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Summary

In this study, the casting method was adopted to prepare new nanocomposites

(PVA-TiO,-Ag) and (PVA-SnO,-Ag) using pure polyvinyl alcohol (PVA) polymer
with a weight of (0.485 g) and the weight (0.0075 g) once for tin oxide SnO, and
again for titanium oxide TiO,, and finally adding different weight percentages
(0. 0075, 0.015, 0.025, 0.03) g of silver nanoparticles (AgNPs). At the same time, a
theoretical study was conducted on these prepared compounds using Gaussian 09
program and based on the theory of Density function by using the hybrid functional
three effects Lee-Yang-Parr B3LYP level together with the Stuttgart Dresden triple
zeta (SDD) basis sets. The best geometric optimization of the models was obtained
by calculating the values of bonds and angles theoretically, and comparing them with
previous studies, a good convergence was found between the two values. Also, using
the time-dependent Schrddinger equation. The spectral properties were calculated,
which included the infrared spectrum and the visible-ultraviolet spectra. It was found
that the PVA polymer is absorbed in the ultraviolet region of electromagnetic
radiation, and that the doping of the pure polymer by SnO,, TiO, and AgNPs was
one of the important methods for modulating the optical absorption of PVA.
The electronic properties were also calculated, which included calculating the value
of the total energy (Et), which started to decrease more when adding (AgNPs) to the
nanocomposite (PVA-TIO,) and (PVA-Sn0O,), and this indicates that all samples
prepared from nanocomposites have a good relaxation. The energy gap value of the
pure polymer (PVVA) was also calculated and the effect of adding nanomaterials was
studied. It was found that the increase in the concentrations of nanomaterials added
to the nanocomposite leads to a decrease in the energy gap value from (6.101) eV
for the PVA polymer to (3.283) eV for the nanocomposites (PVA -SnO,-Ag) and
(1.336) eV for the nanocomposites (PVA-TiO2-Ag).



Practically, the samples were subjected to an optical properties examination, where
it was observing that the absorbance, absorption coefficient, extinction coefficient,
refractive index, real and imaginary dielectric constants, and optical conductivity of
the nanocomposites (PVA-TiO,-Ag) and (PVA-SnO,-Ag) increased with increasing
concentration of (AgNPs), on the other hand there is a decrease. The value of the
permeability and energy gap of the nanocomposites is clear with increasing
concentration of (AgNPs).

The antibacterial activity of the nanocomposites (PVA-TiO,-Ag) and (PVA-SnO,-
Ag) against Salmonella, E. Coli and Stenotrophomonas maltophilia as a model for
Gram-negative bacteria and Bacillus cereus as a model for Gram-positive bacteria
was studied. It was found that this antibacterial activity is caused by silver
nanoparticles, the higher the concentration of (AgNPs), the greater area of inhibition,
because (AgNPs) has a physical mechanism that works to damage the walls of
bacteria cells. It was found that the nanocomposites (PVA-SnO,-Ag) gave a higher

activity than the nanocomposites (PVA-TiO,-Ag) in inhibiting bacteria.
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Chapter One .......ccceeviiiiniiiinniennnnens Introduction and Literature Review

1.1 General Introduction

Materials in the nanoscale are dealt with nanotechnology, which is considered
a field of applied science [1], which is used to treat matter in the atomic and
molecular scale because it is one of the applications of science and technology,
which has the ability to form micro and large materials with high atomic accuracy
[2]. In the field of food, medicine and agriculture, nanoparticles have drawn the
attention of researchers and scientists [3]. As for the science of polymers, previous
studies showed the interest of nanotechnology in this science, as previous studies
included in their research on nanoscale dimensions, but it was not known as
nanotechnology until recently [4]. Nanoscience and nanotechnology have drawn
great attention to nanomaterials. Nanostructure science and technology is a broad
and interdisciplinary field of research and development that has grown exponentially
worldwide in the past few years [5].
Based on the origin of Nanoparticles (NPs) and nanostructures, they can be classified
into two categories, natural and synthetic, Natural nanomaterials are produced in
nature by biological species. While Synthetic (engineered) nanomaterials as shown
in Figure (1.1) are produced by mechanical, physical, chemical, biological or hybrid
methods [6]. Has the potential to revolutionize the ways in which materials and
products are created and the scope and nature of accessible jobs. It already has a
large commercial uptake, which will definitely increase in the future [7]. Carbon-
based nanoparticles are those that are entirely composed of carbon, they are divided

as shown in Figure (1.2), and occasionally activated carbon in nano size [8].
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Figure 1.1. Variance process for the preparing of Synthetic nanoparticles [5].

Nanomaterials can be distinguished by having dimensions ranging from 1-100 nm,
as an example of 1D film covers, 2D such as threads, and 3D dimensions are
represented by particles [10]. For example, nano-carbon, silica, nano-silver, and
carbon nanotubes), where it can be used in many applications, including
biomedicine, electrochemistry and photochemistry. Figure (1.3) shows a group of
nanomaterials (alloys, metals, metal dioxide, gold and carbon) with a variety of

morphologies (shapes) [11].
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Figure 1.2. Carbon based nanoparticles [9].
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Figure 1.3. Nanomaterials with a variety of the morphologies [12]
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1.2 Polymer Blend

A polymer blend is a combination of two or more polymers that have been
combined to form a new material with distinct physical properties. In general, five
types of polymer blends have been extensively studied: thermoplastic—thermoplastic
blends, thermoplastic—rubber blends, thermoplastic—thermosetting blends, rubber—
thermosetting blends, and polymer—filler blends.

Polymer blending has received a lot of attention as a simple and cost-effective
method of creating polymeric materials with versatility for commercial applications.
In other words, by carefully selecting the component polymers, the properties of the
blends can be tailored to their intended use [13]. Today's market pressure is so
intense that plastics manufacturers must provide better and more cost-effective
materials with superior property combinations as a replacement for traditional metals
and polymers. Although plastic raw materials are more expensive in terms of weight
than metals, they are less expensive in terms of product cost. Furthermore, polymers
are corrosion-resistant, have a light weight with good toughness (important for good
fuel economy in automobiles and aerospace applications), and are used to make a
variety of goods such as household plastic products, automotive interior and exterior
components, biomedical devices, and aerospace applications. The development and
commercialization of new polymers typically takes many years and is extremely
expensive. However, by using a polymer blending process that is also very
inexpensive to operate [14]. Polymer blends accounted for half of all plastics
produced in 2010 as part of the replacement of traditional polymers. Today's
polymer industry is becoming more sophisticated, with ultra-high-performance
injection molding machines and extruders available to detect and manipulate phase
separations and viscosity changes during the processing stages. While modern

blending technology can greatly extend the performance capabilities of polymer
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blends, increasing market pressure now dictates that polymer blends must perform
under certain conditions for specific applications (e.g., mechanical, chemical,
thermal, electrical). This is a significant challenge because the materials must
frequently function at the limit of the properties that can be achieved; as a result, in-

depth studies of the properties and performance of polymer blends are required [15].
1.3 Polymer Nanocomposites

Nanocomposites are multiphase solid materials with one, two or three
dimensions of less than 100 nanometers (nm), or structures with nanoscale repeat
distances between the different phases that comprise the material [16]. The concept
behind nanocomposites is to use building blocks with nanometer dimensions to
design and create new materials with unprecedented flexibility and physical property
improvement. The matrix materials of nanocomposites are classified as polymer
matrix nanocomposites (PMNC), metal matrix nanocomposites (MMNC), and
ceramic matrix nanocomposites (CMNC) [17].

Polymeric nanocomposites made up of inorganic nanoparticles and organic
polymers are a material class that has sparked a lot of interest in recent years [18].
Applications for nanocomposites include microelectronic packaging, medicine,
automobiles, optical integrated circuits, drug delivery, injection molded products,
sensors, membranes, aerospace, packaging materials, coatings, fire retardants,
adhesives, and consumer goods, and many other uses. These advanced
nanocomposites have numerous advantages, including low production costs and the
ability to fabricate devices on a large scale and on flexible substrates [19]. Creating
nanocomposites could be a solution for appropriately adjusting the properties of
individual nanomaterials such as optical, electrical, thermal, and mechanical
properties. Nanoparticles, in particular, are advanced technological materials due to

their appealing electrical / electronic properties and high refractive index.
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Nanocomposites of organic and inorganic materials can benefit from the properties
of both organic polymers (dielectric, ductility and flexibility) and inorganic
materials (high thermal stability, rigidity, strength, high refractive index and

hardness), and thus have a wide range of applications [20].

1.4 Poly (Vinyl Alcohol) (PVA)

Polyvinyl alcohol (PVA) is a critical polymer because of its unique physical
and chemical properties, and it has attracted numerous specialists over the years [21].
This polymer is available in powder, film, and fiber forms. It is a semi-crystalline
polymer formed by the gathering of OH and hydrogen bonds [22- 24].
It is also regarded as one of the few vinyl polymers solvent in water with high
straightforwardness and adaptability. It is now used in biomedical materials as a
medication conveyance framework and layers for emulsification, estimating, and
glues [25]. PVA can also be used in therapeutic applications, such as fake veins,
manufactured digestion systems and contact lenses. Because of its resemblance to
the living body, it has been identified as a therapeutic material [26]. Electrical
properties of materials have long been of practical importance and theoretical
interest. It is well understood that electric property estimations are powerful tools
for depicting inorganic semiconductor doped on polymer nanocomposites, which
provide information about electronic properties and demonstrate the relationships
between structure and electrical properties of nanocomposites [27]. The polyvinyl
liquor polymer was chosen as a host lattice in this concern due to the advantages of
its high mechanical quality, water dissolvability, great natural solidity, and do pant
subordinate electrical conductivity [28]. Polyvinyl liquor is a decent shielding
material with low conductivity and dielectric loss, and thus important in the

microelectronics industry; however, its electrical conductivity and charge
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stockpiling ability can be significantly affected by doping. Where can adjust the
electrical and optical properties of polymers depending on their reactivity with the
host network [29]. As shown in Figure (1.4), PVA has a carbon chain backbone with
hydroxyl groups that communicate with methane carbon.
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Figure 1.4. Preparation and molecular structure of polyvinyl alcohol [30].

1.5 Properties of Poly (vinyl alcohol) (PVA)

Poly (vinyl alcohol) (PVA) is a thermoplastic polymer derived from the
hydrolysis of poly (vinyl acetate) (PVAc), rather than polymerization processes as
with some other synthetic polymers. PVA still contains 1-2 mol percent acetyl
groups after hydrolysis. Its degree of polymerization (DP) is primarily determined
by the length of the PVAc macromolecular chain. PVAc is converted to PVA via
base catalyzed alcoholysis or acid initiated hydrolysis. PVA is the most polar
synthetic polymer; it has no odor, is nontoxic, is biocompatible, and is soluble in
water, acids, and high polar solvents. Its molecular weight (MW) is determined by
the (MW) of PVAc and the degree of hydrolysis PVA is well known for its use in
the production of fibers, including its use in surgeries, artificial leather, tubing,
gaskets with good stability to oil derivatives, rubber-like items, transportation belts,

emulsifiers, paper and paperboard adhesives, and general purpose adhesives for
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bonding paper, textiles, leather, and porous ceramic surfaces [31]. It should be made
water insoluble when processed for textile fibers and other applications. This is done
with an aqueous solution of sodium sulfate containing sulfuric acid and
formaldehyde for PVA fiber.

Because PVA is a water-soluble synthetic polymer, if no precautions are taken
against high temperatures, light exposure, microorganisms, and other environmental
factors, it may degrade in the environment through photo degradation,
biodegradation, and chemical degradation, which includes hydrolytic and oxidative
processes. A group of researchers investigated the rheological behavior of an
agueous solution of PVA with varying MW and concentration that was subjected to
freeze—thaw cycles. The results of the experiments indicate that the number of PVA
segments participating in the crystalline junction points increases exponentially
during freezing and decreases exponentially during thawing in the vicinity of the

critical point [32].

