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Summery

The present study represents synthesis of Copper nanoparticles (Cu
NPs) alone by using root Ginger extract by combination with anhydrous
copper sulfate (Cu SO,) as an eco-friendly method, and synthesis of Zinc
Oxide (ZnO NPs ) alone by precipitation Method using zinc sulfate
heptahydrate (ZnSO,4. 7H,0) . then synthesis ZnONPs was doped with
copper to synthesize modified ZnONPs (Cu/ZnO NPs) binary
Nanocomposite .These binary Nanocomposite systems were combined
with  reduce graphene oxide (rGO) to obtain tertiary systems of
( Cu/ZznO/rGO) and measure part of its physical and biological action
These prepared materials were . investigated using different techniques
such as X- rays diffraction (XRD),Fourier transform infrared (FTIR),
Energy Dispersive X-Ray(EDX), Scanning electron microscopy (FE-
SEM) ,Zeta-potential, Brunauer-Emmett-Teller (BET) Surface Area
,Ultra-Sonic, and Zeta Potential. The zeta strength was measured at about
(-27.4 mV) BET surface area was [29.833 m” g™'] and average crystal size
(23.77 nm) The adsorption efficiency of Rhodamine( 6G ) dye on all of
these materials was also examined. The best removal percentage of
Rhodamine 6G dye (80.7 %) over used suspension of these materials was
recorded using the Cu-ZnO/rGO Tertiary Nanocomposite at a weight of
0.1 gm, pH=9 and a temperature of 30°C for 60 minutes. In this context,
different adsorption conditions were considered such as effect of
temperature, mass dosage of the used materials, contact time, and the pH

of reaction mixture.



The best removal efficiency of Rhodamine ( 6G ) dye over used
suspension of these materials was recorded using of Cu/ZnO/rGO
reduced graphene oxide (rGO). In terms of adsorption isotherms both of
Langmuir and Freundlich adsorption isotherms were investigated and the
obtained results showed that it was more fitted with Freundlich
adsorption isotherm and the kinetics of the reaction were pseudo-first

order.

A study of the inhibition of the activity of two strains of gram-
negative bacterial Escherichia coli (E.coli) and gram-positive bacterial
Staphylococcus aurous (S. aurous) bacteria by all synthezied
Nanoparticles and Nanocomposites at a concentration of (10 mg/ml). The
best inhibition zone for Cu-ZnO/rGO Tertiary Nanocomposite showed
highest inhibition zone (13.2 mm) against E. coli bacterial and ZnO NPs

showed highest inhibition zone (9.6mm) against S. aurous.
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1. Introduction

1.1.Background of Nanotechnology Science .

A nanomaterial's primary purpose is the exact management of atoms,
molecules and their chemical interactions with each other. As the Greek
word for dwarf or someone who is unusually short suggests, the word
nano is derived from that word. There are billions (10®) of any unit
prefixed with this. An individual nanometer is therefore one billionth of
an inch or centimeter. A wide definition of nanomaterials is a material
with grain or particle sizes ranging from 1 to 100 nanometers in at least
one direction. Science and technology involved in creating and utilizing
nanostructures and nanomaterials are collectively known as
"nanotechnology.” As the barrier between atoms/moleculars and the
macro world, it is a critical component of any design. Biomineralization
(in an abalone shell or human bone) lotus leaves photosynthesis (in
plants) spider silk, peacock feather, etc. are all instances of
nanotechnology in nature [1].Naturally, we are curious as to what this
crucial technology is. If we go back to Richard Feynman's presentation
on "Plenty of Room at the Bottom" in 1959, we can see that the
nanoprocess is already in progress. Later on, Professor Norio Taniguchi
(1974) proposed the term "nanotechnology.” After that, nanotechnology
evolves in a more vivid method as more recent tools develop to
accurately consider or isolate nanoparticles [2]. Nanotechnology has been
used in many fields of science like physics, chemistry, pharmaceutical
science, material science, medicine, and agriculture[3]. Nanotechnology
Is the manipulation of matter on a microscopic scale to create useful
materials, devices, and systems. Nanotechnology brings together

scientists from a variety of fields, including physicists, chemists,
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engineers, and biologists. Although the term nanotechnology is relatively
new, the “natural version” of nanotechnology was already in the lead
thousands of millions of years ago with the spawning of life itself. At the
nanoscale, all-natural materials and systems lay their foundation. Nano-
entities, the biological building blocks of life, have distinct features
dictated by their size, folding, and patterning at Nanoscale. [4]. This
technology's most distinguishing feature is its small size, which allows it
to be applied to a wide range of applications. The nanoscale size of the
materials has some advantages, such as a large surface area and a low
number of surface flaws, which improves the materials' qualities.
Nanomaterials, which are manufactured at the Nanoscale and exhibit
properties that are considerably different from their "bulk” counterpart,
are a vital feature of nanotechnology. Nanomaterials can be found in
nearly any product, including sunscreens and other cosmetics, fabrics,
paint, and so forth. Silver Nanomaterials, carbon nanotubes, Nano metal
oxides (iron oxides, titanium dioxide, zinc oxide), silica, and gold are

some of the most often used Nanomaterials in consumer items.

1.2. Types and Classification of Nanomaterials

Most current nanoparticle and nanomaterial can be organized into
four materials:
1.2.1. Inorganic-based nanomaterials
Inorganic nano materials involve metal and metal oxide NPs and NMs.
These NMs can be synthesized into metals such as silver nanoparticles
(Ag NPs) or gold nanoparticles (Au NPs), metal oxides such as Titanium
dioxide nanoparticles (TiO, NPs) and zinc oxide nanoparticles ( ZnO

NPs), and semiconductors such as ceramics and silicon.
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1.2.2. Organic-based nanomaterials

They are nanomaterials that are mostly made from organic materiales,
they are found in many different forms such as dendrimers, liposomes,
micelles ferritin and polymer NPs etc. These nanoparticles are non-toxic
and biodegradable some particles has a hollow core like liposomes and
micelles also known as nanocapsules it are sensitive to electro-
magnetic radiation and thermal such as light and heat, These unique
properties makes them an ideal choice for drug delivery where the

organic nanoparticles are most widely used in the biomedical field.

1.2.3. Carbon- based nanomaterials

Carbon- based nano materials generally made completely of carbon they
are found

in several morphologies such as carbon nanotubes (CNT),
fullerenes(Cg), graphene, carbon nanofibers and hollow tubes etc.

1.2.4. Composite-based nanomaterials

During the period 1982- 1983 the term of nanocomposite was introduced
by Roy, Komarneni, and co-workers in order to indicate a change in the
conceptual direction of the sol-gel process. Nano composites refer to
composites of more than one solid phase where at least one dimension is
in the nanometre scale and typically all solids phases are in the (1-20) nm
domain, its use for make rather heterogeneous than homogeneous

materials[5].
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1.3 Nanopartical Synthesis Methodologies

The capacity to create and process nanoparticles and
nanostructures is the fundamental cornerstone in nanotechnology for
exploring novel physical properties and phenomena and realizing future
applications of nanostructures and nanomaterials. The synthesis of
nanomaterials and the manufacturing of nanostructures can be done in
two ways Figure( 1-1) top-down and bottom-up[6]. Slicing or successive
cutting of a bulk substance to obtain nanosized particles is referred to as a
top-down technique. The term "bottom-up approach" relates to the
construction of a substance from the ground up: atom-by-atom, molecule-
by-molecule, or cluster-by-cluster, to name a few methods. Milling, for
example, is a top-down way for creating nanoparticles, whereas colloidal
dispersion is an excellent example of a bottom-up strategy in nanoparticle

synthesis. Both In nanotechnology, approaches play a critical role.

Top-dowwn Top-dowwn Methods:

=Ml echanical grinding
Bulk = Erosion
¥ P -owaer

(o — =P
NManmnoparticles
9 = [ —

'-" o Clusters
OO L]

Bottom-up Methods:
g - = Serosol technigues
Atoms _ . _

= _hemical precipitation

mSelf assembly

i

Bottorm-up

Figure (1-1) :The ‘bottom-up' and ‘top-down’ approaches to

synthesis of nanomaterials [6].
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These technical approaches can also be classified based on the

growing medium used:

1- Vapour phase growth for nanoparticle production, incorporating laser
reaction pyrolysis for thin film deposition, atomic layer deposition (ALD)

IS used.

2-Growth in the liquid phase, including hydrothermal and colloidal

processes Formation of nanoparticles and monolayer self-assembly

3-Formation of solid phases, including phase segregation to produce
metallic particles construction of a glass matrix and two-photon induced

polymerization Photonic crystals in three dimensions

4-Hybrid growth of nanofibres, including vapour-liquid-solid (VLS)
growth.Because of the variation in exposed crystalline surface, controlled

development of nanomaterials with diverse morphologies is critical.

Specifically, This control is required in catalytic applications to improve
selectivity .reported on the tuning of selectivity in the generation of cis
olefins by changing particle shape to reduce the production of harmful

trans fats during partial hydrogenation of edible oils [7].

1.4 Nanocomposite.

As the name suggests, nanocomposites are mixtures in which at least
single component has a diameter in the nanometer range (1 nm = 10°m).
There are a number of preparation problems associated with
nanocomposite materials, including elemental composition and
stoichiometry in the nanocluster state [8].At a nanoscale, nature has

traditionally mixed organic and inorganic components to create smart
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materials with extraordinary properties and functionalities (mechanics,
density, permeability, colour, hydrophobicity, etc). Organic-inorganic
natural materials include crustacean carapaces, mollusk shells, bone, and
tissues. In the realm of material science, nanocomposites are expected to
be made up of solid structures dispersed at the nano size in a matrix, often
an organic matrix incorporating inorganic nanoparticles in the case of
polymers. The nanostructure phases of nanocomposite structures are:
zero-dimensional (embedded cluster), 1D (one-dimension; e.g. nanot) and

2D (two-dimension; e.g. nanotubes) 3D (embedded network) [9].

Table 1.1: Different dimensions of nanomaterials with an examples

Elementary units Examples

Molecules, Clusters, fullerenes, rings,
0D Units (3 dimensions in the monometric range) metal carbides, powders, grains.

Nanotubes, fibres, filaments, whiskers,
1D Units (2 dimensions in the monometric range) | gpirals, belts, springs, needles.

2D Units (1 dimensions in the monometric range) Layers

1.5.General approaches to nanocomposite fabrication

For the formation of nanocomposites, many techniques can be
utilized to build nanostructures of various materials. In order to construct
a metal nanoparticles on a ceramic supporting, for example, one can
vaporize metal onto the proper substrate or disperse metal oxide
nanoparticles with aqueous chemistry Nanocomposites containing

ceramic and polymers phases are difficult to fabricate using normal
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methods, and so splitting processing techniques are required [10].
Research on nanostructures is still needed despite the fact that there are
many different ways to create them. Development methods for producing
nanostructures that are uniform and free of templates. Simple and
efficient, such a production method relies merely on the mixing of
components to generate an ordered structure. The advantages of template-
free nanostructure synthesis include ease of synthesis and purification
without the need for template removal. Homogeneous nanofibers that are
scalable and repeatable are also created. Nanomaterials operate better as
sensors because they have a nanoscale width and are water-dispersible,
allowing for more environmentally friendly biological usage and

processing. [11].

1.6. Types of nan composite

1.6.1. Non-Polymer Based Nanocomposites
The following can be classified as non-polymer-based nano composite
materials:
1.6.1.1. Metal / Metal Nanocomposite

Bimetallic nanoparticles in the form of alloys or core-shell
structures are being studied in depth due to their improved catalytic
qualities and improved electronic/optical properties associated to various,
independent metals. As a result of blending two types of metals with fine
structures, they are believed to exhibit unique physical-chemical
properties[12].
1.6.1.2. Metal/Ceramic Nanocomposites

Within the category of composites, the electrical, chemical,

magnetic, mechanical, and optical The combined qualities of both stages
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are used to create the product. The nanoscale reduction of parts improves
the above-mentioned qualities and opens up new possibilities. These
composites have an appealing rough that is chemically inert and durable

ceramic matrix thanks to the polymer precursor systems [13].

1.6.1.3. Ceramic/Ceramic Nanocomposites

1.6.2. Polymer-Based Nanocomposites

Ceramic Nanocomposites tackle the problem of crack failures in
artificial joint implants, however they can increase the high cost of
surgery and the patient's mobility. [14].Nanocomposite polymers consist
of a polymer matrix and a filler with a minimum dimension of 100
nanometers. A high aspect ratio clay, nanotubes or nanoparticles are
examples of fillers[15].
1.6.2.1. Ceramic/Polymer Nanocomposite

They are composed of 1 nm-thick ceramic layers that are consistently

distributed in a constant matrix. In part, this is due to the dipole-dipole

coupling between the host ceramic layers [16]

1.6.2.2. Nanocomposites of inorganic/organic polymers

Because with the metal clusters distributed throughout the polymer
matrix, metal-polymer nanocomposites draw attention. (1-2) nanometers
Is the size of the average metal cluster. Aspects such as electron transit
and bandgap are very different between larger particles and individual
atom or molecule clusters and nanoparticles. Because metal atoms move
around, particle and grain size is affected. The degree of cross-linking in
polymethyl methacrylate polymer, for example, determines the size of the
clusters[17].
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1.6.2.3. Inorganic/Organic hybrid nanocomposite

Are nano composites made up of closely integrated organic and
inorganic components. Hybrids can be heterogeneous systems (nano
composites) having at least one nanometer-sized component or
homogeneous systems made up of monomers and miscible
organic/inorganic components[25].
1.6.2.4. Polymer/ Layered Silicate Nanocomposites

Composite materials made of nan In polymer science, polymer /
layered silicate (PLS) attracts a lot of attention. When compared to virgin
polymer and modern nano- and nano-composites, the PLS nan
composites have sparked a lot of interest in the manufacturing world as
well as in academia. Hectoliter is one of the most extensively used
smectite-type layered silicates for the manufacture of nan composites[18].
More than ever, the gap between block co-polymer self-assembly and
nanostructured plastics endowed with yet-to-be-discovered combinations
of qualities is narrowing. Polymers under pressure to be cheap and
property profiles given are becoming increasingly tight. Even when their
monomers are homogeneously combined, mixtures of dissimilar

polymers frequently phase independently [13].

1.6.2.5. Polymer/polymer Nanocomposites

The distance between self-assembling co-polymer blocks and
plastic nanostructured is narrowing, with still unknown product
combinations. Polymers are under more pressure than ever to be
inexpensive and sell immobilized profiles. Even if their monomers are

combined homogeneously, miscellaneous polymers can sometimes

separate phases[13].



Chapter One ..........cccooossssnsnsscsrmsimssns s INEroduction

1.6.2.6. Biocomposites

Both polymers are employed in soft tissue replacement and a
variety of other non-structural applications. Metals alloys are commonly
utilized in orthopedics, other load-bearing uses include dental and
dentistry. All of us are made up of composites in some way. Collagen is a

relatively ubiquitous protein that comes in over 14 different types[19].

1.7. NANOCOMPOSITE SYNTHESIS
1.7.1 Nanocomposites

The term nanocomposite refers to a multiphase solid substance that
has one, two, or three dimensions less than 100 nm in one of the phases,
the material's phases are separated by nanoscale intervals, or
Nanocomposite solids include porous media, gels, colloids, and
copolymers in their fullest sense [20]. Figure (2-1) shows how ceramic,

metallic mixed polymer nanocomposites can be made.

