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In this study, (PVA-PVP-Co0,05) nanocomposites have been prepared

using casting method with different weight percentages of cobalt oxide
nanoparticles (1.6, 3.2, 4.8, and 6.4) wt.%.The (PVA-PVP-C0,05)
nanocomposites have been diagnosed by different methods such as optical
microscope images, Fourier transform infrared rays (FTIR) and scanning
electron microscope (SEM) images. The experimental results for photos of
optical microscope show distribution of cobalt oxide nanoparticles atoms for
all nanocomposites films, it is also show a continuous network of ions inside
the polymers in ratio of (6.4 wt.%) of cobalt oxide nanoparticles. Also, the
experimental results (FTIR) showed increasing the value of the absorbance
of the (PVA-PVP-Co0,03) nanocomposites with increase in the proportion of
cobalt oxide nanoparticles. All peak characteristics remain the same and the
most bond in the same wavenumber. The morphology of the (PVA-PVP-
C0,03) nanocomposites films has been studied using (SEM) technique,
which showed a good distribution and homogeneous in surface morphology
with increasing of cobalt oxide nanoparticles. The results of optical
properties of the nanocomposites show that the absorbance increases when
increasing the concentration of cobalt oxide nanoparticles. The (PVA-PVP-
Co0,03) nanocomposites have high absorbance in the (UV-Region) and low
absorbance in the (Vis-Region) and (IR-Region), the electronic transitions in
the films are indirect (allowed and forbidden) at all concentrations. The
refractive index, extinction coefficient, and the dielectric constant (real and
imaginary part) increase with increasing the concentration of the cobalt

oxide nanoparticles. The energy gap decreases with the increase of the
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concentration of the cobalt oxide nanoparticles. The optical conductivity
increase with the increasing concentration of Co,03 nanoparticles. The A.C
electric properties show that the dielectric constant and dielectric loss of the
nanocomposites decrease with increasing the frequency of applied electrical
field and they increase with the increase of the concentration of cobalt oxide
nanoparticles, the A.C electrical conductivity increases with increasing the
concentration of cobalt oxide nanoparticles, frequency, and almost constant
at high frequency. The antibacterial properties of the (PVA-PVP- Co0,0;)
nanocomposites were tested against gram positive (S. aureus) and gram
negative (E. coli). The results showed the inhibition zone was increased with

increase the concentrations of Co,03 nanoparticles.
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Chapter one Introduction and Literature Survey

1.1 Introduction

Nanotechnology is a new technology that can be used in many
different fields. It has become very popular in a number of different fields
over the last 10 years, including the mechanics, electronics, materials
sciences, medicine, optics, airspace and oil. Its societal impact has been
recognized as a significant factor. The prefix "nano" originates from the
Greek word for "dwarf." "Nano" is a term that refers to extremely small
objects. A nanometer (nm) is one billionth of a meter, or 10 angstroms. As
example, a nanometer is ten thousand times less than the diameter of a

human hair at 10° meter. A human hair is around 50 microns in diameter [1].

Nanotechnology will enable the development of new materials
providing the basis for the design and development of new properties and
structures, which will result in increased performance, reduced cost of
maintenance, and enhanced functionality [ 2]. Nanotechnology is a relatively
new field of study that developed as a result of the observation that materials
exhibit dramatically different characteristics at nanoscale than at bigger
particle sizes [3]. The researcher Feynman in 1959, pointed to the presence
of something in the depths, there is plenty of room at the bottom. Norio
Taniguchi coined the word "nanotechnology" in 1974 in Japan, as follows;
Nanotechnology mainly consists of the processing of separation,

consolidation and deformation of materials by one atom or one molecule [4].

Nanotechnology involves work from top-down, i.e. reducing the size of
large structures to the minor design, such as photonic applications in
nanoelectronics and nanoengineering , or bottom-up, involving the
transformation of individual atoms or molecules in to the nanostructures and
so more closely resembling biology [5]. Nanotechnologies are vital
technologies for the twenty-first century, and significant research is being

conducted in this subject. Soon, new applications can also become
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accessible. Due to the fact that applications with nanoscale structural
characteristics exhibit significantly different , chemical,biological
and physical characteristics  than  their  macroscopic  equivalents,

nanotechnology can be helpful on a variety of levels [6].
1.2 polymers structure

Polymers are composed of huge organic molecules (macro molecules)
composed of repeated small structural (monomer units) that are joined
together through a process known as polymerization. [7]. Molecules in
polymers are made up of thousands of atoms that are linked together by
covalent chemical bonds. The forces that hold the molecules together depend
on the type of polymer they are made of. Due to the large, coupled molecules
in polymers that are difficult to manage, there are only a few crystal
connections in polymers at low temperatures. It is only in limited regions
that a linear chain of molecules can arrange themselves in an organized form.
In the solid state, polymers are comprised of crystalline and non-crystalline
regions [8].

1.3 Chemical Classification of Polymers
Polymers can be classified according to their chemical structure:
1.3.1 Linear Polymers

The main structural unit of these polymers is a single molecular series for
certain lengths that is linked together in a linear shape. It doesn't have any
branches except for the twisted totals that are part of the monomer, as shown

in figure (1.1.a).

Van der Waals and hydrogen bonding between the chains may be

extensive in linear polymers. Polyethylene, poly (vinyl chloride),
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polystyrene, poly (methyl methacrylate), nylon, and fluorocarbons are some

of the more prevalent polymers that form linear shapes [9].
1.3.2 Branched Polymers

The reaction between poly-functional molecules results in structural units
that can be connected in such a way as to form non-linear structures. In
certain situations, the side growth of each polymer chain can be stopped
before the chain has a chance to link up with another chain. The resulting
polymer molecules are said to be bundled. Branching can produce several
physical properties in a polymer, such as a decrease in solvent solubility, a

rise in the softening point and also a decrease in thermoplastic properties.

For instance, while high density polyethylene (HDPE) is predominantly a
linear polymer, low density polyethylene (LDPE) has small chain branching
[10], as shown in the figure (1.1.b)

1.3.3 Cross linked Polymers

There are a lot of chemical bonds that connect to each other in a
complicated way in this type of thing. The format string is composed of
three-dimensions polymer chains connected by a slew of than one site, or
when monomers with effective totals are used rather than being contained

two effective totals, as seen in the figure (1.1.c) [11,12].
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2 linear chain b branched chain ¢ cross-linked polymer

Figure (1.1): Constructivism Authority for (a- Linear polymer, b- Branched polymer
, C-Cross linked polymer) [12].

1.4 Thermal Classification of Polymers

Polymers are divided into groups based on how temperature affects them
[13,14]:

1.4.1 Thermoplastic Polymers

Temperature has an effect on these polymers' characteristics. The
polymers degrade as the temperature increases. Possess a sticky and
malleable nature; polymers revert to their solid state as the temperature
decreases. Due to the fact that the molecules of the thermoplastic polymers
are bound together via Intermolecular forces are weak (Van der Waals
forces). When heated, these molecules slide over one another, which
includes polyethylene, polystyrene, polyvinyl chloride, and polypropylene,
as depicted in figure (1.2).
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g <<

Thermoplastic

Figure (1.2 ) Thermoplastic polymer configuration [14]

1.4.2 Thermoset Polymers

Thermosets are typically three-dimensional networked polymers with a
large degree of polymer chain crosslinking. When these polymers are heated,
they change in a chemical way. These polymers become insoluble after
being heated, do not conduct heat or electricity, and difficult since these
polymers' molecules are connected via covalent solid chemical connections.
This type of polymer includes urea-formaldehyde resin and phenol

formaldehyde resin.

——
W
| —




Chapter one Introduction and Literature Survey

The arrangement of thermoset polymers is illustrated in this figure.

Thermoset

Figure (1.3) Thermoset polymer configuration [14]
1.4.3 Elastomers Polymers

Elastomers are a type of network polymer that is lightly cross-linked and
may be reversibly stretched to extraordinary lengths. They have very tightly
randomly coiled molecules when not stressed, but when they are stretched,
they become a lot bigger and bend. This lowers the randomization of the
chains, resulting in a decrease in the entropy of the material, which is caused

by the retrospective force observed.

Cross-links prohibit molecules from moving past one another when a
material is expanded. When the rubber cools (partially), it becomes crystal
clear or glassy transparent. They do not flow when heated in the
conventional sense due to cross-links. Neoprene and vulcanized rubber

neoprene are as illustrated in figure (1.4).
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Elastomer

Figure (1.4): Elastomer polymer configuration [14]

1.5 Classification Based on Sources Polymers
Two major sources of polymers are as follows[15]:
1.5.1 Natural polymers

It is naturally occurring substance found in plants and animals, such as
lumber, cotton, silk, natural rubber, and wool. Starch, protein, and cellulose

are all natural foods that are composed of natural polymers.
1.5.2 Synthetic Polymers

The polymer is synthesized from simple chemical components and accounts
for the great majority of industrially important polymers, including rubber,
plastics, synthetic leather, and nylon textiles. Other qualities of synthetic
polymers include physical and mechanical properties, as well as heat

stability.
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1.6 Classification of Polymers dependent on homogeneity

Polymers are divided according to the homogeneity for their repeating units

into the following categories:

1.6.1 Homopolymers:

Homopolymers are materials composed entirely of one monomer [16].
1.6.2 Copolymers:

If their components have more than one monomer type, they are referred to

as copolymers [16].
1.6.3 Composite Polymers:

It is the addition of materials to homogeneous polymers in order to modify

certain of their properties and the incorporation of new recipes [17].
1.7 Polymer Blend

Over the last several decades, polymer blends have been the subject of
major technological and polymer science [18]. The term "polymer blend"
refers to the process of physically blending two or more different polymers

with or without chemical interaction [19].

