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Abstract

This practical work involves three main parts. The first part illustrates the
Luminol reagent, Luminol- tyrosine as ligand, and Fe(ll)-(Luminol-Tyrosine)
complex were prepared. Uv-Visible spectra, Fourier-Transform Infrared
Spectroscopy (FTIR), Proton Nuclear Magnetic Resonance Spectroscopy
(*HNMR), Elemental Micro Analysis (C.H.N), and melting point (m.p) were
confirmed prepared the top mention compounds. The hybridization of FelL,Cl,
complex is octahedral, which was investigated by using magnetic sensitivity
and mole ratio method and obtained the ratio between Fe(ll) and L is equal to
1:2.

The second part focused on the preparation of spinel CoCr,0O,4 using the co-
precipitation method. The surface of spinel COCr,0, was modified by chosen
the ZrO, to improve its properties. The synthesis composites from incorporated
spinel CoCr,Q,4 with ZrO, in different ratios (1:2 and 1:3) were performed using
the ultrasonic technique as a simple and friendly-environment method. Based on
X-ray diffraction (XRD), the spinel CoCr,O4, commercial ZrO, and spinel
CoCr,04 /ZrO, composites in different ratios (1:2 and 1:3) are nano-sizes with

ranged 8.1785 nm to 15.5823 nm. The sequence of mean crystal sizes values is
ZrO, < composite 1:3 < composite 1:2 < spinel CoCr,0;.

The scan electron microscopy (SEM ) given an idea of the morphology of the
surface of the studied photocatalyst. The spinel CoCr,O, shape and the rest
photocatalysts are found to be quasi-spherical, except ZrO, has a spherical
shape. Based on the SEM analysis, the range of the particle sizes for all studied
photocatalysts is found to be from 17.89 nm to 52.62 nm, which conformed to
all the studied samples regard as nano-crystals. Through the energy dispersive
X-rays (EDX) spectra, that demonstrated the photocatalysts are prepared
without any impurity. spectra detect the presence of Co, Cr,Zr and O in the



synthesized cobalte cromite and its nanocomposite materials. Tauc equation
was used to found the band gaps for studied photocatalysts and found the
bandgaps are indirect for all samples. The value of the bandgap for spinel
CoCr,Q, increases with increasing the ratio of ZrO, via the preparation of its

composites. The sequence of band gaps values is
Bg spinel CoCr,04 < Bg Comp.1:2 < Bg Comp.1:3 < Bg ZrO,,
and equal to 3.18 eV < 4.7 eV < 4.8eV< 5 eV, respectively.

In the third part, the application of studied photocatalysts was performed. The
photo-decolorization of FeL,Cl, complex at pH 7.3 was estimated using spinel
CoCr,Q4, commercial ZrO, and composites 1:2 and 1:3. The composite 1:3 is
the best composite compared with composite 1:2. The optimum doses which
used in photo-decolorization of FeL,Cl, complex are 0.1g/ 100 mL, 0.2 g/100
mL and 0.3g/ 100 mL for using spinel CoCr,0Q4, ZrO,, composite 1:2 and
compositel:3 respectively. The decreased temperature enhanced the
decolorization of the complex using spinel CoCr,0, and composite 1:3 but
inhibited the use of ZrO,. The activation energy for using composite 1:3 is less
than that using spinel CoCr,0, , and equal to -93.1084 kJ/mol and -46.2499 kJ
/mol, respectively.This behaver depends on structure of spinel that involving
from two metals in different oxidation state and hydridization (i.e Co (1) as

tetrahaydral and Cr(l11) as octahydral).
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Chapter One Introduction

1.1 General Introduction

Nanotechnology is an intriguing area that deals with particles smaller than 100
nm in size. Due to their tiny size, these particles have a high surface-to-volume
ratio . In other words, these particles have a large number of active sites, which
significantly increases their activity. Numerous kinds of nanomaterials have
been described in the literature for different applications[1], including
nanotubes, quantum dots, nanowires, nanocolloids, nanoparticles, and
nanofilms. Whereas, the bulk materials are particles with a diameter of greater
than 100 nm in all directions. The physical characteristics of bulk materials are
size insensitive. Nanoparticles (NPs) have the potential to be used in a variety of
applications, including water treatment facilities, oil refineries, petrochemical
industries, industrial processes, catalytic processes, structures and building
materials, diagnostics, and medication delivery[2].Nanocarbons may be used to
detect hazardous gases in the environment [3]. Gas sensors based on
nanocarbons have many benefits over traditional gas sensors [4,5]. These gas
sensors are very sensitive, use little power, and operate at a low temperature
(Figurel-1) illustrates a gas sensor made of nanomaterials. The sensor's

resistance or conductance has changed in response to direct gas contact.

Nanocomposite

Substrate

\ Etactiods /

Figure (1-1). Gas sensor[5].
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Carbon nanoparticles have been utilized in the treatment of wastewater [6,7].
(Figurel-2) illustrates the sorption behavior of pollutants in water. These
nanoparticles have a large surface area, a high number of active sites, a uniform

pore size distribution, and an extraordinary capacity for sorption.

Toxic metal
particles

Waste water Nanocomposite addition Purified water

Figure(1- 2). Sorption behavior of nanosorbents[8].

1.2 Classification of nanomaterials

Nanomaterials may be categorized based on several factors. The size, shape,
condition, and chemical content NMs are frequently classified according to their
[9]. Furthermore, their size, which varies between 1 and 100 nm in at least one

dimension, determines their categorization as shown in Figure(1-3) [10].
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Classification of Nanomaterials

!
+
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& ® :{r' xg Ff-: v" Semiconductor NMs
v 5% v' Polymeric NMs
v Nanogels
v Core-Shell NMs
Figure (1-3). Diagrammatic representation of the categorization

nanomaterials according to several criteria.

1.3 Composite nanomaterials

Composites are solid materials made up of many phases, at least one of which is
smaller than 100 nm in size, or structures with a nanoscale repetition spacing
between phases [11,12]. Nanometer-scale physical dimensions are constantly

utilized in the fabrication of composite structures. A composite material
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composed of multiple materials may exhibit a variety of characteristics,
including flexural strength, water absorption, optical properties, wear, and gloss
retention [13]. For reactive orange dye adsorption, the Box—Behnken design can
be employed to make chitosan—tripolyphosphate/TiO, nanocomposites that
require less energy and chemicals [14] When components were combined to
form nanocomposites, the surface area of the materials rose from 0.156 m?/g to
2.75 m?/g. Through a variety of interactions, such as electrostatic interactions,
n- interactions between lone pair of electrons delocalized into the -orbital,
dipole-dipole hydrogen bonding, and Yoshida H-bonding, composite materials

enable the material's adsorption capacity to be increased [15].
1.4 Semiconductor nanomaterials

The word semiconductor refers to a class of materials that exhibit electrical
characteristics that vary from those of insulators and conductors, with their
electrical conductivity values falling between these two categories. Insulators
are sometimes thought of as extremely large bandgap semiconductors (see
Figure 1-4).

Zssss

F occupied states

CneTgy

- space coordinates

melals semiconductor insulator

(a) (b) (c) (d)

Figure (1-4). Occupation states for the following materials: (a) (b) Metals, (c)
Semiconductor, and (d) Insulators (CB: Conduction Band and VB: Valence Band) [16].
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The bandgap energy of semiconductors is on the order of kT. Although most
semiconductors are crystalline solids, some amorphous materials and liquids
show comparable characteristics. They may be made up of a single pure
element (from the periodic table's column 1V) or a compound (from columns |11
and V, Il and VI, IV and VI, or different group IV elements). A critical
difference between direct and indirect bandgap conductors is required for
optoelectronic applications. As explained in (Figurel-5), direct bandgap
semiconductors (such as InP and GaAs) have a valence band maximum that
corresponds to the conduction band minimum when the wave vector Kk is null.
As a result, an electrical transition from the lowest energy level of the
conduction band to the highest energy level of the valence band is feasible
without changing the wave vector value. On the other hand, some
semiconductors have a conduction band minimum that is not zero in
momentum. This indicates that, in addition to energy loss, electron relaxation
results in a change in momentum (i.e. the emission of a phonon). Radiative
recombination is thus considerably less likely to occur than in a straight
bandgap semiconductor since the radiative recombination period will be longer
and therefore the majority of recombination will be non-radiative (via phonon
emission at defect locations)[17]. As a result, direct-gap semiconductors are
much more efficient at generating light. The bandgap energies are influenced by
pH and electrons move between the smallest conductive band called the lower
occupied molecular orbital (LUMO) and the largest valence band in most
semiconductors, this is referred to as the high molecular orbital occupied
(HUMO) [18].
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InP Si

Free-carrier
absorption

Electrons

Energy

recombination

Auger
recombination
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.‘..’
‘
4

e e D

Figure (1-5). Energy band diagrams showing main carrier transition processes in

crystals of indium phosphide (direct bandgap) and silicon (indirect bandgap) [17].

When examining the photon/semiconductor interaction in optoelectronic
devices, three different processes must be considered, as shown in Figure (1-
6). The first is spontaneous emission, in which an electron loses energy
while transitioning from the conduction to the valence bands and emits it as
a photon. The second is absorption: absorption occurs when a photon of
certain energy stimulates an electron to a higher energy level. Finally,
stimulated emission occurs when an electron-hole pair is recombined by a
photon with an energy equal to the difference between the two energy levels.
The second photon of equal energy is emitted. Other types of
semiconductor/light interaction, such as non-radiative recombination, Auger
recombination, and Shockley-Read-Hall recombination, may need to be

considered during the device's design[19].
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a) b)
CB DD DD

hv

@ Electron

O Hole
NN\"—» Photon

—\N\"—> hv
VB o
CO09 @ @ OO

Figure (1-6). The types of electron-photon interactions in semiconductors:
(a) spontaneous emission,(b) stimulated absorption, and (c) stimulated

emission[19].
The semiconductor NMs are classified into two categories:

1. Inherent semiconductors, which are comprised of pure compounds or
elements that are not doped and are present in the structure due to the presence
of other metals. The temperature coefficients of resistance of intrinsic
semiconductors are negative, which is their primary feature. This implies that as

the temperature rises, the material's resistance lowers and its conductivity rises.

2. Extrinsic semiconductors, which are a kind of material added to other metals
through doping to improve their conductivity, such as type-n and type-p
semiconductors. Figure(1-7). is a description of some properties of

nanomaterials and a brief explanation of each property[19]
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NPs have mechanical characteristics
that are distinct from those of
microparticles or bulk materials.
NMs have a high surface area and
are easily modified, which results in
a rise in mechanical characteristics
like hardness, adhesion, stress and
strain, and elastic modulus.
Mechanical characteristics are shown
by NPs derived from a class of
inorganic chemicals, while organic
molecules typically exhibit poor
mechanical properties. Thus, it is
common to enhance the mechanical
characteristics of organic molecules
via the addition of inorganic
substances.

NPs' optical characteristics,
particularly those of
semiconductor materials, are
critical for a variety of
applications, including
photocatalysts and photovoltaics.
Basic light concepts and the
Beer—Lambert equation may be
used to establish the optical
characteristics. The enhanced
absorption of wavelengths in
semiconductor NPs is
determined by a number of
variables, including the size
distribution, shape, and size of
the NPs, as well as the kind of
modifiers used.

Because NPs have a high
surface area, heat exchanges
occur directly on the
material's surface. The
thermal characteristics of
NPs are mostly determined
by their high surface area,
mass concentration, the ratio
of energic atoms in NPs, and
the percentage of NP volume
distributed

A4

The electronic characteristics of nanoparticles vary
according to their size, surface area, chemical

The magnetic characteristics of NPs are affected by their
particle size . Generally, the change in particle size is very

composition, and modification . Additionally, this
kind of alteration results in altered electrical
properties. Thus, the addition of inorganic
chemicals to polymer systems improved the
electrical characteristics of the polymer
nanocomposites .

minor and has little effect on the metals' lattice
characteristics. However, for metals with metal oxides on th¢
surface, the lattice parameters of the metals may vary when
the particle size changes owing to mismatches between the
metal's lattice parameters and those of the metal oxides,
resulting in additional interfacial tension on the surface. As a
result, the magnetization value will vary as the particle size
changes.

Figure (1-7). General Properties of the Nanomaterials[20-24].
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1.5 Nanomaterials Quantum Dots ( NQDs)

Due to their nanoscale size and flexibility to be tailored for specific applications
such as nonlinear optical devices (NLO), electro-optical devices, and
computers, quantum dots (QDs). It is known as semiconducting nanoparticles,
are prospective zero-dimensional advanced materials [25].QDs are nanoscale
semiconductor particles with optical and electrical characteristics that differ
from those of bigger particles owing to guantum mechanics. Since QDs absorb
white or ultraviolet light and reemit it at a specific wavelength, they exhibit
unique optical and electrical characteristics. Here, electrons in the conduction
band, holes in the valence band, and exactions are constrained to three spatial
dimensions. Quantum mechanical factors dictate the electronic characteristics of
semiconductors in the 1-10 nm range. Thus, quantum dots are nanospheres with
a diameter of 1-10 nm, and their optical characteristics are very shape-and size-
dependent. The photogenerated electron-hole pair’s exciton diameter is on the
order of 1-10 nm. It is possible to regulate the absorption and emission of light

using semiconductors by altering the nanoparticle size in this range [26].