Synthesis of nanoccomposiles ]

AT
MANOCOMpPOBItes Polyrrar nano

COMpOSHes ]

Figure 2-1: Nanocomposite fabrication technige

1.7.2 Nanocomposites made of metal
These materials consist of a metal or alloy matrix and a nanoscale

reinforcing agent. Metallic alloys having ceramic strength and modulus

10
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are known as metalloceramic materials. MMC is therefore ideal for the
High shear/compression intensity and quality service temperature
characteristics can be achieved by manufacturing materials [21].
These material can be synthesized as following:
1.7.2.1. Spray Pyrolysis
Is a technique for depositing a thin coating on a heated surface by
spraying a solution over it, in which the ingredients react to produce a
chemical product. When selecting chemical reactants, care is taken to
ensure that every products that aren't the goal chemical are flammable at
the heating rate [22]. The steps involved in the fabrication process are as
follows:
1. dissolving inorganic progenitors (starting materials) in a solvent
system to get a liquid source.
2. Using an ultrasonic atomizer, create a mist from this liquid source;
3. The mist is transported into a heated chamber using a carrier gas.
4. metal oxides are reduced selectively to produce the corresponding
metallic compounds; and
5. Locked in by a filter in the chamber the droplets can be vaporized,

promoting their decomposition to produce the oxides formed [23].

1.7.2.2. Infiltration

When ceramic particles or fibers are created, they're immersed in
molten metal matrix, which fills in the gaps between the scattered phase
inclusion. This procedure is used to fabricate composite materials.
Particle concentration of dispersed liquid phase (dramatic infiltration) as
well as external pressure (mechanical, gaseous,, ultrasonics, centrifugal,

or electromagnetic) [24].

11
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1.7.2.3. Rapid Solidification
At high temperature, when transitioning to a solid environment, the
temperature of the liquid is high or substance at room temperature, fast
solidification involves the extraction of thermal energy quickly
Ultrasonics are utilized to mixing the polymer and reinforcement with
increase their wetability [25].
1.7.2.4. High-Energy Balls Milling
An explosive powder mixture is subjected to high-energy ball mill
collisions. It is possible to obtain thin and homogenous oxide dispersions
in nickel-base superalloys by mechanical alloying, commonly known as
long ball milling. Grinding with high-energy ball mills alters the
conditions under either altering the reactivity of milled nanoparticles, or
by activating biological reactions during milling [26].
1.7.2.5. Chemical Vapor Deposition method
Produces high-performance solid materials. Thin films are often
produced using this technology in the semiconductor sector.
Semiconductor (substrate) is treated by volatile precursors and dissolve
(and/or react) In a conventional chemical vapor deposition, the desired
deposit is deposited on the substrate's surface. This chamber is used to
remove volatile waste material on a regular basis[27].
1.7.2.6. Physical Vapor Deposition method
thin films and coatings are produced using a series of vacuum
deposition processes. An electrochemical method in which materials are
converted to condensed to vapor and then back to thin film condensed
phase, is known as Physical Vapour Deposition (PVD) Sputtering and
evaporation are the two most frequent physical vapor deposition
mechanisms [28].

This is how physical vapor deposition is conducted:

12
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(i) forming a vapor phase by sputtering/evaporating certain components;
(i1) metal nanoparticle condensation by supersaturating the vapor phase in
an inert atmosphere;

(ili) To consolidate the nanocomposite, it is subjected to thermal
treatment in an inert environment [29]. Pb/Cu, Al/Mo, Al/Pb, Al/SIC,
Fe/MgO, Cu/Al,Oz, and Ag/Au are other examples.

1.7.2.7. Colloidal Method

Chemical reduction of inorganic salts to synthesis metal particles,
followed by drying and heat treatment in a reducing environment (such as
hydrogen) to facilitate selective oxide reduction and produce the metal
component [30]. Chemical method for generating composite polymer

composites( sol-gel method) [31] .

1.7.3 Nanocomposites made of ceramics
platelets, Fibers, or whiskers are combined with a ceramic system to
form ceramic nanocomposites..
1.7.3.1. Powder Process

Such as processes, compression, rolling, and extrusion are used in
manufacturing of ceramic nanocomposites. The powder is fed into a two-
walled conduit and squeezed vertically by a fixed horizontal punch in a
simple compression process. A sintering furnace then heats the
compressed bulk to a high temperature to complete the process. It is fed
into a two-story rolling mill, where it is crushed into strips, sintered and
then rerolled. During the first type of extrusion, Binding or plasticizer is
added to the mixture and heated at room temperature Other methods
include non-fortified powder extrusion at high temperatures, as well as

fortified powder extrusion at low temperatures [32].

13
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1.7.3.2. Polymer Precursor and Sol-Gel
The polymer precursor approach involves mixing a polymeric precursor
with the matrix material, then pyrolyzing the combination in a microwave
oven to produce reinforcing particles [33]. Sol-gel is also a ceramic
nanocomposites fabrication technology in which:
The following processes would be involved in this
(i) hydrolysis and polycondensation processes .
(i) Precursor of an organic compound dispersed in organic medium ,
which results in the creation of three-dimensional polymers with metal-
oxygen linkages (sol or gel),
(iii) subsequent drying to obtain a solid substance consolidation by
thermal treatment [21]
(iv) at a later stage. Al,O4/SiC, ZnO/Co, and SiO,/Ni are some examples
of these materials.
1.7.4 Composites made of polymer nanoparticles

There are two main groups of nanomaterials, namely
nanostructured materials and bulk materials, respectively. While
nanostructured bulk materials consist of nanometer-sized clusters,
nanophase materials consist of nanoparticles that are distributed
throughout a material's surface. Adding inorganic nanoparticles to a
polymer matrix offer advantages over typical polymer composites in
terms of chemical resistance, lower permeability, There are number of
properties that make a material heat resistant, such as moisture and charge
dissipation. The area of contact between the nanostructure and the host
polymer matrices is unusually large per volume as a result of a
homogeneous and constant filler particles dispersion. Unlike normal
polymer composites, polymer nanocomposites have a large interfacial

area and nanoscale particle sizes [34].

14
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1.7.4.1. Melt Blending

For making nanocomposites comprising thermoplastic polymers
and elastic polymeric matrix made of clay, are described melt blending is
the recommended approach [35]. Typically, a banbury or an extruder is
used to melt the polymer and blend it with the necessary amount of
intercalated clay. Inert gas, such as nitrogen, neon or argon is used to
combine the melts. Alternatively, the polymer and the intercalant can be
mixed. Then heated in a mixer and sheared to generate the clay polymer
nanocomposites. Melt blending outperforms in situ polymerizations for
polymer solution intercalation. Because organic solvents aren't used, melt
blending is environmentally friendly. Extrusion and injection molding,
for example, are both compatible with melt blending. Melt mixing has

gained popularity as a result of its potential for industrial applications.

1.7.4.2. Solution Mixing

Soluble polymer or prepolymer solution mixing is a solvent-based
method in which nanofillers can swell (for layered nanofillers). Water,
chloroform, or toluene are used to swell the nanofillers before they are
employed. Solvent is displaced from the silicate interlayer mixed with
nanofiller. Intercalated/exfoliated polymer nanocomposites remain after
the solvent has been removed Solutions include the vigorous agitation of
nanofiller in a polymer solution and the controllable solvent evaporation

as well as the composite film casting stage [36].

1.7.4.3. In situ intercalative polymerization.
The first approach used to create polymer clay nanocomposites
based on nylon 6. A liquid monomer solution inflates a layered silicate,

allowing polymer to develop between the intercalated sheets. Before the

15
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swelling stage, heat or radiation, diffusion of a suitable initiator, or cation
exchange might induce polymerization [37].
1.7.4.4. Sol-Gel and In Situ Formation

Is it possible to make an aqueous phase of this composite material
subjected to in situ formation, which results in the development of an
inorganic material layered structure. Layers are created by using the
water-soluble polymer as a template. Nanocomposites made from layered
double hydroxides (LDH) are quite well, but those made from layered
silicates are less well-known[38].Sol-gel matrix are used to embed
monomers and organic molecules. During the sol-gel process, a polymer
and silicate building block solution is employed to produce clay minerals
within the polymer matrix [39]. They become imprisoned within layers

when they expand.

1.8. Applications of Nanotechnology

Nanotechnology is a comprehensive technology that has evolved
dramatically that is widely applied in various fields of our daily life [40],
such as medicine and pharmacology (nanomedicine), chemistry,
environment, and agriculture [41]. For example, nanotechnology is
widely used in the medical field such as diagnostics as show in Figure
(3-1) tissue regeneration, cell culture, biosensors [42] antimicrobials [43],
employed to encapsulate the drug, high drug loading capacity, drug
delivery, and targeted delivery to specific sites or organs, detection,
Excellent tool in the field of biological imaging, magnetic resonance
imaging [44]. Nanotechnology plays an important role in the field of
manufacturing such as information, techniques, energy sources,

environment [45], dendrimers,metal-containing nanoparticles, zeolites,

16
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and carbonaceous nanomaterials, Also used in water purification where
there are four classes of nanomaterials: metal-containing nanoparticles,
zeolites, and carbonaceous nanomaterials These have a broad range of
chemical and physical properties that make them special materials
attractive for water purification [46]. Nanomaterials utilize in a variety of
consumer products such as cosmetics, paints, food, and suntan lotions,
remediation of the polluted environment [47]. possibility applications of
nanoparticles have been exploited in several fields such as sensors,
energy batteries, automobile components, high-power, formable
ceramics, magnets, Smart structures, catalyst, dielectrics cells, optical
devices, Cutting tools, Aerospace components, etc [48]. Fuel oil and gas
industry [49], improving the performance of solar cell technologies [50],
textile industry [51] and applications in agriculture through detection of
pathogens and contaminants in food products, genetic enhance of plants
and animals efficient delivery systems for agrochemicals like fertilizers

and pesticides [52], catalysis and analysis[53].
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Figure( 3-1): Scheme of Application of Nanotechnology

1.9 Adsorption process

In Figure (4-1), four steps in the adsorption process are shown. In the first
step, bulk solution transportation will be undertaken. Substances to be
adsorbed must be moved from large volumes of bulk liquid to a small
adsorbent surface layer. In the second stage, film diffusion transport, the
material diffuses to the pore entrance of the adsorbent through a
stationary liquid film. In the third stage, pore transport will occur.
Adsorbent pores and surface absorb the substance during this process.
Adsorption is completed when the adsorbate adheres to the adsorbent's

surface and takes up space on the surface. [54]
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Figure (4 — 1): diagram of the adsorption process [54]

At the solid-liquid interface, adsorption occurs when molecular species
(either gas or liquid) accumulate in excess The term adsorbent refers to
the material on which the substance is deposited. adsorption happens
because the adsorbent's surface nanoparticles are in the same phase as its
bulk counterparts. Not up to standard: solids with surface valence forces
as shown Figure(5-1). It is possible to see how the adsorption process
works. Graphene-Based Composites and atoms operate as activators on
the surface of the material. Activated surfaces may attract other
chemicals, reducing entropy (S). The Gibbs free energy of any process is

triggered by a small amount of it (G),which can be written as:

AG = AH-TAS (1-1)

As a result, adsorption is fundamentally an exothermic process, and the
magnitude of the enthalpy change (H) must be larger than the magnitude
of the term ‘TS." As the adsorption progresses, H gets less negative and
eventually equals TS, causing G to become zero and equilibrium to be
reached. On the surface of an adsorbent, the definition adsorption refers
to the capturing of the adsorbate alone. Physisorption (which includes van
der Waals binding forces) and chemisorption are the two basic forms of

adsorption based on the type of physically interacting between both the
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adsorbent and adsorbate [55]. As far as chemistry is concerned, they are
all related. Adsorption, its process, and the thermodynamic factors that
affect adsorption capability and rate require a thorough analysis.

Adsorption types include homogeneous and heterogeneous [56].

Figure ( 5-1): Pictorial representation of adsorption process[ 55]

1.10 Types of Adsorption

Physical adsorption (Physiosorption) and chemical adsorption
(Chemisorption) are the two forms of adsorption (Fig 6-1).

1.10.1 Physical Adsorption's

It involves weak van der Waal's forces adsorption of gases on solid
surfaces.

1.10.1.A. Characteristics of Physical Adsorption's

* Physical adsorption has no specificity. Every gas is adsorbed onto the
solid's surface. Nature of the adsorbate. Easily liquefiable gases are
strongly adsorbed physically.

* Adsorption is a reduction reaction that can be reversed. Pressure
increases cause gas volume to decrease, allowing more gas to be
absorbed. This allows gases to escape from solid surfaces by decreasing
pressure. At low temperatures, physical adsorption is enhanced, while at
high temps, adsorption is slowed down.
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* The higher the surface area, the faster the absorption rate. Porous
materials and finely split metals work well as adsorbents. The process of
physical adsorption is exothermic.

* There is no need for activation energy.

Chemical adsorption, also known as chemisorption, occurs when gas
molecules or atoms are bound to a solid surface by chemical bonding [57]

”

®®

SS'e
eSS ,’." o® o ©

Physical adsorption Chemical adsorption

Figure (6-1): Types of adsorption[57]

1.10.1.B. Characteristics of Chemical Adsorption

In Comparatively, physical adsorption it a selective. Chemical
adsorption is permanent. Although it's an exothermic reaction, cold
temperatures cause it to occur more slowly. In addition to chemisorption,
there is also a temperature rise. High pressure aids in chemisorption, As

the surface area of a surface grows, so does chemisorption .

e Chemisorption enthalpy is high due to chemical bond formation .
eThere is a requirement for activation energy.

The unimolecular layer is the consequence.
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1.10.2 Adsorption Influencing Factors

The temperature has a significant impact on adsorption. Low
temperatures are ideal for adsorption. Because adsorption is an
exothermic process, the forward reaction will be derived at a low
temperature. Up to a point, a rise in pressure causes an increase in
adsorption until saturation is attained. No additional adsorption will occur
after saturation has been attained, regardless of the pressure applied.
Adsorption Isobar[62]. is the relationship between the extent of
adsorption and temperature at any fixed pressure. Because adsorption is a
surface phenomenon, a larger surface area, a faster the adsorption rate.

Liquefied liquefiable liquefied.

1.10.3 Adsorption Applications

* The adsorption approach can be used to achieve a high vacuum.
activated charcoal is utilized to make the vacuum.

» Adsorption is the basis for gas masks used in coal mines. The
purpose of these gas masks is to adsorb hazardous gases. This purifies
the air for breathing.

* To minimize humidity, silica, and aluminum gels are utilized to
absorb moisture.

* Using charcoal as an adsorbent, noble gases can be separated.
* Drug adsorption is used to kill bacteria.
* Chromatographic analysis is based on the adsorption phenomena.

* Sugar is decolorized by adding the charcoal powder to a sugar
solution. The latter absorbs the unwanted colors that are present.
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* In the paint industry, adsorption also plays a significant role. If the
paint contains dissolved gases, it will not adhere effectively to the
surface to be painted, resulting in poor coverage.

* Adsorption is responsible for the cleansing action of soaps and
detergents, as well as the generation of stable emulsions in cosmetics
and syrups[57].