1.6 Titanium Dioxide (TiO)

Titanium dioxide (TiO,) has received a great deal of attention due to its unique
properties and numerous applications [33], including photovoltaic devices, photo
catalysis, environmental purification, optical coating and solar energy conversion.
TiO, crystallization occurs in three forms: anatase, rutile and brookite, as showed in
Figure (1.5). The anatase phase is of great interest in photocatalytic reactions and a
photocell electrochemical that can be used to degrade several environmental
pollutants (gaseous and liquid phases) under ultraviolet (UV) radiation due to its
strong oxidative strength, non-toxicity, and long photostability [34]. TiO, powders
have a wide range of industrial applications due to their unique optical, electrical,

and catalytic properties [35]. TiO, has received a lot of attention because it is used
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as an absorbent for ultraviolet radiation. When TiO; is exposed to UV light (> 385
nm), an electron/hole pair is formed [36].

Photocatalytic reactions take place primarily on the surface of titanium dioxide,
where electrons are generated and holes are trapped. PVA film is combined with
inorganic nanoparticles TiO, to improve new nano devices by improving optical,
structural, electrical, and chemical properties. TiO; is used in tissue engineering and
implantation applications due to its elegant biocompatibility and biomechanical
properties (such as the easy formation of hydroxyapatite via the Ti—OH site,

corrosion resistance, high stability, and increased bone growth rate) [37].

rutile anatase brookite

Figure 1.5. Tetragonal structures of crystalline forms of rutile, anatase and brookite TiO2
NPs [38].
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1.7 Tin Dioxide (SnOy)

The study of semiconductor materials has made a significant contribution to
technological advancement. Semiconductor materials are used extensively in
electronic devices. Tin dioxide is one of the semiconductor materials. The
semiconductor SnO; is an N-type semiconductor [39].

SnO; is a nanosized material that includes semiconductor materials. SnO; is
commonly used as a foundation for solar cells, transparent conductive dioxide and
gas sensors [40]. SnO, has several advantages, including high transparency,
sensitivity to gas presence and a band gap of around (Eq = 3.7) eV [41, 42].

Several previous researchers used sol-gel spin coating, spray pyrolysis, and sol-gel
dip-coating to prepare and grow SnO; layers, both pure and with doping additives
[43]. The sol-gel dip coating method is the simplest, but the resulting layer is less
homogeneous. The spray pyrolysis method has several advantages, including
uniform and homogeneous size, but the hollow and uneven layer morphology. When
compared to the other two techniques, the sol-gel spin coating has the most
advantages, namely effective and evenly formed layers that are not hollow [44].
Figure (1.6) show the unit cell of SnO, nanoparticles contains two tin and four
oxygen atoms, each tin atom is bound to six oxygen atoms at the corners of a regular
octahedron, and every oxygen atom is surrounded by three tin atoms the corners of

an equilateral triangle [45].
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Figure 1.6. Crystal structure of the tetragonal SnO2 with the cassiterite structure [45].

1.8 Silver Nanoparticles (AgNPs)

Because of their unique physical and chemical properties, silver nanoparticles
AgNPs are increasingly being used in a variety of fields, including medicine, food,
health care, consumer goods and industry, which among them optical, electrical and
thermal properties, as well as high electrical conductivity and biological properties
[46]. They have been used as antibacterial agents, in industrial, household and
healthcare-related products, in consumer products, medical device coatings, optical
sensors, and cosmetics, in the pharmaceutical industry, the food industry, in
diagnostics, orthopedics, drug delivery, as anticancer agents, and have ultimately
enhanced the tumor-Kkilling effects of anticancer drugs [47]. AgNPs have recently
been widely used in a variety of keyboards, wound dressings and biomedical
devices. To meet the demand for AgNPs, a variety of synthesis methods have been
used. In general, conventional physical and chemical methods appear to be
prohibitively expensive and dangerous. Biologically prepared AgNPs, on the other

hand, have a high yield, solubility and stability [48].
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1.9 Literature Survey

Shaymaa, H. et al., [49], in (2011), have prepared PVA-LIiF composites by
casting technique , where the optical properties of (PVVA-LiF) composite has been
investigated with different percentages (0,3,6 and 6) wt.% . Results showed that the
absorbance decreases with increase the weight percentage of lithium fluoride,
absorption coefficient, extinction coefficient, refractive index and real and
Imaginary parts of dielectric constants are increasing with increase the lithium
fluoride content.

Mustafa, A. et al., [50], in (2013), have been investigated the change in the
optical band gap and activation energy for pure and doped Poly (vinyl alcohol) films
with different cupper chloride concentrations. The optical properties were measured
in the wavelength range from (200-800) nm at room temperature. The optical band
gap (Eg) for allowed direct transition decrease with increase the concentration of
cupper chloride. The activation energy for allowed direct transition band gap was

evaluated using Urbach- edges method.

Vishwas M., et al., [51], in (2014), have used the TiO, (5, 10 and 15 mg)
nano-particles to study the effect of it on optical, electrical and mechanical properties
of poly (vinyl alcohol) (PVA) films were reported. The un-doped PVA films showed
high transmittance in the visible region, however with the increase of TiO, doping
the transmittance has decreased. Also found that the Raman spectrum shows
characteristic scattering peaks of the PVA films at 1432, 1145, 920 and 852 cm
and the peak observed at 637 cm ! is attributed to TiO, .

12
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Sabah A, et al., [52], in (2014), have prepared pure polymer (polyvinyl
alcohol (PVA)) films were prepared by using casting technique. The films were
doped with Ni (CH3COO): salt at different concentrations (2, 4, 6, 8 and 10) wt% to
investigate the effect of doping on some optical properties of the prepared films. The
absorption and transmission spectra have been recorded in the wavelength range
(190-1100) nm. The experimental results for (PVA-Ni (CH3COO)>) films show that
the electronic transition is allowed indirect transition, and the energy gap decreases
within increasing the filler content. The absorption coefficient, refractive index,
extinction coefficient and real and imaginary parts of dielectric constant are
calculated and it is found that all these optical parameters are increased with

increasing the filler content.

Shehap A., and Dana, [53], in (2016), have used Polymeric films based on
polyvinyl alcohol (PVA) doped with titanium dioxide nanoparticles at different
weight percentage (1.25, 2.5, 5, 7.5, 10 TiO2/PVA) were prepared using the
sonification and casting techniques. The structural properties of those samples were
examined by XRD, FT-IR and UV-Visible .The XRD pattern revealed that the
amorphous domain in PVA polymer matrix increased with raising the TiO2 content.
The complexation of the dopant with the polymer was examined by FT-IR studies.
The absorption spectra of UV-Visible light showed irregular changes of the
absorption for high doping samples in UV range (7.5, 10 TiO, /PVA). Absorbance,
transmittance and reflectance spectra were used for the determination of the optical
constants. The results indicated that the optical band gap decreases with increasing
TiO, content, while the refractive index increased to high value for the composites
of high dopant.

Itab F. [54], in (2017), have studied the change in the optical properties for
samples of pure PVA and PVA/K,CrO, composite have been studied. The samples

13
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were prepared with different percentage (1, 3, 5 and 7) %wt of K,CrO,4 by casting
method technique. And study the absorption, reflectance spectra, absorption
coefficient, energy gap, extinction coefficient and transmittance spectra as a function
of wavelength range (200-800) nm, also real and imaginary part of dielectric
constant have been studied in the range of wave length. The results exhibit the optical
properties change by the increase of K,CrO,4 concentration, and the values of energy

gap for indirect transitions decrease by the increase of the concentration of K,CrOs.

Khawla J., and Raja, [55], in (2018), have investigates a detailed study on
the optical properties of PVA/Ag nanocomposite films. In this interest, PVA/Ag
nanocomposites with different ways of study, the first prepared film by reduction
0.2M of Ag+ ions in 2 gm of PVA and study the transmission absorption coefficient,
refractive index, extinction coefficient, reflection, real & imaginary part of the
dielectric constant and the energy gap. The results proved that the best values of the
absorbency was within the range (350-500) nm, as well as for both they noticed an
increase of the refractive index, the extinction coefficient and reflectivity with
increasing energy, the second step of research was by using Density Functional
Theory (DFT), it was calculate spectrum absorption, intensity and energy gap for the
same compound PVA/Ag, the cooperation of polyvinyl alcohol (PVA) nanofibers
with silver (Ag) nanoparticles (mean width 8nm) has been displayed utilizing
thickness useful hypothesis (DFT) computations. The physical adsorption of PVA
through the hydroxyl gathering, to the Ag, were calculated by using DFT theory.

Vanathi V., et al., [56], in (2020), have studied details the impact of
stabilizing agents on the structural, optical properties of AgSnO, core shell
nanoparticles and its biological applications. The results were compared to study
their effect on the structural and optical properties of the synthesized samples. The

optical properties of the samples were investigated using UV—Vis spectra and the
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band gap energy were calculated using Tauc plot. The antibacterial and antifungal
activities of the chalcone dendrimer stabilized AgSnO; core — shell nanoparticles
were tested against the pathogens Bacillus subtilis, Proteus mirabilis, Candida
albicans and Aspergillus niger.

Aseel H., et al., [57], in (2020), have studied structural, optical and electrical
properties of PVA/PEO/SnO, new nanocomposites for flexible devices, where
fabrication of polyvinyl alcohol (PVA)—polyethylene oxide (PEO) blend doped with
tin dioxide (SnO) nanocomposites has been investigated for flexible electrical and
optical applications. The experimental results of optical properties for (PVA-PEO-
Sn0,) nanocomposites showed that the nanocomposites have higher absorbance in
UV region at wavelength range (200-280) nm. This behavior makes the
nanocomposites may be used for optoelectronics applications.

Zeena M. [58], in (2021), have studied influence of nano silicon carbide (SiC)
embedded in poly (Vinyl Alcohol) (PVA) lattice on the optical properties, and they
notice that the optical parameters increased with increasing the concentration of SiC
nanoparticles and also the energy gap for direct transition has decreased from 5.2 eV
to 5.0 eV, while the indirect transition reduced from 4.3 eV to 4.0 eV. The results
stated that increases in nano SiC in the structure of PVA lattice is accompanied with
decreasing the energy gap value.

Alaa M. [59], in (2021), have used in the present work, gallium oxide
nanoparticles (nGa,O3) are synthesized via the thermal microwave combustion
method, while nanocomposites of polyvinyl alcohol (PVA) polymer with various
concentrations of nGa,0; (0, 1, 2, 3, 4, and 5 wt. %) are prepared by the casting
technique. The structural characterization of nGa,0Os, PVA, and films of PVA-Ga,0;
nanocomposites are studied using X-ray diffraction (XRD), High-resolution
transmission electron microscopy (HRTEM), and Fourier-transform infrared
spectroscopy. The HRTEM and XRD examinations showed that the prepared
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nGa,03 has an average crystallite size of ~5.6 nm and particle size of ~0.9 um. On
another side, the optical transmission spectra were performed in the spectral range
250 to 2500 nm at room temperature.

Soliman T. [60], in (2021), have prepared synthesize barium titanate (BaTiO3)
nanocrystalline particles and to fabricate polyvinyl alcohol (PVA) films hosting
BaTiO3 in order to enhance structural and optical properties. By means of cast
solution, the PVA - BaTiO3; nanocomposite films are prepared. The polymer films
are described by X-ray diffractometer (XRD), Fourier-Transform Infrared (FT-
IR), UV-Vis spectroscopy and photoluminescence spectroscopy (PL). It is noticed
that as the BaTiO3z nanoparticles concentration increases in the PVA matrix, the
optical band gap decreases. The extinction coefficient, refractive index, optical

conductivity and dielectric constants of the polymer films are also improved.

Morsi, M. [61], in (2022), have prepared synthesize high dielectric constant
nanocomposite polymer films based polyvinyl alcohol (PVA) with different weight
ratios of nanoparticles TiO; (1.0, 2.5, 5.0, and 10 wt %) were prepared by the casting
method. The structure of TiO, nanoparticles is studied, where the FT-IR spectra
show a strong interaction between PVA and TiO; nanoparticles. The addition of
TiO, nanoparticles to the composites improved their mechanical properties. PVA
composite films filled with (5.0 wt %) TiO, nanoparticles exhibited the highest
dielectric constant (¢') reached up to 26 at 25 °C and 100 Hz.
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1.10 Aim of the study
The principle aims of this study are:

1. Fabrication of new types of (PVA-TiO,-Ag) and (PVA-SnO,-AgQ)
nanocomposites that it used in a wide variety of biomedical applications.

