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Summary

In this work, synthesis of a composite based on polyaniline and okra plant
waste are prepared using spin coating devise. The samples prepared from
Polyaniline (PANI), okra plant waste and silver (Ag) nanoparticles. Thin films
of (PANI/okra plant waste) blend, okra plant, PANI and (PANI/okra plant
waste/Ag) nanocomposites were prepared with Ag nanoparticles added to the
(PANI/okra plant waste) blend at different weights (0.5%, 1%, 1.5% and 2%).
The effect of okra plants on the structural, D.C electrical and optical properties
of (PANI/okra plant waste) blend and (PANI/okra plant waste/AQ)
nanocomposites were studied for antibacterial activity, electrodes , polymer

eyeglasses lens and gradient-refractive index lens (GRIN) lenses applications.

The optical properties of (PANI/okra plant) blend and (PANI/okra
plant/Ag) nanocomposites were studied in the wavelength range (300-1100) nm.
The results indicated that the optical parameters of (PANI/okra plant) blend
were enhanced with the added of the okra plants. The results showed that the
absorbance increases in the (PANI/okra plant) blend. The absorption coefficient
and optical energy gap were also calculated, and the results showed that the
polymer possesses indirect permissible energy gap and that it decreases by
added the okra plants to the formation of localized levels in the energy gap. The
D.C electrical properties of (PANI/okra plant) blend and nanocomposites where
the results showed that the electrical conductivity increases with increasing

temperature and also by added the okra plants.

The results of application of (PANI/okra plant) blend films as electrodes
material showed that the electrical resistance decreases with plants waste
additives to the polymer. These findings provide insights for the development of
new electrodes to recording of electrocardiography (ECG), electromiography

(EMG) and electroencephalography (EEG) signals.



The results of polymer eyeglasses lens and gradient-refractive index lens
(GRIN) lenses applications for (PANI/okra plant) blend and nanocomposites
show that in their optical behaviors have better refractive and improve
transparency. Thus, the use of plants waste based on polymeric material results
in different properties in the prepared material from plants waste, when used in

the polymer lenses applications.

The antibacterial properties of the (PANI/okra plant) blend and
(PANI/okra plant/Ag) nanocomposites have been tested against pathogens
(Staphylococcus epidermidis as Gram positive bacteria and klebsiella
pneumoniae as Gram negative bacteria). Nanocomposite and (PANI/ okra plant)
blend presented antibacterial activity against tested bacteria. Films contained
okra mucilage showed more antibacterial activity. The inhibitory activities of
resultant films were stronger against Kklebsiella pneumoniae than

Staphylococcus epidermidis.
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Chapter One Introduction and Literature Review

1.1 Introduction

Polymeric materials have gained a lot of attention in recent years due to
their wide range of applications in various fields of life, including medical,
engineering, and industrial, due to the fact that the polymer possesses unique
properties like optical, mechanical and electrical properties that ensure ease of
handling industrial [1]. A polymer is large molecule that contains hundreds or
thousands of atoms formed by combining one or two or sometimes more small
(monomers) types of the molecule into a chain or network structure [2]. One of
the most important means of developing new materials is polymer blending.
Blending multiple polymers with a combination of properties improves on the
individual polymer components. Generally, polymer materials may by excellent
insulators that can by mixed with conductive fillers to improve their

conductivity [3].

polymers containing natural fibers have obtained considerable attention.
The interest in the natural fiber reinforced polymer arises rapidly due to the high
performance physical properties and low cost low density. Natural fibers are
renewable, cheaper, pose no health hazards and finally provide a solution to
environmental pollution by finding new uses for waste materials. Furthermore,
natural fiber reinforced polymer composite form a new class of materials which
seem to have good potential in the future. When these fibers are incorporated
polymer matrix, they would yield materials with better properties suitable for
various applications [4]. Application In industrial and biomedical for their
superior characteristics [5].

1.2 Polymer Structure

Polymers are made up of big organic molecules and small structural
components (monomers) that are joined together in a polymerization process.

Thousands of atoms are joined by covalent chemical bonds in each molecule.

1
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Molecules in a polymer are attracted to one another by forces that vary
depending on the polymer type. Polymers are made up of large coupled
molecules that are difficult to regulate, structure a linear chain of molecules can

arrange themselves in an organized form [6].

1.3 Conductive Polymers

Conductive polymers are a new group of synthetic polymers that combine
the chemical and mechanical properties of polymers with the electronic
properties of metals and semiconductors [7]. Polymers are usually insulators,
but some polymers have been synthesized with a remarkable ability to conduct
electricity [8]. These polymers are manufactured to be coming conductive from
the reaction of conjugated polymers with an oxidizing agent, reducing agent or
an acid. The conductivity of these materials can be adjusted according to the
nature of doping, the degree of doping and blending with polymers the other. In
addition to the important properties mentioned above, polymeric materials are
generally characterized by their light weight, ease of manufacture, and
flexibility [9].Conductive polymers are widely used in a wide range of
applications. Tissue engineering, regenerative medicine, biosensors and other
medical applications are examples of biomedical applications that could be

revolutionized by conductive polymers [10].
1.4 Conducting Polymer Synthesis

1- Chemical Synthesis: Chemical polymerization is frequently the use of
relatively strong chemical oxidants like aluminum peroxide or hydrogen
peroxide. These oxidants have the ability to oxidize monomers in
solution, resulting in cationic radicals [11].

2- Electrochemical Synthesis: is the favored method to obtain a more
repeatable arrangement of thin films and polymers [12]. The ability to

choose the proper electrolyte material, as well as a considerably larger
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selection of cations and anions for use as doping ions, are all advantages
of electrochemical polymerization. With polymerization, doping and

curing happen at the same time [11].
1.5 Polymer Blend

Almost five decades ago, the field of polymer blend has been a major
subject in development and polymer research, it has been the focus of attention
for a long time. At the end of the year (1960), the industrial and academic trials
in the polymer blend increased significantly [13]. The polymer blend is defined
a mixture of at least two different polymers to make a new type of material with
different physical properties. The performance of polymer blends depends on
the morphology and characteristics of each polymer in the mixture and its
content. The cost of the mixture depends on the method of the installation, the
morphology of the mixture, and the materials that can be designed for a specific
application. Most blends have been developed to improve a specific
characteristic such as extending the performance of engineering resins, or the

strength of the impact [14].

Nowadays, the market pressure is so high that producers of plastics and
other products need to provide the best economic and best materials with
excellent combinations of properties as an alternative to traditional metals and
polymers [15]. Three types of blends can be classified into; i) fully miscible
blends, ii) partially miscible blends, iii) completely immiscible blends. The fully
miscible blends consist of a homogeneous single phase. Partially miscible
blends are partially mixed, as part of one of the blend components is dissolved
in the other, which shows normally good compatibility and fine phase
morphologies. However, the completely immiscible blends exhibit the coarse
phase morphology with a sharp interface and poor adhesion between the two

blend phases. This is the reason for the observed poor characteristics of the
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immiscible blend, which depend heavily on the size and distribution of
phases[16]. The performance of a polymeric material can be preferable by
selecting the appropriate components and their proportions. Polymer blending
adds some new properties that lead to the construction of new materials with

improved chemical, physical and mechanical properties [17].
1.6 Natural Fiber

In recent vyears, polymer containing natural fibers have obtained
considerable attention. The interest in the natural fiber reinforced polymer arises
rapidly due to the high performance in mechanical properties and low cost.
Natural fibers are renewable, pose no health hazards and finally provide a
solution to environmental pollution by finding new uses for waste materials.
Furthermore, natural fiber reinforced polymer composite form a new class of
materials which seem to have good potential in future as a substitute for wood

based materials in structural applications [4].

The electrical conductivity of these polymers can be improved by using
natural fibers, when these fibers are combined in polymer matrix they will
produce materials with better properties suitable for different applications [14].
Moreover, the use of natural fibers as reinforcement for polymer-based
composites has been attracting the interest of the scientific community for a
long time and constitutes a new class of materials that have good potential in the
future as many natural fiber polymer composites have found applications as a
very important industrial resource in such fields as scaffolds, optical devices,
pharmaceutical products, substitutes/medical biomaterials and tissue repair
(wound dressing) [4,18]. Plant-based natural fiber, a high potential field of the
reinforced polymer composite material, is considered as lightweight and
economical products as they possess lower density and extraordinary molding
flexibility [19].
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Okra is one of the plant fibers that contain various natural materials, the
most important of which are cellulose and lignin, which act as a support
material for plant fibers [20].Where was use this fiber in composite materials
decades for their relatively recyclability, biodegradability and minimal health
hazard issues and environment-friendliness compared to the traditional artificial
materials (aramid, glass, and carbon fibers) [21,22]. Thus the electrical
properties of polymer composites reinforced with natural fibers is suitable for

electrical applications as terminals, connectors, industrial sockets, etc. [4].
1.7 Nanomaterials

The nanomaterials are the materials with less than 100 nm size ones at
least in one dimension. The nanomaterials show different physicochemical
properties than the bulk material which depends on their size and shape.
Nanomaterials may be of different shapes like nanorods, nanoparticles,
nanosheets which can be characterized based on their dimensionality. By the
interaction of two or more particles, their physical properties will alter. These
particles of different constituents are called bulk or three-dimensional
nanomaterials [23]. The nanomaterials are of different types, they are carbon-
based nanomaterials, metal nanoparticles, semiconductor nanomaterials,

polymeric nanomaterials and lipid-based nanomaterials [24].

Based on the dimensions of nanoscale (<100 nm) they are classified as follows
[23]:

1- Zero-dimensional materials where all dimensions are measured at the
nanoscale. Nanoparticles will come into this classification.

2- One-dimensional materials outside the nanoscale, one-dimensional
nanomaterials represented by tubes Nanoparticles and nanowires.

3- Two-dimensional nanomaterials represent nano films, nano-layers and

nano-coatings.
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4- Three-dimensional nanomaterials are not limited to the nanoscale in any
dimension. Figure (1.1) showing the classification of nanomaterials based

on Dimensions [25].

‘v \? =

Figure (1.1): Shows the classification of nanomaterials (a) Zero-dimensional

nanomaterials (0-D), (b) One dimensional nanomaterial (1-D), (c) Two-dimensional

nanomaterials (2-D), (d) Three dimensional nanomaterials (3-D).
1.8 Nanocomposites

Polymer nanocomposites can be expressed as materials contain a tiny
quantities of nanoparticles (fillers) distributed in polymers homogenously with
different concentrations. In nanocomposites the interaction of fillers with
polymers is expected to be much more [26,27]. Nanocomposites are a novel
fabrication materials refer to a hopeful field in the area of nanoscience. Besides
these properties, they show the amazing advantages of structural, electrical,
optical, biocompatibility and biodegradability in various industrial, medical and

packaging applications [28].

Inside polymer blend the filler of nanoparticles interaction between them to
form molecular bridges for nanocomposites. This is the origin for improved
structural, electrical and optical properties of the nanocomposite [29]. Polymer

nanocomposites consists of three major substances are the matrix,
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reinforcement, and the interfacial region as shown in the Figure (1.2). The last is

in charge of incorporation between the matrix and nanofiller [30].

. Nanofillers
Polymer matrix Interaction zone

Figure (1.2): The components of polymer nanocomposites [30].

Nanocomposites are classified according to the types of reinforcement materials
and matrix materials used in their construction. According to the type of matrix
material, nanocomposites are generally classified into following three classes
[31]:

1- Polymer matrix nanocomposites.
2- Ceramic matrix nanocomposites.
3- Metal matrix nanocomposites.

Nanocompsites applications are very promising materials in the areas of
the microelectronic manufacturing, packing materials, automobiles, integrated
optical circuits, drug delivery, injection molded products, coating, fire

retardants, sensors and consumer goods....etc [32].
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1.9 The Properties of the Used Materials

1.9.1 Polyaniline

Polyaniline (PANI) was discovered by Runge the name of aniline black
in 1834 [33]. PANI was identified to be a mixed oxidation-state polymer
composed of reduced benzoid units and oxidized quinoid units by Woodhead
and Green in 1912. Furthermore, under specific experimental settings, PANI
was discovered to have conductor-insulator switching capabilities. Since then,

the substance has attracted a lot of attention from researchers [34].

PANI is the most conductive polymer in its chain, giving it distinctive
physical and chemical features such as excellent electrical conductivity (p-type)
due to the presence of (-NH)-reactive groups. PANI is utilized in a variety of
applications, including sensors, electronic devices and batteries. PANI is also
inexpensive and light in weight. Because of its remarkable stability, PANI has a
unique property in comparison to the remaining conductive polymers in terms
of composition, as it comprises nitrogen atoms that represent the distinguishing
bridge in the structure of the polymer's backbone. This made it a particularly
effective electronic material. The structural formula of the PANI polymer
(CsHsNH,), which is shown in figure (1.3) [34]. The oxidation states of
polyaniline bases are (LB) (total reduction state), (EB) half-oxidation state, and
(PB) total oxidation stat [35].Table (1.1) shows the different types of PANI
[36].
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e @
405000
- h AEI J n

Polyaniline (emeraldine) @6
salt -2nH A
deprotonation
000
. . .
Polyaniline (emeraldine)
base

Figure: (1. 2) Polyaniline (emeraldine) salt is deprotonated in the alkaline medium to

polyaniline (emeraldine) base. A—is an arbitrary anion, e.g., chloride [37].

Table (1.1): Types of Polyaniline Polymer [36].

Type of PANI Color Conductivity
Leucoemeraldine white/clear poor conductivity
_ good conductive
Emeraldine green or blue ]
if doped
Pernigraniline blue/violet poor conductivity

PANI -based materials have a wide range of applications by integrating a
biodegradable into the matrix of PANI, a number of electrically conducting
polymers many was set up the materials can be used in a variety of fields,
including biomedical engineering, tissue engineering, and electronic sensors,
conducting polymers are used in dental implants and targeted medication

delivery, among other biomedical uses [38].
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19.2 Okra Plant

Okra (bahmia) also known as Lady’s finger, is a monocotyledon
herbaceous plant [39]. Okra plant fiber can be used not only as a filler from
agricultural waste product but ideally to provide some reinforcement to the
polymer matrix, where okra can be a source of polysaccharides, which can be
used, with appropriate chemical grafting for polymer synthesis [40]. In this
study, okra bioconductive polymer was selected as a model material which is
used in many pharmaceutical, food, biomedical applications and scaffold for
tissue engineering [41]. Polymeric compounds reinforced with plant fibers are
characterized by their sustainability and light weight, as they are cost-effective,
simple and less toxic compared to other polymeric compounds used for multi-
nanoparticles attributed to metals [42,43].Okra is especially rich in bioactive
compounds, particularly polysaccharides as mucilage form and phytochemicals
[44, 45]. The compounds of okra plant are shown in table (1.2) [46,47] .

Table (1.2): The compounds of okra plant [46, 47].

The repeating units of
Compounds of okra _
Value the okra plant mucilage
plant
A-cellulose 60-70% (1-2)-rhamnose
(1-4)-galacturonic acid
_ residues with
hemicellulose 15-20% _ o _
disaccharide side chains
lignin 5-10%
pectin 3-5%
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1.9.3 Silver Nanoparticles

Silver (Ag) is a metal element, which is a soft, lustrous element possessing
high electrical and thermal conductivity. It has been known extensively due to
its medical and therapeutic benefits. It is practiced in many forms as coins,
vessels, solutions, foil, sutures, and colloids [48,49]. Among the all metal
nanoparticles, silver nanoparticle are an arch product from the field of
nanotechnology which has gained boundless interests because of their unique
properties such as chemical stability, good conductivity, catalytic and most
important antibacterial, anti-viral, antifungal in addition to anti-inflammatory
activities which can be incorporated into composite fibres, superconducting
materials, food industry and electronic components [50]. A number of metallic
silver particles can also be encapsulated in to the conductive polymer to form
nanocomposites (NC). The NCs exhibit combination of properties like
conductivity, electrochemical, catalytic and optical properties [51]. The
incorporation of metal nanoparticles could effectively improve the electrical and
optical properties of the polyaniline composites. The electrical conductivity
such composites might also depend upon the molecular structure of the
conductive polymer matrix (i.e., crystallinity). Since silver exhibits the highest
electrical and thermal conductivities among all the metals [52], the combination
of PANI with silver could yield functional materials having enhanced electrical
properties. In this study, we explore the possibility of improving the
conductivity of PANI by doping it with silver atoms. Ag properties are shown in
Table (1.3).
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Table (1.3): Properties of Ag nanoparticles [48, 53, 54].