1.11. Dyes

Dyes are defined as organic compounds used in many industrial
fields and tissues also can be used as sensitizers for light to improve the
efficiency of some types of semiconductors, by absorbing the energy of
light and this leads to exactions of electrons dye from the ground state to
Homo state. Therefore, these electrons are injected in the conduction
band of the semiconductor particle that is used in a photocatalytic process
to increase efficiency for it, therefore, it will move the reaction into a
visible region[58]. To accomplish the heterogeneous photocatalytic
reactions, photosensitizers are used with high efficiency and must own
some properties such as having high stability towards the light and heat.
Strong adsorption on the surface of the catalyst, has an absorption band
within the visible region and interferes with the absorption region for the
catalyst used, and can transfer electrons to the conduction band larger
than recombination reaction for it [59]. Dyes possess high stability, which
Is due to the presence of the aromatic ring in their chemical structure. Dye
molecules consist of two important components that are known as
chromophores and auxochromes. Chromophores are functional groups
responsible for color depend on an electronic transition in the presence of
some groups and bonds, such as (C = C, C = O, C-S) and the other that is
known chromophores dyes shows absorption in a region located in the

ultraviolet near region or the visible region. When their chromophores
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groups present more than once in the conjugated state for the same
molecule. The absorption region for this molecule shifts to the long
wave's length, sometimes located in the visible region of the spectrum to
show specified colors[60]. The phenomenon of absorption shifts to the

longer wavelength knowing (Bathochromic shift) or red shift[61].
1.12 Rhodamine 6G (R6G)

Rhodamine 6G (R6G) is an organic laser dye with a high quantum
yield for fluorescence that can be used to examine probes. It can be used
as a fluorescence tracker to aid in the definition of spectroscopic features
to achieve high conversion efficiency and measurement precision. R6G
absorbs between 400 and 700 nanometers in various solvents[62]. Figure
1-5 shows the chemical structure of the R6G molecule, which is soluble
in ethanol,methanol, the use of organic solvents, etc. In environmental
flow investigations, water is widely utilized as a tracer medium. For
example, Nd:YAG lasers operating at 532 nanometers absorb most of
R6energy, G's while copper-vapor lasers at 511 nanometers absorb most
of R6energy, G's and argon-iodine lasers at 514 nanometers absorb most
of R6energy. G's 510 to 710 nanometers is the range of wavelengths in
the emission spectrum, having a maximum at 550 nanometers. the
concentration of solvent and dye While the laser emission range is much
lower, with a peak wavelength of around 575 nm, the laser absorption
range is much wider. Energy conversion efficiency of more than 50% are
feasible [63]. Rhodamine 6G is a fluorescent dye that can penetrate living
cells. Rhodamine 6G attaches to mitochondria's inner membranes as soon
as it enters the cell. Rhodamine6G dye may be utilized to provide
fluorescent pictures of mitochondria with low background noise and
excellent resolution, based on these findings, Rhodamine 6G at ultra-low
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concentrations appears to selectively kill cancer cells in vitro while

leaving normal cells unaffected[64].

specification Structure of dye
Emprical -
formula CasHyuN;05Cl
Molar mass 47902
Sorace Chem. -supply
Class Xanthane
Rhodamine 6G

Figure (7-1): chemical structure of R6G dye

1.13 Zinc Oxide ( ZnO)

Because of its broad bandgap (3.37 eV) and substantial exciton
binding energy (60 meV), zinc oxide (ZnO) has gotten a lot of attention
for nanoscale electrical and optoelectronic device applications [65]. It's
also common knowledge that ZnO is a polar crystal with a hexagonal
phase, and that its strong anisotropy causes it to grow oriented along the ¢
axis [66]. ZnO is a good alternative to TiO, in terms of band energy [67].
Zinc oxide (ZnO) nanoparticles are materials with a wide range of uses in
a variety of industries, including fluorescent tube luminescence, laser-
active medium, sensors, and antibacterial [68]. As a result, the researcher
Is quite interested in the synthesis of ZnO nanoparticles. Sol-gel,
sonochemical, solvothermal, hydrothermal, and mechanochemical
approaches have all been used in the synthesis of ZnO nanoparticles

using chemical methods [69].
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1.13.1 Crystal Structure of ZnO

ZnO is a versatile material with a wide range of morphologies and two
unique crystal structures, hexagonal and cubic zinc mix of which the
wurtzite structure is the most stable for a variety of applications,
including DMS [70] ( Figure 8-1 a and b). The crystal structure of
crystalline ZnO is wurtzite (B4), with a hexagonal unit cell with two
lattice parameters and, each anion in this wurtzite hexagonal structure is
surrounded by four cations at the tetrahedron's corners, displaying
tetrahedral  coordination and so sp® covalent bonding. The
noncentrosymmetric structure of ZnO is due to its tetrahedral

configuration[71] in Figure (8-1c).

(a) Wurtzite, hexagonal packing

Oxygen atom Zn atom

_- -
- ~~
/ B ™
~
~ -
s -

a=>b= 3.249A

Figure (8-1): a ,b and ¢ wurtzite structure of ZnO [71] .
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1.14 Copper (Cu)

In addition to its physical and chemical features, copper is also a
transition metal in the third dimension. A wide variety of reactions can be
initiated and carried out in copper-based materials due to Cu's show
multiple oxidation states (Cu°, Cu™, and Cu*?). They can be used in
catalytic organic transformations as well as in electrocatalysis and
photocatalysis because of their distinct features and properties.The most
difficult aspect of developing catalytic NPS is creating nanoparticles
those that are extremely active, selective, steady, sturdy, and reasonably
priced. Making complex Cu-based nanoparticles for catalysis by
anchoring Cu NPs (e.g., Cu, CuO or Cu,0) on iron oxides, SiO2, carbon-
based materials, or polymers is a cheap approach. Its high boiling point
makes it suitable for high-temperature and high-pressure chemical
reactions[72].Copper metals were absorbed efficiently in a continuous
flow mode from polluted water by application of alginate immobilized
water hyacinth, i.e., Eichhorniacrassipes, which acts as a promising
biosorbent in an acidic environment, and a review on natural dyes and
antimicrobials [73]. Due to their significant physicochemical, optical,
catalytic, and heat transfer properties, copper nanoparticles (CuNPs) have
attracted a lot of attention. CuNPs have been used in a variety of fields,
including solar cells, energy storage, dye degradation, chemical

manufacturing, and medicinal applications[74].

1.15 Graphene Oxide (GO) and reduced Graphene Oxide(rGO)

As one of the most prevalent materials, carbon may be used in a
wide variety of applications, from electronics to biotechnology. It is
generally created by oxidizing and exfoliating graphite-bearing oxygen
functional groups such as carboxyl (-OOH), hydroxyl (-OH), or epoxy on
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its basal planes and edges (-O). Figure ( 9-1) show a Graphene (G),
graphene oxide (GO), and reduced graphene oxide (rGO) structures were
created using a modified Hummers process. being a gold standard
approach for manufacturing it, To reduce the oxygen content of GO and
produce so-called reduced graphene oxide (rGO), chemical, microwave,
thermal, photo-chemical, microbial/bacterial treatments, or photo-thermal
can be applied. Some oxygen-containing functional groups almost always
remain after graphene oxide is completely reduced because not all sp®
bonds revert to sp? state. Varied reductive agents can create graphene
oxide with different carbon-to-oxygen levels and chemical compositions
[75].Due to its remarkable features, such as a huge surface area volume
ratio and low cost of manufacture, graphene oxides are of tremendous
interest as another carbon-based nanoscale particle that offers an

alternative path to graphene [76].

reduced graphene oxide (rGO)

Figure (9-1): Structures of graphene (G), graphene oxide (GO), and reduced
graphene oxide (rGO)[77]
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This is a single-layered substance made of oxidizing graphite that can be
produced in large quantities at a low cost. Graphene oxide resembles a
graphene sheet in appearance, with oxygen groups such as hydroxyl,
carbonyl, carboxylic, and epoxy groups in its base[77]. These groups may
be deposited informally on a broad range of substrates in the form of thin
films because they have a high affinity for water molecules, i.e. they are
hydrophilic, and they can be quickly dissolved in water and other
solvents, making them potentially suitable for microelectronics. Graphene
oxide has recently grown in popularity as a result of its efficacy in
fluorescence tests[78]. Because of its one-of-a-kind characteristics, GO is
a promising bioapplication nanomaterial. Solar cells, hydrogen storage,
transparent conductive films, polymer composites, paper such as plastics,
biomedicine, nanoelectronic device manufacturing, energy storage
devices, biosensors, catalysis, and transparent electrodes are just a few of

the applications for graphene oxide developed in the industry[79].

1.16. Doping of Zinc Oxide Nanoparticles
1.16.1. Doping of Zinc Oxide Nanoparticles with copper
nanoparticles

Control of specific properties such as chemical composition,
purity, morphology, and particle size is very important to obtain metal-
doped ZnO powders suitable for their intended applications. ZnO powder
has various shapes such as ellipsoidal ,prismatic, dumbbell-like, and
bipyramidal, nanorod, nanowire by different synthesis methods [80]. The
synthesis of nanopowder can be done in a variety of ways, including sol-
gel, hydrothermal, gas condensation, and spray pyrolysis. The hydrolysis
synthesis approach has the benefit of producing high-crystallized powders
quickly. The hydrolysis approach for making metal-doped ZnO nanorods,
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in particular, is a straightforward one-step procedure. This approach
allows for easy control of crystallization of target materials as well as
dopants without the use of surfactants[81]. Some metals can change their
valency depending on their chemical environment; for example, any
copper salt doped in ZnO with an organometallic solution can result in a
variety of copper oxidation states. Film-based gas sensors use n-type
semiconducting metal oxides like ZnO to detect variations in some
electrical property of the film, such as resistance or capacitance. Metal
oxides are also stable in the air at high temperatures [82]. Despite the
enormous number of papers on transition metal-doped ZnO systems, Cu-
doped ZnO receives very little attention. Photocatalytic activity, gas
sensitivity, and magnetic semiconductivity have all been found to

Improve when copper is substituted into the ZnO lattice[83].

1.16.B. Doping of Zinc Oxide Nanoparticles with reduced
Graphene Oxide (rGO )

Scientists have given graphene-based compounds a lot of thought
because of its efficacy in removing contaminants via electrostatic
attraction (multi prep-interactions and functional groups that are found on
the surface of graphene). Graphene oxide (GO) has been shown to be
particularly effective in removing heavy metal ions such as (Cd*,Pd*,
\Cr?, As*, Hg™, etc.). Because metal ions have a positive charge that
alternates with negative functional groups and oxygen on the GO, cation
capture is improved. Tan et al. [84] demonstrated effective Cd*?,Ni** ,
and Cu** adsorption on GO/PVA films .To employ in the low layer
method of Torlon support, the composite membrane for GO nano-
filtration. In an aqueous environment, the percentage removal efficiency

for Ni*?, Zn*?, and Pd** was over 95%, with long-term stability in the
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150-h NF test [85]. The rGO/ZnO nanocomposite has a high specific
capacitance and cyclic stability, making it suitable for use as an electrode
material in energy storage and wastewater treatment. Nanomaterials have
been made in a variety of ways for various applications. Drumset et al.
devised a two-step sol-gel deposition process for creating thermally
expanded and chemically oxidized GO sheets with ZnO nanoparticles

[86]. Photodegradation mechanism in Figure (10-1)

Figure (10-1): Mechanism of photodegradation of methyl blue [97].

1.16.3. Doping of Cu / ZnO with reduce Grephen Oxide
(rGO)

A combination of metal, metal oxide nanoparticles, and reduced
graphene oxide is helpful among these sensing materials because of its
chemical and mechanical stability, low cost, strong mechanical strength,
and wide dynamic range[87]. These materials have recently attracted a
great deal of attention due to their simplicity of synthesis and innovative
uses [88]. For high-performance sensors, recent advances have shown
that coating graphene with metal oxide nanoparticles is a viable option
[89]. Even stronger sensing capability can be achieved with rGO due to

its strongly conducting sp® carbon atoms, which can act as electron
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anchors in proximal metal oxide nanoparticles [90]. By boosting light
absorption and decreasing recombination, doping or adding GO to ZnO
improves photocatalytic efficiency, according to numerous studies
conducted in the past few decades Combining the advantages of Cu
doping with those of graphene support, a Cu/ZnO/rGO nanocomposite
may theoretically enhance  visible-light-driven  photocatalysis.
Cu/ZnO/rGO composite applications for catalysis are currently poorly
understood, notably in the case of nutrient remediation from water, where

our expertise is limited [91].
1.17 Application of ( Cu /Zn0O/rGO) nanocomposite

1.17.A. Antibacterial Application of nanocomposite

Humans are continually infected by microbes, which can lead to a
variety of significant illnesses. Antibacterial drugs are commonly
employed to destroy germs in a range of healthcare and residential
settings, and hence play a critical role in infection management.
Nanomaterials have been employed as an antibacterial agent in recent
years [92]. By comparing Cu-ZnO/rGO to context rGO, the antimicrobial
activities of the latter was further demonstrated. As a result of the
synergistic action of metal oxides, all nanocomposite material exhibited
good antimicrobial activity against both( gram positive) and (negative
bacteria) [93]. This is due to the incorporation of Cu-ZnO into the thin
films of GO, indicating that GO has a favorable impact in suppressing
bacteria growth in comparison to Cu—ZnO alone, according to the study's
findings. Graphene-based materials can also be made more antibacterial
by forming electron-hole pairs in conjunction with hydroxide and

carboxylic groups throughout the basal plane [94].
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1.17.B The application of Adsorption

Adsorption is a surface-based equilibrium process also known as
adsorption or chemical adsorption. Chemical adsorption attaches to the
surface of the absorbent material by forming a chemical bond, whereas
adsorption adheres to the surface through weak intermolecular
interactions such as Van der Waals (VDW) forces. Reversible physical
adsorption is the most common type of adsorption. Adsorption is not the
same as adsorption on a surface, and it is not a surface-based process.
Adsorption occurs at low temperatures and uses low-energy heat sources.
On the other hand, adsorption is the polar opposite [95]. Dyestuff
wastewater can be treated using physical, chemical, or biological
approaches. As a technique of eliminating pollutants, photolysis,
adsorption, chemical coagulation, liquid membrane separation,
electrolysis, and biological treatments have all been examined. The
efficiency, cost, and environmental impact of different technologies, on
the other hand, differ. The adsorption method is more competitive than
the others due to its widespread availability, lower cost, and wider range
of applications. The technique of trapping soluble substances in an
aqueous solution using a porous solid is known as adsorption (sorbent

material) solution in water (e.g. dyes) [96] .
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1.18 Literature survey:

In 2013 Sharma et al. Adsorption was carried out using graphene oxide
nanosheets (GO). Carboxyl, epoxy, keton and hydroxyl groups in the
graphite structure provide GO nano sheets their negative charge density
in water over a wide pH range. Due to this, GO nano sheets should be a
good adsorbent material for cationic species, according to the study's
findings. Methylene green was adsorbed onto GO nanosheets under a
variety of circumstances, including kinetics, pH and concentration of the
adsorbate. The pseudofirst-order model, pseudosecond-order model,
intraparticle diffusion, and Boyd model were used to examine the
adsorption data. After 60 minutes, the maximum adsorption was obtained,
and the pseudo-order kinetics followed a linear pattern. It was also
possible to monitor changes in various thermodynamic parameters,
including Gibbs free energy (G°), enthalpy (H°), and entropy (S°). This
means the adsorption process in the methyl green—-GO combination is
spontaneous, as indicated by G's negative value. Metabolic interactions of
methylation[97].