2. To clarify the effect of (AgNPs) concentrations added to the nanocomposites
(PVA-TIO,) and (PVA-SnOy).

3. To use the prepare nanocomposites in biomedical applications for antibacterial
activity of (PVA-TiO,-Ag) and (PVA-SnO,-Ag) nanocomposites.
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2.1 Introduction

Molecular modeling is a set of techniques for investigating physical and
chemical problems on a computer [62]. Computational physician and chemists can
employ four main methods, they are molecular mechanics (MM) methods, semi
empirical (SE) methods, ab initio methods and density functional theory (DFT)
methods.

Schrédinger equation is the fundamental equation to describe the motions of atomic
and subatomic system, electrons and nucleus. The time dependent Schrédinger

equation is [63]:
Wlw@E ) = — R D+ VEOPE D @1)
ot 2m
As:
AY(#t) = E¥Y(7,t) (2.2)

Where H is the energy operator or the Hamiltonian, acting on the wave function, and
V2 is the second derivative of the Laplacian, one will get the product of the
eigenvalue E with the wave function W(r, R). When the operator H"is dependent of
time, the Schrodinger equation then become well-known time-independent equation

written for a molecular system as [64]
AY(# R) = E¥Y(#R) (2.3)

Where ¥ (7, R) is the total wave function of the molecular system, r and R are the
electron and the nuclei spatial coordinates, respectively, E is the total energy of the
system and H the total Hamiltonian of the molecular system containing M nuclei and
N electrons [65]:
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Where (T,) and (T,,) are the electronic and nuclear kinetic energies, respectively,
(7. is the attractive interactions between nuclei and electrons, (¥,,,) is repulsive
interactions between the nuclei and (7,,) is repulsive electron-electron interactions.
The system can actually be described as all electrons moving in a potential field of
nuclei with fixed positions [66].

In Born-Oppenheimer Approximation, the electronic motion and the nuclear motion
in molecules can be separated and the total wave function of a molecule takes the
form [67]:

lPtotal = lPelectronic X anuclear (2-6)

The nuclear motion is much slower than the electronic motion because the nucleus
IS much heavier than the electrons. It could be considered as constant. The kinetic
energy of nuclei is eliminated and the potential energy of nuclei-nuclei could be
considered as fixed [68]. In terms of this, the kinetic energy of nuclei and the
potential energy of nuclei-nuclei can be eliminated from the Hamiltonian operator,

and the Hamiltonian operator H, is simplified as following [69]:

ﬁe = Te + 17ne + ]766 (2.7)
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2.2 Density Functional Theory (DFT)

DFT has proven hugely successful in the calculation of structural properties
of condensed matter systems and the electronic properties of simple metals. Its
advantages include less demanding computational effort, less computer time, and in
some cases better agreement with experimental values than is obtained from other
procedures. The premise behind DFT is that the energy of a molecule can be
determined from the electron density instead of a wave function [70, 71].

The original theorem applied only to finding the ground-state electronic energy of a
molecule [72]. DFT focuses on the much simpler electron density p(r). In general,
the electron density is the number of electrons N per unit volume for a given state.
It is dependent only on three coordinates independently of the number of electrons
of the system, thus [73, 74]:

N = [ p(¥)d? (2.8)

The difference between the methods of density function theory is the method of

choosing the shape of function to calculate the energy of bonding and exchange.

2.3 The Hybrid Functional

Another set of functionals that are widely used are the hybrid exchange-
correlation functionals. These combine the density function theory (DFT) with
Hartree- Fock theory (HF). The most popular hybrid functional B3LYP (Becke's3
parameter exchange correlation functional which uses 3 parameters) and LYP
(The Lee, Yang and Parr correlation functional) [75, 76].

Exct'"= Exc” + a0 (EX"- ExP) + ax (Ex“"- Ex"*) + ac(EF%- EcPY) - (2.9)
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Where ap = 0.20 ay =0.72 and a.= 0.81 are the three empirical parameters, EZ¢4
and ES%4 are the generalized gradient approximation formulated and EXP4 is the

local density approximation of the exchange energy [77].

2.4 Basis Sets

A basis set is a set of functions used to describe the shape of the orbitals in an

atom. Molecular orbitals and wave functions are created by taking linear
combinations of basis functions. Most semi empirical methods use a predefined basis
set. When Ab initio or (DFT) calculations are done, a basis set must be specified.
Although it is possible to create a basis set from scratch, most calculations are done
using existing basis sets. The type of calculation performed and basis set chosen are
the two biggest factors in determining the accuracy of results. The basis set functions
must be chosen to have a form that is useful in a physical sense [78-80]. That is, the
functions should have large amplitude in regions of space where the electron
probability density (the wave function) is also large, and small amplitudes where the
probability density is small [81].
We can find electron distribution around the nucleus using several methods such as
the use of hydrogen similarity functions, which are based on the Schridinger equation
for the hydrogen atom, or by the polynomial functions with adjustable coefficients.
In addition, we also have the functions of Slater and Gauss functions (or Gaussian
functions) [82].

2.4.1 Slater Type Orbitals (STOs)

Slater-type orbitals (STOs) are functions used as atomic orbitals in the linear
combination of atomic orbitals molecular orbital method. They are named after the
physicist John C. Slater, who introduced them in 1930. A typical (STO) is expressed
as [83, 84]:
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X570 = Nr"=1e=87Y,,,(6, 9) (2.10)
Here N is the normalization constant, r is the distance of the electron from the atomic
nucleus, n is a principal quantum number, ¢ is a constant related to the effective

charge of the nucleus, i.e. the nuclear charge being partly shielded by electrons.
Yim 1S @ spherical harmonic which describes the angular part of the wave function
[85,86].

2.4.2 Gaussian Type Orbitals (GTOs)

GTOs can be written in terms of Cartesian coordinates as [87]:

X6TO = NX1><y1yZIZ e 81 (2.11)

The sum of 1,1, and l; determines the type of orbitals, ¢ represents the orbital
exponent. The r2 dependence in the exponential is a deficiency of the (GTO) with
respect to the Slater-Type Orbitals (STO). GTOs have two main problems. First an
improper behavior nears the nuclei at r — 0, second problem is that GTO falls off
too rapidly far from the nuclei compared with the STO.

A rough estimate that three times as many GTOs as STOs are required in order to
reach the same level of accuracy [88-90]. One of the disadvantages of STOs is that
many-center integrals such as Coulomb and HF-exchange terms are difficult to
compute with STOs. Therefore, it does not play a role in modern wave function
based quantum chemistry codes. One of the advantages of the Gaussian basis set is
that the product of two Gaussian functions is another Gaussian function. As a result,
for the calculations of Coulomb and HF-exchange terms the analytical solution is
available for the Gaussian functions. Therefore the GTO basis function in HF and
related methods is popular because very efficient algorithms exist for analytically

calculating the many-center integrals [91, 92].
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In order to improve the GTO basis sets, one usually employs a contracted GTO basis
set, in which several primitive Gaussian functions are mixed to give a contracted
Gaussian function (CGF) as [93]:

x5 =2l Cyx ST (2.12)

Here, M is the number of Gaussian primitives used in a linear combination and C;;
are the orbital expansion coefficients. The basis sets used in Gaussian are classified
into minimal basis sets, split valence sets, polarization and diffuse functions and
others [94].

2.4.2.1 Minimal Basis Sets

The minimal basis set is the minimum number of basis functions needed to
describe the ground states of the component atoms in a molecule. A common name
of minimal basis sets is STO-nG, the n (n=2 to 6) represents the number of Gaussian
primitive functions that comprise a single basis function. In these basis sets, the
same number of Gaussian primitives comprises core and valence orbitals. Minimal
basis sets typically give rough results that are insufficient for research-quality
publication, but are much cheaper than their larger counterparts. The following are
examples of commonly used minimal basis sets: STO-2G, STO-3G, STO-6G
[93, 94].

2.4.2.2 Split-Valence Basis Sets

The inner-shell atomic orbitals in terms of a split-valence basis set are
represented by one basis function and the valence orbitals are represented by two or
more basis functions. One easy method to extend a basis set is to increase the number

of basis set functions used per orbital.
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Split-valence basis sets employ more than one basis function of variable orbital
exponents for each valence orbital and only one basis function for each core orbital.
For instance, the valence double-zeta (VDZ) basis set uses two basis set functions
per valence orbital while the valence triple-zeta (VTZ) uses three, and so on. While
the split valence basis sets provide a better description of the molecular orbitals
because they allow for variable atomic size, they still are not able to provide a

balanced basis set on their own [95].
2.4.2.3 Polarization and Diffuse Functions

Polarization functions are functions of higher angular momentum such as
d- type and f-type functions for heavy atoms and p-type and d-type functions for
hydrogen and helium atoms [96]. This increases the flexibility of the basis set by
allowing the shape of the orbital to change (i.e., become polarized in one direction).
The inclusion of polarization functions can be important for systems in which
hydrogen is involved such as hydrogen-bonding and proton transfers since these will
allow the s-orbital to become distorted from its regular spherical shape. Polarization
functions are used because they often result in more accurate computed geometries
and vibrational frequencies [97].
The addition of polarization functions is indicated in brackets after the contraction
scheme while diffuse functions denoted by ‘+’. For instance, the 6-31++G (d, p)
basis set includes a set of d-type functions on all heavy atoms and p-type functions
on hydrogen and helium. The first “+’ indicates that diffuse s-type and p-type
functions are included on heavy atoms, while the second ‘+’ indicates that diffuse

s-type functions have been included on hydrogen [98, 99].
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2-5 Gaussian 09 (G09) Program

One of the famous programs in computational chemistry can work in the
operating system windows and Linux and there are copies of capacities32 bit and 64
bit. All of the computational calculations were performed using the Gaussian 09
Revision- A.02 SMP suite of program with GUI (Graphical User Interface) called
Gauss view, version 5.0.8 (GV5 for short) [95]. Gaussian 03 Revision B.01 with
Gauss view 3.07(GV3for short) [100]. The ‘09’ and ‘03’ refer to the year 2009 and
2003, respectively, in which the software was published. G09 is the most recent
version. G09 contains about 500,000 lines (very approximate) of FORTRAN and
C++ code. Initiated by Sir John Pople (shared Nobel Prize with Walter Kohn in
1998) in the late 1960, the first distributed Gaussian package was labeled Gaussian
70 [101].

2.6 Structural Properties

The arrangement of atoms in the molecules and more specifically the electrons
around the atom determine the energy level of that molecule. In fact, the energy of
a molecular system varies even with small changes in its structure. This is why
geometry is so important when performing calculations. The objective of a geometry
optimization is to find the point at which the energy is at a minimum because this is
where the molecule is most stable and most likely to be found in nature. All
molecules possess geometry, characterized by [102]:

1. Number and types of atoms
2. Number and types of bonds

3. Relevant bond lengths 7: 0 < r < oo(in units of angstroms (A))
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4. Relevant bond angles 6: 0 < 8 < 180° (in units of degrees)

5. Relevant dihedral angles: —180° < ¢ < 180° (an angle between four atoms,

which signifies the 3-dimensional shape of the molecule).

Geometry optimization is a standard physical-chemistry calculation to find the
lowest energy or largest relaxed conformation for a molecule. The approach is
involving an iterative process, at each step, the molecular geometry is modified
slightly and the energy of the molecule is compared with the last cycle. The computer
moves the molecule a little, calculates the energy, moves it a little more, and keeps
going until it finds the lowest energy. This is the minimum energy of the molecule

and obtained at the optimized geometry [103,104].

