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This work consists of three parts:
Part One:

The two ligands L;(benzylimino)methyl)phenol) and L,(2-
((benzylimino)methyl)benzene-1,4-diol) were synthesized by the
condensation of benzylamine with aromatic aldehyde: 2-hydroxy
benzaldehyde and 2- hydroxy-3-methoxy benzaldehyde respectively . The
ligands were characterized by using different techniques such as: melting
point, FT-IR, UV-Vis, *H-NMR, *C-NMR, (TGA).

The synthesis complexes of these ligands with which metal were
synthesized by the reaction of zinc acetate with the ligands (L;and L,) as
the molar ratio (1:1) and (1:2) (metal: Ligand). These complexes have
been characterized and studied by physicochemical and analytical
properties such as FT-IR and UV-Vis spectra, molar conductivity and

TGA analysis.

Part Two:

Zinc oxide (ZnO) nanostructures had been prepared using
thermal decomposition method for metal complexes by calcinated at 700
°C for 4 hours.Zinc oxide (ZnO) nanostructures were characterized of by
X-ray diffraction (XRD), FT-IR, (SEM), (TEM), EDX and UV -Vis
Diffuse Reflectance and BET techniques. Crystallite size and average
crystallite size of the prepared Zinc oxide (ZnO) nanostructures were
calculated employing Scherer equation. The resultant data from these
techniques mentioned above were agreed quite well with the suggested
molecular formula of the complexes and have been suggested the
geometry of their structures where all complexes the ( C;to C,4 ) were

taken the tetrahedral geometry .



Part Three:

The photocatalytic activity of the prepared Zinc oxide (ZnO)
nanostructures was examined using AYG dye as the test dye in aqueous
solution under UV irradiation.

The studied factors studied such as were the initial AYG dye
concentration, amount of catalyst, initial pH of the solution, light
intensity, hydrogen peroxide and the temperature of the dye solution.

The effect of the initial concentration of the dye solution was studied
and the results showed that the rate of reaction decrease with increase the
concentration of dye and the reaction is a pseudo first-order reaction. The
optimal dosage of the catalyst was found to be (0.13 g/100 mL) for the
prepared Zinc oxide (ZnO) nanostructures.

Investigation of the effect of initial pH of the dye revealed that the
optimum pH of the solution is (8.75). The increasing in the light intensity

caused to increase the rate of photo catalytic degradation.

Effect of temperature was investigated also employing Arrhenius
equation, and the results showed that the increase in temperature is
accompanied with an increase in the rate of the reaction. indicating that
the photocatalytic degradation of ( AYG) is an endothermic reaction.

The activation energy of the reaction was calculated, and it was found
to be (32.52) kJ.mol™.
Entropy and enthalpy values were calculated employing Eyring equation.
Entropy values were found to be ('0.166) kJ.mol™, these results showed
that the randomness was decreased. Enthalpy values were found to be
(52.52) kJ.mol™ the positive value indicating that the photocatalytic

degradation of dye is an endothermic reaction.



Gibb’s free energy was calculated for each type of the photo catalysts
used in this study, and the values were found to be (81.98) kJ.mol™, These

results show that the reaction is non-spontaneous.
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Chapter One Introduction

1.1 - Nano science and Nanotechnology :

The Nano word originates from the Latin term meaning dwarf, the
perfect range provided by nanotechnology refers to a part per thousand
million of a specific unit so the nanometer is one thousand millionth of a
meter (1nanometers = 10 meters). The science of nanotechnology as a
science deals specifically with the mechanisms that happen at the
molecular level and the size of the nanoscale, it is the science of material
with a length of 10~ to 1077 meters [1].

Nanoscience study phenomena and processes of materials at the
atomic, molecular and macromolecular scales because the properties
differ greatly between these scales and main scales, or it is the science of
materials and devices that have changed greatly due to their nanoscale
size, structures, components, and characteristics (physical, chemical, and
biological). While nanotechnology refers to the design, preparation,
diagnosis and applications of structures, devices and techniques for
controlling the shape and size of nanoscale components [2, 3].

Nanotechnology has been widely used in many fields such as applied
science, engineering and medicine for many decades[3].
1.1.1 -Properties of Nano structured materials :

With the whole expansion in several areas of applications,
nanostructured have demonstrated an active field research and an
economic technical sector. Nano structured has obtained fame in
technological developments owing to their adjustable physical and
chemical properties like melting point, electrical and thermal
conductivity, catalytic activity, light absorption and scattering resulting in
improved performance over wholesale counterparts[4]. Depending on the
Environmental Protection Agency, “nanomaterial can exhibit unique

properties dissimilar than the equivalent chemical compound in a larger
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dimensions” a bridge between the huge materials and tiny structures
(atomic or molecular)[5] .

The bulky materials have fixed physical properties, nevertheless of
size, on the other hand the nano scale properties depend on the size. The
basic properties of materials can be controlled by creating nanometer
scale structures, like melting degree, magnetic properties, charging
capacity also the color, although the chemical structure does not change .

Taking advantage of this possibility will produce a new products
and high performance technologies that could not have been provided
earlier. Nanostructures have extremely wide surface area to volume ratios,
which makes their ideal and utilize in many fields[6] .

1.1.2- Techniques of Nanomaterial Synthesis :

Two fundamental approaches are used in the synthesis of
nanoparticles as shown in Figure. (1.1), which can be of natural or
synthetic origin and show unique properties in the nanoscale.

The first approach is a "top-down" method that involves dividing
solids into small parts by an external force[7] .

To supply the energy needed to form nanoparticles there are
numerous technologies (physical, chemical, and thermal) are applied, this
approach has the disadvantage of being costly to implement and perfect
surfaces and edges cannot be obtained due to the cavities and roughness
that occur in nanoparticles formation according to this route[8] .

Another approach, called as "bottom-up”, is depending on adding
and joining (gas, liquid) atoms or molecules. This approach has the
advantage of obtaining excellent nanoparticle synthesis results and does
not create waste (that needs to be removed) and the sizes of nanoparticles

can be controlled and obtaining nanoparticles at a smaller size[9].
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Top-down

—)—)

Bulk ~ Fragments

Nanoscale

| Structures )

Bottom-uj

Fig. (1.1): Two approaches of the nanoparticles synthesis
1.1.3- Synthesis Methods of Nanostructures:

The nanostructures can be manufactured in various forms using
different synthesis processes, that nanostructures are less than three
dimensions can be prepared in the range of 1-100 nm. Nanostructures are
made by using various techniques, these nanoparticles can be prepared in
liquid dispersion and dry particles .

Nano scale structures are made by constructing from atoms or by
reducing the magnitude from micro particles to nanoparticles which are
shown in Table(1.1) [10, 11].
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Table( 1.1): Methods for nanostructures synthesis

1 Sol-gel Mechanical milling

2 Chemical vapor deposition (CVD) | Nanolithography

3 Laser Pyrolysis Laser ablation

4 Wet synthesis Sputtering

5 Spinning Thermal decomposition
6 Plasma arcing Spark Discharge

7 Molecular Self-Assembly Ultrasound

8 Molecular beam epitaxial (MBE) Microwave

1.1.4 - Nanomaterial’s Classification :

The first idea for classification of Nanomaterial has been sorted by
Gleiter et al. [12],they classified nanomaterial based on their chemical
composition as well as crystalline forms, but the Gleiter classification was
not perfectly completed because it did not depend on the dimensions of
the nanostructures and the nanoparticles [13].

Pokropivny and Skorokhod introduced in 2007 [14] a new
nanomaterials classification plan that included newly advanced
composites like Zero dimensional, One dimensional, Two dimensional
and Three dimensional, nanomaterials as seen in Figure.(1.2).

This categorization depends on the transfer of the electron along the
dimensions in nanomaterials .

Materials with nanostructures were classified by Richard W. Siegel
[10] into four categories, depending on the dimensions as defined by zero
dimensional nanomaterials, electrons are entrapped in a space without
dimensions, while on one dimension nanomaterials contain the electrons
can passage along the axis (X). As well as two dimensional nanomaterial

has electronic movement along the (X-Y) axis while the electrons of three
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dimensional nanomaterial has move along (X, Y, Z) axis respectively[14].
The Classification of nanomaterials depending on their dimensional can

be catarized as follows [15]:-

1- Zero Dimensional Nanostructures(0D):

All dimensions of materials are measured inside the scale of nano
(there are no dimensions outside the nanoscale 100 nm) or Zero-
dimension. Quantum dots are the most widespread example of quantum

dots nanomaterials with 0-D.

2- One Dimensional Nanostructures(1D):

One-dimensional materials include nanotubes, nanowires and
nanofiberes. They are materials that have one dimension outside the

nanoscale. This leads to needle like-shaped nanomaterial.

3- Two Dimensional Nanostructures(2D):

Materials where in 2D are not limited to the scale of nano, two
dimension nanomaterial offer plate-like forms. Those include nanolayers

and nanofilms.

4- Three Dimensional Nanostructures(3D):

Bulk nanomaterials do not contain any nanoscale in dimension. These
materials have three random dimensions over 100 nanometers. The
material contains a nanocrystalline structure or contains the existence of
advantages on the nanoscale with respect to the crystalline nanostructures,
huge nanomaterials can contain several configuration of crystals in nano
size, at most it bein diverse directions, in terms of existence of advantage
on the nanoscale, was material in three dimensional may have dispersions
of nanoparticles, nanotubes, and nanowires bundles add to the multi nano
layers .

Different nanopharticales, nanomaterales,are bassed in Figure(1.2)
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Fig. (1.2) : Nanomaterials with different morphologies:

(A) nonporous Pd nps (0D)[16],

(B) Graphenenanosheets (2D)[17],

(C) Ag nanorods (1D) [18],

(D) polyethylene oxide nanofibers (1D)[19],

(E) urchin-like ZnO nanowires (3D), reproduced from[19],
(F) WO3 nanowire network (3D)[20].
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1.1.5- Application of Nano materials:

Nanomaterials are used in the broad of environment and can be is
outlined in Table (1.2).

Table (1.2): Application of nanomaterial in different fields[21].

1. | Nano medicines Nano drugs Drug delivery, Medical devices and Tissue

engineering

2. | Nano scale chemicals compounds | Paints and coatings

and Cosmetics

3. | Food Sciences Processing, nutracetical food and nanocapsules

4. | Environment and Energy Water and air purification filters, fuel cells and
photovoltaic cell

5. | Military and Energy Biosensors, weapons and sensory enhancement

6. | Electronics Semiconductors chips, memory storage, photonica

and optoelectronics

7. | Scientific Tools Atomic force, microscopic and scanning tunneling

microscope

1.2 -Zinc Oxide (ZnO):

Zinc oxide is known as II-VI semiconductor and , individuallyugn.
ZnO has a unique chemical sensing , optical, semiconducting,
piezoelectric, and electric conductivity properties .

In the near of ultraviolet range the ZnO characterized by 3.3 eV as a
large band gap directly ,and have a natural n-type electrical conductivity,
ZnO have 60 meV excitonic binding energy at RT. ZnO with These
characteristics enabling to have amazing applications in different fields
[22, 23] .

Zinc Oxide has very strong ionic bonding between Zn and O, In spite

of the fact that Zinc Oxide shows light covalent character. ZnO-nps have
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two region UVB and UVA that represent high optical absorption , high
photochemical activities, and high Catalytic Peoformance [24].

Examine as of late, have strongly centered around the prepare of
nanosized ZnO particles under different conditions and methods, due to
the properties can be changed or adjusted of metal oxide particles
depending on route of the preparation method [25] .

ZnO can be prepare through different techniques by controlling the
parameters of preparation . The clearly utilizing of different methods can
make diverse morphologies furthermore unique sizes of ZnO patrticles.
Accordingly, the physical and chemical parameters for example the
temperature, pH, precursors, and the solvent type were very considered.

