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Summary

This study includes the preparation of polymer blend by mixing of 0.75g
Poly (acrylamide) (PAAmM) and 0.25g Poly (ethylene glycol) (PEG) with(2, 4 and
6)wt.% of (Sb,O3;, Ag) nanomaterials by casting method. 0.75 g PAAmM was
dissolved in 60 mL from distilled water stirred at 70 °C, then 0.25 g of PEG was
included in the solution with agitation at 40 °C. Sh,0O; and Ag was added to the
solution with different contents (0.02, 0.04 and 0.06) g with the same particle size
to form the nanocomosites. The mixture was mixed for two hour to obtain a
homogeneous mixture and then left for 24 hours before pouring. The solution was
placed in a petri dish (9 cm) and allowed to dry at room temperature (25£5) °C for
10 days. Homogeneity, and distribution of Sb,O; and Ag nanoparticles in (PAAmM-
PEG-Sh,0,;, Ag) films were studied using an optical microscope and electron

scanning microscope (SEM).

The UV-Vis was used to investigate optical properties light spectrophotometer
in the range (200-1100) nm. Most of the optical properties increased with the
increasing wavelength except for the transmittance and energy gaps. The resulting
samples were made with a range of thicknesses (120+3) um. The thickness was

determined by micrometer digital.

The structural properties of the spectral analysis Fourier transforms infrared
(FT-IR) showed a weak change in the peak position as well as a change in the
shape and density compared to the blend (PAAmM-PEG).

The (SEM) images showed that the addition of nanoparticles in the
nanocomposites (PAAmM-PEG-Ag, Sh,03) changes in the surface morphology of
this system. Furthermore the grains accumulate as the percentage of nanoparticles

increases. The surface morphology of the nanocomposites films (PAAmM-PEG-Ag,



Sh,0;) shows many randomly distributed aggregates or pieces on the upper
surface. The outcomes showed a rise in the number of white dots on the surface
with increasing concentration of nanoparticles (Ag, Sb,O3). We notice through
(FT-IR), if a nanoparticle presents in films (PAAM-PEG-Ag, Sh,0s)
nanocomposites lead to restriction of molecular vibrational motion, and special
vibrational motion at three dimensions for (PAAmM-PEG) blend and will be most
probably affected by IR energy. Adding (Sb,03, Ag) with different weight to basis
material (PAAM-PEG) led to increase in the number of bonds per unit area and
hence density increases, the optical micrographs showed a good diffusion of

nanoparticles with some agglomerations.

The M_; and M_; visual perception moments decrease with increasing nanoparticle
thickness. Using the Wemple-DiDomenico technique, the parameters of dispersion
were established. It is observed that as time goes on nanoparticles, the scattering
energy (Eq) and energy of electronic transition of one oscillator (E,) are lowered.
Very low values of the energy gap tending to film is semiconductors, which makes

them suitable for optical devices.
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Chapter One General Introduction

1.1 Introduction

Several factors are affecting the preparation and fabrication of the polymer-based
nanocomposites, such as strong interfacial interaction, good homogeneity, and fine
dispersion in the matrix [1, 2]. That is significant to achieve high performance and
enhancements in the properties of the nanocomposites. The functional group of both
polymer and nanofillers are very important to achieve this goal.

The functional group is one of the important factors and keys that matrix and a direct
effect on fabricated nanocomposites that the nanofillers in the matrix and the polymer
have a strong interfacial interaction. In addition to it is important for a stable and
scattering of the nanofiller in the polymer matrix. This could be greatly improved the
properties of polymer nanocomposites [3, 4].

Whereas, lack in the functional groups could lead to loss of bonding and
aggregation that could be associated with weak interaction and drawbacks in the
improvement of properties of the new nanocomposites. Therefore, several experiments
have been carried out to advance the homogeneity of the diffusion of the filler and
interactions to enhance the compatibility of nanofillers in the polymer matrix applying to
functionalize the nanofillers, such as graphene [5,6], and silica nanoparticles [7].

Therefore, getting a homogeneous sample with good interfacial interaction is
important to achieve properties improvement that could achieve applying the functional
group either in the matrix or nanofillers. This important factor does not fully understand
and limited study focused and reports this issue.

Polymers were first discovered in the 1920s, and their acceptance is closely linked to
the name of H. Staudinger, who won the Nobel Prize in 1953. Many synthetic polymers
can be listed; some are well-known, such as polyesters, while others are less well-known,

such as those used in medical applications for organs and degradable sutures [8].
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Polymer is derived from the Greek words poly (many) and mere (parts) or units of
high molecular mass molecules that are made up of a large number of single structural
components. In other words, polymers are huge molecules with a high molecular weight,
known as macromolecules that are made up of a large number of small molecules, known
as monomers, linked together. Polymerization is the process of monomers reacting
together to form a polymer.

Polymerization is a chemical reaction in which two or more chemicals join with or
without the addition of anything else, such as water, heat, or other solvents, to form a

high-molecular-weight molecule [9].

1.2 Nanomaterials

Nanomaterials are the particles (crystalline or amorphous) of organic or inorganic
materials having sizes in the range of (1-100) nm. Nanomaterials are classified into
nanostructured materials and nanophase materials. The former refer to condensed bulk
materials that are made of grains with grain sizes in the nanometer size range while the

latter are usually the dispersive nanoparticles [10].

Nanomaterials can be nanoscale in one dimension (surface films), two dimensions
(strands or fibers), or three dimensions (particles). They can exist in single, fused,
aggregated or agglomerated forms with spherical, tubular, and irregular shapes. Common

types of nano materials include nanotubes, quantum dots and fullerenes.

The classification of nanomaterials is based on the number of dimensions, which are

in nano range (< 100 nm) [10, 11] as shown in figure (1.1):
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QD
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General Introduction

Classification based on nanoscale dimension

|0-dimensional - .. . OO
Solid NPs Hollow NPs Nano-clusters
1-dimensional - >>>> II I|
Nanowires Nano-rods Nano-fibres Carbon nanotubes|
2-dimensional - m
f
Nano-films Pattern surfaces Nano-films Nano-coatings
3D-composites  Poly-crystals Pillars

Fig.(1.1): Classification of Nanomaterials (a) 0D nanomaterials; (b) 1D

nanomaterials; (c) 2D nanomaterials; (d) 3D nanomaterials[12].

0-D nanomaterials have the entire dimension within nanoscale, i.e. no dimension is

larger than 100 nm. The most common example of OD- dimensional nanomaterials is

the nanoparticle. These nanoparticles can be crystalline or amorphous, metallic,

ceramic, or polymeric.

1D nanomaterials have two dimensions in nano range. This leads to needle like

shaped materials having one dimension at nanoscale. 1D nanomaterials include

nanoplatelets, nanorods, nanoclays and nanosheets.

2D nanomaterials at least one dimension in nano range. 2D nanomaterials include

nanofibers, nanotubes, nanorods and whiskers. Carbon nanotubes are good example of

2D nanomaterials.

3D nanomaterials have all three dimensions in nano range. 3D nanomaterials include

nanogranules, nanoclays and equiaxed nanoparticles.
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The nanomaterials can be crystalline or amorphous or polycrystalline. They can
compose of single or multi-phase chemical elements. They could be in various forms and
shapes, metallic, ceramic or polymeric. There are many different ways of creating
nanostructures, macromolecules or nanoparticles or buck balls or nanotubes and so on

can be synthesized artificially for certain specific materials [10].
1.3 Polymer Structure

The physical characteristics of polymer materials depend not only on molecular
weight and shape but also on molecular structure. The different types of polymer chains,
as shown in Figure (1.2) [13]:

1. Linear polymers: Van der Waals bonding between chains. Examples: polyethylene and

nylon, as in part (a) of the figure (1.2).

2. Branched polymers: chain packing efficiency is reduced compared to linear

polymers - lower density, as in part (b) of the figure (1.2).

3. Cross-linked polymers: chain is connected by covalent bonds. Often, it is achieved by
adding atoms or molecules that form covalent links between chains. Many rubbers

have this structure, as in part (c) of the figure (1.2).

4. Network polymers: 3D networks made from trifunctional mers. Examples: epoxies and

phenol-formaldehyde, as in part (d) of the figure (1.2).
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Fig. (1.2): Polymer types a) Linear polymers b) Branched polymers c¢) Cross-linked
d) Network polymers [13].

1.4 Polymer Used in the Study
There are two types of polymers used in this work:

1.4.1 Poly (acrylamide) (PAAmM)

Polyacrylamide (PAAm) is another water soluble polymer, with a wide range of
industrial applications as flocculants, rheology-control agents, drag-reducing polymers
PAAmM use in industrial areas, used also in water treatment, mining and extraction of oil
in the polymers sclerotic industry thermally, it is also used medically in the field of soft
tissue industry, and in cosmetic surgery, the industry artificial corneas of the eye, and
manufacturing of contact lenses and in the special cover burns the tissue industry, as well
as many other medical uses and enters in the paper industry, and made into the plastic,
toys, water tanks, and is often used for agricultural land benefactor of the soil and erosion

control, as well as it is used as an antioxidants [14]. Fig. (1.3-1.4) various formats for
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Polyacrylamide. Also, PAAm is used as a thickening agent for materials and as a
flocculent[15].