2.7 Electronic Properties

2.7.1 HOMO, LUMO and Band Gap

The two most important molecular orbitals MOs are called the frontier orbitals
in which they lie at the outmost boundaries of the electrons of the molecules, these
MOs are the highest occupied molecular orbital HOMO and the lowest unoccupied
molecular orbital LUMO. The HOMO, which is the highest energy orbital
containing electrons, is the orbital acting as an electron donor. Inversely, the LUMO,
Is the lowest energy orbital having space to accept electrons. The energy gap is the
difference of the energies between the two orbitals HOMO and LUMO [105]:

Es= ELumo - Enomo (2.13)

HOMO and LUMO and their resulting energy gap not only determine the way of the
molecule interacts with other species, but their energy gap (frontier orbital gap) helps

characterize the chemical reactivity and kinetic stability of the molecule.
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2.7.2 Total Energy, lonization Energy and Electron Affinity

Total energy for a system is the sum of total kinetic and potential energy, at

the optimized structure that the total energy of the molecule must be at the lowest
value because the molecule is at the equilibrium point this means that the resultant
of the effective forces is zero [106].
The ionization Energy (lg) for a molecule is the amount of energy required to remove
an electron from an isolated atom or molecule and expressed as the energy difference
between the positive charged energy E () and the neutral E ¢ according to the
following relation:

le= E(+) — E(n) (2.14)

The electron affinity (Ea) of a molecule or atom is the energy change when an
electron added to the neutral atom to form a negative ion and expressed as the energy

difference between the neutral energy E,) and the negative charged energy E_,

according to the following relation:
EA: E(n) - E(_) (2.15)

In molecular orbital (MO) theory within the limitation of Koopmans™ theorem [107],

the orbital energies of the frontier orbitals are given by:
le = -Enomo (2.16)
Ea=-Erumo (2.17)

Where Enomo s the energy of highest occupied molecular orbital, and E_ymo is the

energy of lowest unoccupied molecular orbital.
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2.7.3 Electrophilicity () and Electronegativity (y)

The Electrophilicity is definition as an index measures the stabilization in
energy when the system acquires an additional electronic charge from the
environment [105]. On the other word, it can be defined as a measure of energy

lowering due to maximal electron flow between donor and acceptor [108].

K
0= (2.18)

Where « chemical potential is associated with the negative of the electronegativity,
n is the chemical hardness. We might define the electronegativity (it is defined as
the power of an atom in a molecule to attract electrons to itself) as the negative of

the electronic chemical potential [109]:
=—K=— [a—E] 2.19
X=7K="|38 . (2.19)

R. Mulliken defined electronegativity as the average of the ionization energy and

electron affinity as follows [110]:

IE+EA
y =" a ) (2.20)

And according to Koopmans’ theorem, it can be defined as the negative value for

average of the energy levels of the HOMO and LUMO [111,112]:

E E
_( HOM02+ LUMO) (2.21)

X:

Where y is electronegativity.

So electronegativity is a measure of the tendency to attract electrons by an atom in
a chemical bond and defined as the negative of the chemical potential in DFT
[81,112].

28



Chapter TWO ciceiiiiiieeiiiereietenereeesesnscenasonnsennscnnans Theoretical Part

2.7.4 Chemical Hardness () and Chemical Softness (S)

The chemical hardness (7) is a measure of the resistance to charge transfer. The
theoretical definition of chemical hardness has been provided by the (DFT) as the
second derivative of electronic energy with respect to the number of electrons N, for
a constant external potential V/(r) [108]:

2
1 =3[, =3la, = 35, 222)
Finite difference approximation to chemical hardness gives,

n= IE—ZEA (2_23)

The hard molecule has a large energy gap and the soft molecule has a small energy
gap. In quantum theory, changes in the electron density of system result from the
mixing of suitable excited state wave functions with the ground state wave function.
A small energy gap means small excitation energies to the manifold of excited states.
Therefore, soft molecules have small energy gaps. Their electron density change
more easily than a hard molecule, and due to that, soft molecules will be more
reactive than hard molecules [107].

The chemical softness S, is a property of molecules that measures the extent of

chemical reactivity. It is the inverse of the chemical hardness (1)[113]:

1 92N ON
S=o.= [a?]v = a_K]V (224)

2.8 Optical Properties

The search of optical properties has increased because of their applications in
integrated optics like optical information, optical modulation and optical data

storage. The study of optical absorption is useful for elucidation of the electronic
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structure and determine the direct and indirect transitions [114]. The addition of
nanoparticles in polymer improves the electrical, optical and mechanical properties
of the materials. The developments of polymer nanocomposite structures are
because of their ease of processing and production, good adhesion with reinforcing
elements, light weight, resistance to corrosive environment and in some cases ductile

mechanical performance [115,116].
2.8.1 Absorbance (A) and Transmittance (T)

Optical properties of materials are very important due to it can obtain
information about the internal structure, the nature of the bonds and their
employment by knowing the amount of absorbance, reflectance and transmittance
of these materials [117]. The optical properties for polymers has wide applications
in optical devices and electronic devices like fuel cells, solar cells, solid state
batteries and medical technological applications [118].

The absorption coefficient a can be calculated from the optical spectrum by the
following equation [119,120]:

a=2.303(A/t) (2.25)
Where, t is the sample thickness and A is defined by log (1o/l) where Iy and | are the
incident intensity and transmitted intensity beams, respectively. The direct and
indirect transitions, the simplified general equation is [121]:

ahv=B(hv-Ey)" (2.26)
Where, v is the frequency, B is a constant, h is Planck's constant E, is the energy
band gap between the valence band and the conduction band, and m can take the
values 2, 3, 1/2 or 3/2 for transitions designated as indirect allowed, indirect

forbidden, direct allowed and direct forbidden, respectively, as shown in
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Figure (2.1). The calculation of values of optical energy band gap includes the

plotting of (cth v)"'™ against h v [122-126].

Conduction Band

Energy )

-

Valance Band

Wave Vector (K) 7

Figure 2.1. The transition process [124].
(a) Allowed direct transition. (c) Allowed indirect transition.

(b) Forbidden direct transition. (d) Forbidden indirect transition.

The transmission (T) has been determined from values of reflectance (R), and
absorbance (A), using the relation [127]:
A+R+T=1 (2.27)

2.8.2 Absorption Regions

Absorption regions can be classified to three regions [128]:
A) High absorption region: the magnitude of absorption coefficient (a) is larger or
equal to (10* cm™?),
B) Exponential region: the value of absorption coefficient (o) is equal to (1 cm™< a
< 10*cm™).
C) Low absorption region: the absorption coefficient () is very small, it is about

(a<10%cmt), as shown in Figure (2.2) which shows the absorption regions.
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E, E(ev)

Figure 2.2. Absorption regions [128].

2.8.3 Refractive Index and Extinction Coefficient

The index of refraction of a material is the ratio of the velocity of the light in

vacuum to that of the specimen [129]:

C
n=_ (2.28)

Where (c) is the velocity of the light in vacuum and (v) is the velocity of the light in
sample.

n=n—ik (2.29)
Where: n* is complex refractive index, n is real part of refractive index and k is
imaginary part of refractive index (extinction coefficient).

The relation between absorption coefficient and the extinction coefficient (k) is

ai
k = o (2.30)

Here 2 is the wavelength.

32



Chapter TWO ciceiiiiiieeiiiereietenereeesesnscenasonnsennscnnans Theoretical Part

The real part of refractive index (n) can be determined by [130]:

_ 1+VR
~ 1-vR

(2.31)
Where R is the reflectance to estimate the nature of absorption.
2.8.4 Dielectric Constant and Optical Conductivity

The complex permittivity represents the relationship between the electric and
magnetic fields in a material. The imaginary part is directly related to the resistivity,
while the real part means the material has a capacitive or inductive optical response.
The real part and the imaginary part of the dielectric constant was obtained using
relations [131].

e=(g—i&) (2.32)
g =M% - k?) (2.33)
& = (2nk) (2.34)

The optical conductivity (o ) has been determined by [132]:

o= ane (2.35)

4T

2.9 Fourier Transform Infrared Radiation (FT-IR)

Fourier Transform Infrared Radiation (FT-IR) is a technique used to obtain
an infrared spectrum of absorption or emission of a solid, liquid or gas. FT-IR
spectrometer simultaneously collects high-spectral-resolution data over a wide
spectral range. This confers a significant advantage over a dispersive spectrometer,
which measures intensity over a narrow range of wavelengths at a time. The term
Fourier-transform infrared radiation originates from the fact that a Fourier transform
(a mathematical process) is required to convert the raw data into the actual spectrum
[133].
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2.10 Scanning Electron Microscope (SEM)

A scanning electron microscope (SEM) is a type of electron microscope that
produces images of a sample by scanning the surface with a focused beam of
electrons. The electrons interact with atoms in the sample that contain information
about the samples surface topography. The most common SEM mode is detection of
secondary electrons emitted by atoms excited by the electron beam. The number of

secondary electrons can be detected depending on specimen topography [134].
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3.1 Introduction

In this chapter, we will be explain how to prepare samples of
(PVA-SnO,-Ag) and  (PVA-TiO,-Ag)  nanocomposites.  The
measurements that were tested for the samples, it’s included optical
measurements, Fourier Transform Infrared Radiation FT-IR, and
scanning electron microscope (SEM). Also the application of
antibacterial activity was measured.

3.2 The Materials were Used in This Work
For the purpose of obtaining the nanocomposite, several materials
were used with specific weight ratios. These materials include:
3.2.1 Polymer: The polymer is used in this work:
Poly (Vinyl Alcohol) (PVA): This type of polymer is found in powder
from US Research Nanomaterials, Inc, USA with very high purity
(99.8%).
3.2.2 Metals dioxide Nanoparticles
1. Tin dioxide nanoparticles (SnO2): used as powder with particle
diameter (50-70) nm from EPRUI Company and high purity
(99.9%).
2. Titanium dioxide nanoparticles (TiO2): used as powder from Nano
Shell USA company with size (30-50) nm and high purity (99.9%).
3. Silver nanoparticles (Ag): used as powder with particle diameter
(20) nm from EPRUI Company and high purity (99.9%).

3.3 Preparation of Nanocomposites (PVA-SnO2-Ag) and
(PVA-TIO2-AQ)

Initially, powdered polyvinyl alcohol (PVA) was dissolved at a
concentration of (0.5) gm in (50) ml of distilled water, using a magnetic
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stirrer which is a device widely used in laboratories and consists of a
rotating magnet or a stationary electromagnet that creates a rotating
magnetic field.

Then the solution was poured into the mold (petri dish with10 diameter).
after that nanocomposites of (PVA-SnO,-Ag) and (PVA-TiO,-Ag) were
prepared by dissolving (0.485) gm of PVA with (0.0075) gm of SnO, of
the nanocomposites (PVA-SnO,;) and (0.0075) gm of TiO, for
(PVA-TiO;) nanocomposites in 50 ml of distilled water, using a magnetic
stirrer to mix the polymer and nanoparticles for 30 min to obtain a more
homogeneous solution at room temperature. Then AgNPs was added to
(PVA-SnO;) and (PVA-TIO;) at different concentrations which are
(0.0075, 0.015, 0.025 and 0.03) gm. The casting method is used to
prepare samples of (PVA-SnO,-Ag) and (PVA-TiO,-Ag) in a mold (petri
dish with10 diameter). The thickness of the prepared samples was
measured using a digital micrometer, the thickness range was (0.01-
0.009) cm. Table (3.1) Weight percentages for nanocomposites, and

Figure (3.1) show the diagram of Schematic of work.

Table 3.1. Weight percentages for nanocomposites (PVA-SnO2-Ag) and
(PVA-TiO2-Ag)

_ Weight of
PVA gm SnO2 gm TiO2gm Ag gm
Sample
0.5 0 0 0
0.485 0.0075 0.0075 0. 0075
0.47 0.015 0.015 0.015 0.5gm
0.45 0.025 0.025 0.025
0.44 0.03 0.03 0.03

36




Chapter Three.....ccceeeviiiiiiniiiiiiiienniciiinnnnnees Experimental Part

PVA Powder
e

50 ml o
distilled 7_1&9
SnO:2 NPs TiO2 NPs
AgNPs | )
(0.75, 1.5, 2.5, 1
3) wt. % By casting method
. |
Theoretical procedure _— (PVA-SnO:-Ag) and
| | ( PVA-TiO2-Ad) nanocomposites

Input data by G View 0.5+G0.9
I Measurements
DFT-method
< Structural Properties@ Optical Properties >

Application of nanocomposites
(PVA-Sn0O,-Ag) and (PVA-TIO,-AQ)

Antibacterial
activity

Figure 3.1. Schematic of work.
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3.4 Measurements of Structural Properties for (PVA-SnO;-
Ag) and (PVA-TiO2-Ag) Nanocomposites

3.4.1 FT-IR Spectrometer

FT-IR spectra for of (PVA-SnO,-Ag) and (PVA-TIO,-AQ)
nocomposites were recorded by FT-IR (Bruker Company, German origin,
type vertex-70). In University of Babylon, College of Education for Pure
Sciences. Fourier transform infrared spectrometer in wavenumber range
(1000-4000) cm'™,

3.4.2 Optical Microscopic
The (PVA-SnO,-Ag) and (PVA-TiO,-Ag) nanocomposites samples
are examined by using the optical microscope (supplied from Olympus

name (Toup View) type (Nikon-73346) in University of Babylon, College

of Education for Pure Sciences.
3.4.3 Scanning Electron Microscope

The surface morphology of (PVA-SnO,-Ag) and (PVA-TIO,-AQ)
nanocomposites for concentration (0. 75wt. %), (1.5wt. %), (2.5wt. %)
and (3 wt. %),were tested by using scanning electron microscope (ARYA

Electron Company) in Tehran University, Iran.