A grouping of ZnO nanostructures with various development
morphologies, for example, nanorings, nanosphere, nanoneedles
nanowires, nanotubes and nanorods have been successfully prepared [26].
The subject which is much fascinating is the getting of ZnO nano
particles by a novel technique is hydrothermal method, have some
advantages for example relatively low temperature, the utilization of low
cost ,simple setup, big deposition area, and environment friendly, that

make it different compared with others [27].
1.2.1- The Crystal structure of ZnO:

A large portion of group 12—-16 binary compounds crystallize in the
frame the wurtzite phase, it known likewise to crystallize in rocksalt and
the cubic zinc blende structures, as shown in Figure.(1.3). The blende
phase of zinc oxide can be stable just growth on cubic structures [28], but
the another phase rocksalt is need a high-pressure metastable and it
forming at ~10 GPa with very high temperature, and cannot be stabilized .
The calculations theoretical show another phase of ZnO a fourth phase is
cubic cesium chloride, might be possible at a great degree high

temperatures, in any case, but that not yet observed experimentally [29].
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In normal ambient conditions the wurtzite symmetry is
thermodynamically supported over the zinc blende .

In both cases, every cation is surrounded by four anion arranged in
four corners of a normal tetrahedron with the cation at the middle.
Similarly, four cations surround each anion. ZnO bond possesses good
ionic character which is reflected in its band gap [30].

In hexagonal wurtzite structure, the crystal can be depicted as
alternating planes that are made out of tetrahedral coordinate Zn®* and O*

ion and stacked along c- Axis [29] .

I(a) Wartzite, hexagonal packing (b) cubic packing

Fig. (1.3): (a) Wurtzite crystal structure and (b) cubic packing crystal structure
of ZnO[31]
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1.2.2- Optical Properties of ZnO :

Intrinsic and extrinsic impacts both contribute to the optical
properties of a semiconductor. The moves of the electrons in C.B and
holes in V.B are treated as intrinsic optical transitions, in which the
excitonic effects due to the Coulomic interaction are also included [32].
Extrinsic properties are related to the electronic states made in the band
gap by dopants/impurities or complexes and point defects, which
influence both emission and optical absorption processes neat zinc oxide
Is white and transparent[33].

Advantages contribute with a great band gap involve lower electronic
noise, high-power operation, voltages higher breakdown, high
temperature, and ability to sustain a big electric fields. The band gap of
zinc oxide can furthermore be adjusted from ~3-4 eV via its all
combination with magnesium oxide or cadmium oxide [34].

1.2.3- Application of ZnO Nanostructures :

Due to its versatility and multifunctionality zinc oxide creates
attention in the research field related to its applications. A large number of
synthesis techniques also been developed by which ZnO can be grown in
different nanoscale forms and thus different nanostructures can be
fabricated with different shapes ranging from nanowires to nanobelts and
even nanosprings .
1.2.3.1-Medical Application:

Zinc oxide with about 0.5% iron(l1l) oxide, this mixture is called
calamine and is used in calamine lotion. Zincite and hemi-morphite when
they are mixed with eugenol, the mixture is called zinc oxide eugenol[35].
Active ZnO inhibits the growth of bacteria such as( Propionibacterium
acnes ) which results in less of the sebum wich is an oily substance
secreted by the sebaceous glands in mammalian skin being split into the

free fatty acids which in turn act to inflame the follicle wall [36].

10
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1.2.3.2- The Textile Industry :
Numerous researchers have been dealing with water repellent ,self-
cleaning, and Ultraviolet-blocking textiles.

The textile applications, not only zinc oxide biologically compatible,
as well as the covering nanostructured Zinc Oxide are more air-permeable
and efficient as UV-blockers compared with their bulk counterparts [37].
1.2.3.3-Electronics Applications :

Zinc Oxide is well known of 3.37 eV as a large direct band gap at
RT. Therefore, light emitting diodes (leds) and laser diodes is a most

common potential applications [38] .

1.2.3.4-Catalysts:

Zinc oxide is used to catalyze dehydrogenation (organic reactions).
Active zinc oxide is derived from zinc hydroxide or carbonate are used in
these applications.

Due to its high photosensitivity , zinc oxide has attracted much
attention with respect to the degradation of various pollutants [39],
stability and wide band gap [40].

Surface area of zinc oxide, which depend on the synthesis method,
are important factors for determining its photocatalytic activity.

In a photocatalytic system, photo-induced molecular transformation
or reaction takes place at the surface of the catalyst.

A basic mechanism of photocatalytic reaction on the generation of
electron—hole pair and its destination is as follows: when a photocatalyst
is illuminated by the light stronger than its band gap energy, electron
migrates from valance band (VB) to conduction band (CB) and holes are
formed in valance band; these holes can generate hydroxyl radicals which

are highly oxidizing in nature.

11
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Hole can react with dye molecule and abstract electron from dye

molecule and process of degradation start[41].

1.2.3.5- Chemicals and Biosensor Applications:

Nanostructures of zinc oxide exhibit interesting properties including
high catalytic efficiency and strong adsorption ability , moreover to its

unique optical, piezoelectric ,semi-conducting and magnetic properties.

Due to its high isoelectric point (9.5) ,fast electron transfer and
biocompatibility , interest has recently been focused onto the application
of ZnO in biosensing [42].

1.3 - Types of Heterogeneous Photocatalysis:
1.3.1 Noble Metal-Based Photocatalysis:

In the history of heterogeneous photocatalysis, a lot of noble metals
oxides transmaition , Pt, Pd, Ru, Ir and Rh, and some metal oxides, such
as Ti, Zn, Ce and Cr, have been used as photocatalysts [43].

A good photocatalyst should be photoactive, able to harnest visible
and/or near UV light energy, biologically and chemically inert, stable
towards photocorrosion, low in cost and toxicity[44].

It is well known that metals oxides are generally more active catalysts
than noble metal in majority of applications. However, noble metals are
less resistant to poisoning than metal oxides, and can be a potential hazard
to the environment.

Moreover, due to absence of band gap and the continuum of electronic
states in the noble metal structures, the photogenerated electron-hole pairs
can be readily recombined, which leads to deactivation of the active sites
and a reduction in photocatalytic efficiency.

Hence, metal oxides are more suitable to be used in various applications

as photocatalysts.In fact, according to Matatove-Metal and Sheintuch

12
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[45], there are some criteria for catalysts to be used in industrial
applications, such as high activity, resistance to poisoning and stability
over time at elevated temperatures, mechanical stability and resistance to
attrition, non-selectivity, physical and chemical stability under various
conditions.
1.3.2 Semiconductor-Based Photocatalysis:

Semiconductors are materials usually solid chemical elementsw or
compounds that have an electrical conductivity between conductors and
insulator[46].

The important character to make the ZnO,TiO, and some
semiconductors is good sensitivity for light in processes of redox is
electronic structure of this semiconductors .Semiconductor materials are
materials in which both of valance band (V.B) and conduction band (C.B)
are isolated by energy gap (Eg )[47]. Two kind of semiconductors, it's
called n and p-type [48]. The energy at which the probability of an energy
level being involved by an electron is exactly 1/2 at OK is Fermi level.
Fermi level for the semiconductor movements in the band gap region[49].
The Fermi level For n-type doping shifts toward C.B edge, and the doping
of p-type shifts toward the V.B edge[50, 51] as shown in Figure. (1.4)

13
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B. B
(N ) “ 000000 :
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energy level
™ Donor
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/;
p-type semiconductor n-type semiconductor

Fig. (1.4): Energy level diagram for n and p-type semiconductors [52].

The band theory is necessary to understand semiconductor properties .

In this theory at 0 K, a perfect crystal of a semiconductor material has a

group of very close and filled electronic states, this is called valance band
(V.B).

Another group of close and empty electronic state is called

conduction band (C.B), and E4 between them is called energy gap[53].

Table (1.3) summarizes the most common semiconductor used in

photocatalysis , their band gap and respective wavelength sensitivity [54].
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Table (1.3): Energy band gap and wavelength sensitivity of different

semiconductors.

1. Cds 24 517
2. Fe 03 2.3 539
3. SrTiO3 3.2 388
4. TiO, (rutile) 3.0 413
5. TiO; (anatase) 3.2 388
6. WO, 2.8 443
7. ZnO 3.2 378

A doped semiconductor has a big difference in the concentration of the
two types of charge carriers. When the semiconductor is exicted, holes
and electrons are generated by light absorption. The sensitivity of a
semiconductor to the energy photon is indicated by the energy of band
gap.

An important effect is the recombination on the semiconductor.
Direct recombination may occur when the electron returns from C.B edge
to V.B edge. Indirect recombination occurs with an inter mediate energy
level .This method of recombination can be particularly effective because
the intimidated energy level can capture the hole and electron [55].

1.3.3- Principles of Heterogeneous Photocatalysis:

Homogeneous catalysis refers to catalysts that exist in the same
phase (gas or liquid) as the reactants and are thus difficult to be separated,
while heterogeneous catalysis refers to catalysts that do not exist in the
same phase as the reactants and are therefore easily to be separated[56]
Typically, heterogeneous catalysis involves the use of solid catalysts

placed in a liquid reaction mixture[57].



Chapter One Introduction

The mechanism of photocatalysis using zinc oxide as a catalyst is
illustrated in Figure.(1.5). When the suspended solution is irradiated by
incident photons with energies equal or larger than the band gap of zinc
oxide( 3.37 eV) the electrons in the a low energy valence band (VB) of
the semiconductor photo catalyst are excited into the a high energy
conduction band (CB), leaving an equal number of the corresponding
holes in the valance band [58] (Eq. (1.1)

ZNO + hV = ZNO(+ h)eeurerenieniiieneienieeeeeneenenenennen.

Light Energy

excitation

(9

(1)

>

»

3
uoneuIquIooay
) ded pueg

(8

Oxidation
St OH" Valence band

Fig. (1.5): A schematic diagram illustrating the principle of photo catalysis[59]

The holes in the valance band can be oxidize the pollutants

"h+dye =—— dye +degradation of the dye ...............c...... (1.2)
Or generate high reactive hydroxyl radicals (OH-) by decomposition of
water

T 5 T S | TR (1.3)

Or reaction with hydroxyl ions (-OH) in water, are involved in an

oxidation reaction .
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NI ) s S 0 ) § (TR (1.4)
On the other hand, the photo electrons that are formed in the conduction
band on the catalyst surface, and participate in a reduction reaction,This
proass can reduce adsorbed oxygen into superoxide anions.[60] [61]

R O R N O 7 S (1.5)

Or peroxides

26+ 0, +2H" = H,05 ciuiiuiiniiniiniineineeieeneeneeneenans (1.6)
As a result formation hydroxyl radicals (OH- )

et HyOy = "OH+ OH .ccoveiriniiniiininiieiniennnnnnen (1.7)
[62]

The hydroxyl radical is a highly powerful, non-selective oxidant (E° =
+3.06 V) which gives a partial or complete decomposition of many
organic compounds

[63]

OH+dye — Iintremediates —,CO,+ H,0.........(1.8)
[57, 64])

The acts as the primary cause of organic species mineralization in the
photocatalytic reactions. The photoexcitation of ZnO semiconductor by
proper UV light irradiation, the primary degradation of dye is caused by
the hydroxyl radicals generated through the previous processes.

It is worth noting that the presence of adsorbed oxygen molecules

prevents the recombination of the photo generated electron-hole pairs.

1.4 - Advanced Oxidation Processes (AOPs):

These a set of chemical treatment procedures designed to remove
organic (and sometimes inorganic) materials in water and wastewater by
oxidation through reactions with hydroxyl radicals (OH).

The first AOP based water purification/treatment in full scale was
proposed in early 1980s[65], AOPs are characterized as best water

treatment/purification processes that involve generation of hydroxyl
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radical (OH) in sufficient quantity to affect water purification at standard
temperature and pressure[66, 67].

The significant advantage of AOPs over all existing chemical and
biological processes is that they are totally “environmental-friendly” as
they neither transfer pollutants from one phase to the other (as in
chemical precipitation and adsorption) nor produce massive amounts of
hazardous sludge[68]

AOPs : Consists of various techniques for the generation of reactive

oxygen species and these are shown in Figure (1.6)[69].

r

UvV-Photolysis

- UVC « 1,0,

- UV + O,

- UVA + TIO,

- Vuwv

- UV +«FPhotocatabyst

Fenton

Fig. (1.6):Classification of Advanced Oxidation Processes

1.5 -Coordination chemistry:
Coordination chemistry is the branch of chemistry that study

coordination complexes. Such complexes are formed by bonding an ion or
a central metal atom (Lewis acid) which has empty orbitals that are able
to receive electrons from donating groups (Lewis base) [70].