In 2017 Modwi et al. They were made using a simple sol-gel process and
then heated to various temperatures (TC). Analytical techniques were
used to characterize the nanoparticles. In order to investigate the
photocatalytic performance of nanomaterials, malachite green solutions
(300 ppm) were irradiated with UV light. Cu/ZnO nanoparticles have
crystallite sizes ranging from 15.86 to 24.25 nm. According to the
findings, depending of the annealing temperature, wurtzite forms. Copper
doping has an impact on ZnO, according to adsorption and degradation
studies. On pure ZnO and Cu/ZnO, respectively, 14.49 and 23.55 percent
of MG was adsorbed at the same TA (550 °C). Cu/ZnO exhibits a rapid
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adsorption isotherm. ZnO degrades quicker than pure ZnO when Cu/MG
Is present, with a rate constant of 10 x 103 minl. Cu/ZnO nanoparticles
were optimally annealed at 550 °C, based on adsorption and degradation
rate constants. Cu/ZnO nanocomposite is therefore a potential and good
alternative for wastewater treatment when dye concentrations are high, as
a result of this. [98].

In 2018 Khain et al. X-ray diffraction, FESEM, FESEM-FESEM, and
TEM were utilized to study biosynthesized Cu-NPs in 2018. (XRD).
Aqueous crystal violet (CV) was effectively removed from aqueous
solutions using Cu-NPs. We studied the effects of pH, initial dye
concentration, adsorbent dosage and stirring time on CV removal using a
central composite design (CCD). Desirability function linked response
surface methods was used to optimize variables for maximum dye
adsorption (RSM). An 80-mg dosage was found to remove 95 percent of
CV with a high-adsorption capacity (37.5 mg g1) in under one hour (7.5
min). E. coli and S. aureus were also evaluated for antibacterial activity

with CuNPs however, the results were inconclusive[99] .

In 2019 Wong et al. examined the impact of ZnO nanoparticle
characteristics on dye-sensitized solar cell performance. The optical
properties of nanoparticles of various sizes and shapes were examined.
We observed a complex link between native defects, dye adsorption,
charge transfer, and solar cell efficiency. Photovoltaic performance was
found to be harmed by the presence of a substantial concentration of
nonradiative flaws, however samples emitting orange-red defects
performed better than samples emitting green defects (when the samples
had similar emission intensities). The characteristics of nanoparticles and

35



Chapter One ..........cccooossssnsnsscsrmsimssns s INEroduction

their relation to dye adsorption, electron lifespan, solar cell performance,

electron injection, and electron transit time are addressed in detail [100].

In 2019 Aragaw et al. For a number of applications, copper nanoparticles
put on reduced graphene oxide (rGO) have been examined. However,
rGO is utilized as both a support and an electron collector. A study of the
photocatalytic activity of Cu nanoparticles on the surface of
semiconducting RGO as a light absorber has not been conducted. In situ
photoreduction was used to deposit Cu nanoparticles on rGO sheets. UV-
Visible spectroscopy, FT-IR, and X-rays powder diffraction were used to
assess the Cu/rGO nanocomposite photocatalyst. Photodegradation of a
model organic dye is also investigated. The photocatalytic degradation
efficiency of Cu/rGO nanocomposites was 94 percent after 50 minutes of
light irradiation at pH=7. Cu catalytic activity is responsible for the
nanocomposite's remarkable photocatalytic performance. In addition to
trapping photoelectrons, Cu nanoparticles also reduce the recombination
rate of photoelectron-hole pairs. For low-cost environmental protection,
our findings can be applied to graphene oxide-based composites

including metallic or metal oxide nanoparticles [101].

In 2019 Mandal et al. Researchers have effectively implanted ZnO on a
reduced graphene oxide (rGO) surface, as demonstrated by XRD and
Raman tests and solvothermal methods. In ZnO/rGO composites, rGO
luminescence is suppressed by charge transfer from the lowest
unoccupied molecular orbital of the rGO layer to the conduction band of
ZnO. Safranin O, Methylene blue, Rhodamine 6G, and other toxic
medicinal and textile dyes were degraded by ZnO or ZnO/rGO
composites in a comprehensive investigation. Upon UV irradiation, ZnO
QD exhibited substantial photocatalytic activity towards dye degradation.
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After 15-30 minutes, a ZnO/rGO composite exposed to UV light
destroyed virtually all colors. This indicates that the composite's dye
degradation  effectiveness is good. UV-induced electron-hole
recombination in  ZnO/rGO  composites was revealed by

photoluminescence longevity experiments [102].

In 2019 Jilani et al. Hydroxide, carbonyl, and carboxylic moieties are
found on its basal plane, giving a honeycomb structure. rGO has fewer
functionalities, which enhances graphene oxide's inherent features,
according to the company (rGO). We evaluated the physical and chemical
properties of copper-doped zinc oxide thin films (Cu-ZnO) for the first
time using DC/RF sputtering. As a result of Cu—ZnO plane's hydrophobic
character, Cu—d-spacing ZnO/rGO increased. The band gap of composite
thin films was reduced by the surface electric charge of GO or rGO Lead
to an increase in electron—-hole pairs, the dielectric constant increases as
sp? hybridization occurs. It has been determined by AFM morphological
analysis that Cu—ZnO/rGO films have such a larger optical absorption
than their counterparts Cu—ZnO/rGO films. XPS examination of Cu-
ZnO/GO/rGO thin films revealed surface chemistry that was impacted by
COOH, C=0, C-0OH, and C-C bonding ratios. As a result, antimicrobial
activities of the thin films produced was improved against E. coli and E.
faecalis [103]
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1.19. Aims of the Present Work
This work involves the following main objects:

1- Synthesis and characterization of zinc oxide nanoparticles (ZnONPSs)
using chemical method.

2- Doping and characterization of ZnONPs with metals (Copper)
nonpartisan to yield Cu-doped ZnONPs.

3- Synthesis, characterizating, and modification of reducing Grephen
Oxide( rGO) by Hummer methods.

4- Synthesis and characterization of composites of Cu-ZnO/rGO

5- Study of adsorption processes of Rhodamine 6G over some prepared
materials.

6- Investigation of antibacterial activity of some of the prepared

materials.
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Chapter Two

2. Experimental
2.1 Chemicals

Experimental part

Chemical used in the present work with their purity and suppliers are

given in ( Table 1.2).

Table (1.2): Chemicals used in this work and their purity .

No Chemicals Chemical formula | Company | Purity
Supplied
1 zinc sulfate ZnS0O,. 7TH,0O Hi Media | 99%
heptahydrate
2 Hydrochloric Acid HCI B.D.H 33%
Sodium Hydroxide NaOH B.D.H 99 %
Ethanol C,HsOH United 98%
Kingdom
5 Sulfuric Acid H,SO, B.D.H 99%
6 Rhodamine 6G C,osH3:N205Cl Germany | 95%
7 Graphite C India 99%
8 anhydrous copper Cu So4 Germany | 98%
sulfate
9 Sodium Nitrate NaNO; B.D.H 99%
10 Potassium KMnO, Sigma 99.5%
permanganate Chemical
11 Hydrogen Peroxide H,0, B.D.H 30%
12 | Copper sulfate CuSO, - 5H,0 Germany | 98%
pentahydrate
13 Ammonia NH; B.D.H 99%
14 Zinc acetate dihydrate | Zn(CH3CO,),-2H,0 B.D.H 99%
15 Cupric nitrate hydrate Cu(NQO»), .H,0 B.D.H 99%
16 sodium oxalate Na,C,0, Germany | 99.5%
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2.2 Instruments

Used the instruments used in this work are listed in (Table 2.2)

Table (2.1): Instruments and their models and worksite use this work

No Instrument Model Location
1 Fourier Transform Fourier Transform Babylon University
Infrared (FTIR) Infrared FTIR College of science
spectroscopy 8400S Shimadzu. Department of Chemistry
Japan
2 T80 UV/VIS Babylon University
Spectrometer PG Instruments Ltd College of science
Double Beam Department of Chemistry
3 X-Rays Lab XXRD 6000
Diffraction(XRD) SHIMADZU University of Kashan
4 Field Emission
Scanning Electron | Advanced Angstrom Kashan University
Microscopy (2000A) Iran country
(FESEM)
5 U.V-Vis Babylon University College
Spectrophotometer U.V.2600 series of Science for women
Energy Department of Chemistry
6 Furnace (300 - Muffle Furnace Size | Babylon University College
1200)°C two, Gallenkamp of science
Department of Chemistry
7 (Brunauer — NOVA instruments
Emmett- Teller) ©1994-2006, Kashan University
BET Quantachrome Iran country
Instruments
version 2.2
8 Thermo-Stirred Heidolph MR Hei | Babylon University College
Heater Standard, IKA-RH of science
Basic 2 Department of Chemistry
9 Magnetic-Stirred Gallenkamp, Babylon University College
Hot Plate England of science
Department of Chemistry
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10

Oven

Memmert

Babylon University College
of science
Department of Chemistry

11

Circulating
Thermostat

Lab Tech

Babylon University College
of science
Department of Chemistry

12

Shaker

GFL(D-3006)
Germany

Babylon University College
of science
Department of Chemistry

13

Sensitive Balance

Sartorius

Babylon University College
of science
Department of Chemistry

14

pH — Meter

WTW inolab pH
7110

Babylon University College
of science
Department of Chemistry

15

Ultra-sonic

Sold State (T-14B)

Babylon University College
of science
Department of Chemistry

16

Autocleave

Steam Sterilizer-001

Babylon University College
of Science for women
Department of Chemistry

2.3 Synthesis of Zinc Oxide nanoparticles by precipitation

Method (ZnO NPs)

Zinc sulfate heptahydrate (ZnSO4. 7H,0) and sodium hydroxide

(NaOH) were used in this experiment. A 1:2 molar ratio of sodium

hydroxide solution was steadily added drop by drop with vigorous stirring

for 12 hours to generate an aqueous solution of zinc sulfate. The resultant

precipitate was filtered three times with deionized water before being

used. Before being dried in at 100°C in oven, the precipitate was

completely filtered. The dry sample was pulverized with an agate pestle

and mortar to get the fine powder. The resulting powder was calcined for

2 hours at 700 °C in a muffle furnace under air condation [104].
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Figure ( 1-2 ) depicts a schematic picture of the manufacture of zinc

oxide nanoparticles using sodium hydroxide as the reducing agent [105].

Soln. of ZnSO4.7TH20 + NaOH (1:2) was  added drop wise
under vigorous string

Precipitates dried at 100°C by using oven

Precipitates  will be grind

Precipitates calcinate at 700 °C in muffle

ZnO-NPs product

Figure ( 1-2): Schematic diagram for the synthesis of zinc oxide nanoparticles

2.4 Synthesis of Copper nanoparticles (Cu NPs)

It is a greener chemistry-based approach that combines plants and
pathogens to biosynthesize nanoparticle as a non-toxic, clean, and
environmentally - friendly technology for synthesizing nanoparticles
(NPs) with a wide range of sizes, characteristics, and contents A number
of physical and chemical technologies, involving laser irradiation and
microwave-aided techniques, are employed by scientists in the production
of nanoparticles, Nanoparticles are well delineated and pured, but the
hazardous chemicals used in their process of production make them

neither cost-effective nor environmentally benign." Developing non-
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toxic, clean green biological mechanisms one of the most significant

criteria for nanostructures [106].

2.4.1 Synthesis of Copper nanoparticles by Biological
Method (Cu NPs)

2.4.1.A. Plant material and its extraction

The ginger was purchased from a local market and is known as Zingiber
Officinale. To thoroughly remove moisture from the plant roots, dry them
in a shaded area. The roots are then ground into a fine powder using a
grinder. The mixture was then heated on a magnetic heater for 6-8
minutes at a temperature of 50 to 60 degrees Celsius, with 1 gram of
dried ginger powder added to 100 ml of Deionized water in a 250 mL
conical flask. For a period of no more than 10 minutes, the full amount is
dissolved. The final step is to filter the solution via filter paper to obtain
the plant extract[107].

2.4.1.B. Synthesis of copper nanoparticles

After dissolving 0.7605 g of anhydrous copper sulfate (CuSQ,) in
140 mL of Deionized water, the sulfate solution was added to a 250 mi
conical flask holding 45 ml of the produced plant extract. The mixture
was then placed on a starting magnetic stirrer after the conical flask was
clogged with paper. Figure (2-2) shows how gradually change in the
color of the sulfate solution from light blue to yellowish blues, then dry
the product and heat it for 12 hours in an electric oven at 90 °C. The solid
product was obtained, and a sample was taken for this investigation
[107].

43



Chapter TWO  ceeieiieiiieiiiiiienecenrcnscnsccnsensenns Experimental part

CuSO4 Solution (140 ml) + Extract plant (45ml) = vyellowish blueas = Prodiict

Figure ( 2-2): Biosynthesis of Copper nanoparticles

2.5 Synthesis of Graphene Oxide nanoparticles by modified
hummer’s method (GO NPS)

The modified Hummers method is used to prepare graphene oxide.
To synthesize graphene oxide (GO) of purified graphite powder, the
modified Hummers process was employed. For 15 minutes, sulfuric acid
(H2S0,4) 27 mL and 3 mL phosphoric acid (H3PO4) (volume ratio 9:1)
was mixing together. After that, amid tumultuous events 0.225 g graphite
powder is added to the mixed solution. Potassium permanganate
(KMnQy), 1.32 g, was gradually added to the solution. The solution was
agitated for 6 hours at a low temperature until it turned dark green, as
shown in Figure (3-2). 0.675 mL hydrogen peroxide (H202) was
progressively dropped and agitated for 10 minutes to remove excess
KMnO4. Allow for an exothermic reaction to develop before allowing it
to cool. 10 mL hydrochloric acid (HCI) and 30 mL deionized water
(DIW) were mixed together and centrifuged for 7 minutes at 5000 rpm. A
supernatant was then drained aways, and the residue were washed
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three times with DIW and HCI (3-2) times . To make GO powder ,the
cleaned GO solution was dried at 90 °C in oven for 24 hours [ 108,109].

. - < - )
27 mLH,SO, ) A% A ) Heating =
N PAR A 7 -
3 ml H:POs Y / HO =
) - J— I
0.225 g Graphite o 0

(
(

0.67 m1 H202

- cleaned at 90°C
N 7 &
24 hr
GO

Figure 3-2 :Diagram of the synthesis of graphene oxide nanoparticles
by modified hummer’s method

2.6. Synthesis of Copper Doped Zinc Oxide nanoparticle's by
precipitation Method (Cu/ZnO NPs)

In deionized water, ZnSO, « 7H,O (0.8 M) was dissolved with
dropwise addition of NaOH (0.8 M) solution and CuSO4 « 5H,0 (0.02M)
solution to ZnSO, « 7H,0 with continual stirring produced Cu-ZnO NPs.
The stirring was kept going until the precipitation was complete. The
mother liquid was aged for 12 hours prior to filtration. The resulting
residue was dried at 80 °C for 12 hours before being calcined at 350 °C
for 3 hours [110].
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2.7 Synthesis of Zinc Oxide Doped with GO nanoparticle's
by precipitation Method to produce ( ZnO/rGO

Nanopcomposite)

In a typical synthesis, 50 mg GO was mixed with 10 mL zinc
acetate (0.1 M) solution and 10 mL NaOH aqueous solution for 30
minutes.Then the slurry solutions were placed into Teflonlined autoclaves
and hydrothermally heated at 180 °C for 24 hours. The yield was rinsed
with water, then ethanol, centrifuged, and dried in the oven overnight (see
Figure( 4-2). The same process was used to prepare pure ZnO without the
use of GO [111].

