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Abstract

In the current study, nanocomposites [Chitosan-Titanium Oxide-Silver (CS-
Ti02-Ag), Chitosan-Titanium Oxide (CS-TiO;), Chitosan-Silver (CS-Ag)] were
prepared by pulsed laser ablation in liquids. ND:YAG laser was used with a 1064
nm wavelength, 1 Hz frequency, 500 mJ energy with different pulse numbers of the
nanocomposites of CS-TiO,(1000) pulse and CS-Ag( 500) pulse.

The absorption results of the materials showed characteristic peaks absorption
for Chitosan- silver at 400 nm, edge absorption Chitosan- titanium oxide at 375 nm
and edge absorption chitosan at 235 nm.

While the energy gap of {(Aqg), (TiO,), (CS), (CS-Ag), (CS-Ti0Oy), (CS-TiO,-
Ag)} nanocomposites were found to be [1.6, 2.5, 2.9, 2.37, 2.38, 2.1] eV,
respectively.

Through the results, Fourier Transform Infrared Spectrometer [FTIR], chemical
bonds appeared between the nanomaterials (silver and titanium oxide) with the
polymer.

The XRD diffraction analysis revealed that TiO, and Ag were crystalline and the
average crystal sizes for CS-Ag, CS-TiO,, and CS-TiO2-Ag were 5.96, 5.96, and
5.95 nm, respectively.

Moreover, the SEM images showed the shape as semi- spherical, and the average
grain size of the nanoparticles is 95 nm. Also the were characterized using TEM
examination, which revealed different nanosizes of CS (13) nm, CS-TiO (15 nm),
CS-Ag (34) nm, and CS-TiO2-Ag (32) nm.

The nanocomposites were applied as antibacterial agents to kill E.coli bacteria
and inhibit Klebsiella bacteria. The killing areas for E.coli were measured as follows:
CS (20 mm), CS-Ag (36 mm), CS-TiO; (38 mm), and CS-TiO,-Ag (40 mm). While
for inhibit Klebsiella bacteria, they were measured as follows: CS (28 mm), CS-Ag
(35 mm), CS-TiO; (38 mm), and CS-TiO2-Ag (43 mm).

Finally, the environmental application of CS-TiO2-Ag in water purification was

studied. A 30 ml of polluted water was filtered through the filter that was



manufactured, and then a 30 ml of the nanocomposite (CS-TiO2-Ag) was added for
10 minutes and the absorbance changes were calculated. Results showed a water

purification efficiency of 50%.
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Chapter One General Introduction and Previous Studies

1.1 Introduction

Nanotechnology has undergone significant advancements in recent decades,
offering a new tool for innovation and progress across various fields. It is a
distinguishing characteristic is its tiny size, which reaches the nanometer scale. These
nanomaterials have found numerous applications in various domains, including
medicine, industry, electronics, and environment. It is also demonstrating a remarkable
efficacy in combatting bacteria and purifying water. Examples of such materials
encompass zinc, copper, gold, silver, titanium, as well as certain types of polymers and
oxides such as silver oxide, titanium oxide, zinc oxide, nano carbon, silicon oxide, and

more [1].

Polymer nanocomposites offer significant potential in the development of
advanced materials for numerous applications. These novel materials benefit from the
synergy between filler particles and polymer chains that are on similar length scales
and the large quantity of interfacial area relative to the volume of the material [2].
Examples of polymers are (Poly (lactic-co-glycolic acid)) PLGA Nanoparticles [3],
Polyethylene oxide (PEO) Nanocomposites [4], Poly (methyl methacrylate) (PMMA)

Nanocomposites [5] and chitosan [6].

The preparation of nanomaterials needs various methods. Chemical methods
include Sol-gel treatment for stability [7], chemical precipitation [8], and chemical
vapor deposition [9]. Physical methods encompass vapor condensation [10], thermal

spraying [11], laser melting [12], and pulsed laser ablation [13].

In the same context, a nanocomposite (CS-TiO,-Ag) was prepared via pulsed laser
ablation in liquids and its properties, as well as its medical and environmental

applications wear studied.
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1.2 Nanomaterials

Nanomaterials' dimensions are ranging from 1-100 nanometers. They are classified
according to the shape and size of the particles to several categories such as
nanoparticles, nanocrystals, nanotubes, nanofibers, and nanosheets. The properties of

these nanomaterials vary based on their size, shape, and chemical composition [14].

The properties of these materials are unique and not found in bulk materials.
Among these unique properties are electromechanical, optical, chemical, and thermal
properties. These properties make nanomaterials interesting in a variety of scientific

and technical applications [15].

Nanomaterials are classified according to their dimensions into dimensionless
nanomaterials: zero-dimensional nanomaterials: these nanomaterials have three
dimensions at the nanoscale, and include nanoparticles, such as nanospheres, quantum
dots, and metallic nanoparticles [16].One-Dimensional Nanomaterials: these that have
one dimension at the nanoscale. They include nanotubes, fibers, wires, carbon
nanofibers and quantum wires [17]. Two-Dimensional Nanomaterials: these, which
have two dimensions at the nanoscale. They include graphene sheets, nanosheets, and

membranes [18].

1.3 Manufacturing of Nanomaterials

There are many available methods for manufacturing nanomaterials but generally

two basic approaches: the top-down approach and the bottom-up approach.

1-Top-down approach: In this approach, larger materials are broken into smaller
pieces. This can include technologies such as mechanical milling, laser engraving, and

chemical finishing.....etc. [19].
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2- Bottom-up approach: In this approach, nanomaterials are built from atoms and
molecules. These methods can include self-assembly, surface chemistry, and chemical
vapor deposition. Therefore, this approach can produce uniformly sized, structured

parts; however, it may require certain conditions or advanced equipment's [20].

In both methods, the final properties of the nanomaterial can be modified by
controlling the chemical and physical processes involved in its synthesis. Size, shape,
composition, and structure, including surface properties, can be controlled to produce
nanomaterials with specific properties. These properties can make nanomaterials useful
in a wide range of applications, such as electronics, medicine, energy, environment,

and ultra-strong materials [17].

1.4 Methods for Manufacturing Nanomaterials

There are two ways to prepare nanomaterials, the chemical method and the physical

method , each of them includes several methods:
a. Chemical methods include thermal decomposition, Chemical Vapor Deposition
CVD, Self-assembly, Chemical Bath Deposition CBD, Hydrothermal method [21-25].

b. Physical methods include Physical VVapor Deposition (PVD) [26], Ball Milling [27],
Pulsed Laser Deposition (PLD) [28], Organic Metal Vapor Phase Epitaxy (OMVPE)
[29], and Pulsed Laser Ablation in Liquids PLAL [30, 31].

Each one differs from the other, having advantages and disadvantages. However,
in this work, the method of pulsed laser ablation in liquids is used as an easy and safe

physical method. It is used to obtain nanomaterials in small.
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1.5 Pulsed Laser Ablation in Liquids (PLAL)

It is one of the techniques used to fabricate nanoparticles from various materials.
The process begins by directing a powerful laser pulse at a solid target immersed in a
liqguid. When the laser pulse reaches the target, it interacts with the surface and
generates high energy producing plasma. This plasma consists of atoms, ions and
electrons of the target substance. Some of the material is separated from the target and
turns into vapor. This vapor expands in the surrounding liquid forming a bubble that

contains the plasma [32].

Over the time, the bubble cools and contracts, allowing atoms and ions in the plasma
to come together and form nanoparticles. The properties of the resulting nanoparticles
can be controlled by controlling the operation conditions, such as laser power, duration,
and laser wavelength, in addition to the type of liquid used and the type of target
material as shown in figure (1-1) which illustrates the ablation process. This method
offers several advantages it allows obtaining nanoparticles of uniform size and free of
impurities, which can be used to generate nanomaterials with a wide variety of
materials and compositions. Additionally, this process is environmentally friendly

since no harmful chemicals are used [33, 34].