Characteristic Ag nanoparticles
atomic number 47
atomic mass 107.87
Purity 99.99%
Density 10.5 g/cm®
color black
Averagg particle 20 nm
size
Morphology Spherical
Refractive index 1.33-1.42
Surface area 18-22 m/g

1.10 Literature Survey

Sukitpaneenit. P et al. (2007) studied the DC electrical conductivity of the
elastomeric PANI/NR composite fiber bundles was studied as a function of
PANI concentration and electrically conducting elastomer fibers based on
natural rubber (NR) and polyaniline (PANI) were fabricated. The morphology
of the composite fibers was studied by scanning electron microscopy (SEM).
The images show a combination of well dispersed, isolated PANI particles.
PANI particles were inhomogeneously distributed in the NR matrix. The result
indicate that the electrical conductivity of the fibers increased with the
increasing PANI. Thus, the new composite fibers display a most desirable

property matrix having properties that make them useful for applications [55].
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Afzal. A. B et al. (2008) prepared PANI /Ag nanocomposites. Scanning
electron microscopy showed a uniform distribution, with spherical and granular
morphology for low concentration of Ag nanoparticles. FTIR spectra of the pure
PANI as well PANI/Ag nanocomposite films are similar to the pure PANI,
confirming the formation of PANI in all samples. They found that the
Incorporation of silver nanoparticles in PANI reduces the charge trapping

centres and increases the conducting channels [56].

Sezer.A et al. (2009) studied the refractive indices of polyaniline and
polyaniline-silver nanocomposites. The intensity dependent refractive indices
of polyaniline and polyaniline—silver nanocomposites are measured. While the
material are not good candidates for all-optical switching, they do exhibit
reversible processes of saturable and reverse saturable absorption at the same
wavelength, a trait that makes them suitable materials for optical pulse

compression and limiting. [57].

Gupta. K et al. (2010) studied the PANI/Ag nanocomposite has been
synthesized successfully by the chemical oxidative polymerization of aniline
with ammonium peroxydisulphate as an initiator in presence of silver
nanoparticles. From the SEM image, it is observed that nanoparticles are well
dispersed in the polyaniline matrix. The optical band gap of nanocomposite
decreases with increasing content of silver nanoparticles. The electrical
conductivity of polyaniline-silver nanocomposite increases with increase in
silver nanoparticle content than that of pure polyaniline. This is a simple way by
which optical and electrical properties of polyaniline may be enhanced by

doping with suitable nanoparticles [58].

Thakur. V. K and Singha. (2010) prepared and characterizations of
Natural Fibers/Polymer biocompositesusing Pine Needles (PN) reinforced

polymers using Phenol-Formaldehyde (PF) as a novel polymer matrix has been
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reported. the results indicate properties of Pine Needles reinforced Phenol-
Formaldehyde (PF) resin-based composites have been found to be better than
the parent polymeric Phenol-Formaldehyde resin and Pine Needles has
Immense scope in the production of natural fiber reinforced polymer composites

having vast number of industrial applications [59].

Ghasemi-Mobarakeh.L et al. (2011) discussed the most commonly
utilized conductive polymers, polypyrrole (PPy) and polyaniline (PANI), along
with their design and modifications, thus making them suitable scaffolds for
nerve tissue engineering.Electrical stimulation has been shown to enhance the
nerve regeneration process and this consequently makes the use of electrically
conductive polymers very attractive for the construction of scaffolds for nerve
tissue engineering [60].

Razak. S. I. A et al. (2012) prepared newly modified biofibers made up of
kenaf fibers (KF) and conducting PANI were successfully prepared via in situ
polymerization. The PANI coated KF (KF/PANI) achieved new electronic
properties, without sacrificing its mechanical properties and natural fiber
characteristic. The mercerized KF/PANI exhibits polaronic transitions,
enhanced DC conductivity, and better morphological characteristic as a result of
the in situ PANI coating. Such electronically modified natural fibers could be
suitable as green conducting fillers in composites to replace other synthetic
fibers [61].

Safenaz.M.R et al. (2012) studied the electrical properties of
nanocomposites (PANI/Ag) whereby a nanocomposite (PANI/Ag) was prepared
by chemical oxidative polymerization of aniline monomer in the presence of
nitric acid. Marked samples prepared (PANI/Ag)by FTIR and UV spectroscopy.
The conductivity, dielectric permittivity (¢)” and dielectric loss (g)’” of the pure

(Ag/PANI) nanocomposite and PANI were measured in the temperature range
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from (303) to (723) K. It was found that the electrical conductivity of the
nanocomposite (Ag/PANI) is higher than that of the (pure) PANI [62].

Kaveeta. P. J. (2012) prepared conducting PANI nanofibres combined
with mupirocin. The prepared polymer was then tested for the antibacterial
properties against various Gram positive and Gram negative bacteria such as
Streptococcus pyogenes, Staphylococcus epidermidis, Staphylococcus aureus
and Escherichia coli. Scanning electron microscopy (SEM) and Fourier
transform infrared spectroscopy (FTIR) were used to identify the chemical
structure of the PANI nanofibres. The antibacterial properties were assessed by
measuring the zones of inhibition. It was evident from these results that
antimicrobial activity increased with increasing PANI and PANI combined with
mupirocin (PANI-mupirocin) concentrations. This information might be useful
to evaluate the potential use of nanostructured PANI in fabrics incorporated
with antibacterial agents as a prophylactic use against bacterial skin infections
[63].

Srilalitha.S, Jayaveera.K and Madhvendhra. S. (2013) presented a study
on the effect of doping, temperature and energy gap on conductive polymers,
where the bonded polymers showed the behavior of semiconductors and can be
doped to give materials with high conductivity, where the effect of doping on
the conductivity, the conduction mechanism, and the effect of the energy gap
and temperature on polymers such as poly Pyrrole, polyaniline and
polythiophene and their conductivity has been determined [64].

Chen.Y. H et al. (2013) comfortabled polymer-based dry electrodes are
fabricated. The dry conductive polymer electrodes with the highest carbon black
content had the impedance value approaching that of the gel electrodes. To
characterize these electrodes, the impedance measurement and biopotential
signals were performed. The influences of skin pretreatment techniques on
impedance were studied, by applying gel of conventional ECG electrodes and

abrasive gel on the skin. An important impedance reduction was obtained, when
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applying the dry electrodes ECG/EEG systems. Based on the results the dry
electrodes provide a high user comfort solution for high quality biopotential
measurements, even on very hairy skin [65].

Silva. M. J. D et al. In (2014) they prepared a composite of natural rubber
(NR) with PANI by doped PANI with NR in different concentrations. Films
were obtained by the casting method and characterized by ultraviolet visible
near-infrared (UV-Vis-NIR) spectroscopy and DC electrical conductivity
measurements. The UV-vis-NIR spectrum showed that PANI remained doped
in the composite, and this improved the mechanical and electrical proprieties of
NR films and afforded them good thermal stability and in this case, conduction
preferentially occurs by hopping [66].

Al-Ogla.F. M et al. (2015) studied conductive conductive polymer
composites (CPCs) filled with natural fibers. The possibilities of utilizing
natural fibers as fillers for ICPs to form natural fibers-conducting polymer
composite materials have wide potentials in the modern industries. The unique
characteristics such as electrical conductivity, mechanical strength,
biodegradability and recyclability enabled them to be implemented in many
novel and exciting applications including antennas, chemical sensors, tissue
engineering, neural probes, biosensors, drug delivery, bio-actuators, fuel cells
etc. On the other hand, it was reported that relatively short natural fibers could
modify the dielectric response of the polymeric matrix [67].

Haruna.S, Aliyu.B. S and Bala.A. (2016) discussed the natural plant
exudates and mucilages, their sources, properties and uses and the potential
applications. Research in natural polymeric materials has witness growing
interest and attention. This is attributable to a number of factors which include
their relative abundance, low cost, biodegradable nontoxic, and ecofriendly
profile. They are polymers that are mostly plant in origin with a vast
applications. Polysaccharides hydrocolloids including gum and mucilage are
abundant in nature and commonly found in many plants. These polysaccharides
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constitute a structurally diverse class of biological macromolecules with a broad
range of physicochemical properties which are widely used for various in
pharmacy and medicine applications [68].

Ling. F. W and Abdulbari. H. A. (2017) studied the feasibility of three
natural polymeric drag reducing additives in enhancing the flow in
microchannel. was prepared by adding deionized water which acted as
transported liquid after extracting from okra, aloevera and hibiscus leaves. The
additives were then tested in custom made microchannel simulating human
heart blood vessels. This work introduces an approach for flow enhancement in
semi-clogged blood streams using natural polymers that could contribute as an
alternative treatment for cardiovascular diseases [69].

Mohammadi. H et al. (2018) examined the physico mechanical
parameters and antibacterial activity of CMC/okra mucilage (OM) blend films
containing ZnO nanoparticles (NPs). Different proportions of CMC and okra
mucilage were mixed and casted to posterior analysis of formed films. The
more films were obtained by higher contents of okra mucilage and adding ZnO
nanoparticles. Nanocomposite films presented antibacterial activity against
tested bacteria. Films contained okra mucilage showed more antibacterial
activity [70].

Karthikeyan.R et al. (2018) made Polyaniline and polyaniline composites
of natural (coir fiber)/Synthetic fibers were synthesized by both insitu
polymerization process and solution process. The natural fibers can be
commonly used as ideal carriers of conducting polymer than synthetic fibers as
they are abundantly present in nature, low cost, sustainable, renewable and
recyclable. The electrical measurement shows increase in electrical conductivity
of composites as compared to pure PANI. The SEM of PANI coated natural and
synthetic fibers revealed that the coir fiber surface and glass fiber surface was

completely coated with a uniform polyaniline layer which led to an electrical
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conductivity quite similar to that of the pure polyaniline. The results obtained
help in the development of conducting polymer composites for gas sensor

applications [71].

Ramesan. M. T and Dilsha.K et al. (2019) studied the structural,
morphological and electrical conductivity of polyaniline (PANI)/phenothiazine
(PTZ) blend filled with different contents of copper sulphide (CuS)
nanoparticles. The presence of CuS in the blend led to some changes in the
position of peaks in the FTIR and UV spectrum. A granular morphology of the
composite as compared to pure blend was confirmed by SEM images. DC
conductivity of polymer blend increased with increase in CuS loading and
showed maximum electrical properties. These results suggest that
PANI/PTZ/CuS nanocomposites with improved electrical conductivities,seem
to be promising materials for designing electrical or nano-electronic devices
[72].

Zhang.Y et al. (2020) they designed of natural fiber/ PANI core-shell
heterostructures with tunable and excellent electromagnetic shielding capability
via a facile secondary doping strategy. natural bagasse fiber/ PANI (BF/PANI)
core-shell composites were selected as the model heterostructures. It was
demonstrated that both electrical characteristics and electromagnetic parameters
of BF/PANI heterostructures can be easily tailored via a secondary doping
strategy. calculations reveal that absorption are remarkably improved .Strong
absorption behavior and power analysis confirm the absorption-dominated
shielding mechanism. Taken together, these understandings will lead to a
rational design of PANI-based heterostructures to achieve ad justable, superior
shielding capabilities [73].

Aghazadeh.H et al. (2021) fabricated PANI coated stainless steel (SS)

electrodes using electrochemical polymerization on the SS surface. The SEM
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Images showed the formation of a nanoporous PANI-coating on the SS
electrodes. measurements on a skin model demonstrated a significantly lower
contact impedance for the PANI-coated electrodes compared to bare SS
electrodes. Electrodes are essential devices for monitoring of the biopotential
such as electroencephalography (EEG) and electrocardiography (ECG) [74].

De Menezes.L. R et al. (2021) studied the development of new materials
for obtaining ophthalmic lenses due to the great necessity of corrective lenses
uses. The use of nanoparticles in polymer nanocomposites can generate
different properties in the final material, evaluate the optical properties of
systems with poly (methyl methacrylate) and oxide nanoparticles (silica, zinc,
zirconium and titanium). The systems were characterized in terms of their
optical behaviors refractive index and transmittance behaviors.The results
showed that silica-based systems tended to have greater transpar ency but
generate lower refractive indexes. Systems containing zirconia, titanium, and
zinc have a higher refractive index and smaller transparency than systems
containing silica. The combination of the nanoparticles also led to a better
dispersion, reducing the impact on the color system and improve transparency
[75].

Atta. A et al. (2022) fabricated novel flexible polymer composite films
composed of PANI, Ag nanoparticles (Ag-NPs), and methylcellulose for
portable and wearable electronic devices. The MC/PANI/Ag composite films
are characterized using scanning electron microscope (SEM) and Fourier
transform infrared (FTIR) techniques.The infrared spectroscopy, confirmed the
successful fabrication of the MC/PANI/Ag composite films. The SEM images
have indicated a homogenous loading and dispersion of Ag-NPs into the MC
film. The electrical conductivity has increased for MC/PANI/Ag-NPs. These
results confirmed that there are significant modifications on the fabricated films,
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which open the road for utilizing the MC/PANI/AgNPs as flexible films for

wide range of electronic applications [76].

Gao.M et al. (2022) studied graphite (G) powder was used as the
substrate for the growth of aniline by in-situ polymerization to get a PANI/G
composite as an electrode material. The results showed that the electrical
conductivity of the PANI/G composite was improved greatly, which promotes

this cheap composite to be used in the electrochemistry industry widely [77].
1.8 The Aims of The Study

The principle aim of the current study is to prepare bio-composite based
polymer from polyaniline and okra plant waste to apply for some medical
applications. During the research some objective should be achieved:
1- Study the structural properties of the synthesis sample.
2- Study the optical properties of the biopolymer composite.
3- Study the electrical characterization of the polyaniline modifidokra plant.
4- Study the antibacterial activity towards of the polyaniline modified okra
plant.
5- Investigate the electrode efficiency towards of the polyaniline modified
okra plant.
6- Study the application of eye glasses towards of the polyaniline modified

okra plant.
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2.1 Introduction

This chapter includes general description of the theoretical part of the

current study, relationships, and the laws used to interpret the obtained results.
2.2 The Optical Properties

The optical properties of materials are properties that focus on the
interaction between electromagnetic radiation or light with an object, which

include absorption, polarization, reflection and scattering effects [78].
2.2.1 The Absorbance (A)

Absorption can be defined as the ratio between the absorbed light

intensity (l1,) by material and the intensity of incident light (1,) [79].
A =log (I,/ 1) (2-1)
2.2 2. Transmittance (T)

The transmittance is given by the ratio of the intensity of the
transmitting rays (l1) through the film to the intensity of the incident rays
(I,) on it as follows [80]:

T=I/1, (2-2)

The reflectance can be obtained from absorption and transmission
spectra in accordance with the law of conservation of energy by the
following relation [81]:

R+T+A=1 (2-3)
2.2.3 Absorption Coefficient (a)

The absorption coefficient of the material is a function of photon energy and
energy gap [82]. Absorption coefficient (o) is defined as the ability of a material
to absorb the light of a given wavelength[83].
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The absorption coefficient at a fundamental absorption edge can be written as
[84]:
a=2.303A/t (2-4)

where A: absorbance, t: thickness.
2.2.4 The Refractive Index and Extinction Coefficient
Refractive index of the material is the ratio of the velocity of light in a

vacuum to the velocity of the light in the sample [85]:
n=clv (2-5)

Where c: is the velocity of the light in vacuum and v: is the velocity of the light

in the sample.
n*=n- ik (2-6)

n* . is the complex refractive index, n : is a real part of the refractive index and

k : is an imaginary part of the refractive index (extinction coefficient).
The relation between absorption coefficient and the extinction
coefficient (k) is [86]:

k =0l /4n (2-7)

The refractive index can be expressed through the following equation [87]:

1

1+R 2 1+4R

n=[<m)2—(k§+1)] +TR (2-8)

Since the value of extinction coefficient (k) is very small, then the

equation (2-8) will become as follows [84]:

n=1+(R)* /11— () (2-9)
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2.2.5 The Dielectric Constant (&)