A coordination bond differs from a covalent bond in that a covalent
bond is formed when each atom shares an electron, while a coordination
bond is formed when an electron pair carrier atom is able of donating the



Chapter One Introduction

electronic pair to a metallic ion containing an empty orbital to accept it.
The coordination number is the number of electrons awarded, and most
coordination compounds have the numbers 2, 4, and 6 and thus take the
shapes of linear, tetrahedral, square planar and octahedral [71].

Inorganic Chemistry is involved in many fields, where some
coordination compounds are found in biological systems, such as
chlorophyll. Additionally, they can be used as catalysts since its
compounds form a wide variety of colors, Coordination Chemistry has a
place in the field of art, as artists used several coordination compounds as
pigments, one of which is Prussian blue, which is made up of iron (11) and
iron (I11) [70]. A cyanide ligand holds them together Several metals are
used as therapeutic, diagnostic, and pharmaceutical agents. Metals such as
arsenic, gold and iron have been used to treat a variety of human diseases
since antiquity [72].

Medical applications use a simple salt of the metal itself in some cases,
such as the therapeutic use of lithium in bipolar disorders. However, the
number of metal-based drugs is increasing all the time, Platinum
anticancer drugs are among them “used as a component of nearly 50

percent of all cancer treatments™[73]

1.5.1 Chelate and Chelating Effect:

The chelate describes the groups that are capable to behave like two
associating units. The process of chelation involves coordination of more
than one sigma-electron pair donor group from the same ligand to a single
central atom. The term polydentate is used to describe the number of
ligand groups on a single chelating ligand [74].

Several factors of the stability are common in all chelate systems nd
these which are the size and number of rings, substituents on the rings,

and the nature of metal and donor atoms. In the macrocyclic complexes,
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the degree to which the size of metal ion fits the space enclosed by the
macro rings is a significant factor.

In chelation, five- and six-membered rings are most stable:
coordination angles on the metal atoms prohibit the formation of three-
membered rings and ring closure is improbable for rings having more than
seven members.

In these latter systems, coordination in linear chains is a competing
reaction. Formation of each additional ring by the same ligand contributes
extra stability from the entropy effect of displacing coordinated solvent
molecules. Substituents on a ring may also produce steric hindrance or
otherwise alter the availability of the donor atom electrons for
coordination. The stability constants are usually influenced by more than
one of the parameters that are known to affect chelate stability. In some
cases, the size of ring, number of rings for similar donor atoms, and
whether one or more ligand molecule forms the rings will influence the
chelate stability[75]

The chelate effect refers to the preference of metal ions to form
comp-lexes with chelating ligand rather than non-chelating ligands where
the two types of ligands can form bonds of similar strength. The chelating
effect is affected by enthalpy and entropy contributions[76].

In general, for any stability constant as well as for their differences, the
following thermodynamic relationship can be expressed as(Eq.9)
AG = RTLNBZAH " T AS® oiiieteeierieeereneeneeernneeennnns (1.9)

With increasing of 8, AG becomes more negative, due to more negative
enthalpy term AH or more positive entropy term AS . Factors AH and
AS can operate in the same or different directions, the sum effect being
decisive.

The following enthalpy contribution can be considered: ligand

repulsion, ligand distortion and crystal field stabilization energy[77] .
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The activity factor means that the chance of coordination of the other
end of the ligand is proportional to its effective local concentration around
the metal ion. In diluted solution, this is much higher than the average
ligand concentration because the other end is located in a relatively small

volume immediately surrounding the metal ion[78].

1.6 - Schiff bases:

Schiff bases contain azomethine group (-RC=N-), It is prepared by
condensation of carbonyl group (aldehyde or ketone) with primary
amines, it is nucleophilic addition forming a hemiaminal, generally Schiff
base formation under acids or base catalysis upon heating as in the
scheme (1.1) [79].

The aromatic aldehydes particularly with the effect of conjugation
system form stable Schiff bases, but the aliphatic aldehydes are unstable
and easily polymerize [80].

Schiff bases are currently being studied extensively due to their ease
of synthesis, various structures with wide range of color, and they have
sparked a lot of interest in the thermochromic material field[81]. These
Schiff bases are made by combining a primary amine with an aldehyde or
ketone and releasing water[82-84].

This combination is stable under both oxidation and reduction
conditions[85]. The structure of any Schiff base is containing the
significant azomethene group (C = N) in which it can coordinate with the
metal ion through the pair of electrons provided by the N atom.[86]
Because of their ability to form strong bonds with metal ions, Schiff bases
are an important ligands in coordination chemistry[87]. Schiff bases are
considered one of the important areas that researchers are focusing on,
due to their use in many applications such as antibacterial, antifungal[88]

anti-inflammatory[89] anti-tumor[90] and antiviral[91].
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It has many other applications in addition to the biological ones, such as
catalytic effect, corrosion inhibiting effect and industrial and electronic
applications [92] .

ﬁ R
2\
—N— +
R-NH, +R,— C—Rr ——— B> /C N—TR, H,0
R
R,;=ph, R=H or R and R,=aryl or alkyl Schiff base

Scheme .(1.1)-: Formation of Schiff base

1.6.1- Classification of Schiff Bases:

Schiff bases are classified according to the number of Schiff bonds

in the igand in to the following groups:

Monodentate Schiff Bases: These ligands contain one Schiff bond [93],

an example of such Schiff bases is shown in the Structure (1.1)

OH

N

AN

H R

Structure (1.1): Monodentate Schiff base
Bidentate Schiff Bases: These ligands contain two Schiff bonds[94]. As

~

—nN  N=

given in Structure(1.2)

OH HO

R
Structure (1.2): Bidentate Schiff base
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Polydentate Schiff Bases: These ligands contain more than two Schiff
bonds [95, 96] . Structure (1.3) shows such Schiff base type:

| s B
% N__=

Structure (1.3): Polydentate Schiff base
1.7 - Dyes:

Dyes, unlike most organic compounds, have color because they
have a chromophore structure consisting of an extended conjugated
system of [p- electrons], often bearing groups with an electron acceptor or
donor that can absorb light in the visible spectrum (400-700 nm).

They can be classified based on their chemical structures into several
groups, including azo, anthraquinone, quinone , phthalo cyanine, sulphur
andtriarylmethine[97].

Azo dyes absorb visible light due to their chemical structure, which is
defined by one or more azo groups (—N=N-).

Azo group can besubstituted by benzene or naphthalene groups, which
can contain avariety of substituents such as methyl (—CH3), chloro (-CI),
nitro (-NO,),amino (—NH,), carboxyl (-COOH), and hydroxyl (—OH),
resulting in avariety of azo dyes .

Azo dyes account for the majority of all textiledyestuffs produced
due to their low cost of synthesis and ease of use,stability, and color
variety when compared to natural dyes.

Dyes are widely used in industries such as textiles, paper,
leather,cosmetics, food and pharmaceuticals. The improper discharge of

textiledye effluent containing azo dyes into aqueous ecosystems reduces
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sunlight penetration, which reduces photosynthetic activity, dissolved
oxygen concentration and has acute toxic effects on aquatic flora and
fauna, resulting in environmental problems. Adsorption, oxidation,
filtration, ozonation, microorganisms and enzymatic methods have all
been used to remove synthetic dyes from waters and wastewaters in order
to reduce their environmental impact.

Other common chromophoric configurations include azo (-N=N-),
carbonyl (-C=0); carbon (-C=C-); carbon-nitrogen (>C=NH or -CH=N-);
nitroso (-NO or N-OH); nitro(-NO, or =NO-OH); and sulphur (C=S) (,
The chromogen, which is the aromatic structure normally containing
benzene, naphthalene, or anthracene rings, is part of a chromogen-
chromophore structure along within an auxochrome Generally, the dyes
used in the textile industry are basic dyes, acid dyes, reactive dyes, direct
dyes, azo dyes, mordant dyes, vat dyes, disperse dyes, and sulfur dyes
where azo derivatives dyes are the major class of dyes that are used in the
industry today[98].General classification of dyes are shown in
Figure(1.7)
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Fig.(1.7) -Classification of dyes based on ionic charge with corresponding
properties, chemical types and some of the reported toxicity impacts (in blue),
and based on chemical structure with corresponding chromospheres [99].
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1.7.1 - Alizarin Yellow G Dye(AYG) :

Alizarin yellow G (AYG) is a bright, clear yellow with earthy
undertones. Despite the name, this oil paint contains no AYG lake and is
completely permanent. AYG is a well-known textile dye and an acid-base

indicator that is also used in histology, dyeing, and the development of

nutritive medium[100, 101].

It has a wide range of applications in the context of increased
chemical stability in aqueous medium, and the scope of discharge to
waterbodies and related contamination is large. In the preparation of
nutritional media, the acid-base indicator AYG is often utilized.
According to studies, dye removal from aqueous solutions is pH
dependant and can be accomplished by irradiating the sample with 369
nm radiation utilizing micro ZnO particles [102].

Because it stains free calcium and certain calcium compounds a red or
light purple hue, AYG is commonly used as a staining agent in biological
research. AYG is still used as a commercial red textile dye, but to a
smaller level than before. There are very few photodegradation research
on the azo dye AYG in the world [103].
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1.7.1.1-Product Information of AYG Dye:

Name:
Alizarin Yellow G(AYG)

Synonymes:

« Metachrome Yellow

. Salicyl Yellow

« 2-Hydroxy-5-(3-Nitrophenylazo)Benzoate Sodium
« 5-(3-Nitrophenylazo)Salicylic Acid, Sodium Salt

« Acid Chrome Yellow 2GW

« Acid Chrome Yellow GG

o Alizarin Yellow

o Alizarin Yellow G

« Alizarin Yellow G Sodium Salt

Absorbance

300

350
Wavelength (nm)
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1.8-A Review of Studies:

This review article seeks to describe recent research studies on the
photoelectrocatalytic color breakdown and the production of ZnO-nps that

have received a lot of interest in the previous decade.

.Muhammad Amirul Islam, et al in .(2011): The Succeeded Under Uv
And Visible Light Irradiation, In such a liquid ZnO emulsion, the
photocatalytic degradation of a heteropolyaromatic dye (Methylene Blue)
was investigated. After 6 hours of UV light irradiation, the catalytic
procedure resulted in a net decolorization and mineralization (50 M Mb)
of about 98 and 89 percentages, resp.Meanwhile, After 8 Hours Of
Visible Light Irradiation (10 M Mb), Decolorization And Mineralization
Were Around 95 Ercent and 77 Percent, Respectively[105].

K. M. Joshi* et al in .(2012): the most active photocatalysts are
nanosized TiO, and ZnO. the reference molecule for the experiment was
methylene blue. degradation through photocatalysis. TiO, and ZnO have
the ability to completely eliminate methylene blue dye is a dye that is
used to make methylene blue. the impact of numerous process
characteristics such as the initial state on the effect of concentration,
contact time, catalyst dosage, and photocatalysis was used to remove dye
in the presence of TiO, and ZnO. semiconducting materials were
investigated. before and after deterioration of XRD and SEM[106].

R. Saravanan 2

et al in (2013): A simple thermal breakdown
approach was used to make pure ZnO nanorods. The ZnO was made by
calcining zinc acetate dihydrate directly. X-rays diffraction confirms the
hexagonal structure of ZnO . SEM and TEM examinations were used to

determine the form and size of the nanorods. XPS was used to analyze the
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surface component and oxidation states of a ZnO sample. The estimated
absorption coefficient values of Nanoparticle during UV light irradiation

reveal that the photocatalytic activity may be high[107].

Jing Miao * , et al in. (2014): From being successfully used as a
photocatalyst in aqueous solutions using a type of commercial nanosized
catalyst, the equipment needed decomposition on Mordant Black 11, and
Azo dye, was investigated with Visible light light (ZnO). To describe
nanosized ZnO, researchers utilized UV-Vis Attenuated Total Spectrum,
x-rays refracted, transmission electron, x-rays powder diffraction, and
other techniques. the effects of catalyst dosage, initial dye concentration,

initial PH value, and irradiation intensity on decolorization rates[108].