Beam laser 3

POWER

SUPPLY

Liquid 4

| Target

Figure (1-1): Describes the pulsed laser ablation of liquid
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1.6 Utilized Materials in This Study
1.6.1 Chitosan

Chitosan is a natural compound consisting of glucosamine units that are linked by
beta 1-4 glycosidic bonds. Glucosamine is a glucose molecule that has been modified
so that it contains an amine group (NH>) instead of a hydroxyl group (OH) As in Figure
(1-2). Its structure depends on the production method [35] and is derived from chitin
found in the cell walls of plants, the shells of mollusks, and the hard shells of ticks and
insects. Chitosan has several properties such as water solubility, low toxicity, and the
ability to form films and gel structures. Because of these properties, chitosan is used in
a wide range of applications in areas such as energy, environment, wastewater

purification, and as an antimicrobial agent [36].

It is also used in agriculture, as chitosan is considered a plant growth stimulant and
a health enhancer. It can improve soil quality and increase plant resistance to diseases
and pests [37]. Moreover, chitosan can be used to improve food quality and shelf life
[38, 39]. In the environmental field, chitosan can be used as an adsorbent to remove
contaminants making it an ideal candidate for the biological removal of heavy metals,
dyes and organic compounds in aquatic systems. Chitosan has high efficacy against a
variety of bacteria, including Escherichia coli and Klebsiella [40]. It is believed that
the mechanism of action of chitosan as an antimicrobial agent is related to the electrical
Interactions between positive chitosan and negative bacteria, which leads to
deformation of the bacterial cell wall and leakage of proteins and nuclear materials thus
killing the bacteria [41, 42].
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Figure (1-2): Formation of chitosan by partial deacetylation of chitin [35].

Table (1-1): Explains the properties of chitosan

Property Description
Chemical Organic polymer derived from chitin
Structure
Color Colorless
Solubility soluble in water
Melting Point Varies with degree of deacetylation
Biodegradability Natural material and biodegradable by biological
enzymes
Insulating Chitosan materials typically do not have an energy gap
Ability due to their organic nature

This table summarizes the properties of chitosan and indicates the absence of an

energy gap due to its organic nature.

(=

Ref.
[6]

[43]
[43]
[44]
[6]

[45]
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1.6.2 Titanium Dioxide (TiO>)

Titanium Dioxide (TiO) is a chemical compound consisting of two elements,
titanium and oxygen. This compound is characterized by its distinct physical and
chemical properties, making it a valuable material in a wide range of applications
[46].Prominent features include its chemical stability, the ability to withstand high
temperatures, and resistance to corrosion [47]. In terms of energy gap, titanium dioxide
has a wide energy gap ranging from 3.0 to 3.2 electron volts [48]. However, when
exposed to light, reactions occur in the upper layers of titanium oxide that can produce
free electrons, and thus it is able to conduct electricity with high efficiency. This
property makes it an ideal material for using in many photovoltaic applications,
including solar cells and photocatalysts [49]. One of the main characteristics of
nanoscale titanium oxide is its large surface area compared to volume, which makes it
ideal for use in applications that require surface reaction, such as catalysts [50]. One of
the important applications of titanium dioxide is its ability to kill bacteria and viruses.
Titanium dioxide is a catalyst present in many products used to disinfect water, air, and
surfaces [51]. This material is characterized by its ability to generate free radicals and
reactive oxygen when exposed to light, which allows it to effectively kill bacteria and

viruses [52].
Table (1-2): The chemical and physical properties of titanium dioxide

Properties  Description Ref.

Atomic 79.866 atomic mass units (am u) [53]

Mass

Colorless in pure form, may exhibit various colors [53]
Melting Approximately 1843 degrees Celsius [53]

Point
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Hardness High and solid, making it resistant to corrosion and [54]
Impacts

Thermal Poor heat conduction, acts as a thermal insulator [46]

Insulation

Chemical Chemically stable and non-reactive with most

Stability chemicals [46]

Light High light-reflecting ability [54]

Reflectivity

1.6.3 Sliver (Ag)

Silver (Ag) is a precious metal with many unique properties and multiple
applications. Silver has been used since ancient times in money, jewelry, eating
utensils, and many other purposes because of its unique physical and chemical
properties [55]. Silver is one of the best conductors of electricity and heat, which makes
it an important component in many electrical and electronic applications. It is also
characterized by its durability, formability, and flexibility, which facilitate its use in a

wide range of applications [56].

However, is the use of silver as an antibacterial. Scientists discovered that silver is
able to kill and prevent the reproduction of bacteria and other microbes, has the ability
this discovery led to multiple applications in the medical and health fields, including
protective clothing, adhesives, and medical devices [57]. With regard to properties
Electrical properties of silver, it has a high quality of electrical conductivity. This is
due to the low energy gap in silver, which is the gap between the upper occupied level
of electrons and the lower unoccupied level. Because of this small gap, electrons can

easily transfer between levels, making silver an excellent conductor of electricity [58].



Chapter One General Introduction and Previous Studies

Table (1-3): Physical and Chemical Properties of Silver

pY)
@
et

Property Value

Atomic Number B:¥

Atomic Mass 107.87 g/mol

[59]
-
61

]

—

Density 10.49 g/cm3

Melting Point 961.8 °C [62]
Boiling Point 2162 °C [63]
Color Silver [64]
Electrical Excellent [65]

Conductivity

Thermal Excellent
Conductivity

Luster High

Hardness 2.5 (on the Mohs scale)

~
~
e

\EUEETJIIYATcI Excellent [65]
Ductility

Optical Excellent

Transparency

Chemical Low reactivity with oxygen, sulfur, and some
chemical compounds.

Reactivity

Common

—

Applicati
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1.7 Nanomaterials as Antibiotics

Nanomaterials have shown a potential antibiotic efficacy, due to their unique
properties associated with nanoscale dimensions. In general, nanoparticles have a
significantly increased surface area compared to their size, meaning that they can
provide more interactive chemical interfaces [71, 72] .In the context of antibiotics,
nanoparticles could improve permeability and targeting that enables then reach places
where large particles cannot reach. In addition, nanoparticles can used deliver
antibiotics directly to target sites, reducing the doses required and potential side effects
[73].The proper example is silver nanoparticles that exhibit antibacterial properties, as
they can destroy bacteria by penetrating into the cell membrane and interacting with
proteins and DNA within the cell. [74]. Titanium oxide nanoparticles (TiO2 NPs) are
effective antibiotics, as they can stimulate the formation of free radicals under the
influence of light, which leads to damage to bacterial cells [75], which is the same

behavior of gold nanoparticles [76] and nanotubes of zinc oxide [77,78] .
1.8 Bacteria (forms, characteristics, and types)

Bacteria exhibit considerable diversity in their shapes. Bacteria can be spherical
(known as cocci), rod-shaped (bacilli), spiral-shaped (spirochetes), or even
pleomorphic, meaning that they can take on several different shapes [79] .Bacterial
cellular structure is another defining characteristic, bacteria are typically classified as
either gram-positive or gram-negative. This is determined by the structure of the cell
wall. Gram-positive bacteria have a thicker cell wall, whereas gram-negative bacteria

have a more complex and thinner cell wall [80]. Bacteria's habitat and method of

10



Chapter One General Introduction and Previous Studies

acquiring nutrition also vary. Some bacteria live in environments devoid of oxygen

termed anaerobic, while aerobic bacteria require oxygen .

