). The greater value of the texture
coefficient is one, value greater of this value means the abundance of

crystallization trend (hkl).

Table (4-6): The values of the texture coefficient of prepared samples
code

Tc(101) 097 0945 095 0925 0966 0948 0.942 0.931 0923 0917
Tc(100) 097 0995 1.033 1.022 1.034 1.015 0975 1.062 1.085 1.078
Tc(002) 097 0967 095 0925 0945 097 0964 0.931 0923 0917

Tc(110) 1.091 1.093 1.068 1.127 1.056 1.067 1.119 1.076 1.068 1.089

From table (4-6), we note the highest value is (1.127) along the
surface (110) ascribed to the sample (M1), as well as, a small preferential
orientation along the surfaces of (100) and (110) for all samples was
noted. In general, it can be said that the preferential orientation of the
crystalline surfaces is not steady for a particular surface and for all
samples, but varies according to the chemicals involved in the
preparation process and the conditions of preparation. If T¢ (hkl) = 1, for

all considered (hkl) planes, then the particles are irregularly oriented

crystallites, which is matching well to the (JCPDS) indications. In the case

(o0}
(o0}



Chapter Four Results and Discussion

of Tc(hkl) is more than 1, this suggests that the redundancy of grain is

formed in a given [hkl] direction. Nevertheless, when (1> T, (hkl) > 0), it
denotes that there is a lack of grains in the specific direction. By
increasing the texture coefficient, the preferential growth of the
crystallites in the perpendicular direction to the (hkl) plane will be
greater [110].

4.3. Study of the Morphological and Elemental Properties Using
Scanning Electron Microscopy (SEM) and the Supplemented Device

(EDX)

The (SEM) device was used to examine and analyze sample
surfaces, where the resulting signal is a two-dimensional image showing
information about surface morphology. While, (EDX) device identifies the
elements present inside or on the surface of the model and measures the
analytical structure of the elements. To obtain semi-quantitative results
and identify the inorganic elements, the images produced by the (SEM)
device were processed by Image-j program, to determine the diameter of
the grains obtained from the test, and that was for the sample (M1). The
surface morphology and elemental analysis of the prepared
nanoparticles (Mgo.osCro.0sZno.900), was analysed by the scanning electron

microscope (SEM), fitted with (EDX).

The SEM micrograph have shown the particles have a spherical or
semispherical formation aggregated in the form of clusters, with an
average particle size of (30.399) nm. In SEM, the particle size was
calculated by taking the noticeable grain boundaries. While in XRD,

measurements are taken from the crystalline area that diffracts the X-ray
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waves. Thus, the particle size measurement of (Mgo.05Cro.05Zn0.900) using

XRD was found to be smaller than that with SEM measurement [160].

EDX relatively is considered a rapid and nondestructive approach
for surface analysis. Composition and purity of the sample were studied
using EDX. It is often used to survey surface problems and elemental
analysis. The higher a peak in a spectrum, the more concentrated the
element is in the sample. The observed peaks reveal the presence of Zn,
Mg, Cr and O, that is confirming the formation of the analysed sample.
From fig. (4-3d) the EDX spectra for the (Mg, Cr) doped ZnO sample
confirmed the presence of zinc, oxygen, magnesium and chromium. The
peak at (1.25) keV shows the presence of magnesium. The peak values at
(1) keV and (8.6) keV, confirm the presence of zinc, the peak at (0.53) keV
exhibits the presence of oxygen, the peak at (0.6 and 5.4) keV shows the
presence of chromium and the peak at (1.3) keV reveals the presence of

in the EDX spectra.
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Fig. (4-3): A. SEM image; B. Particle size calculated from SEM image; C.
processed SEM image using (Image-j) program, and D. EDX spectra for the
sample (5% Mg & 5% Cr) doped ZnO.
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4.4. Optical Calculations

The optical properties of pure and doped zinc oxide nanoparticles
were studied using the absorption spectra within the wavelength range
of (300-900) nm. These properties also included the calculation of optical
constants such as absorbance, transmittance, reflectance and the optical

band gap.