0 0 0 0
I ] | I
c‘:— NH, C— NH, C —NH, C —NH,
| | |
CH;— CH—— CH, CH— CH, — CH— CH,— CH—

Fig. (1.3): The Chemical Formula of Poly Acryl Amide [14].
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Fig. (1.4): FT-IR Spectrum for Polyacrylamide [16].
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I

Fig. (1.5) : Chemical Formula of Pure PAAmM [17].
Table (1.1): Physical and chemical properties of Polyacrylamide (PAAmM) [18].

Property PAAM
white crystalline solid at room
Appearance
temperature
Molecular formula CsHsNO
Solution Ph 5
Refractive index 1.8
Glass transition temperature (T)
. 84.5
C
Melting temperature (T,,)°C 192.6

Polymers include the familiar plastic and rubber materials. Many of them are
organic compounds that are chemically based on carbon, hydrogen, and other
nonmetallic elements (viz. O, N, and Si). Furthermore, they have very large molecular
structures, often chain-like in nature that has a backbone of carbon atoms. Some of the
common and familiar polymers are polyethylene (PE), nylon, poly (vinyl chloride)

(PVC), polycarbonate (PC), polystyrene (PS), and silicone rubber.

7
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1.4.2 Poly (ethylene glycol) (PEG)

The production of polyethylene glycol was first reported in 1859. Both A. V.
Lourengco and Charles Adolphe Wurtz independently isolated products that were
polyethylene glycols [18]. PEG is a polyether compound with many applications, from
industrial manufacturing to medicine. PEG is also known as polyethylene oxide (PEO) or
polyoxyethylene (POE), depending on its molecular weight. The structure of PEG is
commonly expressed as H-(O—CH,—CH;)n—OH as shown in figure (1.6) [20]. PEG is
considered biologically inert and safe by the FDA. However, a growing body of evidence
shows the existence of anti-PEG antibodies in approximately 72% of the population
based on plasma samples from 1990-1999. The FDA has been asked to investigate the
possible effects of PEG in laxatives for children [21], Numerical designation of PEGs
generally indicates the number average molecular weight (e.g., PEG-4000), although
typically they are not menders polymers. Liquid PEG is miscible with water in all
proportions, and solid PEG is highly soluble in water, for example, PEG-4000 has a
solubility of about 60% in water at 20 °C[21].

Lower molecular weight liquid PEGs can be used as solvents in their own right with
or without addition of water. These we define loosely here as low molecular weight PEG
has a number of benign characteristics that underlie, physical basis of this behavior is
dependent upon the amphipathic nature of the polymer chain with its hydrophobic
methylene groups interspersed with ether groups which can similar phase incompatibility
may be found in a number of different polymers such as PEG-PPG co-polymers,
polyvinylpyrolidon poly-N-isopropyl acrylamide [22]. There are many physical and

chemical properties of PEG as shown in the table (1.2).



Chapter One General Introduction

Ll

100

50t

cm

3498.24

%T

1486.84 cm-'-

1343.66 cm

1280.26 cmv '~

1062 1 em'=
960.859 cm™'
843222 cm '~

2885985 cm >
113,63 cm~

0o
0 |
LA N
-20 " 1 A | 4

4000 3000 2000 1000 400
Wavenumber (cm™')

Fig. (1.6): FT-IR for Polyethylene glycol [23].
Table (1.2): Physical and chemical properties of Polyethylene glycol (PEG)[24].

Properties PEG4000
ADDEAraNce white crystalline solid at room
PP temperature
Molecular Weight(g/mol) 4000
Density(g/cm®) 1.2
Solubility Parameter(MPa)™ 20.2
Glass Temperature Transition -53-45
(Tg) °C
Melting Point(T,,) °C 53-59
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1.5 The Additives Materials Used
In this work, two types of nanoparticles were added:
1.5.1 Sb,O5; Nanoparticle

Antimony (I11) oxide is the inorganic compound with the formula Sb,0s. It is the most
important commercial compound of antimony. There are also other formulas with
different properties depending on the chemical composition as in table (1.3). It is found in
nature as the minerals valentinite and senarmontite as shown in figure (1.7) [25]. Like
most polymeric oxides, Sh,0O3 dissolves in aquous solutions with hydrolysis. A mixed
arsenic-antimony oxide occurs in the nature as the very rare mineral stibioclaudemtite
[25].

Antimony (I11) oxide is an amphoteric oxide, it dissolves in aqueous sodium hydride
solution to give the meta-antimonite NaSbO,, which can be isolated as the rehydrate.
Antimony (IlIl) oxide also dissolves in concentrated mineral acids to give the
corresponding salts, which hydrolyzes upon dilution with water. With nitric acid, the

trioxide is oxidized to antimony (V) oxide [25].

Sb4O¢ Senarmontite valentinite

Fig. (1.7): Structure of Sb,03[26].

10


https://en.wikipedia.org/wiki/Inorganic_compound
https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Antimony
https://en.wikipedia.org/wiki/Valentinite
https://en.wikipedia.org/wiki/Antimony_trioxide#cite_note-3
https://en.wikipedia.org/wiki/Oxide
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Amphoteric_oxide
https://en.wikipedia.org/wiki/Sodium_hydroxide
https://en.wikipedia.org/wiki/Mineral_acids
https://en.wikipedia.org/wiki/Nitric_acid
https://en.wikipedia.org/wiki/Antimony%28V%29_oxide
https://en.wikipedia.org/wiki/File:Sb4O6-molecule-from-senarmontite-xtal-2004-3D-balls-B.png
https://en.wikipedia.org/wiki/File:Antimony(III)-oxide-senarmontite-xtal-2004-3D-balls.png
https://en.wikipedia.org/wiki/File:Antimony(III)-oxide-valentinite-xtal-2004-3D-balls.png
https://en.wikipedia.org/wiki/File:Sb4O6-molecule-from-senarmontite-xtal-2004-3D-balls-B.png
https://en.wikipedia.org/wiki/File:Antimony(III)-oxide-senarmontite-xtal-2004-3D-balls.png
https://en.wikipedia.org/wiki/File:Antimony(III)-oxide-valentinite-xtal-2004-3D-balls.png
https://en.wikipedia.org/wiki/File:Sb4O6-molecule-from-senarmontite-xtal-2004-3D-balls-B.png
https://en.wikipedia.org/wiki/File:Antimony(III)-oxide-senarmontite-xtal-2004-3D-balls.png
https://en.wikipedia.org/wiki/File:Antimony(III)-oxide-valentinite-xtal-2004-3D-balls.png

Chapter One General Introduction

Table (1.3): The physical and chemical properties of Sb,O; nanoparticles[27].

Properties Sb,0;
Appearance White solid
Molecular 291.52
weight(g/mol)

Density(g/cm®) 5.2

Melting point °C 656

Boiling point °C 1425

Crystal structure | Cubic or Orthorhombic
Solubility in water Insoluble

1.5.2 Ag Nanoparticle

A versatile substance with pharmacological, anti-microbial, conductive, and
chemical applications, silver nano powder/nanoparticles appear as colored powders
available in various granule sizes and coatings. Susanna can provide silver nano powders
ranging from particles of (15) nm to particles measured in millimeters, with various

treatments and coatings for all your needs.

Nanoparticles of noble metals have recently become the focus of research because of
their unique properties, which are different from those of bulk materials as in table (1.4).
These properties depend on the size, shape and differences in the environments of
nanoparticles [28]. Silver nanoparticles are generally unstable and tend to grow larger,

even in the presence of polymeric stabilizers, especially at high solid [29].

Nano powders dissolve into a variety of solvents, including water, ethanol, and
propanol, to produce convenient suspensions. Research continuously reveals new

applications of silver nanoparticles in fields including biotech, medicine, electronics, and
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Table (1.4): The physical and chemical properties of silver nanoparticles [32].

Properties Silver (Ag)

Atomic number 47

Mass number 107.86
Structure FCC

Lattice constant (nm) 0.409
Metallic radius (nm) 0.16
Density (g.cm™) 10.5
Melting temperature (°C) 961.8
Boiling temperature (°C) 962
First ionization energy (k J/mol) 731

Electrical conductivity (Ohm.cm)™ 62.1 x10°

1.6 The Methods of Preparation Polymer Films

There are many methods can be used in preparation thick and thin films as [33]:

a- Casting Method

To prepare a film in the casting method, a certain amount of polymer material

dissolved in a suitable solvent as water. The polymer solution applied to a horizontal

rotating disc set at a suitable temperature, to obtain a homogeneous solution, the speed of

solvent evaporation must reduce and the preparation time must be long and this method

has been used in this study where all polymeric materials were casted in (9 cm) diameter

petri dishes. Casting is a process in which molten flows by gravity or other force into a

mold where it solidifies in the shape of the mold cavity.