Polymer blends can be composed of amorphous or crystalline polymers
[20]. Two or many types of polymers can be mixed together to make new
materials that have better properties than their parts alone. [21]. There are
numerous reasons why polymer blending is regarded as a critical field of
polymer development and research, one of which is that polymer blends
provide a rapid and cost-effective means of obtaining new polymeric
materials. These materials typically exhibit a range of characteristics that are

dependent on the characteristics of their constituents, and polymer blends
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enable a variety of industrial applications via property enhancement and cost
savings [22,23].

Three important criteria influence the performance of polymer blends:
compatibility, miscibility, and morphology. Numerous attempts have been

made to comprehend these three variables in polymer mix systems [24,25].
1.8 Nanomaterials

Nanomaterials studies is a discipline that approaches nanotechnology from a
materials science perspective. A nanometer (nm) is a unit of measurement
equal to one billionth of a meter. A single unit of a nanomaterial is between

(1-100) nanometers in size.

These materials frequently exhibit exceptional qualities as a result of their
shape, size, and chemical composition [26]. Two major causes contribute to
nanoparticles' characteristics being notably different from those of ordinary

materials: greater relative surface area and quantum effects [27].
1.9 Composite Materials

When two or more materials are combined in a way that is different in shape
or material composition, the resulting composite has qualities that are
distinct from the individual materials , this is referred to as a composite
material system [28]. Additionally, it has a robust structure. The composite is
composed of two primary components: the matrix (the fundamental material)
and the additives. The matrix serves to encapsulate and bulk up the
composite. It encircles and strengthens other components, forming a
"compact system.” Additives are substances that are added to polymers to
give them specific properties and improve their basic properties. These

substances can be added in granular form or as small particles. Additives can
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improve the overall conductivity, reduce porosity, improve friction, and

some magnetic properties [28,29,30].
1.10 Nanocomposites

Nanocomposites are materials composed of at least one component with a
nanometric size of (10 m) [31]. Nanocomposites are made up of polymers
(natural and manufactured) and nanomaterials, which are materials having a

nanoscale topography or are built of nanoscale building components [32].

The main concept of nanocomposites is based on the creation of a large
interface between both the nano-sized building components and the polymer
matrix [33]. The mechanical, thermal, electrical, optical, catalytic, and
electrochemical properties of nanocomposites will be significantly different

from those of their constituent materials [34].
1.11 Physical Properties of the Used Materials
1.11.1 Polyvinyl alcohol (PVA)

Polyvinyl alcohol possesses a number of unique qualities, including
biodegradability, chemical stability, high abrasion resistance, eco-
friendliness, tensile strength, elongation, thermal stability, ease of
processing, flexibility, and low manufacturing cost. Polyvinyl alcohol is a
water-soluble artificial polymer with low toxicity with superior wounds
dressing bioreactor characteristics [35,36]. Polyvinyl alcohol is notable for
its semi-crystalline nature, which consists of both crystalline and amorphous
regions, resulting in interfacial effects that enhance the physical qualities
[37,38].

When exposed to high temperatures, it decomposes swiftly. Different
additives, such as salts, polymers, ions, and nanocomposites, are commonly

used to enhance and improve the characteristics of PVA [39]. PVA is a poor
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electrical insulator by nature, but when doped with conductive inorganic
fillers, it becomes conductive [40]. Polyvinyl alcohol is often used as a

polymer matrix to make different composites at a low cost technique [41].

Due to its unique physical and chemical properties, polyvinyl alcohol
(PVA) is a significant polymer [42]. It is used in the industry for adhesives
as well as biomedical materials such as drug delivery systems and
membranes. Additionally, PVA can be used in medical applications such as
the fabrication of artificial blood vessels, contact lenses, and artificial
intestines. Because of its compatibility with the live body, it has been

identified as a medical substance [43,44].
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vinyl alcohol poly(vinyl alcohol) or PVA

Figure (1.5): The chemical structure of polyvinyl alcohol [43]
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Table (1.1): Physical and chemical properties of polyvinyl alcohol (PVA)
[44].

Property Value
Appearance White to ivory white granular powder
Molecular formula (C2H40),
Density g/cm® 1.19-1.39
Solution PH 5-6.5
Refractive index 1.55
Glass transition temperature 85
(Tg) °C
Melting temperature (T,)°C | 230 for fully hydrolyzed grades, 180-190 for
partially hydrolyzed grades.

1.11.2 Polyvinyl pyrrolidone (PVP)

Polyvinyl pyrrolidone is a biocompatible polymer that is hydrophilic and is
used in a many of biomedical applications [45]. And separation processes to
improve the hydrophilic properties of blended polymeric materials [46]. Due
to its water solubility and exceptionally low cytotoxicity [47]. PVP has
garnered particular interest among conjugated polymers due to its good
environmental stability, easy process situation and excellent transparency.
PVP is a potential material with a high charge storage capacity as well as

electrical and optical properties that depend on the dopant used.

A chemical study says that PVP is inert, non-toxic, and interestingly [48].

Polyvinyl pyrrolidone's chemical structure is shown in figure (1.6) [48].

12
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Figure (1.6) The chemical structure of polyvinyl pyrrolidone[48]

Table (1.2): Physical and chemical properties of polyvinyl pyrrolidone
(PVP) [48].

Property Value
Appearance White to creamy-white
Molecular formula (CsHgNO),
Density g/cm’ 1.25
Solution PH 3-7
Refractive index 1.53
Glass transition temperature (T,) 109
°C
Melting temperature (T,,) °C 150
(5 )
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1.12 Additive Material (Cobalt OxideCo,05;)

Cobalt Oxide (Co0,03) is a highly insoluble and thermally stable source of
Cobalt that is suited for glass production ceramic and optic applications.
Compounds made of oxides are not electrically conducting. However, some
perovskite-structured oxides are electrically conductive, so they can be used
in the cathode of solid oxide fuel cells and systems that generate oxygen. A
metallic cation and at least one oxygen anion are present in these
compounds. Due to the fact that they are typically insoluble in aqueous
solutions (water) and extremely stable, they can be used for everything from
simple ceramic structures like clay bowls to advanced electronics and light
weight structural components in aerospace and electrochemical applications
such as fuel cells, in which they demonstrate ionic conductivity. There is an
increasing need for metal oxide materials in the scientific community
because of their environmental friendliness and stability, natural abundance,

ease of synthesis, and expanded application reasons [49].

Table (1.3): Different characteristics of Co,05 [49]

Chemical formula Co0,05
Molar mass 165.8646 g/mol
Appearance Black solid
Density 5.18 g/cm®
Melting point 895 °C (1.643 °F, 1.168 K)
Solubility in water negligible
Magnetic susceptibility (y) +4560x10° cm®/mol

14
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1.13 Literature Review

Recent years have seen an increase in interest in polymer composites
research in general and nanocomposites research in particular, due to their
potential uses in optical, mechanical, electrical, ablative, and thermal
applications. A short summary of recent advances in the fields above is

shown below:

In (2010) R.J. Sengwa, et al. [50] have studied the dielectric properties of
solution intercalation and melted intercalation. Films of poly(vinyl alcohol)-
poly(vinyl pyrrolidone)-montmorillonite clay nanocomposites. The complex
impedance, alternating current A.C electrical conductivity, and Complex
dielectric function of these films were studied as a function of clay
concentration in the frequency range (20Hz-1MHz) at 30 degrees celsius.
The D.C conductivity of these films differs atypically as the clay
concentration increases. The complex impedance spectrum indicates that the
dielectric characteristics of these nanocomposite films were not affected by

electrode polarization in the investigated frequency range.

In (2011) K. Sivaiah, et al [51] have studied optical and structural properties
of Li+:PVP & Ag+:PVP polymer films. PVP polymers including Li+ or Ag+
ions have also a been synthesized intransparency and good stability by using
solution casting process. Their optical, structural, electrical and thermal
properties have been examined from the measurements of SEM , XRD,
optical absorption spectra and FTIR. The silver particles are spherical in
shape, have a uniform distribution in solution, and have an average size of

about 3 pm, as determined by SEM micrographs.

In (2012),Xiushan Zhu , et al. [52] in this study, thin films were formed
using the spin coating process from a composite of polyvinyl alcohol and

cobalt oxide (Cosz0,) nanoparticles.The nonlinear and linear  optical

15
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properties of nanocomposites with thicknesses of hundreds of nanometers
were examined. The absorption spectra found two direct band gaps (Eg =
1.38 eV and 2.0 eV) when the absorption coefficient and refractive index

were determined.

In 2013, M. Ghanipour and D. Dorranian [53] have studied the optical
properties of nano-Ag doped and undoped PVA films . They discovered that
as silver nanoparticles' weight percentages increased, the absorbance

increased and the value of the optical energy gap decreased.