The real half of the dielectric constant describes how much it slows down
the speed of light in the sample, whereas the imaginary part describes how a
dielectric absorbs energy from an electric field owing to dipole movement.

found the real and imaginary parts of the dielectric constant [87]:

€= g — 1§ (2-10)
£ = (n*) (2-11)
(n-ik’=¢-i¢

e=(n"-k)-i(2nk) (2-12)

The dielectric coefficient (¢) may be determined from the refractive index (n) by
multiplying the complex dielectric coefficient (¢) by the complex refractive
index (n*) from equation (2-10) and (2-12) real and imaginary complex

dielectric coefficient can be written as in following equation [88]:

&= (n*—k? (2-13)
&=(2nk) (2-14)
2.2.6 Optical Conductivity (6,pt)

The optical conductivity (o) depends directly on the refractive index (n)

and extinction coefficient (k) by the following relation [88] :
Oopt = 2NKme, (2-15)

Where o: is the angular frequency, &,: IS the permittivity in the free space. By
substituting (2-7) in (2-15) with simplified, the optical conductivity can be
expressed by the following equation:

anc

Oopt =
" 4n (2-16)
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2.3 Electronic Transitions

There are two types of electronic transfers, direct electronic transmissions

and indirect electronic transmissions.
2.3.1 Direct Transitions

The electron moves from the valence band (V.B) to the conduction band
(C.B) at the same point in the wave vector space within the condition (Ak = 0)
when it absorbs a photon whose energy is greater or equal to the energy of the
gap (hv = Ey) to occupy a place in the conduction beam, where the law of
conservation of energy and momentum is fulfilled and there two types of direct
transfers. When the transition occurs between the direct points of the top of the
equivalence beam and the bottom of the conduction beam, it is called transition
direct allowed as shown in Figure (2.3a). Adjacent to the top of the valence band
to a point adjacent to the bottom of the conduction band it is called forbidden

direct transmission as shown in figure (2.3b) [62].
2.3.2 Indirect Transitions

In indirect transitions the conduction band bottom and the valence band
peak are in different regions of the wave space, meaning that the value of the
wave vector of the electron before and after the transition is unequal. (Ak#0)
and this type of transition occurs with the help of the phonon in order to
conserve the momentum resulting from the change of the wave vector of the
electron. There are two types of indirect transfers, when the transfers between
points are indirect direction to the highest point of the valence band and the
lowest point of the conduction band located in different regions for k space, it is
called the indirect transition allowed as shown in figure (2.3c). But if the
transition is between adjacent points to the highest and lowest point in the

equivalence band and the conduction band then it is called the forbidden indirect
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transition as shown in figure (2.3d) [62]. The direct and indirect transitions can
be calculated by using the Tauc’s relation [89]:

ahv = (hv —Eg) T (2-17)

Where, v: is the frequency, h: is Planck’s constant, Ey : is the energy gap
between the valence band and the conduction band and r: is exponential

constant, its value depends on the type of transition as listed in table (2.1).

E A

Conduction Band

] K
o »

Figure (2.3): The transition process [90]
(a) Allowed direct transition. (c) Allowed indirect transition.

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

Table (2.1) Values of optical transition mode [62].

r Transition mode
1/2 direct allowed
3/2 direct forbidden

2 indirect allowed

3 indirect forbidden
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2.4 Fundamental Absorption Edge

Fundamental absorption refers to band-to-band or excitation transitions
(i.e., the excitation of an electron from the valence band to the conduction
band), and it is manifested by a rapid rise in absorption. Three types of

absorption areas have been classified [91].
2.4.1 High Absorption Region

Figure (2.4) shows the region the character of the electron transitions is
described as direct in section (A). The coefficient of absorption has a magnitude

greater than or equal to (10* cm ™) [92].
2.4.2 Exponential Region

The transition from extended levels in the valence band to localized levels
in the conduction band is described in section (B) in figure (2.4). From localized
levels in the top valence band to extended levels in the bottom conduction band.

The value of the coefficient of absorption between (1<a<10*) cm™[96].
2.4.3 Low Absorption Region

In this region the absorption coefficient (a) is quite low, around (o<lcm™).
As illustrated in figure (2.4) in section (C), the transitions of electrons in this

region attribute to density of states as a result of structural flaws [93].
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Figure (2.4): The variation of absorption edge with absorption regions [93].

2.5 The D.C Electrical Conductivity

The electrical properties of polymer composites reinforced with natural
fibers are very important, due to their uniqueness, inorganic and electrical
insulators have been replaced by polymers to meet specific needs [4]. Studied
on the electrical properties of polymers have included significant interest in their
applications in electronic and optical devices. Electrical conductivity in
conductive polymers has been studied extensively to understand the nature of
charge transfer in polymers [94]. The D.C electrical conductivity studies aim to
understand the numbers of types of charge carriers, their source and how they

are transported through the material [95].

The electrical conductivity in materials depends mainly on the temperature,
which increases with increasing temperature in order to increase the number of
charge carriers [96].The electrical conductivity is given as a function of
temperature by using Arrhenius equation [97]:

Gpc = G, €XP (;:T) (2-18)

opc. electrical conductivity at T temperature.

oo electrical conductivity at absolute zero of temperature.
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Kg: Boltzmann constant.
E.: activation energy.

As for the specific resistance of the material, it can be calculated using the

following equation [98]:

p = R.A.L (2-19)
where:

R: the resistance of the sample.

A, the cross-sectional area of the sample.

L: the length of the distance between the electrodes.

Thus, the electrical conductivity of the prepared samples can be found through

the following relationship
ov=1/p (2-20)
2.6 Medical Applications of Conducting Polymers

2.6.1 Antibacterial Activity

The staining of bacterial cells on glass slides for visibility and
characterization is a basic laboratory technique taught in general biology and
microbiology courses. The gram stain is a typical method for distinguishing
between bacterial species based on the chemical makeup of their cell walls. The
staining technique includes using crystal violet as a primary stain, then adding
gram's iodine as a mordant, decolorizing with an organic solvent such ethanol,
then counterstaining with safranin. Following the procedure, gram positive
bacteria, which are more resistant to decolorization, appear purpl in color while
gram negative bacteria, which are more sensitive to decolorization, appear pink
[99] as shown in figure (2.5) [100].
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Figure (2.5): The steps in gram staining [100].

The presence or absence of bacterial illness can be determined via Gram
stain interpretation, which can help guide first antibiotic treatment. Gram stain
also offers information about the immunological response of the host and the
specimen's quality. The color, size, form, and arrangement of bacteria can be
seen in a well-prepared sample, allowing cellular morphology to further divide
bacteria into four major groups. Cocci are spherical or oval, bacilli are rod like
or cylindrical, vibrios are comma shaped or curved like and spirochetes are
flexible [101].

Okra is one of the most important mucilaginous vegetable. It is especially
rich in bioactive compounds, particularly polysaccharides as mucilage form and
phytochemicals. Okra antibacterial activity may be attribute to polyphenolic
compounds in okra extracts by disrupting cell membranes and destroying cell
walls, causing intracellular components leakage and in some cases cell lysis.
This study provides evidence of a potential application of okra mucilage as a

novel functional ingredient, particularly being as a natural antibacterial [102].

Nanoparticles (Nps) their active surface area, chemical reactivity and
biological activity are often different from larger size particles [103]. NPs

interact with the bacterial cell’s basic components, such as changes in cell
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membrane permeability, DNA, ribosomes and enzymes, leading to oxidative
stress, enzyme inhibition, protein deactivation and changes in gene expression
[104].

2.6.2 Electrodes

Polymer electrolytes (PEs) were introduced for the first time by Fenton et
al. in 1973 and their technological significance on large-scale applications came
to market in early 1980. Over the past three decades, a major focus on
developing new PEs has been observed because of their wide uses in
electrochemical supercapacitors, storage and conversion systems. PEs are
membranes that consist of incorporated dissolved salts in polymer matrices.
These almost solid without solvent systems possess ionic conduction property;
therefore, they have extensively been used in a number of electrochemical
devices, for example, rechargeable batteries and solid-state batteries. The
synthetic and natural polymer-based electrolytes have been increasingly focused
in terms of electrical and optical properties because of legibility to be utilized
[105].

manufacturing of conductive polymer, metrics to assess their performance as
electrodes, in the acquisition of critical biopotential signals for routine
monitoring assessment of cardiac (electrocardiography, ECG), neural
(electroencephalography, EEG), muscular (electromyography, EMG) [106,107].
Electrodes of ECG, EEG and EMG lllustrates in figure (2.6).
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Figure (2.6): Image of (A)(electroencephalography, EEG) (B)
(electrocardiography, ECG) (C) (electromyography, EMG).

2.6.3 Eyeglass Lenses

Eyeglass lenses are used primarily to correct eye defects of eyeglass users.
However, apart from the correction itself, several factors are important, the
quality of the lens determines the resistance to abrasion it determines the
durability of the product and its longest possible use. Another important factor is
the transmission of light. A good lens should transmit the maximum amount of
light in the visible range and completely cut off radiation from the ultraviolet
range, which is extremely harmful to the optical system of the eye. The cornea
of the human eye absorbs almost completely electromagnetic radiation with a
wavelength less than 280 nm. Waves with a length of 300 to 370 nm are mostly
retained by the lens of the eye. In contrast, radiation from the 380 - 400 nm
range reaches the retina. The greatest risk associated with exposure to this type
of radiation is the development of Age Macular Degeneration (AMD) leading to

loss of vision [108]. The first eyeglass lenses were made of mineral materials
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their advantage was and still is high abrasion resistance. Mineral materials such
as quartz. Lenses made of mineral materials however are not without flaws. The
main shortcomings of this kind of lenses are the susceptibility to cracking and a
relatively large mass causing cumbersome use. The answer to problems arising
from the use of mineral lenses are organic lenses. Polymeric materials are
actively used in new optical devices. Modern advances in the synthesis,
manufacture, and processing of polymers make it possible to use them in
development of eyeglasses using components from polymer optical materials
[108,109].

2.6.4 Gradient-Refractive Index Lens (GRIN)

Today’s applications are driving a need for smaller, lighter optical devices
without any sacrifice in image quality. One way to achieve these goals is to pack
more functionality into each lens element. This has renewed the interest in
GRIN materials, which are a natural choice for compact optical design. The
basic building block of the GRIN lens is a set of transparent nanolayered
polymer films, each with a specified refractive index. These layers are combined
to produces a film with thousands of alternating layers of two polymers. The use
index gradients to enhance focusing power, correct aberrations, and reduce the

number of components needed for an effective optical system [110].
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Chapter Three Experimental Part

3.1 Introduction

This chapter includes the preparation process, devices and measurement
techniques. A general description of materials (PANI, okra plant and silver
nanoparticals) used in this work are given by Scanning electron microscopy
(SEM), Atomic Force Microscope (AFM), Fourier Transform Infrared
Radiation (FTIR), optical properties measurements, measurement of D.C

electrical conductivity and includes some diagrams of electrical circuits.
3.2 The Materials Used in This Work

3.2.1 Polymer
Polyaniline (PANI):
Used as powder form and can be obtained from local markets with high
purity (99.8%).

3.2.2 Natural Fiber

Plant fiber are used in this work is okra plant and can be obtained from local

markets.
3.2.3 Additive Nanoparticles
Silver Nanoparticles

Used as powder with avarge particle size (20) nm from US Research
Nanomaterial, Inc company and high purity (99.99%).
3.3 Samples Preparation
1- prepared the solution of 1 g of PANI in 50 ml chloroform, has been
prepared then stirred with a magnetic stirrer for 12 hour to make it
homogenous.
2- To prepare okra plant waste wash it thoroughly with water, cut into
pieces, and soak it overnight in distilled water. After that, the mucilage

was extracted by filtering it through cloth and the extracted mucilage was
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dried in a 40° C oven to get apowder then 1g of okra powder is dissolved
in 50 ml of chloroform and stirred with a magnetic stirrer for 60 minutes
to get okra solution.

(PANI/okra plant waste) blend prepared by mix the two solutions PANI
and okra plant waste for 60 minutes with a magnetic stirrer to make a

homogenous solution.

The (PANI/okra plant waste/ Ag) nanocomposites are prepared by added
Ag nanoparticles for the purpose of doping different proportions (0.5%,
1%, 1.5 % and 2%) to (PANI/okra plant waste) blend and mixed with a
magnetic stirrer for 30 minutes to make the mixture more homogenous
after that the films were prepared by spin coating method. The stages of

the experimental work and procedure are illustrated in figure (3.1).
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Synthesis of a Composite

Solution

prepared _
PANI okra plant PANI okraplant | Ag nanoparticles

dissolved in dissolved in

chloroform

chloroform

(PANI / plants waste) blend (PANI / plants waste / Ag) nanocomposites

Using spin coating technique to prepared thin films

(PANI / plants waste) blend (PANI/ plants waste /AQ)
nanocomposites

Measurements
Structure Optical Electrical
properties properties properties
SEM AFM FTIR UV- visible DC Conductivity

Medical Application

(PANI / plants waste) blend | Antibacterial I (PANI/ plants waste /Ag) nanocomposites
| Activity
Electrodes Application Polymer Eyeglasses Lens Gradient-Refractive Index Lens (GRIN)

Figure (3.1): Schematic diagram of the experimental work.
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3.4 Measurement of the Structural Properties

The structural properties of the thin films prepared by spin coating in this

work by carrying out some measurements that are summarized as follows.

3.4.1 Scanning Electron Microscope (SEM)

Scanning electron microscopy (SEM) used in this research. SEM uses a
concentrated electron beam to scan a surface and create a picture. When
electrons in the beam interact with the specimen, they produce a variety of
signals that can be used to inspect the morphology of the surface for polymeric
blend and nanocomposite specimens with a very high magnification capacity
and obtain information about the surface topography. The Schematic diagram

for Scanning electron microscopy is shown in figure (3.2).

Electron Electron =un

AN Anode
—————

M agnetic

Anlninie- | — Lans

TOo TV
Scanner

Secondary
Electron
Detector

Stage Specimen

Figure (3.2): Scanning Electron Microscope (SEM).
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3.4.2 Atomic Force Microscope (AFM)

Atomic force microscope (AFM) is a high-precision technique type of
scanning probe microscopy, through which to investigate examine at the surface
of a very high accuracy. AFM is used for surface imaging technology to obtain
information about the surface morphology of the film, such as, distributing
grains and knowing the sizes of the particles that make up the materials and the
extent of their homogeneity and also the surface roughness. Many of the
materials are identified by this technique, including polymers, semiconductors,
metals and composites. The topography of the scanned surface is determined
and drawn according to the movement of the reflected laser beam. This analysis

was carried out in Iran, as shown in the following figure (3.3).

Detector & Feedback
' Electronics

Photodiode

L aser

Sample Surfm (;antilever & Tip

( —

- PZT Scanner

Figure (3.3): Diagram for atomic forces microscope (AFM).
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3.4.3 Optical Measurements

Figure (3.4) displays a schematic diagram of optical circuit of an UV-Vis
spectrophotometer with a dual-beam function. The broad range radiation
absorption  spectra were recorded by using UV/1800/Shimadzu
spectrophotometer in range of wavelength (200-1100) nm. This instrument is
present in the Polymer laboratory of Physics Department, College of Science,

University of Babylon.

Vis Source

o I

UV Source

[\
. (0‘
ﬂ\\‘ -
| Detector
. |
Ref.
Lens

Chopper 1
1

Chopper 2
:5& F
Sample J

Ir"o,.

Figure (3.4): Schematic of an optical circuit for an UV-Vis spectrophotometer

(dual-beam function).

3.5 Preparation of Masks and Electrodes Deposition

Types of masks have been made for electrical and measurements. The
masks are shown in figure (3.5) from aluminum foil sheets in order to get the
desired shape of electrodes. These masks have the same dimensions of the
substrate and were exactly attached and fixed to cover the substrate after being
cleaned. The gold electrodes deposited on the surface of films prepared by using
(DC -SPUTTERING), this instrument is present in the laboratory of thin films
in the University of Babylon/College of Science/Department of Physics.
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Fig (3.5): Interdigitated finger electrode masks of D.C conductivity measurement.
3.6 Measurements of D.C. Electrical Properties

The D.C electrical conductivity of the films prepared is measured in the
University of Babylon/College of Science/Department of Physics-Thin Films
Laboratory by using the circuit for measuring D.C conductivity shown in figure
(3.6), which consists of an electrical oven type (Memmert Lab Oven UFB
400,400W) and a Keithly model 2400, with the sample placed inside the oven
and the temperature in the range (20-110) °C an increase (10) °C in each step
using the electrical circuit then the electrical resistance was measured directly

for all steps using a digital electrometer.