1.5.1. Core — Shell Structure Quantum Dots.

A popular way for designing the QD surface is to use a core-shell structure [27].
The inorganic core of nano-heterostructures is covered by a separate of different
semiconductor material as an epitaxial shell, which improves the coupling
strength between QDs. Type I, type Il, and type Il as in the figure(1-8).
arrangements may be constructed based on the semiconductors' band positions.
In a type | structure, the conduction and valence bands of the core
semiconductor are proportionately greater and smaller than those of the shell
semiconductor, resulting in electrons and holes being constrained in the core. In

type Il and Il structures, the band edges of the core semiconductor are
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staggered from the band edges of the shell semiconductor, resulting in lower
recombination rates due to spatially separated electrons and holes [28]. As a
result, heterojunction topologies affect device performance in a variety of ways.
Typically, type | QDs with shielded electronic states of the core material are
advantageous for obtaining the high photoluminescence quantum yield required
for high-efficiency electro-luminescence, whereas, type Il core/shell QDs are
advantageous for charge separation and transport between QDs. As a result,
type | quantum dots with charge confinement capabilities are favored for
memory applications. The reported core shell quantum dot memory systems are
mostly focused on type | quantum dots, such as ZnSe/ZnS, CdSe/ZnS,
InP/ZnSe, CdS/PbS, and CulnS,/ZnS [29], type Il quantum dots, such as
CdS/HgS, CdS/CdSe, ZnSe/CdSe [30] , and MgO/ZnO[31], and type IlI
guantum dots, such as ZnTe/CdSe, CdTe/CdSe, CdS/ZnSe[32].

A

o] (2] o G0 0

Type I Heverse Type ]I Type 111

Figure (1-8). The three types of core-shell nanocrystals. The upper and lower edges
represent the upper and lower energy edges of the core (blue) and the shell (red)[28].

Carbon quantum dots are a novel kind of carbon nanoparticle. They are one-
dimensional discrete and quasi-spherical nanoscale carbon particles with a
diameter of less than 10 nm [31]. Carbon quantum dots have several unique
properties that make them exceptional materials for a variety of applications,
including the following[34-36]. (i) tunable photoluminescence characteristics

and excellent multi-photon excitation; (ii) biocompatibility and minimal

10
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toxicity; (iii) certain unique quantum confinement phenomena; (iv) water
solubility owing to the abundance of oxygen-containing groups; and (v) cost
efficiency and environmental friendliness. They have an abundance of
functional groups containing oxygen on their surface, such as carboxylic acids.
Carbon quantum dots incorporated may significantly improve charge transfer
and separation efficiency, inhibit photoexcited carrier recombination, and
narrow the bandgap. Carbon quantum dots have several benefits over traditional
semiconductor-based quantum dots, and as a result, have garnered significant
scientific interest [37]. They have gained prominence in recent years because of
to fire exceptional properties in the areas of light-emitting diodes,

nanomedicine, solar cells, sensors, catalysis, and bioimaging.
1.5.2 Optical Properties of Quantum Dots.

In bulk semiconductors, free carriers form when the energy of a photon exceeds
the semiconductor bandgap. The recombination rates of holes and electrons are
quite high in bulk semiconductors with high permittivity and low Coulomb
binding energy. Whereas, the quantum and dielectric confinement influenced in
QDs produce a high light absorption resonance and allow for the electrons to
pass between discrete states. The excitons are formed when electron-hole pairs
with high binding energy are created as a result of QDs absorption of light at
specific photon energy. Based on quantum dots direct bandgap, the electron-
hole recombination is frequently accomplished through a band-to-band radiative
transfer with almost monochromatic hues owing because of the quantized
electronic states. The High-density interstitial trap states are produced on the
surface of QDs through dangling bonds, resulting in competitive edge
recombination (figure 1-9). Irradiation trap recombination may be aided by
ligand passivation, which reduces the density of unintended traps. The charged
QDs may give birth to excitons by a more effective Auger mechanism with
subsequent stimulation. After the absorption of multiple photons with high
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excitation densities, numerous excitons would be produced in a single QD. A
single electron-hole pair may be driven to a high energy state (hot excitation)
and subsequently relaxed to the band-edge state without emitting radiation
throughout numerous exciton production cycles (cooling process). The cooling
process stores enough energy to ignite another electron-hole pair across the
bandgap. The ability of QDs to double the number of carriers is a key feature

since it allows photoelectric memory applications to use QD films[38].
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Figure(1-9). Schematic diagram for the common recombination kinds. A. Direct
recombination (band-to- band recombination). B. Volume recombination (centers
recombination or Trap-assisted recombination). C. Surface recombination

(recombination of an exciton). D. Auger recombination [38].

1.6 Unique Nanomaterial Features

In aggregate, these properties have made nanoscale materials attractive for a
broad variety of applications, significantly improving the performance of a
variety of devices and materials across a variety of disciplines. Numerous
nanoparticles are discussed in detail, along with their characteristics and

applications in a variety of areas.

12



Chapter One

Introduction

Table(1-1). Some nanomaterial features.

feature

the details

1 Surface area

The surface areas of nanomaterials are generally substantially high compared
with their bulk counterparts, and this property is associated with all

nanomaterials.[39]

2 Magnetism

The magnetic behavior of elements can change at the nanoscale. A non-
magnetic element can become magnetic at the nanoscale level.[40]

3 | Quantum effects

Quantum effects are more pronounced at the nanoscale level. However, the
size at which these effects will appear strongly depends upon the nature of
the semiconductor material.[41]

4 | High thermal
and electrical
conductivity

According to the nature of the nanomaterial, extraordinary thermal and
electrical conductivity can be exhibited at the nanoscale level compared to
bulk counterparts. One example of this is graphene attained from
graphite.[42]

5 Excellent Nanomaterials exhibit excellent mechanical properties that are absent in their
mechanical macroscopic counterparts.[43]
properties

6 Excellent 2D sheets of various nanomaterials have provided the opportunity for the
support for good dispersion of nanoparticles of active catalyst, enhancing the catalyst
catalysts performance substantially.[44] Recently, catalysts have been atomically

dispersed on 2D sheets of nanomaterials to boost performance.[45]

7 | Antimicrobial
activity

Some nanomaterials possess antiviral, antibacterial, and antifungal properties
and have an excellent capacity to deal with pathogen-related diseases.[46,47]
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1.7 ZrO2 and Spinel CoCr.0O4 as Photocatalysts:

1.7.1 Zirconium Oxide (ZrOz)

The ZrO, nanoparticles have attracted a lot of attention due to their various
potential applications [48] and also contribute significantly to photocatalysis
research because of their have a high surface-to-volume ratio [49]. ZrO; is
regarded as an n-type semiconductor with a bandgap of 5.0 eV (248 nm) and
exhibits excellent photocatalytic activity when exposed to UV light [48]. The
photogenerated charge carriers have a broad bandgap, which gives them a high
redox ability. ZrO, has three distinct crystalline forms at atmospheric pressure:
monoclinic (1170 °C), tetragonal (between 1170 °C and 2370 °C), and cubic (>
2370 °C). Additionally, it possesses infrared frequencies that are distinct from
cubic (480 cm™), tetragonal (435 cm®), and monoclinic (270 cm™) forms. This
implies that the optical phonon energy of ZrO, is structure-dependent [50]. The
large uses of ZrO, nanoparticles are highly dependent on their crystalline
structure and phase transitions. ZrO, nanoparticles have very low thermal
conductivity and a high coefficient of thermal expansion [51,52]. Additionally,
these materials have a variety of technical uses because of their high strength,
durability, superior wear resistance, stiffness, and resistance to thermal stress
material [53]. However, owing to its bandgap (5 eV), hence, the visible area
light absorption is limited, photo-excited charge carrier separation is limited,
and photo-generated charge carrier recombination is rapid, and limiting its use
as an effective solar photocatalyst material. To address the aforementioned
issues and to enhance the photocatalytic activity of the material, doping with
transition metal ions is an efficient approach with improving the physico-
chemical characteristics especially the bandgap energy under visible light
[54,55]. Moreover, the addition of dopant ions may promote the adsorption of

organic pollutants onto the surface of the semiconductor, thus increasing the
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host material's catalytic activity. Additionally, the crystallite size, phase purity,
dopant type, and synthesis method may all affect the oxides' photocatalytic
activity [56].

1.7.2 Spinel Cobalt Chromite (CoCr204)

Spinel nanomaterial is a significant material that has attracted a lot of attention.

There are three distinct kinds of spinel structures, each of which has the general
formula AB,O,, where A and B denote tetrahedral and octahedral sites

coordinated by oxygen atoms, respectively[57].

1-normal spinel, divalent cations prefer the A site, whereas trivalent cations

choose the B site such as CoCr,0O4 and MnzOs .

2-inverse spinel, divalent cations prefer one of the B sites, whereas trivalent

cations alternate between the A and B sites such as Fe3;Os and NiFe2Oa.

3-mixed spinels, which contain two or more distinct divalent cations dispersed
across the A and B sites. It turns out that the magnetic behavior of these
compounds depends on the cation type and its distribution in the spinel lattice
such NiAl,O..

As a consequence, materials' characteristics may be modified for technological
purposes. CoCr,Q4, one of the normal spinels, where Co?" ions occupy the A
site and Cr®* ions occupy the B sites. It is unique as it not only displays uniform
polarization and spatially modulated magnetism but also exhibits uniform
magnetization in the conical cycloid state. The conventional spinel cubic
structure shows up with two kinds of cation sublattice. In the A sublattice, there
are Co?" ions that occupy the tetrahedral (A) sites, and in the B sublattice, Cr3*
ions are occupying the octahedral (B) sites[58-60]. As explained in Figure (1-
10).

15



Chapter One Introduction

VA

A B

Figure (1-10). A.Crystal structure of CoCr,O4 conventional cell, B. Structural
formula of the spinel CoCr,Q, [61].

The Magnetic characteristics of the spinel CoCr,04 greatly rely on the number
of cations that are grouped at sites A and B in the spinel. NP-influenced
magnetic characteristics also differ between single NPs and their counter bulk
material[62], which is consistent with their lattice distortion, surface
Imperfections, and the existence of interactions between NPs. When it comes to
the family of chromites, cobalt chromite nanoparticles (CoCr,O, NPsS) have
become popular because of their multiferroic characteristics. The spinel
CoCr,0,4 has a cubic spinel structure with multiferroicity, and a conical spin
ordering has been discovered in this material. Neutron diffraction experiments,
conducted down to 11K, have demonstrated the preservation of the cubic phase
[63,64]. Due to the conflicting Co-Co, Cr-Cr, and Co-Cr interactions, cobalt

chromate nanoparticles undergo three sequential magnetic transitions:

1. At temperature collinear (T¢) 95 K, the magnetic transition from
paramagnetic to ferromagnetic(FIM) phase happens;

2. at temperature non-collinear spiral (Ts) 26 K, the magnetic transition
from FIM to an incommensurate conical-spiral phase happens;
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3. at temperature long-range collinear (T.) 14 K, the magnetic transition
from ferromagnetic (FIM) to an incommensurate conical-spiral phase

happens [65].

Following a recent increase in popularity, cobalt chromate (CoCr,0O4) samples
have been of interest due to their physical and possible uses[66]. Kind-II
multiferroic materials, such as pristine spinel CoCr,O4 nanoceramics, are a type
of material that manifests magnetoelectric coupling as well as two or more
ferroic features. Storing charges in electronic memory devices are made much
more efficient using these nanoceramics [67]. In recent years, there has been a
lot of focus placed on Cobalt Chromite (CoCr,0,) as a ceramic pigment because
of its relevance in both industrial and research applications. Spinel CoCr,0;, is
extensively employed as a plastic colorant, paint colorant, porcelain colorant,
and ceramic decoration pigment owing to its chemical and thermal durability, as
well as color stability [69-70]. However, just a few studies have looked at the
appealing optical features of this ceramic pigment, which will be exploited to
make color solar absorber coatings from [71,72]. Spinel CoCr,O, ceramic
pigments have been synthesized using thermolysis [73] and combustion
processes [74]. The sol-gel combustion method is quick and easy to scale up, as
it only requires a minimal amount of sol. This method produces pigments that
are more homogeneous and have smaller particles. This method produces

pigments that are more homogeneous and have smaller particles.

1.8 Methods of Nanomaterials Preparation

There are many common procedures to prepare nanomaterial that include

a. Physical methods (Top-down approach); depended on the transfer of the
material size from micro to the nanosize such as mechanical milling,

Leaser ablation, ultrasonic. etc.
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b. Chemical methods( Button — up approach); depended on the transfer of
the material size from Angstrom to the nanosize such as co-precipitation,
sol-gel, hydrothermal, solvo-hydrothermal...etc

c. Mixed from the top mention approach such as prepared certain material
by co-precipitation then incorporated it with other material using
ultrasonic waves. In this work, the spinel was prepared by coprecipitation
then combined with zirconia using ultrasonic waves, so, the principles of

co-precipitation and ultrasonic will display in this chapter[75,76].

1.8.1 Co-precipitation Method

The most common approach for the synthesis of nanomaterials is co-
precipitation. Nanoparticles are formed when aqueous solutions of raw
materials are co-precipitated. This technique involves the heat breakdown of
solids and the precipitation of their constituents. The whole process is divided
into four stages: i)particle nucleation, ii)growth, iii)coarsening, and
vi)agglomeration. For the production of monodispersed nanoparticles, the
nucleation and development stages must be well regulated. Both the nucleation
and synthesis stages may be regulated by modifying the reactant mixture ratio,
the reaction parameters, adding surfactants, changing the solvent, and changing
the injection sequences. Particles with relatively rapid nucleation and growth
rate have resulted in monodispersed nanoparticles[77]. The slow growth mode
results in the Oswald ripening of nanoparticles’ molecules, while the rapid
growth mode results in a scattered distribution of nanoparticles' sizes and an
uneven morphology. During the Oswald ripening phase, smaller particles vanish
while larger particles continue to develop. This tendency is attributed to
molecules that are the least stable on the particle surface. Within the particles,
the molecules are already packed and well-ordered. Due to the decreased

volume-to-surface ratios of the big particles, low energy states are produced.
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When a process tries to save energy, molecules on the surface of smaller

particles diffuse into the solution and connect to the larger particles[78].