3.5 Optical Properties Measurements for (PVA-SnO2-Ag)
and (PVA-TiO2-Ag) Nanocomposites

The optical properties of (PVA-SnO,-Ag) and (PVA-TiO2-Ag)
nanocomposites are measured by using the double beam
spectrophotometer (Shimadzu, UV-1800A) in wavelength (220-820) nm.
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3.6 Antibacterial Activity Application Measurements of
for (PVA-SnO2-Ag) and (PVA-TiO2-Ag) Nanocomposites

Certain types of bacteria were used to determine their sensitivity to
nanocomposites (PVA-SnO,-Ag) and (PVA-TiIO,-Ag), as the sensitivity
of four types of bacteria was studied, namely: Bacillus cereus,
Stenotrophomonas maltophilia, Escherichia coli, Salmonella.

Salmonella is a genus of Gram-negative bacteria that are pathogenic to
the gastrointestinal tract or may cause typhoid fever. While Escherichia
coli is also a Gram-negative, rod-shaped coliform bacterium of the genus
Escherichia commonly found in the lower intestine of warm-blooded
organisms. Stenotrophomonas maltophilia is an aerobic, nonfermentative,
Gram-negative bacterium. It is an uncommon bacterium and human
infection is difficult to treat [135]. While Bacillus cereus is a Gram-
positive, rod-shaped, facultative anaerobic, motile, spore-forming

bacterium commonly found in soil, food and marine sponges [136].
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4.1 Introduction

The results of the structural, optical and electronic properties of the
pure PVA polymer as well as the nanocomposites (PVA-SnO,-Ag) and
(PVA-TiO,-Ag) were discussed in this current work. Also studying effect
of nanomaterials like Titanium dioxide (TiO,), Tin dioxide (SnO;) and
Silver nanoparticles (AgNPs) on properties belong to polymer composite.
Ground-state calculations are theoretically performed using density
function theory (DFT) and the Gauss View program at the B3LYP level
with Basis set (SDD). Time-dependent self-consistent field DFT (TD-SCF)
methods with base function (B3LYP) and (SDD) basis set are used to
calculate excited states.

While experimental results includes structural and optical measurements
of the proposed pure PVA and its nanocomposites. The current work
presents the results and discussion of the structural, electronic, and optical
properties of pure materials (PVA), (PVA-SnO,), (PVA-TIO,), (PVA-
Sn0,-Ag) and (PVA-TIO,-Ag) nanocomposites. Following the discovery
of theoretical and practical calculations for these characteristics, a
comparison was made between the theoretical and experimental results.

The polymer's and its nanocomposites' antibacterial activity was also

discussed in terms of applications.
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4.2 The Structural Properties of Pure PVA and its

Nanocomposites

4.2.1 Optical, Scanning Electron Microscope and Molecular Geometry

Figures (4.1, 4.2) show the optical microstructure, so they express
the morphology of the prepared samples. Figure (4.1-A) show the diffusion
of pure PVA with a perfect homogeneity. Sample (4.1-B) is represented of
mixing pure PVA with (SnO,-Ag). From this sample assembly there is a
homogeneous distribution between the polymer and (SnO,-Ag), Figure
(4.1- C, D, E) characterize the mixture (PVA-SnO;) with a different
percentage of AgNPs where we note that the nanoparticles are uniformly
distributed within the mixture (PVA-SnO,). Figure (4.2-A) shows the pure
polymer (PVA) which is uniformly distributed upon the surface
morphology of the samples (PVA-TiO,), Figure (4.2-B-D) indicates the
uniform distribution of AgNPs. The nanoparticles form a paths network
inside the (PVA-TiO,-Ag) and (PVA-SnO,-Ag) nanocomposites
[137, 138]. In contrast, the geometrical optimization of nanocomposites
was theoretical calculated. The (PVA-SnO,-Ag) and (PVA-TiO,-Ag)
structures were designed using Gauss View 5.0.8 and relaxed using the
Gaussian 09 package of programs by employing the DFT with the
B3LYP/SDD level. The optimized relax structure of polymer pure (PVA)
(75 Atoms), (PVA-SnO,;) (74 Atoms), (PVA-TiO,) (74 Atoms),
(PVA-Sn0O,-Ag) (74 Atoms) and (PVA-TIO,-Ag) (74 Atoms) is shown in
Figures (4.3). Table (4.1) shows the optimized parameters for (PVA-SnO,-
Ag) and (PVA-TiO2-Ag) involving the bond length in Angstrom ("A) and
bond angle in degree. The calculated bond values in this work agree well
with previous studies which in the Table (4.1), indicating that a relax was
obtained for polymer pure (PVA), (PVA-Sn0O,), (PVA-TIO,), (PVA-SnO,-
Ag) and (PVA-TiO,-Ag) with appropriate SDD basis sets.
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Figure 4.1. Photomicro graphs (x 10) for (PVA-SnO,-Ag) nanocomposites. A- for pure
PVA, B- for (PVA-SnO»-Ag) nanocomposite for 0.75 wt.% Ag NPs, C-for 1.5 wt.% Ag
NPs and D- for 2.5 wt.9% Ag NPs, E- for 3 wt.% Ag NPs.
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Figure 4.2. Photomicro graphs (x 10) for (PVA-TiO.-Ag) nanocomposites. A- for (PVA-
TiO2-Ag) nanocomposite for 0.75 wt.% Ag NPs, B-( PVA-TiO,-Ag) for 1.5 wt.% Ag
NPs and C- for 2.5 wt.% Ag NPs, D-( PVA-TiO.-Ag) for 3wt.% Ag NPs,
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Figure 4.3. The relax structures of the pure polymer (PVA) and its nancomposite.

The results show that adding nanoparticles to polymer and it is
nanocomposite has direct effect on bond length and angle between atoms.
To be more specific, as well as result show that all bond length and angle

between atoms are an agreement with experimental calculation [139-141].
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We can conclude that the bond (O-H) is the shortest bond in molecules,
this is due to the weak bonding between atoms. The difference in angle
values (C-C-C, H-O-C, H-C-H, C-C-H, and O-Ti-O) can also be seen in
the same Table, and this difference is due to the difference in atomic
numbers, which affects the strength of their interaction. To be more
specific, it is discovered that the geometric parameters obtained from the
DFT calculations agree well with those obtained from previous studies

which in the Table (4.1)
Table 4.1. B3LYP/ SDD-DFT calculations of bond length in angstroms (A) and bond

angle in degree of pure PVA and its nanocomposites.

The .
linear optimization Present work iz previous
parameters sulblies
(C-C) 1.531-1.055 1.510 [142]
(C-0) 1.473-1.507 1.478[143]
(O-H) 0.978-1.003 0.993 [144]
Bond Length (C-H) 1.096-1.106 1.098 [145]
(A) (O=Sn) 1.012-2.060 ;
(C-Ag) 1.710-2.110 -
(O-Ti) 1.040-1.980 2.299 [146]
(C-C-C) 110.796-120.791 109.014[147]
(H-0-C) 106.759-111.958 109.132 [148]
Bond Angle (H-C-H) 106.772-108.963
(degree) (C-C-H) 108.977-109.890 109.63 [149]
(O-C—H) 106.270-109.269 109.95 [150]
(C-C-0) 109.867-108.2983
(O-Ti-0) 96.413-113.970

(C-C-Ti)

107.722
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The scanning electron microscope is one of the most important
microscopic imaging devices for studying the structural properties of
samples, it is characterized by enlarging the image with a high resolution
of up to (100000) times, and it gives us images of the sample surface in
black and white color.

Where the SEM microscope use to find images of the samples and the
effect of nanoparticles on the crystal structure of nanocomposites. Figures
(4.4, 4.5) shows images of silver nanoparticle concentrations in
(PVA-Sn0O,) and (PVA-TiO;) nanocomposites. Through SEM analysis
found that micrograph of pure PVA as showed in Figure (4.4-A) represent
a surface for pure PVA without any impurities [151].

While Figures (4.4, 4.5-B-E) show SEM images of (PVA-SnO,-Ag) and
(PVA-TiO,-Ag) nanocomposites for the purpose of studying the
morphology of the nanocomposites and the distribution of the network-like
nanoparticles AgNPs distributed on the surface of the pure polymer . SEM
Images show that the network of pathways of AgNPs formed inside the
nanocomposites (PVA-SnO,) and nanocomposites (PVA-TIO,) as the
passage of charge carriers is allowed through the paths. It was found that

these results are in agreement with the results of previous studies [152].
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Figure 4.4. SEM images (x200 nm) of (PVA-SnO.-Ag) nanocomposites. A- for pure PVA
B- for (PVA-SnO2-Ag) nanocomposites for 0.75 wt.% Ag NPs, C- for 1.5 wt.% Ag NPs,
D- for 2.5wt.% Ag NPs, and E- for 3wt.% Ag NPs.
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D- for 2.5wt.% Ag NPs, and E- for 3wt.% Ag NPs.
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4.2.2 Fourier Transform Infrared Radiation (FT-IR) of

Nanocomposites

In this part investigate the Fourier transformation infrared radiation
(FT-IR) of the pure and doped nanocomposite, it is necessary to determine
the free radical of systems. The active group of the prepared materials was
diagnosed using infrared spectroscopy, and the Figures (4.6, 4.7) and
(4.8-4.12) represent the infrared spectrum of the samples experimental and
theoretical. It is noticed from the Figures (4.6, 4.7), which represent the
infrared spectrum of the nanocomposite model, the wave number of the
peaks (836.70, 1085) cm represents the active group (Ti—O) and (C-C)
stretching, [153,154]. The appearance of an absorption band at the wave
number (1415.33, 2906) cm™, which represents the active group (C-O)
bending and (C—H) stretching, respectively [154]. The band at (3265.61)
cmis attributed to the (O—H) stretching groups [155]. While in the Figures
(4.8-4.12), for the nanocomposites (PVA-SnO,-Ag), the result showed that
the absorption band at (1350.03) cm™ represent (-CH,) bending, the peak
at (2998.35) cm? represent (C—H) symmetric stretching vibration [156].
The strong bands at (3054.69, 3212.68 and 3429.85) cm™ represents (—
CHy), (-CHj3) and (O—H) symmetric stretching, asymmetric stretching and
stretching vibration, respectively [157, 158]. The peaks at (1128.96, 693
and 396.56) cm represents (C—-C), (O-Sn-0O) and (Ag-C) stretching and
bending, asymmetric stretching and stretching vibration, respectively
[159]. While for the nanocomposites (PVA-TIO,-Ag) it show broad bands
at around (3411.26, 3150.08) cm™ for the samples of nanocomposites
represents (O—H) groups and (—CHy), stretching and asymmetric
stretching, respectively [160, 161]. The region at (1503.28) cm? is
attributed to the (C—C) stretching and binding vibration. While the region
at (899.905) cm? is attributed to the (O-Ti—O) symmetric stretching
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vibration [162]. The peaks at (2997.56, 720.93) cm™* represents (C—H) and
(Ag—C) symmetric stretching, stretching vibration, respectively [156].

So the figures shows that when SnO, or TiO; is added to the PVA, there is
no new peak or bond that is specific to SnO; or TiO,. However, we only
see a change in the number of PVA peaks, which remains within the
specified range. The FT-IR calculations of the samples show that the
addition of AgNPs causes a displacement of some bonds rather than the
emergence of new peaks, which is the basic idea of nanocomposites. There
was more than one approximate value for all samples with the results of

the mentioned experiment when comparing the theoretical value and the
experimental value.
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4.2.3 The Ultraviolet-Visible Spectra of Pure PVA and its

Nanocomposites

In this section, TD-DFT method was used to simulate UV- Visible
spectrum for PVA polymer and it is nanocomposite. TD-DFT calculation
shows that a maximum wavelength of absorption for PVA polymer was
(162.66) nm, from this result conclude that absorption occurred in the

ultraviolet region for PVA polymer.