Oven

N
e

Electrodes \\

Sample

Keithley
Electrometer

Figure (3.6): Circuit for measuring D.C conductivity.
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3.7 Antibacterial Activity Application Measurements
3.7.1 Preparation of Media

Mueller Hinton agar (MHA) media were prepared in distilled water and
all components were dissolved by the microwave oven to dissolve fully. The
medium were sterilized at (121)°C for (15) minutes and then stored under a

sterile environment at room temperature for subsequent use.
3.7.2 Preparation of Bacteria

The first step of the present work was obtaining different microorganism
and testing the resistance of (PANI/plants waste) blends and (PANI/ plants
waste/Ag) nanocomposites films against two microorganisms namely
Staphylococcus epidermidis as gram positive bacteria and Klebsiella
pneumoniae as gram negative bacteria Figure (3.7) shows images for the tested

bacteria types.

Figure (3.7): Images for (A) Staphylococcus epidermidis[111] (B)Klebsiella pneumonia
[112].
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3.7. 3 Preparation of McFarland 0.5 Standard

The (PANI/plants waste) blends and (PANI/ plants waste/Ag)
nanocomposites films were tested to evaluate their antibacterial activity against
two different types of clinical bacteria Staphylococcus epidermidis as gram
positive bacteria and Klebsiella pneumoniae as gram negative bacteria by using
well diffusion method. Standardized suspension of each tested bacteria (5x10°
CFU/mL) by Dense Check standard (0.5) was swabbed separately onto MHA
plates using sterile cotton swabs. The accuracy of bacterial suspension was
confirmed using a spectrophotometer. Sterile MHA was used and measured at a
wavelength of (625) nm as a blank solution for comparison. Absorbance values
were used in the range of (0.08) to (0.10) which were associated with (107) to
(10%) number of bacteria per mL of MHA. The sterile discs approximately (15)
mm in diameter was then placed over the swabbed MHA plates. Incubation
occurred at (37)°C for 24 hour so as to grow the bacteria. Antibacterial activity
has been recorded through the measurement of the inhibition zone diameter
(mm). This work done in Al-Ameen Center for Researches and Advanced

Biotechnologies/Najaf Governorate - Irag country.
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4.1Introduction

This chapter involves the results of structural properties, D.C electrical
and optical measurements for (PANI/ okra plant waste) blend and (PANI/okra
plant waste /Ag) nanocomposites and discussions. Beside that discuss each of

the medical application and antibacterial activity.
4.2 The Structural Properties

4.2.1 Scanning Electron Microscope (SEM)

The morphology of (PANI/ okra plant waste) blend and (PANI/okra plant
waste /Ag) nanocomposites was observed by scanning electron microscopy
(SEM) are shown in Figure (4.1). The SEM micrograph of okra plant Figure
(4.1A) clearly demonstrated the presence of oriented unit cells with more or
less parallel orientations and show well-organized networks where the
intercellular space is filled up by the okra plant fiber the structure of a okra
plant consists of several elementary fibers overlapped along the length of the
fibres and bonded together, by pectin and other compounds that give strength to
the bundle as a whole and increased their surface area surface roughness and in
addition, porosity on the fiber surface [39,113].

Figure (4.1B) shows that the surface of the films is not smooth and
showing distinct structures pointed by arrows, these structures refer to
irregular morphology [114,115]. Figure (4.1C) shows the SEM image of the
polymer blend has pores. These pores represent the crystalline region in the
blend. Further, the uniform distribution of these pores over the total surface
of the blend indicates that the (PANI/ okra plant waste) blends forms a
homogeneous structure due to polymer-plant waste interactions which
confirm that the okra plant is miscible with PANI, that led showed a rough
surface [116,117]. Figures (4.1D, E, F and G) display addition (0.5%, 1%,
1.5% and 2%) of Ag nanoparticles to the (PANI/okra plant waste) blend.
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From the SEM image was observed exhibit varying microstructures contains
grains consisted of particles with different sizes and clustered [115,118].

these results are disagreement with [56].

200mm EHT= 5004V Signal A= SE2 Date 7 Mar 2022 200mm EHT= 5004V Signal A= SE2 Date ;7 Mar 2022
WD= 7.7 mm Mag= 45.00KX Time :12.26:47 H Wo= 7.0 mm Mag= 45.00KX Time 124502
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Figure (4.1): SEM images of (A) Okra plant (B) PANI (C) (PANI/ okra plant waste)
blend (D) (PANI/okra plant waste/0.5%Ag) nanocomposite (E) (PANI/ okra plant waste

/1%Ag) nanocomposite (F) (PANI/ okra plant waste /1.5%Ag) nanocomposite (G)
(PANI/ okra plant waste /2%Ag) nanocomposite.
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4.2.2 Atomic Force Microscope (AFM)

Figures (4.2) and (4.3) shows a 2D and 3D micrograph respectively of the
(PANI/ plants waste) blends and (PANI/ plants waste /Ag) nanocomposites
films with different ratio of Ag which showed a uniform granular surface
morphology. The roughness values ( root mean square RMS), mean height and
maximum height of the samples are listed in table (4.1). It may be noted that
this value of the roughness is increasing with okra plant which indicates
increased available surface of the (PANI/ plants waste) blends. The high value

of roughness observed indicates porous morphology of the film [119].
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Figure (4.2): 2-D images for of (A) Okra plant (B) PANI (C) (PANI/ okra plant waste)
blend (D) (PANI/okra plant waste/0.5%Ag) nanocomposite (E) (PANI/ okra plant waste
11%Ag) nanocomposite (F) (PANI/okra plant waste/1.5%Ag) nanocomposite (G) (PANI/

okra plant waste /2%Ag) nanocomposite.
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11.2nm

98 nm

7.2 nm

Figure (4.3): 3-D images of (A) Okra plant (B) PANI (C) (PANI/ okra plant waste) blend
(D) (PANIl/okra plant waste/0.5%Ag) nanocomposite (E) (PANI/okra plant waste
/1%Ag) nanocomposite (F) (PANI/ okra plant waste/1.5%Ag) nanocomposite (G)

(PANI/okra plant waste/2%Ag) nanocomposite.
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Table (4.1): AFM data for (PANI/okra plant waste) blend and (PANI/okra plant waste

/Ag) nanocomposites thin films.

Mean Root Mean
Sample Height (Sa) Square Maximum Height
(nm) (RMS) (Sz) (nm)
(nm)
Okra plant
8.51 14.24 109.6
PANI 1.67 2.01 12.02
(PANI/okra plant waste)
5.55 6.75 24.77
blends
(PANI/okra plant waste
/0.5%Ag) nanocomposites 1.34 1.71 14.05
(PANI/okra plant waste
_ 3.35 4.38 28.92
/1%Ag) nanocomposites
(PANI/okra plant waste
_ 3.43 4.28 27.33
/1.5%Ag) nanocomposites
(PANI/okra plant waste /2
_ 4 4.76 24.77
%Ag) nanocomposites

4.3 The Optical Properties

The optical properties of (PANI/okra plant waste) blend (PANI/okra plant
waste/Ag) nanocomposites include absorbance, transmittance, absorption
coefficient, energy gap, extinction coefficient, refractive index, dielectric

constants and optical conductivity.
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4.3.1 Absorbance Spectrum (A) and Absorption Coefficient(a)

Figure (4.4 A and B) and (4.5 A and B) display the variation of
absorbance and absorption coefficient for (PANI/okra plant waste) blend and
(PANI/ okra plant waste/Ag) nanocomposites with wavelength (A) of the
incident light respectively. The absorbance values and absorption coefficient are
high in the (PANI/okra plant waste) blend, while they are lower in the (PANI/
okra plant waste / Ag) nanocomposites. The findings show that the okra plant as
a filler for polymer matrices and contains a variety of organic reducing agents in
various combinations and concentrations [120,121]. In this system, initiates
polymerization to produce a new polymeric material [122]. where the chemical
groups lignocellulose fiber components of the okra plant appear absorption
bands [39,120]. This finding suggests that the okra plant may interact with

polyaniline units, resulting appear absorption bands.
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Figure (4.4 A): Absorbance spectrum as a function of the wavelength (PANI /okra plant
waste) blend

50



Chapter Four Results, discussion, conclusion and suggestions

0.35
PANI-Plant
03 1 0.5% Ag
0.25 1Ag
1.5% Ag
0.2 -
2% Ag
A 0.15
0.1 -
0.05 \
0 ‘ ﬁ'—» ; ; =
300 320 340 360 380 400 420 440
A (nm)

Figure (4.4 B): Absorbance spectrum as a function of the (PANI/okra plant waste /AQ)
nanocomposites.
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Figure (4.5A): Absorption coefficient spectrum as a function of the wavelength (PANI /
okra plant waste) blend
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Figure (4.5B): Absorption coefficient spectrum as a function of the wavelength
(PANI/okra plant waste /Ag) nanocomposites.

4.3.2 Transmittance Spectrum (T)

Figure (4.6 A and B) display the variation of transmittance (T) for (PANI/

okra plant waste) blend and (PANI/okra plant waste / Ag) nanocomposites with

the wavelength (L) of the incident light. As shown in the figure below the

transmittance spectrum exhibits an opposite behavior of absorbance behavior,

where the transmittance decreases with (PANI/ okra plant waste) blend also the

value of transmittance increasing with the increase of the wavelengths, as a

result of electronic transitions, it is observed that transmittance decreases with

higher wavelengths [123].

52



Chapter Four Results, discussion, conclusion and suggestions

1.1
1 -
0.9 ;
PANI-Plant
0.8 PANI
T% —____ Plant
0.7 A
0.6 A
0.5 -
0.4 T T T T T T T
300 400 500 600 700 800 900 1000 1100
A (nm)

Figure (4.6A): Shows the transmittance spectra (PANI/okra plant waste) blend
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Figure (4.6B): Shows the transmittance (PANI/okra plant waste/Ag) nanocomposites.
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4.3.3 Energy Gap

The values of the optical energy gap of thin films are measured by using
the equation (2-17). For all prepared thin films, optical energy gap is determined
by drawing between (a¢hv)? as a function of photon energy, by stretching straight
curve line and an intersection with x-axis which gives the energy gap value for
all prepared thin films. The energy gaps for allowed indirect transitions of
(PANI/okra plant waste) blend and (PANI/okra plant waste/Ag)
nanocomposites are shown in figure (4.7A and B). The values have been getting
in table (4.2) it's showed that the values of allowed direct energy gap of
(PANI/okra plant waste) blend decrease and it is increase with (PANI/okra plant
waste/Ag) nanocomposites, this decrease can be explained by the formation of
localized levels in the energy gap [124]. In this case, the transition of electrons
takes place in two stages involving the transition from the valence band to the
local levels in the energy gap and the other transition from the local levels to the
conduction band as a result of the that okra plant enhances the conductivity in
the (PANI/okra plant waste) blend.

1.4

PANI-Plant

1.2 4 PANI

1 Plant

(othv)2 *10%(ev/cm)2
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Figure (4.7A): Allowed direct energy gap of (PANI/okra plant waste) blend
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Figure (4.7B): Allowed direct energy gap of (PANI/okra plant waste/AQ)
nanocomposites.

Table (4.2): The allowed direct energy gap of (PANI/okra plant waste) blend and
(PANI/okra plant waste/Ag) nanocomposites.

Samples Energy Gap(ev)
(PANI / okra plant waste) blend 3.690
PANI 3.815
Okra plant 3.780
(PANI/ okra plant waste/0.5%Ag) nanocomposite 3.887
(PANI/ okra plant waste/1%Ag) nanocomposite 3.862
(PANI /okra plant waste /1.5% Ag) nanocomposite. 3.803
(PANI/okra plant waste/ 2%Ag) nanocomposite. 3.746

4.3.4 Refractive Index (n)

The refractive index is measured using the equation (2-8). The refractive
index of (PANI/okra plants waste) blend and (PANI/okra plant waste/Ag)
nanocomposites as a function of wavelength is shown in figure (4.8 A and B).
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The figure display that the refractive index increase with (PANI/okra plant
waste) blend, this increase can be attributed on the basis of okra plant which in
turn increase the degree of cross-linking between chains polymer which

increases the speed of light propagation through it [121,123].
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Figure (4.8A): lllustrates refractive index (PANI /okra plant waste) blend.
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Figure (4.8B): Illustrates refractive index (PANI/okra plant waste/Ag) nanocomposites.

4.3.5 Extinction Coefficient (k)

The extinction coefficient (k) is calculated using the equation (2-7).
figure (4.9 A and B) display the extinction coefficient for (PANI/okra plant
waste) blend and (PANI/okra plant waste/Ag) nanocomposites as a function of
wavelength (A) respectively. The figure shows that increase of the extinction
coefficient of (PANI/ okra plant waste) blend, due to high absorption coefficient
for (PANI/okra plant waste) blend. Where okra plant will modify the structure
of the host (PANI/okra plant waste) blend [120].
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Figure (4.9A): Extinction coefficient variation with wavelength of (PANI/okra plant

waste) blend.
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Figure (4.9B): Extinction coefficient variation with wavelength of (PANI/okra plant

waste/Ag) nanocomposites.

4.3.6 Real and Imaginary Parts of Dielectric constant

Figures (4.10 Aand B) and (4.11 A and B) shows the variations of real and
imaginary part (&, £;) respectively with wavelength for (PANI/okra plant waste)
blend and (PANI/okra plant waste/Ag) nanocomposites. The real and imaginary
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parts of dielectric constant are measured by using equations (2-13) and (2-14)
respectively. The behavior of the real part of the dielectric constant is similar to
that of the refractive index (n) because the value of the extinction coefficient
(k%) is very small compared with refractive index (n?), while the imaginary part
of the dielectric constant is essentially proportional with extinction coefficient
(k) values [125]. From the Figures below are noted that real and imaginary parts
increase with (PANI/okra plant waste) blend this is due to increase the
absorption coefficient of (PANI/okra plant waste) blend [92] and is noted that
real and imaginary parts decrease with nanoparticles which indicates that the
samples have no same structure. Hence, the change in the additive of
nanoparticles gave change in the chemical composition of the (PANI/okra plant

waste/Ag) nanocomposites [126].
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Figure (4.10 A): Real part of dielectric constant variation of (PANI/okra plant waste)
blend.
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Figure (4.10 B): Real part of dielectric constant variation of (PANI/okra plant waste/
Ag) nanocomposites with wavelengths.
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Figure (4.11A): Imaginary part of dielectric constant variation for (PANI/okra plant
waste) blend.

60



Chapter Four Results, discussion, conclusion and suggestions

0.07 ~

PANI-Plant

0.06 - 0.5% Ag

1% Ag

0.05
1.5% Ag

0.04 -

2% Ag

0.03 A

slm.

0.02 A

0.01 -

300 400 500 600 700 800 900 1000 1100
A (nm)

Figure (4.11B): Imaginary part of dielectric constant variation for (PANI/okra plant

waste/Ag) nanocomposites with wavelengths.

4.3.7 Optical Conductivity

The optical conductivity of a material can be calculated by using the
equation (2-16). Figure (4.12 A and B) display the variation of optical
conductivity with the wavelength for (PANI/ okra plant waste) blend and
(PANI/okra plant waste/Ag) nanocomposites. The figure show that the
optical conductivity of (PANI/okra plant waste) blend is increased, this
behavior attributed to the formation of localized levels in the energy gap;
that causes increase in the density of localized levels in the energy gap, thus,
increase of the absorption coefficient consequently increasing the optical
conductivity [127]. The optical parameters increase while transmittance and
energy gap decrease of (PANI/okra plant waste) blend with additive okra
plant to polymer compared with nanocomposites, these results are

disagreement with [56].
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Figure (4.12A): Optical conductivity as a function of wavelength for (PANI/plants
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4.4 1-V Characterization

Figure (4.13) shows I-V characteristics taken by using thin films method
on the prepared film of the (PANI/okra plant waste) blend and (PANI/okra plant
waste/Ag) nanocomposites. Figure (4.13AandC) shows the |-V characteristics
of okra plant waste and (PANI/okra plant waste) blends which clearly indicates
that ohmic contact has been established the PANI and okra plant waste.
Electron transfer, which readily occurs on the surface of okra plants fibers,
increases electrical conductivity. Okra plant fibers are better candidates as
lightweight conductive materials because of their lower densities and the
moisture content in fibers increases conductivity [128,129, 4]. The results
observed in this study give new feasibility for use of natural fiber and polymer
composites as conductive filler in polymer. The results obtained help in the
development of conducting polymer composites for medical applications such
as electrodes will be suitable candidates for flexible, environmentally safe,

lightweight and all-organic of energy storage devices [130,131].