Keyvan Bijanzad *, et al in. (2015): Hollow microblocks of as a
new coordination chemical, [Zn(Anic)2] was produced using 2-
aminonicotinic acid and zinc (IlI) nitrate tetrahydrate. the chemical
composition of the zinc complex, was determined using fourier transform
infrared spectroscopy and elemental analysis. the produced zinc complex
was used as a precursor to create ZnO nanostructures after calcining at
550 °c for 4 hours. the x-ray diffraction pattern of the final product
confirmed the production of a pure ZnO composition with a hexagonal
structure. furthermore, ftir investigations showed that after the calcination
step, the ligand peaks of 2-aminonicotinic acid were no longer present.
diffuse reflectance spectroscopy was used to determine the band gap

energy of the generated ZnO, which was found to be around 3.19 eV[109].

Saloni Sood," et al in. (2016): in this study, the ZnO nanoparticles

thermal decomposition of the zinc oxalate precursor ZnC,04.,H,0 was

used, which was synthesized using a simple solution-free
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mechanochemical technique. the oxalate precursor decomposes in two
phases, yielding zinc oxide nanoparticles, according to thermogravimetric
analysis/differential thermal analysis. the ZnO nps were studied using
fourier transform infrared, powder X-rays Diffraction, Transmission
Electron Microscopy, and UV-Visible methods. according to the XRD
Pattern, the hexagonal Wurtzite phase of ZnO nanoparticles had a high
crystallinity. according to rietveld's refinement of the Xrd Pattern, the
average grain size of the as-manufactured nanoparticles was 13 nm. The
photocatalytic activity of as-prepared ZnO nps was investigated using

methyl orange[110].

Hamide Barfeie et al. in. (2018): Bidentate NO was used to make
four new bis-chelate ML, complexes (M= Cu?* Ni** Zn*"VO?*" and L=
1-[Furan-2-ylmethylimino)methyl]naphthalene-2-olate). The Schiff base
ligand was studied using spectral and analytical methods. CulL,, NiL,,
and VOL, crystal structures were determined using single crystal X-ray
analysis. The Schiff base ligand is a bivalent ligand that attaches to the
metal core via N and O atoms. VOL, complexes have a distorted square-
pyramidal coordination geometry, whereas NiL, and CuL, complexes
have a distorted square planar coordination geometry. The thermal
analysis and thermal deterioration of the complexes in question were
looked into. TGA, XRD, and SEM tests found the followi and SEM
analyses revealed that they were transformed to metal oxides in the form
ofform of nanoparticles (NiO, CuO, ZnO and V,0s)[111].

Krishnaswamy Kanagamani, et al in. (2019): they've been
successful because of its vast application in numerous healthcare
domains, phytomediated production of metal oxide nanoparticles has

become a prominent study focus in nanotechnology. uv-visible
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spectroscopy, scanning electron microscopy ,energydispersive X-ray
spectroscopy ,fourier transform infrared spectroscopy ,x-ray diffraction
,transmission electron microscopy , and selected area electron
diffraction studies were used to characterize the synthesized ZnO-nps
[112].

Suhad Kareem Abass' et al in. (2020): a new novel in the mixed-

ligand genre in this study, a binuclear Co complex of schiff base was
synthesized. melting points, Uv-vis spectra, FTIR spectra, and magnetic
susceptibility measurements were used to characterize the complex,
which were then compared to metal and ligand solutions. based on the
"metal:ligand"” stoichiometry, the schiff bases and the Co ion form a

binuclear complex with a molar ratio of 1:2. photodecolorization [113].

Hanadi A.Katouah, et al in . (2021 ): this work employed the thermal
breakdown of unique Co(ll) and Zn(ll) schiff base complexes to make
Co030, and ZnO nanoparticles. condensation of 4-amino-5-ethyl-4H-1,2,4-
triazole-3-thiol  with  4-(dimethylamino)benzaldehyde and 2,4-
dihydroxybenzaldehyde, respectively, yielded the schiff bases el and e2.
condensation of schiff bases with CoCly*sH,0 and ZnCl,, respectively,
yielded the Co and Zn complexes. different tools were used to
characterize the schiff bases, complexes, and nanoparticles, including
1HNMR, FTIR, CHNS elemental analysis, TGA thermal analysis, XRD,
TEM, and Uv-vis spectrophotometer. the photocatalytic degradation of
crystal violet dye in aqueous media under uv illumination in the presence

of hydrogen peroxide was performed using Co;O,4 and ZnO nanoparticles
[114].
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Asma S.Al-Wasidi ,et al in. ( 2022): a novel Zn(ll) and Co(ll)
schiff base complex was created by refluxing 2,3-
naphthalenedicarboxaldehyde, metal(ll) chloride (metal = Zn or Co), and
I-phenylalanine ZnO and Cos0O, nanoparticles were generated by thermal
breakdown of Zn(ll) and Co(ll) complexes, respectively. a range of
instruments were used to characterize the products, including CHNS,
conductivity, FTIR, XRD, TEM and Uv-vis spectrophotometer [115].
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1.9- The aims of the present Work:
1-synthesis of ligands (L; and L,)

2-Synthesis of zinc schiff base complexes

3- synthesis of ZnO nanoparticles via thermal decomposition method.

4- the study characteristic of nano particales using XRD, SEM, TEM
EDX,FTIR,TGA,and,BET.

5- study the photo activity of nano particales using dyes.

6- study different parameter such as effect of dye concentration , effect of
mass of catalyst, effect of temperature, effect of addiction hydrogen

pyroxide H,0,,effect of Intensity effect of pH .
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2.1- Chemical Reagents:

Table(2.1) lists all commonly used laboratory chemicals and
reagents .These ingredients were utilized without any additional

purification.

1. Salicylaldehyde 122.12 Sigma- 98
C7HsO, Aldrich
2. Benzyl amine 107.16 Sigma- 98
C7HeN Aldrich
3. Zinc Acetate di Zn(CH3C00), 219.49 Sigma- 98
hydrate Aldrich
. 2H,0
4. Glacial acetic acid C,H40; 60.05 BDH 98
5 |25 CeH703 138.12 Sigma- 98
Dihydroxybenzaldehy Aldrich
de
6. Absolute Ethanol C,HsOH 46.07 Sigma- 99.8
Aldrich
7. Diethyl ether (C2Hs),0 74.12 GCC 99.8
8. | N.N Dimethyl Form CsH/NO 73.10 CDH 99.9
amide (DMF)
9. Hydrogen peroxide H,0, 19 Merck 30
10. Hydrochloric acid HCI 36.5 CDH 35
11. Potassium bromide KBr 119.01 Merch 98
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12. Sodium hydroxide NaOH 40 Fluke 98

13. Barium sulphate BaSO, 233.38 Merck 97

14. | Dimethyl sulfoxide C2HsOS 78.13 CDH 98
DMSO

15. Alizarin yellow G Ci13HgN3sNaOs 309.12 BDH 97

2.2- Instrumentation:

2.2.1- Decomposition and Melting Points:

Melting points of ligands and their complexes were measured
using electrothermal capillary apparatus (stuart—-smp30) at laboratories of
Department of Chemistry College of Science for Women, University of
Babylon.

2.2.2- U.V-Visible spectrophotometer(Uv-vis):

The electronic spectra of ligands and their metal complexes were
reported on an (1650-UV SHIMADZU spectrophotometer) in the range of
(200-1000) nm and concentration ( 1x10°M ) at department of Chemistry
College of Science for women, University of Babylon.

2.2.3- Fourier Transform Infra-Red spectrophotometer
(FTIR):

The FT-IR spectra were recorded at the department of Chemistry
College of Science for Women, University of Babylon, and use a (8400 S-
FTIR SHIMADZU spectroscopy) in the band KBr disk (4000-400) cm™
for ligands and complexes.

2.2.4- Nuclear Magnetic Resonance ( 'H-NMR and **C-

NMR) spectroscopy:

The spectra of Nuclear Magnetic Resonance (‘*H and “*CNMR)
were documented on 300 MHz NMR Spectrometer Bruker, Germany,
using the internal standard tetraethyl saline (TMS) and DMSO-d°® as a
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solvent; measurements were conducted at Isfahan University of
Technology (IUT) Iran.
2.2.5- Molar Conductivity Measurements:

Electrolytic conductivity calculating by using WTW conductivity
meter, of metal complexes solutions (1x10°M) in DMSO solvent at 25°C
in laboratories at Department of Chemistry , College of Science for
Women, University of Babylon.

2.2.6- Scanning electron microscopy(SEM):

The size and morphology for the nanoparticle complexes were

characterized by using scanning electron microscope (SEM) TESCAN,
MIRAZ3, France) at University of Tehran, Iran.
2.2.7- X-ray diffraction(XRD):

The primary approach for identifying the crystalline solid structure
is X-rays diffraction. Using X-rays diffraction experiments to characterize
(XRD6000, Shimadzu, Japan). Iraqi Ministry of Science and Technology
The mass data spectra were measured on a (Shimadzu model
GCMSQP2010Ultra).

2.2.8- Thermal Gravimetric Analysis(TGA):

DTG-60, Shimadzu, Japan, was used for thermogravimetric (TGA
and DTA) analysis. The experiment was carried out in an argon
environment at a heating rate of 10 °C/min. measured samples were

collected at the University of Babylon College of Science for Women.
2.2.9 Transmission Electron Microscopy(TEM):

TEM analysis was carried out utilizing 912AB, Leo, Germany, at

the University of Tehran, Iran.
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2.2.10 Energy Dispersive X- ray Analysis (EDX —

Elemental):
This analysis was performed using EDX, Zeiss, Germany. The data
were selected at the University of Tehran , Iran.

2.2.11-UV-visible spectrophotometer with Lisper diffuse

reflectance accessory:

This technique used to measure band gap energy of manufactured
ZnO Nano, was carried out using (UV-1700) SHIMADZU
spectrophotometer and that recorded at Babylon University / Collage of

Science for women /Chemistry Department.
2.2.12- Bruner—Emmett-Teller(BET):
The Scherer (BET) hypothesis attempts to describe the physical

adsorption of gas molecules on a solid surface and serves as the basis for
an important analysis technique for estimating the specific surface area of
materials. The samples were collected using the Nanos ORD at

Haskarsazan, Iran.

2.3- Synthesis of ligands , their Complexes and

ZnO nanoparticle:

2.3.1- Synthesis of Ligands (L1 and L2):
Ligands were prepared according to the following procedure. An

equimolar quantity of 2-hydroxy benzaldehyde (5ml, 0.047mol) for ligand
(Ly) or 2,5-di-hydroxy benzaldehyde (6.49 g, 0.047 mole) for ligand (L,)
m.p. of 105-115 °c was added to a suspension of benzyl amine (5.ml,
0.047mol) in ethanol, then the reaction mixture was heated under reflux
stirred for 6 hours. The solvent was withdrawn under reduced pressure,
resulting in a solution, and then 10 ml of diethyether was added using a
separating funnel to obtain an oil yellow product. The precipitate was

dried in air to obtain a Schiff base (L;) m.p. of 35-38 °C . The preparation
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method
[116].

iIs depicted in scheme (2.1), Vield

OH
/ \ ;
C§;|(|3H HoN Refulx 6hrs
_—
R/ le} Ethanol

2-hydroxybenzaldehyde

R=OH

Benzyl amine

O

2-((benzylimino)methyl)phenol

scheme (2.1): Synthesisof Ligands (L; and L)
2.3.2- Synthesis of Zn(l1) Schiff complexes:

The chelate complexs were synthesized in the (M: L) ratios (1:1)

64%

and (1:2) by adding an ethanoic solution of the ligands listed in Table

(2.2) to an aqueous solution of zinc acetate dehydrate. The mixture was

heated under refluxed stirred for 4 hours, the colored solid precipitane

was formed after cooling to room temperature and the product were

filtered, dried and then recrystallized from hot ethanol[114].

Table (2.2): Complex Symbol, Complex Formula, Metal Salt,
Weight (G)Metal Salt, Weight (G) Ligands:

Ci [Zn(Ll)(Hzo)g]ZCHg(:OgH Zn(CH3COZ)22H20 10.48 10
(1:1)

Cx [Zn(Ly)2] 2CHsCO,H. 2H,0 Zn(CHsCO,)2.2H,0 | 5.19 10
(1:2)

Cs [Zn(L2)(H20)].2CH3CO,H Zn(CH3CO,),.2H,0 | 2.87 3
(1:1)

Cy [Zn(Lz)z].ZCH3C02H. 2H,0 Zn(CH3C02)2.2H20 1.44 3
(1:2)
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2.3.3- Synthesis of ZnO Nanoparticles:

Zinc oxide nanoparticle (NP) was obtained by directly calcining the
yellow powder of Zinc Schiff base complex. Approximately 2 g were
poured into a metal specimen heated to 700 °C in an electrical furnace at
10 C/min in air for 5 hours The ZnO NP produced in Scheme (2.2) was
washed in ethanol to eliminate any leftover impurities before being air
dried. [117, 118] .