In( 2013),M.A. Habeeb [54] have studied the thermal and A.C electrical
properties for (PVA/PVP/Ag) nanocomposites. He discovered that as the
concentration of nanosilver and the temperature increase, the thermal
conductivity increases, The dielectric loss, dielectric constant, and
alternating current electrical conductivity all increases as the concentrations
of nanosilver increases. With increasing frequency, dielectric loss and
dielectric constant decrease, while  (A.C) electrical conductivity of

nanocomposites increases as the frequency increases.

In (2014), H. Chandrakala et. al [55] this study indicated that as the
concentrations of nanoparticles increased, the dielectric loss and dielectric
constant increased as well, while decreases as the frequency increases. With
greater frequency, the AC conductivity of PVA-ZnO-Ce,0O3; nanocomposites
was increased. The optical characteristics indicate that charge transfer

complexes between the hydroxyl groups of PVA and NPs .

In (2016),K.J.Kadhim, et al.[ 56] this work studied optical characteristics
for (PVA-PEG-PVP) blend by adding of the titanium oxide nanoparticles for
biological applications. The experimental results indicate that as the
concentration of titanium oxide nanoparticles increases, the absorbance

increases. The energy band gap decreasing and the other optical constants of
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the (PVA-PEG-PVP) blend increased when the titanium oxide nanoparticles

concentration increases.

In (2017), M. Karpuraranjith and S.Thambidurai [57] have studied
produced the (cesium/zinc oxide-polyvinyl pyrrolidone) nanocomposites by
using precipitation process. Antibacterial activity of chitosan,(cesium/zinc-
oxide  polyvinyl pyrrolidone) ,and (polyvinyl pyrrolidone-zinc
oxide) nanocomposites was examined versus gram negative bacteria
Escherichia coli (E.coil) and gram positive bacteria Staphylococcus aureus
(S.aureus) .The results indicated that gram positive bacteria are more

susceptible to inhibition than gram negative bacteria.

In (2018),F.M. Ali et al. [58] tested the Polymer blend samples based on
Polyvinyl pyrrolidone (PVP)/ Polyvinyl alcohol (PVA) doped with various
concentrations of cerium ions [(PVA/PVP)-x wt.% Ce3+] (x = 3%, 5%, 10%
and 15%). In the ultraviolet and visible range, the absorption spectra displays
that the fundamental absorption edge of (PVA/PVP)-x wt. percent Ce3+
composites had a wide red shift. By gradually increasing the Ce3+ ion
concentration, the optical gap Eg was reduced from 4.54 eV for the undoped
PVA/PVP film to 3.10 eV. The doping of cerium ions has a major effect on
the static refractive indices. Adding cerium ions to PVA/PVP blend films
causes a considerable rise in the refractive index while simultaneously
decreasing the optical gap. These findings are likely to have a significant
impact on a wide range of applications, including organic semiconductors,

polymer waveguides, optoelectronic devices , and polymer solar cells.

In (2019), H. Khalid et al. [59] the researcher investigated the fabrication of
new nanocomposites (carboxymethylcellulose—polyvinylalcohol-
polyvinylpyrrolidone—leadoxide nanoparticles).The influence of (PbO,)
nanoparticles on the optical characteristics of a (CMC-PVP-PVA) blend has

17
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been studied. The (PbO,) nanoparticles were introduced at doses of 2, 4, 6,
and 8 wt % to a polymer blend (polyvinyl alcohol 30%, polyvinyl
pyrrolidone 30%, and carboxy methyl cellulose 40% ).The optical
characteristics of (CMC-PVP-PVA-PbO,) nanocomposites, The results of
the experiments indicate that the absorption coefficient (o),absorbance
(A),extinction coefficient (k) , refractive index (n), optical conductivity (o)
, and (real and imaginary) dielectric constants (e; and ¢,) of the (CMC-PVP-
PVA) blend increase as the weight percentages of lead oxide nanoparticles
increase. With increasing lead oxide nanoparticle concentrations, the energy
gap (Eg) of the (CMC-PVP-PVA) blend decreases.

In(2020), Q. Jebur, et al. [60] have studied the dielectric and structural
characteristics of (PVA-PEO-Fe,0O3) nanocomposites. The results indicate
that when the frequency of the applied electric field increases, the dielectric
loss and dielectric constant decreased while the electrical conductivity
increases. The optical experiments revealed that the absorbance for (PVA-
PEO-Fe,O3) increases with increasing iron oxide nanoparticle
concentrations. With increasing concentrations for iron oxide nanoparticles,
the indirect (Eg) energy gap for the (PVA-PEO) blend reduces. The optical
constants of (PVA-PEO) blend, such as , extinction coefficient, absorption
coefficient, refractive index, real and imaginary dielectric constants, and
optical conductivity, altered as the weight percentage of iron oxide

nanoparticles increased.

In (2021),A. Abid, et al. [61] the present work examined polymer blend
(PVA-PVP)-carbon black (C.B N375) nanocomposites. The nanocomposites
(PVA-PVP-C.B) are prepared by the use of a casting method. The dielectric
constant and dielectric loss of the samples decreased as the frequency of the
applied electric field increased, however the A.C electrical conductivity

results increased as the frequency increased. With increasing carbon black
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concentrations, the dielectric constant, dielectric loss, and electrical

conductivity (A.C) of all films increased.

In (2022),Y.Cao et al. [62 ] in this study, the solution blow spinning (SBS)
technigue was wused to rapidly create polyvinyl pyrrolidone
(PVP),polycaprolactone (PCL),and PCL/PVP nanofibrous films to
encapsulate chlorogenic acid (CGA). The PVP nanofibrous film did not
show any inhibition activity against E. colior S. aureus, while the
PCL/PVP and PCL films showed will antimicarobial activity. In summary,
the above findings indicated that PCL and PCL/PVP nanofibrous films

containing CGA had interesting applications in food packaging.

1.14 The Aim of The Study

1- After preparing the samples (PVA-PVP Co0,03), we expect the physical

properties to improve.

2- Studying the effect of (Co,053) nanoparticles on the, optical, dielectric and

structural properties of ( PVA-PVP-C0,03) nanocomposites.

3- The application of (PVA-PVP-C0,03) nanocomposites with antibacterial

activity .
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2.1 Introduction

This chapter includes a general description of the study's theoretical part,
including physical concepts, relationships, scientific clarifications, and laws

applied to explain the study's findings.
2.2 The Optical Properties

The variations electronic characteristics with size resulting in major
variations in the optical characteristics of nanoscale materials[63]. When
particles are reduced to an enough small size, quantum effects limiting the
energies where the holes and electrons can be exist in the particles, due to
the fact that energy is proportional to wavelength, the optical properties of
the particles can be finely tuned depending on its size. Thus, by changing the
size of particles, it is possible to cause them to absorb or emit light at
specific wavelengths [64]. The study of polymer optical characteristics
advances our understanding of the internal structure of the polymer, the type
of the bonds, and the application possibilities of polymers. Knowing the
transmittance and absorption spectra of a polymer enables the identification
of numerous optical properties over a wide range of wavelengths. By
examining the ultra - violet spectra, we can determine the type of
bonds, energy beams and orbitals. The visible light spectrum gives adequate
information about a material's behavior for solar applications. The infrared
spectrum is necessary in order to determine the overall structure of a

polymers and the elements that consisting its chemical structures [65].
2.2.1 Absorbance (A)

Absorbance can be defined as the ratio between the absorbed intensity (1) )

by material and the incident intensity of light (/,) [66].
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2.2.2 Transmittance (T)

The transmittance (T') of a film is defined as the ratio for the intensity of

rays that pass through it (I7) to the intensity of incident rays (I,) [67].
T =I5 /1p e (2.2)
2.2.3 Fundamental Edge of Absorption

The fundamental edge of absorption is defined as a rapid increase in
absorption when the amount of energy absorbed is nearly equalize to the
energy gap between the bands. As a result, the fundamental absorption edge
denotes the region where there is the least amount of energy differential
between the top points in the valence bands and bottom points in the
conduction bands [68]. The regions of absorption can be divided into three

distinct regions [69]:
A. High absorption region

This region is represented in figure (2.1) portion (A), in the region of
high absorption, where (@ = 10%) cm™. In this region, the absorption
coefficient correlates to transitions between stretched states in the valence

and conduction band.
B. Exponential region

This region can be seen in the figure (2.1) portion (B). The absorption
coefficient for this region is between (1 < a < 10%) cm™ . The absorption
in this region is caused by transitions between extended states and localized

states in the band tail. This is referred to it as the Urbach edge.
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C. Low absorption region

There is an extremely low absorption coefficient («) in this region,
which is about (@ < 1cm™1). The transition occurs in this region as a result
of state density within space motion caused by structural defects. As showed
in figure (2.1), the portion (C).
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Figure ( 2.1 ): The relationship between the absorption edge and the absorption
regions [61].
2.2.4 The Electronic Transitions
There are two main types of electrical transitions [70].
1. Direct transition

This transition occurs in semiconductors if the bottom for (C.B) is directly

above the top for (V.B.). This indicates that their wave vectors are equal, i.e.

(AK = 0). Absorption happens at this stage when (hv = E;pt). This type of
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transition requires the conservation laws of momentum and energy. There

are two types of direct transitions [71].
a- Direct allowed transition:

This transition occurs between the highest points in (V. B) and the bottom

points in (C. B), as observe in the fig (2.2-a)
b- Direct forbidden transition:

These transitions occur between points adjacent to the lowest point in the
conduction band (C. B) and the highest point in the valence band (V. B) [72],
as showed in the fig (2.2.b). Absorption coefficient of this type of transition

is calculated as follows:

Where Egom : The energy gap between direct transitions.

