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Abstract

In this study, the effect of adding lead oxide (PbO) to PVC at different concentrations:
PVC/1% PbO, PVC/2% PbO, and pure PVC, on the optical properties of the material
was investigated. The object of this study is to measure and evaluate the impact of
different PbO concentrations on the optical properties of PVC, through the analysis of
absorption, band gap (Eg), and Urbach energy using the UV-Visible Spectrophotometer.
The results showed that increasing the PbO concentration leads to higher absorption,
while lower concentrations result in reduced absorption. It was also found that the band
gap (Eg) decreases with increasing PbO concentration, in contrast to pure PVC, where the
band gap was higher. Regarding Urbach energy, it was lower in pure PVC and gradually
increased with higher PbO concentrations, indicating an increase in the disturbances in
the material’s structure. The decrease in the band gap indicates that the modifications to
the material’s composition have improved its optical properties, which may make it more

efficient for optical applications .
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Chapter 1

Introduction

1.1 Polymer

Polymer is any of a class of natural or synthetic substances composed of very large
molecules, called macromolecules, that are multiples of simpler chemical units called
monomers,as illustrated in Figure 1.1 ,Polymers make up many of the materials in living

organism . [1]
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Figure 1.1: Polymer and a Monomer of Polythylene .

1.1.1 Polyvinyl Chloride (PVC)

Polyvinyl Chloride (PVC) is a synthetic plastic polymer known for its durability, chemical
resistance, and cost-effectiveness. It is a thermoplastic material produced through the
polymerization of vinyl chloride monomer. PVC is widely used in various industries
due to its versatility and ability to be molded into different shapes and sizes. It serves
in multiple fields such as construction, packaging, electrical, automotive, and medical

applications. [2]

1.1.2 Electronic structure of Polyvinyl Chloride (PVC)

PVC has a linear structure, consisting of repeating vinyl chloride units. Its chemical
formula is (C2H3Cl)n The monomer of Polyvinyl Chloride (PVC) is vinyl chloride.
PVC is created through the polymerization of vinyl chloride molecules. Vinyl chloride is

a colorless gas with the chemical formula CHy,=CHCI. [3]
1
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1.1.3 Properties of Polyvinyl Chloride (PVC)

e High Mechanical Properties and Hardness: PVC’s mechanical strength improves

with increasing molecular weight but decreases with rising temperatures.

e Good Electrical Insulation: Due to its polar nature, PVC is a good insulator,
though its electrical insulation is less than non-polar polymers like polyethylene

and polypropylene. It is suitable for low-voltage and low-frequency applications.

o Resistance to Chemicals and Corrosion: PVC resists acids, salts, fats, and alcohols,

making it resistant to sewage corrosion and ideal for sewer pipe systems.

o Water and Weather Resistance: PVC fabric’s water resistance makes it widely used

for coats, skiing equipment, shoes, jackets, aprons, and sports bags. [4]

1.2 Nanoparticales

Nanoparticles are tiny materials with sizes ranging from 1 to 100nm [5]. Nanoparticles
exist in the natural world and are also created as a result of human activities. Because
of their submicroscopic size, they have unique material characteristics and are manufac-
tured. Nanoparticles may find practical applications in various areas, including medical

engineering, catalysis, and environmental remediation. [6]

1.2.1 Structure of Nanoparticles

The structure of a nanoparticle of a material is generally determined by the chemical
composition of the material, the number of atoms in the particle, and the character of
the chemical interaction between atoms. Nanoparticles can have a regular crystalline
structure, can be amorphous, or can form a pseudoclose packing undescribable by any of
the crystallographic space groups. For each of these structural states of a nanoparticle,
there is a certain set of numbers of the atoms involved in the particle that corresponds to

optimum stable configurations.[7]

1.2.2 Nano types and shapes

Classifications of NMs are still based on four dimensions:

1. Zero-dimensional nanomaterials (0-D): this class’s nanomaterials have all three di-

mensions in the nanoscale range. Examples are quantum dots, and nanoparticles.

2. One-dimensional (1D): the nanomaterials in this class have one dimension outside

the nanoscale. Examples are nanotubes, nanorods, and nanowires.
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3. Two-dimensional (2D): the nanomaterials in this class have two dimensions outside

the nanoscale. Examples are nanosheets, nanofilms, and nanolayers.