Cop ™o S XD

2-hydroxybenzaldehyde phenylmethaniminium 2-((benzylimino)methyDphenol

B

OAc
o
2 \
2H,O.2A0q \\ 2H,

N/,VZn Pe)

1:2(M:L) 1:1(M:L)

/\'

HO

—
e

/

%
b

< <
1:2 1:1

ZnO Nps ZnO Nps

4

OAc

L

R=OH

a=Ethanol,rulfux 6hr.,
b=Zn(OA).2H,O ruflax 4hr,
c=Cancelasation at 700°C

Scheme (2.2): Synthesis of ZnO Nanoparticles
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2.4- Photocatalytic Reactor Set up:

Figure. (2.1) shows the photocatalytic degradation system that was

used to carry out all photocatalytice experiments .

-
-

ho
=

Hot Plate-

Air Pump -

Fig.(2.1) :Optical Photo for Main Parts of The Photocatalytic Degradation
System .

2.5- Parameters effecting on photocatalytic degradation
process:
measurement of the reaction rate constant the response

time following adsorption equilibrium can be expressed as follows:

NG I I 0N T\ ) T (2.1)
Where At and Ao
are the reactant concentrations at times t =t and t = 0 plot of In (Ao
/ At) vs t yields a slope of k.[119, 120]
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2.6- Thermodynamic Parameters:

2.6.1-Determination the activation energy:

The activation energy can be calculated using Arrhenius

Law[121].
K o AR B Rl ettt et e et e eeeneeeesneseennnes (2.2)
LN K = LN Ae FFRT ettt eeerae e e enanaes (2.3)

where : K is apparent rate constant,

T is temperature of reaction,

Ea is the apparent activation energy,

R is the gas constant, and

A is a frequency constant[122].

2.6.2- Determination enthalpy of activation and entropy of
activation:

The AH® and AS °values can be calculated from the Eyring

equation:

Ln(k/T)="AH/R.1/T+ (Lnk Kz /h) +AS /R .cruuuueu. (2.4)

where:

k is apparent rate constant.

Kg=Boltzmann’s constant 1.381-10~2J.K*

T absolute temperature in degrees Kelvin (K)

h= Plank constant 6.626x107>*,-s

R universal gas constant 8.31441 J mol™ K ™*.[123]

2.6.3- Determination of Gibbs free energy:

The free energy AG ° is calculated by equation.[124]

XA = T N (2.5)
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2.7 photocatalytic degradation:
2.7.1- Photocatalytic degradation of AYG Dye:

Different experiments were carried out with different
concentrations of ZnO Nano partial (0.02, 0.04, 0.13 and 0.6 g.) in this
study. Throughout all of the studies, the concentration of AYG was kept
constant. AYG irradiation with a 9 mW/cm?® solar lamp at 298.15K.

The reaction vessel was airated with a 10cm®/min air bubble

2.7.2- Effect of the Initial Concentration substrate on
photocatalytic degradation process using constant mass of

coupled of ZnO Nano particles:

Various studies were carried out with varying beginning substrate
concentrations of AYG (10, 20, 30, and 50 ppm) and a constant mass of
0.13 g of ZnO nanoparticle. A 9 mW/cm? solar lamp is used for the

photocatalytic degradation process.
At 298.15K, the reaction vessel is filled to the brim with a rate flow of air

bubble was 10cm?®/ min.

2.7.3- Effect of pH on the photocatalytic degradation

process using ZnO Nano Particles.

A series of experiments were conducted in the pH different value
in (3.89,6.20,8.74, and 9.85) using HCI and NaOH (0.1M) to control on
the effect of pH on dye removal efficiency over nanocomposite.
0.13g. ZnO nanoparticle with 100 ml of 10 ppm aqueous solution of AYG
dye at room temperature continual stirring for an extended period of time

under normal air conditions 80 minutes.
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2.7.4- Effect of Temperature on the photocatalytic

degradation process using ZnO Nano particles:

A series of experiments were conducted to investigat the effect of
changing temperature (281, 294, 301, and 308 K) on the photocatalytic
degradation at optimum conditions of 0.13 g. mass of ZnO nanoparticle
and 10 ppm initial concentration of AY G dye, with an air flow rate of 10

cm®/ min.

2.7.5 - Effect of intensity on the photocatalytic degradation

process using ZnO Nano particles:
A series of exepermental were conducted to investogate the

Intensity range in the rang (1, 3, 5, and 7 ) mw to control the effect of
0.13 g.intensity on dye removal efficiency on nanoparticle was suspended
ZnO with 100 ml of 10 ppm medium An aqueous solution of AYG dye at
room temperature with continuous stirring for a long period of time under

normal air conditions for 80 minutes.
2.7.6 - Effect of hydrogen peroxide on the photocatalytic
degradation of AYG dye process using ZnO Nano particles:
Different experiments were carried out with
different volumes of hydrogen peroxide (0.5, 1.5, 5, and 7 ml) in
this study in the concentration of AYG remained constant. AYG
irradiated with 9 mW/cm2solar lamp at 298.15 K, the reaction

vessel being filled with an air bubble at a rate 10 cm3/min.
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3.1- FT-IR Spectra:

3.1.1- FT-IR Spectra of Salicylaldehyde:
The FT-IR spectrum of this compound, Figure.(3.1).This spectram

shows one stretching band at (1666.6 cm™ )for carbonyl group and

stretching broad band at (3182 cm ™ due to v (O-H) group also two
stretching bands v (C=C) aromatic at (1597 and 1579 cm )[125]

3.1. 2- FT-IR Spectra of Benzyl Amine:

The FT-IR spectrum of Benzyl amine is shown in Figure.(3.1).
This spectram two stretching bands at (3270 cm™) and (3290cm™)
attributable to the two weak bands of (asym. and sym. NH, group)
respectively, and the bending band at (1604 cm™ ) due to v(N-H) ,but the
small band observed at (3084 cm™ ) owing to (C-H Aromatic). As it has
been noted that two vibrations bands at (2916 cm™) and (2858 cm™) due
(asym. and sym. group v(CHy)) respectively, while two stretching
vibration bands of v (C=C) aromatic showed at (1494, 1452 cm ™) [126,
127].
3.1.3-FT-IR  Spectra of Schiff Base Ligand 2-

(Benzylimino)Methyl)Phenol (L1) and Their Complexes:

The FT-IR spectrum of the (L,) ligand shows in the Figure.(3.1).
several changes compared to the spectrum of starting material. The
existence of hydrogen bond either of intermolecular to happen as it was
proven from exist are a band in the range (3061) cm ™ due to v(O-H) of
the phenol group as well as shows absence of the absorption bands at
(3270 cm™) and (3290cm™ ) due to v(NH,) in the spectrum of (Benzyl
amine) and new stretching vibration band at (1631 cm ™) was assigned to

v (C=N) group confirm the formation of Schiff base L, ligand[125].
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Benzalamine
salcyailehyde
—— Ligand one

13380— "/
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| \
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Fig.(3.1):FT-IR spectra for Benzyl Amine,salcyaildehyde and ligand One

3.1.4 - FT-IR Spectra of 2,5- Dihydroxy Benzaldehyde:
The FT-IR spectrum of this compound is shown in Figure.(3.2) This

spectram shows one stretching band at (1653.05 cm™ Yfor carbonyl group
and stretching brod band at (3296-3230 cm ™) due to v (O-H) group of
group alsoshowes two stretching bands of v (C=C) aromatic at (1597 and
1579 cm ™) [126] .
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3.1.5 - FT-IR Spectra of Schiff Base ligand 2-
((benzylimino)methyl)Phenol (L,) and their Complexes:

The FT-IR spectrum of the (L) ligand shows in Figure.( 3.2).
whoch exhibited several changes compared to the spectrum of starting
material. The existence of hydrogen bond either of intermolecular to
happen as it was proven from exist of a band in the range (3300) cm ™ due
to v(O-H) of the phenol group as well as showed absence of the
absorption. Bands at (3270 cm™) and (3290cm™ ) due to v(NH,) in the
spectrum of (Benzyl amine) and new stretching vibration band at (1643
cm ) was assigned to v (C=N) group confirm the formation of Schiff
base L, ligand [126, 128]

——Benzyl Amine
——— 2,5-dihydroxybenzaldehyde
(—— Ligand two

3 1L90 \HH WM

3380 2924 1606 M'
=2
]_
3330 1645— 1630
M ] v I ' || M ] ' I M |
3500 3000 2500 2000 1500 1000 500

wavenumber (cm™)

Fig.(3.2) FTIR spectra of benzyl Amine,2,5-dihydroxybenzaldehyde

and ligand two
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3.1.6-FT-IR spectra for C, to C, complexes :

Verification of the complexes structure can be easily realized by
comparing the spectra of free ligand L; sites involved in chelation with
their complexes. The comparison revealed that absorption bands
appearing in the FT-IR spectra of ligand change in chelation, These

peacks are shown in Table(3.1) and Figure.(3.3).

The shift of v (O-H) and(C=N) imine for azomethane group in their
positions and change the shape or intensity of band compared with the
ligand (L;) due to the coordination of this ligand with the metal ions , and

gave an indication that the complexes were formed.

In some complexes the water entered in lattice or coordinated with
metal and exhibited broad band (3100-3500) cm™ The significant

stretching vibrations of L, and its complexes are listed in Table( 3.1).

The comparison revealed that absorption bands appearing in the FT-IR

spectra of ligand change in chelation,see Table(3.1) and Figure.( 3.3).

The shift of v (O-H) and(C=N) imine for azomethane group in their
positions and change the shape or intensity of band compared with the
ligand (L) due to the coordination of this ligand with the metal ions , and
gave an indication that the complexes were formed.In some complexes
the water entered in lattice or coordinated with metal and exhibited broad
band (3100-3500) cm™[129-131].

The significant stretching vibrations of L, and its complexes are listed in
Table( 3.1).
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Table (3.1) FTIR peaks for ligands(L, and L,) and their complexes

3000-3170
3000-3082 1621 476 325
3100-3600 1625 447 319
3000-3170 1631 - ---
3000-3082 1621 476 325
3100-3600 1625 447 319
——¢C,
—C,
Cs
—cC,
3082 e
2 1616— i
'—
3061 441
3030 1612 460
1618 Y'
460
3171 1622
3500 3000 2500 2000 1500 1000 500
wavenumber (cm™)

Fig.(3.3)-FT-IR spectra for C; to C, complexes
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3.2. '"H-NMR Spectra
3.2. 1-'H-NMR Spectra of (L,):

The 'H-NMR chemical shifts (ppm) exhibited for the above
mentioned compounds showed a good support results to the suggested
structures .

The signal assignments for the "H-NMR spectra of Schiff base
(ligand L) in DMSO-dg are shown in Figure. (3.4). The Schiff base proton
was detected as a key singlet (s, 1H, CH=N), 8.7ppm (1H). The aromatic
protons exhibited chemical shifts at 7.2-7.4 ppm, (m,7H, ArH) and 6.8 -
6.9 ppm, (m,1H, ArH). The O-H proton singlet had a significant peak at
13.48 ppm (s,1H,) in the spectra (1H) and methylene group at 4.5 ppm
(s,2H))[116, 132].
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Fig. (3.4): *H-NMR Spectra for L,
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3.2.2-'"H-NMR Spectra of (L,):
The 'H-NMR chemical shifts (ppm) exhibited by the above

mentioned compounds showed a good support results to the suggested
structures .