B: Constant varies with different materials.

r: is exponential constant, and its amount depends on the nature of the

transition
r = 1/2 for allowed direct transition.
r = 3/2 for forbidden direct transition
a. is the absorption coefficient.
h: is the Planck’s constant.

v: is the photon frequency.
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2. Indirect transitions

In this form of transition, the bottom for (C.B.) doesn't over the peak for
(V.B.), as shown in the curve (E-K),and the electron moves from the (V.B.)
to the (C.B.) in a way that isn't perpendicular where the values of the waves
vectors of the electrons before and after this transition are not the same
(AK # 0). This type of transition occurs with the assistance of a particle
termed a "Phonon,” which is necessary for conservation of the momentum

and energy law. Indirect transitions are classified into two types [72]:
c- Allowed indirect transitions:

These transitions occur between the lowest point in (C.B. ) and the
highest point in (V.B.) , which are located in the (K-space's) difference

region, as showed in the figure (2.2.c).
d- Forbidden indirect transitions:

These transitions occur between points adjacent the top for (V.B.)
and points adjacent the bottom for (C.B.) [73], as shown in fig (2.2.d).

Absorption coefficient of a transition involving phonon absorption calculated

by:

ahv= B(ho — EgP" 4 Epp) e, (2.4)
When: E,,: Phonon energy, is (+) phonon emission, and (-) phonon

absorption.
(r = 2) for allowed indirect transition.

(r = 3) for forbidden indirect transition.
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Conduction Band

Figure (2.2 ): Types of transition [59]
a- allowed direct transition. c- allowed indirect transition

b- forbidden direct transition. d- forbidden indirect transition

2.2.5 The optical constants

There are many important reasons for studying the optical constants of
materials. Firstly, the usage of materials at optical applications like
interference filters, reflective coatings, and optical fiber necessitates an
accurate understanding of their optical constants over a broad wavelength
range. Secondly, all materials' optical properties can be connected to their

electronic band structure, atomic structure, and electrical properties [74].
2.2.5.1 Absorption coefficient (a)

The absorption coefficient is defined as the decrease in the ratio of incident
wave relative to unit length in the direction of a wave propagation within the
medium [75]. The absorption coefficient () is proportional to the energy of

the incident photon (hv).
Photon energy calculated by Planck's law [76] :

E=Rh=Rhe/A o] (2.5)
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Where: c: is the light's velocity and A: is the light's wavelength.

The transmittance of an absorbent medium with a thickness of (d) is

calculated by this equation:
T=(1—=R)Yexp(—ad) ...c..c.oviviiiiiiiiiiiiiiiiiiiainn, (2.6)
Where: T transmittance, R: is the reflectance.

If a light of intensity (I,) is incident on a film of thickness (d), the

transmitted intensity (I;) can be calculated as follows [78]:
Ip =lpexp (—ad) oo, (2.7)

I [Ig = exp(—ad)cceiiiii i (2.8)

where: T =I; / I,

T=exp (—ad) ..ccoviiiii i, (2.9)
1/T = exp (A d)cceeineii e (2.10)
Then:

ad = 23031095 (In /I7)ceeeeiieiiiiiiiiiii e, (2.11)

Ad = 2303 X A oo, (2.12)
Then:
Q@ = (2303 X A)/d . oo, (2.13)

Where: (d) is the thickness of the sample in centimeters, (A) is the
absorbance of the material.
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2.2.5.2 Refractive Index ( n)

The refractive index is the ratio of the velocity of light in a vacuum (C) to
its velocity through a material. The refractive index (n) was determined
using equation (2.16) depending on the extinction coefficient (k) and

reflectance as described in the following equation [79]:

_ (n-1)%+k?
T (n+1)2+k?

where (k) is the extinction coefficient.

Additionally, the following equation can be wused to calculate

the transmittance (T')and absorbance (A4):

The following equation can be used to calculated the refractive index(n)
[80]:

_ 4R—k2_(R+1)
n= / RoD)Z (R o (2.16)

2.2.5.3 Extinction coefficient (k)

The extinction coefficient (k) denotes the amount of attenuation of an
electromagnetic waves passing through a material, with its values dependent
on the structure of free electrodes and the material density [81]. It denotes

the imaginary value of the refractive index that is complex (N):

when: n : is the real value for refractive index.

The extinction coefficient (k) can be calculated by using equation [83]:
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Where A :is the wavelength of photon beams that are incident.
2.2.5.4 Dielectric Constant ( &)

The dielectric constant demonstrates matter's possibility to polarize, it can
respond very difficultly with multiple frequencies. At optical frequencies,
which are expressed by waves of light, electronic polarity is
more dominates than other types of polarization. real and Imaginary

dielectric constants can be computed using the equation [84]:

where: ¢ is the complex dielectric constant and (e, ie,) are the real and the
imaginary parts of the dielectric constant, respectively. The imaginary and

real parts of the dielectric constant are related to (n) and (k) values [84].

From equation (2.19) real and the imaginary complex dielectric coefficient

can be written as following [85]:

2.2.5.5 Optical Conductivity (a,,)

Optical ~conductivity (o,,) is directly related to absorption

coefficient (a) and refractive index (n) by the following relation [86]:
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2.3 Electrical properties

It is possible to classify matter into conductors, semiconductors, and
insulators depending on its electrical conductivity. Conductivities of some
polymers (10" ohm™ cm™) for polyamides and (~10*"ohm*cm™) (107
1 em-Y) for polystyrene [87]. The electrical conductivity of
materials and their range is depicted (2.3).

ohm

Resistivity p

10% 10" 10" 10 10" 10 105 10" 107 | 10 10t 10° 108
" I | T P
Germanium (Ge) Silver
® Glass ———— .
lickel axide Silicon (Si Copper
o Nickel oxide ilicon (5i) ;.‘
(pure)
Diamond Gallium arsenide (GaAs) Aluminum
.
(pure)
Gallium phosphide (GaP) Platinum
® Sulfur .
Fused Cadmium sulfide (CdS) l.’;i\muth
quariz
. . :r . ¢+ . I . . . . 1.1, 1, 1,1

10°0% 100%™ 102 107 0% 10 10' 10 107 10 10° 10°

Conductivity ¢

e [ nsuslator 4-}‘ - Semiconductor - '+— Conductor —l-’

Figure (2.3): The electrical conductivity for materials [87].

The electrical properties of a material are determined by its chemical
composition, its atomic arrangement, and the presence for energy gap flaws.
This flaw can be decreased in a many of ways, like annealing. The electrical

properties are also significantly reliant on the technique used for preparation
and the deposition conditions[88].

29

——
| —



Chapter Two Theoretical Part

2.4 The Electrical polarization

Electric polarization is a phenomena that occurs when the centers of
negative and positive charges don't coincide. When an electric field is
applied to a dielectric material, this phenomenon usually appears. Because
an electric field is applied during electrical resistivity measurements,
polarization in a material can happen during electrical resistivity
measurements[89]. It's worth noting that this polarized surface charge
density (formerly represented by (P) and also referred to as simply
polarization or induced polarization) is perfectly equal to the value of the

dipole moment for each unit volume [90]:
P o= N L s e e (2.25)

Where : N,, is the number of molecules. We can make the following
assumption about the dipole moment being proportionate to the electrical
field [91]:

L= Qo E e (2.26)
where: a,: is a constant named the polarizability.
E is an electrical field intensity.

The relation between the electrical displacement (flux density) (D) and (E) is
shown by [92]:

where: e, = 8.854 x 10712 F/m is the permittivity of a vacuum.

The electric flux density in the dielectric part is proportional to that in

vacuum by [93]:
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D =€ E + P oo, (2.28)
As:
D = € 6, E (2.29)

But,e'=D /e, E
Then:
€ = 1 4+ P/, E) oo (2.30)

The polarizability and dielectric constant are related by the Clausius-

Mossotti equation [91]:

(Nyy a0)/(3es) = (€ —1)/(E +2) eooeeoeeeeeeeieeenn, (2.31)

Polarization of material can be detected by the components of this
polarization so that the total polarization can be calculated, figure (2.4)

depicts the several types of polarization [94]:
P=P, + P, +P; + P, i (2.32)
A- Electronic Polarization (P,) :

Electronic polarization arises as a result of a distortion in the charge
distribution caused by an external electric field. A separation arises between
the positive charge of the nucleus and the center of the negative charge,
resulting in the generation of induced dipoles [95]. Electronic polarization
occurs in a relatively short period of time (10 seconds) and is not affected

by temperature [96], as shown in figure 1. (2.4-a).
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B- lonic Polarization (P;):

It was generated as an ionic compound with ionic properties. It occurred
when matter was subjected to an electric field, which altered the lengths of
the ionic bonds, resulting in the formation of a net dipole moment in the
molecule that did not exist previously [95]. It only lasts for about 10 **-10™"
seconds [96]. The temperature has no effect on this type of polarization, as
showed in the figure (2.4-b).