4.4.1. Absorbance (A) and Transmittance (T)

The absorbance and transmittance curves were plotted as a
function of the wavelength (nm) of all prepared samples, as shown in
figure (4-4), and the transmittance and absorbance values were

calculated using the equations (2-15) and (2-16) respectively.
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Fig. (4-4a): The absorbance and transmittance spectra as a function of

wavelength of the samples (P1, P2, P3 and M1)
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Fig. (4-4c¢): The spectra of absorbance and transmittance as a function of the

wavelength of the samples (P1, M1, C1, C2, and C3)

The absorbance of materials is influenced by several factors such

as the type of material and the wavelength of the incident radiation. The

absorbance was measured as a function of wavelength in the range (300-
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900 nm). Figure (4-4) clearly shows that the absorbance decreases with
increasing wavelength for all prepared samples, as it suffers a sudden and
rapid decline, and this is consistent with published research [29, 42].
Physically, this can be explained by the fact that the incident photon could
not excite and transfer the electron from the valance band to the
conduction band, because the incident photon energy is less than the
energy gap value of the semiconductor, and thus the absorbance is
reduced by increasing the wavelength [119]. It is also noticed that
absorbance is reduced when the rate of doping increases and this
confirms the introduction of atoms of the dopant material within the
crystalline structure of the prepared samples, resulting in the formation
of local levels within the energy gap, which in turn leads to the absorption
of photons with low energies [8]. From the absorbance spectra as a
function of the wavelength, where the absorption edge for all the

prepared samples was between the wavelengths range of (350-375) nm.

From figure (4-4), we observe that the transmittance spectrum
behaves differently from absorbance behaviour, where, it was noticed
that the transmittance increases gradually with increasing wavelength
for all samples [128]. Where the highest transmittance was obtained
from the sample (P3) (0.05 % Cr) doped ZnO, where it was about (85%)
at the wavelength (750-900) nm, this corresponds to a lower absorbance
obtained and a decreasing reflectance of the sample itself, according to
the energy conservation law. We also observed that the values of
transmittance begin to increase in the wavelength range extending from
(300-500) nm, where the increase from the area of visible light until

reaching the greatest value at (900 nm). These values of transmittance
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show the growing interest of researchers for using of ZnO as optical

windows in solar cells.

4.4.2. Reflectance (R)

The reflectance was calculated from the absorbance and
transmittance spectra, under the energy conservation law using equation
(2-17). Fig. (4-5) shows the reflectance as a function of the wavelength of
the prepared samples. Generally, we noted there is an increase in
reflectance with increasing the wavelength. The apparent general
behaviour of the reflectance curves is to decrease the value of the
reflectance and then increases with increasing wavelength. The
decreasing lying between wavelength range (330-370) nm and the
increasing begins between the wavelengths (380-900) nm. The spectrum
of UV-VIS reflectance has a minimal effect in scattering than absorbance.
The sudden decreasing at a particular wavelength of the reflectance,
corresponding to the optical band gap denotes that the particles are

almost regularly distributed in the prepared specimen [161].
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Fig. (4-5a): Reflectance of the samples (P1, P2, P3 and M1)
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Fig. (4-5¢): Reflectance of the samples (P1, M1, C1, C2, and C3)

4.4.3. Optical Band Gap (Eg)

It is one of the most important optical constants that are based on
the physics of semiconductors, to manufacture many electronic devices
such as solar cells, reagents, optical diodes and others. The selection of
the semiconductor materials for manufacturing, based on the forbidden
energy gap, which must be approximate to the energy of the photons

within the visible UV and IR of the electromagnetic spectrum, in order to
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identify the amount of transmitted, absorbed or reflected photons

affecting on the material under analysis [133].

The value of allowed indirect band gap can be obtained from Tauc's
plot, by extrapolation the straight part of resulting curve at the point
(ahv)2 = 0, which is between values of (hv) (eV) along the x-axis with

(ahv)?2 (eV.cm1) 2 along the y-axis, where the intersection represents the

optical energy gap of the material being studied.
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It can be deduced from the above figures that the value of the
energy gap decreases by increasing the rate of doping with both
elements Mg and Cr, and this is consistent with the findings of others
[32, 33]. This means that the doping has led to displace of the absorption
edge towards the low energies, as shown in the figure (4-6). This
decrease can be explained by the fact that the impurities led to the
formation of donor levels within the energy gap and near the conduction
band and thus absorbing of low energy photons [2]. The energy gap
values for the allowed indirect transition of prepared samples are

present in table (4-7).