The signal assignments for the 'H-NMR spectra of Schiff base
(ligand L) in DMSO-dg are shown in Figure. (3.5). The Schiff base
proton was detected as a key singlet (s, 1H, CH=N), 8.62ppm (1H). The
aromatic protons exhibited chemical shifts at 7.2-7.4 ppm, (m,7H, ArH)
and 6.8 -6.9 ppm, (m,1H, ArH). The O-H proton singlet had a significant
peak at 9.02ppm and 13.48 ppm (s,1H,) in the spectra (1H) and methylene
group at 4.5 ppm (s,2H,)[116, 132]
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3.2.3- ®*C-NMR spectra of L, :
The ligand's *C-NMR spectra are shown in Figure.(3.6)

distinguishing feature of the ligand's spectra was the presence of the
(N=CH) azomethine group, which appeared at 166ppm. The carbon of
hydroxyl group was at 153.49ppm (C-OH). The carbons in aromatic
139.28ppm (CHarom),

compoing were at

149.88ppm (Carom),

129.03ppm (CHarom), 128.23ppm (2C, CHarom), 127.60ppm (CHarom),
120.48ppm (,C, CHarom), 119.12ppm (Carom), 117.37ppm (CHarom),
117.06ppm (CHarom) and 62.83ppm (CH,) [116, 132].
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Fig. (3.6 ) "C-NMR Spectra of L;
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3.2.4- *C-NMR Spectra of L,:

The ligand's *C-NMR spectra are shown in Figure. (3.7).

A distinguishing feature of the ligand's spectra was the presence of the

(N=CH) azomethine group, which appeared at 166ppm. The carbon of

hydroxyl group was at 153.49ppm (C-OH). The carbons in aromatic

compounds were at 149.88ppm (Carom), 139.28ppm (CHarom),
129.03ppm (CHarom), 128.23ppm (2C, CHarom), 127.60ppm (CHarom),
120.48ppm (2C, CHarom), 119.12ppm (Carom), 117.37ppm (CHarom),

117.06ppm (CHarom) and 62.83ppm (CH,).[126]
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3.3 Electronic spectra and molar conductance :

3.3.1 Electronic spectra of Schiff base ligands (L ,L,),(C1.Cy)

complexes and molar conductivity :
The UV-visible absorption spectra of ligand L in a DMF solution are

presented in Figure.(3.8) and reported in Table (3.2). The electronic
transitions were allocated at two bands at due to (n-7 ) transition and the
(n—m*) transition[126]. The spectrum of the ZnL complexes in DMF
solution exhibited are listed in table.(3.2). These absorption bands also
exist in the spectrum of Zn(11) complex but undergo red shift. This shift in
the spectra of the synthesized complex supports the coordination of the
ligand to Zn(ll) ion.The Zn(I1) complex because of its d*° configuration
does not show any d-d transition andpossibly having tetrahedral
geometry[133]. The synthesized Zn(Il) complex was dissolved in DMSO
solvent and molar conductance of( 1x10 M) solution was measured at
room temperature Table(3.2). The molar conductance value indicates that

the metal complex is a non-electrolyte[127].
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Table (3.2): Amax NM(U cm™), Assignment, Suggested geometry

Malar conductivity Ohm™ .cm® mole™ for the ligands and complexs

Ly 270,( 37037.03) (%) |
352,(28409.09) (-1

Cy 274.5,(36429.87) (n—m*) T.d 14
375.0(26666.60) (n-1’), CTML

C, 274.5,(36429.87) (n—*) T.d 16
375.0(26666.60) (n-n’), CTML

L, 316,(31645.56) () | -

Cs 328,(30487.80) (m- ), CTML Td 18

Cs 352,(28409.09) (n-1), CTML T.d 13
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3.4- Thermal Gravimetric Analysis(TGA):

3.4.1- TGA of the Ligands and some their Metal lon

Complexes:
Thermal gravimatric analysis( TGA )of synthesized ligand and

their metal complexes have been carried out under nitrogen gas with
heatingat the range (25-800) °C and ramp rate of heating (10°C/min). The
thermal analysis was performed to expect the suggested structures of the
ligands and their complexes. The thermal decomposition data for all the
ligands (L; and L,) and its metal complexes are shown in Table (3.3 ) and
their thermographs are given in Figure.(3.10 to 3.15) respectively. From
these results
The first stage which took place at temperature range of (25-180) °C
and adsorbed H,O include of water molecules (lattice water) or any lattice
molecules such as ethanol in addition of some fragments [134].
The next stages include the decompose of organic speies of the ligands
and their complexes may occurs in one or more steps [135].
The final stages involved the residual fragments of the ligands and the
metal ion still coordinated to the remaining part of the ligands[136].
The average percentages of fragments were exhibited a good agreement
between calculated and suggested values in addition of compatibility with

elemental analyses[137].
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Table (3.3): Thermal Decomposition Data L, and L,, and their Zinc
(11) Complexes:

CusH1zsNO 1 221.82- C14H11NO 99.053 | 98.939
211.26 262.49
[Zn(L;).(H20),]2CH5C 1 | 25-332.76 | 2CH3COOH, 57.573 54.962
OOH 2 332.76- 2H,0, C;Hg | 17.643 19.206
430.75 3 522.35 CeHs
>522.35 Residue
(Zn(CeHsO)
[Zn(L1)2(H20),].2CH3C | 1 | 25-225.08 2H,0, 14.797 14.692
OOH 2 225- CH;COOH 38.00 39.71
642.01 3 331.71 CH3;COOH,
> 331.71 2CeHs
Residue
(Zn(CsHs0O)
C1usH1zNO> 1 25-257 -20H 15 20.82
227.26 2 220-327 -C=N,CH, 18.04 15.51
> 327 Residue
2CeHs
[Zn(Lz).(Hzo)z]ZCch 1 25-352 2H,0 7.81 18.78
OOH 2 H,0, 30.82 18.89
447.75 3 2CH3;COOH 41.15 62.31
2C¢Hs
[Zn(L,)2.(H20)2]2CH3C | 1 | 25-225.88 | CH3COOH , 14.20 14.69
OOH 2 291-579 2H,0, 18.17 18.65
676.01 > 579 58.08 58.24
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3.5- Characterization of the Synthesized Znic oxide

Nanoparticles :
Zinc oxide ZnO NPs were obtainede by calcining a typical complex

for 5 hours at 700 °C. The nature of the obtained ZnO was validated
using FTIR, UV -Vis Diffuse Reflectance, XRD, SEM, TEM,
EDX, and BET pattern analysis.

3.5.1- FTIR for the Zinc Oxide Nanoparticles:
The FTIR pattern of the produced ZnO NPs is shown in Figure

(3.16) on a scale of 4000 to 400 cm ™. The absorption bands of ZnO
nanoparticles for all synthesized in the rang at (490-440)cm* due to
v(Zn-0). The FTIR spectra obtained clearly showed that ZnO NPs

were synthesized.

120 T T T T T T T T

T%

——Zn0;, ] -
34
N I N I N ] N 1 N I N 1
3500 3000 2500 2000 1500 1000 500

wavenumber(cm™)

Fig. (3.16) FTIR spectra for ZnO from C; to C, Complexes
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3.5.2- X-rays Diffraction (XRD) for Zinc Oxide

Nanoparticles:
X-rays diffraction is the fundamental technique used to determine

the crystalline solid structures and crystallite size, the X-ray beam
incident on a sample and diffracted by the crystalline phases based

on Bragg’s law, as equation (1).

NA = 2dsinO..........c. oo i s v (301)

Where:

n is the order of reflection,

A the wavelength of X-Rays,

0 Bragg angle and d is the interplanar spacing[138, 139].
The main information included in a diffraction pattern are the shape,
position of the peak and intensity . The X-ray diffraction patterns of

represents the X-ray diffraction pattern of ZnO nanopowder

A definite line broadening of the XRD peaks indicates that the prepared
material consist of particles in nanoscale range. From this XRD
patterns analysis, peak intensity, position and width, full-width was
determined at half-maximum (FWHM) data. The diffraction peaks
located at 32.05°, 34.71°, 36.53°, 47.82°, 56.87°, 63.14°, 66.64°,
68.22°, and 69.36° have been keenly indexed as hexagonal wurtzite
phase of ZnO[140, 141].

with lattice constants a=b=0.324 nm and ¢=0.521 nm (JCPDS card
number: 36-1451) [142], and further it also confirms the
synthesized nanopowder was free of impurities as it does not
contain any characteristics XRD peaks other than ZnO peaks. The
synthesized ZnO nanoparticle diameter was calculated using

Debye-Scherrer formula[143].
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D=KA/ BCOS © ...crviiiiiiiiiiiiii e s nrn e s e neen e (3.2)
where 0.89 is Scherrer’s constant, A is the wavelength of X-rays, 6

Is the Bragg diffraction angle, and g is the full width at half-
maximum (FWHM) of the diffraction peak corresponding to plane
(101). The average particle size of the sample was found to be
49.36 nm which is derived from the FWHM of more intenses peaks
corresponding to 101,100 and 002 plane located at 36.33°,32,05
and 34,71 using Scherrer’s formula.

Table( 3.4): The Crystallite Size (D) of ZnO nanoparticles

from difference complexes

Zn0O(1) 49.36 84
Zn0(2) 45,92 44
Zn0O(3) 42.59 41
Zn0O(4) 44.6 43
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= 1 =
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= - )
w o
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= 1 = =
2000 - N T = &
1000 — L I j = é
0 ) JUV L
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Fig. (3.17) X-ray Diffraction Pattern of the Zinc Oxide Nanoparticles Synthesis
from C; Complex
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Fig. (3.18) X-ray Diffraction Pattern of the Zinc Oxide Nanoparticles Synthesis
from C, Complex
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Fig. (3.19) X-ray Diffraction Pattern of the Zinc Oxide Nanoparticles synthesis
from C3; Complex

= —



Chapter Three Results and Dsisscusion

>
6000 — -
5000 -
= 4000 — =
< =
2 3000 - S
w o
[ ~ —
£ = &
E 2000 g S g §
i (N
1000 - I
M T T T T T T T ¥ T v 1
20 30 40 50 60 70 80

(20)degrees

Fig. (3.20) X-ray Diffraction Pattern of the Zinc Oxide Nanoparticles Synthesis
from C, Complex

3.5.3- Scanning Electron Microscopy (SEM) for Synthesis

ZnO:
The morphology of ZnO nanoparticles sintered at 700 °C is shown

figures. (3.21 to 3.24 )was studied using scanning electron in
microscopy (SEM) techniques to collect useful information about
the structure of the produced nanoparticles. Gaussian and SEM
pictures micrograph investigations showed irregular aggregated
distribution and aspherical shape. According to the histogram, the
average grain size was between 60 and 90 nanometers, and the

grain size equaled the measured Gaussian at 49.36 nm,
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Fig. ( 3.21) SEM and Histogram of the Zinc Oxide Nanoparticles Synthesis from
C, Complex
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Fig. (3.22) SEM of the Zinc Oxide Nanoparticles Synthesis from C, Complex

66



Chapter Three Results and Dsisscusion

435.9 nm

, .
EHT = 10.00 kV Signal A = SE2 Date:17 Feb 2022
WD= 6.2 mm Mag= 50.00KX User Text =

EHT = 10.00 kV Signal A = SE2 Date :17 Feb 2022
WD= 6.2 mm Mag= 50.00KX User Text =

Fig. (3.24) SEM of the Zinc Oxide Nanoparticles Synthesis from C4, Complex
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3.5.4- EDX analysis of ZnO nanoparticles:
The production of ZnO NPs was investigated using EDX analysis.

Various locations were concentrated during the EDX measurement. The
relevant peaks are shown in Figures.(3.25 to 3.28). The EDX spectrum
revealed the presence of ZnO in the produced nanostructure. The atomic
percent values of Zn and O in the spectrum were listed in Table (3.5). In
the synthesis samples, there was a presence of Zn and O dopants. There
was no significant quantity of impurities found.