Co-precipitation is a commonly utilized technique in biomedical applications
since it utilizes less toxic ingredients and procedures. This technique produces
metallic nanoparticles from aqueous salt solutions by adding base materials
such as NaOH, Na,COgs or NH; to the solution at ambient temperature in an
inert environment. The particle size and shape are depended on the salt type, the
pH value, the reaction temperature, the stirring rate, the dripping speed of the
basic solution, and the media's ionic strength. Occasionally, co-precipitation
results in particles with a broad size distribution, necessitating the selection of
secondary sizes [79]. It has high reaction speed, lower equipment requirements,
improved performance of the prepared powder, high activity, and purity, and is
a common method for preparing nanoparticles [80]. However, owing to the
nonuniformity of the reaction, products with uniform performance can not be
produced. Simultaneously, co-precipitated ions are tiny in size and exhibit
significant agglomeration, making further separation problematic [81,82], used
ultrasonic-assisted with co-precipitation to develop a technique for producing
nanoparticles with a homogeneous particle size distribution and a good
performance at low temperatures. When co-precipitation was combined with
ultrasonic irradiation, the chance of getting a single spinel phase was greatly
boosted, according to the results[83]. As a consequence, it is clear that
incorporating ultrasound-assisted technology into the co-precipitation process
may result in outstanding outcomes. As shown in Figure(1-11).
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Figure (1-11). Schematic depiction of the synthesis of CoCr204 by co-precipitation and
ultrasonic irradiation.

1.8.2 Ultrasonics Method

Ultrasound is a kind of acoustic wave that facilitates various chemical processes
by causing chemical damage during the sonication process, resulting in the
development, creation, and implosion of bubbles. Its acoustic cavitation event
inside the liquid solution [84-86]. When ultrasonic waves were employed in
conjunction with any solution, the reaction conditions, such as a change in
vapor pressure, bubbles burst due to transitory pressure with the temperature
were observed [87-89]. There are two Kkinds of transition of ultrasonic

irradiation to be usual in the preparation method:

1. Indirect ultrasonic irradiation, as shown in Figure (1-12) (a). When the
transducer's ultrasonic irradiation reaches the target solution after passing
through the mediator fluid (i.e. water).

2. Direct ultrasonic irradiation, the ultrasonic transducer is in direct touch
with the reaction vessel. The transducer may be connected to the reactor's
bottom (Figure 1-12 (b)) or positioned inside the reactor (Figurel-1 2

(©)).
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Figure (1-12). (A)Indirect ultrasonic irradiation, (B)direct ultrasonic irradiation in a
bath,(C) and direct ultrasonic irradiation using a horn [90].

The ultrasonication-assisted synthesis of nanocomposite materials has piqued
people's interest all over the world nowadays, Because of its broad range of
applications in a variety of fields such as medicine, chemistry, industry, and the
environment[89,91]. Specific research indicated that ultrasonic treatment might
be used to manufacture nanoparticles [92]. While others demonstrated that the
particle size remained constant at 10 nm and could not be further decreased by
raising the ultrasound strength above a certain amount [93]. The large process
of ultrasound particle refining may be qualitatively described in terms of
acoustic radiation force and ultrasonic cavitation effect [93,94]. However, the
quantitative connection between ultrasonic conditions and particle size has not
been completely disclosed for the production of metal nanoparticles. Based on
its frequency, ultrasound is categorized as power ultrasound[95] to three

frequency ranges.

a. low-frequency ultrasound (20-100 kHz).
b. high-frequency ultrasound (100 kHz—-1 MHz).
c. diagnostic ultrasound (1-500 MHz).
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In general, chemical systems use ultrasound with a frequency range of 20 kHz—
100 kHz [94]. By transmitting ultrasound through water or a variety of other
liquids, areas of high and low pressure are produced inside the liquid as a result
of the ultrasound's periodic expansion and compression [97]. This phenomenon
obtains in liquid mediums and results in the creation, growth, and collapse of
bubbles [98]. During the expansion of the ultrasound, little bubbles are formed.
Moreover, the produced bubbles expand as a result of the energy absorbed
during the alternating compression and expansion cycles [99]. Finally, the
bubbles reach a threshold size and quickly disintegrate after a few acoustic
cycles. It may be expected that virtually little heat transmission occurs between
the interior of the bubbles and the surrounding medium during the bubbles'
rapid transitory collapse. As a result, the pressure and temperature inside the
bubbles' cores increase to several hundred atmospheres (1000 atm) and
thousands of Kelvins (5000 K) [99].

Ultrasonic therapy has several benefits, including high frequency, excellent
directionality and transmissibility, a high energy concentration, high
reflectivity, and ease of use. Historically, ultrasonic treatment has been
extensively utilized to synthesize a variety of nanomaterials and their
composites, including metal nanoparticles, colloidal sols, catalytic materials,
and proteins [100]. Despite the widespread use of ultrasound, the process by
which ultrasound influences the size and dispersibility of particles remains
poorly understood. When metal nanoparticles are produced, their sizes may
range from a few nanometers to the micron scale, depending on the material
systems, reaction processes, experimental settings, dispersants, and other
solution additives [101].

1.9 Luminol
The chemical reagent Luminol with the ITUPAC name (5-amino-2,3-dihydro-
1,4-phthalazinedione) is employed in forensic, environmental, biomedical, and

22



Chapter One Introduction

clinical sciences. It’s most commonly used in crime scenes to illuminate

bloodstains that aren’t immediately apparent to the human naked eye.

Luminol's chemiluminescence is catalyzed by the hemoglobin that is found in
blood and has been utilized as a very sensitive forensic test for blood. Luminol
has a strong reaction with some types of reagents, including strong reducing
agents, strong oxidizing agents, strong acids, and strong bases. According to a
report[102]. Only oxygen and a strong base are required for luminol
chemiluminescence in aprotic media (dimethylsulphoxide or
dimethylformamide), whereas in protic solvents (water, water -solvent mixtures,
or lower amount of alcohols), various oxygen derivatives such as (molecular
oxygen, peroxides, superoxide anion) can oxidize luminol derivatives but
require a catalyst, either enzymes or mineral photocatalysts[102]. The
mechanism of the luminol light-emitting process has appeared in (figurel-13).
The oxidation of the luminol process starts with the excitation of an
intermediate molecule, which creates light when it returns to its ground state
[103].
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Figure (1-13). The Iluminol light-emitting process under using a
catalyst[101].

Because luminol light-emitting and reacted with a trace amount of iron hence, it
Is extensively employed in forensic research to identify blood traces due to the

iron in the hemoglobin protein catalyzing this reaction. Albrecht invented
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luminol chemiluminescence in 1928 [104] and it has since been the subject of
many basic investigations, as well as the creation of commercial analytical test
kits [104]. The main drawback of employing luminol is to detect the blood
include false-positive findings, a lack of specificity, and a dark environment. As
a result, it is necessary to discover more stable chemiluminescence chemicals
[102].

1.10 Photocatalytic Degradation of Colored Materials

At the moment, photocatalysis is one of the most effective ways of degrading
the organic colored compounds such as dyes, organic ligands, and metal-organic
ligands complexes through the production of Reactive Oxygen Species (ROS)
[105]. While photocatalytic processes seem to be a very promising technique for
the treatment of endocrine-disrupting chemicals (EDCs) such as household
chemicals, fabrics treated with flame retardants, cosmetics, lotions, products
with fragrance, and anti-bacterial soaps, their efficacy is largely dependent on
the photocatalysts' performance [106]. In the aquatic environment,
photodegradation is a significant abiotic degradation process [107]. Numerous
research has been conducted in recent years to eradicate these contaminants
using optical catalysts, with the conclusion that a photocatalytic degradation
process is an eco-friendly approach that does not result in secondary
contamination. During light exposure, photocatalysts and electron-hole pairs
were generated which are now participating in the process of accelerating dye
degradation [108]. Furthermore, under specified conditions, such as
temperature, pressure, and concentration, extremely safe and effective
photocatalytic technologies are utilized to eliminate chlorinated phenolic
chemicals. Generally, the by-products of the photocatalytic process are benign
or have low toxicity [109]. Direct photo-breakdown in aquatic conditions, like
dye degradation, is a key mechanism for pesticide degradation [110]. In
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summary, photo-degradation encompasses processes such as photo-chemical

mineralization, photo-priming, and microbial photo-inhibition [111].

X , 1 Azo dye
Azo dye
Solar Irradiation
T |:> C02 + H20 + mineral acid
or UV light
InO
Photocatalyst

H,0 OH + Azo dye

Figure (1-14). A schematic illustration of the photocatalytic mechanism.

Thus, heterogeneous photocatalysis is a very effective method for resolving
environmental crises [112]. It has paved the path for the creation of novel
semiconductor photocatalysts capable of performing photochemical processes,
as displayed in Figure (1-14). However, the high recombination rate of photo-
generated electron-hole pairs produced during the photo-degradation process
restricts the effective degradation. To circumvent the quick recombination of
photogenerated electron-hole pairs, a variety of research methods have been
suggested for the preparation of CuO, ZnO, Fe, and TiO, nanoparticles coated

with supporting materials for the removal of organic dyes [113].

While semiconductor materials with a bandgap energy of less than 2.5 eV are
effective under solar or day sunlight, those with bandgap energy higher than 2.5
eV may be utilized as photocatalysts under UV light for the dye degradation
process [114]. However, semiconductor photocatalysts with band gaps of 2. 3

eV may be effective in both ultraviolet and solar radiation. Recent research has
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concentrated on the production of semi-conductors and on coupling them to low
bandgap energy substrates to create UV-active catalysts with an enhanced
surface and catalytic activity. In the case of semiconductor nanoparticles,
photocatalytic reactions are inhibited primarily owing to nanomaterial
aggregation, decreased adsorption capacity, decreased surface area, and the
catalyst's recyclability. To address these limitations, porous materials such as
silica, alumina, activated carbon, fly ash, and MCM are employed as supports
for metal sulfide or metal oxide photocatalysts. As a result, the catalysts'
specific surface area and adsorption efficiency were increased [115]. The
general dye degradation process of a semiconductor nanocatalyst composed of
tertiary metal oxides (ZnO/TiO,/Ag,0) is shown in Figure (1-15). To make
ZnO a semiconductor material suitable for use as a solar active catalyst, it may

be coupled with other materials having a small bandgap, such as Ag:0.

o5 02 o 0,

HO OH,

MB dye* + 'OH = Mincral acids + CO, + HO

MB dye* + O,” —— Mineral acids + CO, + H,O

Figure (1-15). The general process of dye degradation by a semiconductor nanocatalyst
composed of tertiary metal oxides (ZnO/TiO2/Ag20) [115].
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1.11 Literature Review for the Synthesis of Spinel CoCr204, ZrO:
and Luminol.

There are many recent literature review for synthesis of photocatalyst.
L.G. Wang and co-workers [116] in 2017, investigated the exchange bias effect
in CoCr,04/NiO system prepared by a two-step method. CoCr,O4/NiO has been
successfully synthesized through a two-step method. X-ray diffraction results
present the coexistence of CoCr,0O4 and NiO with pure formation. Micrographs
measured with a scanning electron microscope and transmission electron
microscope display the homogeneous and dense morphology with two kinds of
nanoparticles. Also, Yuting Hao and co-workers [117] in 2017, prepared the
Multilayer and open structure of dendritic crosslinked CeO,-ZrO, composite:
enhanced photocatalytic degradation and water splitting performance. Using
polystyrene spheres and EO»PO7EO, as double templates, a three-
dimensionally ordered macroporous (3DOM) CeO,-ZrO, material was
synthesized by the sol-gel method combined with the decompression filling
method. The composition, structure, morphology, and surface physicochemical
properties of the material were characterized by XRD, XPS, UV-Vis/DRS,
SEM, TEM, HR-TEM.

E. Berei and co-workers [118] in 2018, reported a novel route for the
preparation of CoCr,04/SiO, nanocomposite starting from Co(I1)-Cr(lI11)
carboxylate complex combinations. Preparation and characterization of the
spinel CoCr;O4. In order to obtain 20% CoCr,04/80% SiO;and 50%
CoCr,04/50% SiO, (mol%) nanocomposites, His used a versatile pathway
based on the thermal decomposition of some particular precursors, Co(ll) and
Co(lll) carboxylate-type complex combinations, inside the SiO, matrix. .
Eunpyo Hong and co-workers [119] in 2018, Catalytic methane combustion
over Pd/ZrO; catalysts: Effects of crystalline structure and textural properties.

Zirconia supports were synthesized via a precipitation method, and the effects
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of crystalline structure and textural properties of ZrO, on the methane
combustion reaction were investigated using the Pd/ZrO, catalysts. Jun-Ying
Huang and co-worker [120] in 2019, reported the Synthesis and
characterizations of CoCr,0, /C composite using high energy ball-milling
technique as novel anode materials for Li-ion batteries. synthesize CoCr,0,/C
composite (CCO/CB) as novel anode materials for Li- ion batteries by using
hydrothermal reaction and high energy ball milling technique. The crystal
structure and surface morphologies of as-prepared samples are carried out by X-
ray diffraction (XRD), scanning electronic microscopy (SEM). Eunpyo Hong
and co-workers [121] in 2019, published the Methane decomposition and
carbon deposition over Ni/ZrO, catalysts: Comparison of amorphous,
tetragonal, and monoclinic zirconia phase. The influence of the crystal phase of
ZrO, on the catalytic performance of methane decomposition and the properties
of deposited carbon on Ni/ZrO, catalysts was investigated. Ni/ZrO, catalysts
were prepared by incipient-wetness impregnation method with 5% Ni loading,

using amorphous, monoclinic, and tetragonal ZrO, as supports.