Additionally, there are chemotrophic bacteria, which derive their energy from
chemical reactions, and phototrophic bacteria, which use light as an energy source [81].
Examples of known bacterial species include Escherichia coli, Klebsiella,
Staphylococcus aurous, Streptococcus pyogenic, Clostridium botulinum, Bacillus
anthracis, among many others. Each type has specific characteristics and a range of
environments that they can survive in [82]. Some bacterial species can cause diseases
in humans, animals, and plants. For instance, Salmonella and E. coli can cause
gastrointestinal disturbances, while Gonorrhea can cause inflammations in humans

[83].

Beneficial bacteria also exist and play crucial roles in a multitude of biological and
environmental processes. For example, the bacteria in our intestines aid in food
digestion and vitamin production, while those in the soil contribute to the nitrogen

cycle and organic matter decomposition [84].

1.9 Escherichia coli

Escherichia coli, commonly known as E. coli, is a type of bacteria that lives in the
intestines of healthy humans and animals. Most varieties of E.coli are harmless and
actually an important part of a healthy human intestinal tract. However, some E.coli

are pathogenic, either diarrhea or illness outside of the intestinal tract. The types of
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E.coli that can cause diarrhea can be transmitted through contaminated water or food,

or through contact with animals or people [85].

Escherichia coli (E.coli) is a gram-negative bacterium. This indicates the structure
of the cell wall, which can be determined by the Gram test, a staining technique widely
used in microbiology laboratories. Gram-negative bacteria such as E.coli the cell wall,
consists of two main layers: a thin peptidoglycan layer, which surrounds the inner
plasma membrane, and an outer layer, which contains glycoproteins and
lipopolysaccharides. This outer layer confers Gram-negative bacteria resistance to a
number of antibacterial drugs and host immunosuppressant. The cell wall of E.coli not
only protects and gives shape to the cell, but also plays a role in interacting with its
environment. Therefore, understanding the structure and functions of the cell wall can
be useful in developing strategies to combat diseases caused by infection with bacteria
[86].

1.10Klebsiella

Klebsiella pneumonia is a type of Gram-negative bacteria typically found in the
environment and in the human intestines, where it can live without causing disease.
However, K. pneumoniae can sometimes cause serious types of infections, including
pneumonia (hence its name), urinary tract infections, liver abscesses, and meningitis
[87] .A prominent characteristic of K. pneumoniae is its large mucous capsule, which
provides protection from the body's immune system as well as from certain types of
antibiotics [88]. Emerging antibiotic resistance in K. pneumoniae is a public health
concern, as it is capable of developing resistance to many drugs, including
carbapenems and colistin, which were previously considered "last-resort" drugs for

infections unresponsive to other antibiotics [89].
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1.11Bacterial killing mechanisms

1-

Bacteria can be killed by oxidative damage. Reactive oxygen species (ROS), such
as hydrogen peroxide, superoxide, and hydroxyl radicals, can be particularly
damaging to bacteria. They can damage DNA, proteins, and lipids, leading to cell
death [90].

The human immune system has numerous ways to kill bacteria. Phagocytes such
as macrophages and neutrophils can engulf bacteria and destroy those using
enzymes and antimicrobial peptides. Additionally, the immune system can
produce antibodies that neutralize bacteria or mark them for destruction [77].
Bacteriophages are viruses that infect bacteria and can lead to bacterial cell death.
After a bacteriophage infects a bacterial cell, it replicates inside the cell and then
causes the cell to burst, or lyse, releasing new phage particles. This lysis Kills the
bacterial cell [91].

Antibiotics a major method of bacterial killing. These drugs typically target
essential bacterial processes, such as cell wall synthesis, protein synthesis, and
DNA replication. When these processes are inhibited, the bacteria cannot grow
and divide, leading to cell death [92].
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1.12 Literature Review

In 2014, Haldorai and et.al. Prepared and studied the antibacterial and photocatalytic
properties of a new nanoscale hybrid of chitosan-titanium dioxide. The hybrid
nanoparticles have been characterized by several techniques, including transmission
electron microscopy and infrared spectroscopy. The results showed that the nano-
hybrid possesses strong antibacterial the a of 100% within 24 h of treatment against
Escherichia coli (E. coli) was measured by colony forming units (CFU) and
photocatalytic properties, making it a strong candidate for environmental and medical
applications. These results indicate that the hybrid chitosan-titanium dioxide
nanoparticles may be effective in applications such as disinfection and decomposition

of organic pollutants under sunlight [93].

In 2016, Salman prepared TiO, nanoparticles using a method of laser evaporation in
liquid. This was achieved by directing Nd: YAG lasers with wavelengths of 532
nanometers and 1064 nanometers towards a target of titanium submerged in deionized
water. The synthesized products were characterized using advanced techniques such as
X-Ray Diffraction (XRD), Atomic Force Microscopy (AFM), and UV-Visible (UV-
Vis) spectrophotometry. The results from this study indicated the successful synthesis
of TiO2 nanoparticles at room temperature. The average diameter of these nanoparticles
was approximately 84.78 nanometers for the 1064-nanometer laser wavelength and
about 95.96 nanometers for the 532-nanometer laser wavelength. Additionally, optical
property studies showed that these particles exhibited a direct optical transition with
energy band gaps of 3.82 electron volts for the 1064-nanometer laser wavelength and

3.65 electron volts for the 532-nanometer laser wavelength [94].

In 2016, Raut and et.al conducted experiments for the preparation and characterization
of chitosan-titanium dioxide nanocomposites, and measured their antimicrobial

activity under visible light. The sol-gel and ultra-sonication method assisted for the
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preparation of Chitosan-TiO,: Cu (CS-CT) nanocomposite. The structural properties
of prepared CS-CT nanocomposite were studied by XRD and FTIR techniques. The
XPS was used to estimate elemental composition of the nanocomposite. Thermal
properties were studied using TGA. TEM and SEM analysis showed the non-spherical
nature of NPs with the average mean diameter 16 nm. The optical properties were
analyzed with UV-vis diffuse reflectance spectroscopy to confirm optical absorption
in the visible region of light. Where CS-CT showed 200% enhanced light mediated
photocatalytic antimicrobial activity against microorganism (Escherichia coli and
Staphylococcus aurous) as compared with control. The results demonstrated that the
nanocomposites effectively killed bacteria under the influence of visible light,
suggesting potential uses in applications requiring bacterial disinfection, such as water

and medical surface disinfection [95].

In2017, Regiel-Futyra et.al. Developed non-cytotoxic silver-chitosan nanocomposites
aimed to effectively controlling biofilm-forming microorganisms. Given that biofilms
can lead to severe health issues and can exhibit resistance to conventional antibiotics,
the need for novel solutions is paramount. The results showed high efficacy of these
silver-chitosan nanocomposites in eliminating biofilm-forming microorganisms, while
preserving critical safety attributes like non-toxicity to cells. This suggests these
nanocomposites could serve as an effective treatment against infections triggered by
biofilms [96].

In 2018, Jbeli and et.al investigated the synthesis and photocatalytic properties of
chitosan-silver-titanium dioxide films. The surface of chitosan thin films was modified
in heterogeneous phase via a simple and straightforward mild chemical process:
chemisorption of silver ions followed by the synthesis in situ of TiO, at low
temperature (100 °C), the using techniques like X-ray diffraction, scanning electron

microscopy, and UV-visible spectroscopy. The films demonstrated outstanding
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photocatalytic activity under visible light, suggesting potential applications in

environmental remediation such as degradation of organic pollutants [97].