One of the important method to modify optical absorption of PVA is
doping by metal- dioxide atom [163]. Metal- dioxide atom like SnO,, TiO»,
and AgNPs will use to optical absorption. First, study the effect of SnO,
and AgNPs metal atoms on PVA polymer. The wavelength of absorption
for (PVA-SnO;) and (PVA-SnO,-Ag) nanocomposites are (257) nm and
(404.23)nm, respectively. Result of maximum wavelength of absorption
shows that spectrum pushed to blue region of electromagnetic radiation,
but it is still in ultra-violet region.

In other hand, the maximum wavelength of absorption of PVA polymer
was being modify. Second, adding TiO, and Ag metal atoms to PVA
polymer, the result shows that the UV-visible spectrum of polymer
compounds has two peaks of absorption, one of which is primary because
it has the highest intensity and the second is considered secondary because
it has the lowest intensity, and the reason behind the appearance of these
two peaks is the formation of additional levels of energy within the energy
bundles necessary for the transfer. For PVA-TiO, maximum wavelength
of absorption was (338) nm and (604) nm. For PVA-TiO,-Ag polymer
composite the maximum wavelength of absorption was (352) nm and (550)
nm [164]. From these result conclude that, adding TiO, and Ag atoms to
PVA pushed spectrum to red region of electromagnetic radiation and

reduce the optical band gap. Appearing two absorption peak resulting from

58



Chapter Four ...................... Results and Discussion

present secondary state inside band gap energy (optical band energy).
Figures (4.13-4.17) represent UV-Visible spectrum for pure polymer and
its nanocomposites.

Equation (4.1) used to determine the amount of optical energy gap value
that requires an amount of energy to move into the HOMO orbit, so we can
calculate how much energy each electron must have to be able to move the
electron from HOMO to LUMO [165].

EJP" = 1240/ Amax (4.1)
For the pure polymer PVA, the transition requires an energy of (7.623) eV,
nanocomposite (PVA-SnO,) need (4.824) eV, while the nanocomposite
(PVA-SnO,-Ag) require (3.067) eV of energy to make the transition.
Where nanocomposite (PVA-TiO;) need (3.668) eV for the first peak and
the second peak require (2.052) eV. While the first peak of the (PVA-TiO,-
Ag) nanocomposite requires (3.522) eV of energy, and the second peak
need (2.254) eV to get the transition.

So, in the case of pure polymer (PVA), high energy is required to explain
these results because the energy bands are far apart, but when (SnO»-Ag)
Is added, the energy bands become closer together. We notice a decrease
in energy value, which is the reason for the increase in concentration and
convergence between the energy bands, as well as for the nanocomposite
(PVA-TiO,-Ag), which requires less energy, which is due to the
convergence. Energy bundles are used to increase the concentration of the

additive in pure polymer.
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Figure 4.17. Ultraviolet-Visible spectrum for (PVA-TiO»-Ag) nanocomposites.

4.3 The Electronic Properties of Pure PVA and its

Nanocomposites

The electronic properties of pure PVA and it's nanocomposites are
computed using DFT at the SDD level. The total energy E() in (a.u.),
electronic state energies HOMO and LUMO (eV) and Energy gap Eq (V)
lonization Energy Ie (eV), Electron Affinity Ea (eV), Chemical Hardness
n (eV), Chemical Softness S in (eV)?, and electrophilic index in ® (eV) .

4.3.1 Total Energy (Et) and Viral Ratio (-V/T)

Table (4.2) shows the total energy in (a.u.) and Viral (-V/T) ratios of
pure polymer (PVA) and its nanocomposites, where total energy is defined
as the total energy of the ground state, which is approximately the sum of
the ground state energy of all atoms in each structure.

While the ratio (-V/T) represents potential energy to kinetic energy. We
notice that the total energy value began to decrease when we added silver
nanoparticles AgNPs to (PVA-TiO;) and (PVA-Sn0O,), indicating that all
of the samples prepared from nanocomposites have a relaxation, so the
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calculated value of the total energy depends on the number of electrons in
the structures, where the energy value is inversely proportional to the
increase in concentrations added to the pure polymer, as shown in the Table
(4.2). When we look at the values of (-V/T), we notice that they are all

equal, indicating that they all fall into the same range [166,167].
Table 4.2. The total energy (Et) and Viral ratio (-V/T) for the pure PVA and its

nanocomposites.

No. of
Nanocomposites Assignment Er (a.u.) -VIT
1 PVA -1578.477 2.003
2 PVA-SNO, -1578.69 2.002
3 PVA-TIO, -1634.95 2.021
4 PVA-SNO»Ag -1727.36 2.062
5 PVA-TiOs-Ag -1782.37 2.080

4.3.2 Electronic States and Energy Gap

Energy band gap found by Equation (2-13). The band gap refers to
energy difference between the highest occupied molecular orbital and
lowest unoccupied molecular orbital. The energy gap value of the pure
polymer (PVA) without any nanomaterial is (6.1015) eV, as shown in
Table (4.3), which is considered an insulating material due to the very high
value of the energy gap [168]. In term of adding metal atoms to polymer
the energy gap was decreased, in other hand conductivity of polymer
composite was enhance. Results show that energy gap was decreased
rapidly when adding metal atoms and it varied from (6.101 to 1.336) eV.
As well as high number of valance electron was passing through band

energy and this clear in PVA-Ti0,-Ag nanocomposite.
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When tin nanoparticles added to the base material (PVA), we notice a
significant decrease in the energy gap value (Eg) from (6.101 to 3.81) eV,
which is due to the material changing from an insulating state to a semi-
conductive state due to the high electronic affinity and ionization between
the PVA polymer and the additive SnO,. When silver nanoparticles AgNPs
added to (PVA-SnO,), the energy gap value decreases due to the presence
of an abundance of free electrons for the AgNPs nanomaterial. When TiO;
added to the base material PVA, we observe a decrease in the value of the
energy gap from the insulating to the semiconducting state, as well as the
transformation of the semiconductor material (PVA-TIO;) into a
conductive material after the addition of AgNPs to (PVA-TiO;), becomes
conductive [169].

The reason for this is nanomaterial contains an abundance of free electrons
AgNPs. Based on the findings, we conclude that the nanocomposite
(PVA-TiO,-Ag) outperforms the nanocomposite in terms of conductivity
(PVA-SnO,-Ag). A small energy gap means small excitation energies to
the manifold of excited states. Therefore, soft molecules with small energy
gaps. Their electron density change more easily than a hard molecule, and

due to that, soft molecules will be more reactive than hard molecules [170].

Table 4.3. The electronic states and energy gap for the pure PVA and its

nanocomposites.

No. of _ Electronic states
Nanocomposites Materials Eq(eV) Erovo(eV) | ELovo(eV)
1 PVA 6.101 -5.417 0.683
2 PVA-SNO> 3.816 -4.600 -0.784
3 PVA-TiO> 2.381 -3.386 -1.005
4 PVA-SnO2-Ag 3.283 -5.877 -2.594
3 PVA- TiO2-Ag 1.336 -5.087 -3.751
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The Enowmo (is the molecular orbital of highest energy that is occupied by
electrons) and E_umo (is the molecular orbital of lowest energy that is not
occupied by electrons) are important in determine such properties as
molecular reactivity and the ability of a molecule to absorb light [171].
HOMO and LUMO orbitals are concentrated at the ends of the base
material, as shown in Figure (4.18), which represents the base material
before adding SnO,, TiO, and AgNPs to the polymer (PVA). When SnO,
are added to the base polymer, the distribution of molecular orbitals is
parallel and centered on the edges of the PVA system in the case of HOMO
[172]. In the case of LUMO, we notice a concentration of charges in the
center around the tin and silver nanoparticles as shown in Figure (4.19).
When TiO; is added, the charges are concentrated on the TiO, and Ag
atoms in the (PVA-TiO,-Ag) nanocomposite as shown in Figure (4.20).
We discovered that adding metal atoms to polymers improves their
electrical properties, as evidenced by a decrease in the energy gap value,

when these nanoparticles are added.
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Figure 4.19. The distribution of HOMO (a) and LUMO (b) for (PVA-SnO2-Ag).
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Figure 4.20. The distribution of HOMO (a) and LUMO (b) for (PVA-TiO,-Ag).

4.3.3 lonization Energy (lg) and Electron Affinity (Ea)

These properties are critical in determining the ability to distinguish
or escape electrons between doping systems. The results of ionization
energy lg and electron affinity Ea are shown in Table (4.4). Clearly table
shows that the pure polymer PVA has the highest ionization energy value
when compared with the other compounds. The ionization energy of the
nanocomposites (PVA-TIO) is lower than that of other nanocomposites.
This suggests that the nanocomposites (PVA-TIO,) have a greater ability
to donate an electron to form a cation than the others. In comparison to
other nanocomposites, (PVA-TiO,-Ag) nanocomposites have the highest
Ea value because they have a high electron acceptability to become anion.
The electron affinity of the pure polymer PVA is negative because it is an
insulator and stable and does not interact with the environment, and when
TiO, was added, the affinity increased, but when silver nanoparticles
AgNPs were added, the affinity increased more, meaning that it became
more free to interact with the environment, and this is due to the presence

of abundance of electrons in AgNPs.
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When SnO, was added to the PVA, the electronic affinity value increased,
but at a slower rate than when TiO; added, indicating that TiO, interfered
with PVA more than SnO,. In general, the addition of AgNPs to
(PVA-Sn0,) and (PVA-TIO,) increased the electronic affinity, which was
due to the abundance of electrons in AgNPs [173].

Table 4.4. The ionization energy (lg) and electron affinity (Ea) in eV for the pure PVA

and its nanocomposites.

Nanoly(;)r'n?:)fosites Materials Ie (eV) | Ea(eV)
1 PVA 5.417 -0.683
2 PVA-SnO; 4.600 0.784
3 PVA-SNO,-Ag 5.877 2.594
4 PVA-TIO; 3.386 1.005
S PVA-TiO2-Ag 5.087 3.751

4.3.4 Electrophilic (w) and Electronegativity ()

The values of the electrophilic index and electronegativity were
calculated, as shown in Table (4.5) .where the increase in the values of (®)
for nanocomposite (PVA-TiO,-Ag) was observed when compared to the
value of the pure polymer PVA, and this indicates that the nanocomposite
(PVA-TiO,-Ag) is more chemically reactive. This indicates that the
presence of AgNPs gives the ability to accept an electron from the
surrounding species [174].

In the same table, we note that the lowest value of electronegativity () was
(2.1960) (eV) for the nanocomposite (PVA-TIO,), but the nanocomposite
(PVA-Sn0O,-Ag) and (PVA-TIO,-Ag) had a value of (4.2363) (eV) and
(4.4198) (eV), respectively. This means that these high electronegative
nanocomposites have a high ability to donate or accept an electron to and

from the surrounding species [175].
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Table 4.5. The Electrophilic Index (o) and Electronegativity () in eV for the pure PVA

and its nanocomposites.

No. of .
_ Materials o (eV) % (eV)
Nanocomposites

1 PVA 0.9114 2.3672
2 PVA-SnO; 1.8992 2.6926
3 PVA-SnO2-Ag 5.4706 4.2363
4 PVA-TIO: 2.0151 2.1960
5 PVA-TIO2-Ag 14.5569 4 .4198

4.3.5 Chemical Hardness (n) and Chemical Softness (S)

Pure PVA has a high chemical Hardness, while all nanocomposites
have a low chemical Hardness, according to Table (4.6). The low hardness
easily indicates low transition an electron in molecule from the valence to
the conduction band. When compared to pure PVA, all nanocomposites
have the highest softness value, indicating that these molecules require

little excitation energy to transfer electrons [176].

Table 4.6. Chemical Hardness () and Chemical Softness (S) for the pure PVA and its

nanocomposites.