K. Nadeem and co-workers [122] in 2020, have done Magnetic phase diagram
and dielectric properties of Mn-doped CoCr,O, nanoparticles. Effects of
Manganese (Mn) substitution on the magnetic and dielectric properties of spinel
phase Co1-xMnxCr,04 (0.0 x 1) nanoparticles (NPs) have been studied. X-ray
diffraction and Fourier transform infrared spectroscopy analysis showed the
normal spinel structure for all the samples. Meng Zhang and co-workers [123]
in 2020, have done Effects of the surface adsorbed oxygen species tuned by
rare-earth metal doping on dry reforming of methane over Ni/ZrO, catalyst. the
effects of the surface adsorbed oxygen species tuned by doping with different

rare-metal metals (such as Ce, La, Sm, and Y) on the catalytic behavior were

elaborated systematically.

28



Chapter One Introduction

There are many recent literature review for Luminol.

K. L. Lin and co-workers [124] in 2017, reduced Luminol and gold
nanoparticle-co-precipitated on graphene oxide hybrids with long-persistent
chemiluminescence for cholesterol detection. Herein, dual-functionalized
reduced graphene oxide (rGO) hybrids (rGO/AuNP/luminol) with gold
nanoparticles (AuNPs) and luminol were prepared via m=—n conjugation and
electrostatic interaction. the proposed method was successfully exploited for the

determination of cholesterol in human serum samples.

L. Zhang and co-workers [125] in 2018, reported procedure for Silicon quantum
dot that involved luminol chemiluminescence and its sensitive detection of
dopamine. Water dispersible silicon quantum dots (SiQDs) were synthesized
by in situ growth under microwave irradiation. The prepared SiQDs were
characterized by transmission electron microscopy, FT-IR, and fluorescence
spectroscopy. Under neutral conditions, a weak chemiluminescence (CL) signal
was obtained in luminol/K;S;0g and SiQDs/K,S,0g mixed solutions, while a
strong CL signal was obtained in the presence of luminol, K;S,0s, and SiQDs.
The CL spectra revealed that two luminophores were involved in the present CL

system.

L. Yue and co-worker [126] in 2020, reported manuscript in Mechanistic
Insight into pH-Dependent Luminol Chemiluminescence in Aqueous Solution.
Luminol is one of the best known chemiluminescent cyclic hydrazides used in
basic solution. Owing to the complexity of luminol oxidation, the mechanism of
luminol chemiluminescence (CL), especially in aqueous solution, has not yet

been fully elucidated.
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1.12 The Aim of the Study
The scope of this work is aimed to:
1. Prepare a Luminal reagent, Luminol- tyrosine as a ligand, and then created a

Fe(1D)-(Luminol-Tyrosine) complex.

2. Study the characterization of prepared reagent, ligand, and FeL,Cl, complex
by Uv-Visible spectra, FT-IR-spectra, *HNMR spectra, magnetic sensitivity,
Elemental Micro Analysis (C.H.N) and melting point.

3. measure the metal: ligand ration using mole ratio method, and then calculate

the stability constant.
4. Prepare of the Spinel (CoCr,0,), then calcination at 600 °C.
5. Prepare spinel CoCr,04 /ZrO, composites in different ratios.

6. Study the properties of the prepared spinel CoCr,0O4, commercial ZrO, and
spinel CoCr,04/ZrO, composites by X-ray diffraction (XRD), Scanning
Electron Microscopy (SEM) spectra, energy dispersive X-rays (EDX) and Band

gap (Bg).

7. Investigate the photocatalytic activity for the commercial ZrO,, prepared
Spinel CoCr,04, and prepared (CoCr,04/ZrO,) composite by studying the effect

of the following parameters on colored material (FeL,Cl, complex):
a. weight of the catalyst.
b. Temperature.

c. Initial pH of a solution.
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2.1 Chemicals

In this job work, the chemicals used as tabulated in Table (2-1), were used

without purification.
Table (2-1): Used chemicals

No. | Chemicals Company supplied Purities

1. (99.9) %
Absolute ethanol (C2Hs0H) Carlo erba, France..

2 Acetic acid (CH3COOH) BDH company, Enghand 99.9%

3. Ammonia solution (NH4OH) CDH, India 99%

4. | Chromium nitrate nonahydrate 0
(Cr (NO3)3.9H:0) BDH company, Enghand 99.9%

5. Cobalt nitrate hexahydrate (Co 0
(NO2)2.6H:0) BDH company, Enghand 99.9%

6. Diethylene glycol(D.E.G) C4H1003 | BDH company, Enghand 99%

7. | Dimethyl sulfoxide (DMSO) Carlo erba, France (99.99) %
SO(CHs3)2

8. | Ferrous chloride trihydrate , 0
FeClp-2H,0 CDH, India 99%

Q. Hexadecyltrimethylammonium . 0
bromide(CTAB) C1sH4NBr CDH, India 9%

10. Hydrazine(80%) (N20a4) BDH company, Enghand 99.9%

11. | Hydrochloric acid (HCI)  (36.5- _aa) o
38.0) % J. K. Baker, Netherlands. (98-99) %

12. | Iron (Il)sulfate heptahydrate O 0
(FeSO4.7H20) Evans, Mf-Dica, England. (99.98) %

13. | Iron (l1)sulfate hydrate Evans, Mi-Dica, England. (99.98) %
(Fe2(S04)3.H20) '

141 3 Nitro-Phthalic Acid (Ce Hs NOs) | BDH-England (99.98) %

15. : Riedel-De-Haen AG, Seelze, 0
1,10- Phenanthroline (C12HgN>) Hannover, Germany. (99.98) %

16. Potassium hydroxide (KOH) alg'r:a Chemical Company, (99.99) %

17 Riedel-De-Haen AG, Seelze,

" | Potassium oxalate (K2C204.H.0) (99.98) %
Hannover, Germany
18. Sodium carbonate (Na.,COs) BDH-England (99) %
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19 Sodium dithionite
" | (Sodium hydrosulphite) BDH-England (99.99) %
(NazS20s . H20)
20. Sodium dithionite (Na2S204) BDH company, England (99.99) %
2L | sodium hydroxide (NaOH) S Chemical Company, | g9 gg) o5
22. Sodium nitrite(NaNO3) CDH, India 99%
23| sylphuric acid (H2SOs) CDH, India (97.98) %
24. | Tetraethylene glycol(T.E.G) 0
CoH1zOx BDH company, England 99%
25. Tyrosine (CoH11NO3) algza Chemical Company, (99) %
0
26. | Zirconium(IV) oxide, Zirconium Riedel-De-Haen AG, (99.98) %
dioxide, Zirconia, (ZrOy) Seelze,Hannover, Germany.
2.2 Instruments

Table (2-2) describes the employed

companies and places.

Table (2-2): Employed instruments.

instruments in this study with their

No. Instruments Companies Places
. Hettich- Universal I1- University of Kerbala,
1. Centrifuge .
Germany Science college
5 Digital pH meter O_AICTON-ZlOO, Un_lversny of Kerbala,
Singapore Science college
3 Digital pH meter 740 Inolab WTW, University of Babylon,
' Germany Science college
" FT-IR Spectrometers Shimadzu,8400S Japan Un_lversny of Kerbala,
Science college
Bruker, Germany vore
5. FT-IR Spectrometer Un_|verS|ty of Babylon,
Science college
Furnace Muffle furnace Size- University of Babylon,
6. Tow Gallenkamp, .
Science college
England
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. 'HNMR BAMX400 MHZ University of Tehran,
' Spectrophotometer Spectrophotometer Iranian Islamic Republic
High-Pressure L
8. Mercury Lamp -UV | Rudium, China. g;g}eg?gl?; I:erbala,
(A) (400W). g
9 Hotplate Magnetic Heido-MrHei-Standard, | University of Kerbala,
' Stirrer Germany Science college
Magnetic Magnetic susceptibility Department of Chemistry -
10. College of Science - Al-
Measurements Balance . . .
Nahrain University
1 Melting point SMP 30, Sturt, England | University of Babylon,
' Science college
. . University of Babylon,
12. Microwave oven Sartorius- Germany College of Women Science
13. Oven Memmert, Germany. Un_lversny of Kerbala,
Science college
14, i Isfahan University,
Sc_annlng Electron (kyky EM) 320., USA.
Microscopy (SEM) Iranian Islamic Republic
15 Sensitive balance BL 210 S, Sartorius- Un_lver5|ty of Kerbala,
Germany Science college
16, Ultrasonic bath DAIHAN Scientific, Un_|ver5|ty of Kerbala,
Korea. Science college
University of Baghdad,
17 X-Ray Diffraction Lab X- XRD 6000, _
' Spectroscopy Shimadzu, Japan Ibn- Al-Haitham,
Education college
University of Baghdad,
18 Elemental Micro EURO EA 300 C.H.N )
' Analysis (C.H.N.) Element analysis 2012 Ibn- Al-Haitham,
Education college
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2.3 Reactor Set of Photo-Catalysis
Figure (2-1) shows the photocatalytic reactor unit used to perform all photo

experiments.

Figure (2-1). Experimental set-up schematic diagram (Photocatalytic Reactor Unit),
consisting of a wooden box (1), high-pressure mercury lamp (400 W) (2), vacuum fan
(3), beaker 400 cm? (4), Teflon bar (5), fan (6) and magnetic stirrer (7).

2.4 Preparation (Luminol)
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A- In order to prepare the (Luminol), as in the preparation reaction in figure (2-

2). A series of steps were done.

1. A 20x150-mm test tube was heated using a bunsen burner, after mixing 1g of
3-nitrophthalic acid and 2 mL of an 8% aqueous solution of hydrazine until the
solid is dissolved.

2. Exact 3 mL of tetraethylene glycol (Tetra-E. G) was transferred to the tube
and clamp vertically on a bunsen burner.

3. The solution has been forcefully boiled to remove any remaining water (110-
130) °C. The temperature was allowed to rapidly climb until it reaches 215 °C
for 3-4 minutes. The temperature of this reaction was determined using a
thermometer.

4. The heat was turned off, then the time was recorded, and a temperature was
maintained of ( 215-220) °C for 2 minutes using occasional mild heating.

5. the tube of reaction was removed from the burner, then was cooled to about
100 °C (crystals of the product frequently form). The 15 mL of hot water was
added, chilled under running water, and collected the light yellow granular nitro
compound.

6. A 3 M NaOH solution was added immediately to the uncleaned test tube,
which the nitro compound produced inside it, and stirred using a glasses rod,
then added 3g of sodium hydrosulfide hydrate (Na,S;0, . H,O) that leads to
form a deep brown-red solution. Wash the edges of the tube with a little water.
7. The solution was heated to the boiling point, stirred, and kept the mixture hot
for 5 min, during which time some of the reduction products may separate.

8. 2 mL of acetic acid was added to the solution. Then below, the tap cools and
mixes. Gather the resultant yellow luminol was precipitated, filtered more than

once, and washed with ethano. The percentage of luminol reagent is (86% ).

35



Experimental Work Chapter Two

° ©
o O Os_@ _O
\ﬁ/ o \N/ O
215°C
oH 4 NH, - NH
Tetra-E-G
NH, NH
OH
o)
o 3-NitroPhthalhydrazide

3-Nitro-Phthalic Acid

NH, O
1- (Na,S,0, + H,0), NaOH, 100°C
2- CH;COOH

NH

NH

O

luminol 86%

Figure (2-2). The prepared ligand (Luminol)using tetraethylene glycol.

B- In order to prepare the (Luminol) as in the preparation reaction in figure (2-

3). A series of steps were done.

1-A solution of 2 mL of 8 % an aqueous solution of hydrazine was added to 1g

of 3-nitrophthalic acid, and the resulting solution was heated until the solid was

dissolved.
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2-Clamp the tube vertically over a bunsen burner and add 2 mL of diethylene
glycol (D.E.G).

3. To eliminate all residual water, the solution is heated at a temperature
between 110 and 130 °C. Allow the temperature to increase quickly to around
215 °C during the next 3-4 minutes. One way to measure the temperature of the
reaction is to use a thermometer.

4. Now that the heat has been turned off, note the time, and maintain a
temperature of about 215-220 °C (or 1 or 2 degrees over the target temperature)
for 2 minutes with intermittent moderate heating.

5-The tube was cooled to about 100 °C, then 15 mL of hot water was added, the
mixture was chilled under running water, and the resulting light yellow granular
nitro compound was collected.

6. The uncleaned test tube in which the nitro compound was generated, restored
Immediately to its original position. Next, to the solution, 5 mL of 3 M NaOH
solution was added, stirred by a glasses rod, and then 3 g of Sodium dithionite
(NaS,0,4) was added to the resulting deep brown-red solution. The edges of the
tube were washed with a little amount of water.

7-After boiling for 5 minutes, some of the reduction results may separate.

8. 2 mL of acetic acid was added. Then below, the tap cools and mixes. The
resultant yellow luminol was precipitated, filtered more than once, and washed

with ethanol . Percentage of luminol reagent (73%b).
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Figure (2-3). The prepared ligand (Luminol)using diethylene glycol.
2.4.1 Preparation (Luminol-Tyrosine)

In order to prepare the (Luminol-Tyrosine) as in the preparation reaction in
figure (2-4).

1- (0.7086 g, 0.006 mol) of Luminol was mixed with (2.1mL) of concentrated
hydrochloric acid and diluted with a little amount of distilled water
(approximately 10 mL), and then stirred this mixture in an ice bath at (5 °C).
2-(0.4560 g) of sodium nitrate was dissolved in the smallest amount of distilled
water possible and put in an ice bath.

3-To create the diazonium salt, the prepared NaNO; solution in step 2 was very
slowly added, as drops to the cold solution that prepared in step (1) under

continuously stirring and maintaining the temperature at (5 °C).
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4- (0.7247 g, 0.004 mol) from Tyrosine was dissolved with (0.8 g) from sodium
hydroxide in 100 mL H,0.