In a 2020, Menazea and Awwad this article attempt to synthesis titanium dioxide
(TiO2) doped zinc oxide (ZnO) composite via Pulsed Laser Ablation in Liquids (PLAL)
and study its antibacterial properties. The structure, optical, morphological of the
prepared composite have been investigated via various technique. XRD measurements
approved the enhanced crystallinity ZnO after doped by TiO; via PLAL technique. The
optical transmittance was enhanced from 78.6% of pure ZnO to 92.3% for TiO, doped
ZnO. Moreover, the cell viability has been studied for the papered pure ZnO and TiO-
doped ZnO. The minimum cell viability ratio was about 81.4 + 4.2% for pure ZnO and
was increased to 91.6 + 5.1% for TiO, doped ZnO. The antibacterial activity of the
samples that measured via MIZ approved that the TiO, doped ZnO make a raise in the
activity index. It was suggested that TiO, doped ZnO can be used in many antimicrobial

application [98].

In 2020, Menazea and et.al. investigated the synthesis, physical characterization, and
antibacterial properties of a polyvinyl alcohol (PVA)/chitosan matrix doped with
selenium nanoparticles, prepared using a one-pot laser ablation method. This technique
allowed for quick, eco-friendly synthesis of nanoparticles. The material displayed
significant antibacterial activity, suggesting potential applications in developing new

antimicrobial materials [99].

In 2021, Khashan and et.al used a one-step laser ablation technique in liquid to explore
the synthesis and antibacterial properties of TiO, nanoparticles. The synthesized
nanoparticles exhibited significant antibacterial activity against a variety of bacterial
strains, indicating potential applications in the biomedical field as an antibacterial agent
[100].
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In 2021, Khashan and et.al. used a laser ablation technique in liquid to explore the
synthesis and antibacterial properties of TiO, nanoparticles The samples were
characterized using UV-visible absorption spectra obtained with a UV-visible
spectrophotometer (UV-Vis,) Fourier transform infrared (FTIR), X-ray diffraction
(XRD), and transmission electron microscope (TEM). While, UV-Vis spectra showed
the characteristic band-to-band absorption peak of TiO, NPs in the UV range. FTIR
analysis showed the existence of O-Ti-O bond. XRD patterns indicated the presence of
(101) and (112) plane crystalline phases of TiO,. TEM images showed a spherical-like
structure of TiO2 NPs with various size distributions depending on the ablation period.
The antibacterial activity of TiO, NPs was evaluated with different species of bacteria
such as Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and
Staphylococcus aurous, using the liquid approach. The optimum activity of TiO, NPs
is found to be against E. coli at 1000 pg mL—1. Furthermore, adding, TiO2 NPs (1000
ug mL—1) in the presence of amoxicillin has a synergic effect on E. coli and S. aureus
growth, as measured by the well diffusion method. However, both E. coli (11.6 %
0.57mm) and S. aureus (13.3 = 0.57mm) were inhibited [101].

In 2021, Kadhum and et.al explored the structural and fluorescence properties of
titanium dioxide/silver (TiO2/Ag) nanoparticle bilayers. The researchers identified
unique structural and fluorescence characteristics, suggesting potential applications in

various fields, such as optoelectronics, sensing, and photocatalysis [102].

In 2021, lordanova et.al presented findings on the modification of chitosan/silver
nanoparticles thin films using ultra-short laser pulses. They found that this adjustment
resulted in enhanced antimicrobial properties, potentially allowing for fine-tuning the

antimicrobial activity of such films for various applications [103].
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In 2022, Rafiq et.al found that chitosan hydrogel loaded with Bischofia javanica could
be an effective method for preparing stable, efficient silver nanoparticles with potent
antibacterial properties. They suggested that these nanoparticles could have uses in

medical treatments, environmental applications, and wound healing [104].

In2022, Alheshibri and et.al explored the synthesis of a composite material consisting
of silver nanoparticles decorated on carbon nanotubes (CNTSs) and titanium dioxide
(TiO2). The AgQ/CNTs/TiO, nanocomposite showed excellent photocatalytic
performance, suggesting its potential for environmental remediation applications
[105].

In 2022, the researchers Ali and et.al prepared a three-layer nanocomposite containing
silver, zinc oxide, and chitosan through laser evaporation. The nanocomposites
displayed enhanced optical properties, antibacterial activity, and catalytic properties.
The proposed strategy enables the growth of very fine Ag NPs (2-10 nm) with good
dispersion, resulting in the synthesis of Ag/ZnO/Cs composites with antibacterial
effectiveness, enhanced UV-visible barrier characteristics, and boosted catalytic
reduction properties Staphylococcus aureus, Bacillus subtilus, Escherichia coli, and
Pseudomonas aeruginosa are used to study the antibacterial activity of various
Ag/ZnO/Cs hybrids. Within 10 min, Ag/ZnO/Cs exhibited 90 % removal efficiency
after four cycles, demonstrating the efficiency and stability of the composite catalyst
in reduction procedures. These nanocomposites might be effective in various

applications [106].

18



Chapter One General Introduction and Previous Studies

1-13 The Aim of The Study

1- Fabricate a (CS-Ti02-Ag) nanocomposite for the first time by using a pulsed laser

ablation method.

2- Study the optical and structural properties of the manufactured material ((CS-TiO-

Ag) nanocomposite).

3- Apply the (CS-TiO,-Ag) nanocomposite: a) in killing two types of bacteria (E. coli

and Klebsiella) and b) purifying contaminated water with high efficiency.
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2.1 Introduction

This chapter covers knowledge of the optical properties of nanoparticles from UV-
VIS spectroscopy, the absorption coefficient as well as the direct energy gap,
compositional properties of nanoparticles as determined by energy-dispersive X-ray
spectroscopy (EDX), structural properties involving infrared spectroscopy ( FTIR), X-
ray diffraction (XRD) imaging, scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) in addition to performing biological tests for bacteria, such

as killing and inhibition tests, and testing of nanomaterials in water purification.

2.2 Optical Properties

2.2.1 Absorbance

Absorbance, also known as the absorbance rate, is a fundamental physical property
that characterizes a material's ability to absorb energy from radiation, including light.
This property is influenced by various factors, such as the material's composition,
temperature, state (solid, liquid, or gas), and the type and energy of the radiation that it
encounters. The concept of absorbance is often categorized based on different
wavelength regions, such as ultraviolet, visible light, and infrared, which is especially
significant in applications dealing with specific types of radiation, like solar energy

techniques or spectroscopy [107].

Nanomaterials exhibit distinct absorbance characteristics compared to larger
materials due to their unique properties at the nanoscale. The optical behavior of
nanomaterials is influenced by factors such as particle size, shape, composition, and
inter-particle interactions. For instance, silver nanoparticles appear yellow when
suspended in water, while bulk solid silver appears leaden. This phenomenon is

attributed to surface Plasmon resonance effects, which occur when electrons on the

20



Chapter Two The Theoretical Part

nanoparticle's surface vibrate at a specific frequency due to their interaction with light
[108].

The relationship between absorbance and the intensity of incident light, as well as
the absorbing material, is crucial to understanding light-matter interactions. When light
passes through a material, its portion is absorbed as a result of interactions with the
material's molecules or atoms. Consequently, the intensity of the incident light that
passes through the material decreases. This relationship is mathematically represented
by the equation [109]:

A= 100 (Io/1) = =00C X oo (2-1)
I = 1o ™ (50 C X ) e, (2-2)
Where

A is the Absorbance

| is the intensity of the transmitted light

lo is the initial intensity of the incident light

a is the absorption coefficient (a measure of the material's ability to absorb light)
X is the thickness of the material.

C is the Concentration of solution( M)

2.2.2 Absorption Coefficient

Absorption coefficient describes the ability of a material to absorb light as it passes
through it. The absorption coefficient is denoted by “o”. This coefficient depends on
the properties of the medium, the thickness of the material and its ability to absorb

incident rays. In addition, it provides valuable information about the nature of
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electronic transitions that occur within the matter. A high value of absorption
coefficient (o) exceeding 10* cm™ indicates direct electronic transitions between the
valence and conduction bands.On the contrary, a low value of (o) less than 10* cm?
indicates the occurrence of indirect electronic transitions between the valence and
conduction bands [110].