Table (3.5): EDX of zinc oxide nanoparticles from differences
complexes:

ZnOg, 86.7 13.3
Zn0Oyy) 88.1 11.9
ZnOg 86.9 13.1
ZnOyy 88.3 11.3
|—Zﬂ . Spectrum 79
Wt% o
Zn 86.7 0.7
0] 133 0.7
20
>
L
Ic
10
o)




Chapter Three Results and Dsisscusion

] I Spectrum 80
p I:I Wt% o
Zn
7 Zn 881 07
- O 119 07
20—
> -
"c-n.. -
[N -
v —
10
0
0 2 4 6 8 keV
Fig. (3.26) EDX for Zinc oxide nanoparticles from C;
4 ’_Z'l| I Spectrum 81
. Wt% o
. Zn 869 04
E O 131 04
20—
>
g
& ]
10— B

Fig. (3.27) EDX for Zinc oxide nanoparticles from Cs
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Fig. (3.28) EDX for Zinc Oxide Nanoparticles from C,

3.5.5-Transmittance Electron Microscopy (TEM):

The TEM investigation was held to better understand the
nanoparticles' crystalline properties and size, Figures.( 3.29 to 3.32)
showns TEM images of ZnO . The TEM images of ZnO showed that the
particles were virtually hexagonal with a minor thickness variation,
confirming the results that were obtaind by SEM [144] . The TEM

morphology surface analysis is used to analyze the morphology of the
surface of ZnO nanoparticles.
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Fig.(3.29) Transmittance Electron Microscopy for ZnO NPs from C; complex

Mag = 12.930 KX

Fig.(3.30) Transmittance Electron Microscopy for ZnO NPs from C, complex
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Mag = 12.930 KX

Fig.(3.32) -Transmittance Electron Microscopy for ZnO NPs from C, complex
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3.5.6 - UV -Vis Diffuse Reflectance for spectroscopy ZnO
Nps :
Diffuse reflectance spectroscopy (DRS) measures direct electronic

band gap of ZnO. DRS works based on a principle that photon with
energies greater than ZnO band gap will be absorbed . Absorption
spectroscopy is powerful technique to explore the optical properties of

nanoparticles.

The absorption spectra of ZnO nanoparticles for different thermal
treatment temperatures in the UV and visible range are presented. All
spectra showed absorption edges around 370-390 nm, which can be
assigned to the intrinsic band-gap absorption of ZnO, owing to the
electron transitions from the valence band to the conduction band
(O2p—Zn3d) .

The Tauc method is a practical and basic approach for measuring a
thin film material's characteristic optical band gap [29].The UV-VIS
reflectance spectra of ZnO nanoparticles are shown in Figures (3.33 to 36

), The band gap energy could can be calculated using the Tauc’s relation.

The UV-VIS reflectance spectrum had a lower scattering effect
than absorption. The optical band gap, which corresponded to a sharp
reduction in reflectance at a certain wavelength, indicated that the
particles in the sample were nearly evenly spread. The direct band gap
energy (Eg) for ZnO nanoparticles was obtained by fitting the reflection

data to the direct transition as shown in Equation(3.3).
(othv)Y = A(hU —E@) v v vt et et et et et et e e e e e e e e e o (303)

Where a is the absorption coefficient, hv is the photon energy and Eg
is the direct band gap. The direct band gap were measuremend by plotting
when plotting (h)2 as a function of photon energy and projecting linear
component of the curve to absorption equal to zero[145, 146].
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Table( 3.6) -The band gap energy from different complexes)

ZnO(l) 3.17

ZnO(z) 3.18

ZnO(3) 3.20

100
! [—2zno,
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804 [ Zn0,

70
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: : : :
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Fig. (3.33) Diffuse reflectance of Synthesis ZnO nanoparticles from difference
complexes



Chapter Three Results and Dsisscusion

0.0

o
oo
!

(F(R)hv) (eVem )

0.2 4

0.5 4
‘TE 0.4 -
o —
?g E,=3.169 eV
N 0.3 -
=
=8 0.2
Y
0.1 4
0.0 - :
Energy (eV) 3
Fig. (3.34) Band gap energy of ZnO Nps from C; complex
1.2 4
1.0

Band gap=3.18eV

T r T T T T ¥ il T T

. — 71—
25 2.6 2.7 2.8 29 3.0 3.1 3.2 3.3

Energy eV

Fig. (3.35) Band gap energy of ZnO Nps from C, complex



Chapter Three Results and Dsisscusion

Band gab=3.2 ev

energy (eV)

Fig. (3.36) Band gap energy of ZnO Nps from C3; complex

3.5.7 - Surface Area Analyzer:

Brunauer-Emmett-Teller (BET) method was used for determine
the surface area of a prepared ZnO nanoparticles calcined at 700°C, was
investigated by using nitrogen adsorption-desorption isotherm , as shown
in Figures.(3.37 to 3.38 ) display a Type-IV isotherm given by the IUPAC
classification[147] From the results,a specific surface area and pore
volume were obtained as 5.247 m* /g and 0.024166 cm® /g, respectively.
The pore size was calculated as 18.421 nm. Thus synthesized ZnO
Nanoparticles with larger surface area may provide active sites for

photocatalytic degradation of pollutants[148].
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Fig. (3.38) Pore size distribution of ZnO nanoparticles from C; complex
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3.6 Degradation of AYG dye by photo catalytic
reaction over ZnO Nps :

3.6.1- Preliminary experiments:

Many experiments were carried out to reach the optimum conditions
of the photocatalytic degradation processes. The first reaction has been
done using 10 ppm of AY G dye with the addition of 0.13 g/100ml of
ZnO nanoparticles under solar lamp and 10 mi/min Air flow rate in room
temperature (photocatalytic process). The second reaction has been
carried out using 10 ppm of dye in the dark using 0.13 g/100ml of ZnO
nanoparticles (adsorption). The third reaction was performed using the
same solution but without addition of ZnO nanoparticles under solar

lamp(photolysis).

Figure. (3.39) depicts the results of AYG dye degradation in the precence
of solar irradiation only (photolysis process) less than AYG dye
degradation when adding amount of zinc oxide semiconductor to an

aqueous solution without solar irradiation(adsorption process) .

In addition, AYG dye degradation in the presence of ZnO nanoparticales
with solar lamp(photocatalytic degradation process) more than the two
type above [149].
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Fig.( 3.39): The variation of PDE% of AYG dye with type of process.

3.6.2 Effect of different process on the photo-catalytic-
degradation for AYG dye :

photocatalytic degradation of different types of pollutants such as
AYG dye is reactions occurs on the surface of the semiconductors (TiO,,
Zn0O, and many prepared nanocomposite), The parameters that affect on
the surface properties of semiconductors normally have an impact on the
photocatalytic degradation efficiency. In this part reviews different kind
of parameters that was reported to affect the photocatalytic degradation

efficiency of dyes.

3.6.2.1 Effect of the mass of ZnO nanoparticles on photo catalytic
degradation of the AYG dye :

At ambient temperature, the effect of ZnO nanoparticle's mass on
photocatalytic degradation of AYG dye was studied using 10 ppm dye as
well as a flow rate of 10 ml/min air. When the mass of the ZnO Nano

particles grows till it reaches 0.13 g /100 ml, the photo catalytic
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degradation of AYG dye increases gradually, then drops gradually. The
semiconductor may give the greatest absorption of light when the mass of
ZnO nanoparticle's (0.13 g /100 ml) is used. Due decrease in photo
degradation efficiency owing to a mass ratio of ZnO nanoparticle's, light
absorption will be restricted to the early layers of AYG dye. more than
0.13 g/100 ml, and the other layers of solution will not receive photons.
Furthermore, with high ZnO nanoparticle’'s loading, light scattering
occurs. and because a result of the decreased photon intensity, light is
strongly absorbed by the first few layers of solution, preventing light from
traveling through the rest of the reaction vessel's layers. Table( 3.7) and
Figure. (3.40).

Many researchers have studied this effect and found that when the
loading mass of ZnO nanoparticle's is less than the optimum value of 0.13
g /100 ml, the rate of photo degradation of AYG dye also decreases. This
IS because the quantity of mass of ZnO nanopartivales decreases, which
means the surface area decreases, resulting in less light absorption ZnO

nanoparticle's, resulting in a lower photo degradation rate [150] .
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Table (3.7): The change in At/A0 with irradiation time on different

masses of ZnO nanoparticle's.

Irradiation Time/min At/A0
0 1.00 1.00 1.00 1.00
10 0.90 0.83 0.68 0.96
20 0.74 0.61 0.48 0.86
30 0.62 0.44 0.28 0.71
40 0.64 0.29 0.14 0.62
50 0.36 0.22 0.08 0.52
60 0.26 0.12 0.06 0.39
70 0.18 0.10 0.05 0.32
80 0.13 0.07 0.04 0.30
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Fig. ( 3.40) : Variation in ( At/ Ao ) with irradiation time at 10 ppm of the
prepared dye .
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Fig. (3.41): Changin Ln (A0 / At) through irradiation-time at different of the

mass of ZnO nanoparticles using UV radiation.
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Fig. (3.42) : Effect of dye concentration on photo degradation rate constants
using 10 ppm, 0.13 g/ 100 ml ZnO at constant K
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Fig. (3.43): Photocatalytic degradation efficiency using 10 ppm of AYG against

mass of ZnO nanoparticles.
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3.6.2.2- Effect of AYG dye initial concentration on the photocatalytic

degradation process:

The effect of AYG dye concentration solution in the photocatalytic
degradation processes in the range of (10-50 ppm) was investigate by
keeping the other experimental conditions constant. Table (3.8) and
Figure. (3.44) illustrate the findings. The rate of photocatalytic
degradation reduced as the initial dye content was raised, according to
these data. As the concentration of AYG dye in the solution declines, the
path length of the photon entering the solution shortens. increase so the
number of photons reaching to catalyst surface increase and hence rate of
formation hydroxyl radicals and super oxide ions are increases thereby

increasing rate of degradation[171-174 ].
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Table (3.8): change of At /A0 through irradiation-time on different-

concentration for AYG dye

Irradiation Time min
At/A0
0 1.00 1.00 1.00 1.00
10 0.67 0.82 0.87 0.96
20 0.48 0.60 0.77 0.88
30 0.28 041 0.61 0.79
40 0.14 0.28 0.46 0.67
50 0.06 0.19 0.36 0.58
60 0.03 0.15 0.29 0.48
70 0.01 0.09 0.27 0.46
80 0.03 0.09 0.25 0.45

(At/A0)

20

40 60
Time / min

80

100

Fig. ( 3.44) : Variation in ( At/ A0 )with irradiation time at different

concentrations of dye
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Langmuir—Hinshelwood rate expression has been successfully used
for heterogeneous photocatalytic degradation to determine the relationship
between the initial degradation rate and the initial concentration of the
organic substrate. The rate of degradation of AYG dye at the surface is

proportional to the surface coverage of AYG dye on the ZnO

The Langmuir—Hinshelwood model is expressed as Eq. (3.4)
R=dJ/di=KiKaC/(1+KaC) corerrrrureinrmeiiiiiiieeeseeenn, (3.4)
Where as:

R: Rate of reaction,

Kr: Rate constant (min™),

Ka: Langmuir adsorption constant,

C: Concentration (ppm), t: Time (min)

The Langmuir—Hinshelwood equation can be modified as (3.5)

IR Z1IKi KA C + 1/ Kf ereiiiiieiieiiienereecensesasensenseenscnscansanss 3.5)
® 910 ppm
127 W20 ppm
1 30 ppm
- X 50 ppm
<& 08
S~
< 0.6
E 0.4 +
0.2
05
0 10 20 30
Time / min

Fig. (3.45): Linear variation of In Ac/A versus time for the photocatalytic
degradation of AYG dye at different initial concentrations.

86



Chapter Three Results and Dsisscusion

The results revealed that the photocatalytic reaction Kinetics
closely matched the Langmuir— Hinshelwood kinetics model. As a result,
AYG absorption on the thin film surface is the regulating phase in the

entire degradation process.

100.00 - 96.86 90.69

90.00 o 74.31
80.00 +
70.00 +
60.00 +
50.00 +
40.00 +
30.00 +
20.00 +
10.00 +
0.00 -~

PDE %

10 ppm 20 ppm 30 ppm 50 ppm
Concentration /ppm

Fig. ( 3.46): Photocatalytic degradation efficiency using 0.13 g / 100 ml ZnO
Nano particles against different concentration of AYG dye.

3.6.2.3- The effect of light intensity on photo degradation of AYG dye

using ZnO nanoparticles :

Different experiments were accomplished to investigate the
influence of light intensity on photocatalytic degradation of AYG dyeing
in the range (1-7) mW/cm®.By conservation other experimental
conditions apply constant at initial AYG dye concentration of 10 ppm,
prepared ZnO catalyst dosage was 0.13 g /200 cm®, 10 cm® /min at room

temperature, the flow rate of an: air bubble.

Table(3.9) and Figure (3.47) illustrate that when the light intensity rose ,
the dye breakdown process accelerated [150, 151]
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This may be attributed to increased photons formation that is
required for the electron transfer from the valence band to the conduction
band of catalyst[152].