C- Rotational or Orientation Polarization (P,) :

It's also called as molecular polarization [94]. This occurs in molecules
with a perpetual dipole moment [97]. When the electric field is applied, the
dipoles revolve around of the axis , also arrange themselves in direction of
the field. This type of polarization is dependent on temperature and takes a

long time to occur [95], as showed in the figure (2.4-c).
D- Space Charge or Interfacial Polarization (P,):

It occurs when a matter contains impurities, a vacuum, or a structural
fault, which results in a concentration of opposing charges on the impurities
terminals, this refers to the formation of dipoles within an molecule ,atom, or
zone of material. This type of polarization is dependent on homogeneity of
matter and the rate of being free from impurities. It occurs mostly in radios
frequency and can be expand to frequencies beneath audio and depending on

flaws that produces the polarization [95], as illustrated in figure (2.4-d).
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Figure (2.4): Four different types of polarization [94]

a: Electronic polarization c: Orientation polarization d:Space charge  b: lonic
polarization

2.5 The (A.C) Electrical Conductivity

(A.C) conductivity isn't the same as (D.C) conductivity, which is when the
frequency of an electric field doesn't change during (D.C) conductivity,
while the frequency of the electric field will change through (A.C)
conductivity [98]. It is very common to use dielectric spectroscopy to study
at the dielectric characteristics of polymers like (€', tang,...), it is based on
measuring the voltage and current (phase and amplitude of the A.C. system)
[99].

The dielectric constant represents the ratio of the capacitance of the
capacitor in the presence of the insulation between its plates to its
capacitance in the presence of the vacuum, Its amount varies from material

to another depending on the amount of polarization in the material [100].

33

——
| —



Chapter Two Theoretical Part

When the voltage is alternating V =V, et [100], is applied through a
capacitor (C) contains insulator, therefore, the currents moving through the

capacitor (C) precedes the voltage by the phase (n/2) [101]:

I = TwCV (2.33)

where (i) is an imaginary number (i = vV—1), (w) represent the angular
frequency of the applied electric field (w = 2xrf), (V,) is the maximum

voltage and (f) is the frequency.

This demonstrates that an electronic current (I) is the total of a

conduction current(,), which is a same phase with (V), and the capacitance

current (I,), which has a phase changes of (r/2) ,as follows [102]:
I =1, +il; (2.34)

The capacitance of a capacitor made up of two parallel surfaces is

determined by the following equation:

C = ee,A./d e, (2.35)
Where : (d) is the thickness and (4,) is the area.

Substituting equation (2.35) into equation (2.33), obtain:

I = iwee, VA /A (2.36)

After then, the dielectric constant is considered as a complex quantity
(€). The difference of the complex dielectric constant's real and imaginary

portions is described by equation [103]:
€= & — L& e, (2.37)

where: & is the dielectric loss.
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Therefore, obtain
I = iwe, (€= 0ieNVAJAd oo (2.38)
When equation (2.34) is compared to equation (2.38),then:

L, = weg, e" VA /d (2.39)

I

q WE, € VA JAd (2.40)

Figure (2.5) shows that the loss factor (tand) is determined by the equation
[101]:

tand =1, /1, = €'/ (2.41)

At low frequencies, the capacitor can be expressed by an ideal capacitor

and resistance R, linked in parallel, so [102]:

I =1,+il;, =V/R, +iwC,V i, (2.42)
As a result, the impedance (Z) is then equal to [100]:

1/Z = 1/R, +iwC, . (2.43)

Using the equations (2.39), (2.40) and (2.42), one can get the following
[100]:

R, = d/wAre, & (2.44)
€ =1/ @R,y Co e (2.45)
C, = & A /d (2.46)
€ =Cp/Co (2.47)
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The dissipated power at an insulator is expressed by the existence of an
alternating voltage as a function with alternating conductivity, as shown in
equation (2.48):

Oac = WEYE (2.48)

04 c 1S @ temperature measurement in an insulating material caused by the
dipoles rotating in their places (or the charges vibrating) as a result of the
field alternating [104].

Figure (2.5): The circuit equivalent of a non-ideal capacitor. [101].

2.6 Anti-Bacterial Activity

Infectious disease development in general poses a severe threat to public
health worldwide, particularly with the emergence of antibiotic-resistant
bacterial species. As a result, there is an incentive to develop new
bactericidal [105].In general, both gram-negative and gram-positive bacterial
strains are considered to be a significant public health threat. Antibiotics are
used to control infections caused by both community and hospital

environments pathogens for many years [106,107].
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Recent advancements in the domain of nano bio technology, especially the
ability to prepare metal oxide nanoparticles with precise size and shape
specifications, are anticipated to result in the development of new
antibacterial agents. The size of nanoparticles has a major effect on their
functional properties. As a result of their unique chemical, physical, and
biological characteristics, nanoparticles have garnered considerable attention

in various fields, including medicine [108,109,110].

Due to the wide spread use of the antibiotics in prevention and treatment of
bacterial infections, resistant microorganisms have developed, necessitating
the creation of new active molecules against bacteria. The size of
nanoparticles is approximately the same as that of biological molecules and
less than that of human cells. Nanotreatment strategies could be used to

improve medical treatments [111,112].
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3.1 Introduction

This chapter includes the preparation process, instrumentation and
measurement techniques. A general description of materials (polyvinyl
alcohol, polyvinyl pyrrolidone and cobalt oxide) used in this work are given
by (optical microscopic, Fourier Transform Infrared Rays (FTIR), Scanning
Electron Microscope (SEM)) and also contains images and includes

diagrams of some of electrical circuits.

3.2 The Utilized Materials

The used materials in this study are:

3.2.1 Matrix Material

Polymers: two types of polymers are used in this work:
. Polyvinyl Alcohol (PVA)

The polymer is used as granular form and could be obtained from
local markets, and high purity (99.99 %).

. Polyvinyl Pyrrolidone (PVP)

It was obtained as powder form and could be obtained from local
markets, and high purity (99.99 % ).

3.2.2 Additive Nanomaterial

Cobalt oxide (Co0,03) nanoparticles: It was obtained as powder form
and could be obtained from local markets, with radius (30-80) nm and high
purity (99.999 % ).

3.3 Preparation of Nanocomposites

The (PVA-PVP-Co0,03) nanocomposites are prepared by the following:
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1. Polymers nanocomposites films have been prepared by mixing 58 % of
PVA with (42%) of PVP in (40) mL of distilled water in a glass beaker by
using magnetic stirrer, for the maxing process for 15 minutes to obtain more
homogenous solution with temperature of (70 C°). Then wait for the solution

to be cooled.

2. Adding the weight percentages of additives (1.6,3.2,4.8 and 6.4) wt. % of
(C0,05), we get the films from this mixture using the casting process, which
involves placing the mixture in a template (Petri dish has a diameter of 5¢cm),
and then left for 3 -7days to dry mixture, then taken from template quietly to
conducting the necessary tests, using micrometer to measure thickness, it is
(120)um. Figure (3.1) shows The preparation condition of (PVA-PVP-

Co0,03) films and the structural, electrical and optical measurements.

Table (3): Weight percentage for nanocomposites

PVA wt.% PVP wt.% CO203 wt.%
0.58 0.42 0
0.57072 0.41328 0.016
0.56144 0.40656 0.032
0.55216 0.39984 0.048
0.54288 0.39312 0.064
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Materials
PVA — PVP - C0,0;
Preparation of films
By casting method

Weight percentages of additive C0,0;

(1.6,3.2,4.8,6.4) wt.%
Properties
Structural Optical Electrical
* Optical Microscope *The Absorbance and *Dielectric Constant
Transmittance . .
*FTIR *Dielectric Loos

*The Absorption Coefficient (o)

* o
and Energy Band Gap The A.C Electrical

Conductivity

*SEM

*The Extinction Coefficient and
Refractive Index

*The Real and Imaginary parts of
Dielectric Constant

*The Optical Conductivity

Application

Figure (3.1): The preparation condition of (PVA-PVP-C0,053) films and the

structural, electrical and optical measurements.
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3.4 Measurements of Structural Properties

3.4.1 Optical Microscope

The sample of (PVA-PVP-Co0,05;) nanocomposites are examined by
using the optical microscope, which is supplied from Olympus name (Toup
View) type (Nikon -73346) as shown in figure (3.2) and equipped with light
intensity automatic controlled camera. Under magnification (10x), exited in

Babylon University/College of Education for Pure Sciences.

Figure (3.2): Image of optical microscope.

3.4.2 FTIR Spectral Characterization

FTIR spectra were recorded by FTIR (Bruker company, German origin,
type vertex -70) Fourier Transform Infrared Rays exited in Babylon
University/College of Education for Pure Sciences/Department of Physics.
The wave number range (400-4000) cm™ as shown in figure (3.2).
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Figure (3.3): Image of (FTIR) spectroscopy.

3.4.3 Scanning Electron Microscope

The scanning electron microscope (SEM) is an electron microscope that
images the sample surface by scanning it with a high -energy beam of
electrons in a raster scan pattern .The specimens for an SEM testing must be
electrically conductive, at least at the surface, and electrically grounded to
prevent the accumulation of electrostatic charge at the surface. Small part of
(1cm?) was taken from the sample to examine it by SEM. In this work ,low
vacuum scanning electron microscope was used.The surface morphology of
(PVA-PVP-C0,03) nanocomposites was observed using Tescan mira3 SEM
microscope. equipped with dual Bruker XFlash EDS detectors and Bruker
eFlash HD EBSD( Czech Tescan Instrument Co.) for analytical studies at the
University of Tehran as shown in figure (3.4). The advantage was observed
using this technique (Low vacuum SE detecto) is beam deceleration
technology (BDT) for high resolution imaging and high surface sensitivity at
very low kv and variable pressure operation, Fully integrated active anti-

vibration system.
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Figure (3.4): Diagram for system of SEM device.