This apparent decrease in energy gap values from 3.36 eV (bulk
Zn0) to 2.61 eV could be attributed to the effect of the dopants, behaved
as a substitutional impurity located in the lattice position of ZnO. This
decreasing of the energy gap of doped ZnO nanoparticles formed more
imperfects sites on the ZnO surface. These surface defects are qualified

for absorbing more visible-light [162].

Table (4-7): The calculated values of energy gap of prepared samples

Energs o0

P1 3.36
P2 3.28
P3 3.01
M1 3.02
M2 2.93
M3 2.83
M4 2.61
C1 3.13
c2 2.96
c3 2.93
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4.5. A.C. Electrical Measurements

The alternating electrical properties were studied as a function of
the electric field frequency within the range (50 Hz-3MHz), using the
(LCR meter) device, which gives the values of each (tan §, Cp and D) on

the electronic screen as a function of frequency.

4.5.1. Dielectric Constant (€' )

The dielectric constant was calculated within the frequencies range
(50 Hz - 3MHz) using the equation (2-24). It is clear from fig. (4-7), a
similar behaviour, was observed in all samples, where, with increasing
the frequency of the applied electric field, the dielectric constant s clearly
reduced. This can be explained by that the increase of frequency of the
electric field caused a decrease in the contribution of the space charge

polarization, and this phenomenon is common in most of the dielectrics.
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Fig. (4-7a): Variation of dielectric constant as a function of frequency for the
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Generally, ZnO is described as a polar molecule this fact is well
known. It has a permanent dipole moment and quickly responds to the
applied electric field. In addition, it was also noticed that the values of the

dielectric constant at higher frequencies approximately remained
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constant. At low frequencies, pure ZnO have high values of dielectric
constant, this is due to the domination of species of vacancies such as
oxygen and defects of grain boundary etc. Whereas, the decreasing of
dielectric constant with applied frequency is normal, in respect of the fact
that any species participating to polarizability is bound to exhibit lagging
behind the applied electric field at greater frequencies. From the
observed higher value of dielectric constant of doped ZnO, we can
conclude that the electron exchange between Zn2+, MgZ* and Cr3+ ions is
predominant at lower frequencies. At higher frequencies, the dielectric
constant tends to reach almost a constant value due to the fact, that
beyond certain frequency the electron exchange between Zn2+, Mg2+ and

Cr3+cannot follow the applied alternating field [47, 137].

4.5.2. Dielectric Loss (g¢'')

The dielectric loss factor was calculated within the frequencies
(50Hz - 3MHz), which is directly proportional to the dissipation of the
energy in ceramic materials using equation (2-27). Figure (4-8) shows a
similar behaviour for all samples. Where the highest value of dielectric
loss factor is at low frequencies and decreases as the frequency of the
applied electric field increased. This decrease is because of the space
charge polarization. This exotic behaviour, as well as, the very low loss
factor in comparison to the parent ZnO turns out that the synthesized

nano samples appropriate for high-frequency device applications [41].
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Fig. (4-8a): Variation of dielectric loss as a function of frequency for the
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From figures above, we noticed that the samples (P2, M1 and C2)
have small dielectric loss compared to samples P1, M3 and M4. This
indicates that they can store more energy due to a small loss. Hence, they
possess a dielectric behaviour. Meanwhile, the samples P1, M3 and M4
with high losses rate. Thus, they cannot store energy; therefore, they
possesses a conductor behaviour. It is obvious that the overall values of
tand were observed to increase as the concentration of Cr3* ions
increased for all samples, and decrease as Mg2* concentration decreased.

It is well known that high values of loss factor below (10 kHz)
frequencies are caused by the existence of the space charge in the
nanostructure, such as micro-pores, dangling bonds and vacancies due to
the grain boundaries of their large surface grain. Beyond this frequency,
the orientation polarization is the dominant mechanism. Furthermore, at

low frequencies, the hopping electrons are trapped by these structural
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Chapter Four Results and Discussion

in-homogeneities that lead to a dominant space charge polarization at
this range of frequency. The possible source of orientation polarization is
the presence of oxygen vacancies and zinc interstitials in the nano-sized
Zn0O. When an external field is applied, the Zn ions and the oxygen
vacancies in the neighbourhood can change the positions by a single jump
and try to align along the direction of the field, which can be described by
the notation of Kroger- Vink [46, 137].