No. of _
Materials nEeVv) | SeV)?
Structure
1 PVA 3.050 0.163
2 PVA-SnO:2 1.908 0.262
3 PVA-SnO2-Ag 1.641 0.304
4 PVA-TIO2 1.190 0.419
5 PVA-TiO2-Ag 0.668 0.748
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4.4 The Optical Properties of (PVA-SnO2-Ag) and
(PVA-TiO2-Ag) Nanocomposites

Absorption, transmittance, absorption coefficient, energy band gap,
extinction coefficient, reflection index, dielectric constants, and optical
conductivity are some of the optical properties studied for (PVA-SnO,-AQ)
and (PVA-TiO,-Ag) nanocomposites.

4.4.1 The Absorption and Transmittance of (PVA-SnO:-Ag) and
(PVA-TiO2-Ag) Nanocomposites

The absorbance of the PVA and nanocomposites (PVA-SnO,-Ag)
and (PVA-TIO,-Ag) are calculate with the wavelength of the incident light.
Figure (4.21) explains the comparison between pure PVA polymer and
nanocomposites (PVA-SnO,-Ag) and (PVA-TiO,-Ag) for absorbance
values, where it was found that the PVA spectrum falls within the UV
range, while the addition of nanoparticles to the pure polymer caused a
spectral shift towards the UV-Vis region.

The absorbance of the nanocomposites (PVA-SnO,-Ag) and (PVA-TiO,-
Ag) with the wavelength of the incident light experimentally as shown in
Figures (4.22, 4.23) and theoretically as in Figure (4.24), which explained
the absorption relationship of (PVA-SnO;-Ag) and (PVA-TiIO2-Ag)
nanocomposites with the wavelength of the experimental incident light in
addition to the absorption relationship with the concentrations of silver
nanoparticles. Where we see an increase in the absorbance in the UV region
of the nanocomposites samples with an increase in the concentration of
AgNPs and gradually as the concentrations (0.75, 1.5, 2.5 and 3) wt% of
AgNPs added to each of (PVA-SnO;) and (PVA-TIO,), this is due to
electron excitation from the valence band to the conduction band at these
energies. Because of the high energy of the photon that interacts with

atoms, the samples have a high absorbance in the ultraviolet region, which
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causes electrons to be excited and move from a low level of energy to a
higher level of energy. In addition to the clear convergence in the figure
with the practically calculated absorbance values. Previous studies and
results are in a agreement, where changes in absorbed and transmitted
radiation can determine the types of possible electronic transitions. The
band transition or excitation is indicated by the basic absorption of the
absorption spectra [177]. Because the energies are low, they are not enough
for the interaction of the atoms, in which the wavelength increases, and as
a result, the absorbance decreases [178], which increases the permeability
of all nanocomposites. As shown in Figures (4.25, 4.26) with the
wavelength of the incident light, as well as due to an increase the
concentration of AgNPs (0.75, 1.5, 2.5 and 3) wt% , and theoretically as in
Figure (4.27), which gives the transmittance of (PVA-SnO,-Ag) and
(PVA-TiO,-Ag) the transmittance will decrease, due to the agglomeration
of nanoparticles and the increase in the number of charge carriers. The two
nanocomposites (PVA-SnO,-Ag) and (PVA-TiO,-Ag) showed absorption
and transmittance values, in addition to the congruence between the

theoretical and experimental curves in the figures (4.22, 4.27).
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PVA-TiO2-AgO
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PVA-SNnO2-AgO
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Wavelength(nm)

Figure 4.21. Calculation for the absorbance of PVA and its nanocomposites
(theoretical).
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Figure 4.22. Absorption as a function of wavelength for PVA and (PVA-SnO2AqQ)
nanocomposites (experimental).
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Figure 4.23. Absorption as a function of wavelength for PVA and (PVA-TiO2.Ag)
nanocomposites (experimental).
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Figure 4.25. Transmittance as a function of wavelength for PVA and (PVA-SnO-Ag)
nanocomposites (experimental).
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Figure 4.26. Transmittance as a function of wavelength for PVA and (PVA-TiO,-Ag)
nanocomposites (experimental).
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4.4.2 The Absorption Coefficient and Energy Band Gap of
(PVA-Sn0,-Ag) and (PVA-TiO.-Ag) Nanocomposites

The absorption coefficient of the nanocomposites calculated using
Equation (2.25), as shown in Figures (4.28-4.29) and (4.30) of the
nanocomposites (PVA-SnO,-Ag) and (PVA-TiO,-Ag) as a function of
photon energy of the incident light experimentally and theoretically
respectively. The results demonstrate that when the energy of the incident
photon is high, the value of the absorption coefficient will be at the highest
value. That is, the energy of the incident photon enabled the electron to
move from level to a higher level, meaning that the energy of the incident
photon was greater than the amount of the energy gap. As a result, the
electrons had a high ability to move to higher levels. The absorption
coefficient can be considered as a way to understand the nature of
electronic transmission. When the absorption coefficient of the material is
high (> 10* cm™), the electron transfer is to be direct, but when the
absorption coefficient of the material is less than (10* cm), the electron
transfer is to be indirect the transmission of electrons is indirect [179]. The
results showed that the absorption coefficient of the (PVA-SnO,-Ag) and
(PVA-TiO,-Ag) nanocomposites is less than (10* cm?) so that the
transmission of electrons is indirect. The absorption coefficient of
nanocomposites increases with increasing nanoparticle concentrations, and
thus the absorption and absorption coefficient of (PVA-SnO,-Ag) and
(PVA-TiO,-Ag) increase due to an increase in sub-levels between HOMO
and LUMO [180]. Equation (2.26) which used to calculate the energy gap
for nanocomposites experimentally. The experimentally determined
energies gap of the permissible indirect transformations of (PVA-SnO,-
Ag) and (PVA-TiO2-Ag) nanocomposites are shown in Figures (4.31, 4.32)
and (4.33) experimentally and theoretically, respectively. The energy gaps
for the forbidden indirect transformations, as shown in the Figures (4.34,
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4.35) and (4.36) experimentally and theoretically respectively. The energy
gap of the allowed and forbidden indirect transformations of
nanocomposites decreases with the increase of AgNPs (0.75, 1.5, 2.5 and
3) wt%, and this performance is due to more free electrons in AgNPs as
shown in Table (4.7). In this case, electron transfer occurs in two stages,
including the transition from the valence band to the occupation levels in
the energy gap and to the conduction band as a result of the increase
AgNPs, and electronic conduction is dependent on the free electrons in the
nanoparticles [181]. The presence of nanoparticles causes the energy gap

to narrow, increasing the density of central states in the band gap [182].

3.0E+02 4 —e—PVA
] —8— 0.75 Wt.%
2.5E+02 —— 15 W%
1 25wt%
2.0E+02 1 TS
5 1.5E+02 |
3 1
1.0E+02 1
5.0E+01 1
O-OE+OO . 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 T T T T 1
1 2 3 4 5 6 7
Epn(eV)
Figure 4.28. Shows absorption coefficient (o) for PVA and (PVA-SnO,-Ag)
nanocomposites with photon energy (experimental).
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Figure 4.29. Shows absorption coefficient (o) for PVA and (PVA-TiO,-Ag)
nanocomposites with photon energy (experimental).
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Figure 4.30. Variation of absorption coefficient (o) for PVA and its nanocomposites with
photon energy (theoretical).
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Figure 4.31. Variation of (ahv)*? for PVA and (PVA-SnO,-Ag) nanocomposites with
photon energy (experimental).
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Figure 4.34. Variation of (ahv)*® for PVA and (PVA-SnO-Ag) nanocomposites with
photon energy (experimental).
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Table 4.7. The variation of optical band gap for PVA and its nanocomposites
(experimental).

PVA-Sn0,-Ag PVA-TiO,-Ag
Concentration Allowed indirect Forbidden Allowed indirect Forbidden
(wt%) band indirect band band indirect band
gap (eV) gap (eV) gap (eV) gap (eV)
Pure 4.6 4 4.5 4
0.75 4.2 3.7 4.2 3.4
1.5 4 3.2 3.9 3
2.5 3.8 3 3.7 2.8
3 3.6 2.6 3.5 2.4

4.4.3 The Extinction Coefficient and Refractive Index of (PVA-SnO.-
Ag) and (PVA-TiO.-Ag) Nanocomposites

The extinction coefficient is calculated using Equation (2.30).
Figures (4.37, 4.38) and (4.39) show the variation of the extinction
coefficient (k) with wavelength for (PVA-SnO,-Ag) and (PVA-TiO»-AQ)
nanocomposites experimentally and theoretically respectively. The figures
show that the extinction coefficient of nanocomposites increases as the
concentration increases of AgNPs (0.75, 1.5, 2.5, and 3) wt%. This type of
behavior can be attributed to an increase in carrier density, which allows to
an increase in the absorption coefficient with AgNPs and, as a result, an
increase in the extinction coefficient with the addition of AgNPs [183]. The
extinction coefficient of these nanocomposites has a high value in the UV
region, which is caused by the high absorbance of all nanocomposites
samples. Furthermore, the extinction coefficient of nanocomposites
increases with increasing of the wavelength, implying that the extinction
coefficient increases with increasing wavelength according to Equation

(2.30). Through the equation (2.28), the refractive index is calculated. As
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shown in Figures (4.40-4.41) while Figure (4.42) show the values of the
refractive index of nanocomposites (PVA-SnO,-Ag) and (PVA-TIO,-Ag)
as a function of wavelength experimentally and theoretically. It was found
that the refractive index values increase as the concentration of AgNPs
increases (0.75, 1.5, 2.5 and 3) wt. %. , while it decrease with increasing
wavelength, as this behavior is attributed to the increase in the density of

the nanocomposites. [184,185].
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Figure 4.37. Variation of extinction coefficient for PVA and (PVA-SnO,-Ag)
nanocomposites with wavelength (experimental).
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Figure 4.38. Variation of extinction coefficient for PVA and (PVA-TiO2-AgQ)
nanocomposites with wavelength (experimental).
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4.4.4 The Real and Imaginary Parts of Dielectric Constant

Equations (2.33) and (2.34) are used to calculate the real (g;) and
imaginary (gz) dielectric constants. Figures (4.43, 4.44) and (4.45) show
the real parts of the dielectric constant of (PVA-SnO,-Ag) and (PVA-TiO,-
Ag) nanocomposites change with wavelength, experimentally and
theoretically respectively. The change of the real part of the dielectric
constant depends on the refractive index according to equation (2.33),
while the extinction coefficient becomes smaller compared to the refractive
index and because the values of the refractive index of nanocomposites
(PVA-Sn0,-Ag) and (PVA-TiO,-Ag) are larger slightly more than that of
pure PVA, which was interpreted on the basis of the nature surfaces,
resulting in increased values of the real part of the dielectric constant,
noting that the increase in the concentrations of AgNPs led to an increase
in the values of the real dielectric constant. Figures (4.46, 4.47) and (4.48)
show the influence of AgNPs on the imaginary part of dielectric constant
(g2) for (PVA-SnO,-Ag) and (PVA-TiO,-Ag) nanocomposites, where there
IS an increase in the imaginary dielectric constant of the (PVA-SnO,-Ag)
and (PVA-TIiO,-Ag) nanocomposites with the increase of AgNPs (0.75,
1.5, 2.5 and 3) wt% [186]. The imaginary part of the dielectric constant (&)
is affected by the extinction coefficient, particularly in the visible and near-
infrared wavelength regions where the refractive index is approximately
constant, whereas the extinction coefficient increases as a nanoparticles

ratio in the nanocomposites increases [187].
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Figure 4.43. Real dielectric constant as a function of wavelength for PVA and
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4.4.5 The Optical Conductivity of (PVA-SnO2-Ag) and (PVA-TIO2-Ag)

Nanocomposites.