“\ ::“-' Zinc Acetate Z80KGO

: $\\t~ 247’? Q Nanocomposite
» o o

Tl 2

A b .
L) L - -
e -

-»

Figure.( 4-2) diagram of the synthesis of ZnO/rGO binary nanocomposite

2.8. Synthesis of Copper Doped with rGO nanoparticle's by
precipitation Method to produce (Cu/rGO Nanopcomposite)

Cu-rGO powders were prepare using a simple one-step reduction process.
The GO was diluted in deionized water to a 0.5 mg/mL stable solution by

ultrasonic dispersion during a two-hour period. This was followed by the
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addition of aqueous Go to CuSO,5H,0 (1 M, 62.5 mL) and agitation to
produce the Cu*? -GO solution. CuO-GO was generated by adding
ammonia to the emulsion after it had been heated to 90 C without even
any gas being introduced into the mixture. Ascorbic acid (1 M, 75 mL)
was used as a reducing agent, while vigorous stirring was performed to
incorporate it into the reaction. CuO nanoparticles were converted to
copper by coagulation and growth. We obtained Cu-RGO powder after 3
hours of reduction ,This was followed by many washes with deionized

water and a vacuum drying oven [112].

2.9.Synthesis of Cu/ZnO-doped with Reduce Graphene
Oxide to produce (Cu/ZnO/rGO) Nanocomposites By
hydrothermal method.

Cu/ZnO/rGO nanocomposite was prepared by tow different hydrothermal
techniges . ZnAcO,, CuNiO,, and NaO were mixed in room tempe. until
homogenization were achieved (magnetic stirrer). KOH (20 mL, 1M) was
then added drop by drop. We obtained a homogeneous white solution
(200 mL) after 2 hours of stirring and sealing, followed by 10 hours of
autoclave sterilization (0.8 filled fraction, 120°C, for 10 hours). It was
necessary to make a white precipitate, filter it, and then remove residues
by washing three times with DI water and twice with ethanol. It was then
exposed to air after 12 hours of drying in an oven at 80 °C. After 30
minutes of ultrasonic dispersion, To 50 mL of Deionised water, 25mg of
GO powder were added. 0.4 gram of Cu/ZnO (as produced) and 30 mL
Deionized water were added to the GO solution for 30 minutes. It was
boiled at 160 °C for 12 hours in a 100 mL Teflon liner (autocleave).In
Figure (5-2) demonstrates the transformation of Cu/white ZnO's hue into

a dark gray tone (see below) ,Hydrothermal GO was thermally reduced,
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Finally, deionized water and ethanol were used to filtrate and rinse the
grayish precipitation multiple times It took 10 hours at 70 °C to prepare
the final product (Cu/ZnO/rGO) [113].

sonication
= In Thermal redactioa
aiS0CFor12hr

washing and filtering

Drying at 70°C

Ca/Zn0NGO Povder H

Figure ( 5-2): Synthesis of Cu/ZnO/rGO tertiary nanocomposite by
hydrothermal method

2.10.Characterizations of the Prepared Materials

To analyze synthetic samples and commercial materials this
investigation, Field Emission Scanning electron microscope (FE-SEM),
X-rays diffraction, Brunauer—-Emmett—Teller (BET ),Energy Dispersive
X-rays (EDX), Fourier transform infrared spectroscopy (FTIR), and Zeta-

potential.
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2.10.1. X-rays Diffraction Patterns (XRD)

The crystallite structure of the synthezied nanomaterials was
measured using X-ray diffractometers,with the parameters of
measurement being an Anode Material Cu, k-alpha (K=1.54 A®) source.
Scanning step time (s) 1.0000, step size [°2Th.] 0.0500, measurement
temperature 25°C. Diffractograms of nanostructures provide information
on crystallite size, phase composition, crystallographic orientation, and
lattice parameter, among other factors. The distance d separates the lattice
planes of a crystal. This law relates the wavelength (1), the distance
between atomic planes (d), and the angle of reflection (0) of an incident
X-ray.

nA=2dsin0  ....iiiiiiiiiiiiiiinen. (2-1)
Using the Debye-Scherer formula in the following equation, find the
crystal structure and crystallite size of the produced materials at room
temperature:

D=kABcos® 2-2
Where D denotes the average crystal size, and k denotes the form factor
with a value near unity. For heterogeneous shape 0.90, while for
homogeneous shape 0.94 = 0.154 nm is Cuk's X-ray wavelength, is the
diffraction peaks' full width at half-maximum intensity (FWHM), and is
the peak’s Bragg's angle[114].
2.10.2. Field Scanning Electron Microscopy (FE-SEM)

The surface morphological properties of prepared materials were
revealed using the field scanning electron microscopy (FE-SEM)
approach , The specimens were studied using a Scanning Electron
Microscope (FE-SEM, Zeiss, Germany) at electron high tension EHT 10
Kv and 60 kx magnification [115].
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2.10.3. Fourier Transform Infrared Spectroscopy (FTIR)
Fourier transforms infrared spectroscopy (FT-IR) spectra were
acquired using the potassium bromide KBr pellets method at room
temperature on a SpactralR-2, Perkin Elmer Instrument, Functional
groups on the surface of the materials under study can be identified using
a spectrometer and a spectrophotometer, respectively.Between the waves

number of (400 - 4000 cm1) the FT-IR spectrum was acquired [116].
2.10.4. Brunauer-Emmett-Teller (BET)

The amount of N, sorption over the surface of the catalyst was
measured using a (BEL sorp- mini 11, Japan) nitrogen adsorption analyzer
with adsorptive N, at 77 K, utilizing the Brunauer-Emmett—Teller (BET)
model to examine surface area, pore size, and pore volume of produced
Nanocomposite materials. The surface area and porosity of the produced
composite materials can be examined using the results [117].

2.10.5. UV-Vis. Spectrophotometry

(UV-Vis 1650PC Shimadzu, Japan ).The Rhodamine 6G dye

degradation behavior over composite is studied using a double beam

spectrophotometer. Then determine maximum amount of (R 6G) dye.

2.11. Adsorption Activity of the Prepared Nanomaterials

Adsorption of Rhodamine 6G dye of aqueous solution onto
nanomaterials removes the dye in aqueous solution, the adsorption ability
of the nanomaterials was studied. All of the experiments were carried out
with Rhodamine 6G dye at a concentration of 50 ppm, a volume of 100
mL, a weight of 0.1 g, and a pH of 9 in the dye solution.

Then, removal efficiency was calculated using the following equation:

Removal % = % x 100 cererernseesessnenneenns ((2-3)
0
Remaining percentage = At JAO  ....ccevveiiiiiiiininnnn (2-4)
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2.11.1. Calibration Curve

Standard Rhodamine 6G dye aqueous solutions were used to create
the calibration curves. Using a UV-visible spectrophotometer, the
absorbance of each concentration was measured at 524 nm (UV-1650PC
Shimadzu, Japan). Rhodamine 6G is an azo dye with the formula
CosH31N203.Cl or CygH3,CiN,O3; with a molar mass of 479.01 g/mol
[118]. Table (3-2) and Figure (6-2) show typical calibration
values (7-2).

Table (2-3): Calibration curve for Rhodamine 6G record at 524 nm.

Concentration (ppm) Absorbance

0.00
0.25
0.51
0.74
0.91
1.13
1.32
1.5
1.64
1.78
1.97
2.23

Ol |N|OOD|O|B[WIN|FL|O

=
o

|
[EEN

R
N

2.44

51



Chapter TWO  ceeieiieiiieiiiiiienecenrcnscnsccnsensenns Experimental part

Figure (6-2): UV-visible spectra for Rhodamine 6G at different

concentrations.
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0.75 ~
0.5 -
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concentration (ppm)

y =0.1941x + 0.0984
R?=0.9949

Absorbance

Figure (7-2): Calibration curve for different concentrations of
Rhodamine 6G dye recorded at 524 nm.
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2.11.2 Effect of Initial Concentration (ppm) of Rhodamine
6G dye on the adsorption to (0.1 gm) of Tertiary
Nanocomposite Cu/ZnO-rGO

In this section, different concentration of Rhodamine 6G dye were
suspended over 0.1 g of the nanocomposite at varying initial substratum
concentrations (3, 5, 7, 10, and 12) ppm. The adsorption rate falls once
the adsorbent is dosed at 0.1 g, the optimal pH is reached, the contact
period is 60 minutes, and the temperature is 30 °C. This could be owing
to the adsorbents' limited number of active sites, which become saturated

at high concentrations [119].

2.11.3. Effect of the Dosage of (0.1 gm) Tertiary Nanocomposite
Cu/ZnO-rGO on removel of Rhodamine 6G dye

Using several weights of Tertiary Nanocomposite Cu/ZnO-rGO
(0.001, 0. 006, 0.02,0.07, and 0.1 g) of nanocomposite, a series of
experimet were conducted to find the appropriate doses for the
Nanocomposite record in the removal of the dye solution with 10 mL of
10 ppm. For a total of 60 minutes, these trials were conducted at 30 °C

temperature [120].

2.11.4. Effect temperature on an adsorption of dye Rhodamine
6G on to(0.1 gm) of Tertiary Nanocomposite Cu/ZnO-rGO

A series of experiments were carried out using 0.1g of Cu/ZnO-
rGO nanocomposite at pH 9 with different temperatures (15, 20, 25, and
30 °C) with constant stirring under normal atmospheric conditions for a
total time of 60 minutes to study the effects of temperature on the
adsorption of Rhodamine 6G dye solution over Cu/ZnO-rGO with dye

concentration of 50 ppm. These experimet were carried out to see how

53



Chapter TWo  ceeeiieiiiiiiiiiiiiieeteneteeesennscnnns Experimental part

temperature affected on the rate of adsorption dye removal over

Nanocomposite process [121].

2.11.5. Effect of pH of an Adsorption of Rhodamine 6G dye
on (0.1 gm) of Tertiary Nanocomposite Cu/ZnO-rGO

A series of experimet were conducted in the pH values of (3,5, 7, 9,
and 11) using HNO; and NH3 (1M) to control on the media, 0.1 gm,
Rhodamine 6G was removed from nanocomposite by varying the pH.
Cu/ZnO-rGO nanocomposite and 10 mL dye aqueous solution at 10 ppm
for 60 minutes at ambient temperature with steady stirring under normal

air conditions [122].

2.12. Adsorption Isotherms

Adsorption isotherm: equilibria relationship between aqueous and
adsorbent phases at a certain temperature, Langmuir and Freundlich
models were used to explain the adsorption of Rhodamine 6G dye over
Cu/ZnO-rGO nanocomposite. A research kinetics isotherm for adsorption
Rhodamine 6G dye onto Cu/ZnO-rGO nanocomposite was carried out
using the same approach as the equilibrium experiments. The
concentrations of Rhodamine 6G dye were determined using UV-Vis
light by measuring absorbance at 524nm, an adsorption quantity of
Rhodamine 6G dye at time t, gt (mg g-1), and use following equations (2-

5),(2-6) for calculated concentrations of Rhodamine 6G dye:
_ (Co_ct)v

t W teoreescessseseees ( 2'5 )
= L (2-6)
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where qt,ge represent the quantity of Rhodamine 6G adsorbed over
nanomaterials at a regular time and in equilibrium, Co and Ce represent
the starting and final dye concentrations (ppm), W is the weight of the
adsorbent (g) and V is the volume of the solution (L) [123].

2.12.1. Isotherm of Freundlich adsorption

Freundlich isotherm model is used to explain heterogeneous adsorbent
surfaces with diverse adsorption sites, as well as multilayer adsorption.

The non-linear form of the Freundlich isotherm is described by the

equation:
Qe =keCe™ e, (2-7)
logge= log K +1/n log Ce civivviinninnen (2-8)

Where Kf and n denote the Freundlich constants, K denotes the quantity
of adsorption, and n denotes the degree of nonlinearity. The slope and
intercept of a linear plot of log ge vs log Ce can be used to derive the
values of k and n. Equation (2-7) can be linearized by taking the
logarithm of both sides. Equation (2-8) is the form of the Freundlich
model [124].

2.12.2. Isotherm of Langmuir adsorption

Langmuir isotherm assumes that adsorbent materials' surface sites
are identical and equivalent, and that each molecule has the same sorption
activation energy, resulting in inhomogeneous adsorption, monolayer
surface coverage, and no interaction between the adsorbed species on the
surface [125].
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The Langmuir isotherm has the following mathematical expression:

ce 1 ce

qe=m+q_m .............. (2'9)

ge is the quantity of dye per adsorbed during equilibrium, where gm is
the absolute maximum of Rhodamine 6G adsorbed by unit mass of the
catalyst and KL is the Langmuir constant. (mg. g—1) , the values of KL

can be determined from the linear plot of Ce/ge versus Ce.

2.12.3. kinetic Modeling for Adsorption Rhodamine 6G dye

over synthesized Nanocomposites.

In this study, two types of kinetic models were used to evaluate the
adsorption rate Rhodamine 6G adsorption capacity over the prepared
nanomaterials: pseudo-first order and pseudo-second-order Kinetics.

The pseudo-first order model, often known as the Lagergren equation,

can be written as Eq: (2-10).

In(q; — qe.) =In(qe.) —Kqt  coeeeeennneen. (2-10)

Where ge and gt (mg/g) are the amounts of Rhodamine 6G adsorbed at
equilibrium and at time t (min), respectively, k1 (min-1) is the adsorption
rate constant, slope = -K1, and intercept = log ge are the liner forms of

the pseudo-second order model Eq: (2-11).

t 1 t
a k292  qe

The rate constant of the second-order equation (g/mg min) is k2 (L.mol-
1. min-1). Slope =1/ge and intercept = 1/K2qge2 when plotting between
t/gt and t [126].
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2.12.4. Measurement of the Reaction Rate Constant
The reaction equilibrium rate after adsorption could be expressed in the
following way:

In (%) =Kt (2-12)

t

Where At and Ao are the reactant concentrations at t = t and t = 0,
respectively, and K and t are the apparent reaction rate constant and time.
A slope of K is obtained by plotting In (Co/Ct) versus t [127].