5-With constant stirring in the ice bath, the generated diazonium salt in step (3)
was gently added to the base solution prepared in step (4), and then the resultant
solution was chilled for 24 hours to achieve a pH of 7.3.

6- This solution was filtered. The produced precipitate was occurred brown,
washed with ethanol, and dried [127], with the percentage of ligand (83%).

@ -
o N—/—N CI

HN
NH NaNO,(0-5 )°C

— N
Con.(2.1 mL)YHCI1 + H,O

4
I

(@]

Diazonium chloride

luminol

4
I

HO

V4
I
iz
I
N

OH

tyrosine o

in H,OG3mL) +(0.8 g NaOH-+100 mL H,O),
(0-2)°C at pH=7.3

ligand 83%6

Figure (2-4). The structure of the prepared (luminal - Tyrosine) ligand

2.4.2 Preparation Fe(ll) - (Luminol-Tyrosine) Complex

The (0.01 mol) from (Luminol-Tyrosine) ligand and (0.01 mol) from
FeCl,.2H,O were well mixed in an agate mortar and then irradiated on the

revolving platform of a microwave oven. The irradiation time is complicated at
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a duration of ten minutes. The produced was washed repeatedly with ethanol

and then dried with washing using ether. This procedure was pictured as the

following scheme in figure (2-5) [128].

(@]
Cl
I}IH
NH
'ﬁl o _|_ Fe
| / \
HO
NH, OH
H Hzo 2
\ij\/\(o"' Cl
. 0.
luminol - tyrosine FeCl,.2H,O
ethanol
bp = 4_18 Microwave irrndintion
— *
W= 78%4.18 .
W=326 kgm?s> ; a
.
O
©) 4
cl NH

HN

1 Fe(ll)-luminol- tyrosine complex

Figure (2-5). The structure of prepared ligand Fe?* -(Lumino - Tyrosine)
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2.4.3 Physical Property (Melting point)

The melting point for each of the Lumino, Luminal-Tyrosine ligand, and Fe(ll)
- (Luminal-Tyrosine) complex were measured by using Melting Point
Instrument - SMP 30, Strut, England.

2.4.4 Stoichiometric Study and Stability of Complex

The estimation of the Fe-complex structure was proved by employing the mole
ratio method [129]. This method is a vital method to determine the ratio of Fe: L
and conformed to the produced structure of Fe-Complex. The instability

constant  (Kinstabilicy ) and stability constant (Kgapiicy ) Were determined

according to the following equations [130]

FeL, » Fe?t +21L (2-1)
[Fe?*][L]?
kinstability = FFELz] (2-2)
[1_Ar:ax]3
kinstability = [L] X Cpe2+ (2-3)
Amax
1
kstalbility - Kinstability (2'4)

Here, Amax and A are maximum absorptions of Fe-complex and absorption of
Fe-complex at equivalent points respectively. Cpo2+ is a concentration of Fe?* at

an equivalent point.

2.4.5 UV-Visible Spectroscopy

These spectra were determined for metal, Ligand, and complex by Double —
beam UV-Visible-spectrophotometer (Shimadzu) at ranged (190-1000) nm.

41



Experimental Work Chapter Two

2.4.6 HNMR Spectrophotometer

The nuclear magnetic resonance spectrometry of the prepared Lumino reagent,
ligand, and its complex with iron(ll) ion detector was measured using a device
BAMX400 MHZ Spectrophotometer, DMSO as a solvent, and TMS as internal

standard.

2.4.7 FT-IR Spectra

The FT-IR spectra of the ligand and complex were obtained using Csl powder

in the range (400-4000) cm* using (FT-IR Spectroscopy, Shimadzu).

2.4.8 Magnetic Susceptibility

The magnetic susceptibility measurements of the complex were carried out at
laboratory temperature using the Faraday method by placing the model whose
gram-magnet sensitivity is to be measured in a small thermal glass tube hanging
from the cuff of a sensitive scale placed between the poles of a strong
electromagnet in preparation for obtaining the gram sensitivity value (Xg). To
the molar sensitivity (XM) and then to the atomic sensitivity (XA) after
extracting the value of the correction factor (D) from tables of Pascal constants,
and thus the values of the effective magnetic moment (perr) Were calculated

according to the following law:

Llerr =2.828 N XaTB.M (2-5)

Here: (XA) = atomic sensitivity, T= absolute temperature

B.M = bur. magneton is a unit of magnetic moment measurement.
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2.4.9 Elemental Micro Analysis (C.H.N.)

The ratios of carbon, hydrogen, and nitrogen elements to the reagent, ligand,
and complex were determined using the EURO EA 300 C.H.N Element analysis
2012.

2.5 Preparation of the Spinel (CoCr204)

Spinel CoCr,0O4 nanocrystals were synthesized via co-precipitation method. At
the outset, cobalt nitrate (0.5M) and chromium nitrate (1M) were prepared in

100 mL ethanol and transferred to an ultrasonic bath at 75 °C for 1 hour.

In the second step, the chromium nitrate solution was put in a beaker with a size
of 500 mL, and then cobalt nitrate solution was slowly added to the chromium

nitrate solution using an ultrasonic bath at 75 °C for 1 hour.

In the third step, the generated mixture was stirred and heated at the same
temperature for a further two hours using a magnetic stirrer. Following that, 1%
hexadecyltrimethylammonium bromide (CTAB) is added to the mixture as a
capping agent. A 25% aqueous ammonia solution was dropwise added to the
last solution until a pH equal to 9. The produced precipitate was filtered and
washed with distilled water and ethanol many times until the filtrate reached to
pH of around 7. The deep green precipitate was dried overnight in a desiccator,
then calcinated for 4 hours at 600 °C. as in the preparation reaction in figure (2-
6).
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COSNO3)2.6H20 Cr(NO3)3.9H20

sol. sol.

0.5 M Co(NO5),.6H,0 IM  Cr(NO3);.9H,0
100mL (C,HsOH)

100 mL (C,HsOH)

Put in ultrasonic at 75 °C
for 1h

Put in ultrasonic at 75
°C forlh '

S— .~ Co(NO5),.6H,0

%1 < Cr(NO3);.9H,0
‘ -4

—>

—
o @ ﬂ ultrasonic

< A >
CTAB /i NH,OH

»

-
g

<« Heated on hotplate at (75) °C

pH = X
Washing by (10-20) mL distilled water

and ethanol

PH=9

Dried the powder by
furnace at 4h in (600) °C

/—\ 3 Stored ‘/

over night
COCI'204

Figure (2-6). Schematic diagram for preparation of spinel CoCr,0,
nanoparticles.
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Equations (2-6) and (2-7) suggested the chemical reaction of spinel.

Co(NO3),.6H,0 + 2Cr(NO5);.9H,0 + SNH,OH—3=Co(OH),.Cr,(OH); + 15H,0 + 8NH,NO; (2-6)

Co(OH),.Cry(OH)y ——»  C00.Cr,0; + 4H,0 2-7

2.6 Preparation of (Spinel CoCr204/ ZrO2) Nano Composites

The preceding procedures were carried out with the 1:2 and 1:3 ratios from
spinel CoCr,04: ZrO,, respectively. The first step is to create nanocomposites
was done when spinel CoCr,04 suspension in ethanol and ZrO, suspension in
ethanol were put in an ultrasonic bath at 60 kHz and 75 °C for 1 h. As a result, it
IS acceptable to provide sufficient energy to combine ZrO, and spinel CoCr,04
into the crystal lattice. The second step is performed by adding a spinel
CoCr,Q,4 suspension solution step by step to ZrO, suspension solution to
incorporate it in two ratios of 1:2 and 1:3 using an ultrasonic bath for 2 hours at
75 °C. After that, the generated mixtures were stirred with heated at the same
temperature for a further two hours using a magnetic stirrer until dried at 75 °C.
A green powder from the spinel CoCr,04/ZrO, nanocomposite has appeared,
after that washed with ethanol and stored overnight in a desiccator using silica
gel. The chemical equation for the synthesis of spinel CoCr,04/ZrO,

nanoparticles was suggested using equation (2-8).

As in the preparation reaction in figure (2-7).

(ultrasonic waves)

COCr204 + ZI'OZ > COCI'204-ZI'02 (2-8)
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Ratio
50 % and 75%

¥ ¥
CoCr,0,4 ZrO,
sol. sol.
2.5 g CoCr;04 and 25 mL(C;H;OH) 5 g ZrO, and 50 mL (C,H;OH)

2.5 g CoCr,O, and 25 mL(C,H<OH) 7.5 g ZrOz and 75 mL (C;HsOH)

= >

Put in ultrasonic at 75 ﬁ Put in ultrasonic at 75
oC ’ for1h
for1lh

= /4

r————
' .

—— . CoCr204
== /
72 -

'
E -
/Z \ Heated on hotplate at (75) °C .

K,
=

Washing by (10-20) mL
distilled water and ethanol

)

X - Stored

CoCr,04/Zr0O, over night

Figure (2-7). The schematic diagram for steps of prepared CoCr,04 /ZrO,
composite

2.7 Characterization of Photo Catalysts

2.7.1 X-Ray Diffraction Spectroscopy (XRD)
The mean Crystal sizes (L) of all samples were calculated by Scherrer's
equation (eq. 2-9) [131,132]. The equation depended on the Data from X-Ray
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diffraction (XRD). XRD data were analyzed by Shimadzu, Lab X XRD 6000
instrument. This instrument is used Cu as a target source with wavelength
1.54060 A, voltage 40.0 kV and current 30 mA, speed is equal to 12.0000
(deg/min) and angle (260) range between (20 — 80) deg.

kA
B Cos 6

(2-9)

Here: k is the Scherer's constant which depending on the dimensionless shape
(used 0.94 spherical and 0.9 semi spherical ), A is the wavelength (used 0.15406
nm for Cu ka), 0 is a Bragg diffraction angle and B is (FWHM) the full half-
maximum intensity width that measured in degrees, but must convert to radians
by multiplied to (7/180).

2.7.2 Scan Electron Microscopy (SEM)

The scanning electron microscopy image was measured for all samples
(commercial ZrO,, spinel CoCr,04 and composites 1 and 2) using SEM
analysis (FESEM FEI Nova Nano SEM 450)., USA.

2.7.3 Energy Dispersive X-Rays (EDX)Analysis

The EDX spectra for all samples were performed via using SEM instruments to

validate the sample's components as a percentage of atoms in samples.
2.7.4 Bandgap Energy Measurements

Direct bandgap energy (Eg) was calculated with Tauc equation (eq. 2-11) [133]
in (eV) by using UV- Visible spectrophotometer. The absorbance coefficient (o)
[134] was found in equation (2-10) which depended upon absorption (A), and
thickness (t).

a = (2.3026A)/t (2-10)

ahv = k(hv — Eg)™ (2-11)
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Here: a is the absorption coefficient of Photocatalysts, m is constant depending
on the type of (Eg) and equal to Y2 for a direct transition, h is Plank’s constant, v
Is the frequency of the incident photon light and k is optical constant. After the
preparation of photocatalysts such as a spinel CoCr,0,4 and its composites with

ZrO, should be applied to see if they are photocatalysts or no.

2.8  Photocatalytic Decolorization Reaction of Colored Material

The experiments were carried out in the photo-reactor unit using a high-pressure
mercury lamp (400 Watt, 475nm), as a UV-A radiation source. First, without
using the lamp for 15 minutes, the dark reaction was done. Periodically, UV-A
light was used in irradiated the suspension solutions of colored Fe-complex
solution with employed photocatalysts. Approximately 3 mL were removed by
syringe at different periods and then double separated using a centrifuge

at (15 min and 4000 rpm). The absorption was read at 475 nm for the filters
formed. The apparent rate constant of this photoreaction (in equation 2-13) was
calculated after the adsorption equilibrium, which can be expressed by the
Langmuir-Hinshelwood model that modified for the pseudo-first-order

Kinetics[135] equation as equations (2-12 or 2-13):

In (‘é—t) = Kapp.t (2-12)
or In (i—t) = Kapp.t (2-13)

Here: C, and C; are the initial concentration of the complex at the dark reaction
(without radiation) and after irradiation, respectively
The percentage of photocatalytic decoloration (PDE) [135] of the complex

solution was calculated by equation (2-14).

_ (Ao-Ab)

PDE x100 (2-14)
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Here: A, and A are the initial absorbances of the complex at the dark reaction
(without radiation) and after irradiation, respectively

2.9Light Intensity Measurements

The light intensity for the UV-A light source which used in this work was
determined using the chemical actinometric method [136]. An exact 100 mL of
actinometric solution was exposed to UV-A light of photoreactor. The
actinometric solution has been prepared by mixing from 40 mL of 0.15 M
Fe2(S04)3.H,O with 50 mL of 0.45 M K,C,04.H,0 and 10 mL of 0.05 M
H,SO, with the presence of atmospheric oxygen under irradiated UV-A lamp's
light. The yellowish-green solution was produced; from the last solution,
approximately 2 mL of irradiated solution with regular periods at (5, 10, and 15)
min was taken and centrifuged at 4000 rpm with 10 min. 0.5 mL of filtered was
added to 2.5 mL from 1% from 1,10 — phenonethroline as a reagent, that will
produce reddish-orange complex as ferroxalate complex ([Fe?* (C.0.)?]%), as
noted in equations from (2-15) to (2-18), which absorbed at 510 nm.