Figure (4.13B,DandE) is evident that there exist a transition between two
linear regions of the curve at (4.7)V. Figure (4.13B) reveals that, the I-V
characteristics between (0.7-4.7)V, figure (4.13D) between (1.2-4.7)V and
Figure (4.13E) between (1.4-4.2) V has been linear. Thus PANI and (PANI/
okra plant waste/0.5 and1% Ag) nanocomposites behaves as ohmic material
within the region of 0.7 to 4.7 V. The second region of |-V characteristics
lowest 0.7, 1.2 and 1.4 V thus, PANI and (PANI/okra plant waste/ 0.5 and 1%
Ag) nanocomposites respectively has non-ohmic in nature. This property is

greatly useful in the fabrication of rectifiers and photodiodes [132].

The current—voltage (I-V) in figure (4.13F) exhibits non-ohmic nature
nature for (PANI/okra plants waste/1.5% Ag) nanocomposites. In PANI,
polarans and bipolarans are produced due to doping of silver nanoparticals. The
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non- ohmic behavior reveals that the contribution of charge transport is due to

polarans and bipolarans in addition to free charge carriers (electrons and holes)

[132].

Finger (4.13G) showed the 1-V characteristic curve of (PANI/okra plant

waste/2%Ag) nanocomposites thin film exhibit rectifying behavior (diode like).

The 1-V traces move from ohmic to semiconductor and perhaps the I-V curves

(PANI/okra plants waste/2% Ag) nanocomposites display exponential increases

[133, 134].
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Figure (4.13A): Current-Voltage of okra plant.
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4.5 DC-Electrical Conductivity

Figure (4.14) show the DC electrical conductivity for each of (PANI/okra
plant waste) blend, okra plants waste, PANI, and (PANI/okra plant waste/Ag)
nanocomposites measured by Keithley electrometer type 2400. Where this
Figure shows the effect of the okra plant on the electrical conductivity values in
the temperature range (239-383)K for a of samples prepared. The results
indicate that the electrical conductivity of the (PANI/okra plant waste) blend is
higher than that of the (PANI/okra plant waste/Ag) nanocomposite. The
electrical conductivity depends mainly on the temperature, which increases with
Increasing temperature to increase the number of charge carriers, from the
above results we can conclude that the mobility mechanism is responsible for

increasing the electrical conductivity [62].

From the figure (4.15) it is clear the relation between Inc and the vs
1000/T of temperature for samples prepared. The values of activation energy
calculated from figure (4.15) and are given in table (4.3). It was found that the
activation energy for PANI and (PANI/okra plant waste/Ag) nanocomposites
are higher than (PANI/okra plant waste) blend and okra plant waste. An
increase in DC-conductivity with corresponding decrease in activation energy is

found to be associated with a shift of Fermi level in the samples [62].

From a value of activation energy it is clear that the conduction is
through the carrier concentration at the Fermi level [62]. Thus, adding the
okra plant will host new energy levels within the band gap of the (PANI/okra
plant waste) blend, reducing the energy gap and increasing the conductivity
[135,120]. These results are disagreement with [62,76].

68



Chapter Four

Results, discussion, conclusion and suggestions

500

450 A

400 A

350

300 A

250 A

o (1/Q.cm)

200 A

150

100

PANI-Plant
PANI

Plant

300

310

320

330 340 350
T(k)

360

Figure (4.14A): Variation of (DC) conductivity with temperature of (PANI/okra plant

waste) blend.

500

450 A
400 ~
350 A
300 A

250 A

¢ (1/Q.cm)

200 A

150

100 A

50 -

PANI-Plant
0.5% Ag

1% Ag

/_

/——

300

310

320

330 340 350
T(k)

360

Figure (4.14B): Variation of (DC) conductivity with temperature of (PANI/ okra plant

waste/ Ag) nanocomposites.

69



Chapter Four

Results, discussion, conclusion and suggestions

o (1/Q.cm)

400

350

300

250

200

150

100

50

PANI-Plant

1.5% Ag

2% Ag

300

310

320

330
T(k)

340 350 360

(©

Figure (4.14C): Variation of (DC) conductivity with temperature of (PANI/ plants

waste/ Ag) nanocomposites.

Ln{o) ({2.cm) 1

10007 k!

PANI-Plant

1000/T k-1
S_
7 Plant
5 -
g 4.
o)
S 3 ""-—____-__ /
2 |
1
U T T 1
28 3 3.2 3.4

70




Chapter Four

Results, discussion, conclusion and suggestions

4

10007T kA
1000/T k 8
1
& —05%Ag
10 4 7
—PANI |
- 9 _ 68
3 T 61
R g
c g 55
'a‘ .
z T T 57
- 4
45
64—
4 4
b A 35 4
4 : 3 .
28 32 34 28 32 14
|
1000T k- 1000/ k1.
8 -
75 4 75 |
7 1% 7 e e
6.5 1 65 -
P o6
E E 55 ¥
Q._ 55 A % I
g 5 e
= 4
S 45 45
q_ -
4 4
35 -
35 A
3 T 1
3 T 28 3.2 3.4
28 32 34

71




Chapter Four Results, discussion, conclusion and suggestions

10T K

oo

=
n

2% Ag

=]
I

n 53]
m @

Ln{o) (Q.cm) !

L

[
W
w.
)
[

3.4

Figure (4.15): Ln(o)versus 1000/T for (A) (PANI/okra plant waste) blend (B) okra plant
(C) PANI and (PANI/ okra plant waste/ Ag) nanocomposites (D, E, F and G).

Table (4.3): Values of activation energy of (PANIl/okra plant waste) blend and

(PANI/okra plant waste/ Ag) nanocomposites.

Sample Activation energy (Ea) eV
(PANI/okra plant waste ) blend 0.0764
Okra plant 0.0738
PANI 0.1432
(PANI/okra plant waste/ 0.5%AQ)
_ 0.3024
nanocomposites
(PANI/okra plant waste/1%Ag) 0.2709
nanocomposites
(PANI/okra plant waste /1.5% Ag) 0.2181
nanocomposites
(PANI/okra plant waste /2% Ag) 0.1555

nanocomposites
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4.6 Medical Applications
4.6.1 Antibacterial Activity

The antibacterial activity of (PANI/okra plant waste) blend and
(PANI/okra plant waste/Ag) nanocomposites was tested against two model
pathogens Staphylococcus epidermidis as gram positive bacteria and Klebsiella
pneumoniae as gram negative bacteria. The inhibitory activity was measured
based on the diameter of the clear inhibition zone. If there was no surrounding
clear zone, it was assumed that there was no inhibitory zone. The zones of
inhibition around pieces of (PANI/okra plant waste) blend and (PANI/okra
plant waste/Ag) nanocomposites for bacterial are shown in figure (4.16) while

numerical values of inhibition zone diameter were compiled in table (4.4).

The results exhibited very high toxicity against gram negative bacteria,
lower toxicity against gram positive bacteria. As shown in table (4.4) the films
with okra plants presented reduction in cell viability of both Staphylococcus
epidermidis and Klebsiella pneumoniae. These results indicated that
(PANI/plants waste) blend were more effective against gram negative than the
gram positive bacterium and found that films with Ag showed stronger
antimicrobial activity against gram positive bacteria. The difference in the
vulnerability of the bacteria could be related to the structure, and composition of
the membrane cell wall between Staphylococcus epidermidis and Klebsiella
pneumoniae Ag nanoparticales may directly bind with outer cell wall of gram
positive bacteria which contains plenty of pores to make easy penetration of
nanoparticles into the cells and thus causing leakage of intracellular contents
and leads to cell death, but regarding gram negative bacteria, Ag nanoparticles
bind primarily with outer cell membrane which comprises lipoprotein,
lipopolysaccharide and phospholipids that may decrease the attachment of
nanoparticles [136, 137].
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The antibacterial activity of (PANI/okra plants waste) blend showed
higher activity against the gram negative bacteria. okra plant amounts of
vital nutrients like protein, calcium, iron and zinc and contain amount of
antinutrients with high mineral bioavailability that components an important
source for antibacterial activity affect bacterial growth of films containing
okra mucilage. Okra mucilage is of polysaccharides correlate with
antinutrient contents of the films it showed activity against Klebsiella
pneumoniae, also it showed activity against Staphylococcus epidermidis.
The presence of okra plants along with conductive polymer film and
nanocomposites possessed inhibitory effect which inhibited growth of
bacteria as foodborne pathogens. Based on our results, the fabricated films

potential to be used as environment friendly antimicrobial packaging films

[138]. These results are agreement with [70].

Figure (4.16): Antibacterial activity of (PANI/okra plant waste) blend and (PANI/okra
plant waste/Ag) nanocomposites against (A) Staphylococcus epidermidis (B) Klebsiella

pneumoniae.
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Table (4.4): Antibacterial activity of (PANI/okra plant waste) blend and (PANI/okra

plant waste/ Ag) nanocomposites against pathogen.

Inhibition Zone Diameter (mm)

No. samples Staphylococcus klebsiella
epidermidis pneumoniae
(PANI/ okra plant waste)
1 33 36
blend
(PANI/ okra plant waste /
2 31 32

0.5%Ag) nanocomposites

(PANI/ okra plant waste /
3 _ 32 33
1%Ag) nanocomposites

(PANI/ okra plant waste /
4 _ 33 34
1.5%Ag) nanocomposites

(PANI/ okra plant waste /

5 ) 34 35
2%Ag) nanocomposites

6 Okra plant 32 34

7 PANI 35 36

4.6.2 Electrodes

Electrodes was studied resistance polymer-based of the prepared samples
for (PANIl/okra plant waste) blend and (PANI/okra plant waste/AQ)
nanocomposites by Keithley electrometer type 2400. Figure (3.17) display the
behavior of resistance of the prepared samples for (PANI/ okra plant waste)
blend and (PANI/okra plant waste/Ag) nanocomposites at the temperature range
(239-383)K. The figure showed that the resistance of (PANI/ okra plant waste)
blend, okra plants waste decreases with increasing the temperature. The
electrical resistance of (PANI/ okra plant waste) blend and okra plants waste
are (3.75-1.13) KQ and (1.30-1.19) KQ respectively it is less than of the
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stratum corneum (SC). The SC is the upper skin layer (10-15um in height)
consisting of a stratified stratum, made of high-densely packaged cornified
cells, called corneocites, which provide a very efficient electrical and chemical
barrier electrical resistance of about 10° Q, which characterizes human skin
[139]. The SC is the mayor contributor to the skin resistance, with a resistance
that ranges between (200) KQ and (200) Q for a square centimeter, although
some authors state it to be up to 1 MQ. Typical values of the electrode-skin
resistance range between 150 to 200 KQ and 5 to 10 KQ before and after gel
applications, respectively [140]. The result indicate that the sample of
(PANI/plants waste) blend and okra plants waste are considered as the
optimized sample show less resistance from PANI, and (PANI/okra plant
waste/Ag) nanocomposites are shown in table (4.5). This result indicates that
the presence of the okra plant with (PANI/okra plant waste) blend increased the
polymer's conductivity, where is the okra plant as a filler for polymer matrices
and contains a variety of organic reducing agents in various combinations and
concentrations [120,141]. As shown in the tables (4.6), (4.7) and (4.8), the

resistance decreases with the increase of the temperature.

The measurements of the resistance of (PANI/okra plant waste) blend
(3.7-1.1) kQ showed less than the resistance of the skin (SC) and the
electrode-skin resistance of three types of bioelectrodes (wet, semi-dry, and
dry)The electrode-skin resistance always decreases at various skin locations
all electrodes. The electrode resistance of the dry electrode, semi-dry
electrodes, and wet electrode are (57.5-540.0) kQ, (10.3-38.4) kQ and (1.4—
2.8) kQ respectively [140], thus (PANI/okra plant waste) blend prepared by
thin films method can be used to manufactured electrode a low-cost,
appearing easy to use and to apply by (PANI/okra plant waste) blend to
recording ECG, EMG and EEG signals. Where are monitoring biosignals
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ECG, EMG and EEG is important for a better understanding of the

pathological and physiological conditions of human subjects.
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Figure (4.17): Resistance of (A and B) (PANI/okra plant waste) blend
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Table (4.5): Resistance of (PANI/ okra plant waste) blend and (PANI/ plants waste/ Ag)

nanocomposites.

Sample Resistance kQ
(PANI/okra plant waste) blend (3.75-1.13)
Okra (1.30-1.19)
PANI (77.52-25.54)
(PANI/okra plant waste/0.5% Ag) nanocomposites (179.2-31.14)
(PANI/okra plant waste/1% Ag) nanocomposites (247-38.55)
(PANI/okra plant waste/ 1.5%Ag) nanocomposites (136.71-39.22)
(PANI/okra plant waste/2% Ag) nanocomposites (24-12)

Table (4.6):Values of resistance of (PANI/ okra plant waste) blend and (PANI/ plants

waste/ Ag) nanocomposites at T = 293 K.

Sample Resistance kQ

(PANI/ okra plant waste) blend 3.75

Okra 1.198

PANI 7752

(PANI/okra plant wast /0.5% Ag) nanocomposites 179.2
(PANI/okra plant waste/1%Ag) nanocomposites 247

(PANI/okra plant waste /1.5%Ag) nanocomposites 144.52
(PANI/ plants waste/2% Ag) nanocomposites 26
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Table (4.7):Values of resistance of (PANI/ okra plant waste) blend and (PANI/ plants

waste/ Ag) nanocomposites at T = 313 K.

Sample Resistance k2
(PANI/ okra plant waste) blend 3.66
Okra 1.25
PANI 72.61
(PANI/okra plant waste/0.5% Ag) nanocomposites 425
(PANI/ okra plant waste/1%Ag) nanocomposites 240
(PANI/ okra plant waste/1.5%Ag) nanocomposites 136.71
(PANI/ okra plant waste/2% Ag) nanocomposites 24

Table (4.8):Values of resistance of (PANI/ okra plant waste) blend and (PANI/ plants

waste/ Ag) nanocomposites at T = 343 K.

Sample Resistance ke
(PANI/okra plant waste) blend 111
Okra 1.21
PANI 61.43
(PANI/okra plant waste /0.5% Ag) nanocomposites 115.54
(PANI/ okra plant waste / 1%Ag) nanocomposites 55
(PANI/ okra plant waste / 1.5%Ag) nanocomposites 109.63
(PANI/ okra plant waste /2% Ag) nanocomposites 18
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4.6.3 Polymer Eyeglasses Lens

as in the Figure (4.6AandB) presents a graph of electromagnetic radiation
transmittance as a function of the wavelength from (300-1100) nm .The average
transmittance value between (400) nm and (800) nm for the (PANI/plants
waste) blend, okra plants waste and PANI were ( %0.961, 0.980 and 0.967)
respectively and (0.985%, 0.980%, 0.977% and 0.987%) for the (PANI/okra
plant waste/0.5%, 1%, 1.5% and 2% Ag) nanocomposites respectively. The
determined values UVR region and visible region are shown in table (4.9). The
most important criteria for the selection of optical polymer for polymer lenses
applications eyeglasses lens is high transmittance (T) of incident light in the
visible light range. Generally, all eye glasses should feature a high transmittance
value between 400 nm and 800 nm within the total visible range, the
transmittance value at wavelengths after (400) nm should be more than 85% on

visible-light ranges [142].