4.5.3. Frequency and Temperature Dependent a.c. Conductivity (o, )

The a.c. conductivity of the prepared samples was measured at
room temperature, 50, 100, 150 °C, within the frequency range of (50 Hz-
3MHz) using Eq. (2-28). Figure (4-9), shows the change in conductivity
as a function of a.c. electric field frequency. For all samples, results
showed that the a.c conductivity increases as the frequency of applied a.c.

field increased.
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Fig. (4-9a): Variation of a.c. conductivity as a function of frequency at room
temperature for the samples (P1, P2, P3 and M1)
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The variation of a.c. conductivity (o, ) with the frequency at room
temperature is illustrated by Fig. (4-9), which shows the variation in

conductivity as a function of the electric field frequency. For all samples,
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results showed that the a.c. conductivity increases with the increase of
the electric field frequency. A Linear increase in conductivity with
increasing the frequency can be interpreted as the increasing frequency
can improve the electrons hopping between the charges carriers, which
dominated over the charge carriers plugging effect, and thus increasing
the electric conductivity of the nanoparticles [145]. In the hopping model,
it is probable to characterize various particular regions of frequency.
Where, the conductivity is almost constant at low frequencies, as the
transport takes place on the infinite paths. For a certain region of
frequencies, where the a.c. conductivity strongly increases as the
frequency increased, the transport is predominated by contributions
from hopping infinite clusters. That is to say, that the region where the
high-frequency cutoff starts to play a role is encountered. The model of
electron hopping can be interpreted the mechanism of the electrical

conduction [163].

Generally, at room temperature, the semiconductor materials are
described as having intermediate electrical conductivity and increases
with the input of energy. And so on, the overall electrical behaviour of
semiconductors is described via the band model, involving electrons
moving from different energy levels forming bands [164]. Therefore,
undoped ZnO has shown less electrical conductivity equal to (8.3*10-12)
(2.cm)-L, than rest doped samples. Thus, we found that the doping with
(Mg, Cr) has enhanced the electrical conductivity of zinc oxide at room
temperature, where the highest conductivity value at room temperature

was for the sample (M4) equal to (5.2*10-6) (Q.cm)-1.
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Chapter Four Results and Discussion

Table (4-8): The increase in a.c. conductivity values with increasing

temperature at 2 MHz of prepared samples

a.c. conductivity (2.cm)1at 2 MHz

Sample _
P1 6%10-12 1.3*10-6 9*10-6 5.9*%10-¢
P2 1.7%107 6.9%107 6.2*%107 5.6%107
P3 1.8*¥10-6 2*¥10-6 1.6*10-6 1.9*10-6
M1 2*¥107 8.6%107 6.3*107 5.1*107
M2 1*10-6 1.6*10-6 1.7*10-6 2.4*10-6
M3 2.3*¥10-¢ 1.5*10-6 4.7*%10-6 3.6*106
M4 3.6%10-6 2.9*%10-6 3.2*¥10-6 4*10-6
C1 8% 107 1.2*¥10-5 1.1*10-5 1.2*10-
c2 8.8*10-8 2.3*107 2.7*107 9.4*%107
c3 1.7*¥107 7.1¥107 6.3*107 4.2*106

As concerning to temperature effect on a.c conductivity, generally,
it was found that the a.c. conductivity was increased by increasing the
temperature, this confirms the semiconducting behaviour of the
synthesized material. The increase in a.c. electrical conductivity as
increasing temperature and frequency may be attributed to the increase
in the drift mobility of the electrons and holes by the hopping conduction.

Moreover, the increase in a.c. conductivity can be explained as that the
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increase in temperature can thermally activate the charge carriers that in
turn increases the charge exchange interactions; this means that the
increase in temperature has led to resistance with negative thermal

coefficient [145, 165].

From figure (4-10) and the obtained results, at 50 °C, we can
observe that the sample (C2) has exhibited a less electrical conductivity
equal to (8.2*10-7) (2.cm)-1, while the highest conductivity value was for
the sample (C1) equal to (3*10-#) (Q.cm)-1. At 100 9C, from figure (4-11)
and the obtained findings, we have noticed that the sample (C2) has
exhibited a less electrical conductivity equal to (6.4*10-7) (£.cm)-1, while
the highest conductivity value was for the sample (C1) equal to (1*10-4)
(.cm)-l. Moreover, at 150 9C, from figure (4-12) and the calculation
results, it was observed that the sample (C2) has exhibited a less
electrical conductivity equal to (9*10-19) (Q.cm)-l, whereas, the highest
conductivity value was for the sample (C3) equal to (5*10-4) (Q.cm)-1.
From the above, we find that the sample (C3), in which the concentration
of Mg is a higher (20 %), has the highest a.c conductivity at 150 9C. This
is because of the dopant has influenced the properties ZnO nanomaterial

such as the electrical conductivity, band gap and optical property [166].