4. Three-dimensional (3D) : in this class the materials are not confined to the nanoscale

in any dimension Example :graphite sheets, fullerenes, quantum dots. [§]

The most common Nanoparticles , like nano ribbons, nanotubes, and carbon nano fibers,

are shown in Figure 1.2 [9].

Nanoribbon

Figure 1.2: Nanomaterials classification by dimension

Nanomaterials can also be classified into three groups according to their composition

or nature:

1. Organic nanomaterials, which include carbon-based nanomaterials such as fullerenes,
carbon nanotubes (CNTs), single-wall carbon nanotubes (SWCN'Ts), multi-wall car-
bon nanotubes (MWCNTs), graphite, and nanofibers.

2. Inorganics nanomaterials consist of metal and oxide-based nanomaterials such as
Ag, Au, Fe, Ti, Zn.

3. Hybrid nanomaterials, which are a combination of organic-organic nanomaterials,
organic-inorganic nanomaterials, and inorganic-inorganic nanomaterials, also known

as composites ,as indicated in Figure 1.3 [10]

Composition

Organic NMs Inorganic NMs Hybrid NMs
pNe2

(4 .,
Fuberene 2 Fe,0, .

Metal Oxides Metals Polymeric Conmy
% Graphene - nanomaterials poskes

Figure 1.3: Nanomatterials classification by composition
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1.2.3 Nano Oxides

Nano oxide is a class of nanomaterials composed of metal. Because of their special qual-
ities, nano oxides are useful in many different technologies, such as energy storage and

nanomedicine .

1.2.4 Properites of Nano Oxide

o High Surface Area: The small size of metal oxide nanoparticles results in a high
surface-to-volume ratio, which enhances their reactivity, adsorption capacity, and

catalytic activity.

e Optical Properties: Many metal oxide nanoparticles exhibit interesting optical
properties, such as absorption, emission, and scattering of light, which can be tuned
by controlling their size, shape, and composition. This makes them useful for ap-

plications in photocatalysis, sensing, and imaging.

o Magnetic Properties: Some metal oxide nanoparticles, such as iron oxide and
cobalt oxide, exhibit magnetic properties that can be exploited for applications in

data storage, magnetic separation, and biomedicine.

e Electronic Properties: Metal oxide nanoparticles can exhibit unique electronic
properties, such as semiconducting behavior, high dielectric constants, and resis-
tive switching, which are useful for applications in electronics, energy storage, and

sensing.[11]
1.3 Optical Properties

Optical properties of nanomaterial such as absorption, transmission, reflection, and light
emission are dynamic and may differ significantly from properties exhibited by the same
bulk material. A wide range of optical effects may be produced for a variety of applications
by simply manipulating its shape, size, and surface functionality. This manipulation may
be achieved via different means, depending on the composition, size, and orientation.
The optical properties of nanomaterial are very important in a variety of ways. They
are capable of confining their electrical properties to produce a quantum effect with the
possibility of the variation in shape, size, or type having effect on the color they produce.
[12]
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1.3.1 Types of Optical Properties
o Absorption: a Participial Absorption Energy That is transferred from the wave
into the particles of a substance.

o Transmission: A wave passes through a substance .

o Reflection:A wave hits a boundary between two media and does not pass through,
but instead stays in the original medium, resulting in reflection. as depicted in

Figure 1.4 . [13]

N\ N X
*— Transmission - Reflection — Absorption

Figure 1.4: Optical properties of materials

1.4 spectrum

Spectrum is the distribution of electromagnetic radiation intensity (such as light) as a
function of wavelength or frequency. It can be continuous, containing all wavelengths, or
a line spectrum, consisting of discrete lines unique to each element. Another type is the
band spectrum, which appears as closely spaced groups of lines and is associated with

molecular radiation, as indicated in Figure 1.5 [14].

SPECTRUM

700nma  650nma 600nm 4 550nm 4 500nm & 450nm & 400nm &

INFRARED

13T0IAVELIN

Figure 1.5: Spectrum

1.5 Nano applications

Nanoparticles, due to their unique or enhanced physicochemical properties, are used in
a wide range of applications in across various fields. Here, we present some examples of

these applications in Figure 1.6 .[15]
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Figure 1.6: Nanoparticles applications .