3.5 Optical Properties Measurements

The absorption spectrum of (PVA-PVP-C0,03;) nanocomposites films
have been recorded in the wavelength range (190-1100) nm by using the
double beam spectrophotometer (Shimadzu model UV-1800 A° (JAPAN)) as
shown in figure (3.5). It found in Babylon University/College of Education
for Pure Sciences/Department of Physics. The absorption spectrum have
been recorded at room temperature. A computer program was employed to
obtain the optical constants, absorption coefficient, extinction coefficient,
refractive index and energy gaps.
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Figure (3.5): Image of UV spectrophotometer.

3.6 Measurement of A.C. Electrical Properties

The A.C. Electrical Properties have been measured by LCR meter type
(HIOKI 3532-50 LCR Hi TESTER (Japan)).lt is found in Babylon
University, College of Education for Pure Sciences/Department of physics,
as shown in figure (3.7). Only (1cm) from each one of the samples have been
taken and put between two electrodes and by different frequencies from
(100Hz-5MHz) at room temperature which shows a diagram of A.C circuit.
The capacity and dissipated factor have been recorded for all samples.
Dielectric constant, dielectric loss and conductivity have been calculated
from this data by using the special equation of A.C electrical properties.
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Electrode

impedance

analvzer ¥ i

Figure (3.6): Diagram for system of A.C electrical measurement

3.7 Antibacterial Activity Application Measurements of Nanocomposites

Antimicrobial activity of the (PVA-PVP-C0,035) nanocomposites tested
samples were determined using a disc diffusion method. The antibacterial
activities were done by using gram positive organisms (Staphylococcus
aureus) and gram negative organisms, Escherichia coli, Bacteria
(Staphylococcus aureus and Escherichia coli( were cultured in Muller-
Hinton agar. The films of the (PVA-PVP-C0,03) nanocomposites were
placed over the media and incubated at 37°C for 24 hours. The inhibition

zone diameter was measured.
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4.1 Introduction

This chapter included the results and its discussion of the structural
optical and (A.C) electrical measurements for (PVA-PVA-C0,03)
nanocomposites . It will also discuss the effect of different concentrations
additive nanoparticles (Co,05) in the optical microscope, fourier transform
infrared rays (FTIR), scanning electron microscope (SEM) and antibacterial
activity applications of (PVA-PVP-C0,0;) nanocomposites are also

discussed.
4.2The Structural Properties
4.2.1 The Optical Microscope

Figure (4.1) shows the images of (PVA-PVP-Co0,03) nanocomposites
films taken for samples of different concentrations at magnification power
(10x). However, there is a clear difference between the samples as shown in
the pictures (A, B, C, D, and E). When the Cobalt oxide nanoparticles
concentration in films (polyvinyl alcohol and polyvinyl Pyrrolidone) reaches
(6.4 wt.%) for (PVA-PVP-C0,05) nanocomposites, the nanoparticles form a
continuous network inside the polymers. This network is made up of paths
that run through the nanocomposites and enable charge carriers to pass
through them [113,114].
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Chapter Four

Fig. (4.1). Photomicrographs (10X) for (PVA-PVP- C0,03) nanocomposites: (A) for
(B) for 1.6 wt% Co0,03, (C) for 3.2 wt% Co0,03, (D) for 4.8 wt%

pure (PVA-

C0,0;,

C0,0:s.

PVP)
(E) for 6.4 wt%
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4.2.2 Fourier Transform Infrared Rays

FTIR spectroscopy has been used to analyze the interactions among
atoms or ions in (PVA-PVP-C0,03) nanocomposites, these interactions can
include changes in the vibrational modes of the nanocomposites. The (FTIR)
transmittance spectra of (PVA-PVP-C0,03) nanocomposites films with the
different ratio of (Co,0;) nanoparticles are shown in figure (4.2) are
recorded at room temperature in the region (400-4000) cm™. From the
spectra, the FTIR spectrum of (PVA-PVP) films shows broad band about
3300 cm™ is assigned to the stretching vibration of hydroxyl group (OH) of
PVA, which may be due to the intermolecular or intra molecular type of
hydrogen bonding of the polymer and the nanoparticles. The band
corresponding to CH, asymmetric stretching vibration occurs at about 2930
cm™. The peaks at 1710 and 1652 cm™ have been attributed to the C=0, C=C
stretching mode. The absorption peak at 1240 cm™ has been assigned to the
wagging (CH) group. The band about 1105 cm™ corresponds to C-O
stretching of carbonyl groups present on the PVA backbone. While the
absorption band about 962 cm™ is assigned to out of plane rings C-H
bending. Table (4.1) shows the links in polyvinyl alcohol. The band relating
to the pyrrolidone C=0 group is located at 1698 cm™. The vibrational band
at 1698 cm™ corresponds to C=0 stretching of PVP polymer film, C-H
asymmetric stretching of CH, absorption band located at 2987 cm™. The
bands at 931 cm™, 1260 cm™ and 1427 cm™ are attributed to C-C stretching
vibration, C-N stretching vibration and C-H bending vibration of pure
respectively. Table (4.2) shows the links in polyvinyl pyrrolidone. In case of
(PVA-PVP-C0,03) with different (Co,05) ratio, FTIR spectra show shift in
peak position as well as the change in shape and intensity comparing with
pure (PVA-PVP) films. This indicates decoupling between the corresponding

vibrations due to interaction between (Co,03) nanoparticles and the two
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polymers [115], and this noticed that there is a decrease in transmittance at
increasing the amount of weight percent ofcobalt oxide nanoparticles. The
increased density of the films, means an increase of atoms and ions in the
light path and increase the absorbance at UV contrary the IR, as shown in the
figure (4.2 A-B-C-D and E) [115,116].

Table (4.1): FTIR Transmittance bands positions and their assignments
for pure PVA.

Wavenumber (cm™) Band assignment
3300 OH stretching
2930 CH, asymmetric stretching
1652 C=C stretching
1710 C=0 stretching
1429 Symmetric bending of CH,
1326 (CH+OH) bending
1241 Wagging of (CH)
1105 C-O stretching
963 Out of plane rings C-H bending
845 CC stretching vibrations
663 Wagging mode of (OH) groups
481 Bending mode of (CO)
421 Wagging of (CO)
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Table (4.2): FTIR Transmittance bands positions and their assignments
for pure PVP.

Wavenumber (cm™) Band assignment
1698 C=0 stretching
2987 C-H stretching
931 C-C stretching
1260 C-N stretching
1427 C-H bending

o

Transmitlance [¥]
a5

G

T

& > g 3
i i 98 B
- 5 : - - - -
4000 00 3000 2500 00 1500 1000
Wiawenumber (-1
( )|
50
L J



Chapter Four Results, Discussion and Conclusions

= o
!
8 1 R N ——
‘avi |
\ 4 |
w L A i
= k"'\-\._-' | 'II' |. i\
E f | ."'I |I .Iﬂ
EE | | LAY |
: Raay
Ew | | | /
5 T
= || . |
- ‘ |
g 1 ||
g i
g 2 3 8 "
5 § &8 3
L] T T T T T
AD00 X500 3000 2500 2000 1500 1000
Waenumber om-1
lﬂ L%w B
R
2 | \ ' ) - e . _
£y |
e '
|
'_
|
o J
1
2 = - &
i E B
T | T T T = L - = L i
4000 00 3000 2500 2000 1500 1000

51

——
| —



Chapter Four

&0 T Ad 1]

Transmittance [¥)]

0

40

o

Transmittance [%]

40

Results, Discussion and Conclusions

15!! I'[E\ll n
R o
g 3
w00 W0 20 20 150 1000
Wavenumber cm-1
e y
|
£ &
8 §
4000 3000 2500 2000 1500 1000
Winvirumbis cim-1
Fig. (4.2). FTIR spectra for (PVA-PVP-Co0,03) nanocomposites films : (A) PVA-

PVP, (B) 1.6 wt% C0,03, (C) 3.2 wt% C0,03, (D) 4.8 wt% Co0,0; , (E) 6.4 wt%

C0,0s.
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4.2.3 Scanning Electron Microscopy (SEM)

SEM is used to investigate fully the effect of cobalt oxide nanoparticles
content and to examine the dispersion of nanocomposites particles in the
polymers matrix. Figures (4.3) show SEM images of the (PVA-PVP-C0,05)
nanocomposites films with different concentrations of cobalt oxide
nanoparticles content. Image (A) in figure (4.3) for polymers is found to be
softer, homogenous and coherence. One can noticed from the figures that the
addition of cobalt oxide nanoparticles in  (PVA-PVP-C0,05)
nanocomposites leads to changes in the surface morphology. It can be seen
from the images that the grain aggregates with increasing cobalt oxide
nanoparticles ratio. The surface morphology of the (PVA-PVP-C0,0,)
nanocomposites films show many aggregates or chunks randomly distributed
on the top surface [117]. The results show an increase in the number of white
dots on the surface with increasing concentration of cobalt oxide

nanoparticles.
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Fig. (4.3). SEM images for (PVA-PVP-Co0,03) nanocomposites : (A) for (PVA-PVP),
(B) for 1.6 wt% Co0,0s3, (C) for 3.2 wt% Co0,0s3, (D) for 4.8 wt% Co0,0s3, (E) for 6.4
wt% C0,03.
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4.3 The Optical Properties