In the wavelength range from about (320 — 400) nm, there is a very large
increase in light transmission. The research concerns the transmission of
electromagnetic waves with a wavelength corresponding to the visible part of
the spectrum and part of the ultraviolet and infrared radiation range and the
obtained results do confirm about the increase in light transmittance (PANI/okra
plant waste) blend and nanocomposites in the range of wavelengths
corresponding to the highest sensitivity of the human eye [142,143]. The use of
plants waste (okra plant) generates effect in the optical properties of the
allowing the increase of its transparency (PANI/okra plant waste) blend and
nanocomposites and obtaining of systems with adequate dispersions and
distributions of the plants waste in the PANI matrix. As a result the prepared
polymer from plants waste will create a new territory in polymer eyeglasses lens

industry. These results are in agreement with [142].
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Table (4.9): Transmittance value of (PANI/ okra plant waste) blend and (PANI/ okra

plant waste / Ag) nanocomposites.

Transmittance %

(PANI/okra (PANI/okra plant waste/Ag)
Wave Okra nanocomposites
plant waste) plant PANI
Length(nm)

blend waste 05% | 1% | 1.5% | 2%

Ag Ag Ag | Ag
400-800 0.961 0.980 0.967 0.985 | 0.980 | 0.977 |0.987
376 0.959 0.976 0.975 0.991 | 0.981 | 0.975 | 0.977
403 0.963 0.980 0.976 0.996 | 0.985 | 0.975 | 0.978
483 0.961 0.970 0.976 0.991 | 0.982 | 0.978 | 0.978
704 0.961 0.980 0.978 0.980 | 0.979 | 0.976 | 0.978
723 0.961 0.980 0.977 0978 | 0.978 | 0.977 | 0.978
756 0.959 0.980 0.977 0.978 | 0.977 | 0.977 | 0.978

4.6.4 Gradient-Refractive Index Lens (GRIN)

Refractive index of the prepared films for (PANI/plants waste) blend and
(PANI/plants waste/silver) nanocomposites was studied. It should be noted that
the refractive index in the resulting of the prepared samples are (1.131) in
(PANI/plants waste) blend and (1.048, 1.065, 1.077 and 1.073) in (PANI/plants
waste/0.5%, 1%, 1.5% and 2% / Ag) nanocomposites respectively, these results
are plotted as a function of wavelength film in figure (4.8). The refractive index
of the GRIN lens varies from (0.451) to (1.719) [144]. The results indicated that
the refractive index of (PANI/okra plant waste) blend and nanocomposites was
sufficient to demonstrate satisfactory optical performance in the GRIN lens.

These results are in agreement with [144]. The determined average values
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refractive index are shown in table (4.10). The values of the refractive index for
the prepared (PANI/okra plant waste) blend (PANI/okra plant waste/Ag) and
nanocomposites at A = (400, 600 and 700) nm are shown in tables (4.11), (4.12)

and (4.13) respectively.

Table (4.10): The average values refractive index of (PANI/okra plant waste) blend and

(PANI/okra plant waste/ Ag) nanocomposites.

Sample Refractive Index
(PANI/ okra plant waste) blend 1.131
Okra plants 1.066
PANI 1.075
(PANI/okra plant waste / 0.5%Ag) nanocomposites 1.048
(PANI/okra plant waste/ 1%Ag) nanocomposites 1.065
(PANI/ okra plant waste /1.5% Ag) nanocomposites 1.077
(PANI/okra plant waste /2% Ag) nanocomposites 1.073

Table (4.11): Refractive index value of (PANI/okra plant waste) blend and (PANI/okra

plant waste/Ag) hanocomposites at A = 400 nm.

Sample Refractive Index
(PANI/okra plant waste) blend 1.125
Okra plant 1.066
PANI 1.079
(PANI/okra plant waste /0.5%Ag) nanocomposites 0.945
(PANI/okra plant waste /1%Ag) nanocomposites 1.048
(PANI/ okra plant waste /1.5% Ag) nanocomposites 1.079
(PANI/okra plant waste /2% Ag) nanocomposites 1.073
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Table (4.12): Refractive index value of (PANI/okra plant waste) blend and (PANI/ okra

plant waste / Ag) nanocomposites at A = 600 nm.

Sample Refractive Index
(PANI/okra plant waste) blend 1.127
Okra plant 1.066
PANI 1.074
(PANI/okra plant waste/ 0.5%Ag) nanocomposites 0.989
(PANI/okra plant waste/ 1%Ag) nanocomposites 1.064
(PANI/ okra plant waste /1.5% Ag) nanocomposites 1.074
(PANI/okra plant waste /2% Ag) nanocomposites 1.073

Table (4.13): Refractive index value of (PANI/okra plant waste) blend and (PANI/ okra
plant waste/Ag) nanocomposites at A = 700 nm.

Sample Refractive Index

(PANI/okra plant waste) blend 1.130
Okra plant 1.066
PANI 1.074

(PANI/ okra plant waste/ 0.5%Ag) nanocomposites 1
(PANI/okra plant waste/ 1%Ag) nanocomposites 1.069
(PANI/okra plant waste/1.5% Ag) nanocomposites 1.074
(PANI/ okra plant waste /2% Ag) nanocomposites 1.073
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4.7 Conclusions

In

1-

our study, the following results were obtained:

The absorbance, absorption coefficient, extinction coefficient, imaginary
dielectric constants and optical conductivity increase while transmittance and
energy gap decrease with additive okra plant to polymer for (PANI/okra
plant waste) blend.

D.C electrical conductivities of (PANI/okra plant waste) blend and
(PANI/okra plant waste/Ag) nanocomposites were studied as a function of
okra plant content of films, and the conductivity increased with okra plant
content, furthermore the okra plant was found to be a more effective than Ag
nanoparticals and effective reducing agent .

The morphological measurements have shown that the (PANI/okra plant
waste) blend has a fine and grainy structure fused together and (PANI/okra
plant waste/Ag) nanocomposites exhibit varying microstructures. The results
confirm that these okra plant fibres show potential as reinforcement in

polymer matrix blend.

4- For medical application the polymer eyeglasses lens and (GRIN) lenses, the

samples showed a high ultraviolet (UV) blocking ratio in (400 — 800) nm.
The results showed that the use of these okra plant waste in polymeric
material leads to obtaining materials with a better refractive and improve
transparency. In this way, the materials developed using okra plant waste of
fillers and present highly promising for the development of higher
transparent lenses.
5-For electrode application, the electrical resistance decrease with
(PANI/okra plant waste) blend more than nanocomposites therefore these
findings provide insights for the development of new electrodes to
recording electrocardiography (ECG),electromyography (EMG) and
electroencephalography (EEG) signals, because of the availability of okra
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plant extract, the method used in this synthesis can be adopted for large-
scale synthesis. Finally, we concluded that okra plant waste has showed
better structural and electrical properties than Ag nanoparticals.

6- (PANI/okra plant waste) blend exhibited higher inhibition zone diameter
for gram negative bacteria and lower inhibition zone diameter for gram
positive bacteria and found that films with Ag showed stronger
antimicrobial activity against gram positive bacteria. Okra plants was good
antimicrobial agent.

4.8 Suggestions for Future Work
1- Preparation of conductive polymer prepared by solution casting method.
2- Studying the influence of okra plant on the mechanical and thermal
properties of (PANI/ plants waste) blend and (PANI/ plants waste /AQ)
nanocomposites.
3- Using Eggplant (Solanum melongena L.) plant to prepared conductive

polymer.

86






References

References

[1] Salih.R.A,(2008), "Preparation of Poly aniline-poly vinyl alcohol
(PANI/PVA (by chemical method and Study of its some Electrical
Conductivity", Basrah journal of science, Vol. 26, No. 1, PP.1-14

[2] Shawai.A. S and Essa. A. F,(2021), "Preparation and study of the structural
and optical properties for polyaniline/Cu nanocomposite”, Materials Today:
Proceedings, Vol. 45, PP. 5804-5808.

[3] Alkhayatt. A. H, A. H. Al-Azzawi and Z. Alakayashi, (2016), "Rheological
and optical characterization of polyvinyl pyrrolidone (PVP)-polyethylene
glycol (PEG) polymer blends", IOSR Journal of Applied Physics, Vol. 8,
No.1, PP. 11-18.

[4]Pathania.D and Singh. D, (2009), "A review on electrical properties of fiber
reinforced polymer composites”, International journal of theoretical &
applied sciences, Vol. 1, No. 2, PP. 34-37.

[5] Mahmud. S, Hasan, K. M, Jahid. M, Mohiuddin. K, Zhang. R, and Zhu. J,
(2021),"Comprehensive review on plant fiber-reinforced polymeric
biocomposites”, Journal of materials science, Vol. 56, No. 12, PP. 7231-
7264,

[6] Robeson. L, (2014), " Historical perspective of advances in the science and
technology of polymer blends ", Polymer Science Journal, Vol. 6, No. 5, PP.
1251-1265.

[7] Dhawan.S, Ohlan.A, and K. Singh, (2011), "Designing of nano composites
of conducting polymers for EMI shielding”, InTech.

87


https://www.iasj.net/iasj/issue/3294

References

[8] Heeger.A. J., (2001),"Semiconducting and metallic polymers: the fourth

generation of polymeric materials™ ,ed: ACS Publications.

[9] Sehrawat. R, Singh. K. G., and Singla. M. L, (2009), "Synthesis and

Characterisation of Pani-ZnO Composite, (Doctoral dissertation).

[10] Nezakati. T, Seifalian. A, Tan. Aand A. M. Seifalian, , (2018)," Conductive
Polymers: Opportunities and Challenges in Biomedical Applications”,
Journal chemical reviews, Vol. 118, No. 14, PP.6766—6843.

[11] Freund.M. S and Deore. B. A., (2007), "Self-doped conducting polymers),
John Wiley & Sons.

[12] Heeger.A. J, "Semiconducting and metallic polymers: the fourth generation

of polymeric materials” ,ed: ACS Publications, 2001.

[13] Valdes. S. S, Valle. L. F. R, and O. Manero, (2013), " Polymer blends ",
Handbook of Polymer Synthesis, Characterization and Processing, First

Edition, John Wiley and Sons.

[14] Parameswaranpillai .J, S. Thomas and Y. Grohens, (2015), " Polymer
blends ", First Edition, Wiley-VCH Verlag GmbH and Co. KGaA.

[15] Bhadraiah .S. V,( 2004), "Creation of cross linkable interphases in polymer
blends by means of novel coupling agents”, India Journal Physics, Vol. 66,
No. 4.

[16] K. Kaniappan and S. Latha, (2011), "Certain investigations on the
formulation and characterization of polystyrene/ poly (methyl methacrylate)
blends ", International Journal of ChemTech Research, Vol. 3, No. 2, PP.
708-717.

[17] Fateixa .S., D. Silva.N, Jordao. A. B. Timmon and Trindade .T, ( 2013),
"Effect of colloidal silver and gold nanoparticles on the thermal behavior of

88



References

poly (t-butyl acrylate) composites”, Colloids and Surf. A: Physicochemical
and Eng. Aspects, Vol. 436, PP. 231-236.

[18] llyas. R. A, Sapuan. S. M, Nurazzi.N. M, Norrrahim.M. N. F, Ibrahim.R,
Atikah.M. S. N, Huzaifah.M.R.M, Radzi.A.M, Azammi.S. AM. N,
Ainun.R.J.Z.M.A, Asyraf. A.A. M.R.M, Kian. L.K and Hassan.C.S, (2021),
" Macro to nanoscale natural fiber composites for automotive components:
Research, development, and application”, Biocomposite and synthetic

composites for automotive applications, pp. 51-105.

[19] Mahmud. S, Hasan.K. F, Jahid. M. A, Mohiuddin.K, Zhang.R and Zhu.J,
(2021), "Comprehensive review on plant fiber-reinforced polymeric

biocomposites”, Journal of Materials Science, VVol. 56, pp. 7231-7264.

[20] Fortunati. E, Puglia.D, Monti. M, Santulli. C, Maniruzzaman.M and
Kenny.J. M,(2013), "Cellulose nanocrystals extracted from okra fibers in
PVA nanocomposites", Journal of Applied Polymer Science, Vol. 128, No.
5, pp. 3220-3230.

[21] Gholampour. Aand Ozbakkaloglu. T, (2020), "A review of natural fiber
composites:  Properties, modification and processing techniques,
characterization, applications", Journal of Materials Science, Vol. 55, No. 3,
pp. 829-892.

[22] Cisneros-Lopez.E. O, Gonzélez-Lépez. M. E, Pérez-Fonseca.A. A,
Gonzalez-Nufez.R, Rodrigue.D, and Robledo-Ortiz.J. R, (2017), "Effect of
fiber content and surface treatment on the mechanical properties of natural
fiber composites produced by rotomolding", Composite Interfaces, Vol. 24,
No. 1, pp.35-53.

[23] Vollath.D," Nanomaterials: An Introduction to Synthesis, Properties and
Applications", 2nd ed. 2019.

89


https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!
https://www.sciencedirect.com/science/article/pii/B9780128205594000031#!

References

[24] Kolahalam. L. A, Viswanath.l. K, Diwakar.B. S, Govindh.B, Reddy.Vand
Murthy.Y. L. N, (2019), "Review on nanomaterials: Synthesis and
applications"”, Materials Today: Proceedings, VVol.18, pp.2182-2190.

[25] Kumar. N and Kumbhat. S, (2016), "Essentials in nanoscience and

nanotechnology", John Wiley & Sons.

[26] Lau.K. Y and Piah.M. A. M, (2011), "Polymer nanocomposites in high
voltage electrical insulation perspective: a review", Malaysian Polymer
Journal, Vol. 6, No. 1, PP. 58-609.

[27] Manocha.L. M, Valand.J, Patel.N, Warrier. A and Manocha.S, (2006),
"Nanocomposites for structural applications”, Indian Journal of Pure and
Applied Physics, Vol. 44, No. 2, PP. 135-142.

[28] Ahmad.M. B, Shameli.K, Yunus.W. M. Z. W, Ibrahim.N. A and Darroudi
.M,(2010), "Synthesis and characterization of silver/clay/starch
bionanocomposites by green method”, Australian Journal of Basic and
Applied Sciences, Vol. 4, No. 7, PP. 2158-2165.

[29] Hule. R. A, (2007), "Polymer nanocomposites for biomedical
applications"”, MRS Bulletin, Vol. 32, No. 4, PP. 354-358.

[30] Gacitua.W, Ballerini,A and Zhang.J, (2005), "Polymer nanocomposites:
synthetic and natural fillers a review", Maderas: Ciencia y Tecnologia, Vol.
7, No. 3, PP. 159-178.

[31] Chung.D.D.L, (2002), "Composite materials: functional materials for

modern technologies™, Springer-Verlag London Ltd, UK.

[32] Gouda .M. E and Elrasasi.T. Y, (2015), "Impact of gamma irradiation on
structural and dielectric properties of Cul-PVA/PEDOT: PSS polymer
nanocomposite”, IOSR Journal of Applied Physics, Vol. 7, No. 6, PP. 22-
30.

90



References

[33] Molapo.K. M, Ndangili.P. M, Ajayi.R. F, Mbambisa.G, Mailu.S. M and
Njomo.N, (2012), "Electronics of conjugated polymers (I): polyaniline” ,
Int. J. Electrochem. Sci., Vol. 7, pp.11859 — 11875.

[34] Ali.S.S, (2021)," Preparation and study of the physical (dopant<temperature
and band gap) and electrical properties on conducting (PANI-Cu)
composites, M.Sc., College of Science Department of Physics/

Postgraduate, Wasit University.

[35] J. STEJSKAL and R. G. GILBERT , "Polyaniline. Preparation of A
Conducting Polymer ", Pure Appl. Chem., Vol. 74, No. 5, pp.( 857-867),
(2002).

[36] Albuquerque. J .De, L. Mattoso, Faria.R, Masters.J and Diarmid.A. Mac,
(2004), "Study of the interconversion of polyaniline oxidation states by

optical absorption spectroscopy,” Synthetic Metals, vol. 146, pp. 1-10.