1.6 Nano composites with polymer

Polymer matrices and tiny quantities (e.g. a few weight percent of the polymer matrix)
of nanometer-sized additives make up polymer nanocomposites.

The goal of creating polymer nanocomposites is to enhance the mechanical, ther-
mal, and electrical characteristics of polymers. The primary difference between polymer
nanocomposites and conventional polymer composites, like carbon fiber-reinforced poly-
mers, is the size of the interfacial region between polymer matrices and nanometer-sized
fillers. The performance properties of polymer nanocomposites may surpass those of con-

ventional polymer composites.[16]

1.6.1 Types of nanofillers in polymer nanocomposites

1. Nanoplatelets (One Nanoscale Dimension) : Nanofillers with one nanoscale dimen-

sion, such as thin sheets. Example: Graphene nanoplatelets.

2. Nanofibers (Two Nanoscale Dimensions): Nanofillers with two nanoscale dimen-

sions, where the length is usually on the micron scale. Example: Nanocellulose
fibers.

3. Nanoparticles (Three Nanoscale Dimensions): Nanofillers with all three dimensions

in the nanoscale range, Example: Silica nanoparticles.

1.7 Advantages of Polymer nanocomposites

The important advantages of polymer nanocomposites include increased stiffness, in-

creased resistance to fire, increased thermal and dimensional stability, good optical prop-
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erties, and improved barrier effect. The polymer nanocomposites have certain advantages

over conventional composites and neat polymers, such as:
1. Polymer nanocomposites are much lighter than the conventional composites.
2. Their thermal and mechanical properties are potentially superior.

3. The barrier properties of polymer nano-composite are much enhanced as compared

to pristine polymer.

4. They exhibit increased biodegradability of biodegradable polymers and excellent

flammability properties.

Some of the potential applications of polymer nanocomposites in renowned fields
are discussed below. Figure 1.7 shows the different uses of polymer nanocomposites

in various fields.[17]

Environmental
remediation

Novel s Energy
Catalysis storage
Uses of e
Information Polymer radiation
I nanocomposites absorption
Sensing
Defence and

system " actuation

Transportation 5

and -t
safety

Figure 1.7: Different uses of polymer nanocomposites

1.8 Applications of Polymer Nanocomposites

Polymer Nanocomposites have unique properties and applied in many areas, including:

1.8.1 Energy and Electrical Applications

Owing to terrific energy storage capacity, polymer nanocomposites are potentially utilized
in the field of electrical field and equipment, Polymer nano-composite having conductive
NPs as fillers can synthesize conductive polymer nanocomposite offer applications in the
electronic devices. Polymer nanocomposite-based electrode materials show greater sta-

bility and ability, and the synergetic effects are generated by the interaction between the
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nanocomposite components. Nanocomposites containing high dielectric polymer can store
energy electrostatically and are utilized widely in electric power systems and electronics
due to their durability, capability to configure in different shapes and high breakdown
strengths.

1.8.2 Medical applications

The fabrication of polymer nano-composites into the hierarchical nano-structure scan
creates functional nano-materials having advanced properties for different bio-medical
applications, Polymer nanocomposites were potentially utilized for antibacterial activity

drug delivery, magnetic resonance imaging ,bone tissue engineering , and dental materials.

1.8.3 Adsorption of pollutants

Polymer nanocomposites have attracted technologists and scientists in water purifica-
tion processes and systems due to high surface area, improved processability, stability,
cost-effectiveness, and tunable properties. Polymer nanocomposites exhibit rapid de-
contamination efficacy with high selectivity in removing different pollutants. Polymer
nanocomposites were extensively utilized for the adsorption of various dyes, metallic ions

and microorganisms from wastewater.

1.8.4 Sensing applications

The electrochemical properties of the polymer nanocomposites as transducers can be
utilized potentially for the manufacturing of biosensors and electro-chemical sensors, The
impact of nano-fillers in the polymer nanocomposites plays a key role in the sensing,
processing, and actuating capabilities of the nanocomposite electrodes in biosensing and
electrochemical applications. Polymer nanocomposites are utilized for the sensing of gases,

metal ions, and DNA.