2.13. Antibacterial Activity of Synthesized Nanomaterials

Metallic NPs, in particular, were known to use various mechanisms
of action to destroy bacteria. NPs have also been shown to infiltrate the
cell wall of bacteria and create pores on the membrane's surface, leading
in the production of free radicals that can harm the cell membranel2. lons
from NPs have been reported to disrupt enzyme production, produce
oxidative stress (ROS), and inhibit DNA translation [128]. The agar
diffusion method was used to calculate the inhibitory effect of the
prepared compounds on these types of bacteria, which involves drilling
three holes in the bacteria-cultured dishes and placing the prepared
derivatives in the excavation of the bacteria-cultured varieties in three
concentrations (10) mg/ml, 5 mg/ml, and 2.5 mg/ml). Place the dishes in
a (37 °C) incubator for 24 hours before measuring the area of inhibition
[129]. The antimicrobial effect of the produced nanoparticles were
determined use agar diffusion the following procedure an experiment
using bacterial isolates was performed , Ecoli and Staphylococcus aureus,
which were donated by Babylon Women and Children Teaching Hospital
in Babylon Governorate, Irag. This bacterium was chosen because of its

medical significance. Many diseases are caused by these diseases.
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3. Result and Discussion

3.1. Analysis of X-Ray Patterns

3.1.1.1 XRD Analyses of ( ZnO, GO, and Cu Nanoparticles)

The crystal structure and crystal size of the particles were determined
by XRD analysis. Figure (1-3 a) shown XRD pattern of the synthezied Zinc
Oxide NPs From the analysis of X-ray diffraction patterns were calculated
the peaks intensity, full width half maximum FWHM and the positions of
the peaks ZnO NPs as shown in Table(1-3). according to crystal planes
(100), (002), (101), (102), (110), (103), (200), (112) and (201). ), XRD
peaks at 20 =31.975°, 34.635°, 36.745°, 47.675°, 56.775°, 62.975°, 65.825°,
68.075°, and 68.275° correspond to (JCPSD card number. 2551-007-01).
Scherer's equation [130] was used to calculate the mean particle size of
NPS.The results were consistent with reported in International Centre for
Diffraction Data ICDD (No0.04-0813) for ZnO. Figure (1-3 b) GO powder
showed a typical broad peak at (20 = 14.19°) attributed to (001) due to the
creation of oxygen-containing clusters between its leaves, while Figure (1-3
c) shows for rGO, after the process of heat reduction, the sample peak moves
to the right side at (20 = 25.625) and these values are identical to In
comparison to those documented in the literature of both GO and rGO at
[131]. The peaks at ( 36.4°, 47.4°, and 56.7°) correspond to the (111, 200,
and 220) planes of the structure of copper nanoparticles,
respectively,whereas the ( 62.9° and 69.1°) (311 and 222) planes.and was
find suggest Cu impurities for biosynthesis see Figure (1-3 d ). In

comparison to those documented in the literature to synthesis copper

58



Chapter three ..........oovvieeevicescceeriann,
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allocated (JCPDSNo0-4-0836) [132].
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Figure (1-3): XRD patterns for (a)ZnO (b)GO (c) rGO and (d) Cu)NPs
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3.1.2 X-rays Analyses of binary Cu/ZnO, ZnO/rGO , Cu/rGO

nanocomposites ,and 0.1g Cu-ZnO/rGO tertiary nanomposite.

Figure (2-3 a) illustrates the XRD patterns of zinc oxide saturated
with copper (Cu/ZnQ). There are differ peak created after doped enters the
ZnO structure . After the addition of doping cations, indicating crystal
development or changes in crystal strains. There was also a minor shift in
the peaks, XRD peaks at 20 = (36.625°, 38.475°, 40.025°, 56.775°,
46.745°,56.775°, 63.075°, 68.825°, and 69.075°). This shift is also
consistent with the compound's stress and the replacement of some zinc
cations with copper in the nanoparticales [133].The FWHM was clearly
reduced for the samples doped with a quantity of Cu compared to the
undoped ZnO-NPs in compare with Figure ( 1-3) for ZnO NPs [134]. The
XRD pattern of ZnO/rGO is given in Figure ( 6-3 b) With compare for XRD
of ZnO in Figure (1-3) . There are no new crystal orientations or change in
ZnO's preferred orientations as a result of RGO. Because rGO's diffractive
intensity is identical to that described in the literature, no additional peak
was identified in the XRD spectrum of ZnO/rGO composite.
A peaks at ( 20 = 29.9, 32.6, 34.5, 47.3, 56.4, 62.6, 66.1, and 65.8°) as
though they were crystal planes (100), (101), (102), (110), (103), (112), and
(201) for ZnO/rGO, respectively. which matches the value on the standard
card [135]. The (002) peak of rGO theoretically should have appeared in
XRD diffraction of ZnO/rGO. Although, it is not visible in an equivalent
structures, which indicates that the ZnO surface is sparsely coated by rGO.
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The XRD data of pure Cu/rGO nanocomposites are shown in Figure (2-3 c)
Cu/rGO composites have no copper oxide peaks when compared to pure Cu
and rGO/Cu nanocomposites, and there are five reflection peaks at (206 =
43.13°, 50.03°, 59.38°, 65.63°, and 71.83°) that can be attributed to (111,
200, 220, 311, and 222) (JCPDS No. 65-9026), respectively. This lead to
that nanocomposite's low rGO loading and carbon's short scattering length

relative to copper nanoparticale [136].

Figure (2-3) displays the XRD patterns of Cu-ZnO/rGO nanocomposite of
undoped ZnO/RGO, and it can be noticed that GO exhibits a significant
diffraction peak at ( 2 ©= 14.19°), which is attributed to GO's distinctive
diffraction which represents the reduction of GO when exposed to the vapor
of a strong reducing agent like hydrazine hydrate Figure (1-3).Furthermore,
As illustrated in Figure (2-3 d )The XRD peak However, tertiary
nanocomposites made of Cu, ZnO, and rGO have a lower intensity than
binary nanocomposites and alone. In the binary nanocomposite Cu/ZnQO,
ZnO crystallites may have formed. In contrast to the binary nanocomposites,
the ternary nanocomposites have substantially lower XRD peak intensities.
This may be owing to the fact that the binary nanocomposites were coupled
with rGO sheets, which somewhat altered the crystallite structure and
created ternary nanocomposites. The slight shift in peak positions were
observed with copper doping in ZnO indicating that all doped copper had
gone to the substitution sites. According to their pattern, the binaries
nanocomposites exhibit a minor shift. of planes (1 0 0), (00 2) and (1 0 1)
towards higher angle side showing that Cu replaces Zn in the hexagonal
lattice along with the c-axis and average size of tertiary nanocomposite is

shown in Table (3-3) , These findings show that ZnO/rGO heterostructures
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can be successfully formed. This suggests that following Cu doping the

crystallinity of ZnO decreases [137].
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Figure (2-3):XRD patterns for (a)Cu/ZnO (b)ZnO/rGO (¢)Cu/rGO
binary Nanocomposite and (d)Cu/ZnO/rGO Tertiary Nanocomposite
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Table (1-3): Average Crystal size (hm) of (Cu , ZnO, GO , and rGO
NPs) Values of angels of diffraction 20 (Deg.), Full width half maximum
FWHM.

» , Average
Sample Po[szletl]on FWHM (Snlrzne) C_rystea
size(nm)

Cu 71.89646 0.04977 49.58024 46.9777
65.68777 0.01645 29.87514
59.44106 0.01371 54.4929
50.06619 0.00816 94.69004
43.33008 0.92422 6.250163

Zn0O 77.16859 0.34843 25.06158 33.91459
69.28484 0.5439 29.16451
66.61001 0.49572 36.35955
63.07892 0.47623 27.54988
56.81904 0.41167 37.55724
47.77424 0.40842 43.06721
36.487 0.3757 36.99403
34.66168 0.36426 37.93177

GO 14.98679 0.54597 14.05037 30.32576
5.40281 2.50985 35.14996
71.1727 1.44221 41.77696

réGo 25.5079 2.95457 34.5713 27.8401
44.,13162 11.72239 | 21.10889
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Table (2-3): Average Crystal size (nm) of (Cu/ZnO , Cu/rGO , and
ZnO/rGO ) Binary Nanocomposite Values of angels of diffraction 260
(Deg.), Full width half maximum FWHM.

- . Average
Sample Position FWHM =led Crystal
[26] (nm) ;
size(nm)
Cu/ZnO 32.02638 0.45335 | 44.850727 31.25456198

34.57898 0.50447 | 32.960811
36.48946 0.49298 | 85.950734
46.57685 0.8944 | 16.103116
47.77091 0.64926 | 58.220513
56.82693 0.58973 | 27.368088
63.08894 0.69417 | 25.177751
66.54437 0.71637 | 34.41239
67.31983 0.66991 | 74.57079
64.85179 1.1515 52.9307
Cu/rGO 30.07138 0.62301 | 41.03084 43.96145
32.65675 0.48802 | 83.69993
34.53823 0.5238 52.48863
44.46463 0.26694 | 31.23135
45.81489 0.60965 | 69.07872
54.8774 0.54899 | 78.32218
61.13916 0.63062 | 61.07828
66.22109 0.61777 | 85.18309
67.31983 0.66991 | 24.57079
64.85179 1.1515 42.9307
ZnO/rGO 35.2209 4.03582 | 42.04149 38.00444
22.97669 0.26458 | 80.28766
27.23569 2.33569 | 37.45941
31.42407 0.83457 | 49.77483
18.3431 0.41157 | 99.32759
37.83791 0.01281 86.9776
52.54848 0.41409 | 47.14942
55.45144 1.57503 | 25.63262
42.82257 0.7742 38.89527
14.15869 0.63314 | 32.49848
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Table (3-3): Average Crystal size (nm) of (Cu/ ZnO/rGO ) Tertiary
Nanocomposite Values of angels of diffraction 20 (Deg.), Full width half
maximum FWHM.

» : A
Sample Position | yyiiv =15 c\rlfst?aﬂe
[26] (nm) :
size(nm)
Cu/ZnO/rGO 32.04545 0.71683 39.3902 23.77378
26.3961 0.11124 | 63.94518
36.56494 0.68692 19.28525
34.79221 0.69655 | 29.362604
47.86364 0.80365 16.62941
52.36364 0.8941 15.42364
62.04545 0.73069 | 25.09464
68.66883 1.69537 | 21.70386
69.46753 1.48885 13.87076
77.37662 0.57234 | 23.03225

3.2. Field Scanning Electron Microscopy (FE-SEM)

The morphology of the ZnO,Cu,GO,rGO, Cu/rGO , Cu/ Zn0O, ZnO/rGO ,
and Cu-ZnO/rGO nancomposite, as well as the average particle sizes, were

studied using Field Scanning Electron Microscopy (FE-SEM) Figures.
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3.2.1. FE-SEM of ZnO, Cu,and GO Nanoparticales

All images at (200 nm) magnifications powder of alone ,binary and
tertiary nanocomposite , FE-SEM was used to study the morphology of as-
synthesized ZnO, Figure (3-3 a). shows particles of ZnO have spherical
shaped and it relatively homogeneous they had a wide particle size variation
from (58.9-98.5 nm) with well separated grain boundaries which is
consistent with that obtained from XRD patterns by applying Scherer’s
equation , Formation of ZnO NPs with nanoscale dimensions with an
average particle size around ( 53 nm ) Figure ( 3-3 b) shows the copper
nanoparticles. Image from a FE-SEM , copper nanoparticles looked to be
clumped together. Hydroxyl groups in Ginger root extract may be
responsible for agglomeration. which is consistent with that obtained from
XRD patterns by applying Scherer’s equation  images of copper
nanoparticles and revealed an average size of (46 nm) and a spherical shape
it relatively homogeneous they had a wide particle size variation [138]. The
FESEM image of Figure ( 3-3 ¢) shows the effective exfoliation of graphite
oxide (GO) produced by graphite oxidation.A wrinkled surface characterizes
the layering of the nanosheets' structure. According to Scherer's equation,

GO nanosheets with a size range of (95.11 nm) have a porous structure .
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Figure (3-3): FE-SEM image for(a)ZnO (b)Cu (c)GO Nanoparticales
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3.2.2. FE-SEM of binary Cu/ZnO ,Cu/rGO ,and ZnO/rGO

Nanocomposite

FE-SEM is used to examine the apparent morphology of
hydrothermally produced Cu-doped ZnO-NPs. are shown in Figure ( 4-3 a).
The shape of ZnO appears to be nanorod that have been trimmed by the
addition of Cu. Cu/ZnO diameters ranged size from (35- 96 nm) and
average size by applying Scherer’s equation (32 nm) .Cu-dopedZnO
appeared to be smaller , isolated cotton packs arranged side by side at the
bottom [139]. As the mass ratio binary of Cu/rGO is increased, Cu
nanoparticles with sizes from (40-98 nm) grow on the surface of rGO
nanosheets, as illustrated in Figure ( 4-3 b). and according to XRD average
size by applying Scherer’s equation was (63 nm) .These findings suggest
that a simple thermal reduction approach can produce well dispersed Cu
nanoparticles with a restricted size distribution in the rGO [140]. Figure
(4-3 ¢). FE-SEM image of ZnO/rGO, show layer of rGO surface totally
covered by ZnO seeds. ZnO nanoparticles on the rGO sheet have a size of
(63-90 nm )and according to XRD average size by applying Scherer’s
equation was (68 nm) . Chemically bonded ZnO/rGO structure is formed
when metal and metal oxide crystals are formed simultaneously in this one-
step method. The interactions between Zn and oxygen-containing functional

groups in rGO can carry out this activity [141].
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Figure (4-3):FE-SEM image binary for (a) Cu/ZnO (b)Cu/rGO

(¢)ZnO/rGO Nanocomposite
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3.2.3. FE-SEM image of Tertiary Cu/ZnO/rGO

Nanocomposite

Figure ( 5-3 ) shows FE-SEM image of tertiary Cu/ZnO/rGO
nanocomposite sample In both heat and modified materials, agglomeration
was observed following addition of rGO to Cu/ZnO after added Cu®* ion and
rGO nanosheets, A shape of ZnO crystals obviously changed, but it changed
again after being coating and stabilizing on rGO nanosheets. Vander-Waals
interaction on either A nano-lattice crystalline alter the growth mechanism
of aggregations, according to a new study ZnO crystals and also the size of
binary nanocomposite Cu/ZnO will decrease after doping by rGO as Shown
that in Table (3-3). The average size of nanocompsites measured by FE-
SEM was about (17-80 nm) and according to XRD average size by
applying Scherer’s equation it was (48 nm).Surface developer rGO promotes
self-assembly of ZnO particles. On top of ZnO and Cu grains, rGO sheets

appear to act as flat surface[142].