The main purpose of studying the optical properties of the (PVA-PVP-
C0,0;3 ) nanocomposites is to identify the effect of adding Cobalt oxide
nanoparticles on the optical properties of (PVA-PVP) films. The research
covers the recording of the spectrum of absorbance for the (PVA-PVP-
Co,03) films at room temperature and calculating the absorption coefficient,
extinction coefficient, and other optical constants, as well as identifying the

types of electronic transitions and calculating energy gaps.
4.3.1 The Absorbance (A)

The absorption spectrum of (PVA-PVP-C0,03) nanocomposites as a
function of wavelength of the incident light is depicted in figure (4.4). It is
seen in the figure that the absorbance of all films is highest at a wavelength
(220 nm)in the vicinity of a fundamental absorption edge, then the
absorbance decreases as the wavelength increases. In general, films have a
low absorbance in near-the infrared and the visible ranges. This demeanor is
explained by the following: at high wavelength the incident photon doesn't
have enough energy to interact with atoms, thus the electron will be
transmitted, when the wavelength decreases (at the neighborhood of the
fundamental absorption edge), the interaction between incident photon and
material will occur, and then absorbance will increase [118]. To put it
another way, incident light is absorbed by free electrons. As a result, the
absorbance is raised by increasing the weight percentages of cobalt oxide

nanoparticles.
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Figure(4.4). The absorption of (PVA-PVP-Co0,03) nhanocomposites as afunction of
wavelength.

4.3.2Transmittance Spectrum

The optical transmittance spectrum of (PVA-PVP-C0,0,) films is shown in
figure (4.5) as a function of wavelength of incident light when varied rates of
(C0,05) nanoparticles are added. The figure demonstrates that transmittance
reduces as the concentration of (Co,03) nanoparticles increases, This is due
to the addition of (Co,05) nanoparticles having electrons in their outer orbits
that can absorb the electromagnetic energy of incident light and move to
upper energy levels, this procedure does not result in the emission of
radiation because the electrons that have moved to upper levels have filled
vacant energy band positions, As a result, a portion of incident ray is
absorbed by material and does not pass through it, In addition, pure (PVA
and PVP) have a high transmittance due to the absence of free electrons (i.e.
electrons are covalently bound to atoms), this is because the process of
breaking the electron's bond and transferring it to the conduction band
requires a high energy photon [119].
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Figuer(4.5). The relationship between transmittance of (PVA-PVP-CO,03) and
wavelength

4.3.3 Absorption Coefficient (a)

The absorption coefficient (cm)™ is found by using the equation: (2.13), The
absorption coefficient (cm)™ as a function of photon energy for (PVA-PVP-
C0,03) nanocomposites is depicted in figure (4.6). It can be noted that at
high wavelengths and low energies, the absorption coefficient is the smallest,
This signifies that the possibility of an electron transition is low, as the

incident photon's energy is insufficient to transfer the electron from (V.B) to
the (C.B) (hv <E;pt) [120]. At greater energies, the absorption is greater,

implying a greater possibility of electron transitions, The incident photon's
energy is sufficient to transfer the electron from the valence band to the
conductive band , this indicates that the incident photon's energy is higher
than the prohibited energy gap. This demonstrates the value of the absorption
coefficient in determining the type of electron transfer, if absorption
coefficient (o >10%) cm™ is large at high energy, electrons are predicted to

undergo a direct transition, the photons and electrons retain the energy and
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moment, but indirect transition of electrons are expected to occur since the
values of the absorption coefficient are low (10%) cm™ at low energies, and
the phonon assists in maintaining the electronic momentum [120], among
other findings, the absorbance coefficient of the (PVA-PVP-Co0,0;)
nanocomposites is lower than (10* cm™), indicating that the electron

transition is indirect.

600 ~ —@— Pure

—il— 1.6 wt. %

== 3.2 Wt.%
500 - 4.8 wt.%
== 6.4 wt.%

acm™)

Figure(4.6). The relationship between the absorption coefficient of (PVA-PVP-
C0,03) and the photon energy.

4.3.4 Optical Energy Gaps of The Indirect Transition (Allowed and
Forbidden)

The energy gap for the allowed and forbidden indirect transition bands has
been determined using equation (2.4), The variation of the absorption edge
(ahv)? of (PVA-PVP-Co,05) nanocomposites with the photon energy is
depicted in figure (4.7), the energy gap of allowed indirect transition can be

obtained by way of drawing a direct line from upper part of the curve
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towards to x axis at the value (ehv)*? = 0. The values obtained are listed in

table (4.3).

The energy gap values are lower as the concentration of cobalt oxide
nanoparticles increases. This is ascribed to the formation of localized energy
levels within the forbidden energy gap [120], in this situation, the transition
occurs in two steps, with the electrons moving from the valence band to the
local levels and finally to the conduction band as a result of increasing the
concentration of cobalt oxide nanoparticles, this demeanor is related to the
heterogeneous nature of nanocomposites (i.e. the electronic conduction
depends on added concentration), with increasing concentrations of (C0,053)

nanoparticles, the density of the localized state increased.
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Figure (4.7).The relationship between (ahv)*® (cm™.ev)

energy of (PVA-PVP-Co0,03) nanocomposites.
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The same way is used to determine the forbidden transition of indirect
energy gap. The forbidden transition of the (PVA-PVP-C0,05)

nanocomposites' indirect energy gap is depicted in figure (4.8).
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Figure(4.8). The relationship between (ahv)" (cm™.ev)"” and the forbidden photons

energy of the (PVA-PVP-Co0,03) nhano-composites.

Table (4.3): The energy gap for the allowed and forbidden indirect
transition for (PVA-PVP-Co0,03) hanocomposites.

The optical energy gap of the indirect transition

: \}

Cobalt oxide (V)

nanoparticles wt.% allowed forbidden
0 45 4.1
1.6 4.3 3.8
3.2 4.2 3.6
4.8 4.1 3.5
6.4 3.9 3.2
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4.3.5 Refractive Index (n)

The refractive index (n) of a material can be calculate using equation
(2.16). The figure (4.9) show the relationship between the refractive index of
(PVA-PVP-C0,03) nanocomposites and the wavelength. As shown in the
figure, the refractive index increase as the weight % of (C0,03) nanoparticles
in (PVA and PVP) increases due to the growing density of nanocomposites.
In the UV region, it is possible to observe that the refractive index is
extremely high due to the region's low transmittance, while in the visible
region, low values were observed due to the region's high transmittance
[121].

—&— Pure
2.8
—@— 1.6 wt.%
2.6 § —a—32wt%

4.8 wt.%

2.4 —k— 6.4 W%

2.2 ]

] A
1.8 AN AN
16
1.4 7

1.2 ]

Wavelength(nm)
Figure(4.9). The relationship between refractive index of (PVA-PVP-Co0,03) and
wavelength

4.3.6 Extinction Coefficient (k)

Extinction coefficient (k) is determined by an equation (2.18), figure
(4.10) depicts the relationship between the extinction coefficient of (PVA-
PVP-Co0,03) nanocomposites and the wavelength . As can be observed, (k)

is smaller at low concentrations and increases as the concentration of
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(C0,03) nanoparticles increases. This is due to the fact that the absorption
coefficient increases as the percentage of (Co,03) nanoparticles increases.
This finding shows that the host polymer's structure will be altered by the

atoms of (Co,03) nanoparticles [122].
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Wavelength(nm)
Figure(4.10). Relationship between extinction coefficient of (PVA-PVP-Co0,03) and
wavelength.

4.3.7 Real and Imaginary Parts of Dielectric Constant (g4, &;)

The dielectric constants for two portions (real and imaginary) of (PVA-
PVP-Co0,03) nanocomposites were determined using equations (2.22) and
(2.23) sequentially. Figure (4.11 ) shows the relationship between (&;) and
wavelength. As showed in the figure, (&;) is very dependent on (n?) because
of the low value of (k?), the real dielectric constant increases as the
concentrations of (Co,053) nanoparticles increase[123]. Figure (4.12 ) shows
the relationship between (e,) and wavelength. As seen in the figure, (&,) is
dependent on (k) values, which vary with the absorption coefficient because
of the relationship between (k) and (a) [124].
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Figure(4.11). The relationship between the real dielectric constant of (PVA-PVP-
C0,03) and the wavelength.
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Figure(4.12). The relationship between the imaginary dielectric constant of (PVA-
PVP-C0,03) and the wavelength.
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4.3.8 Optical Conductivity (o))

The optical conductivity is determined by an equation (2.24). The
variation in optical conductivity as a function of wavelength is depicted in
figure (4.13). It was discovered that the optical conductivity of (PVA-PVP)
increases when the percentages of Co,0; in the material increase to (6.4
wt.% ). As a result of the new levels being created in the band gap, electrons
are more easily able to move from the valence band to these local levels and
finally the conduction band as a result, the band gap narrows and

conductivity increase this conclusion agree with Berada et.al [125].
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Figure(4.13). The relationship between optical conductivity of (PVA-PVP-C0203)
and the wavelength.