1.9 UV-Visible Spectrometer-Absorption Theory

These electronic transitions are generally associated with changes in the energy levels of
electrons within atoms, ions, or molecules. This results in absorption spectra that are

characteristic of the atoms and molecules involved in the electronic transitions.

1.10 Beer-Lamber

Beer’s Law is an equation that relates light’s attenuation to a material’s properties. The

law states that a chemical’s concentration is directly proportional to a solution’s ab-
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sorbance. You may use this relation to determine a chemical species’ concentration in
a solution using a colorimeter or spectrophotometer. The relation is most often used in
UV-visible absorption spectroscopy. Note that Beer’s Law is not valid at high solution

concentrations, as indicated in Figure 1.8. [18]

Incident Light Transmitted Light
lo |

—_— _—

—_—

_— > _—

—_— >

—_—> _—

Figure 1.8: Beer- Lambert diagram.

When radiation passes through a solution, the amount of light absorbed or transmitted
is an exponential function of the solute’s molecular concentration and the length of the

path the radiation

— =™ (1.1)

travels through the sample. Therefore,
Where Io is the intensity of the incident light, I is the intensity of light transmitted

through the sample, 1 is the thickness of the sample, and « is the absorption coefficient

I
— = 1.2
logro 7o al loge (1.2)

The ratio I / Io is known as transmittance T , and the logarithm of the inverse ratio Io
/ 1is known as the absorbance A. Mathematically, absorbance is related to percentage

transmittance T by the expression:

I

A= longO = 0.4343 al (1.3)

A gl (1.4)
T Ix04343 " T ‘

1.11 Optical band gap

The calculation of the optical band gap is carried out using two methods:
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o The first method is determined by:

he  1240(ev.nm)
g = hv A A(nm) (15)

Where v is the frequency, h is Planck’s constant, and ¢ is the speed of light
e The second method is the Tauc equation

The absorption in the UV and visible regions is attributed to direct allowed transitions
of electrons from the valence band to the conduction band. The value of the band gap

can be

(ahv)" = B(hv — Eg) (1.6)

determined from the equation

here § is constant, n=0.5, 2, 2/3 ;and 1/3, depending on the nature of the transition
for indirect allowed , direct allowed, direct forbidden, and indirect forbidden transitions
respectively. Plotting a graph of (ahr)™ versus the photon energy hv.Comparing the Tauc
equation with the straight-line equation by putting the y-axis equal to zero, and fitting a

straight line to the linear part of the graph to give the value of the optical band gap

y=mx+c (1.7)
0= p(hv — Eg) (1.8)
hv = Eg (1.9)

1.11.1 Types of band gap

o Energy gap is direct: In materials with a direct band gap, electrons can tran-
sition directly from the valence band to the conduction band without the need for
a change in momentum. This means that the electronic transition occurs directly,
allowing the material to absorb light efficiently at the specific wavelength, transi-
tioning electrons directly from the valence band to the conduction band. Electrons
move faster in this case, making direct band gap materials more efficient in light
absorption. Examples of materials with a direct band gap include germanium and

certain organic semiconductors.

o Energy gap is indirect: In materials with an indirect band gap, the transition

from the valence band to the conduction band requires a change in momentum.
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This means that the electrons do not transition directly but need to absorb or emit
photons or phonons (vibrational states of the crystal lattice) to conserve momentum.
Therefore, the transitions are less efficient in light absorption compared to direct
band gap materials. Silicon is an example of a material with an indirect band gap
[19].

1.12 Urbach Energy

Urbach Energy (Eu) represents the width of the exponential tail in the optical
absorption spectrum near the band edge. It quantifies the degree of disorder in ma-
terials, including structural or thermal disorder. Lower Eu values indicate a more
ordered structure, while higher values suggest significant disorder .[20]

The Urbach Energy is derived from the relationship between the absorption coeffi-
cient (« )and photon energy (E):

ity (1.10)
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1.13 Literature review

The Polymer nanocomposites have received considerable interest during the past
few years due to their enhanced properties. In particular, PVC/PbO composites
demonstrated improved water uptake, swelling, and ion exchange capacity, while
PVC/PbO/graphite composites exhibited higher porosity and ionic conductivity.
Optimal performance was achieved at specific filler concentrations [21].