There are other techniques can used to prepare the films and thin films as [33]:
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b- Spin Coating Method.

c- Dip Coating Method.

d- Sol-Gel Method.

e- Langmuir- Blodgett (LB) Method.

f- Electrochemical Method.
1.7 Literature Survey

This section includes previous studies by researchers and the results of their works:

In (1984) Lee J. Y., et al., [34] studied a novel method is proposed of preparing thin
Ag—Hg alloy on PAAm film surface at room temperature: The film of interest is formed
by holding PAAmM aqueous solution with AgNO; in Hg-saturated atmosphere. Two kinds
of films, one of which is a conductor and the other an insulator, can be selectively formed
with pH-controlled PAAm solution by ammonia. The conducting surface is assigned to
the a phase of Ag—Hg alloy by means of X-ray analysis. Potentio metric titration and IR
spectral studies suggest the existence of PAAM-Ag" complexes. On the basis of their
structure and the oxidation and reduction potential of Ag”and Hg**, the mechanism of
film formation is also discussed.

In (1991) Cakmak I., et al.,[35] studied polymerization of acrylamide using Ce(IV)
with poly(ethylene glycol) having azo and hydroxyl functions, was carried out to yield
acrylamide-(ethylene glycol) block copolymers with labile azo linkages in the main
chains. These prepolymers were used to induce the radical polymerization of acrylonitrile
and acrylamide through the thermal decomposition of the azo group, resulting in the

formation of multiblock copolymers.

In (2001) Park Y. S., et al.,[36] studied solid poly (acrylamide) (PAAmM) composite
membranes containing silver ions have been investigated for olefin/paraffin separation.
The propylene presence increased significantly for a solid PAAmM/AgBF, composite

membrane with increasing loading amount of silver ions. Silver ions in solid PAAmM
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form reversible complexes with propylene, resulting in the facilitated transport of
propylene. The propylene selectivity of 100 over propane was obtained when the mole
ratio of silver ions to acrylamide unit was 1. This high separation performance would
be obtained predominantly because of the high loading of the propylene carrier, silver
ions. PAAm-graft/AgBF, composite membranes were prepared in order to improve the
gas permeance. Introduction of PAAm grafts on a polysulfone microporous membrane

surface was confirmed by FT-IR spectroscopy.

In (2004) Ma X., et al., [37] studied the small-scale Sb,O; octahedron can be
synthesized via a simple PEG-1000 polymer-assisted hydrothermal pathway (PAHR)
in a temperature range of (160-180) °C for (10-14) h. The optical properties of the
Sbh,03 micro-octahedron were studied by photoelectron spectroscopy. Moreover, the
potential growth mechanism of the precisely measured Sb,0O3 octahedra is discussed on
the basis of a series of complementary experiments. It was found that PEG-1000,
sodium tartrate, reaction temperature and reaction time have significant effects on the
final form of Sb,O;, while the pH value has an effect on the formation of Sb,0;

crystals.

In (2007) Swamy T. M.,,[38] immiscibility studies have been performed on
blended solutions of polyacrylamide (PAAmM) and polyethylene glycol (PEG) over a
wide range of concentrations in water. Ultrasonic refractive index of mixtures were
measured for different compositions such as, 0/100, 10/90, 20/80, 30/70, 40/60, 50/50,
60/40, 70/30 and 80 /30, 90/10 and 100/0 of the PAAM/PEG mixture at 30 °C.

Reaction parameters such as o were evaluated using viscosity data to verify mixing.

In (2009) Guorong S. and Zhihai C., [39] the concept of two-stage hydro-
polymerization is studied and a new polymerization method for the preparation of
water-soluble polymers is presented. The phase diagram of the poly(acrylamide)
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(PAAmM)—poly(ethylene glycol) (PEG)-biphasic system was measured by gel
permeability chromatography (GPC). Two aqueous phases of the PAAmM-PEG water
system can be easily formed. The critical concentration of the phase separation was
affected by the molecular weight of PEG. The two-phase hydropolymerization of
acrylamide (AAm) was successfully carried out in the presence of PEG using
ammonium persulfate (APS) as the initiator.

In (2016) Banerjee S. L., et al., [40] studied this investigation reports a one pot
synthesis of silver nanoparticles (Ag Nps) using aqueous solution of chitosan-graft-
poly(acrylamide) (Cts-g-PAAmM) as a reducing agent and polyethylene glycol (PEG)
as a stabilizing agent. The as synthesized Ag Nps was characterized by ultra
violet-visible (UV-Vis), Fourier transform infrared (FT-IR) and X-ray diffraction
(XRD) analysis. Field emission scanning electron microscopy (FESEM). The
prepared Ag Nps exhibited strong antimicrobial activity against different gram
positive bacteria (Alkaliphilus, Bascillus substillis, Lysinibascillus) and gram

negative bacteria (Enterobacter aerogenus, Vivbrio vulnificus and Escherichia coli).

In (2017) Hamood F. J., et al., [41] studied electrical properties for (PVA-PEG-
Sb,03) composite material at different frequencies which they ranged from 100 Hz-
6 MHz. The PVA-PEG- Sh,0; composite prepared using solution casting method.
The experimental results have shown that the dielectric constant (¢) and dielectric
loss () decreases with increasing the frequency, it also appeared that € and 6 are

increased with the increasing of antimony oxide (Sb,0s3) content.

In (2017) Xu J., et al., [42] studied cetyltrimethylammonium bromide,
polyethylene glycol (PEG-4000), and their compounds as surfactants, the surface of
Sh,03; nanoparticles was modified by mechanical and chemical method based on
high-energy ball milling. The microstructures, scattering, and hydrophobicity of
Sh,03; nanoparticles were characterized by X-ray diffraction, transmission electron

15



Chapter One General Introduction

microscopy, Fourier transform infrared spectroscopy, and surface contact angle
measurement. The results showed no obvious change in the crystal structure of
Sh,0; nanoparticles after surface modification. The resulting Sb,O3; nanoparticles

were successfully coated by experimental surfactants.

In (2018) Nadir F. H., et al, [43] studied polyvinyl alcohol polymer was
dissolved in water in order to prepare films with different concentration of Fe
utilizing casting method. The optical properties were obtained by recording the
transmittance spectrum in the wavelength range (300-900) nm. The dispersion
parameters were calculated using the Wemple-DiDomenico method. Dispersion
energy (Ey) and the single oscillator energy of electronic transition (E,) were
decreased with the increasing of Fe content in the PVA-Fe films. The energy gap
decreased from 4.08 eV to 3.52 eV for PVA: 4% Fe film.

In (2021) Fan X., et al, [44] studied the antimicrobial and antiviral behaviors of
Ag and Cu nanoparticles (NPs) are well known, and possible mechanisms for their
actions, such as released ions, reactive oxygen species (ROS), contact killing, the
immunostimulatory effect, and others have been proposed. Ag and Cu NPs, and their
derivative NPs, have different antimicrobial capacities and cytotoxicities. Factors, such as
size, shape and surface treatment, influence their antimicrobial activities. The biomedical
application of antimicrobial Ag and Cu NPs involves coating onto substrates, including
textiles, polymers, ceramics, and metals. Because Ag and Cu are immiscible, synthetic
AgCu nanoalloys have different microstructures, which impact their antimicrobial
effects. When mixed, the combination of Ag and Cu NPs act synergistically, offering
substantially enhanced antimicrobial behavior.
In (2021) Liu S., et al, [45] studied a liquid-like but non-toxic polyethylene glycol
(PEG) polymer has been attempted as a solvent component of hydrogels. In the mixed

PEG-water hybrid solvent, polyacrylamide (PAAmM) was polymerized in situ,
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overcoming the inevitable water loss caused by the high osmotic pressure of the PEG
solution and achieving customized water capacity. Interestingly, the mechanical strength
(“soft to hard” transition) and antifreeze properties of aqueous organic gels can be tuned
simultaneously over a very wide range by tuning the PEG content. This was because
with the increase of PEG in the solvent, the PAAm chains shifted from the stretching to
the twisted conformation, while the PEG is attached to water molecules via hydrogen

bonds, impairing the crystallization of water at subzero temperature.

In (2021) Al-Shammari A. K. and Al-Bermany E., [46] studied Poly (acrylic acid)
(PAA) and poly (acrylamide) (PAAmM) were considered as the model polymer in this
investigation. These polymers were mixed with poly (vinyl alcohol) (PVA) separately
after being dissolved in distilled water (DW) then reinforced with GO applying the
developed acoustic-sonication-casting method. The applying method was successfully
fabricated the new nanocomposites from mixing these materials for the first time with a
ratio of 4.5:4.5:1 wt. % of PAA: PVA: GO and PAAmM: PVA: GO as blended polymers
and their nanocomposites, respectively. Several characterizations were applied to
characterize the new nanocomposites.

In (2021) Al-shammari A. K. and Al-Bermany E., [47] studied Poly (acrylic acid)
(PAA) and Poly (acrylamide) (PAAmM) were the model polymer. These polymers mixed
with Poly (vinyl alcohol) (PVA) separately after dissolved in distilled water (DW) then
reinforced with GO applying the developed acoustic-sonication-casting method. The
applying method was successfully fabricated the new nanocomposites from these mixed
materials for the first time with a ratio of 4.5:4.5:1 wt. % of PAA: PVA: GO and PAAm:
PVA: GO as nanocomposites, respectively. The new nanocomposites exhibited
homogeneous combinations with an acceptable dispersal of GO in the polymers matrix

as presented in the visual microscopy (OM). Coupled with the strong interplay between
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polymers in the matrix and the polymer with GO nanoparticles as nanocomposites,

Fourier transform infrared (FT-IR) verified the successful preparation of GO.