G=LIX AN (10)- oo (2-3)

The absorption coefficient (o) can be calculated using the following equation(2-3)
law known as the Beer-Lambert law, which is strongly related to the effect of
absorption on the intensity of light. According to this law, the absorption coefficient
(o) depends on the change in light intensity before and after passing through the
material [110] .

2.2.3 Energy Gap

The energy gap is the space between the valence band and the conduction band. As
light interacts with matter, electrons can absorb energy from photons, prompting a
transition from the valence band to a state of higher energy. A large energy gap makes
it difficult for electrons to transition from the valence band to the conduction band,
leading to the material behaving as an insulator. Conversely, a small energy gap allows
electrons to jump easily from the valence band to the conduction one, rendering the
material conductive [111]. In the context of nanomaterials, the energy gap can be
significantly affected by the size of the nanoparticles. As the particle size is reduced to
the nanoscale, the energy gap typically increases due to quantum effects. This is known

as the quantum size effect [112].

One method of determining the energy gap in such materials is the application of
the Tauc equation, a tool that monitors how the absorption coefficient changes with

photon energy. The mathematical relationship in the Tauc equation [113]. is given by:

22



Chapter Two The Theoretical Part

ohv=AMhv-EQ)"r....c.oooiii (2-3)
where

h is the Planck constant.
v is the frequency.
r is a coefficient dependent on the type of allowed transitions.
A is a constant dependent on the semiconductor details.
Eg is the energy gap.
Generally, as the photon energy increases, so does the absorption coefficient,
reflecting the increasing ability of photons to liberate electrons. By graphing this
equation, the energy gap can be determined from the distance on the x-axis from the

origin to the point where it intersects with the straight line [114].

2.3 Structural properties

2-3-1 Fourier transform infrared spectroscopy (FTIR)

Fourier analysis of infrared radiation (FTIR) is a widely used a chemical analysis
tool. FTIR is used to determine the chemical composition of substances by measuring
the interactions between molecules and infrared radiation. Infrared light is transmitted
to the material, and the resulting spectra depend on the way infrared radiation is
absorbed by molecules. This can be particularly useful in determining the chemical
composition and chemical changes in a substance [115]. Table (2-1) shows the types
of chemical bonds of the fluorescence spectrum[116].

When analyzing nanomaterials, interpretation of FTIR data can be more complex.
Nanomaterials may cause infrared phenomena that are difficult to explain due to factors

such as quantum interference and quantum mechanical perturbations. Therefore,
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experience and advanced analytical software can be necessary to correctly interpret the

data [117].
Table (2-1): For the fluorescence spectrum (FTIR)[116].

Type of Vibration Frequency Intensity Page
(em™) Reference
C—H Alkanes {stretch) 3000-2850 s 29
~—CHa (bend) 1450 and 1375 m
—CHs— (bend) 1465 m
Alkenes (streich) 3100-3000 m 31
(out-of-plane bend) 1000-650 s
Aromatics (streich) 31503050 s 41
(out-of-plane bend) 900-690 s
Alkyne (stretch) ca. 3300 s 33
Aldchyde 2900-2800 w 54
28002700 w
o Alkane Not interpretatively useful
C=C Alkenc 1680—-1600 m-—w 31
Aromatic 1600 and 1475 m—w 41
Ce=C Alkyne 2250-2100 m—w 33
C=0 Aldehyde 1740--1720 s 54
Ketone 1725-1705 s 56
Carboxylic acid 1725-1700 s 60
Ester 1750-1730 s 62
Amide 16801630 s 68
Anhydride 1810 and 1760 s 71
Acid chloride 1800 s 70
Cc-0O Alcohols, ethers, esters, carboxylic acids, anhydrides 1300-1000 s 45, 48,
60, 62,
and 71
O-H Alcohols, phenols
Free 3650-3600 m 47
H-bonded 3400-3200 m 47
Carboxylic acids 3400-2400 m 61
N—H Primary and secondary amines and amides
(stretch) 3500-3100 m 72
(bend) 16401550 m-s 72
C—N Amines 13501000 m-s 72
C=N Imines and oximes 1690-1640 w—s 75
Ca=N Nitriles 2260-2240 m 75
X=C=Y Allenes, k 5, 1ISOCY isothiocy 2270-1940 m—s 75
N=O Nivo (R—-NOy) 1550 and 1350 s 77
S—H Mercaptans 2550 w 79
S=0 Sulfoxides 1050 s 79
Sulfones, sulfonyl chlorides, sulfates, sulfonamides 1375-1300 and s 80
1350-1140
C—=X Fluoride 1400-1000 s 83
Chloride 785-540 s 83
Bromide, iodide <667 s 83

2.3.2 Electron Energy Dispersive Technology (EDX)

Electron energy dispersive technology is an analytical technique widely used in X-
ray techniques and electron microscopes to analyze the chemical composition of
materials. This technique depends on the interaction between the electrons and the
sample [118]. When EDX is used to analyze nanomaterials, information about the

chemical composition of the material can be obtained at the nanometer level. This
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requires the use of electron microscopy, which has a high-resolution emulsification
capability [119] .

However, there are some limitations in using ED X for the analysis of nanomaterials.
For instance, very thin samples may not produce a signal that is strong enough for
elemental analysis. Additionally, analysis of nanoscale samples may be more complex
due to the effects of size and shape on the signals produced [120]. For nanoscale
samples, EDX technology can also be used in quantitative studies that require
estimation of the relative proportions of chemical elements in a sample. This analysis
requires knowledge of physical theories related to the production of X-rays and their

interaction with the material [121].

To verify the accuracy of the results, the results of the EDX analysis are often
compared with those of other analysis techniques, such as optical power dispersive
(XRD) or XPS analysis [122].

2.3.3 X-Ray Diffraction (XRD)

Optical energy dispersive X-ray diffraction (XRD) analysis is a basic method used to

characterize the crystal structure of materials. The basis of this technique is Bragg's law

of diffraction, which assumes that X-rays are scattered from crystals in a pattern specific

to the lattice crystal structure [123]. In the analysis of nanomaterials using XRD,

information regarding the size and shape of nanocrystals can be obtained, along with

determination of crystal structure and detection of any crystalline defects [124].

Bragg's law is an integral part of the XRD analysis, and it is expressed as follows

[125]:

20 SN0 =N\ ..voviiiiieiice e (2-4)
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* d is the distance between the crystal planes.

* 0 1s the angle of incidence.

* n is an integer indicating the diffraction order.

* A corresponds to the wavelength of the incident x-ray(1.5406A0).

When X-rays encounter a crystalline sample during an XRD analysis, they are
deflected by the crystal planes. Each plane deviates from a part of the beam, as shown in
figure (2-1), and the diffracted rays interfere with each other. If the path spacing of the
rays is an integer multiple of the wavelength (described by Bragg's law), they overlap
constructively. This phenomenon is known as Bragg diffraction. The direction of these
diffracted rays and the resulting pattern provide important insights into the internal
structure of the crystal [126].The crystal size (D) of the as-prepared materials, which plays
an important role in material properties, can be estimated by X-ray spectroscopy and full

width at half maximum (FWHM) by analyzing the following Scherrer equation [127]:
D = (0.9 *1) / (Bcos (8))
where

e D is the crystal size
e FWHM is full width at half maximum (j3)

e 0 is the Brack angle

And 0.9 is a Scherrer constant called the form factor because it depends on the shape

of the crystal.
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Fiqure (2-1): The X-Ray Diffraction (XRD) examination process

2.3.4 Scanning electron microscope (SEM)

The scanning electron microscope (SEM) is tool used in a wide variety of scientific

and industrial applications. SEM is especially used to obtain high-resolution 3D surface

images of samples with nanometer resolution. SEM works by creating a beam of

electrons that is focused and directed toward a sample. When the electrons hit the

sample, they excite the electrons in the sample and generate several signals that can be

used to obtain information about the surface structure, chemical composition, and
optical properties [128]. Figure (2-2) shows the SEM components [129]. In the case of

nanomaterials, SEM can provide high-resolution images that show fine details of

particle size, shape, and distribution [130].
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Figure (2-2): The SEM components [129].