Relying on Equation (2.35), the optical conductivity characteristic
was calculated, as in Figures (4.49, 4.50) and (4.51) where the variation in
optical conductivity as a function of the wavelength of (PVA-SnO,-Ag)
and (PVA-TiO,-Ag) nanocomposites, which calculated experimentally
and theoretically respectively. It is clear from these figures that the high
value of the optical conductivity was by increasing the concentration of
AgNPs (0.75, 1.5, 2.5 and 3) wt%, that the reason for this behavior is the
formation of local levels in the energy gap region, and thus the intensity of
these levels increases whenever the concentration of AgNPs is high and
this means increasing the absorption coefficient, which in turn leads to an
increase in the optical conductivity of the nanocomposites [188]. At the
same time, it was found that the optical conductivity depends on the
wavelength. In the figures, we note that at the ultraviolet region, in other
words, at low wavelengths, an increase in the optical conductivity of the
nanocomposites is observed due to the increase in energy in this region,
and thus the electron is excited due to the high absorption. As for increasing
wavelengths in the visible and infrared regions, the optical conductivity
begins to decrease as the wavelength increases due to the decrease in the
energy at this values of the wavelengths [189]. So, when calculating the
optical properties of the nanocomposites, we find that the nanocomposite
(PVA-Sn0O,-Ag) showed higher optical properties than (PVA-TiO,-Ag)
nanocomposites, and this gives the possibility of using it in many optical

applications such as solar cells, photocatalyst and sensors.
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Figure 4.49. Variation of optical conductivity for PVA and (PVA-SnO2-Ag)
nanocomposites with wavelength (experimental).

2.E+12 ——&— Pure

—— 0.75 wt.%
1.E+12 —a— 15w%

2.5Wt.%
1.E+12

—¥— 3 Wt.%

1.E+12

8.E+11

6.E+11

Optical Conductivity (s)*

4.E+11

2.E+11

0.E+00
200 300 400 500 600 700 800

Wavelength(nm)

Figure 4.50. Variation of optical conductivity for PVA and (PVA-TiO.-Ag)
nanocomposites with wavelength (experimental).
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4.5 The Application of (PVA-SNO2-Ag) and (PVA-TiO2-Ag)

Nanocomposites as Antibacterial Activity

The antibacterial activity of the (PVA-SnO,-Ag) and (PVA-TIO,-
Ag) nanocomposites samples tested against gram-negative Salmonella,
Escherichia coli, Stenotrophomonas maltophilia and gram positive
Bacillus cereus. Figure (4.52) shows the samples of nanocomposites grown
among the types of bacteria used for the purpose of studying the

effectiveness of these nanocomposites to inhibit bacteria.

Figure 4.52. Antibacterial activity of (PVA-SnO,-Ag) and (PVA-TiO2-Ag) against the
bacteria (Salmonella, Escherichia coli, Stenotrophomonas maltophilia and Bacillus

cereus)
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The data obtained are represented in the Tables (4.8, 4.9),which shows the
inhibition diameters in millimeters. The reason for the bactericidal activity
of the (PVA-SnO,-Ag) and (PVA-TiO,-Ag) nanocomposites is due to the
Silver nanoparticles which interact with bacterial membrane proteins,
intracellular proteins, phosphate residues in DNA, and to interfere with cell
division, leading to bacterial cell death [191]. Figures (4.53, 4.56) shows
the comparison between the nanocomposites (PVA-SnO,-Ag) and
(PVA-TiIO,-Ag) in terms of their effectiveness to inhibit the types of
bacteria used. From Figure (4.53) we find that the inhibition diameters
ranged between (21-28) mm for both nanocomposites, but the
nanocomposite (PVA-TiO,-Ag) showed a higher ability than the
nanocomposites (PVA-SnO,-Ag) in inhibiting Salmonella type bacteria,
where the highest percentage of inhibition diameter was (28) mm at a
concentration of (3) Wt. % of AgNPs, and this indicates that the inhibition
area increases with the increase of AgNPs concentrations.

Figure (4.54) shows that the nanocomposites (PVA-SnO;-Ag) gave higher
values of inhibition diameters for Escherichia coli bacteria, where the ratio
ranged between (30-31) mm at AgNPs concentrations (0.75, 1.5, 2.5, and
3) Wt. % compared to the nanocomposites (PVA-TiO,-Ag). As for Figure
(4.55), the nanocomposites (PVA-SnO,-Ag) showed a high effectiveness
for inhibiting Stenotrophomonas maltophilia bacteria, with a percentage
ranging between (30-32) mm, while the activity of the nanocomposites
(PVA-TiO,-Ag) was lower and ranged between (25-32) mm at
concentrations of AgNPs (0.75, 1.5, 2.5, and 3) Wt.%.

As for Figure (4.56), we find that the percentage of inhibition diameters for
Bacillus cereus are somewhat close and ranged between (20-26) mm for
both compounds, but the nanocomposites (PVA-TiIO,-Ag) showed a
slightly higher percentage than the nanocomposites (PVA-SnO,-Ag). From
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this we conclude that the concentration of AgNPs has an effect on the
inhibition zone for all types of bacteria. For example, we find in Figures
(4.57-4.64) a difference in the percentages of resistance of bacteria types
at concentrations AgNPs (0.75, 1.5, 2.5, and 3) Wt.%, For example, at the
concentration of (0.75) Wt.%, we find that the bacteria Salmonella and
Bacillus cereus showed a higher resistance to the nanocomposites
(PVA-SnO,-Ag) compared to bacteria Escherichia coli and
Stenotrophomonas maltophilia as shown in Figure (4.57), when we
increase the concentration of AgNPs to (1.5) Wt.%, we notice a decrease
in the resistance of Salmonella and Bacillus cereus than it was at the
concentration of (0.75) Wt.%. In Figure (4.59), and so for the rest of the
concentrations, we find that the higher the concentration, the lower the
resistance of bacteria and the higher the activity of the nanocomposites
(PVA-SnO,-Ag) in inhibiting, as in Figures (4.61, 4.63). While the
nanocomposites (PVA-TiO,-Ag), the concentration has an effect on the
resistance of bacteria and we find it clear in Figure (4.58) at the
concentration of (0.75) Wt. % of AgNPs, where the resistance of bacteria
was Escherichia coli and the Bacillus cereus higher than resistance
Salmonella and Stenotrophomonas maltophilia, while at a concentration of
(1.5) Wit. % of AgNPs, and as in Figure (4.60), we find that the resistance
of both Salmonella and Stenotrophomonas maltophilia started decreasing
due to increased concentration of AgNPs, and also for the rest of the forms
(4.62, 4.64). From this we conclude that the weakness of bacterial
resistance is because of the increased concentrations of AgNPs, which
interact with the cell wall of bacteria and cause death or weakness of the
cell. So, in general from the above results, we find that the nanocomposites
(PVA-SnO,-Ag) gave a higher activity than the nanocomposites
(PVA-TiO2-Ag) in inhibiting bacteria.
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Table 4.8. The effect of the pure PVA and PVA-SnO,-Ag hanocomposite as
antibacterial activity.

Concentration
Escherichia Stenotrophomon  Bacillus

el SAGNIFE Salmonella coli as maltophilia cereus
nanocomposite Wt.%
PVA 0 0 0 0 0
0.75 21 30 30 21
PVA-SnO2-Ag
1.5 23 30 32 22
2.5 24 31 32 23
3 25 31 32 25

Table 4.9. The effect of the pure PVA and PVA-TiO»-Ag nanocomposite as
antibacterial activity.

Escherichia  Stenotrophomonas Bacillus

Uype s ST Salmonella coli maltophilia cereus
nanocomposite of AgNPs
Wt.%
PVA 0 0 0 0 0
0.75 21 20 25 20
PVA-TIO2-Ag
1.5 26 23 26 23
2.5 27 27 28 24
3 28 31 32 26
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Figure 4.53. Antibacterial application of (PVA-SnO.-Ag) and (PVA-TiO2-Ag) as a

function of AgNPs concentrations against Salmonella.
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Figure 4.54. Antibacterial application of (PVA-SnO,-Ag) and (PVA-TiO.-Ag) as a
function of AgNPs concentrations against Escherichia coli.
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Figure 4.55. Antibacterial application of (PVA-SnO,-Ag) and (PVA-TiO.-Ag) as a
function of AgNPs concentrations against Stenotrophomonas maltophilia.
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Figure 4.56. Antibacterial application of (PVA-SnO,-Ag) and (PVA-TiO,-Ag) as a
function of AgNPs concentrations against Bacillus cereus.
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Figure 4.57. Effect of AgNPs concentration (0.75 wt. %) on the bacteria in the
nanocomposite (PVA-SnO>-Ag).
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Figure 4.58. Effect of AgNPs concentration (0.75 wt. %) on the bacteria in the
nanocomposite (PVA-TiO,-Ag).
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Figure 4.59. Effect of AgNPs concentration (1.5 wt. %) on the bacteria in the
nanocomposite (PVA-SnO>-Ag).
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Figure 4.60. Effect of AgNPs concentration (1.5 wt. %) on the bacteria in the
nanocomposite (PVA-TiO,-Ag).
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Figure 4.63. Effect of AgNPs concentration (3 wt. %0) on the bacteria in the
nanocomposite (PVA-SnO»-Ag).
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Figure 4.64. Effect of AgNPs concentration (3wt. %) on the bacteria in the
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5.1 Conclusions

In this thesis, there are many conclusions that can be summarized
in the following points:

1. The functional hybrid B3LYP, based on the Gaussin program, proved
that it is valid in determining the relaxation and calculating the
geometric parameters of pure PVA by the base set 6-31G the results
obtained are in good agreement with previous studies.

For the others nanocomposites, were used the base set SDD, there is
no reference data, so our current study supplies a new data in this field.

2. The FT-IR calculations theoretical and experimental of the samples
show that when SnO, or TiO; is added to the PVA, there is no new
peak or bond that is specific to SnO, or TiO,. However, the change in
the number of PVA peaks, which remains within the specified range
As well as adding AgNPs causes a displacement of some bonds rather
than the emergence of new peaks, which is the basic idea of
nanocomposites.
3. For UV- Visible calculations, good results were obtained and as a
result, it was concluded that the higher the concentration, the higher
the absorption of the UV spectrum. So the (PVA-TiO,-Ag) and
(PVA- SnO,-Ag) nanocomposites have high absorbance in the UV-
region and extends towards the Visible area.
4. Calculating the total energy value started to decrease more when
adding (AgNPs) to (PVA-SnO;) and (PVA-TiO,), which indicates that
all nanocomposites have a good relaxation, and therefore the
calculated value of energy depends on the number of electrons in the
structures, where the energy value is inversely proportional to the
increase in concentrations added to the pure polymer.

5. In general, the addition of AgNPs to PVA-SnO, and PVA-TIO,

increased the electronic affinity, which was due to the abundance of
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electrons in AgNPs. As for the softness and hardness, it was found
that all nanocomposites have the highest value of softness, which
indicates that these molecules require little excitation energy to
transfer electrons. While the hardness value is low and the reason for
this is due to the transition of the electron in the molecule from the
valence to the conduction band.

6. The effect of doping with AgNPs leads to reducing the energy gap and
increasing the absorption coefficient. That is, it affected negatively the
energy gap values, which makes this effect of great use in the field of
optical and electrical applications.

7. Among the conclusions reached show that the nanocomposites have
indirect electronic transitions. As the doping did not change the nature
of electronic transitions.

8. About the optical properties where we see an increase in the
absorbance in the UV region of the nanocomposites samples used with
an increase in the concentration of silver nanoparticles AgNPs added
to each of (PVA-SnO,;) and (PVA-TIOy), this is due to electron
excitation from the valence band to the conduction band at these
energies. And also we got the highest value of the absorption
coefficient which obtained at high incident photon energies.

9. The extinction coefficient, refractive index, real and imaginary
dielectric constants and optical conductivity of (PVA-TiIO;) and
(PVA- Sn0O,) nanocomposites increase with an increase in AgNPs
concentrations while the transmittance decrease with an increase of the
AgNPs concentrations.

10. Application of (PVA-SnO,-Ag) and (PVA-TiO,-Ag) Nanocomposites
for Antibacterial Activity the small sized nanoparticles exhibited big

antibacterial activity caused weak bacterial resistance, due to increased
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concentrations of AgNPs that interact with the cell wall of bacteria and

cause cell death or weakening.

5.2 Future Works

1. Study of electrical and mechanical properties for (PVA-SnO,-Ag) and
(PVA-TiIO,-Ag) nanocomposites.

2. Study of the (PVA-SnO2-Ag) and (PVA-TiO,-Ag) nanocomposites for
humidity and pressure sensors applications.

3. Study the effect of the temperature and pressure on the electronic
properties of the (PVA-SnO,-Ag) and (PVA-TiO,-Ag).
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