The general behavior of the increase in the a.c. conductivity by
increasing the temperature can be noticed by the values shown in table

(4-8), at manually selective frequency range (2 MHz).

Another reason can explain the increased conductivity of
semiconductors by increasing temperature that is possession of a

negative thermal coefficient, which is considered as one of the most
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important features of semiconductor materials. This leads to increase the
electrical conductivity of the semiconductor with increasing temperature
due to the collapse of the bonds and the transfer of electrons from the
valence band to the conduction band, these features have made

semiconductor very useful in many electronic applications [147].
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5.1. Conclusions

From this work, the followings are concluded:-

1.

The sol-gel combustion technique successfully proves to be capable for
synthesizing of un-doped and (Mg, Cr) doped ZnO nanopowder,

utilizing a zinc nitrate as a precursor and citric acid as fuel.

. The XRD patterns revealed that the diffraction peaks of pure and

(MgxCryZni1xy0) doped ZnO nanoparticles, can be indexed to a
hexagonal wurtzite structure, and it is suggested that the (wurtzite)

structure is unchanged, with the different doping concentrations.

. Mg and Cr ions were successfully substituted Zn lattice positions; this

hasled to a little variation in relative intensities and lattice parameters,

as compared to the reported data of un-doped ZnO.

. The incorporation of the Mg and Cr dopants and due to the difference

inionic radii of Zn, Mg and Cr ions, have led to decreasing the crystallite

size of un-doped and (MgxCryZn1x.yO) doped ZnO Nanopowder.

. The relatively high values of crystallite size of ZnO nanomaterial

confirms the well crystalline nature of the synthesized material.

. The behaviour of Mg and Cr dopants as substitutional impurities

located in the lattice position of ZnO, have led to decrease band gap
values from 3.36 eV (bulk ZnO) to 2.61 eV of the sample M4 with
doping concentrations of (0.05 Mg 0.20 Cr).

. Un-doped ZnO has shown less electrical conductivity equal to (8.3*10-

12) (Q.cm)-1, than rest doped samples. Thus, we found that the doping
with (Mg, Cr) has enabled controlling and optimizing the electrical

conductivity of zinc oxide at room temperature.
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5.2. Propositions for Future Works

In addition to the current research works, the followings are suggested:-

1.

Using another solvent instead of water such as methanol and Ethanol
in the combustion method for preparing un-doped and (Mg, Cr) doped
Zn0. As well as, using another fuel instead of citric acid as a
combustion agent such as urea.

Investigate mechanical and magnetic properties of un-doped and
(MgxCryZn1.xy0) ZnO prepared by combustion method.

Investigate the temperature effect on structural and optical properties
of undoped ZnO and MgxCryZn1.xyO prepared by combustion method.
Study the doping effect on structural and morphological properties
using (TEM) device.

The sample (0.05%Cr doped ZnO), have exhibited high transmittance
value, which is possible to be employed for manufacturing these
materials for certain applications such as transparent conductive and
optical windows in solar cells.

Study the doping effect on optical properties using (FT-IR) device.
Study the doping effect on electrical and dielectric properties using
(precession impedance analyzer) device.

Utilizing of other materials for doping ZnO and study their effect on its
properties.

High increased electrical conductivity that displayed by (Mg, Cr)
doped ZnO samples at room temperature can be suggested as
promising materials for optoelectronic and electronic applications

gadgets.
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Chapter Five Conclusions and Future Works

10. Crdoped ZnO prepared nanomaterial can be employed as Ferro-fluid
magnetic and biomedical applications.

11. Cr doped ZnO prepared samples are promising for employing these
materials in different applications, such as chemical sensors,
electrically controlled magnetic sensors and actuators, and advanced
optical switches, because Cr is a good candidate to enhance some
others characteristics of ZnO for.

12. By doping with Mg0O, which has a wider band-gap, the band-gap of
Zn0O can be modulated for the realization of light-emitting devices

operating in a wider wavelength region.
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