Moreover, increasing the PbO content in the composites has been shown to enhance
radiation attenuation. The best shielding performance was observed with PVC
nanocomposites, which provided optimal radiation protection for both gamma rays
and X-rays [22].

PbO has also proven effective in de-halogenating mixed halogenated plastic wastes,
highlighting its potential in waste treatment applications [23].

Further studies showed that the addition of PVA increased the transparency of the
films, while the incorporation of CuO decreased it. Both the insulating and optical
properties were modified as a result of these additions[24].

Additionally, increasing PbO concentration in PVC improved its density, refractive
index, and radiation shielding properties, while reducing the optical band gap and
neutron shielding efficiency [25].

Lastly, the enhancement of the optical and electrical properties of PVA through
blending with PVP and incorporating MgO nanoparticles has been observed. The
films, fabricated using solution casting, demonstrated improved properties with the
inclusion of MgO [26].

The literature [27] reports the development of highly transparent PVC/ (Cd0.5Zn0.50)
nanocomposite films with excellent UV-shielding efficiency and enhanced thermal
stability.

Olad and Nosrati [28] successfully synthesized a PVC/ZnO-polyaniline hybrid nanocom-

posite coating, significantly improving corrosion protection for iron.
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Experimental Methods

2.1 Preparation Methods

PbO nanoparticles were synthesized using the sol-gel method. Lead acetate and
oxalic acid were dissolved in double-distilled water and magnetically stirred. The
resulting sol was heated to facilitate gel formation, then cooled while stirring and al-
lowed to age at room temperature. Finally, the gel was subjected to high-temperature

treatment to obtain PbO nanoparticles.[29]

2.2 Sample

In this study, a pre-prepared samples are PVC (pure), PVC/1%Pbo and PVC/2%Pbo
with of nano Lead oxide (PbO) ranges from 24 nm to 70 nm. The samples were mea-
sured and tested using UV - Vis spectrophotometer. The sample of Pbo nanoparti-

cles is shown in Figure 2.1.[30]

Figure 2.1: HR-TEM of Pbo nanoparticles

13
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2.3 Spectrophotometer UV-VIS Device

Figure 2.2: Spectrophotometer UV-VIS Device

UV-Vis spectroscopy (SHIMADZU) was employed to analyze the sample, offering
detailed information on its absorbance properties within the ultraviolet and visible
regions. The measurements identified key absorption peaks, revealing the presence
of specific chromophores or electronic transitions. To ensure precision, baseline
corrections were applied, and appropriate solvents and cuvettes were chosen to min-
imize interference. This technique provided reliable data for accurately detecting the
sample’s optical properties, facilitating its identification and characterization. The
measurement method in UV-visible spectroscopy involves several interconnected

steps to ensure accurate results. Here are the basic steps:

1. Prepare The samples:
Prepare the samples without impurities and use appropriate tools to hold the

sample to avoid fingerprints

2. Instrument Calibration:
Use the sample’s solvent as the "blank” to measure the background and correct
the readings. Set the instrument to the appropriate wavelength based on the

expected absorption spectrum of the substance.

3. Measuring the Sample:
The instrument directs light at the selected wavelength through the sample.
The intensities of the incident and transmitted light are recorded to obtain the

absorption data.

4. Data Analysis:
The recorded data is used to analyze. The resulting spectrum can provide
qualitative insights about the molecular structure and transitions within the

substance.

These steps ensure an accurate and reliable absorption spectrum.
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Result and Discussion

3.1 Spectrophotometer UV-VIS Device Result

The UV-Vis spectrum for PbO is studied between 200 to 800 nm, encompassing
the ultraviolet and visible regions, and The absorption Peaks of Pbo appear in two

regions:

1. UV Region (200-400 mm): Strong absorption is typically obserred in this
region due to electronic transitions in PbO. Peaks are often located between 250

and 300 nm, depending on factors like particle size and crystalline phase.

2. Visible Region (400-800nm): Absorption in this range is weaker but may

appear due to material-specific properties like aggregation or structural variations.