2.3.5 Transmission Electron Microscope (TEM)

The Transmission Electron Microscope (TEM) is a type of electron microscope that
utilizes a beam of electrons to illuminate the sample and generate an image. The beam
of electrons is concentrated and directed across the sample using electrical and
magnetic lenses .In a TEM, the sample consists of a very thin piece of material,

transparent to the electrons. The electrons are accelerated and directed towards the
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sample. Some of these electrons pass through the sample, while others are absorbed or
scattered by the sample. A screen or detector that can generate a detailed image at the
atomic level of the sample [131] captures the electrons that pass through the sample as
shown in the figure (2-3) [129].

Electron Gun

Anode
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Computer
Conwrol

Controller
Specimen
o——trrs Stage
Diffraction
ARSI Information
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information
Monitor
Viewer o -
Parallel > "T
Detector

Figure (2-3):The TEM components [129].

TEM is utilized in a wide range of applications, additionally, the TEM can provide

extremely high-resolution images up to the atomic level.
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3.1 Introduction

This chapter demonstrates the preparation of nanomaterials, including Chitosan
(CS), chitosan —Silver (CS-Ag), Chitosan -Titanium Oxide (CS-TiO,), And Chitosan-
Titanium Oxide -Silver (CS-TiO,-Ag) by pulsed laser ablation in liquids using
advanced analytical instrumentation. Measurements such as UV-vis spectroscopy,
Fourier transform infrared (FTIR), energy dispersive X-ray spectroscopy (EDX), X-
ray diffraction (XRD), scanning electron microscopy (SEM), and transmission electron
microscopy (TEM) were calculated. The biological application of the prepared
nanomaterials including eradication of E. coli and inhibition of Klebsiella bacteria, as
well as their environmental application in the purification of polluted water, are

explored.

3.2 Preparation of Nanomaterials

For the preparation of nanocomposites (CS-Ag, CS-TiOzand CS-TiO,-Ag),
titanium oxide and silver sheets were purchased from the commercial market and high-
purity chitosan with a molecular weight of 1,500,000 g/mol from Life Sciences
(GP5053).

To prepare the solution, 0.5 (g) of chitosan powder was taken by dissolving it in
670 ml of water and 70 ml of acetic acid [132]. A 5 ml of prepared chitosan solution
was used to submerge a silver plate. The Department of Laser Physics, College of
Science for Girls, University of Babylon, owns an Nd:YAG laser device. As shown in
figure (3-1), it is manufactured in Germany to remove atoms from solid materials and
extract them to form nanomaterials. With a wavelength of 1064 nm, an energy of 500
mJ, a pulse number of 500 pulses, and a frequency of 1 Hz. Then a silver plate was
excised and a titanium plate was placed with the same parameters, but with a higher
number of pulses (1000 pulses), Thus, the fabricating of CS-TiO,-Ag. CS-Ag and CS-
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TiO, nanocomposites were prepared separately in the same chitosan solution, and the
same laser parameters mentioned before were used for CS-Ag, CS-TiO,, and CS-TiO,-
Ag. These samples were deposited on aluminum blocks for EDX and SEM analysis.
Additionally, the same samples were placed on a glass slide for XRD analysis. The

liquid was used for analyses (UV-Vis, FTIR) and the liquid copper slide for ( TEM).

Figure (3-1) : Pulsed Nd-YAG laser.

3.3 Devices That were Used.
Many devices were used in the measurements that were made on nanomaterials, as
follows:

3.3.1 Absorption Spectrum Measurement (UV-Visible)

It is a device for measuring the absorbance of materials through a spectrometer that
extends from 190 to 1100nm and was divided into three regions: 190-400nm
ultraviolet spectrum, 400-750nm visible spectrum, and 750-100nm near infrared

spectrum. This device is located in the College of Sciences for women, University of

31



Chapter Three Experimental Work

Babylon, and its model is CECIL CE7200 UV-Visible as shown in figure (3-2).

Through which the absorbance intensity of the nanomaterials prepared in this study

was analyzed.

Figure (3-2) :UV- Spectrophotometer
3.3.2 Fourier Transform Infrared Spectrometer (FTIR)

It is used to find out the chemical bonds in the materials examined through FTIR

spectroscopy by adding a few drops of solution shown in figure (3-3). The device was
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operated at room temperature. The research was conducted in the Advanced Physics
Laboratory at the College of Sciences for women, University of Babylon, made in
Germany, with a model (ALPHAB).

Figure (3-3): Fourier Transform Infrared Spectrometer FTIR

3.3.3 X-ray Diffraction (XRD)

This device (type Analytical X 'Pert Pr), of British origin, as shown in figure (3-4)
is used in order to know the characteristics of the crystal structure and the nature of
crystal growth. The drop coating method prepared samples deposited on glass slides
[133].
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Figure (3-4): The X-ray diffraction (XRD) device.

3.3.4 Scanning Electron Microscopy (SEM), X-Ray Energy Dispersive
Spectroscopy (EDX)

The size of the particles, their shapes, and the prepared nanostructures were studied
by using a scanning electron microscope, where the samples to be examined were
deposited on aluminum slides. An X-ray energy dispersive spectroscopy device is
attached to scanning electron microscopy device, where it was examined to ensure the
purity of the materials used. Figure (3-5) shows the associated SEM device with The
EDX device, which are of American origin, are produced by the FEI Company located

in the College of Pharmacy, University of Babylon.
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Figure (3-5): The scanning electron microscopy (SEM), energy dispersive X-ray
(EDX)

3.3.5 Transmission Electron Microscopy (TEM)

It is an instrument used to analyze and characterize the size, shape, and atomic
arrangement of nanomaterials [134]. The samples, which were deposited on a copper
mesh, were analyzed using a German-made ZEISS LEO 912 model device, as depicted
in figure (3-6).
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Figure (3-6): The Transmission Electron Microscopy (TEM)

3.4 Biological Application

To apply the nanomaterials to killing bacteria, E. coli and Klebsiella bacteria were
taken from the life sciences laboratories in the College of Sciences for Women,
University of Babylon. To prepare Mueller-Hinton agar (a culture medium for
bacteria), approximately 38 g of agar powder (CMO0337B) is suspended in 1 L of
distilled water. Then mix well and dissolve. Steam sterilises at 121 °C for 15 minutes.
The liquid is then poured into a Petri dish and left to solidify. The surface of the agar
plate is inoculated in the same way as the disc spread method, by spreading a volume
of microbial inoculum over the entire surface of the agar. Then, using a sterile drill, a
hole 6 to 8 mm in diameter is aseptically drilled, a volume (0.5 mL) of antibacterial

nano-solution is applied, and then the agar plates are incubated at 37 °C. The
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antimicrobial drug is spread into the agar medium, which inhibits the growth of the

tested microbial strain [135].
3.5 Environmental Application

To purify polluted water taken from polluted sewage (Al-Yahudiyah Water stream)
in Babil Governorate. A filter was made by the use of a sponge 5 cm long and 3 cm in
diameter which was placed inside a 12 cm long syringe. The intravenous (V) infusion
set is then inserted into the bottom of the syringe, while the other end is placed in the
cup, as shown in figure (3-7). Before the filtration process, the intensity of absorption

of contaminated water was examined with a UV spectrometer.