200 nm EHT = 10.00 kV Signal A = SE2 Date:1 Feb 2021 ZEISS
[ ——
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Figure (5-3): FE-SEM spectra for 0.1g Cu/ZnO/rGO Nanocomposite
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3.3. Energy-dispersive X-rays (EDX) Analysis
3.3.1. EDX Analysis of ( ZnO, Cu, and GO Nanoparticles)

The elemental composition of zinc and oxygen containing group in
ZnO nanoparticles was determined using energy dispersive X-rays
analysis ( 11-3 a). The examination yielded 81.2 weight percentages of zinc,
20.0 weight percentages of oxygen, and 5.9 weight percentages of carbon.
Previous studies reported a weight percentage of zinc and a weight
percentage of oxygen, and a similar pattern was found, but our investigation
revealed the presence of carbon, which was owing to the use of zinc acetate
dehydrate as a precursor for preparation of zinc oxide nanoparticles[143].
Figure (11-3 b) show aggregation of carbon and oxygen may be due to the
presence of secondary metabolites in the Ginger root extract [144]. Shown
EDX image of copper nanoparticle synthesized using Ginger root extract,
EDX spectrum confirms and size of the nano-copper by this eco-friendly
method weight percentage of copper element 71.2, carbon 16.4, and oxygen
9.9% Figure (11-3 C) EDX spectra of GO shows the presence of carbon,
oxygen, sulphur, and chlorine. Sulfur and chlorine were present because

rGO was made using a modified Hummers technique [145].
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FIG. (6-3): EDX Image for (a) ZnO (b) Cu (c) GO Nanoparticale

3.3.2. EDX Analysis of binary ( Cu/ZznO ,ZnO /rGO , and

Cu/rGO Nanocomposites)

A chemical content and formation of the sample were investigated using
EDX. Cu-doped ZnO nanoparticles Figure (12-3 a) shows a typical the
EDX spectra of doping ZnO nanoparticles the presence of chemical
components was confirmed (Zn=64.1 , 0=33.3 percent ,Cu=14.8 percent)
Carbon traces(C) , in additional to these chemical compounds was found on
the substrate. The Zinc Oxide was found in the EDX peak locations, and the

sharpness EDX peakes showed These findings are in line with those of prior
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studies [146]. Figure (12-3 b) indicates that the ZnO/rGO EDX spectrum
clearly shows that the sample was made up entirely of Zn and O. It was
difficult to identify the relative concentration of oxygen to zinc, which
suggested that the O element in ZnO bonds emerged in the ZnO structure,
using EDX analysis. Meanwhile, the EDX spectrum of ZnO/rGO revealed
the presence of ( Zn= 57.3 wt%, 0=23.0 wt%, and C=13.9 wt% ) in all
samples, indicating that the integration of ZnO into rGO by the
hydrothermal technique was successful . EDX in the form (12-3 c) was used
to examine Cu/rGO nanocomposite, and the results of sample were
provided Cu = 71.1 percent, O=18.1 percent, and C = 5.8 percent are the

weight ratios determined by EDX [147].
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Figure (7-3): EDX spectra for binary (a)Cu/ ZnO (b) ZnO/rGO (c)

Cu/rGO Nanocomposite
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3.3.3. EDX  Analysis of Tertiary ( Cu/ZznO /rGO,

Nanocomposites)

As shown in Figure (13-3), energy-dispersive X-ray spectroscopy
(EDX) was used to determine the exact composition of the components
present in the Cu/ZnO/rGO nanocomposite sample for an initial analysis of a
nanocomposite sample, a random section was chosen. It was determined that
the atomic structural of Cu/ZnO/rGO tertiary nanocomposite is
approximately C (5.8%), O (33.3%), Cu (14.8%), and Zn (46.1%) of
Weight the sample ,This is consistent with what is mentioned in the
literatures [148].
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Figure (8-3): EDX spectra for Tertiary Cu/ZnO/rGO Nanocomposite
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3.4. Fourier Transform Infrared Spectra (FT-IR)

3.4.1 FT-IR spectra of ZnO, Cu and GO Nanoparticales

Figures illustrate FTIR spectra for ZnO, Cu, and GO NPs. The
precipition process is used to make ZnO, as shown in Figure (6 -3 a)
Nanoparticle functional groups were identified via FT-IR analysis. The
samples contain absorption peaks throughout the range of (3190, 1643,
1516, 1570, 1003, 802, 700, and 597 cm™) suggesting the distinctive
functional group found in the produced zinc oxide nanoparticles at 468 cm™
to the stretching vibration of the Zn-O bond. The 575.9 cm™ absorption peak
represents the metal-oxygen, (ZnO stretching vibrations) vibration mode.
The Sharp peak in 1003 cm™ is attributable to C-N bond stretching vibration
of the primary amine or the C-O bond stretch vibration of a primary alcohol.
The peak at 1570 cm™ is responsible for the vibration modes of aromatic
nitro compounds and alkyl. The peak at 3190 cm™ is caused by hydroxyl
molecules stretching [148,149]. There was a modest increase intensity after
the production of copper nanoparticles, as shown in Figure ( 6-3 Db)
at 3624 cm™, which could be attributed to the binding of [Cu(SO4) ,]*
groups to —OH. The carbonyl and carboxylate (CO) bands of the peptide
bonds (tightening of amides) bands were assigned to the band at 1708 cm.
The oxidation of —CO groups to the extract components caused a blue shift
from 1541 to 1708 cm™, which was observed. Similarly, (bacterial) dimethyl
alkane caused an increase in band intensity at 1236 cm™ [150]. Cu NPs
FTIR spectrum also suggests the possibility of copper ions interacting with
ginger extract. At 489 cm™, no distinctive Cu,O vibration was seen during
the bioreduction phase [151,152]. Figure (6-3 c¢) shows FT-IR spectrum of
GO, which has a high peak at 3367 cm™ and additional weak intensity peaks
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at 1730, 1626,1062, and 1053 cm™. OH groups, epoxy symmetric ring
deformation, carboxylic acid stretching vibrational, ter-tiary C-OH groups,
residual (sp) hybridized Carbon group post oxidation, graphitic carbon, and
C-O stretching vibrations of alkoxy groups are represented by these peaks,

sequentially [1
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Figure (9-3): FT-IR Spectra for ZnO,Cu,and GO Nanoparticales

3.4.2. FT-IR Spectra of binary ( Cu/ZnO , ZnO /rGO, and

Cu/rGO) Nanocomposites

The Cu-doped ZnO nanocomposite was studied using FTIR (Figure 7-
3 ). CuO and ZnO both have absorption signals in region (385-690 cm-1)
that are due to metal-oxygen stretching vibrations. In bulk ZnO and CuO,
however, the band shape is noticeably different: Cu-O oxide exhibits two
bands with good resolution in 700 and 560 cm™. The broad unstructured
absorption in 3379 cm™, which correlates to the O—H stretch vibration of
hydroxyl group, and smaller bands in the spectrum of organic residues[154].
ZnO exhibits another broad, featureless connections round in 460-390 cm™,
A broad structure less absorption at 3379 cm™, that corresponds to O-H . A

broad ZnO vibration and a narrow strong Cu-O band in 420 cm™are also
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observed. Cu-second O's mode, at around 609 cm™, is extremely weak and

cannot be regarded significant [155].

Figure (10-3): FT-IR Spectra for binary Cu/ZnO Nanocomposite

FT-IR spectra of rGO was still covered by the oxygen functional groups
(Figure 8-3). The oxygen functional groups are thought to act as metal ion
anchor sites, increasing metal oxide dispersal. They were assigned a large
and high maximum absorbance at 3396 cm-1 for the stretching vibrations of
OH group. There are number of O-H bonds on the rGO surface, which could
act as anchoring sites to hold ZnO nanoparticles at 620 cm-1 in situ. C-O
absorbance peaks at 1072 cm-1 [156-160].
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Figure (11-3): FT-IR Spectra for binary ZnO/rGO Nanocomposite
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FTIR spectra of Cu—rGO nanocomposite are shown in (Figure 9-3 ), with
peaks for O-H, C-O, C-OH, and C-O stretching bond vibrations at 3247,
1307, 1618, and 1039 cm-1, respectively, and some peaks for Cu-O
stretching vibrations at 596, 530, 477, and 415 cm-1 [160].
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Figure (12-3): FT-IR Spectra for binary Cu/rGO Nanocomposite

343. FT-IR  Spectra of Tertiary ( Cu/ZnO /rGO )

Nanocomposites

Figure (10-3) shows IR spectra for Cu/ZnO/rGO Nanocomposite,
curves revealed that the spectrum of GO had an excessive amount groupings
with oxygen as a component. The high absorption intensity wave at 3489

cm* in the rGO spectra was attributed to the O—H bond stretching
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vibrations, which were mostly caused by C-OH and/or intercalated
moisture. 1608 cm ' and 1444 cm* were attributed to C-O and C=0 bonds
being stretched by the functional groups carboxylic and oxylic, respectively
[161]. The signals pertaining to the carbonyl and hydroxyl groups have been
reduced, indicating that the rGO sheets have been covered by Cu/ZnO and a
ternary nanocomposite has formed. The Cu/ZnO-rGO nanocomposites had
the same peaks as rGO, but there was a new broad peak at 694 cm1 that was
attributable to Zn-O vibrations. These spectra results demonstrate that
Cu/ZnO nanoparticles were attached to rGO sheets once more. FT-IR
spectra for Cu/rGO, ZnO/rGO ,and Cu/ZnO/rGO exhibited Cu-O and Zn-O
peaks in the region (694-400 cm™) [162]. Further, in the spectral of
nanocomposites, C-O (1444 cm ™) signals may be found, which are assumed
to be induced by the migrating of functional groups (C—O or C—OH) to the
borders of graphene sheets after thermal processing [163].

Figure (13-3):FT-IR Spectra for Tertiary Cu/ZnO/rGO Nanocomposite
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3.5. Zeta Potential Analysis

The zeta potential of any particle in suspension, macromolecule, or
material surface is a physical property. It may be used to improve
suspension, emulsion, and protein solution formulations, anticipate improve
layer and coat development by reducing contacts with substrates.
Understanding the zeta potential might help you save time when creating
trials formulations. It can also help with long-term stable forecasting.
Determination of macromolecule charging, or more accurately protein
charge, requires a very sensitive device, such as the new Zeta size, as well as

a mechanism for reducing sample volume and avoiding degradation.

3.5.1. Zeta Potential Analysis of ( ZnO, Cu, and GO)

Nanoparticales

Figure (14-3) showing its zeta potential for ZnO NPs produced
nanoparticles.Using the zeta sizer micro equipment, The analysis was done
on liquid samples (Malvern). The incident laser beam induces the Brownian
mobility of synthesized nanoparticles. The zeta potential displays both
particle polydispersity and a high repulsive force [164]. The potential
stabilization of a colloidal solution is indicated by the frequency of the zeta
potential among both -50 and +50 mV. In a colloidal dispersion of ZnO NPs,
aggregates can form. Aggregation is a mass of primary particles held
together through strong chemical bonds, whereas agglomeration is a cluster
of primary particles held together through weak van der Waals forces. The
hydrodynamic size of the ZnO NPs demonstrated that they formed small
aggregates when dispersed in water circumstances. The ZnO NPs' stability
was determined to be -12.5 mV [165].
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FIG. (14-3): Zeta Potential image for ZnO Nanoparticale

The results are shown in Figure (15-3), it is clear from the schematic
diagram that the milling dissolves in water and the zeta potential value of the
present copper nanoparticles is (2.77 mV) and to groups of carbohydrates
and butene produced from the ginger plant during the biosynthesis of copper

nanoparticles[166].
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Figure (15-3): Zeta Potential spectra for Cu Nanoparticale

The spectra for GO (-15.4 mV) exhibit negatively charged nanoparticles, as
illustrated in Figure (16-3) The stability of colloidal dispersions in water is

related to these negative values [167].
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Figure (16-3): Zeta Potential spectra for GO Nanoparticale

3.5.2. Zeta Potential Analysis of binary ( Cu/rGO, Cu/ZnO,

and ZnO/rGO

Nanocomposites)

Negative values of Zeta Potential for nanocomposite refer to the

charge transfer and are connected to the stability of colloidal dispersions of

NPs in double-distilled water. As a result, the stability of nanocomposite is

determined by the composition of the nanocomposite matrix, which allows

for charge transfer. Figure (17-3) shows the zeta potential values of samples

distributed in double distilled water at room temperature. Cu/rGO (-19.7

mV) possessed negative charges, which can be seen in the sample [168].
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The investigation of zeta potential for Cu/ZnO binary nanocomposite is
shown in Figure (18-3). Value of zeta potential increase with precence of
containing oxygen group and addition of a divalent cations As Cu®* .It is
obvious from the diagram that milling dissolves in water. The measured zeta

potential sample was found to have a value of (-16.8 mV) [169].
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Figure (18-3): Zeta Potential spectra for binary Cu/ZnO

Nanocomposite

The investigation of zeta potential for ZnO/rGO binary nanocomposite is
shown in Figure (19-3). which indicates a high degree of stability in
solution and more chances of aggregation, with a zeta potential (- 20.5 mV)
the value of zeta will increase with found oxygen group and a divalent
cations ,This is attributed to the effective electron collection and

transportation characteristics of rGO [170].
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Figure (19-3): Zeta Potential spectra for binary ZnO/rGO Nanocomposite

3.5.3. Zeta Potential Analysis of Tertiary ( Cu/ZnO /rGO)

Nanocomposites

Zeta potential as a function of ionic strength. as expected, began to
aggregate with increase in ionic strength with existence GO. Te addition of
a divalent cations Cu?* and Zn lead to stronger aggregation of the GO sheets
and give the best zeta potential .A tertiary nanocomposite surface charge in
Figure (20-3) demonstrated that the colloidal solution of produced
nanocomposite was fairly stable, with a Zeta potentia of approximately
( -27.4 mV). The stronger the colloidal stability of nanoscale materials, the

higher the zeta potential (positive or negative) value [171] .
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Figure(20-3): Zeta Potential image for Tertiary (Cu/ZnO/rGO)

Nanocomposite
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3.6. Brunauer—-Emmett-Teller BET Surface Area

The surface area measurements for all synthesized nanomaterials table (4-3).
shows (ZnO, Cu,GO, Cu/ZnO, ZnO/rGO, Cu/rGO, and Cu-ZnO/rGO) In
comparison to other materials, the Cu/ZnO/rGO tertiary nanocomposite had

a greater surface area, total pore volume, and the lowest pore size.

Table (4-3): Surface parameters of( Cu, ZnO , GO) Nanoparticales ,
binary (Cu/ZznO , Cu/rGO , ZnO/rGO) and Tertiary Cu/ZnO/rGO

Nanocomposite

surface  area | Total pore | Mean pore
Sample BET [m2 g-1] | volume [cm3 g-1] | diameter [nm]
Cu 10.282 0.028507 51.873
ZnO 11.071 0.019708 33.937
GO 18.898 0.069406 79.833
Cu/ZnO 26.847 0.12792 56.253
Cu/rGO 23.97 0.17413 68.724
ZnO/rGO 27.401 0.19597 58.232
Cu/ZnO/rGO 29.833 0.19406 22.566

86




Chapter three .............ccoeeevvveveeseevaennn... Result and Discussion

3.7. Measuring of Band Gap Energy for Nanocomposite and

Nanoparticle.

The band gap of the initial material NP and composite was calculated by
using diffuse reflectance spectra as shown in Figure (21-3) and Figure (22-3)
respectively indicating the reflectance spectra of Tertiary Nanocomposite in
the wavelength (A), the calculation of the band gap energy of the photo
catalyst is given by blank equation [172]:

Eog=nsc/h  eeererrervereenns (3-1)

Epg=1240/)  cevevererecacnn (3-2)

Where A is wavelength in nanometers (376,384, and 398 nm), the band gap
energy of materiales that was measured by equation (3-1) equal to

(3.29 ,3.22 ,and 3.11 eV ) for (ZnO ,Cu/ZnO ,ZnO/rGO) Consecutively
.But at wavelength (411nm) Band gap energy of tertiary nanocomposite
only that was measured by equation(3-2) equal to (3.01eV). This result
indicates formation of new phase for tertiary Nanocomposite differe from
intial Material.
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3.8 Antibacterial activity for Synthezied nanocomposite

The antibacterial activity of materials prepared was conducted using a circle
diffusion approach. Cu/ZnO/rGO nano composites because of the high
surface-to-volume relation and compact size, that allow them to contact
closely with cell membranes, they have an antibacterial activity, and
antimicrobial screening of Cu NPS has been considered in contrast to
bacterial microorganisms such as E. coli and S. aureus. by Plate dispersion
method [173]. By adding the mixed copper to the purified circuit and
patiently administering it onto Mueller-Hinton agar plates, from the focal
point of the plate to the plausible region, it is incubated for 24 hours
at 37 °C. [174]. The restricted area were measured in millimeters, and
the results was recorded. Boreholes were drilled using an antibacterial steel
plug. 100 I of varying foci (0.25, 0.5, and 1.0 g/ml) of copper nanoparticles

were put into each batch.
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4. Applications

4.1 Adsorption Activity of the Synthezied Nanomaterials

The adsorption capacity of the synthezied materials which include
( Cu,Zn0O, GO, Cu-doped ZnO, Cu — doped rGO, ZnO - doped rGO and
( Cu-ZnO/rGO) Naocomposite was explored by execution a few
adsorption examinations of Rhodamine 6G color with these materials. As
displayed in Table (4-1) and Figure (4-1) these outcomes it tends to be
seen that, the best adsorption productivity was seen over Cu-ZnO/rGO in
examination with different adsorbents under a similar adsorption
conditions as ( pH, color focus , weight of catalase ,temperature , and
contact time) .This presumably emerges from high porosity of this
tertiary composite in correlation with each of synthezied materials with
its higher BET surface region in examination with different adsorbents
that were utilized in this investigation The following equation was used to

calculate dye removal efficiency:
Remaining percentage =A: /Ao .eeeeneenn. (1-4)

Where the At, AO is the final and the initial adsorption concentration of
dye [175].
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Table (1-4): Remaining percentage of Rhodamine 6G dye over
prepared Nanomaterials
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Figure (1-4 a ): Remaining percentage of Rhodamine 6G dye over
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4.1.1. Catalyst Dosage Effects on Rhodamine 6G Dye
Removal

The influence of catalyst dosage on the adsorbed of Rhodamine 6G
pigment over the prepared catalysts was investigated using an experiment
involving (0.001, 0.006, 0.02,0.07, and 0.1) g of Tertiary Nanocomposite
Cu/ZnO/rGO, dye aqueous solution (10 mL, 10 ppm, at 30 OC), and
continuous stirring under normal atmospheric conditions for 60 minutes.
Table (2-4) and Figure (1-4) show the results of adsorption of
Rhodamine 6G dye by this method (2-4). Increased catalyst dose,
according to these findings, resulted in Dye removal efficiency has
improved. Because an increase in adsorbent dose leads to a bigger surface
area and, as a result, an increase in adsorption sites under the same
adsorption conditions, this would result in the adsorption of more dye

molecules on the catalyst surface [176].