4.4 - The A.C Electrical Properties of (PVA-PVP-C0,053)
Nanocomposites

The (PVA-PVP-Co0,0;5) nanocomposites were investigated for their

alternating current (A.C) electrical properties between 100Hz and 5SMHz at
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room temperature. In order to identify the dielectric constant, that is the most
essential of A.C characteristic, we used the equation (2.47). The dielectric
loss can be calculated by the dielectric constant and (tand), using the
equation (2.41), while A.C electrical conductivity (a,.) can be calculated by

equation ( 2.48) by substituting the values of (¢ ).
4.4.1 - The dielectric constant for (PVA-PVP- C0,03) hanocomposites

Figure (4.14) shows an increase in the dielectric constant with an increase in
the concentration of cobalt oxide. This increase in dielectric constant values
Is due to an increase in charge carriers and also the creation of a continuous
network of (Co,03) ions within the composite [126], This was clearly
demonstrated in the microscopic pictures taken for films of (PVA-PVP-
C0,03) nanocomposites at various concentrations [127]. When the
concentration of the additive is little (1.6wt%), it takes the form of single
aggregates and as a result, the dielectric constant decreases. On other hand,
when cobalt oxide nanoparticles are present in high concentrations (6.4wt %)
, they create a continuous network inside the nanocomposites, increasing the
dielectric constant according to the density rate of the cobalt oxide

nanoparticles this conclusion agree with Kadaji et.al [128].
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Figure (4.14): The relationship between dielectric constant of (PVA-PVP-C0,03)
nanocomposites with a concentration of (Co,03) nanoparticles

Figure (4.15) shows the variation of the dielectric constant of (PVA-PVP-
C0,053) nanocomposites with frequency. The figure shows that the dielectric
constant values decrease with increasing applied frequency, the increase of
frequencies result in decreasing of space charge polarization to the total
polarization. The space charge polarization becomes the more contributing
type of polarization at low frequencies, and less contributing with the
increase of frequency; this would result in the decrease of dielectric constant
values for all samples of (PVA-PVP-C0,03;) nanocomposites with the
increase of the electric field frequency. The other types of polarizations
appear at subsequent frequencies, the ionic polarization reacts slightly to the
variation in the field frequencies compared with electronic polarization, this
IS due to the mass of ion is greater than that of electron. The electrons
respond to even the high frequencies of the field vibrations. The low mass of
electron makes the electronic polarization was the only type of polarization
at higher frequencies. This makes the dielectric constant approximately
constant for all samples at high frequencies this conclusion agree with Kadaji
et.al [128].
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Figure (4.15): Variation of the dielectric constant with frequency for (PVA-PVP-
C0,03) nanocomposites

4.4.2 The Dielectric Loss of (PVA-PVP-C0,03) Nanocomposites

Figure (4.16) shows the dielectric loss as a function of the frequency of
(PVA-PVP-C0,03) nanocomposites. It is obvious from the figure that the
values of dielectric loss are high at low applied frequency but they decrease
with increasing of frequency. This attributed to the decrease of the space
charge polarization contribution when increasing the frequency. The highest
value of the dielectric loss at f=100Hz for (PVA-PVP-Co0,05)
nanocomposites, this value represents the highest dielectric loss at certain
frequency, that is the highest absorption of applied field. The absorption
happens due to the Maxwell-Wagner phenomenon which is caused by A.C
current due to the different of dielectric constant and conductivity of the
phases in the nanocomposites [129]. When the frequency is increasing to
2MHz, the dielectric loss is approximately constant for (PVA-PVP-C0,05)
nanocomposites. This attributed to the mechanism of other types of

polarization that occurs at high frequencies. The value of dielectric loss is
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increasing by increasing the concentration of (Co,03) nanoparticles due to
the increase of the charge carriers caused by the increase of (Co0,03)

nanoparticles concentration, as shown in figure (4.17).
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Figure (4.16): Variation of the dielectric loss with frequency for (PVA-PVP-C0,03)
nanocomposites
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Figure (4.17): Variation of dielectric loss with a concentration of (Co0,03)
nanoparticles for (PVA-PVP-Co0,03) nanocomposites
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4.4.3 The A.C Electrical Conductivity of (PVA-PVP-Co0,05)

Nanocomposites

Figure (4.18) shows the variation of A.C conductivity of (PVA-PVP-
C0,03) nanocomposites with Cobalt oxide concentration at 100Hz. The
conductivity is increasing with the increase of Cobalt oxide nanoparticles
concentration. This increase is due to the effect of the space charge and the
formation of a continuous network from Cobalt oxide nanoparticles inside

the nanocomposites [130].
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Figure (4.18): Variation of the A.C electrical conductivity with different
concentrations for (PVA-PVP-Co0,03) nanocomposites.

Figure (4.19) shows the variation of the A.C conductivity for (PVA-PVP-
C0,03) nanocomposites with  frequency. The figure shows that A.C
conductivity increases considerably with the increase of frequency, this
attributed to the space charge polarization that occurs at low frequencies, and
to the motion of charge carriers by hopping process. The increasing of the

conductivity is small at high frequencies, because the electronic polarization
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and the charge carriers that travel by hopping process [131]. Consequently,
The conductivity is increasing when increasing the frequency for all different
rates of Cobalt oxide nanoparticles for(PVA-PVP-Co0,03) nanocomposites
[132].
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Figure (4.19): Variation of the A.C electrical conductivity with frequency for (PVA-
PVP-Co0,03) nanocomposites.

4.5 Application of (PVA-PVP-Co0,03) nanocomposites for antibacterial

activity.

The (PVA-PVP-Co0,03) nanocomposites were tested against gram-positive
(Staphylococcus aureus) and gram-negative (Escherichia coli) bacteria, and
the results are shown in figures ( 4.20,4.21,and 4.22 ). The diameter of the
inhibition zone grows in proportion to the increase in Co,05 content in the
polymer matrix, reaching its maximum (26 mm) in the case of a Gram-
negative (Escherichia coli) compound at the highest (Co,03) content (6.4 wt
percent) in the polymer matrix. Nanocomposite films appear to inhibit the
growth of Escherichia coli and Staphylococcus aureus. The antibacterial

activity of nanocomposites films by nanoparticles may be caused primarily
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by oxidative stress caused by reactive oxygen species (ROS). Oxidative
stress (ROS) includes radicals like O., hydroxyl radicals (-OH), and
hydrogen peroxide (H,O,), which may be responsible for damaging
bacteria's proteins and DNA (*O,). The (PVA-PVP-C0,03) nanocomposites
have been shown to have the strongest antibacterial activity against S. aureus
and E. coli, which is attributed to the high antibacterial activity of (C0,0,)
nanoparticles [133,134].

(Staph) (E.coli)

Figure (4.20): Image for inhibition zonses of (PVA-PVP-Co0,03) nanocomposite films
on S. aureus and E. coli.
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Figure (4.21):Variation inhibition zone diameter of (PVA-PVP-C0,03)
nanocomposite films on E. coli with Co,03 concetration
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Figure (4.22):Variation inhibition zone diameter of (PVA-PVP-C0,03)
nanocomposite films on S. aureus with Co,03 concetration.
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4.6 Conclusions

From the obtained results and discussions, the following points are

concluded:

1- The optical microscope images show that Cobalt oxide nanoparticles
form a continuous network inside the polymers when the ratio of (6.4)wt.%
2-FTIR spectra show a shift in some bands and change in the intensities of
other bands comparing with pure (PVA-PVP-C0,0;) films, this indicates

ther is no interaction between the polymers and the added nanoparticles.

3- SEM shows the surface morphology of the (PVA-PVP-Co0,03)
nanocomposites films with many aggregates or chunks randomly distributed

on the top surface, homogeneous and coherent.

4- The absorbance and absorption coefficient of (PVA-PVP-Co0,0,)
nanocomposites increase with the increasing of the concentrations of the
(C0,03) nanoparticles. The absorption coefficient for all films is less than
(10" cm™. Refractive index, extinction coefficient, and dielectric constant
(real, imaginary) are increasing with the increasing of concentrations of
(Co,03) nanoparticles, while the energy gap for indirect transition (allowed,
forbidden) decreases with the increasing of the concentrations of (C0,0s3)
nanoparticles, the optical conductivity increases as the concentrations of
(C0,05) in the (PVA-PVP) increase to (6.4 wt.%), these properties can be

used for films in solar cells, coatings, and microsensors.

5- The dielectric constant, dielectric loss and A.C electrical conductivity for
(PVA-PVP-Co0,03) nanocomposites are increasing with the increasing
(C0,03) nanoparticles concentration and decreasing with the increase of
frequency of the applied electric field, on the other hand, the A.C electrical
conductivity increases with the increase of frequency, these properties can be

used for films in capacitors, transistor, and electronic circuits.
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6- The inhibition zone diameter increases with the increase in Co0,0;

nanoparticles concentratios .
4.7 Future works

1- Study the thermal and mechanical properties of (PVA-PVP-C,03)

nanocomposites.

2- Study the effect of radiation on some physical properties of (PVA-PVP-

C,053) nanocomposites.

3- Study the rheological properties of (PVA-PVP-C0,03) nanocomposites.
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