In (2021) Kadim A. M., et al., [48] studied Polymer blend films were prepared
using dextrin at different compositions of (PVA- PMMA-PAAmM) by solvent casting
method. The prepared blend films were flexible and transparent and characterized using
was examined by scanning electron microscopy to examine the surface morphology of the
samples that show the good distribution of starch in the blend, while FT-IR was used to
identify the active groups, which refer to the interaction among the materials. Also, we
have studied the optical properties and recording the absorption spectrum with a visible
ultraviolet spectrophotometer. Absorption spectra were recorded in the wavelength range
of 200-1100 nm. The absorbance and optical conductivity were increased by dextrin
additive, while the transmittance and energy gap decreased. Based on the overall results,
the prepared films can be used in drug delivery and optical devices.

In (2022) Samanta H. S. and Ray S. K. [49] stueied several composite hydrogels were
synthesized by free radical crosslink copolymerization of acrylic acid (AA), acrylamide
(AM), and N'N-methylene bis acrylamide (MBA, crosslinker) in water in the presence of
varied amounts of polyethylene glycol (PEG) and nano sized sodium montmorillonite
(NaMMT) clay. The structures of the hydrogels were characterized. The effect of the
synthesis and process parameters on the swelling, diffusion, network parameters, and drug
release properties of the polymer networks were studied. The hydrogel containing 3.2 wt%
NaMMT clay and 24 wt% PEG showed the best equilibrium swelling ratio (33.2 g/g), drug
entrapment efficiency (86%), and drug release properties (96.6% in 30 h at pH of 7.4) for a
model drug riboflavin. The results indicate a significant improvement of swelling and drug
release properties of the polymer in the presence of PEG and NaMMT clay in the gel

network.
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1.8 Aim of the Work

The goal of the work includes several points, the most important of which are:

1-Synthesis and characterization of the PAAM-PEG blend.

2-The effect addition of the nanoparticles (Ag, Sh,03) on the mixture and study its
potential in optical applications.

3-Used dispersion parameter to study the energies and to know the extent of benefit from

these films in the applications of optical devices.
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2.1 Introduction
This chapter discusses the theory and the mathematical relations used to determine
some of the physical properties. These physical properties are classified in general the

optical, structure and dispersion parameters.

2.2 Polymer Blends

Polymer blends can be defined as the physical mixtures of two or more
photopolymer or copolymers, which interact with secondary forces such as hydrogen
bonding with no covalent bonding. Polymer blends are prepared by many methods and
among them solution blending is very simple and brisk, and the latter properties of the
blends mainly consist on the properties of the constituent polymers and also on the phase
morphology developed during blending [50]. The Polymer blends are includes both
crystalline and amorphous polymers. The mixing of two chemically dissimilar polymers
is miscible or not depends on the thermodynamics of mixing [51].

When any two polymer materials are blended together, or mixed, the properties of the
resulting blend depend on the level at which intimate mixing takes place and on whether
any chemical reactions between the components of the mixture take place.

The most intimate form of mixing is at the molecular level; two substances that have
mixed at this level may each be said to have dissolved in the other. If the molecules have
similar sizes, each type of molecule is then surrounded, on average, by molecules of the

two types in proportion to the numbers of the two types in the mixture [52].

2.3 Structural and Morphological Characterizations

A wide variety of characterization techniques were used to evaluate the material
quality of the thin films before using the films in applications.
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2.3.1 Optical Microscopy (OM)

Microscopy studies the enlargement of the image of objects too small to be properly
seen by the unaided eye. Microscopy accomplishes its task making use of the radiations
emitted, absorbed, transmitted, or reflected by the specimen to be observed as shown in
figure (2.1). The nature of the radiation specifies the type of microscopy: electron
microscopy, X-ray microscopy, acoustic microscopy, etc. The visible part of
electromagnetic spectrum is the type of radiation used by optical microscopy.
Historically, optical microscopes were easy to develop and are popular because they use

visible light, so samples may be directly observed by the eye [53].

Optical microscopes are designed to create magnified visual or photographic images
of small objects as shown in figure (2.1). To accomplish this, the microscopy is designed
to perform three tasks: create a magnified image of the sample, distinguish different
details of the image, and make the final image visible to the human eye or camera. This
class of characterization instruments includes everything from a simple magnifying glass

to advanced multi-lens microscopes [54].
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Fig. (2.1): Optical Microscopy [55].
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2.3.2 Scanning electron microscope (SEM)

The scanning electron microscope (SEM) is a vital research and manufacturing
instrument that is widely utilized in many industries throughout the world. The
instrument's appeal stems from the necessity to inspect and gather information about
samples whose structure is deteriorating.

The SEM provides a better level of resolution for examination and inspection than
existing optical microscope techniques. In addition, unlike the optical microscope, the
SEM has a range of analytical modes as in figure (2.2), each of which provides unique
information on the physical, chemical, and electrical properties of a certain specimen,
device, or circuit. Because of recent advances that eliminate or at least minimize sample
degradation and contamination, allowing continuous nondestructive in-process
inspection, the SEM is currently finding increased uses in research and production quality
control [56].

Electron
Beam

Electron Gun

(@) (b) Incident Beam
Magnetic
Lens
Sear Back d
canner
X-ravs ackscattere
y Electrons
Secondary
Auger Electrons
Electrons

Secondary
‘\sled ron
Detector

—_— Specimen

Fig. (2.2): Set-up lllustrates the SEM [57].
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2.3.3 Fourier Transforms Infrared (FT-IR) Spectroscopy

Fourier Transforms Infrared (FT-IR) is chemical investigative spectroscopy. This
measures the infrared intensity with light wavenumber. The wavenumbers consist of
infrared light that is divided into three regions, far-infrared, mid-infrared and near-
infrared, which are between (4 ~ 400) cm™, between (400 ~ 4.000) cm*, and finally,
between (4.000 ~ 14.000) cm-, respectively [58].

The permissible of this technology depends on detects the chemical functional
group's vibration in a sample. Where the chemical bonds will stretch when the interaction
happened between the infrared light and the matter. Here, the infrared radiation is
absorbed by the chemical functional group at a specific range of wavenumber irrespective
of the rest of the molecule structure [58]. More complex molecules have more than one
bond and different types of vibrations may occur. Vibrations fall into the two main

categories of bending and stretching. Figure (2.3) shown structure devices.
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Fig. (2.3): Schematic Illustration of the FT-IR System [58].
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2.4 The Optical Properties

Optical properties of polymers constitute an important aspect in study of electronic
transition and the possibility of their application as optical filters, a cover in solar
collection, selection surfaces and green house [59]. The optical properties of materials
can be defined as any property that involves the interaction between electromagnetic
radiation and light with the matter, including absorption, polarization, reflection, and
scattering effects [60].

The optical constants fully describe the optical behavior of materials; they are
important and fundamental properties of matter. Knowledge of optical constant of a film
from a given material is basic importance in determining the characteristics of light
transmission in the film. Such knowledge of the optical parameters of the material is
importance when designing devices through which electromagnetic radiation absorbed or
transmitted.

Study of the optical properties of polymers increases our knowledge of the type of
polymer internal structure, nature of the bonds and expands the potential scope of
polymer application. Knowing the spectrums of absorption and transmittance of a
polymer assist in identifying many optical properties in different ranges of wavelengths.
Conducting examination at the ultraviolet spectrum range enables us to know the type of
the bonds, orbital and energy beams. The study at the visible spectrum range provides
sufficient information about the behavior of a matter to solar applications. The study at
the infrared range is very important in knowing the general structure of a polymer and the

elements consisting its chemical structure [61].
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2.4.1 Reflectivity
Reflectivity can be obtained from absorption and transmission spectrum in

accordance to the law of conservation of energy by the relation [62]:

R+T+A=1 (2.1)
where:
R: is the reflectivity, T: is the transmittance and A: is the absorbance.
2.4.2 Absorbance (A)
The ratio of absorbed light intensity (I,) by substance to incident light intensity

(Io) i1s known as absorption [63].

A=E (2.2)

2.4.3 Transmittance (T)
Dividing the intensity of the rays transmitting from the film (Iy)
over the intensity of the incident rays on it (l,) is called transmittance (T)

and given in equation (2.3) [64]:
T=2 (2.3)

Io

2.4.4 Optical Constants
There are many ways to find the optical constants of absorption coefficient, refractive

index, extinction coefficient and optical conductivity
2.4.4.1 The Absorption Coefficient

Is defined as a ratio decrement in incident ray energy flux relative to distance unit in
the direction of incident wave diffusion. The absorption coefficient (a) is determined by
incident photon energy (hv), material characteristics where electronic transitions are type
(n) or (p), and forbidden energy gap gives the following equation [65].

E = hv (2.4)
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When incident photon energy is less than the forbidden energy gap, then photon
will be transmitted and transmittance gives the following equation [65]:
T,=(1-R)?.e™ ™ (2.5)

If the intensity of incident ray (l,) that incident on blend film material of thickness
(t), the intensity of transmittance ray (I) gives by Beer Lambert law.
I=1,e-® (2.6)
The absorption coefficient is measured by cm™.

at = 2.303 log — (2.7)
0

where the amount of log (I/1,) represents the absorbance (A).