[37] Potowinski.S, Szumilewicz. J and Stawski.D, (2011), "Application of
Polyaniline for the Modification of Polylactide Fibers,” 119 FIBRES and
TEXTILES in Eastern Europe, Vol. 19, No. 4 (87) pp. 119-123

[38] Mohammad.S, Mohammad.Z, Parveen.F.R, Asha.E, Saima.S, Shaikh.Z.A
and Wazed.S. Ali, T.R.S, (2017), " A critical review on the prospect of
polyaniline-grafted biodegradable nanocomposite”, Advances in Colloid
and Interface Science, Vol. 249, pp 2-16.

[39] De Rosa. I. M., Kenny.J. M, Puglia. D, Santulli.C and Sarasini. F, (2010),
"Morphological, thermal and mechanical characterization of okra
(Abelmoschus esculentus) fibres as potential reinforcement in polymer
composites”, Composites Science and Technology, Vol. 70,No. 1, pp. 116-
122.

91


https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868617303172#!

References

[40] Mishra. A and Pal.S, (2007), " Polyacrylonitrile-grafted Okra mucilage: A
renewable reservoir to polymeric materials”, Carbohydrate polymers, Vol.
68, No. 1, pp. 95-100.

[41] Muhammad. U.Ghori, Mohammad. A.M, Shashi. R.S.R, Leigh. T.F,
Hamid A.M, Alan .M.S and Barbara .R.C, (2017), " Impact of purification
on physicochemical, surface and functional properties of okra biopolymer”
Food Hydrocolloids, Vol. 71, pp. 311-320.

[42] Jordan.W, and Chester.P,(2017)," Improving the properties of banana fiber
reinforced polymeric composites by treating the fibers"”, Procedia
engineering, Vol. 200, pp.283-289.

[43] Ali. B. M. H,(2020), " Green synthesis of copper nanoparticles by using
fresh agueous ananas comosus l.(pineapple) peels extract”, Biochem. Cell.
Arch, Vol. 20, No. 2, pp. 5965-5971.

[44] Panagiotis. A, (2008), "Identification and quantification of polyphenolic
compounds from okra seeds and skins", Food Chemistry, Vol. 110, No. 4,
pp.1041-1045.

[45] Khomsug.P, Thongjaroenbuangam. W, Pakdeenarong. N, Suttajit.M, and
Chantiratikul. P, (2010), "Antioxidative activities and phenolic content of
extracts from Okra (Abelmoschus esculentus L.)", Research Journal of
Biological Sciences, Vol. 5, No. 4, pp. 310-313.

[46] Jarret, R. L., Wang, M. L., & Levy, I. J. (2011). Seed oil and fatty acid
content in okra (Abelmoschus esculentus) and related species. Journal of
agricultural and food chemistry, 59(8), 4019-4024.

[47] Zaharuddin, N. D., Noordin, M. I., & Kadivar, A. (2014). The use of

Hibiscus esculentus (Okra) gum in sustaining the release of propranolol

92


https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17302680#!

References

hydrochloride in a solid oral dosage form. BioMed research international,
2014.

[48] Arya.V, Komal. R, Kaur.M, and Goyal. A,(2011), "Silver nanoparticles as
a potent antimicrobial agent: a review. Pharmacologyonline”, Vol. 3, No.
pp. 118-124.

[49] Beyene. H. D, Werkneh. A. A, Bezabh. H. K and Ambaye.T. G, (2017),
"Synthesis paradigm and applications of silver nanoparticles (AgNPs), a

review", Sustainable materials and technologies, Vol. 13, pp. 18-23.

[50] Ahmed. S, Ahmad.M, Swami.B. L and lkram. S, (2016), "A review on
plants extract mediated synthesis of silver nanoparticles for antimicrobial
applications: a green expertise"”, Journal of advanced research, Vol. 7, No.
1, pp.17-28.

[51] Umare. S. S., Shambharkar.B. H, and Ningthoujam.R. S, (2010),
"Synthesis and characterization of polyaniline-Fe304 nanocomposite:
Electrical conductivity, magnetic, electrochemical studies”, Synthetic
Metals, Vol. 160, No. 17-18, pp. 1815-1821.

[52] Choudhury.A,(2009), "Polyaniline/silver nanocomposites: Dielectric
properties and ethanol vapour sensitivity. Sensors and Actuators B:
Chemical”, Vol. 138, No.1, pp. 318-325.

[53]US Research Nanomaterials, Silver (Ag) Nanopowder / Nanoparticles, Inc.

[54] Martinsson.E, Otte.M. A, Shahjamali. M. M, Sepulveda. B and Aili. D,
(2014),"Substrate effect on the refractive index sensitivity of silver
nanoparticles”, The Journal of Physical Chemistry C, Vol. 118, No. 42, pp.
24680-24687.

[55] Sukitpaneenit. P, Thanpitcha. T, Sirivat.A, Weder.C and Rujiravanit. R,
(2007), "Electrical conductivity and mechanical properties of

93



References

polyaniline/natural rubber composite fibers. Journal of applied polymer
science", Vol. 106, No. 6, pp.4038-4046.

[56] Afzal. A. B, Akhtar.M. J, Nadeem. M, Ahmad.M, Hassan.M. M, Yasin.T.,
and Mehmood.M,(2008), "Structural and electrical properties of
polyaniline/silver nanocomposites. Journal of Physics D: Applied Physics",
Vol. 42, No. 1, pp.015411,

[57] Sezer.A., Gurudas.U, Collins.B, MckinlayA and Bubb. D. M, (2009),
"Nonlinear optical properties of conducting polyaniline and polyaniline-Ag

composite thin films", Chemical Physics Letters, VVol. 477, No. 1-3, pp.164-.

[58] Gupta. K, Jana. P. C and Meikap.A. K, (2010), "Optical and electrical
transport properties of polyaniline-silver nanocomposite™, Synthetic Metals,
Vol. 160, No. 13-14, pp. 1566-1573.

[59] Thakur. V. K and Singha, A. S, (2010), "Mechanical and water absorption
properties of natural fibers/polymer biocomposites. Polymer-Plastics

Technology and Engineering"”, VVol. 49, No. 7, pp. 694-700.

[60] Ghasemi-Mobarakeh.L, Prabhakaran.M. P, Morshed. M, Nasr-Esfahani.
M. H, Baharvand. H, Kiani.S and Ramakrishna. S. (2011). Application of
conductive polymers, scaffolds and electrical stimulation for nerve tissue
engineering. Journal of tissue engineering and regenerative medicine, 5(4),
el7/-e35.

[61] Razak. S. I. A, Rahman. W. A. W. A, Hashim. S and Yahya. M. Y, (2012),
"In situ surface modification of natural fiber by conducting polyaniline”,
Composite Interfaces, Vol. 19, No. 6, pp. 365-376.

[62] Safenaz. M. R and Sheikha. M, (2012), "Synthesis and electrical properties
of polyaniline composite with silver nanoparticles”, Advances in materials
Physics and Chemistry, Vol. 2, pp. 75-81.

94



References

[63] Jotiram. K. P, Prasad. R. G. S. V, Jakka.V. S, Aparna. R. S. L and Phani,
A. R, (2012)."Antibacterial Activity of Nanostructured Polyaniline
Combined With Mupirocin”, Nano Biomedicine & Engineering, Vol. 4,
No. 3, pp. 144-149.

[64] Srilalitha.S, Jayaveera.K and Madhvendhra. S, (2013), "The effect of
dopant, temperature and band gap on conductivity of conducting polymers",
International Journal of Innovative Research in Science, Engineering and

Technology, vol. 2, p. 2694.

[65] Chen. Y. H, de Beeck.M. O, Vanderheyden. L, Mihajlovic. V,
Grundlehner.B and Van Hoof. C, (2013),"Comb-shaped polymer-based Dry
electrodes for EEG/ECG measurements with high user comfort”, 35th
Annual International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC), pp. 551-554.

[66] Silva. M. J. D, Sanches. A. O, Malmonge. L. F and Malmonge J. A,
(2014), "Electrical, mechanical, and thermal analysis of natural

rubber/polyaniline-Dbsa composite™, Vol. 17, N0.59-63.

[67] Al-Ogla.F. M, Sapuan.S. M, Anwer.T, Jawaid. M and Hoque . M. E,
(2015). "Natural fiber reinforced conductive polymer composites as

functional materials: A review", Synthetic Metals, Vol. 206, pp. 42-54.

[68] Haruna.S, Aliyu.B. S and Bala.A, (2016), "Plant gum exudates (Karau)
and mucilages, their biological sources, properties, uses and potential
applications: A review", Bayero Journal of Pure and Applied Sciences, Vol.
9, No. 2, pp. 159-165.

[69] Ling. F. W and Abdulbari. H. A, (2017), "Enhancing the flow in
microchannel using natural polymeric additives", Indian J Sci Technol, Vol.
10, No. 7, pp.1-5.

95



References

[70] Mohammadi. H, Kamkar.A and Misaghi. A, (2018), " Nanocomposite
films based on CMC, okra mucilage and ZnO nanoparticles: Physico
mechanical and antibacterial properties", Carbohydrate Polymers, Vol. 181,
pp. 351-357.

[71] Karthikeyan.R, Sridhar. R and Suresh. R, (2018), "Synthesis and analysis
of polyaniline coated Natural/Synthetic Fiber composites for gas sensor
application™, International Journal of Applied Engineering Research, Vol.
13, No. 1, pp.149-156.

[72] Ramesan. M. T and Dilsha.K, (2019), "Structural properties, conductivity,
dielectric behaviour and gas sensing application of
polyaniline/phenothiazine/copper  sulphide  blend  nanocomposites”,
Materials Research Express, Vol. 6, No. 10, pp. 105328.

[73] Zhang.Y, Yang. Z, Pan.T, Gao.H, Guan. H, Xu. J and Zhang. Z, (2020),
"Construction of natural fiber/polyaniline core-shell heterostructures with
tunable and excellent electromagnetic shielding capability via a facile
secondary doping strategy",Composites Part A: Applied Science and
Manufacturing, Vol. 137, pp. 105994,

[74] Aghazadeh.H, Yazdi. M. K, Kolahi. A, Yekani.M, Zarrintaj. P, Ramsey. J.
D, Mohammad. R.G, Florian. J.S, Mohammad. R.S, and Masoud.M, (2021),
"Synthesis, characterization and performance enhancement of dry
polyaniline-coated neuroelectrodes for electroencephalography

measurement”, Current Applied Physics, Vol. 27, pp.43-50.

[75] De Menezes.L. R, Cavalcante.M. D. P, Vaz. J. D. L. M. R, Silva.P. S. R. C.
D and Tavares.M. I. B, (2021), "Obtention of higher refractive index and
transparent polymeric nanocomposite systems with small amounts of fillers
for lenses application”, Journal of Composite Materials, Vol. 55, No. 5, pp.
675-686.

96


https://www.sciencedirect.com/science/article/abs/pii/S1567173921000882#!
https://www.sciencedirect.com/science/article/abs/pii/S1567173921000882#!

References

[76] Atta. A, Abdelhamied. M. M, Abdelreheem. A. M and Althubiti.N.
A,(2022), "Effects of polyaniline and silver nanoparticles on the structural
characteristics and electrical properties of methylcellulose polymeric films",

Inorganic Chemistry Communications, Vol. 135, pp.109085.

[77] Gao.M, Wan. X, Lai. S, Cui.H, Chen.Z, Guoxin.D. and Guojun.C, (2022),
"Electrical properties of composite based on in-situ synthesis of polyaniline
and graphite. Materials Letters", Vol. 308, pp. 131133.

[78] Kondawar.S. B, Deshpande. M. Dand AgrawalS. P, (2012), "Transport
properties of conductive polyaniline nanocomposites based on carbon

nanotubes” . Int. J. Compos. Mater, Vol. 2, No. 3, pp.32-36.

[79] Abdullah.O. G and Saeed.S. R, (2013), " Effect of Nal doping on same
physical characteristic of (PVA) (o-(KHSO4) o, composite films",
Chemistry and Materials Research, Vol. 3, No. 11, pp. 19-24.

[80] Begum. A, Hussain. A and Rahman. A, (2011), "Optical and electrical
properties of doped and undoped Bi2S3—-PVA films prepared by chemical
drop method", Mater. Sci. Appl, Vol. 2, pp. 163-168.

[81] Kadhim.K.J, Agool.l. R and Hashim.A, (2016), "Enhancement in optical
properties of (PVA-PEG-PVP) blend by the addition of titanium oxide
nanoparticles for biological application”, Advances in Environmental
Biology, Vol. 10, No.1, pp. 81-88.

[82] Salman.S. A, M. H. and Abdu-allah. N.A. Bakr, (2014), "Optical
characterization of red methyl doped poly (vinyl alcohol) films",
International Journal of Engineering and Technical Research, Vol. 2, No.
4, PP. 126-128.

97


https://www.sciencedirect.com/science/article/abs/pii/S0167577X21018310#!
https://www.sciencedirect.com/science/article/abs/pii/S0167577X21018310#!

References

[83] Cun.W, W. and Xinming .Z. J, (2002), "Synthesis, characterization and
photocatalytic property of nano-sized Zn2SnO4", journal of materials
science, Vol. 37, PP. 2989-2996.

[84] Abdullah.O, Tahir.D. A, Ahmad.S. S and Ahmad.H. T, ( 2013),
"Optical properties of PVA: CdC,, H,O polymer electrolytes”, IOSR
Journal of Applied Physics, Vol. 4, No. 3, PP. 52-57.

[85]Nahida .J, (2012),"Spectrophotometric Analysis for the UV Irradiated
(PMMA)", International Journal of Basic and Applied Sciences, Vol.
12, No. 2, PP. 58-67.

[86] Mbika.K, kumara. K and Sriram.S, (2014) , "Optical properties of CdO

thin films deposited by chemical bath method", International Journal
of Chem. Tech. Research CODEN, Vol. 6, No. 5, PP. 3071-3077.

[87] Tintu.R, Saurav.K, Sulakshn.K, Nampoori .V and Thomas.S, ( 2010),
"Ge28Se60Sh12/PVA composites film for photonic applications”, Journal
of Non-Oxide Glasses, Vol. 2, No. 4, PP. 167- 174.

[88] Hassouni.M. H, Mishjil.K. A, Chiad.S and Habubi.N. F, (2013), "Effect of
gamma irradiation on the optical properties of Mg doped CdO thin films

deposited by spray pyrolysis”, International Letters of Chemistry, Physics
and Astronomy, Vol. 11, PP. 26-37.

[89] Gupta, K., Jana, P. C., & Meikap, A. K. (2010). Optical and electrical

transport properties of polyaniline—silver nanocomposite. Synthetic Metals,
160(13-14), 1566-1573.

[90] Huda .AJ.H.A, (2021), " Synthesis and Characterization of New
Nanocomposites as Photocatalytic Materials for Modern Environmental

98



References

Applications”, M.Sc. Thesis, College of Science Department of Physics,
University of Babylon.

[91] Sze.S. M, Semiconductor devices: physics and technology. John wiley &
sons, 2008.

[92]Andriesh.A.M, lovu.M and Shutov.S, (2002), "Chalcogenide noncrystalline
semiconductor inoptoelectronics”, Journal of ptoelectronics and Advanced
Materials, VVol. 4, No. 3, PP. 631-647.

[93] Lalithambika.K. C., K. and Shanthakumari.S. S, (2014),"Optical properties
of CdO thin films deposited by chemical bath method", International Journal
of Chem. Tech. Research, Vol. 6, No. 5, PP .3071-3077.

[94] Abdel-Malik .T, Abdel-Latif.R.A and Sawaby.S. A, (2008), "Electrical
properties of pure and doped polyvinyl alcohol (PVA) films using gold and
aluminum electrodes”, Journal of Applied Sciences Research, Vol. 4, No.
3, PP. 331-336.

[95] Waghmare.R, Belsare.N, Raghuwanshi.Fand hilaskar. S, (2007), "Study of
electrical conductivity of paranitro aniline doped polyvinylchloride and
poly(methylmethacrylate) polyblends”, Journal of Bull. Mater. Sci., Vol.
30, No. 2, PP.167-172.

[96] Lakshmi. G. B. V. S, Alam.M, Siddiqui. A. M, Zulfequar. M and Husain,
M, (2011), "Synthesis and characterization of Se doped polyaniline. Current
Applied Physics", Vol. 11, No. 2, pp. 217-222.

[97] Ahmed.H, Hashim. A and Abduljalil. H, (2019), "Analysis of structural,
electrical and electronic properties of (polymer nanocomposites/silicon
carbide) for antibacterial application. Egyptian Journal of Chemistry", Vol.
62, No. 4, pp.767-776.