[Fe** (C204)s]* +hv —»  [Fe®* (C20a)2]* + C204 (2-15)

[Fe (C204)s]* +hv —»  Fe?* + 2(C20us)2- + C204. " (2-16)
[Fe® (C204)° + C204. " — 5 [Fe?** (C204)2)* + C204. " + 2CO2 (2-17)
2[Fe’* (C204)3]* — . 2[Fe?** (C204)2]> +C204 % + 2CO; (2-18)

The following equations were measured the light intensity (10): [ 137]

V1 XV3XA(510 nm)
V2 X1X €510 nm) X 103

Moles of Fe?* = (2-19)

moles of Fet2
lo = TR (2-20)
lo=1.9x107 Ernestine s

Here: (V1 = 100 cm?®) is the total volume of irradiation chemical-actinometric

solution, (V3 = 3 cm®) is the volume of irradiation solution that added to the
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reagent 1, 10-phenonethroline solution, (V2 = 0.5 cm?®) is the volume of filtered
irradiation solution, the length of the optical path (1cm) is the quantity yield
[132]; Asio is the average absorption of ferrioxalate solution after various
internal irradiation times, which is mixed with 1,10-phenonethroline, molar
absorption (g = 1.045 x 10* L mol*cm™) and (t) the average irradiation time (10

min).

2.10 Activation Energy

The apparent activation energy (Ea) of photocatalytic decoloration of the
complex solution has been found based on the Arrhenius equation. The apparent
activation energy of the photo-decolorization reaction of the complex was

determined from the graph's linear relationship of the Arrhenius equation [138] .

Inkgpp = =2 +InA (2-21)

Here. Kapp 1S an apparent constant rate, T is the reaction temperature, R is a
constant gas (8.314 J mol~t K1) and A is a frequency constant.

2.11Thermodynamic Parameters:

The thermodynamic parameters are deemed as vital parameters to determine the
type and direction of this photo-reaction. It was found depending on Eyring
equation [139], (equation 2-22) and Gibbs equation (equation 2-23), which used
to calculate the enthalpy change (AH #), the entropy change (AS #) values and
the free energy(AG*) respectively [140].

n(52) = 224 (1 (52) +2) @2

AG # = AH*-TAS? (2-23)

Here: k a5 IS an apparent constant rate of photoreaction, R is a constant gas
(8.314 J molt K1), kg is the constant of Boltzmann (1.381 x 102 J K1) [141],

T is the reaction temperature and h is the constant of Plank (6.63 x 10 3% J s
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Chapter three Results and discussions

3.1 Identification of Luminol and (Luminol -Tyrosine) and of
Fe(l1D)-(Luminol -Tyrosine) Complex.

3.1.1 Physical Properties of the Ligand Luminol and (Luminol -
Tyrosine) and of Fe(ll)-(Luminol -Tyrosine) Complex.

The results in Table (3-1) indicate that complexes' color and melting point differ
greatly from those of ligands. The color of the ligand alters from light yellow to
brown, and then it combines with iron (I1) to form a complex, the color changed
to chocolate. Furthermore, the melting points of the ligand and its complex were
measured, they are charred. The ligands and complex are owing high stability
toward the air and light. The physical characteristics of the ligand Luminol,
(Luminol -Tyrosine) ligand, and the Fe (1) complex as FeL,Cl, are listed in
Table (3-1).

Table (3-1). The physical characteristics of the ligand Luminol and (Luminol -
Tyrosine) ligand and the Fe (1) complex as FeL,Cl,

Meltin
Compound Color : Og Structure
point (°C)
NH, O
ITIH
Luminol Pale yellow 319 NH
crystal
(@]

ligand brown Roasted
Luminol -Tyrosine @i{?.r

HO
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Fe(ID-(Luminol - chocolate
Tyrosine) complex

Roasted

Wiﬁ 4h

o o
HN d
|
HN.
o

N N o
|

TH

NH

NH,

A OH
o

3.1.2 Stability of Complex

Based on the results in Table (3-2) and figure (3-1), the stability constant and

the structure of the complex were estimated using the mole ratio method. The

ligand: Fe?* ratios was performed using the different weight for each (Luminol -

Tyrosine)ligand and Fe(ll) chloride salt, and combined complex using

microwave instrument at 326 Watt. This different ratio was dissolved in a fixed

volume of DMSO (5 mL) and found their absorbances at a maximum

wavelength of 475 nm.

Table (3-2): Mole ratio method for ligand: Fe(ll) with concentration 1x102 M

and with a certain volume.

(L g/Fe** g) Abs.
0.018 g/0.016 g 0.911
0.036 g/0.016 g 0.881
0.055 g/0.016 g 0.810
0.073 g/0.016 g 0.804
0.091 g/0.016 g 0.575
0.011 g/0.016 g 0.121
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1.2
1.1 4
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0.8 -
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0 1 2 3 4 5 6
(Luminol -Tyrosine)ligand/Fe(ll)

Figure (3-1). Mole ratio method for (Luminol -Tyrosine)ligand: Fe(l1).

The Fe:L ratio is found to be 1:2, and the complex is having an octahedral
hybridization. The interaction between Fe(ll) and a prepared ligand to form Fe-

complex as FeL,Cl; is explained by equation (3-1).

0
0 (0]
ITIH HN Cl NH
NH HN / NH
N O O N —~al ., N O
2 [I\Ij + FGClzZHzO T N /Fe\}/N (3_1)
HO NH, NH © \ ° ﬂHZOH
= OH HO Cl
o) o)
o]

The data of the mole ratio graph is illustrated in process of calculating the

instability and stability constant [142, 143]. of Complex that is based on the
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equations (3-2) to (3-4). This is ensured by high Complex stability constant of
3.105x10% M1,

FeL, » Fe?t + 2L (3-2)
el
Fe L max
kinstability = [FeL,] = [AA ] X Cpea+ (3-3)
Amax
[ 0.85 13

o011l v 11072 =23.22 % 10°M

Fel

1

kstability = m -
= 1 - 3105x10% M~
3.22x10

3.1.3 UV.Vis Spectral Analysis of the Luminol Reagent, Luminol
-Tyrosine Ligand, and Fe(ll)- Luminol -Tyrosine Complex.

In Figure (3-2) A, two absorption peaks appeared in the UV-Vis spectrum of the
luminol reagent at (293 nm and 385 nm) for the nm—=* and n-m*electronic
transitions due to the C=C and C=0 bond, respectively. In the UV-Vis spectrum
of ligand in Figure (3-2) B, a new absorption peak appeared at (448 nm) for the
n—m* electronic transitions due to the N=N bond. In addition, two absorption
peaks appear at (293 nm, 385 nm) for the m—=* and n—x* electronic transitions
due to the C=C and C=0 bond, respectively. As for the Figure (3-2) C spectrum,
when the Fe(ll) complex is formed, the UV-Vis spectrum of the Fe(ll) complex
occurs a new absorption peak at 475 nm, for the d-d electronic transitions
which are attributed to the link of the ligand with the element. In addition to the
appearance of three absorption peaks at (307, 395, and 460) nm, due to the
C=C, C=0, and N=N bonds, respectively.

Indeed, the red shift of the absorption peaks (for n—n* electronic transitions) is
clearly obtained from 448 nm to 460 nm after formed iron complex. This case

leads to produce the high stable bond between Fe and ligand [144].
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complex
0.6 n—mn*
460 nm,
0.5
0.4

—n' n—mr"
307 nm 395 nm
0.3 - \

Absorbance(A)

0.2 +

0.1

¥ T T T T T Y T r T ; T c
200 300 400 500 600 700 800 900
Wavelength(nm)

C

Figure (3-2). UV-Vis spectra for A) reagent, B) ligand, and C) complex FeL.Cl,

3.1.4 FTIR and H NMR Spectral Analysis of the Luminol
Reagent, Luminol -Tyrosine Ligand, and Fe(ll)- Luminol -

Tyrosine Complex.

Based on FTIR spectra in Figures 3-3 to 3-5, the Luminol reagent's FTIR
spectrum (Figure 3-3) displayed an absorption peak at (3445 and 3418) cmY,
which was attributed to the stretching vibrations of the NH, bonds.
Additionally, the spectra revealed absorption bands at 1653 cm™ due to the
stretching vibration of the C=0 bonds, which corresponds to the C=0 connected
in the ring. The N—H bond, C=C bond, and aromatic stretching bond between
C-H are also responsible for absorption peaks at 1490 cm*, 1601 cm?, and
3154 cm?, respectively.
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The FTIR spectra of the Luminol -Tyrosine ligand in Figure 3-4, revealed a
broad absorption peak in the region (2800-3600) cm™ due to the stretching
vibrations of O—H bonds in a carboxylic acid. Two absorption bands at 1587
cm™ were seen, which are attributable to the stretching vibration of the C=0
bonds that are similar to the C=0 in carboxylic acids. The carboxylic C-O bond
stretching is responsible for the absorption peak at 1246 cm™ [145,146]. At
1425 cm, an absorption band was observed, which was attributed to the N=N
band. The Fe (Il)-Luminol-Tyrosine combination has an FTIR spectrum. The
new peaks at (233 cm™) and (574 cm™) have similar appearances in the spectra
of Fe-complexes that attitudes to building Fe-N and Fe-O bonds, respectively.
The coordination between Fe and this ligand via the N-Ligand side is

exceedingly close[147,148], as shown in Figure (3-5).

Transmittance [%)
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Figure (3-3). FTIR spectrum of Luminol reagent.
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Figure (3-4). FTIR spectrum of the Luminol -Tyrosine ligand.
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Figure (3-5). FTIR spectrum of the Fe(ll)-Luminol -Tyrosine complex.
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The proton nuclear magnetic resonance (*HNMR) spectra for all stages of
compound synthesis in Figures 3-6 to 3-8 were analyzed. This analysis has been
used DMSO-d6 dimethyl oxide as a solvent and TMS as a standard reference.
Figure 3-6 displays the Luminol's tHNMR spectrum, which reveals a doublet
band with a chemical shift 6 = 6.88 ppm. It all comes down to groups being in
positions 3 and 5. While another doublet package with a chemical shift of 6=
6.95 ppm has still appeared in positions 1 and 2. As for the triplet package at
chemical shift 6=7.45 ppm, it goes back to having groups in positions 4 and 6.

......

N

c

89 2 =
A

N 1616~

T T T T T T T T T T T T T
13 12 11 10 9 8 6 5 “ 3 2 1 0 1
1 (ppm)

Figure (3-6). *H NMR spectrum of Luminol reagent.

Figure (3-7) explains a doublet band at chemical shifts ( 6=8.30 ppm, 6=3.40
ppm, 6=7.90 ppm, 6=7.0 ppm, and 6=6.86ppm). It all comes back to groups
being in positions (1,2), (3,5), (6,12), 7, and 8. As for the triplet package at
chemical shifts ( 6=3.6 ppm, 6=7.4 ppm, and 6=8.0 ppm), it goes back to having
groups in positions 4,10, and 11.Single package at chemical shift 6=4.1 in
position 9. The disappearance of the (OH) group beam is an indication of its
participation incoordination due to the loss of its proton and the formation of the

Fe complex, where there was a change in the intensity and location of the beams
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belonging to the complex spectrum compared to the spectrum of the ligand, as
in Figure (3-8)[149,150].
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Figure (3-8). *H NMR spectrum of Fe(ll)-Luminol -Tyrosine complex
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3.1.5 Magnetic Susceptibility

According to the stereotypes of complexes, the complex will have paramagnetic
properties if the central atom includes one or more single electrons. The absence
of single electrons in the core atom will result in the formation of diamagnetic
characteristics in the complex under investigation, As the center atom has one or
more electrons, the complex will exhibit paramagnetic characteristics [151,152].
The magnetic sensitivity of the prepared metal complexes was determined at
298 K. Pascal's constants were also used to adjust the magnetic characteristics
of atoms in molecules, inorganic radicals, and metal ions. The following

formulae were used to obtain the values (3-5) to (3-9) of the magnetic moment
(pnet):

Lerr =2.828 N'XAT B.M (3-5)

XA=Xm-D (3-6)

Xm=Xgx M.wt (3-7)

Xg=CL/10° m x (R-RO) (3-8)
(3-9)

Ueff = \/n (n+2)

Where pesr, denotes the effective magnetic moment, M.wt is gram molecular
weight, B.M is magnetic moment unit (Bohr magneton), Cis 1.53, Lis1cm, R
Is tube sensitivity with substance, Ro is empty tube sensitivity and m is the
weight of the Sample = weight of the tube with the material - the weight of the
tube when it is empty.

Fe(11)-Complex
Theoretical accounts
sFe [Ar]is 4s% 3d®
ssFet? [Ar]ss 4s° 3d°
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3d° 43° 4p° 4d°

N Tt

I—_-
l_ —

Heff = \/n(n+2)

et = V4(4+2) =4.9B.M

practical calculations

Fe(11)-Complex

Xg = CL/10°m x (R-R,)

Xg = 1.53x1cm/10° (2.079-2.0636) x (120-zero)

Xg =1.1922x10°

Xm=Xg x Mwt = 1.1922x10° x 863.40 = 1029.35 x 10°
XA=Xm-D

D = The sum of the atoms of each element x Pascal modulus x 10
D=-62.2x10°

XA= Xm - D =1029.35x 10 — (- 62.2 x 10°) = 10.9155 x 1073

Hert = 2.828VXA T B.M =2.828V10.9155 x 10 x 298k

l.,leffz 5 BM

Based on the top calculations, it concluded that the theoretical value of the
magnetic susceptibility of the complex exactly matches the calculated value.

Therefore, the complex is of an octahedral type with paramagnetic properties.
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3.1.6 Elemental Micro Analysis (C.H.N.)

The reagent, ligand, and complex were diagnosed by accurate quantitative
analysis of the elements (C.H.N), by matching theoretical and practical
calculations of carbon, hydrogen, nitrogen, and the metal ionin those

compounds.

The results of these analyses were recorded in Table (3-3). When comparing the
practically obtained values with the theoretically calculated values, a great
convergence was observed between them. This confirms the correctness of the
added ratios of (metal: ligand), which supports the validity of the proposed

formula for the complex.