The absorption coefficient can be calculated using the following equation: [66]

a=2.303 (3) (2.8)
where (t) represent a thickness of sample.

2.4.4.2 Refractive Index (n)
It is the ratio of light speed in vacuum to its speed in a medium. This index shows
how far a matter is affected by the electromagnetic waves. The refraction index consists

of two parts: real and imaginary. It can be expressed by the following equation [64].
n=c/v (2.9)

Where (n) is the refraction index, (c) is the light speed in vacuum and (v) is the light
speed in matter. Reflectance (R) can also be defined as the ration of the reflected ray
relation at the borderline between two mediums to the incident ray. The relation between
reflectivity and refractive index is shown in the following equation [64].

R = (n -1)* +k,” /(n+1)* + Kk, (2.10)

where (k,) is the extinction coefficient.

26



Chapter Two Theoretical Part

The rate of absorption of light is directly proportional to the intensity of the incident
light at a specific wavelength, and this physical phenomenon is common and lead to the

decay of the light intensity exponential as it passes.
Refractive index can be expressed by the following equation [64]:

n = [4R/(R —1)*~k.*]"*+(R+1)/(R-1) (2.11)
2.4.4.3 Extinction coefficient (ko)

The coefficient of inertia represents the amount of photons absorbed by the
membrane, that is, the energy absorbed by the electrons of the material, and expresses the

following relation [67]:
K, =aM4n (2.12)

Where (M) is the wavelength of the incident radiation and (o) absorption coefficient.
2.4.4.4 Optical Conductivity

The optical conductivity (c,,) has been determined from the following
equation[68]:

Top = Qop o (2.13)

where ay, is the absorption coefficient.

2.4.5 Absorption Regions
Absorption regions can be classified to three regions as in figure (2.4):
A) High absorption region: the absorption coefficient value in this area is about (o >
10* cm™) and obeys tauce equation [69].
B) Exponential region: the absorption coefficient value in this area is about Urbach

equation 1<o<10*cm™ [70].
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C) Low absorption region: the absorption coefficient value in this area is about (o <

10™%cm™)) [71].

2.5 Electronic Transitions
There are two basic forms of electronic transition: direct and indirect transition.

2.5.1 Direct Transitions

This kind of transitions occurs in semi-conductors, where the bottom of the
conduction is precisely above the top of the valance band, thus implying that they share
similar wave vector values i.e. (AK= 0). In such a case, the absorption would occur at (hv
= E,™.). Therefore, the phonons do not take part in direct transition since the phonon's
wave vector (K) is much greater than that of the photons. This transition type requires the
laws of conservation in momentum and energy. The direct photon transition to the energy
of the minimum gap reaches no satisfaction of the demand for conserving the wave
vector, as the photon wave vectors could be neglected in the given energy range [72].

There are two kinds of direct transitions [73].

2.5.1.1 Direct Allowed Transition

This transition occurs from the top points in the (V.B.) and the bottom point in the
(C.B.), as shown in figure (2.4 a) [74].
2.5.1.2 Direct Forbidden Transitions

This transition occurs from near top points of (V.B.) and the bottom points of (C.B.),
as shown in figure (2.4 b).
The absorption coefficient for this type of transition is equal to [74]:

ahv = B(hv—E ,°P%)" (2.14)

Where Eq energy gap between direct transition .
B: the constant depended on the type of material

r: the exponential constant, its value depended on type of transition.
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r =1/2 for the allowed direct transition.
r =3/2 for the forbidden direct transition.
2.5.2 Indirect Transitions

In these transitions type, the bottom of (C.B.) is not over the top of (V.B.), in curve
(E-K). The electron transits from (V.B.) to (C.B.) is not perpendicularly when the value
of the electron's wave vector before and after the transition is not equal (AK =|= 0), this
transition type occurs with the help of a particle named Phonon. For conservation of the
energy and momentum law. Indirect transitions are classified into two types [75], they
are:
2.5.2.1 Allowed Indirect Transitions

This type of transition occurs in a different region of K-space that is the electrons

transmitted between the V.B. top and the C.B. bottom, as exposed in figure (2.4 c).

2.5.2.2 Forbidden Indirect Transitions

Forbidden indirect transitions are displayed between the nearest points in the top
and the bottom of the valance and conductive bands respectively, as shown in figure (2.4
d).
The equation (2.15) gives the transition absorption coefficient and the phonon absorption
[76]:

ahv = B(hv — E;,°P* + E,,)" (2.15)

Epn. 1S the phonon energy, where the sing (-) applied when phonon absorption, whereas
the sing (+), used when phonon mission. The exponential constant is represented as r in

the equation, in which its value is determined by the transition r=2 and r=3 for the
allowed indirect, and forbidden indirect transitions, respectively.
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.
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Conduction band

Energy(E)

Valence band

Wave Vector (K)

Fig. (2.4): The Electronic Transitions Types
(a) Allowed Direct Transition (b) Forbidden Direct Transition,

(c) Allowed Indirect Transition and (d) Forbidden Indirect Transition [76].

2.6 Dispersion Energy Parameters

Energy dispersion parameters have an important role in identifying the
characteristics of the optical material. As through them one can calculate the necessary
factors required designing the optical communication and the spectral dispersion
devices.Wemple-DiDomenico (WDD) single effective oscillator Model successfully
describes the dispersion of the refractive index [71-77]. This model has an advantage in
fitting the experimental data because it provides an intuitive physical interpretation of the
measured quantities [78]. The main outputs of this model are the energy of the effective

single oscillator (E,) and the dispersion energy (Eg).
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The energy (E,) or sometimes called average energy gap gives quantitative
information on the overall band structure of the material. It must be taken into
consideration that, the information obtained from E, is completely different from those
obtained from the optical energy gap (Eg). Optical energy gap is related to the optical
properties near the fundamental absorption edge of the material. In spite of the difference
between E, and Eg, yet there is an approximate empirical equation. Showing that the

oscillator energy, E, is often twice the optical energy gap, Eq i.e. (E, = 2E,) [77].

On the other hand, the dispersion energy Eg4, which represents oscillator strength,
measures the average energy of interbank optical transitions and is associated with
adjustment in the structural order of the sample i.e., it is related to the ionicity, anion
valence and cordnation number of the material. It is worth to mention here that, the
dispersion energy, (Eq) is very nearly independent on the effective single oscillator
energy (E,). This is because (Ey) is proportional to the dielectric loss, while (E,) does not
rely on the dielectric loss, either close or from afar. According to (WDD) model, the
relationship between (E,, E4) and the incident photon energy (hv) is given as follows [76,
79]:

(2.16)
where:

n: refractive index

E,: the energy of the effective single oscillator

Eq: the dispersion energy

hv :incident photon energy

The moments of optical spectra (M-, and M_3) can be calculate from the relations [68]:

M_q

Ei=—=
o M_3

(2.17)
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(2.18)

2.7 Thickness Measurement
Thickness is one of the most important parameters of thin films because it largely
determines the properties of the film. The thickness of the membranes is usually

measured by digital micrometer the resulting with a thickness range (120) pm.
2.8 The Materials Conductivity

Solid-state materials, according to their conductivities, can be classified into three
classes: conductors, semiconductors, and insulators. At room temperature, the conductor
has conductivities between (10%-10°%) Q™*cm™, semiconductor between (10%-10%) Q™ cm™,
and insulator between (108-10"%) Q* cm™ [80]. According to the atomic arrangement of
solid, the materials can be divided into three types known as crystalline, polycrystalline
and non-crystalline (or amorphous) solids [81].

In crystalline solid, the atoms or molecules have a regular geometric arrangement or
periodicity. These solids have a high degree of ordering, and thus have long range order
(L.R.O.) in three dimensions, as shown in figure (2.5.a).

The polycrystalline materials have a high degree of ordering over many small
regions. These regions are called grains and they are separated from one and another by
grain boundaries. These materials are characterized by short range order (S.R.0.) as
shown in fig. (2.5.b). The amorphous materials have ordering only within a few atomic or

molecular, as shown in fig. (2.5.c).
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Fig. (2.5): Schematics of Three General Types of Solids [82]:

a) Single Crystalline, b) Polycrystalline and c¢) Non crystalline (amorphous).

2.9 Density

Density is the mass of a unit volume of a material substance. The formula for density
d=m/V (2.19)

where d is density, m is mass, and V is volume. Density is commonly expressed in units

of grams per cubic centimeter [82].
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3.1 Introduction

This chapter is devoted to the experimental part, which plays an important role in
determining the results. Where films are prepared (PAAmM —PEG- Sh,03, Ag) by casting
method as figure (3.1). Then the optical and structure measurements and dispersion
parameters.