Figure (3-7): A water purification filter
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The absorbance of contaminated water was measured after it was extracted. After
passing the water through the produced filter, the absorbance was measured. After that,
the sponge was submerged for five minutes inside the nanocomposite made of silver,
titanium oxide, and chitosan, and the absorbance was measured. After refiltering the
water and measuring its absorbance, the procedure was repeated, but this time, the
combination was left inside the sponge for an additional five minutes before the

absorbency was checked.
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4.1 Introduction

This chapter presents the results of physical analysis of the optical properties
(UV-Vis, absorption coefficient, gap energy), structural properties (FTIR, EDX,XRD
, SEM and TEM) of the prepared nanocomposites (Cs),(Cs-Ag), (Cs-TiO,) and (Cs-
Ti0,-Ag) by pulsed laser ablation in liquid (PLAL). From the biological side, this
chapter studies the effect of these compounds in killing Escherichia coli bacteria and
inhibiting Klebsiella pneumonia. From the environmental side, this chapter shows

how to filter and purify polluted water and discuss the results obtained.
4.2 optical properties

4.2.1UV-Vis absorption

UV-Vis septum a chitosan edge appeared at 275 nm, the peak of CS-Ag is at 400
nm, and for CS-TiO,, the edge 1s at 375 nm. For CS-TiO,-Ag, the peak position has
no change, but the intensity of absorption had been changed due to the increasing in
the concentration of nanoparticles in the solution [135,136], where the increment in
the intensity of (CS-Ti0,) and the decreasing of (CS-Ag) intensity of the composite
(CS-Ti0O,-Ag). This is due to the presence of core-shell, which means that the silver

is surrounded by titanium [137] as shown in figure (4-1).
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Figure (4-1): UV—vis spectra of the CS —Ag, CS-Ti0,, CS-Ti0,-Ag, and CS.

4.2.2 Absorption coefficient
Figure (4-2) shows the absorption coefficient at CS,CS-Ti0, CS-Ag, and CS-
T10,-Ag.The absorption coefficient values are shown in the table ( 4-1).

7
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Figure (4-2): The absorption coefficient for CS, CS-Ag, CS-TiO,, and CS-TiO;,-Ag

40



Chapter Four

Results and Conclusions

Table (4-1): The absorption coefficient for CS, CS-Ag, CS-TiO,, and CS-TiOz-Ag

nanocomposites absorption coefficient(o) cm!

CS 6.8
CS-Ag 3.3
CS-TiO, 2.3

CS-TiO-Ag  CS-Ag (1.5),CS-TiO»-Ag(3.2)

4.2.3 Energy Gaps

Wavelength (A\)(nm) Ref.

275 [138]
400 [139]
375 [140]
400, 375 (139,140]

The energy gaps of the {(Ag), (Ti0,), (CS), (CS-Ag), (CS-Ti0,), (CS-TiO,-Ag)}

as shown in figure (4-3). The values of the indirect energy gap are shown in the table

(4-2). Titanium oxide is a semi-conducting oxide. When it is doped with chitosan

polymer, it creates secondary levels in the energy gap between the valence band and

the conductive band, as similar with silver nanoparticles.

Table ( 4-2 ):Direct energy gap for (Ag), (TiOz), (CS), (CS-Ag), (CS-TiOy), (CS-TiO2-Ag)}

Nano material

Ag

TiO2

CS
CS-Ag
CS-TiO2

CS-TiOz-Ag

1.6
2.5
2.9
2.37
2.38
2.1

Energy gap (ev)
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Figure (4-3): The energy gap (Ag), (Ti0,), (CS), (CS-Ag), (CS-Ti0,), (CS-TiO,-Ag)

According to the previous results of the absorption coefficient of the prepared
materials, it was proven that the energy gap of the prepared nanomaterials is a indirect gap.
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4.3 Structural properties

4.3.1 Fourier Transform Infrared Spectrometer [FTIR]

infrared spectroscopy is a powerful tool for analyzing the functional groups present in
molecules. In general, the position and shape of peaks in the infrared spectrum can be used
to identify specific functional groups within the molecule [141].Figure(4-4) shows the
chemical bonds (C-H, C-N, O-H, C-O, C-O-C, COO, C=H, C=C) to the chitosan polymer,
which are present in all samples, and in the sample CS-Ag. Bonds (Ag-NH,, Ag-O) follow
the bond of silver with the polymer. In the sample, CS-Ti0, bonds also appeared, indicating
the presence of titanium in the polymer (Ti-O-Ti), the CS-TiO,-Ag sample revealed links
indicating the presence of both silver and titanium (Ag-O, Ti-O, Ti-C). These results indicate
that the TiO, and Ag nanoparticles are present in the matrix of the CS polymer.

Cs

Cs-Ag
Cs-TiO2
Cs-TiO2-Ag

Transmittance (a.u)

O-H

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber cm-1

Figure (4-4): The FTIR for CS-Ag, CS-Ti0O,, CS-Ti0,-Ag, CS.
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4.3.2 Energy Dispersive X-Ray spectroscopy [EDX]
In the energy dispersive X-ray spectroscopy (EDX), as shown in figure (4-5A)
and (4-5B), several elements such as (C, N, and O) are for chitosan [142,143]. Ag and
Ti represent silver and titanium nanoparticles, and Al may be, Mo contaminated from

the sample holder.

cps/eV -
4'05 A (CS-Ag) Material |C [wt.%]
3.5 | S
3.o—f
. Ag 67.78
2.540
1N N 14.76
) Ag
2.0__ O MO
Al S Mo C 10.22
1.5
1.0 o 4.37
0.5 Al 2.10
0.0 T T T T T T T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 Mo 0.77

keV

Figure (4-5): The EDX for A(CS-Ag)
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Figure (4-5): The EDX for B (CS-Ti0,)
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4.3.3 X-Ray Diffraction [ XRD]

X-ray diffraction technique was used to study the crystal structure of CS-TiO,,
CS-Ag and CS-Ti0;-Ag. In the diffraction spectrum, as in Figure (4-6), the chitosan
polymer appears in the figure to have clear peaks at the angle (20 = 10.5, 13.04) and
in the direction [(020), (021)], respectively. This is consistent with a previous study
[144], while in CS-TiO,. It shows the peaks at (20 = 29.701, 37.42), directions (101,
401), and intensities (110), (110), respectively. These angles coincided with the
international card of titanium oxide (46-1238). The X-ray diffraction spectrum of CS-
Ag shows the diffraction peaks at (260 =29.54, 32.03, 35.32, 37.27), corresponding to
a previous study [ 145], the international card for silver (41-1402), and in the direction
of (331), (131)., (100), (101) with density (100, 100, 20, 50) respectively.

In addition, for CS-TiO,-Ag, its diffraction spectrum was at different angles (26
=29.655,32.172, 37.328), directions (204), (404), (205) and density (150, 800, 100),
respectively. , in comparison with the international card (32.1028).

The angles in CS-Ag, CS-TiO, were replicated with the CS-TiO,-Ag angles, but
the angles (29, 32, and 37) were different in intensity as described above.

The peaks for CS-Ag appeared more than the peaks for CS-TiO,, although the number
of pulses used in titanium ablation is more than the number of pulses used for silver,
due to the higher bonding energy of titanium, as it needs a higher bonding energy.