Table (3-3) results of the precise elemental analysis (C.H.N) for each of the

reagent, ligand, and complex.

0O
o i i (o)
3 Molecular formula (theoretical) practical %
= (molecular weight)
a C H N M
Reagent CsH7N3O2 (54.18) | (3.95) | (23.70)
(177.16 g/mol) 54.24 3.98 23.73
Ligand C17H15Ns0s (55.23) | (4.06) | (18.95)
(369.33 g/mol ) 55.28 4.09 18.98
complex Ca4H2sCl2FeN10O10 | (47.45) | (3.24) | (16.21) | (6.46)
(863.40 g/mol) 47.30 3.27 16.22 6.47

3.2 Characterizations of Photocatalysts

In this project, the characterizations of examined photocatalysts were
investigated using XRD, SEM, EDX, and UV-Visible analyses to identify the
band gaps.
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3.2.1 X-ray Diffraction Patterns (XRD):

In Figure (3-9), XRD analysis was utilized to detect the structure and phase of
spinel CoCr,0O4 powder and a produced spinel CoCr,04-ZrO, nanocomposite.
The CoCr,0O4's key diffraction peaks are located at 30.3779°, 35.8022°
43.3839°, 57.5052°, and 63.1014° with miller indexes (220), (311), (400), (511),
and (440) planes, respectively (JCPDS Card No. 00-022-1084) as shown in
black color line, and are in strong agreement with findings in references
[153,154]. On the other hand, monoclinic- ZrO, peaks in the red line exist at
diffraction angles (111), (200), (220), and (311) with two locations of 30.2973°,
35.0778°, 50.4580°, and 59.9693°, respectively(JCDS card N0.00-049-1642)
[154,155]. The XRD analysis for the prepared composites confirms these
findings match with the standard diffraction data for CoCr,0O4 and m-ZrO,. The
essential peaks of ZrO, shift toward high diffraction angle after incorporating
the crystal lattice, which indicates the formation of a metallic connection
between Zr and Co in the spinel structure because both have a coordination
number of six [156]. This case is an attitude to Co?* in spinel has less ionic radii
compared with Zr** and equal to 0.709 A and 0.747 A respectivelty[157,158].
Whereas the green line and blue line are given, the position of diffraction peaks
for composites 1:2 and 1:3, which appeared the (111) peaks for ZrO, shifted
toward large 2 thata after incorporated ZrO, with spinel, that due to link Zr with
Co and Cr via metal bonds. On the other hand, the mean crystal sizes (L) for all
samples were found using Scherer's equations [159-164], and found to be
15.5823 nm, 8.1785 nm, 9.6355 nm, and 9.0929 nm for the spinel CoCr,0,,
ZrO,, and the 1:2, and 1: 3 ratios as spinel CoCr,04/ZrO, composites,
respectively. Moreover, the elevated ZrO, with fixing the spinel
CoCr,04 amount, which leads to reducing the mean crystal sizes and enhancing

the surface and optical characteristics.
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Figure (3-9). XRD patterns of spinelCoCr204, ZrO2, CoCr20s- ZrO> (1:2) nanocomposite and
CoCr204-ZrO2 (1:3) nanocomposite.

3.2.2 Scan Electron Microscopy (SEM)

The surface morphology of the samples was discovered using the SEM
spactra of spinel CoCr,04, ZrO,, and their nanocomposites surfaces in Figure
(3-10). The SEM images demonstrate that ZrO, is having a spherical micron-
scale structure with particle sizes ranged (20.03 — 27.10) micrometr, that
attitude to the high ability to agglomerate with fine powder. The synthesized
spinel CoCr,0;, is shaped like spherical nanocrystals [165] with particle sizes
ranged (30.10 — 34.98)nm. However, the spinel CoCr,04-ZrO, composites un
both ratios 1:2 and 1:3 appear a quasi-spherical shape with particles ranged
(17.89 — 22.25)nm and ( 28.43 — 52.62) nm, respectively.
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Figure (3-10). SEM of (a) commercial ZrO2, (b) prepared spinel CoCr204 nanoparticle ,
composites 1:2 and (d) composites 1:3
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3.2.3 Energy Dispersive X-Rays (EDX)

The results of the EDX spectra have demonstrated the composition of all stages
in the catalyst preparation process, as illustrated in(Figures 3-11 to 3-14)and
(tables 3-4 to 3-7). The spinel CoCr,0,4 nanoparticles are made up of Co, Cr,
and O, ZrO, NPs are made up of Zr and O, And the nanocomposites for spinel
CoCr,04-ZrO; NPs are made up of Co, Zr, Cr, and O. The sum of atom % (A%)
and weight % (W%) was discovered to equal 100%.

Zrlo

15000
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0 J ' : ' 10,00

Figure 3-11. EDX spectrum of ZrO, commercial

Table 3.4. The value of the chemical composition obtained from EDX
spectrum for ZrO,

Pk/Bg Class

(0} Ka 534.6 125.6961 0.2547  0.14245 44.41 75.04 0.1867 0.00 29723 A

Zr La 2526.4 204.8345 0.7453 0.41685 55.59 24.96 0.7347 0.00 30047 A

1.0000 0.5593 100.00 100.00 0.00
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Figure( 3-12). EDX spectrum of spinel CoCr,04

Table 3-5. The value of the chemical composition obtained from EDX
spectrum for CoCr,04

]
O Ka 13838 76.8611 0.2518 0.2163 30.74 59.79 0.7039 0.00  998.56 A 0.00
Cr Ka  2387.8 0.8612 05727 0.4921 5152 30.84 0.9552 0.00 5241 A 0.00
Co Ka  680.8 07436 01755 0.1508 17.75 9.37  0.8497 0.00 18.90 A 0.00
1.0000 0.8592 100.00 100.00 0.00 0.00
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Figure 3-13. EDX spectrum of CoCr,04- ZrO; (1:2) nanocomposite

Table 3.6. The value of the chemical composition obtained from EDX
spectrum for CoCr,04- ZrO; (1:2) nanocomposite

A% ZAF Formu Ox% Pk/Bg Class

la

O Ka 11614 94.9839 0.2639 0.1476 45.62 71.10 0.2990 0.00 739.07 A 0.00
Cr Ka 1056.8 1.0204 0.3087 0.1726 20.68 12.44 0.8832 0.00 22.76 A 0.00
Co Ka 340.0 1.2212 0.1325 0.0742 9.75 6.71 0.8512 0.00 9.11 A 0.00
Zr La 1203.6 99.3362 0.2949 0.1650 2395 9.77 0.7039 0.00 52.29 A 0.00

1.0000 0.5594 100.00 100.00 0.00 0.00
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Figure (3-14). EDX spectrum of CoCr,04- ZrO, (1:3) nanocomposite

Table 3.7. The value of the chemical composition obtained from EDX spectrum
for CoCr,04- ZrO; (1:3) nanocomposite

Elt Line Int Error K Kr W% A% ZAF Formu Ox% Pk/Bg Class
la
O Ka 7359 55.7847 0.2099 0.1231 40.39 68.35 0.2807 0.00 510.00 A
Cr Ka 905.0 0.5365 0.3212 0.1884 22.01 13.73 0.8946 0.00 2097 A
Co Ka 2851 0.6299 0.1292 0.0758  9.65 6.74 0.8636 0.00 838 A
Zr La 11554 74.0248 0.3397 0.1993 2795 11.18 0.7252 0.00 529 A
1.0000 0.5868 100.00 100.00 0.00
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3.2.4 . Band Gap Energy Measurements

The direct bandgap energies for examined samples were measured based on
the Tauc equation plots [166, 167] in figure (3-15). The high value of
bandgap appears for commercial ZrO,, which equals 5 V(248 nm), but the
low value of bandgap occurs for spinel CoCr,0O, and equals 3.18 eV(289.937
nm). The prepared composite in ratios 1:2 and 1:3 gave the medium values,
with values of 4.7 eV(263.829 nm) and 4.8 eV(258.333 nm), respectively. In
fact, the raised in bandgap values lead to a decrease in the mean crystal size
of studied nanoparticles, which is a vital step in improving their optical

properties when used as a photocatalyst.
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&.00E-01 T T T T T T
42 44 46 48 5 5.2 5.4 5 2.00E+00 : : : . . i ‘
hv/ev T 2 22 24 26 28 3 3.2 3
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Figure (3-15). Band gap as a direct of (a) commercial ZrO-, (b) prepared spinel CoCr204
nanoparticle, (c) composites 1:2 and (d) composites 1:3.
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3.2.5 Preliminary Experiments

Because the stability of Luminol -Fe?* complex is very high under using UV-
light in photolysis or photocatalyst (using ZrO, or CoCr,O,4 or composites) that
will enhance generated blue ring from Luminol-Fe?* complex. As pictured in
Figure (3-16).

Figure (3- 16). The real image for the generated blue ring between Luminol and
Fe?* under UV- light.
Hence, the using photolysis and photocatalysts under Uv-light are not active to

decolorize it according to (equations 3-10 and 3-11).

luminol-Fe™ complex + UV —»  No reaction (3-10)

luminol-Fe™? complex + photocatalyst + UV_____ No reaction (3-11)

But, the illumination of the new complex of Fe(Il)-(Luminol -Tyrosine) to UV —
light is being controlled kinetically and lead to decolorize of this complex at
neutral medium (pH =7.3) [ 169,170 ]. As suggested in equation (3-12)

Fe(II)-(luminol-Tyrosine) + photocatalyst + UV, reaction (3-12)
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3.3 Effect of Different Pomplex as Colored Solution

3.3.1. Effect of ZrO2 Dose

These experiments were conducted at different ZrO, doses ranging from 0.1 g to
0.3 g/ 100 mL at pH 7.3 and temperature 20 °C and 100 mL of complex, light,
Enstine s?). Tables (3-8), (3-9), and
Figure(3-17) exhibit the findings and statistics. The photo-decolorization

intensity equivalent to (3.189x10°

effectiveness with using ZrO, increases with increasing the catalyst dosage and
the best weight was found at 0.1 g/100 mL, with PDE% equal to 20.7017% at
40 min. After 0.1 g/100 mL, the rates of reaction decrease that due to a decrease

in the penetration of light and caused the screen effect[168].

Table (3-8). The relationship between In (Ao/At) and irradiation time at a different dose
of commercial ZrO: via photocatalytic decolorization of Fe(11)-(Luminol -Tyrosine)

complex.

Table (3-9). The relationship between (PDE %) and irradiation time at a different dose
of commercial ZrO:2 via photocatalytic decolorization of Fe(l1)-(Luminol -Tyrosine)

Time of L o In(A,/ A)

irradiation A~ o1 02 03
0 0 0 0
5 0.0430 0.0069 0.0146
10 0.0879 0.0424 0.0332
15 0.1151 0.0680 0.0370
20 0.1431 0.0866 0.0484
30 0.1594 0.1019 0.0873
40 0.2319 0.1816 -

Kapp/min-t 0.0061 0.0042 0.0028

complex.
Time of % PDE%

irradiation é o 0.1 0.2 0.3
0 0 0 0
5 4.2105 0.6920 1.4545
10 8.4210 4,1522 3.2727
15 10.8771 6.5743 3.6363
20 13.3333 8.3044 4.7272
30 14.7368 9.6885 8.3636
40 20.7017 16.6089 -
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Figure (3-17). (A) The change of In (AJ/At) with different dose of commercial ZrOz, (B)
Effect of kapp different dose of commercial ZrO2 on photodecolorization efficiency. (C)
relationship between (PDE %) and irradiation time at a different dose of ZrO2
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3.3.2. Effect of Spinel CoCr204 Dose

These experiments were conducted at different doses ranging from 0.1 g to 0.3
9/100 mL CoCr,04 at pH 7.3 and temperature 20 °C 100 mL of complex, light,
intensity equivalent to (3.189x107 Enstine s?). In tables (3-10), (3-11) and
Figure(3-18), the photo-decolorization effectiveness with employing of
CoCr,Q, elevates with increasing the CoCr,0,4 dosage and the best weight was
occurred at 0.2 g/100 mL with PDE% equal to 36.8600 % at 40 min, while,
after this dose, the rates of reaction depresses that also an attitude to screen
effect.

Table (3-10). The relationship between In (Ao/At) and irradiation time at a different

dose of CoCr204 via photocatalytic decolorization of Fe(l1)-(Luminol -Tyrosine)
complex.

Time of irradiation | In(A,/ Ay)
[<5]
t/min 3 0.1 0.2 0.3
a
0 0 0 0
5 0.0536 0.0453 0.0367
10 0.1024 0.0854 0.0796
15 0.1291 0.0854 0.0894
20 0.1705 0.1667 0.1931
30 0.1933 0.2163 0.2787
40 0.2344 0.4598 0.3592
Kapp/min-t 0.0067 0.0094 0.0089

Table (3-11) ). The relationship between (PDE %) and irradiation time at a different
dose of commercial ZrO2 via photocatalytic decolorization of Fe(I1)-(Luminol -
Tyrosine) complex.

Time of irradiation - PDE%
o D

tmin 8 0.1 02 03
0 0 0 0
5 5.2256 4.4368 3.6036
10 9.7387 8.1911 7.6576
15 12.1140 8.1911 8.5585
20 15.6769 15.3583 17.5675
30 17.5771 19.4539 24.3243
40 20.9026 36.8600 30.1801
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Figure (3-18).(A) The change of In (AJ/At) with different dose of commercial CoCr20a,
(B) Effect of kapp. different dose of commercial CoCr204 on photodecolorization
efficiency. (C) relationship between (PDE %) and irradiation time at a different dose of

CoCr204
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3.3.3. Effect of Composite CoCr.04/ ZrO2 (1:2) Dose

These experiments were conducted at different doses ranging from 0.1g to 0.3
9/100 mL CoCr,04 / ZrO, at pH 7.3 and temperature 20 °C 100 mL of
complex, light, intensity equivalent to (3.189x10 Enstine s*). Based on tables
(3-12), (3-13) and Figure(3-19), the photo-decolorization effectiveness with
using CoCr,04/ZrO, increases with increasing CoCr,04/ZrO, dosage, and the
best weights were at 0.1 g/100 mL with PDE% equal to 30.6772% at 30 min,
and after 0.1 g/100, the rates of reaction depresses that also attitude to screen
effect.