These results were obtained using a UV device, as shown in Figure 3.1, indicating
that absorption increases at a PbO concentration of 2%, reaching its highest level
within the 200 to 330 range and . In contrast, absorption decreases at a PbO
concentration of 1% between 200 and 310. For pure PVC, the absorption rate was
lower. It is evident that as the PbO concentration increases, absorption increases ,

with pure PVC exhibiting the lowest absorption 1 .

15
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0.4 1 = PV/C (pure)
PV C/ 1% Pbo
s PG/ 2% PDO|
0.3 4
X
8 0.2
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a 0.1 4
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1 M ) J 1
200 300 400
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Figure 3.1: Absorbance Peaks

3.2 Energy gap

The bandgap energy (Eg) was evaluated using the Tauc plot equation given by:
ahv = A(hv — Eg)" (3.1)

where h is Planck’s constant, A is a constant, v is the incident radiation frequency,
n equals 2 for direct band gap materials, and « is the absorption coefficient, which

was calculated from the relation:

2.3034
T d

o (3.2)
where A is the measured absorbance, and d is the path length of light. The bandgap
energy (Eg) can be estimated by plotting (ahv)? versus the energy hv, and extrap-
olating the linear portion of the plot to the x-axis. From The Figures 3.2, 3.3, and
3.4 we found that band gap energy for pure PVC is 3.8 ev, 3.7ev for PVC/1% Pbo
, and 3.5 ev for PVC/2%, as shown in Table 3.1 . Our result, which did not differ
significantly from previous measurements, showed that the band gap of PVC was 4
eV[31].


%
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sample Optical band gap
PVC(pure) 3.8 ev
PVC/%1 Pbo 3.7 ev
PVC/%2Pbo 3.5 ev

Table 3.1: Valued for direct band gap

(cthv)?

.\/

Energy (ev)

Figure 3.2: band gap of PVC(pure)

10 H

(ahv)?

— PVC/ 1% Pbo|
AN
/A
/ \
i \
/ \
i \‘
“ \
| N
|
— 1
7/777Egi=73.7 ev
T T T 1
1 2 3 4 5

Energy (ev)

Figure 3.3: band gap of PVC/1% Pbo
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— PVC/ 2% Pbo

Energy (ev)

Figure 3.4: band gap of PVC/2% Pbo

3.3 Urbach Energy

The Urbach energy (EU) was calculated based on the band gap (Eg) value deter-
mined using UV-Vis measurements. According to the empirical Urbach relation,
the Urbach energy was extracted by analyzing the exponential behavior of the ab-

sorption coefficient near the absorption edge, where the equation:

hv — Eg

) (3-3)

a = ao exp(

was applied. EU was determined from the experimental data using this equation,
providing an accurate estimate of the Urbach energy associated with the density of
states in the electronic bands of the studied materials. The ressultes are presented
in the table 3.2 below .

Sample Urbach Energy (Eu)
PVC(pure) 0.172 ev
PVC/1% Pbo 0.872 ev
PVC/ 2%Pbo 0.95 ev

Table 3.2: Values for Urbch Energy of (Pbo)

As illustrated in Figures 3.5, 3.6, and 3.7, the Urbach energy (Eu) increases with the
increasing concentration of the sample. This indicates a rise in structural defects and
disorder within the electronic structure of the studied materials. The trend suggests
that the increase in Urbach energy is linked to a higher density of localized states in
the band structure, attributed to variations in composition, lattice distortions, and
defects. This provides a better understanding of the optical and electronic behavior

of the studied materials
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Figure 3.5: Urbach Energy of PVC(pure)
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Conclusion

In this study , lead oxide (PbO) was studied at different concentrations on nanocom-
posite films made from polyvinyl chloride (PVC) in diff concentrations PVC (pure)
,PVC/1% PbO and PVC/2% PbO The structural and optical properties of these
films were investigated, noting the effect of increasing PbO concentration on the
material’s properties. It was observed that The direct optical band occurred and
decreased with increasing PbO content. which was measured using a UV-Vis spec-
trophotometer, indicating an improvement in the optical properties due to the in-

creased PbO concentration.
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