Preparation of film
materials

N

Matrix Addition
PAAmM- PEG Sh,05-Ag

~

Mixing by magnetic stirrer at
(70-40) °C
\%

Casting method

/L\\

Optical Structure Properties | Dispersion
Properties Parameters

N

UV-Vis | | FT-IR || OM || SEM

Fig. (3.1): Scheme of experimental part.
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3.2 Utilized Materials

The utilized materials in this study are:
3.2.1 Matrix two types of polymers were used in this work:
3.2.1.1 Polyacrylamide (PAAmM)

The polymer was used in a white granular form soluble in distilled water, and its
molecular weight was (5x10° g/mol), with high purity (99.99%). It is manufactured by a
company (Central Drug Houses (CDH)).

3.2.1.2 Polyethylene glycol (PEG)

The polymer was used in a white granular form soluble in water, was purchased from
EMPROVE ESSENTAL Ph Eur with molecular weight was (4000) and purity (99%).

3.2.2 Additions
Two types of materials were used in this work:
3.2.2.1 Antimony (111) Oxide of (Sb,03)

Molar mass (291.92) g/mol the appearance (the basis is frosted white) density (5.76)
g/cm® melting point (656 )°C boiling point (1425)°C, insoluble in water purchased from

US Research Nanomaterials, Inc.

3.2.2.2 Silver (Ag)

Silver nanoparticles (Ag): was obtained in powder form and was obtained from (Sky
Spring Nano materials, Lnc) with average grain size (20-30) nm and high purity (99.95
%).

35



Chapter Three Experimental Part

3.3 Preparation Procedures (Preparation of (PAAM-PEG-Ag, Sh,03))

The micro casing was prepared by casting method from polymer blend by adding the
weight percentages of the additives that were (2, 4 and 6) by wt.% of (Ag, Sb,0s) to the
(PAAM-PEG) mixture as shown in table (3.1) in (60) mL, of distilled water using a
magnetic stirrer for a two hour mixing process at a temperature of (70-40) °C until a
highly homogeneous polymer solution is formed. These homogenous solutions are
poured into a petri dish of diameter (9 cm). The entire assembly is placed in a dust-free
room and the solvent is allowed to work slowly it evaporates in air at room temperature
for 10 days. Then it is peeled from the petri plate using a micrometer. The thickness of

these films was measured and found to be within (120£3) micrometers.

Table (3.1): Weight percentages for (PAAM-PEG-Ag, Sb,03) nanocomposites.

PAAm (9) | PEG(9) (Ag,
Sb,03)(9)

0.75 0.25 0

0.73 0.24 0.02

0.72 0.24 0.04

0.70 0.23 0.06

3.4 Part of Principle Measurements
Types of instruments used in this study:
3.4.1 Optical Microscopy (OM)
The change of surface morphology samples of (PAAM-PEG-Ag), (PAAM-PEG-

Sh,0z)composites are examined using the optical microscope, which was supplied from

Olympus name (Top View) type (Nikon-73346), equipped with light intensity automatic
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controlled camera under magnification (40x,100x), it is implemented in the university of

Babylon /college of education for pure sciences/ department of physics.

3.4.2 Field Emission Scanning Electron Microscope (SEM)
FESEM (Zeiss Sigma 300- HV) GERMANY. Examination was carried out in lran /

Tehran / University of Tehran

3.4.3 Fourier Transform Infrared Spectroscopy (FT-IR)
FT-IR spectra were recorded by FTIR (Bruker Company, German origin, type

vertex 70). FT-IR was implemented at University of Babylon /College of Education for
Pure Sciences/Department of Physics. In this study, the considered wavenumber range
(WNR) is (400-4000) cm™.

3.4.4 Ultraviolet-Visible Spectrophotometer (UV-Vis)

Computerized spectrophotometer, it is used to determine the absorption of light from
a sample. The sample is placed in specific position of UV / Vis device. The double beam
spectrophotometer (Shimadzu model UV-1800A° (JAPAN) was used to record the
absorption spectrum of (PAAM-PEG-Ag), (PAAM-PEG-Sh,03) composites in the wave-
length range (200-1100) nm. It is located at the University of Babylon /College of

Education for Pure Sciences/Department of Physics.
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4.1 Introduction

This chapter contains the results and discussion of the structural and optical properties
of the (PAAM-PEG) blend before and after adding different weights of nanoparticles
(Sb,0O3, Ag) that prepared by casting method at room temperature. The structural

properties, such as OM, SEM, FT-IR, optical properties and dispersion parameters.

4.2 Structural Properties

In this paragraph several measurements are included:

4.2.1 Optical Microscope

The current study conducted an experiment to dissolve 1 g of PAAmM-PEG and cast it
in a (9) cm diameter petri dish, using the same method of preparation, and get a very
fragile film was formed with cohesion but we got the complete melt as shown in Figure
(4.2).

Fig. (4.1): Photomicrographs (100X) of (PAAM-PEG) blend.
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Figure (4.2) shows the images of nanocomposite films (PAAmM-PEG-Sh,03) and
Figure (4.3) shows the images of nanocomposite (PAAM-PEG-AQ), taken from samples
with different concentrations at a magnification of 100X. (a, b and c), these images
illustrated fine homogeneity of the matrix with a good distribution of (Sb,O3, Ag), Nps
into the polymer composites. The OM images exhibited a successful preparation of the
(PAAM-PEG-Sh,03, Ag) nanocomposites as in the fig. (4.3). The fine distribution was
considerably got better with increasing the ratio of the NPs in (PAAM-PEG) films; where
the additions are in different ratios (0.02, 0.04 and 0.06) the nanoparticles form a
continuous network inside the polymers. This network contains pathways in which
charge carriers are allowed to pass through the pathways, causing material properties to

change [83, 84]. This is consistent with the researchers' findings [85, 86].

Fig. (4.2): Photomicrographs (100X) of nanocomposites a) PAAM-PEG :2wt.%
Sb,03 b) PAAM-PEG:4wt.% Sbh,03, and ¢) PAAM-PEG:6wt.% Sb,0;

39



Chapter Four Results and Discussion
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e
Fig. (4.3): Photomicrographs (100X) of nanocomposites a) PAAM-PEG :2wt.% Ag

b) PAAM-PEG:4wt.%Ag, and ¢) PAAM-PEG:6wt.%Ag

4.2.2 Scanning Electron Microscope Measurements (SEM)

SEM was used to fully investigate the effect of nanoparticles content and examine
the dispersion of the particles in the polymer matrix and the interaction or agglomeration
amony the nanoparticles. Figure (4.4) shows typical SEM images of PAAM-PEG films
without nanomaterial concentrations where the polymers are softer, more homogeneous

and cohesive.
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Fig. (4.4): SEM images of PAAM-PEG Blend.
Figures (4.5 and 4.6) show typical SEM images of films of (PAAmM-PEG-Ag, Sh,03)

nanocomposites with different concentrations of (Ag, Sb,0O3) Nps content. It is evident
that the addition of nanoparticles in the nanocomposites (PAAM-PEG-Ag, Sh,03) show
changes in the surface morphology of this system. It can be seen from the images that the
grains accumulate as the percentage of nanoparticles increases. The surface morphology
of the nanocomposites (PAAmM-PEG-Ag, Sb,03) films shows many randomly distributed
aggregates or pieces on the upper surface. The results show an increase in the number of
white dots on the surface with increasing concentration of nanoparticles (Ag, Sb,03). The
films display a uniform density of grain distribution in the surface morphology. The
results indicate that nanoparticles tend to form well-dispersed aggregates in PAAM-PEG
composite films. From figures (4.5) and (4.6), it is understood that (Ag, Sh,0s)
nanoparticles are randomly distributed in (PAAmM-PEG) membranes and it is concluded
that small agglomerates are formed in these membranes and make the films more fine

[87]. These results are in agreement with [88].
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Fig. (4.5): SEM images of PAAM-PEG-Ag nanocompesite of (a): (2wt.%0) Ag,
(b) and (c): (4wt.%) Ag, (d) and (e): (6wt.%0) Ag.
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Fig. (4.6): SEM images of PAAM-PEG-Sh,03; nanocompesite of (a): (2wt.%o)
SbgOg, (b) (4Wt%) SbgOg, (C): (6Wt%) Sb203_
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4.2.3 Fourier Transform Infrared Rays (FT-IR)

FT-IR spectroscopy is an important technique for the investigation of polymer
structure, as it provides information about the complication and interactions between the
various constituents in the polymer complexes [89]. Reveals Fourier Transforms Infrared
Spectroscopy analysis of (PAAM-PEG) blend at room temperature in the frequency
region of (500-4000) cm™. The main function of using FT-IR is to evaluate the type of
chemical bonding between different phases that are present, examine if there is a
chemical reaction occurs or it is merely physical blending and qualitatively analyze the
materials, which are in the bulk of films. All spectra exhibit the characteristic absorption
bands of pure (PAAM-PEG) composite, which are (2886, 1648, 1455, 1341, 1108, 962
and 842) cm™. It can be noticed that these treatment cause some observable changes in
the spectral features of the samples a part from new absorption bands and slight changes
In the intensities of some absorption bands. The new bands may be correlated likewise to
defects induced by the charge transfer reaction between the polymer chains. The
vibrational peaks at (2886, 1648, 1455, 1341, 1108, 962 and 842) cm™ are assigned to O-
H stretching, C-H stretching, C= O stretching, C= C stretching, and C-O-C rocking of
(PAAM-PEG) composite respectively as shown in Figure (4.7).
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Fig. (4.7): FT-IR of (PAAM-PEG) blend.