Table (3-12). The relationship between In (Ao/At) and irradiation time at a different

dose of CoCr204/ ZrO2 (1:2) via photocatalytic decolorization of Fe(l1)-(Luminol -
Tyrosine) complex.

Time of > In(A,/ A)
irradiation g
o 0.1 0.2 0.3
. &)
t/min
0 0 0 0
5 0.1138 0.1424 0.081
10 0.1688 0.1715 0.1245
15 0.1927 0.2061 0.1245
20 0.1975 0.2536 0.2170
30 0.3663 0.2918 0.3601
Kapp/min-t 0.0122 0.0117 0.0113

Table (3-13). The relationship between (PDE %) and irradiation time at a different dose
of CoCr204/ ZrOz2 (1:2) via photocatalytic decolorization of Fe(I1)-(Luminol -Tyrosine)
complex.

Time of PDE%
irradiation %”
(7]
t/min 8 0.1 0.2 0.3
0 0 0 0
5 10.7569 13.2780 7.804878
10 15.5378 15.7676 11.7073
15 17.5298 18.6307 11.7073
20 17.9282 22.4066 19.5121
30 30.6772 25.3112 30.2439
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Figure (3-19). (A) The change of In (Ao/A¢) with different dose of commercial CoCr204/
ZrO2 (1:2), (B) Effect of kapp. different dose of commercial CoCr204/ZrO2 (1:2) on
photodecolorization efficiency. (C) relationship between (PDE %) and irradiation time
at a different dose of CoCr204/ ZrOz (1:2)
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3.3.4. Effect of Composite CoCr204/ ZrO- (1:3) Dose

These experiments were conducted at different doses ranging from 0.1g to 0.3
g9/100 mL CoCr,04 / ZrO, at pH 7.3 and temperature 20 °C 100 mL of
complex, light, intensity equivalent to (3.189x107 Enstine s). According to
results in tables (3-14), (3-15) and Figure(3-20), the photo-decolorization
effectiveness with the use of CoCr,Q,4 / ZrO, increases with increasing catalyst
dosage and the best weight was at 0.1 g/100 with PDE% equal to 41.9718 % at
30 min, and then the rates of reaction depress that also the attitude to screen
effect.

Table (3-14) The relationship between In (Ao/At) and irradiation time at a different

dose of CoCr204/ ZrO2 (1:3) via photocatalytic decolorization of Fe(Il)-(Luminol -
Tyrosine) complex.

Time of In(A,/ Ay)
irradiation ;’
min g 0.1 0.2 0.3
0 0 0 0
5 0.1919 0.0595 0.0616
10 0.2126 0.1562 0.1093
15 0.2302 0.2685 0.1363
20 0.3466 0.2685 0.2321
30 0.5442 0.3593 0.4440
Kapp/mint 0.0181 0.0134 0.0130

Table (3-15). The relationship between (PDE %) and irradiation time at a different
dose of CoCr204/ ZrO2 (1:2) via photocatalytic decolorization of Fe(l1)-(Luminol -
Tyrosine) complex.

Time of > PDE%
irradiation >
3 0.1 0.2 0.3
t/min Q
0 0 0 0
5 17.4647 5.7851 5.9760
10 19.1549 14.4628 10.3585
15 20.5633 23.5537 12.7490
20 29.2957 23.5537 20.7171
30 41.9718 30.1886 35.8565
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Figure (3-20). (A) The change of In (Ao/At) with different dose of commercial CoCr204/
ZrO2 (1:3), (B) Effect of kapp different dose of commercial CoCr204/ZrO2(1:3) on
photodecolorization efficiency.(C) relationship between (PDE %) and irradiation time
at a different dose of CoCr204/ ZrOz (1:3).
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3.4 Effect of Temperature

The photocatalytic decolorization of the Fe(ll) complex was researched at

various temperatures under the top mention conditions with ranged (20-35) °C.

A. Effect of temperature by Using Commercial ZrO>

Table (3-16) The relationship between Ln (Ao/At) and irradiation time at different
temperatures by commercial ZrO:2 via photocatalytic decolorization of Fe(I1)-(Luminol

-Tyrosine) complex.

Time of irradiation In A,/ A;
: o
t/min = 20 25 30 35
0 0 0 0 0
5 0.0430 0.0920 0.0027 0.4977
10 0.0879 0.1321 0.0191 0.6193
15 0.1151 0.2013 0.0443 1.1032
20 0.1431 0.2174 0.1147 1.2140
25 - 0.2296 0.1269 1.3039
30 0,.1594 0.2715 0.5589 1.5122
40 0.2319 - - -
kapp/min 0.0061 0.0101 0.0102 0.056
¢ 20C
B 25C
1.8 ~ 30C
1.6
1.4
12
< 1
o
<08
=
0.6
0.4
0.2
0 .
0 10 15 20 25 30 35 40
time /min

Figure (3-21). The change of In( A,/A) with Irradiation time at different
temperatures of color solution for commercial ZrO..
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Figure (3-22). (A) Arrhenius plot by commercial ZrO,,(B) Eyring-Polanyi plot In(k/T) VS.

1000/T.
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B. Effect of Temperature by Using Spinel CoCr204

Table (3-17). The relationship between Ln (Ad/At) and irradiation time at different
temperatures by spinel CoCr20a4via photocatalytic decolorization of Fe(l1)-(Luminol -

Tyrosine) complex.

o©
[EnY

Time of In A,/ A,
irradiation 1
= 20 25 30 35
t/min
0 0 0 0 0
5 0.0453 0.0268 0.0156 0.0049
10 0.0854 0.0451 0.0224 0.0099
15 0.0854 0.0948 0.0617 0.0149
20 0.1667 0.1120 0.0783 0.0351
25 - 0.1678 0.1175 0.0480
30 0.4598 0.2381 0.1530 0.0532
40 0.4598 - - -
kapp/min 0.0117 0.0069 0.0045 0.0017
®20C
m2s5cC
0.5 - 30C
0.4
% 03
S~
[e)
<
£ 0.2

time /min

Figure (3-23). The change of In( A,/A:) with Irradiation time at different
temperatures of color solution for commercial CoCr,0..
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Figure (3-24). (A) Arrhenius plot by commercial CoCr,0.,(B) Eyring-Polanyi plot In(k/T) VS.
1000/T.
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C. Effect of Temperature by Using Composite CoCr.04/ ZrO- (1:3)
Table (3-18) ) The relationship between Ln (Ao/At) and irradiation time at different
temperatures by CoCr204/ ZrO2 (1:3) via photocatalytic decolorization of Fe(ll)-

(Luminol -Tyrosine) complex.

Time of In A,/ A,
irradiation 1
= 20 25 30 35
t/min
0 0 0 0 0
5 0.1138 0.0151 0.0157 0.0133
10 0.1688 0.0278 0.0236 0.0517
15 0.1927 0.0698 0.0643 0.0601
20 0.1975 0.1025 0.0839 0.0657
25 - 0.1221 0.0953 0.0743
30 - 0.1595 0.1694 0.1892
40 - - - -
kapp/min* 0.0121 0.0005 0.0046 0.0045
0.3 - ¢ 20cC
0.25 | B 25C
30C
0.2
ji‘ X 35C
2 015 -
=
0.1
0.05 -
0 T 1
0 5 10 15 20 25 30 35 40
time /min

Figure (3-25). The change of In( A./A:) with Irradiation time at different
temperatures of color solution for (1:3) spinel CoCr,04/ZrO, composite.
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Figure (3-26). (A) Arrhenius plot by commercial CoCr.04/ZrO; (1:3),(B) Eyring-Polanyi plot
In(k/T) VS. 1000/T.
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Table (3-19) Calculated activation energies and thermodynamic functions for

decolorization of FeL,Cl,- complex with using commercials ZrOz and prepared Spinel
CoCr204 and prepared (Spinel CoCr204/ ZrOz) composite (1:3).

Samples E. /k) mol™ AH#*/k) mol? AS*/) molt K AG#*/Kk) mol?
99.4437 96.9495 41.9108 105.6733
ZTOZ
Spinel CoCr,0, -93.1084 -95.6035 -607.1631 30.7768

(Spinel CoCr,0./
Zr0;) composite
(1:3)

-46.2499 -48.7483 -449.7865 44.8754

The results in figures (3- 21 ), (3-23) and ( 3-25) and table (3-19) illustrated the
ZrO, has a maximum value of activation energy that due to having a large
bandgap (The activation energy is a less amount of energy that needed to
eliminate the electron from valance band to the conductive band), while when
incorporated it with the Spinel CoCr,04. The activation energy is decreased

clearly.

The activation energies befor and after incorporation of ZrO, with Spinel
CoCr,Q4 surface found to be negative values, that may indicate to happen the
photoreaction in multi-steps binding, one of which may be exothermic then
conversion at a very low positive activation energy value via a series of chain
reactions. This behaver investigates to the spinel stracture, which involves
Co(ll) in tetrahydral hybridize and Cr(ll1) in octahedral bybridze, hence a fast
binding step may be occured on Co(ll) position in crystal lattice, but the less
fast step (at very low positive activation energy value) may be obtained on
Cr(111) position in crystal lattice. This case leads to produce a negative enthalpy

values using spinel and its composite.

The photoreaction for decolorization of FelL,Cl, - complex in present ZrO,
obtain endothermic beaver. In contrast, the photoreaction for this complex in

present spinel CoCr,O,4 and its composite (1:3) is an exothermic and low change
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in entropy for using composite and depress from 41.9108 J mol! K1 to -
449.7865 J mol* K. The positive value of change in enthalpy and change in
Gibbs energy for using spinel ZrO, refer to elevate the solvated between the
hydroxyl radical and the transition state for the used complex in the transition

state. This case is similar to the reported in the refernces [171,172].

3.5 Effect of Initial pH of the Solution

The study of the influence of pH of the solution is a vital factor, because of it’s
affected on the complex formation and the surface of the used catalyst. In this
work, the best pH for formed this complex is 7.3, while, the pH less or more this
value is not led to produce a FeL,Cl,- complex that due to change the structure

and wavelength.

3.6 Conclusions

From this study, the sequence of conclusions was determined.

1. The synthesis of ligands as Luminol, (Luminol -Tyrosine) and of Fe(ll)-
(Luminol -Tyrosine) complex were confirmed by *H-NMR, altering in
melting points, FT-IR, Elemental Micro Analysis (C.H.N), and UV-Visible
scans.

2. The FeL,Cl, complex was found to be highly stable and the ratio between
Fe(ll): L is 1:2 and had an octahedral hybridize.

3. By measuring the magnetic susceptibility of the prepared complex, it was
found that the prepared complex is having a magnetic property due to the
presence of repulsive electrons in the outer shell (d®).

4. The spaniel CoCr,O,4 was successfully synthesized by the co-precipitation

method.
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S.

Spinel CoCr,04 surface was modified by incorporating it with ZrO, by
ultrasonic technique to form a composite in different ratios (1:2 and 1:3)
respectively.

According to XRD analysis, the spinel CoCr,O,4 were proved to the
synthesized really with nano-sizes. Spinel CoCr,0,4/ZrO, composites in
different ratios (1:2 and 1:3) found to be a nano quantum dots (NQDs)
compounds.

SEM analysis detected the morphology of studied photocatalysts and found
all samples are quasi-spherical shape except ZrO, is having a spherical
shape.

The particle sizes for all studied photocatalysts are large than the crystal
sizes. Hence, these samples regard as poly-crystals.

Based on optical analysis using the Tauc equation and found all studied
photocatalysts are having a direct bandgaps. Moreover, an elevated amount
of ZrO, in a prepared composite leads to a rise in the bandgap values in

composite.

10.The best decolorization of FeL,Cl, complex at pH 7.3 , in present spaniel

CoCr,Q4 or ZrO, or spaniel CoCr,04/ZrO, nanocomposite in ratiol:3. This

photoreaction is obeyed to pseudo-first-order kinetics.

11.The incorporation of ZrO, with spinel CoCr,O, leads to elevate the

efficiency of decolorizing the complex and depress the activation energy of

this photoreaction.

12.The thermodynamic parameters for decolorization of the complex using

ZrQO,, spinel CoCr,04 and composite CoCr,04/ ZrO, (1:3) are studied. By
comparing them, it is clear that the reaction with using photocatalysts is fast,
less random, and non-spontaneous, and the photoreaction in present ZrO; is
endothermic, while in present spinel CoCr,0,4 and it composite (1:3) are an

exothermic.
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3.7 Future Works

1.

Possibility of studying the usage of the Ligand (luminol-

tyrosine) in Forensic science and criminalistics.

. The possibility of using the ligand in the preparation of another

complex with other elements such as Zn, Cu, and Co.

. The possibility of preparing new azo ligands derived from

luminol to obtain new ligands.

. Possibility of using spinel and other compounds in applications

such as solar cells and gas sensors.

. Determined the other characterizations for these prepared

composites, such as surface area, TEM, and XPS.

. Preparation composites with other oxides such as TiOz or ZnO

. Measured the biological activity of the prepared spinel,

composites, and complex. The decrease in the number of micro-
organisms in water is performed with the photo-oxidation

process.

. The usage of photocatalyst in this study to remove other organic

pollutants such as drugs, fertilizers, medicines, etc. Also, it is
possible to study the adsorption of catalytic diodes prepared for

heavy ions polluting the water.
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