99



References

[98]Ali.S. S, (2021), " Preparation and study of the physical
(dopant<temperature and band gap) and electrical properties on conducting
(PANI-Cu) composites, M.Sc., College of Science Department of Physics/

Postgraduate, Wasit University.

[99] Minnerath.J. M, Roland. J. M, Rossi.L. C., Weishalla.S. R and Wolf .M.
M, (2009), "A comparison of heat versus methanol fixation for gram
staining bacteria", Bioscene, Vol. 35, No. 2, PP. 36-41.

[100] Schaechter.E, (2014), "The gram stain: its persistence and its quirks" in
Small Things Considered, American Society For Microbiology.

[101] Pukhrambam.N, (2019), "Comparison of original gram stain and its
modification in the gingival plaque samples”, Journal of Bacteriology &
Mycology: Open Access, Vol. 7, No. 1, PP. 1-3.

[102] Nampuak. C and Tongkhao.K, (2020), "Okra mucilage powder: A novel
functional ingredient with antioxidant activity and antibacterial mode of
action revealed by scanning and transmission electron microscopy).
International Journal of Food Science & Technology, Vol. 55, No.2, pp.
569-577.

[103] Gabriela.S. S. G, Daniela.F. R and Helia. B. T, (2016), "Copper
nanoparticles as potential antimicrobial agent in disinfecting root canals.
Asystematic review", International Journal of Odontostomatology, Vol. 10,
No. 3, PP. 547-554.

[104] Wang.L, Hu.C and Shao.L, (2017), "The antimicrobial activity of
nanoparticles: present situation and prospects for the future", International
Journal of Nanomedicine, Dove press, Vol. 12, PP. 1227-1249.

[105] Aziz. S. B, Brza.M. A, Nofal. M. M, Abdulwahid. R. T, Hussen. S. A,
Hussein. A. M and Karim. W. O,(2020), "A comprehensive review on
optical properties of polymer electrolytes and composites", Materials, Vol.
13, No. 17, pp.3675.

100


http://www.asm.org/

References

[106] Begum.K and Islam.M, (2013), "Natural fiber as a substitute to synthetic
fiber in polymer composites: a review", Research Journal of Engineering
Sciences, Vol. 2278, pp.9472.

[107] Acar.G, Ozturk.O, Golparvar. A. J, Elboshra.T. A, Bohringer.K and
Yapici. M. K, (2019), "Wearable and flexible textile electrodes for
biopotential signal monitoring: A review", Electronics, Vol. 8, No. 5, pp.
479.

[108] Jez.K, Nabialek. M, Gruszka. K, Deka.M, Letkiewicz. S and Jez.B,
(2018), "Light Transmittance by Organic Eyeglass Lenses According to
their Class",Materiale Plastice, Vol. 55, No. 3, pp.438-441.

[109] Ekimenkova.A. S, Andreev. L. N, Voznesenskaya.A. O, Bakholdin. A. V
and Vasil’ev. V. N, (2019), "Principles for developing hybrid surgical
eyeglasses. Journal of Optical Technology", Vol. 86, No. 12, pp. 786-788.

[110] Beadie.G, James.S.Shirk, Rosenberg.A, Paul.A.L, Fleet.E, Kamdar.A. R,
Jin.Y, Ponting.M, Kazmierczak.T, Yang.Y, Hiltner. A and Baer.E, (2008),
"Optical properties of a bio-inspired gradient refractive index polymer lens",
Optics express, Vol. 16, No. 15, pp.11540-11547.

[111] https://www.gettyimages.com/photos/staphylococcus-epidermidis.
[112] https://www.shutterstock.com/search/klebsiella-pneumoniae.

[113] Rahman. M. M, Maniruzzaman. M, Islam. M. R and Rahman. M. S,
(2018), "Synthesis of nano-cellulose from okra fibre and FTIR as well as
morphological studies on it", American Journal of Polymer Science and
Technology, Vol.4, No. 2, pp. 42-52.

[114] Abdulla. H. S and Abbo. A. 1,(2012), "Optical and electrical properties of
thin films of polyaniline and polypyrrole”, Int. J. Electrochem. Sci, Vol. 7,
No. 11, pp. 10666-10678.

101


https://www.gettyimages.com/photos/staphylococcus-epidermidis

References

[115] Catedral. M. D, Tapia. A. K. G, Sarmago. R. V, Tamayo. J. P and Del
Rosario. E. J, (2004), "Effect of dopant ions on the electrical conductivity
and microstructure of polyaniline (emeraldine salt)", Science Diliman, Vol.
16, No. 2.

[116] Gupta. K., Jana.P. C and Meikap. A. K, (2010), "Optical and electrical
transport properties of polyaniline-silver nanocomposite”, Synthetic
Metals, Vol. 160, No. 13-14, pp.1566-1573.

[117] Srinivasababu.N, (2015), " An overview of okra fibre reinforced polymer
composites”, In IOP conference series: materials science and engineering,
Vol. 83, No. 1, pp.012003.

[118] Cabuk. M and Gindiz. B, (2017), "Controlling the optical properties of
polyaniline doped by boric acid particles by changing their doping agent and
initiator concentration”,Applied Surface Science, Vol. 424, pp.345-351.

[119] Abdullah. E. T, R. S. Ahmed, Hassan.S. M and Naje.A. N, " Synthesis
and characterization of PANI and polyaniline/multi walled carbon nanotube
composite,” Int. J. Application or Innovation Eng. Mgt, Vol. 4, No. 9, pp.
130-134, 2015.

[120] Fortunati. E, Puglia.D, Monti.M, Santulli.C, Maniruzzaman. M and
Kenny.J. M, (2013), "Cellulose nanocrystals extracted from okra fibers in
PVA nanocomposites”, Journal of Applied Polymer Science, Vol. 128, No.
5, pp. 3220-3230.

[121] Kombaiah.K, Vijaya. J. J, Kennedy.L. J, Bououdina. M, Ramalingam. R.
J and Al-Lohedan.H. A,(2018), "Okra extract-assisted green synthesis of
CoFe204 nanoparticles and their optical, magnetic, and antimicrobial

properties”,Materials Chemistry and Physics, VVol. 204, pp.410-419.

102



References

[122] Mishra. A and Pal.S, (2007), " Polyacrylonitrile-grafted Okra mucilage: A
renewable reservoir to polymeric materials”, Carbohydrate polymers,
Vol.68, No.1, pp.95-100.

[123] Resan. S. A and Essa. A. F,(2021), "Preparation and study of the optical
properties for polyaniline-Al,O; nanocomposite™,Materials  Today:
Proceedings, Vol.45, pp.5819-5822.

[124] Kadham. A, Hassan.D.N. M and Hashim.A, (2018), "Fabrication of
(polymer blend-magnesium oxide) nanoparticle and studying their optical
properties for optoelectronic applications”, Bulletin of Electrical

Engineering and Informatics, VVol. 7, No. 1, PP.28-34.

[125] Abbas.N, Habeeb.M and A. Kadham. A, (2015), "Preparation of chloro
penta amine cobalt (111) chloride and study of its influence on the structural
and some optical properties of polyvinyl acetate™, International Journal of
Polymer Science, Vol. 2015, P.10.

[126] Kadhim.R. G, Habeeb.M. A and Jebur. Q. M, (2017), "Dielectric and
optical properties for (poly vinyl alcohol-carboxymethyl cellulose-copper
oxide) nanocomposites and their applications"”, Journal of Chemical and
Pharmaceutical Sciences, Vol. 10, No.1, PP. 732-7309.

[127] Venkatara.M, Kilarkaje.S, Prasad. A and Hundekal.D, (2011),
"Refractive index and dispersive energy of NiSO4 doped poly (ethylene
oxide) films", Journal of Materials Science and Engineering , Vol. 1, PP.
964-973.

[128] Gawri.l, Khatta. S, Singh.K. P and Tripathi.S. K,(2016), "Synthesis and
characterization of polyaniline as emeraldine salt", In AIP Conference
Proceedings ,Vol. 1728, No. 1, p. 020287.

103



References

[129] Pengxia. L, Yong.Z, Fangfang.L, Guomin.L, Xuemin.D, Xiangling.J,
Zhixin.D and Xuepeng.Q, (2016), "Fabrication of polyaniline/polyimide
composite fibers with electrically conductive properties", Applied Surface
Science, Vol. 367, pp.335-341.

[130] Karthikeyan. R, Sridhar.R and Suresh. R, (2018), "Synthesis and analysis
of polyaniline coated Natural/Synthetic Fiber composites for gas sensor
application", International Journal of Applied Engineering Research, Vol.
13, No.1, pp.149-156.

[131] Aneega. M, Zahid.S,Zunaira.Y,Maham.S, M. F.l, Rehman.A. R, Sultana
1 and Aamir.R, (2019), "High capacity natural fiber coated conductive and
electroactive composite papers electrode for energy storage applications”,
Journal of Applied Polymer Science, Vol. 136, No. 13, p.47282.

[132] Srinivas.C. H, Srinivasu. D, Kavitha.B, Narsimlu. N and Kumar. K. S,
(2012), "Synthesis and characterization of nano size conducting polyaniline"
,IOSR J Appl Phys, Vol. 1, No.5, pp. 12-15.

[133] Ibrahim.A, Abdel-Aziz.M. H, Zoromba. M. S and Al-Hossainy. A. F,
(2018), "Structural, optical, and electrical properties of multi-walled carbon
nanotubes/polyaniline/FesO,4 ternary nanocomposites thin film", Synthetic
Metals, Vol. 238, pp.1-13.

[134] Lee. H. J and Park.S. M,(2004), "Electrochemistry of conductive
polymers. 30. Nanoscale measurements of doping distributions and current—
voltage characteristics of electrochemically deposited Polypyrrole films",
The Journal of Physical Chemistry B, Vol. 108, No. 5, pp.1590-1595.

[135] Lopez-Gordo.M. A, Sanchez-Morillo.D and Valle.F. P,(2014), " Dry EEG
electrodes. Sensors, VVol. 14, No. 7, pp. 12847-12870.

104



References

[136] Kanmani. P and Rhim.J. W, (2014), "Properties and characterization of
bionanocomposite films prepared with various biopolymers and ZnO

nanoparticles"”, Carbohydrate polymers, Vol. 106, pp.190-199.

[137] Anitha. S, Brabu.B, Thiruvadigal. D. J, Gopalakrishnan. C and Natarajan.
T. S,(2012), "Optical, bactericidal and water repellent properties of
electrospun nano-composite membranes of cellulose acetate and ZnO",
Carbohydrate polymers, VVol. 87, No. 2, pp.1065-1072.

[138] Mohammadi. H, Kamkar. A and Misaghi. A, (2018), " Nanocomposite
films based on CMC, okra mucilage and ZnO nanoparticles: Physico
mechanical and antibacterial properties”, Carbohydrate Polymers, Vol. 181,
pp. 351-357.

[139] Elena.F, Marzia.B, Roberta.C, Monica.S, Paolo. M, Francesco. R,
Conor.0.M, Carlo.M, Domenico .G.C and Furio.G, (2012), "Preliminary
technological assessment of microneedles-based dry electrodes for
biopotential monitoring in clinical examinations", Sensors and Actuators A:
Physical, Vol. 180, pp.177-186.

[140] Li. G, Wang.S and Duan.Y. Y, (2017), "Towards gel-free electrodes: A
systematic study of electrode-skin impedance”, Sensors and Actuators B:
Chemical, Vol. 241, pp. 1244-1255.

[141] Kombaiah.K, Vijaya.J. J, Kennedy. L. J, Bououdina. M, Ramalingam. R.
J and Al-Lohedan.H. A, (2018), "Okra extract-assisted green synthesis of
CoFe204 nanoparticles and their optical, magnetic, and antimicrobial

properties" , Materials Chemistry and Physics, Vol. 204, pp. 410-4109.

[142] Ozdemir.T, Saglam. A, Ozdemir. F. B and Keskiner. A. U, (2016), " The
evaluation of spectral transmittance of optical eye-lenses", Optik, Vol. 127,
No.4, pp. 2062-2068.

105


https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!
https://www.sciencedirect.com/science/article/abs/pii/S0924424712002440#!

References

[143] Jez. K, Nabialek. M, Gruszka. K, Deka. M, Letkiewicz.S and Jez. B,
(2018), " Light Transmittance by Organic Eyeglass Lenses According to
their Class", Materiale Plastice, VVol. 55, No. 3, pp.438-441.

[144]Zhou. F, Cao. W, Dong. B, Reissman. T, Zhang.W andSun.C, (2016), "
Additive manufacturing of a 3D terahertz gradient-refractive index lens.

Advanced Optical Materials™, Vol. 4, No7, pp.1034-1040.

106



-

DAl

caliiue g (PANI) Oalsl (ol (e 45580 Al ddjam LS e a3 Jaall 138
cilial) Spin Coating ddan! s 488 1l 43y 45, )k olaaiuls (okra plant waste) bl il
Ll @€l s PANI 5 okra plant s (PANI/okra plant waste) ladi 3 pcasll
(PANI/okra ks ) (Ag) 4silll dadll oy s ddlal &3 (PANI/okra plant waste/Ag)
Al S 5 A il al &) Al 2 s (0.5%, 1%, 1.5% and 2%) —lb plant waste)
Gluse 5 A el sl Uil Glase 5 4l jeS QIS Lgilandai g 3 poanall d02e M 4y il 5
Jshll (30 84 jadl (ailadd) Al s caad Ly Sl sliasl Ll 5 (GRIN) g iall HLuSsY)
(PANI/okra plant waste) Laal 4 jad) al 3l () i) w5 (1100-300) NM 2 54l
(PANI/okra plant) bas & 3la 3 dpabaia¥) of giliil) cin Al il Al Lebuand o
Al 3 gand lliag gl O gl < yelal g ¢ 4 acall A8l 5 g5 paliaia¥) Jalaa coluss a3 LS
AUl 3 528 (A dman gal) il sianall (G 5SE Aali) il ALy (i 4l 5 Les = ganna 3 ile s
il a5 & ¢l <l i s (PANI/okra plant waste) daadad 4l 5o SI al &l uld o3
Al s Al Ll 531 pal) s 53 535 e 31 35 Al S dlea sl

oaladil A8l ¢S i< (PANI/okra plant waste) s Gguki il < ekl
oo gl sda Jig gl ) dlcadl plants waste  ae dalaa sall 3ab 5 5 4l <) 4 sladl)
il 4l S Jaadi « (ECG) lill 4l jeS Jadadd Joaeadl 3uaa 4l jeS il lail
Lpadsll @l el cluae cliphs &5 eld (EEG) gledll 4yl S Luhiss (EMG)
4, lall LS yall 5 (PANI/okra plant waste) Ll (GRIN) z el HLuSsy) Jalas ciluae
il il aladial Gl ¢ Juilly s A8EaN b Gaunt s Jaadl JLuSil agaal (5 pall 2gS slu 8 4
e ¢ bl e (e juaaall o gall b ddlide gailiad die gy 4 el sl o sl el e
e sl e cliplai b Lealasil

oAl Yl Glsse A 3pcasall Glinll LouSll sdliadd) jaibadll sl o

LSS klebsiella pneumoniae s ol sl 4 50 L uSSStaphylococcus epidermidis
ua Ly il 13liae Ualits 4y il il el 5 (PANI/okra plant waste) bl a8 ol jall 2L
il o el sl SiST Wl dgald) el e 4 ginall dpde Y1 @ ekl 3 i) | eyl
Klebsiella pneumoniae 3 (s sl Aaslll 4pie 3 ddafial) Aasa¥)



Ll 4 ggan
radtd) Cadllg Alad) addeidl) 50 g
o gled) LS /by dralas

”

Ol (A ) (pa A g% Aiall Ay i) e sl
Hal) qlal) Gl Luald) clad (alifiuag

da g b
Jb dadls -a glall A0S Gudaa ) dadie
el il a slall o3 dauld o siSall A jo Jo clllaia (e o A5

J8 (s
Sl pald i i

Vool [ebd asle sl
Yo q [eb b asle yiuala

&

il

suad plla el e Al 3

a¥Yovy 'AREE



	1
	2
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