The experimental data given in the Figures (4.8-4.10) after addition (AgQ)
nanoparticles with different percentages (0.02, 0.04, 0.06), some polymer chains have
been broken and some other chains have been formed instead as shown in the table (4.1).

We notice through (FT-IR), if an (Ag) nanopatrticle is present in films (PAAmM-PEG-
Ag) nanocomposites it leads to restriction of molecular vibrational motion, and special
vibrational motion at three dimensions for (PAAmM-PEG) composite and will most
probably be affected by IR energy. This restricted of molecular polymers move reason
occurrence apparent distortion for some the parts functional for polymers (functional
groups); therefore, that films nanocomposites has characteristic nano approximately
being restricted [90], as shown in figures (4.8-4.10). The Fourier transform infrared
spectroscopy (FT-IR) spectra of pure (PAAM-PEG) and doped (Ag) nanoparticles films
are in agreement with [91].

47




Chapter Four Results and Discussion

BRUKE
3 4 LSO
=
— o
Lih]
(&)
| -
=
£
2R -
=
o
w
8 5 J’E s 8
=t oo [ I [
2 g 23 &g
ol — — = —
T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber cm-1
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Fig. (4.9): FT-IR of (PAAM-PEG-Ag) nanocomposites for( 4wt.%0) Ag.
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Fig. (4.10): FT-IR of (PAAmM-PEG-Ag) nanocomposites for (6wt.%) Ag.

Table (4.1): FT-IR transmittance bands positions and their assignments for

(PAAmM-PEG-AQ) films with different ratio of Ag nanocomposites.

Ratio 2 wt. % 4 wt. % 6 wt. %
Ag Ag Ag
2884 (C-H) 3178 (O-H) 2886 (O-H)
1648 (C=C) 2360 (C=C) 1648 (C-H)
Assignments 1455 (C-N) 1648 (C=C) 1455 (C=0)
1341 (C-N) 1455 (C-N) 1341 (C=C)
1107 (C-O) 1341 (C-N) 1108(C-O)
1108 (C-O)

Adding (Sbh,03) with different weight (0.02, 0.04 and 0.06)g to basis material

(PAAM-PEG) leads to increase in the number of bonds per unit area and hence density
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increases as shown in the table (4.2), which led to increases the absorbance values,

therefore decrease the value of transmittance as shown in Figure (4.11 - 4.13).
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Fig. (4.11): FT-IR of (PAAM-PEG-Sh,03) hanocomposites of (0.02wt.% Sb,05).

shGKe T

a0
| 1

80

Transmittance [%]
70
|

80

50

T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber cm-1

Fig. (4.12): FT-IR of (PAAM-PEG-Sb,03) nanocomposites of (0.04wt.% Sb,03)
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Fig. (4.13): FT-IR of (PAAM-PEG-Sb,03) nanocomposites of (0.06wt.% Sb,05)

Table (4.2): FT-IR transmittance bands positions and their assignments for
(PAAM-PEG- Sh,0,) films with different ratio of Sb,O; nanocomposites.

Ratio 2 wt.% 4 wt.% 6 wt.%
Sb203 Sb203 SbZC)3

2881 (C-H) 3300 (N-H) 2881 (O-H)
1456 (C-N) 2390 (C=N) 1456 (C-N)

Assignments ™ 1345 (C-N) 1648 (C=C) 1339 (C-N)
1278 (C-0) 1450 (C-N) 1278 (C-O)
1104 (C-O) 1405 (C-N) 1239 (C-O)
959 (C-C) 1255 (C-O) 1103 (C-O)
841 (C-C) 1150 (C-O) 958 (C-C)
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4.3 The Optical Properties

The main purpose of studying the optical properties of the (PAAM-PEG- Ag, Sb,05)
nanocomposites is to identify the effect of adding the (Ag, Sb,O3) nanoparticles on the

optical properties.

The research covers the recording of the spectrum of absorbance for the (PAAm-
PEG-Ag, Sb,03) films at the room temperature and calculating the transmittance,
absorption coefficient, extinction coefficient and other optical constants ,as well as

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

Figures (4.14 and 4.15) show the absorption spectrum of (PAAmM-PEG-Ag, Sh,0s)
nanocomposites as a function of the wavelength of the incident light. It can be noticed
from the figure that the absorbance for all films have a high values at wavelength in the
neighborhood of the fundamental absorption edge (250)nm, then the absorbance
decreases with the increasing of wavelength. In general, the absorbance of the films has
low values in the visible and near infrared region. This behavior can be explained as
follows: at high wavelength the incident photons doesn’t have enough energy to interact
with atoms. Thus the photon will be transmitted, when the wavelength decreases, the
interaction between incident photon and material will occur, and then the absorbance will

increase [92].

In other words absorb the incident light by the free electrons. Consequently, by the
increase of the weight percentages of nanoparticles, absorbance is increased. These
results are similar to the results reached by the researchers [93, 94]. We notice an increase

in the absorbance when adding Ag compared to adding Sb,0s.
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Fig. (4.14): Absorbance Behavior of (PAAM-PEG-Sbh,05;)
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Fig. (4.15): Absorbance Behavior of (PAAM-PEG-AQ).
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4.3.2 Transmittance (T)

Figures (4.16 and 4.17) show the optical transmittance spectra as a function of
wavelength of incident light on (PAAM-PEG- Ag, Sb,03) films with different rate of
(Ag, Sh,05) nanoparticles. The figures show that transmittance decrease with the increase
concentration of nanoparticles, this is caused by the added (Ag, Sb,Os)nanoparticles
contains electrons in it's outer orbits can be absorb the electromagnetic energy of the
incident light and travel to higher energy levels, this process is not accompanied by
emission of radiation because the traveled electron to higher levels have occupied vacant
positions of energy bands, thus part of the incident light is absorbed by the substance and
dose not penetrate through it, on the other hand, the pure poly (acrylamide- ethylene
glycol ) has high transmittance because there are no free electron(i.e. electrons are linked
to atoms by covalent bonds ), this is because the breaking of electron linkage and moving
it to the conduction band need to photon with high energy [95]. We notice an increase in

the permeability when adding Sh,0O; compared to adding Ag.
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Fig. (4.16): Transmittance Behavior of (PAAM-PEG-Sh,053)

54



Chapter Four Results and Discussion

0.9 +

0.8 +

0.7 +

0.6

0.5 1

0.3 -

e PAAM-PEG

0.2 1 e PAAM-PEG -2%Ag

e P AAM-PEG-4%Ag
0.1 1 PAAM-PEG-6%Ag

200 400 600 800 1000

A (nm)

Fig. (4.17): Transmittance Behavior of (PAAM-PEG-AQ).
4.3.3 Absorption Coefficient (o)

Figures (4.18 and 4.19) show the absorption coefficient o (cm)™ as a function of
wavelength for (PAAM-PEG-Ag, Sbh,03;) nanocomposites. It can be seen that the
absorption coefficient is the smallest at high wavelength and low energy; this means that
the possibility of electron transition is little because the energy of the incident photon is

not sufficient to move the electron from the valence band to the conduction band (hv<E).

At high energies, absorption is good, this means that a high possibility for electron
transitions consequently, the energy of incident photon is enough to move the electron
from the valence band to the conduction band, the energy of the incident photon is greater

than the forbidden energy gap [94].

This shows that the absorption coefficient assists in figuring out the nature of

electron transition, when the values of the absorption coefficient are high (a >10%) cm™ at
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high energies it is expected that direct transition of electron occur, the energy and
moment are maintained by the electrons and photons. While, when the values of the
absorption coefficient is low (a <10%) cm™ at low energies, it is expected that indirect
transition of electron occur, and the electronic momentum is maintained with the
assistance of the phonon [95], among other results is that the absorption of coefficient for
the (PAAM-PEG- Ag, Sh,03) nancomposites is less than (10%) cm™, this explains that the
electron transitions is indirect. We notice an increase in the absorption coefficient when

adding Ag compared to adding Sb,0s.
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Fig. (4.18): Variation of Absorption Coefficient of (PAAM-PEG-Sb,05).
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Fig. (4.19): Variation of Absorption Coefficient of (PAAM-PEG-AQ).
4.3.4 Refractive Index (n)

Figures (4.20 and 4.21) show the change of refraction index of (PAAM-PEG- Ag,
Sh,03) nanocomposites as a function of wavelength. It is obvious from the figures, the
refractive index increase with increasing weight percentages of the (Ag, Sbh,0,)
nanoparticles to the poly (acrylamide- ethylene glycol) because of increasing in the
density nanocomposites. In ultraviolet region we note that high values of the refractive
index because of the little transmittance in this region, but in the visible region note that

low values because of the high transmittance in this region. This behavior is consistent
with Vlaeva et.al [84].
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Fig. (4.20): Variation of Refractive Index with Wavelength of (PAAM-PEG-Sh,03)
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Fig. (4.21): Variation of Refractive Index with Wavelength of (PAAM-PEG-AQ)
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4.3.5 Extinction Coefficient (k,)
The variation of the extinction coefficient of (PAAmM-PEG- Ag, Sb,03)

nanocomposites as a function of wavelength shown in the figures (4.22 and 4.23)
respectively. It can be noted that (k,) is lowering value at low concentration, but it
Iincreases with increasing of the concentration of (Ag, Sb,O3) nanoparticle. This is
attributed to increased absorption coefficient with increased percentage of (Ag, Sb,0s)
nanoparticles. This result indicates that the atoms of (Ag, Sb,Os) nanoparticles will

modify the structure of the host polymer [91].
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Fig. (4.22): Variation of Extinction Coefficient of (PAAM-PEG-Sb,05).
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Fig. (4.23): Variation of Extinction Coefficient of (PAAM-PEG-AQ).
4.3.6 Real and Imaginary Part of Dielectric Constants (g; and &;)

The figures (4.24 and 4.26) show the change of (€l,) as a function of the wavelength.
It can be seen that &; considerably depends on (n?) due to low value of (k,°) so, the real

dielectric constant is increased with the increase of the concentrations of nanoparticles.