Table (2-4): Remaining percentage of Rhodamine 6G dye over
tertiary nanocomposite 0.1 g of Cu-ZnO / rGO at different Weight

Dose
Time/min 0.1 0.006 | 0.02 0.07 0.001
gm gm gm gm gm
AdAg

0 1 1 1 1 1
15 0.852792 | 0.908629 | 0.93401 | 0.954315 0.969543
30 0.736041 | 0.741117 | 0.796954 | 0.827411 0.883249
45 0.507614 | 0.563452 | 0.639594 | 0.680203 0.791878
60 0.192893 | 0.446701 | 0.507614 | 0.57868 0.670051
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Figure (3-4): Effect of Weight of reaction mixture on efficiency
adsorption of Rhodamine 6G dye on tertiary nanocomposite 0.1g
Cu/ZnO/rGO.

4.1.2 . Effect of pH Solution on Rhodamine 6G Dye Removal
from 0.1gm Cu-ZnO/rGO Tertiary Nanocomposite

A series of experiment were carried out to investigate effect of pH
of reaction mixture pH on ability for Rhodamine 6G by dye adsorption
removal over 0.1g of Cu-ZnO / rGO tertiary Nanocomposite. These tests
were carried out with different pH dye solutions (3, 5, 7, 9, and 11). For
each run, the same adsorption conditions were used. In each case, 0.1 g of
catalyst was mixed with 10 mL of dye solution containing 10 ppm dyes
for one hour at 25 C°. The effects of pH on the reaction mixture are
shown in Table (3-4) and Figure (3-4). According to these findings, the
best clearance of Rhodamine 6G dye occurred at pH=9. The surface of
the adsorbent becomes basic at pH values greater than pH=9, which can
cause dye molecules to repel the adsorbent surface, reducing the efficacy

of dye removal by adsorption. In contrast, in a too acidic environment

95



Chapter three ..........ccccoeevvvevnenne.... Result and Discussion

(pH=5), removal efficiency was lower than in a pH=9 environment, most
likely due to competing adsorption of dye molecules with other
negatively charged species such as chloride ions to the same adsorption
sites at the surface [177].

Table (3-4): Remaining percentage of Rhodamine 6G dye over to
tertiary nanocomposite 0.1 g Cu-ZnO / ZnO under different pH.

Time/min pH=3 | pH=5 pH=7 pH=9 pH=11
AdAq
0 1.00 1.00 1.00 1.00 1.00
15 0.86802 | 0.822335 | 0.781726 | 0.730964 |  0.84264
30 0.77665 | 0.659898 | 0.730964 | 0.690355 |  0.80203
45 0.664975 |  0.64467 | 0.685279 | 0.624365 | 0.736041
60 0.64467 | 0.604061 | 0.664975 | 0.548223 | 0.700508
11 4 —¢—pH =5
== pH=7
pH =9
e=é=pH =11
pH=3

At\ A0

0.5

0 _. .. 45 60
Time (min)

Figure (4-4): Effect of pH of reaction mixture on efficiency of
adsorption of Rhodamine 6G dye over tertiary nanocomposite 0.1g
Cu-ZnO/rGO.
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4.1.3 Effect of Temperature on Adsorption Removal of

adsorption of Rhodamine 6G dye over tertiary

nanocomposite 0.1g Cu-ZnO/rGO

The effect of the temperature on Rhodamine 6G dye adsorption
from an aqueous solution onto a tertiary nanocomposite 0.1g Cu-
ZnO/rGO was investigated using studies carried out at temperature rang
(15— 30 °C). At same other experimental circumstances, pH dye solution
was equal to (9) in room temp. for 1hour with dye concentration for 10
ppm and a catalyst weight of 0.1 g. Because the adsorption process is
exothermic, an increase in temperature leads to an increase in the kinetic
energy of the molecules, the adsorption of Rhodamine 6G decreases with
increasing temperature, as shown that Figure (4-4) and inTable (4-4).
adsorbed on adsorption surface, increasing the chances of them separating
from the adsorption surface and returning to the solution. Furthermore,
high temperatures influence the adsorbent's solubility, and if the

solubility increases with temperature, the adsorption decreases [178].

Table (4-4): Remaining percentage of Rhodamine 6G dye over to
tertiary composite 0.1 g Cu/ZnO / rGO under different temperature.

Time/min 15°C 20 °C 25°C 30 °C
AdA,
0 1.00 1.00 1.00 1.00
15 0.979695 | 0.944162 | 0.918782 | 0.888325
30 0.944162 | 0.893401 | 0.807107 | 0.715736
45 0.908629 0.84264 | 0.695431 | 0.624365
60 0.832487 0.77665 0.57868 | 0.492386
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Figure (5-4): Effect of Temperature of reaction mixture on efficiency
of adsorption of Rhodamine 6G dye over tertiary composite 0.1g Cu-
ZnO/rGO.

4.1.4.Effect of Initial Dye Concentration of Rhodamine 6G
for Adsorption efficiency Over Tertiary nanocomposite 0.1 g
Cu/ZnO/rGO.

Several concentrations of Rhodamine 6G dye (3, 5, 7, 10, 12) ppm
were used with the weight optimal (0.1) g of catalyst. Because particales
of tertiary nanocomposite 0.1 g Cu/ZnO/rGO.contain efficient adsorption
sites, the adsorption process increased when the starting concentration of
Rhodamine 6G dye was increased. Table (5-4) and Figure (5-4) (5-4)
Based on these findings, the best beginning dye concentration is (10
ppm). Because all of the ions present in the solution can interact with the
nanocomposite's binding sites, the adsorption ratio emerges for
Cu/ZnO/rGO at high low concentrations compared to high dye
concentrations. The saturation of the adsorption sites causes higher dye
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concentrations for the same nanocomposite and decreased adsorption
yield [179].

Table (5-4): Remaining percentage of of Rhodamine 6G dye over
tertiary composite 0.1g Cu-ZnO/rGO. under at different dye
concentration.

0 1.00 1.00 1.00 1.00

15 0.42132 0.48731 0.791878 0.873604
30 0.380711 | 0.426396 | 0.629442 0.675635
45 0.258883 | 0.370558 | 0.497462 0.57868
60 0.243655 | 0.365482 | 0.187817 0.431472

At\ Ao

0.1 T T T T 1
0 15 30 45 60
Time (min)

Figure (6-4): Effect of dye concentration of reaction mixture on
efficiency of Rhodamine 6G dye over tertiary nanocomposite 0.1g
Cu-ZnO/rGO.



Chapter three ..........ccccoeevvvevnenne.... Result and Discussion

4.2 Adsorption isotherms and kinetic models:
4.2.1. Adsorption Isotherms for Adsorption of Rhodamine
6G dye over tertiary composite 0.1g Cu-ZnO/rGO.

Freundlich and Langmuir adsorption model was used to examine
adsorption isotherms for Rhodamine 6G dye adsorption over a tertiary
composite of 0.1 g Cu-ZnO/rGO. Figures 1 and 2 show these isotherms
(4-6 and 4-7). Table (7-4) lists the parameters of the two isotherms.

Table (6-4): Freundlich and Langmuir parameters for adsorption of
Rhodamine 6G over 0.1 g Cu-ZnO/rGO.

Adsorption isotherm | parameters Cu\ZnO\rGO

Kf 1.043758439

Freundlich n 1.0713
R2 0.9961
Qm 6.802721088

Langmuir KL 0.1338554

R2 0.9945
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Figure (7-4): Freundlich adsorption isotherm for Rhodamine 6G dye

over tertiary nanocomposite 0.1 g Cu-ZnO/rGO.
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Figure (8-4): Langmuir adsorption isotherm for Rhodamine 6G dye

over Tertiary nanocomposite 0.1 g Cu-ZnO/rGO.

Table 4-5 shows that the value of the correction factor (R isotherm for
Freundlich is larger than the value of the correlation factor R? for the

Langmuir isotherm, indicating that the reaction follows the Freundlich
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isotherm in this situation. The value of (n), which denotes the number of
adsorption layers, has been changed (1.0713). This indicates that the

adsorption took place in monolayers [180].

4.2.2.Kinetics of adsorption for Rhodamine 6G dye over
Tertiary nanocomposite 0.1 g Cu-ZnO/rGO.

Adsorbents for obtaining information about kinetic parameters.
kinetics model for (the pseudo first order) , (pseudo second order) was
applying. Tables (4-5) and (4-6), Figure (4-5), and Table (4-6) show
various rate constants calculated from slopes and intercepts, as well as
correlation coefficients (4-6) Figure 4-6 shows a pseudo-second order
plot with a higher correlation coefficient (R?) and a computed adsorption
capacity value that is closer to the empirically measured value (4-5). That
means model (pseudo second order) more closely describes Kinetic
information [181]. The value of the rate constant (k) for adsorption
reactions was calculated from the slope of plots between In Ct/Co versus
duration of  adsorption reaction displayed in Figure
(4-8), yielding 0.0027 min*[182].
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Table (7-4) and Table (8-4): Adsorption parameters for the
adsorption of Rhodamine 6G over tertiary nanocomposite 0.1 g Cu-
ZnO/rGO at different adsorbent dose

0.001 51 137.3044 0.000972 0.8417
0.006 16.166 23.46711 0.0005 0.9292
0.02 6.35 11.16965 0.000663 0.8918
0.07 1.48 4.293061 0.001108 0.911

0.1 1.59 1.995511 0.000412 0.9303

0.001 51 129.8701 0.000136 0.8141
0.006 16.166 44.84305 0.000403 0.7722
0.02 6.35 24.3309 0.000731 0.8565
0.07 1.48 4.264392 0.004329 0.723

0.1 1.59 8.143322 0.002134 0.9324
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Figure (9-4): Plot of kinetic model for pseudo first order ,of
adsorption for Rhodamine 6G over tertiary nanocomposite Cu-

ZnO/rGO at conditions reaction, adsorbent dose (0.001-0.1 g ),
initial [Rhodamine 6G ] 10 ppm, pH 9 and 30 °C.
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Figure (10-4): Plot of kinetic model for pseudo Second order,for
adsorption for Rhodamine 6G  over tertiary nanocomposite
Cu-ZnO/rGO at conditions reaction, adsorbent dose (0.001- 0.1 g ),
initial [Rhodamine 6G ] 10 ppm, pH 9 and 30 °C.
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4.3. Antibacterial activity of the Synthezied Nanomaterials
Gram-positive and Gram-negative bacteria strains were gathered
from Babylon Women and Children Hospital's laboratories, and the
results revealed the influence of these materials' nanocomposites on
(Gram-ve) bacteria that were present with E. coli, and (Gram+ve )
bacteria ware represented by S. aurous. aureus is a kind of bacteria.To
investigate how different Cu/rGO, ZnO/rGO, Cu/ZnO, and Cu/ZnO/rGO
ratios affected (Gram-Ve) E. coli, as well as gram-positive S. aureus to
learn more about the inhibitory mechanisms at work. each of (E. coli) and
(S. aureus). treated with foure nanocomposites (1-10 mg) in aureus
cultures and measured bacterial growth in an incubeter for 24 hours at 37
°C. In the MIC test for bacteria with these Cu/rGO, ZnO/rGO, Cu/ZnO,
and Cu/ZnO/rGO nanomateriales in Table (7-4) and Figure (11-4)
indicated the largest inhibition area for Escherichia coli (11 mm) and
S. aureus (10.5 mm) using Cu/ZnO/rGO tertiary nanocomposite
compared to synthetic nanocomposites becouseit have smaller partical
size of these material then it can iner into bacteria and inhibition active

protein these types bacteria.
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Table (9-4): Inhibition zones (mm) of neat , Cu/ZnO, Cu/rGO ,
ZnO/rGO, and Cu-ZnO/rGO against S. aurous and E coli bacteria

Inhibition zone(mm)
Types of bacteria Cu/ZnO Cu/rGO ZnO/rGO Cu/ZnO/rGO
(10mg/ml) (10mg/ml) (10mg/ml) (10mg/ml)
S. aureus 6.5 mm 5.8 mm 7.2 mm 9.6 mm
E. Coli 10 mm 8.4 mm 11 mm 13.2 mm

Figure (11-4): Inhibition zones (mm) of (a) Cu/ZnO ,(b) Cu/rGO,(c)
ZnO/rGO and (d) Cu/ZnO/rGO against E. coli bacteria and
S. aurous bacteria.
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4.4. Conclusion.

1.

oo

In this work, Copper nanoparticles have been successfully
synthesized by environmentally friendly method , ZnO and GO
nanoparticles were successfully synthesized.

binary system Cu/ZnO, Cu/rGO , and ZnO/rGO and tertiary
system Cu-ZnO/rGO  of nanocomposite were successfully
synthesized.

The best efficiency is 80.7 % adsorption process of Tertiary
nanocomposite ability of (0.1 gm) to remove Rhodamine 6G
dye at 30 °C.

The kinetics Model of the reaction was identified and it was found

to be of the pseduo second order , according to Frandluich isotherm

The action of bacteria was inhibited, and the nanocomposite show
inhibition of the activity of (Gram-positive and Gram-negative
bacteria) was able to kill colonies of them with a size of (13.2 mm)
of E.Coli and (9.6 mm) S.aureus of the total colony size of
bacteria in the dish compared with other nanoparticles.

According to adsorption isotherms for adsorption of (R 6G) dye
over Cu/ZnO/rGO and the obtained result user fitted with
Frandluich adsorption isotherm.

It is agree with pseduo second order K, (gm/mg.min).

It is with pseduo 1% order in solution.
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4.5 Recommendations to Future Studies

Many recommendations for future research initiatives can be utlined in

this study:

1.

Examination adsorption of Rhodamine 6G dye with another type of
tertiary catalyst, comparing the results with the current study.
Examination adsorption of other dyes with the same type of
Tertiary catalyst.

Study of the adsorption efficiency of the synthezied catalystes
with the other dyes

Investigation use of these catalysts to improve adsorption
processes and prevent the activity from these material against
viruses and microbes.

Comparing and contrasting current synthesis methods and
orientation towards the biosynthesis of some catalysts because it is

an environmentally friendly way and at a lower cost.
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