The light intensity 7 mW/cm? given the greater photo degradation
efficiency which is equal to 92.43 %.

Table (3.9): The change of At/A0 through irradiation-time on
different light intensity.

Irradiation Time min
0.96 0.92 0.89 0.80
0.92 0.84 0.74 0.55
0.84 0.73 0.58 0.39
0.72 0.58 0.43 0.26
0.62 0.45 0.29 0.17
0.51 0.39 0.25 0.16
0.50 0.36 0.24 015
0.50 0.34 0.23 0.14
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Fig. (3.47): Variation in (A¢/ Ap) with irradiation time at different light

intensity.
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Fig. (3.48): Chang in Ln (Ao / Ay) through irradiation-time at different intensity
of light.
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Fig. (3.49): Photocatalytic degradation efficiency using 0.13 g/ 100 ml ZnO
nanoparticles and 10 ppm of AYG dye for different light intensity.

3.6.2.4- Effect of pH on photocatalytic degradation of AYG dye:

The influence of the initial pH of the suspension solution on the
ability to photo catalytically degradation AYG dye over 0.13 g /100 ml of
ZnO nanoparticle was investigated in a series of experiments,10 ppm of
AYG dye concentration. The practical experiments were carried out under
pH solution (9.85, 8.75, 3.89 and 6.20).

As shown in Table(3.10) and Figure.(3.50) the optimum value of
degradation AYG dye, was determined at pH=8.75.At pH in the acidic
medium the surface of catalyst become acidic this lead to increase
repulsion of dye molecules with catalyst surface, and hence decreases

photocatalytic degradation efficiency [153-155].

While at higher pH function in the basic medium increase the attractive
force between molecular dye and catalyst surface and hence increase
photocatalytic degradation efficiency[155-158].
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Table (3.10): change for At/A0 through irradiation-time on different

pH Value .

Irradiation Time/ min A/A,
0 1.00 1.00 1.00 1.00
10 0.90 0.83 0.72 0.94
20 0.76 0.68 0.54 0.84
30 0.61 0.51 0.33 0.76
40 0.50 0.34 0.19 0. 69
50 0.44 0.29 0.15 0.62
60 0.38 0.22 0.11 0.57
70 0.35 0.19 0.09 0.52
80 0.32 0.17 0.08 0.44
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Fig. (3.50): Variation in (A:/ Ag) with irradiation time at different initial pH

solution.
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Fig. (3.51):Chang in Ln (Ao / Ay through irradiation-time at different-pH using
UV radiation, initial AYG dye.



Chapter Three Results and Dsisscusion

Initial pH

Fig. (3.52): Effect of pH on photo degradation rate constants
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Fig. (3.53): Photocatalytic degradation efficiency using 0.13g / 100 ml ZnO
nanoparticle and 10 ppm of AYG dye for different initial pH.
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3.6.2.5-Effect of the Hydrogen Peroxide:

Different experiments were carried out to investigate the effect of
different initial hydrogen peroxide concentration ranges (0.10 percent,
0.45 percent, 1.50 percent, 2.10 percent) at various pH 7 on the
photocatalytic degradation of dye by ZnO nanoparticles , catalyst dosage
0.13 g /100 ml, at various time intervals, and a starting concentration of
AYG dye (10 ppm) .The impact of hydrogen peroxide concentration on
dye photocatalytic degradation were studied and the obtained resuits are
shown in Figure.(3.54), demonstrates that raising the initial hydrogen
peroxide concentration increased the degrading efficiency from 71.83 to
96.32 percent from ( 0.10 %,0.45%,1.50%, 2.10 %,). The greater
reactivity between hydrogen peroxide and electron in AYG conduction
band explains the enhanced photocatalytic degradation efficiency with the
addition of hydrogen peroxide. Hydrogen peroxide, according to, can
efficiently reduce electron—hole recombination. Because hydrogen
peroxide accepts electrons more efficiently than dissolved oxygen, it

might be used in place of oxygen.

The suppression of electron—hole recombination at low hydrogen
peroxide concentrations aids the photocatalytic degradation of AYG dye
efficiently. However, raising the hydrogen peroxide concentration over 10
mM inhibited the reaction between AYG and electron in the ZnO
nanoparticles conduction band, resulting in reduced AYG degradation.
Adsorbed H,O, scavenging positive holes on the surface of the ZnO

nanoparticle's could potentially account for the inhibitory action[159, 160]

The added H,O, can accelerate the reaction by producing hydroxyl
radicals from scavenging the electrons and absorption of UV-light by the

following reactions:

HyOp+ €7 (CD) —b OH+ OH eeeeeeeeeeeeeeeseeeeeeeeeeeeeeenns (3.6)
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H,O, + O, ~ — OH + OH + O3 tiviiiiiiiinnneenieeeeeennnn (3.7)
H,O, + hv Y 0 ] 5 PPN (38)

By additing excess H,0,, it acts as hydroxyl radical or hole scavenger
to form the per hydroxyl radicals (HO,) which is a much weaker oxidant

than hydroxyl radicals :
H,O, + OH — o P O I N = (O S (39)
H,O, +" h ——>  TH+ HOy i (3.10)

Table (3.11): change for A; /A, through irradiation-time on different

initial H,O, solution Value .

Irradiation Time min A/A,
0 1.00 1.00 1.00 1.00
10 0.90 0.83 0.59 0.96
20 0.74 0.61 0.34 0.86
30 0.62 0.44 0.15 0.71
40 0.64 0.29 0.09 0.62
50 0.36 0.22 0.08 0.52
60 0.26 0.12 0.06 0.39
70 0.18 0.10 0.05 0.32
80 0.13 0.07 0.04 0.30
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Fig. (3.54): Changin Ln (Ao / Ay) through irradiation-time at different-H,O,
using UV radiation, initial AYG dye.
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Fig. (3.55): Effect of H,O, on photo degradation rate constants
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Fig. (3.56): Photocatalytic degradation efficiency using 0.13 g /100 ml ZnO
nanoparticles and 10 ppm of AYG dye for different H,O, concentrations.

3.6.2.6- Temperature effect on photocatalytic-degradation for AYG
dye:

A series of experiments were carried out to investigate the effect of
temperature on photocatalytic degradation of AYG dye in the temperature
range of (281 — 308) K. By conservation other experimental conditions
apply constant at initial AYG dye concentration of 10 ppm, prepared ZnO
catalyst dosage was 0.13 g /100ml.

Table( 3.12) and Figure.(3.57) reveal that, when the temperature rose, the
dye degradation process accelerated, possibly due to increased reactive
hydroxyl radical formation. The activation energy associated with the
photo degradation of dye was calculated according to the Arrhenius
equation by plot of In k versus 1/T[161, 162] .
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Table (3.12): Change of AJ/A, through irradiation-time of different-

temperature.

Irradiation Time min A/ Ag
0 1.00 1.00 1.00 1.00
10 0.93 0.85 0.84 0.69
20 0.82 0.68 0.61 0.44
30 0.67 0.53 0.42 0.21
40 0.56 0.41 0.25 0.11
50 0.46 0.32 0.21 0.09
60 0.40 0.26 0.17 0.08
70 0.37 0.24 0.15 0.07
80 0.33 0.21 0.13 0.06
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Fig. (3.57): Variation in (At / AO) with irradiation time at different temperature
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Fig. (3.58): Chang in Ln (A0 / At) through irradiation-time at different-
temperature using UV radiation, 10 ppm of AYG dye and (0.13g /100 ml) ZnO

nanoparticle’s.
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Fig. (3.59): Arrhenius plot of AYG dye.

In order to calculate thermodynamic functions such as AH°(Enthalpy of
activation) and AS°(Entropy of activation), figure (3.60) was shown a

linear relationship fitting the graph of Eyring equation (3.11).

1000/T
8.6 : : : :

3'2 VS 33 3.35 3.4 3.45 3.5 3.55 3.6

y =-3.911x+3.7931
R%=0.9544

In(k/T ) min-1.k-1

-10.2 «

Fig. (3.60): Eyring equation plot In(k/T) against 1000/T for AYG dye.
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A plot of In(k/T) versus 1/T produces a straight line and the value of
Enthalpy of activation can be calculated from the slop of this line (AH°=
32.52kJ/mol) . and from the intercept the Entropy of activation value
(AS°=—0.166k J/ mol.k).

The positive value of Enthalpy of activation refer to endothermic
reaction . In the present case the value of Entropy of activation is negative
as in Table (3.13), so that the prodect formed is more ordered than the

reactants.

The Gibbs’ free energy AG° can be calculated from the equation and
equal 81.98 kJ/mol . The positive values of AG® for the reaction indicate

the non-spontaneous nature of photocatalytic degradation of AYG dye .

Table (3.13): The thermodynamic parameters of the photocatalytic

degradation of dye .

298 32.52 - 0.166 81.98
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3.7- Conclusions:

From the obtained results in this study , the following points are

concluded:

The result was found that the (L; and L,) ligands coordinated to the

Zinc ion as a bidentate through the nitrogen atom of azomethane group

and oxygen atom in the phenol group to configure of a stable inner

hexagonal ring.

1.

Ligands plays very important role in the synthesis of ZnO in

different Stoichiometric as (1:1) and (1:2) (metal: ligand ).The

adsorption efficiency for removal of alizarin yellow dye ZnO

Nanoparticles from C,; andC; complexes was found Dbetter than

prepared ZnO nanoparticles from difference complexes (C, and C,)

shows a good photo catalytic activity for removal of AYG dye form

aqueous solution while very weak activity in the dark reaction

(adsorption)

2.

Increase of light intensity caused to increas the rate of photo
catalytic degradation and photo degradation efficiency (PDE).
Increase of mass amount of catalyst caused to increased of PDE
after reached to optimum conditions.

Increaseof AYG dye concentration caused to decreas the rate of
photo degradation but at the same time reduce the degradation
efficiency.

Synthesis catalyst show a good and highly response for induced of
light (photo catalytic activity), The XRD results show that ZnO
nanoparticles had good crystallinity , high purity, and it could be
concluded that all ZnO synthesis in hexagonal wurtzite.

The SEM and TEM image show that the morphology of ZnO

nanoparticles.
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7-

8-

The EDX analysis showed that synthesized material ws compared
of zinc and oxygen without any significant impurity.

In this work ZnO nanonanoparticales was prepared using thermal
decompastion method. The mean crystallite size for the prepared
ZnO nanoparticles were calculated using Scherer equation, and the
results showed that the average crystallite size and average particle
size of all photo catalysts were ranging from 27.0 to 48.1 nm and
66.72 nm according to XRD.

The amount of catalyst dose and the optimal value of 0.13 g /100
ml of ZnO nanoparticles in the photocatalytic degradation of AYG
dye were determined. The effect of dye concentration has been
studied the optimum value = 10 ppm for AYG dye. Photocatalytic
degradation reduces as the dye concentration rises because the
concentration of OH adsorbed on the catalyst surface decreases. As
the light intensity grows, the photocatalytic destruction of dye
speeds up. The photocatalytic degradation of AYG dye was a
92.43% percent efficiency. Using Eyring equation thermodynamic

parameters (AH®, AS®) for AYG dye were calculated (AH°=32.52
kJ/mol and ( AS°=—0.166k J/ mol.k) respectively, from the

results the reaction is endothermic with low randomness. (AG®
=81.98 kJ/mol ) was calculated and the reaction is non-

spontaneous.
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3.8 Future work:

1-

Conducting more experimental studies by using the adsorbent
surface to remove other pollutants such as heavy elements, organic
and biological pollutants.
The possibility of applying the prepared surface to drug
adsorption.

Preparation of other oxides such as Titanium dioxide and its
composite with ZnO.

Improving the properties of synthesized nanoparticals and
developing new methods to increase the yields of these materials.
Testing the new and modern applications of nanoparticals in
various fields .

Modification of the prepared surface by using different starting
weights of all its components.

Conducting further theoretical studies of new compounds.

Using these ligands and their complexes in evaluation the
iological activity with different microbial organisms.

Study the cytotoxic effect of the ligands and their metal complexes
on othercancer cell lines. Modification the surface of zinc oxide
with Au nanoparticle.

10- Study the biological activity of the prepared nanocomposites.
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