Figures (4.25 and 4.27) show the change of (&;) as a function of the wavelength, it can
be seen that (g;) is dependent on (K,) values that change with the change of the absorption

coefficient due to the relation between (a) and (K,). This behavior is consistent with [96].
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Fig. (4.24): The Real Part of (PAAM-PEG-Sh,05).
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Fig. (4.25): The imaginary part of dielectric constant of (PAAM-PEG-Sh,05).
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Fig. (4.26): The real part of dielectric constant of (PAAM-PEG-AQ).
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Fig. (4.27): The imaginary part of dielectric constant of (PAAM-PEG-AQ).
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4.3.7 Optical energy gaps

Figures (4.28 and 4.29) show the relationship between edge absorption (a¢hv)"? of
(PAAM-PEG-Ag, Sh,03) nanocomposites as a function of photon energy, when drawing

Y2 = 0 extrapolation,

a straight line from the top of the curve towards the (x) axis at (chv)
we get the energy gap of the permissible indirect transition. The obtained values are
shown in Table (4.3). We can see that the energy gap values decrease with the increase in
weight percentages of nanoparticles, and this is due to the creation of local levels in the
forbidden energy gap [83], and the transition in this case takes place in two stages that
includes the transition of the electron from the valence band to the local levels to the
conduction band as a result of increasing the weight ratio of nanoparticles. The density of
the spot state increased with the increase in the concentration of nanoparticles, which
explains the decrease in the energy gap with the increase of nanoparticles as shown in

figures (4.28 and 4.29) and these results are similar to the researchers [97].
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Fig. (4.28): Variation of (ahv)'/?0f (PAAM-PEG-Sb,05).
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Fig. (4.29): Variation of (ahv)'/?0f (PAAM-PEG-AQ)

Table (4.3): Eergy Gab Value of (PAAM-PEG-Sh,03, Ag)

Sample Eg(eV) of Sb,0; Eg(eV) of Ag
PAAM-PEG 4 4
PAAM-PEG-0.02 3.9 3.6
PAAM-PEG-0.04 3.7 3.45
PAAM-PEG-0.06 3.5 3.4

4.4 Dispersion Paremeters

According to the figures (4.30-4.36), the values of E4, E,, were calculated and listed

in the tables (4.3 and 4.4). From the table, the values of E, /2 we get E;. The very small

values of E; denote to the increase the nanoparticles (Sb,Os Ag) to blend, with high

reflectance because of the free electrons on the film surface. The index of refraction (n.,)

for the (PAAM-PEG-Sh,05;, Ag) nanocompesite was added by the interception of the
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perpendicular axis in figures (4.31-4.33). These figures show the behavior of the

dispersion parameter when different percentages of (Sb,0O3) nanomaterial are added.

0 2 4 6 8 10 12 14 16 18 20 22 24

hv?

Fig. (4.30): (n*-1)" versus (hv®) of the blend (PAAM-PEG).
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Fig. (4.31): (n*-1)™ versus (hv?) of the nanocomposite (PAAM-PEG-Sb,05)
with 2% of Sb,0O5; NPs.
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Fig. (4.32): (n*-1)" versus (hv?) of the nanocomposite (PAAM-PEG-Sb,05)
with 4% of Sb,O; NPs.
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Fig. (4.33): (n”-1)" versus (hv®) of the nanocomposite (PAAM-PEG-Sb,05) with 6%
of Sb203 NPs.

Table (4.4) shows the dispersion parameters of the nanocomposite (PAAM-PEG-

Sb,03). The M; and M visual perception moments decrease with increasing
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nanoparticle thickness. Using the Wemple-DiDomenico process, the dispersion
parameters were determined. It is observed that with increasing nanoparticles, the
scattering energy (Eq) and electronic transition energy of one oscillator (E,) are reduced.
Very small values of the energy gap indicate the films are conductive, which makes them

suitable for optical devices.

Table (4.4): The dispersion parameters and energy gap resulted from Wemple-
DiDomenico model of PAAM-PEG-Sb,0..

2wt.%Sh,0; 4wt.%Sh,03 6Wt.%Sh,0;
Sample Pure additive additive additive
E, 8.21 7.82 7.65 1.27
= 34.97 20.85 31.38 37.82
E, 4.10 3.91 3.82 3.63
n(0) 2.29 1.91 2.25 2.49
E 5.25 3.66 5.09 6.20
M., 4.25 2.66 4.09 5.20
M_; 0.06 0.04 0.06 0.09

Figures (4.34-4.36) shown the behavior of the dispersion parameter when different
percentages of (Ag) nanomaterial are added.
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Fig. (4.34): (n*-1)™ versus (hv?) of the nanocomposite (PAAM-PEG-Ag) with
2% of Ag NPs.
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Fig. (4.36): (n*-1)™ versus (hv?) of the nanocomposite (PAAM-PEG-Ag) with
6% of Ag NPs.
Table (4.5) shows the optical parameters of the nanocomposite (PAAM-PEG-AQ). It
Is observed that with increasing nanoparticles, the scattering energy (Eq) and electronic

transition energy of one oscillator (E,) are reduced.

Table (4.5): The dispersion parameters and energy gap resulted from wemple-
DiDomenico model of PAAM-PEG-Ag.

2wt.%Ag 4wt.%Ag 6wt.%Ag
Sample Pure additive additive Additive
Eo 8.21 7.42 6.46 5.09
Eq 4.10 3.71 3.23 2.54
Eq 34.97 7.07 29.38 21.24
n,(0) 2.29 1.95 5.54 5.16
No(0) 5.25 1.39 2.35 2.27
E 1.95 5.54 5.16
M., 4.25 0.95 4.54 4.16
M_; 0.06 0.01 0.10 0.16
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4.5 Conclusions
The following remarks are concluded during the present work:

1- These polymers show a continuous change in their physical properties as a result of

adding (Ag, Sb,05) to the PAAM-PEG polymer which improved these properties.

2- We conclude through the optical microscope that the nano-film is formed as a result of
reactions between polymer mixtures, as well as between polymers and additives, and
the distribution of nanomaterials well in the mixture because it is homogeneous and

interactive with polymers.

3- Through the FT-IR examination, we noticed the emergence of a large number of
bonds. This indicates the presence of an interaction between the polymers used, as well
as between polymers and additives, and this indicates the emergence of a new material
that differs from all the basic materials used. Evidence for this (individual bonds) gave

new bonds.

4- SEM images showed that the addition of nanoparticles in the nanocomposites (PAAM-
PEG-Ag, Sh,03) shows changes in the surface morphology of this system. It is clear
from the images that the grains accumulate with the increasing proportion of
nanoparticles. The surface morphology of the nanocomposites (PAAmM-PEG-Ag,
Sbh,05) shows many randomly distributed aggregates or pieces on the upper surface.
The results showed an increase in the number of white dots on the surface with

increasing concentration of nanoparticles (Ag, Sb,053).

5- Through the UV-Vis examination, we notice an increase in the absorption and
absorption coefficient of compounds with an increase in the nanomaterial. The
refractive index and extinction index were increased with increasing concentrations of

Ag and Sb,0s;. The energy gap of indirect transport (allowed, forbidden) decreases
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with increasing particle concentrations. The photoconductivity increases with

increasing proportions of Ag and Sh,0O3 in a mixture (PAAM-PEG-Ag, Sh,05).

6- Using the Wemple-DiDomenico model, the dispersion parameters were determined.
Observed with increasing nanoparticles, the scattering energy (Egy) and electronic
transition energy of one oscillator (E,) were reduced. The very small values of the
energy gap indicate both absorbent and conductive films, making them suitable for

optical devices.
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4.6 Future Works

From this study, other future works can be adopted as suggested below:-

1. Study the structural, optical and electrical properties of a (PAAM-PEG-Sh,03;, AQ)

nano-film prepared by another method, such as the spin coating method.

2. Study the thermal and mechanical properties of (PAAmM-PEG-Sh,0; AQ)
nanocomposites.

3. Effect of irradiation on the electrical and optical properties of (PAAM-PEG-Sh,0;, AQ)
nanocomposites.

4. Effect of temperature on the A.C. electrical properties of (PAAM-PEG-Sb,0;, AQ)
nanocomposites.
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