The number of pulses to eliminate bonds between its atoms [146,147].
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Figure (4-6): The XRD for (CS), (CS-Ti03), (CS-Ag) and (CS-Ti0,-Ag)

4.3.4 Scanning electron microscope [SEM]

In the scanning electron microscope (SEM) images as in figure (4-7), sheet of
chitosan formed with silver and titanium dioxide appeared in the form of white
dots, and the grain size was different, the average particle size was 95 nm. Taking

into account, the small sizes could not be calculated by the Imagej program.
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Figure (4-7): The SEM CS-TiO,-Ag

4.3.5 Transmission electron microscopy [TEM]

The TEM image showed that chitosan is a heterogeneous particle in shape, whilst,
generally, it is given a spherical appearance as in figure (4-8), chitosan usually shows
a fibrous or plate-like structure. However, in the case of the observed particles, the
chitosan polymer took on a spherical shape. The concentration of the polymer, in
addition to other factors such as the method of preparation, temperature, and pH,
affects the shape of chitosan [148]. It turns out that the average size is 13 nanometers,

as shown in figure (4-9).
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Figure (4-8): The TEM CS nanoparticle
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In the case of the nanocomposite (CS-Ag), the particles appeared to be almost spherical
and in the shape of a core -shell, as in figure (4-10). The size of the nanopatrticles is about 34
nm, as in figure (4-11). This is because the surface of the silver is covered with chitosan
which acts as an encapsulating agent and can be deposited on the surface of the silver
particles, leading to the formation of a core-shell structure with the core composed of silver

and the shell composed of chitosan [149].

NawahAtom Sci. Ltd. CO. Date: 13 March 2023
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Figure (4-10): The TEM CS-Ag nanoparticle
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In the case of (CS-TiOy,), it appeared in a semi-spherical shape and was covered

with spherical chitosan particles, as in figure (4-12). The average size of the

nanocomposite (CS-TiO,) is 15 nanometers, as shown in figure (4-13).

50 nm NawahAtom Sci. Ltd. Co

Date: 13 March 2023

Figure (4-12): The TEM CS-TiO; nanoparticles
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Figure(4-13): Diagram of the size of a CS-TiO, nanoparticle

In the case of the nanocomposite, it appeared in a spherical shape, as shown in

figure (4-14). The effect of chitosan on silver nanoparticles and titanium oxide
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nanoparticles can be varied and depends on the preparation conditions and
concentrations used. The average size of the CS-TiO,-Ag compound is 32nm, as

shown in figure (4-15).

S —— NawahAtom Sdi. Lid. Co Date: 13 March 2023

Figure (4-14): The TEM CS-TiO»-Ag nanopatrticles
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Figure (4-15): Diagram of the size of a CS-TiO,-Ag nanoparticle
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4.4 Nanocomposite applications

4.4.1 Antimicrobial applications

The E.coli bacteria were apply on various compounds, including CS, CS-TiO,-
Ag, CS-Ag, and CS-TiO,, at a rate of 200 pl per compound. After an incubation
period of 24 h at 37 °C, the highest killing rate of 40 mm was observed with the CS-
TiO,-Ag nanocomposite, followed by the CS-TiO, nanocomposite at 38 mm. The
composite of CS-Ag exhibited a killing rate of 36 mm, while the CS polymer showed
the lowest rate of 20 mm. These results are depicted in Figure (4-16). Additionally,
after an incubation period of 72 h, the killing rates remained unchanged, confirming

the complete elimination of the bacteria by the compounds.

Table (4-3): Area of killing zones for E. coli bacteria

Nano material Killed E.coli

CS 20(mm)
CS-Ag 36(mm)
CS-TiO; 38(mm)
CS-TiO:-Ag 40(mm)
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CS-Ag

Figure (4-16): The killed the bacteria (£.coli)

When nanomaterials were added to K/ebsiella bacteria under identical conditions
for 24 h, the killing rates for CS-TiO,-Ag, CS-TiO,, CS-Ag, and CS were found to
be 43 mm, 38 mm, 35 mm, and 28 mm, respectively, as illustrated in figure (4-17A).
However, after an incubation period of 72 h, the bacteria were observed to regrow, as
shown in figure (4-17B). These results indicate that the nanocomposites are able to
inhibit K/ebsiella bacteria and kill E. coli bacteria.This outcome can be attributed to
the fact that E. coli bacteria carry a positive charge, whereas Klebsiella bacteria carry

a negative charge.
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Table (4-4): The inhibit zones Klebsiella bacteria

Nano material inhibit Klebsiella bacteria

CS 28(mm)
CS-Ag 36(mm)
CS-TiO2 38(mm)
CS-TiO2-Ag 43(mm)
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Figure (4-18B): The inhibited bacteria (Klebsiella)
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Table (4-5): Compared with previous studies of the effect of nanocomposites in killing bacteria.

Nano material Method of preparing Type of bacteria Killed rate Ref.
nanomaterial
CS-TiO2 chemical method E. coli Kills E. coli bacteria 93
100% after 24 hours
CS-TiO2- Cu  Sol-gel and ultra - E. coli and staphyloco Completely killed 95
sonication
TiO2 laser ablation technique Escherichia coli, E. coli (11.6 101
Pseudomonas +0.57mm) and S.

aeruginosa, Proteus aureus (13.3 +
vulgaris, and 0.57mm) were

Staphylococcus aureus  inhibited

CS-Ag ZnO laser evaporation Staphylococcus aureus within 10 min 106
Bacillus subtilus, exhibited 90 %

Escherichia coli

CS-Ag chemical method E. coliand S. aureus More than 90% if 150
the incubation
hour is

increased
CS-TiO2-Ag Puls laser ablation in ~ Killed Escherichia coli ~ Completely killed ~ Our

liquid e ) Escherichia coli
q and inhibited bacteria and inhibited stud
(Klebsiella) bacteria y
(Klebsiella)
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4.4.2 Water Purification

The effectiveness of the filter shown in figure (4-19):

3.0
water polluted
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25 —— Filter(CS-TiO,-Ag)
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o
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200 300 400 500 600 700 800
wavelength(nm)
Figure (4-19): UV—vis spectra of the water polluted, sponge filter only, sponge filter
with (CS-TiOz-Ag).

for water purification was evaluated by measuring the adsorption of contaminated
water. Initially, the absorption intensity was found to be 2.54. After the water is
passed through the filter, it is found that the absorbance increases to 2.77, which
indicates that the filter has successfully captured and removed pollutants. Then, the
same process was repeated with the application of the nanoparticles after an interval
of 10 minutes, and the absorbance was found to be 1.33, which indicates the continued
efficiency of the filter in removing pollutants and the efficiency of the nanocomposite

(CS-Ti0O,-Ag) in removing pollutants.

Based on these results, it can be concluded that the filter is suitable for purifying

water with an efficiency of 50%.
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4.5 Conclusions

Pulsed laser ablation in liquids has been demonstrated as an effective and safe method
for preparing nanomaterials. This technique has been successfully used to create
chitosan-based nanocomposites, indicating its ability to achieve nanostructures with
precise control of properties.

The energy band gaps of the as-prepared nanomaterials were successfully determined,
and the absorption spectra provided clear details of the absorption peaks associated
with the additives. The study confirmed the existence of the crystal structures through
X-ray diffraction analysis, highlighting material compositions and crystal sizes.
Nanoparticles have been shown to be effective against Escherichia coli and Klebsiella
bacteria, which represents a major advance in infection control and public health.
CS-TiO,-Ag has demonstrated high water filtration efficiency, confirming its ability
to improve water quality and positively impact the environment.

This study lays a strong foundation for the use of nanomaterials across a variety of
applications, including infection control and water purification, opening the door for
further research and development in this fascinating field.

In summary, the results of this study indicate a promising potential for employing the
nanomaterials prepared using the pulsed laser ablation method in liquids to enhance
various applications. This highlights their versatility in multiple areas, and showcases

the ability to achieve tangible and effective improvements.
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4.6 Future studies

1. Applying the nanocomposite (Chitosan-TiO,-Ag) to other types of bacteria,
parasites, or fungi.

2. Mixing chitosan polymer with magnetic materials and studying their
properties.

3. Preparation of a nanocomposite containing chitosan in different concentrations

and studying the changes in properties.
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